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SUMMARY Electrophysiological variables were studied in 19 patients before and after one ofthree
commonly used antiarrhythmic agents. The pacing rate at which alternating Wenckebach periods
appeared in eight patients was significantly reduced by intravenous digoxin (001 mg/kg body
weight). The atrioventricular nodal conduction time (A-H interval) and Wenckebach point were
not significantly altered by digoxin. Intravenous propranolol (01 mg/kg body weight) in four
patients did not affect the A-H interval, but it reduced the pacing rates at which the Wenckebach
point and alternating Wenckebach periods occurred. Intravenous disopyramide (2 mg/kg body
weight) significantly increased the pacing rate required to produce alternating Wenckebach
periods but did not significantly alter the other indicators of atrioventricular conduction in seven
patients.

It is concluded that the pacing rate required to produce alternating Wenckebach periodicity
may be a useful and sensitive variable in the evaluation of the effect of antiarrhythmic agents on

atrioventricular nodal conduction.

Intracardiac electrograms and programmed elec-
trical stimulation may be used to study the effect of
antiarrhythmic drugs on the electrophysiological
properties of the human heart, particularly their
effects on the atrioventricular node. These effects
may be used to predict the potential success of treat-
ment with various antiarrhythmic agents in patients
with supraventricular tachycardias.' Several electro-
physiological variables have been used to assess the
effect ofantiarrhythmic drugs on the atrioventricular
node. They include measurement of atrioventricular
nodal conduction time (A-H interval) at pro-
grammed stimulation, measurement of the lowest
atrially paced rate at which a type I second degree
atrioventricular block occurs (Wenckebach point),
and measurement of refractory periods in the atrio-
ventricular node.
We have measured the effect of digoxin, pro-

Requests for reprints to Dr Samuel Uvy, Centre Cardiovasculaire
J Cantini, 8 bis, avenue Vedrines, 13009 Marseille, France.

Accepted for publication 3 September 1985

pranolol, and disopyramide on the lowest rate at
which alternating Wenckebach periods occur and
have assessed whether this variable provides useful
information on the effect of these antiarrhythmic
agents on the atrioventricular node.

Patients and methods

Nineteen patients had electrophysiological evalu-
ation after giving informed consent. All drugs were
discontinued 48 hours or more before the study. No
patient had taken amiodarone in the three months
preceding the study. Table 1 gives the clinical and
electrocardiographic findings in our patients. Cath-
eters were inserted percutaneously into the femoral
vein. One quadripolar catheter was positioned near
the sinus node to record and pace the high atrium. A
bipolar catheter was positioned across the tricuspid
valve to record the His bundle electrogram by stan-
dard techniques.2 Simultaneous recordings of leads
I, II, II, or VI and the intracardiac electrogram were
displayed on a multichannel oscilloscope and were
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Table 1 Clinical and electrocardiographic findings in 19 patients

Case Age (yr) Symptoms Clinical diagnosis ECG findings
and sex

PR (s) QRS (s)

Digoxin
1 65 M Syncope NHD 015 0 11 LAFB
2 80 F Syncope NHD 0-15 013 RBBB + LAFB
3 66 M CHF MR 013 013 RBBB + LAFB
4 60 M CHF AS 026 015 LBBB
5 76 F Syncope, CHF NHD 0-26 014 RBBB + LAFB
6 74 M CHF (LV) NHD 0-23 014 LBBB
7 60 M CHF AS 0 30 0-18 IVCD
8 40 F CHF CM 020 0 14 RBBB + LPFB

Propranolol
9 56 M Palpitation ASHD, HCVD 0-27 016 RBBB + LAFB
10 37 F Palpitation, NHD 0 15 0 10

dizzy spells
11 47 M Palpitation, PAF NHD 017 08
12 38 M Palpitation NHD 0-18 0 10 LAFB

Disopyramide
13 65 M PAF ASHD (old MI) 0 13 150 IVCD
14 41 M Dizzy spells NHD 0-24 013 RBBB + LAFB
15 71 M Syncope NHD 0-17 010
16 70 M Syncope NHD 0-20 0-80 LPFB
17 57 M CVA, PAF HCVD 0 21 0-8
18 68 M Syncope NHD 0-23 0 11
19 79 F Syncope, PAT NHD 0-16 0 9

AS, aortic stenosis; PAF, paroxysmal atrial fibrillation; ASHD, atherosclerotic heart disease; CHF, congestive heart failure;
CVA, cerebrovascular accident; CM, cardiomyopathy; HCVD, hypertensive cardiovascular disease; LAFB, left anterior fascicular block;
LPFB, left posterior fascicular block; IVCD, intraventricular conduction defect; MI, myocardial infarction; MR, mitral regurgitation;
LBBB, left bundle branch block; LV, left ventricular; NHD, no demonstrable heart disease; RBBB, right bundle branch block; PAT,
paroxysmal atrial tachycardia.

recorded on a photographic recorder (Electronics for Wenckebach type I block was achieved; the rate was
Medicine VR12) at paper speeds of 50 and 100 then increased by 5 beats/min until alternating
mm/s. The high atrium was paced at twice diastolic Wenckebach periodicity appeared. Each pacing rate
threshold at rates which increased by 10 beats/min of our stimulator (Savita, Paris) was checked by a
for 30 seconds at each pacing rate until a chrono-analyser to allow adjustment to within 1 ms

Table 2 Pharmacological and electrophysiological data

Case Total dose (mg) Blood A-H interval Wenckebach point 2:1 block point Alternating
No concentrations (ms) (bpm) (bpm) Wenckebach

(ag/ml) point (bpm)

Control Drug Control Drug Control Drug Control Drug

1 Digoxin 0-8 17-6 70 78 180 155 200 205 275 265
2 Digoxin 0-6 16-8 76 76 190 170 210 210 300 285
3 Digoxin 0-7 10-4 54 66 200 185 215 220 300 270
4 Digoxin 0-8 9 9 160 172 115 125 140 140 190 165
5 Digoxin 0-5 9-7 165 175 115 115 135 125 185 150
6 Digoxin 0 7 4-0 110 120 110 110 130 135 170 160
7 Digoxin 0 7 4-8 225 208 60 80 70 95 110 125
8 Digoxin 0 5 9-8 126 110 115 120 125 130 150 145
9 Propranolol 8-0 20 190 195 105 90 140 120 190 170
10 Propranolol 5 0 40 85 90 210 190 235 220 305 270
11 Propranolol 8-0 145 90 90 120 105 170 160 240 220
12 Propranolol 8-0 83 95 100 165 155 175 160 260 225
13 Disopyramide 130 3-5 57 67 175 175 210 180 240 -

14 Disopyramide 85 6 141 147 130 140 165 170 230 -

15 Disopyramide 140 2-5 84 68 125 155 170 170 220 240
16 Disopyramide 140 5-2 112 103 140 155 170 200 230 260
17 Disopyramide 120 5-3 127 127 160 160 185 180 215 250
18 Disopyramide 130 4-1 147 145 170 140 210 200 210 240
19 Disopyramide 160 3 80 70 180 150 230 210 300 -

bpm, beats per minute.
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Fig. 1 Effect of intravenous digoxin on A-H interval (a),
Wenckebach point (b), and 2:1 block point (c).
Electrocardiographic leads I, II, III, high right atrial
(HRA), and His bundle electrocardiographic leads (HBE)
are shown. Intervals of 200 ms are shown at the top of the
figure. All measurements are in ms. The corresponding rates
in beats per min of driven cycle lengths (DCL) are given in
parentheses. Blocked atrial beats are indicated.

of the corresponding cycle length. Atrial pacing was
started at a cycle length which was 50ms shorter
than the spontaneous RR interval. We noted the
lowest rate at which Wenckebach, 2:1 block, and
alternating Wenckebach periodicity appeared. We
used extrastimuli to measure the effective and func-
tional refractory periods of the atrioventricular node
and atrium. We repeated the study after giving the
patient intravenous digoxin (0-01 mg/kg body
weight over one minute), intravenous propranolol
(0-1 mg/kg body weight at the injection rate of 1
mg/min), or disopyramide (2 mg/kg body weight
over five minutes). Blood samples were withdrawn
20, 15, and 10 minutes respectively after the start of
injection. Electrophysiological variables were mea-
sured 20 minutes after the start of digoxin adminis-
tration, 15 minutes after the start of propranolol, and
10 minutes after the start of disopyramide-that is
immediately after withdrawal of blood samples.

DEFINITIONS
Altemating Wenckebach periods are episodes of
2:1 atrioventricular block in which conducted
P waves show a progressive increase in the interval
between the P wave and R wave until two or three
successive P waves are blocked. The altemating
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Wenckebach point is the lowest pacing rate at which
this phenomenon is seen. In our experience alterna-
ting Wenckebach periods can be consistently
produced in most patients."4

Definitions of other electrophysiologic variables
are given elsewhere.3
We assessed statistical significance by Student's

paired t test.

Results

Table 2 shows the effects of digoxin, propranolol,
and disopyramide on A-H interval, Wenckebach
point, 2:1 block point, and the alternating Wencke-
bach point. Examples are given in Figs. 1 and 2. The
alternating Wenckebach point was reached at a cycle
length of 325 ms (185 beats/min). Fig. 2 shows
progressive lengthening of stimulus-V interval due
to stimulus-H interval prolongation until two suc-
ceeding paced atrial cycles were blocked. The site of
block was established as being in the atrioventricular
node by the absence of His bundle deflection after
the blocked atrial beats.

(i) Control

,1 1

HBE - 1-.SH' 1

DCL 400ms (150/min)
-* , !'i

Fig. 2 Effect of digoxin on the alternating Wenckebach
periods. The His bundle electrogram shows that the site of
the block was the atrioventricular node both during the
control test (a) and after intravenous digoxin (b). Digoxin
lengthened the shortest cycle length at which alternating
Wenckebach periods occurred. Blocked atrial beats7 and His
bundle deflection are indicated. See legend to Fig. I for
abbreviations.
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Table 3 Effect of digoxin on electrophysiological variables (mean SD))

RR (ms) PR (ms) A-H (ms) W (bpm) 2:1 (bpm) AWP(bpm)

Control 910 (191) 263 (63) 122 (57) 135 (49) 153 (50) 210 (72)
Digoxin 892 (208) 212 (60) 124 (51) 132 (34) 157 (47) 195 (65)
Significance NS NS NS NS NS p< 0-025

W, Wenckebach point; AWP, alternating Wenckebach point.

EFFECT OF DIGOXIN
The effect of digoxin was studied in eight patients.
Blood digoxin concentrations were above thera-
peutic levels in all patients (10-4 (4-9) pg/ml).4
Digoxin had no significant effect on A-H interval,
Wenckebach point, and 2:1 point (Table 3). Alterna-
ting Wenckebach periodicity was seen at a
significantly lower pacing rate after digoxin, how-
ever. Figure 1 shows that digoxin slightly lengthened
the A-H interval (panel a) but did not affect the
Wenckebach point (panel b). The shortest cycle
length at which 2:1 block was observed is longer than
the cycle length at which it occurred during the
control study (panel c). Figure 2 shows the shortest
cycle lengths at which altemating Wenckebach
periodicity occurred before and after digoxin.
Episodes of altemating Wenckebach periodicity
ended with two blocked P waves in the control
period and with three blocked P waves after digoxin
administration. There was no statistically significant
change in the effective refractory period of the atrio-
ventricular node, whereas the functional refractory
period increased significantly after digoxin (control
500 (211) ms, digoxin 544 (173) ms).

EFFECT OF PROPRANOLOL
The effect of propranolol on atrioventricular nodal
conduction was evaluated in four patients (Table 4).
Blood concentrations ranged from 20 to 145 ug/ml.
The A-H interval was significantly (p < 0 05) pro-

longed in this small group. Similarly the Wencke-

bach point (p<0 01) and 2:1 block point (p<0 005)
occurred at significantly lower pacing rates after pro-
pranolol. Propranolol also had a statistically
significant effect on the pacing rates at which the
alternating Wenckebach point was reached (Table
4). The effective refractory period of the atrio-
ventricular node could be measured in only three
patients; it was prevented by the atrial refractoriness
in one. The number of patients studied after pro-
pranolol may not have been sufficient to demonstrate
a statistically significant effect. The atrioventricular
nodal functional refractory period (433 (35) ms) was
significantly (p <005) increased after propranolol
(462 (55) ms).

EFFECT OF DISOPYRAMIDE
The effect of disopyramide on electrophysiological
variables was studied in seven patients. Blood
concentrations of disopyramide (4-2 (1-3) pg/ml)
were within the accepted therapeutic range.5 The
A-H interval did not change significantly after dis-
opyramide, nor did the Wenckebach point or the 2:1
block point (Table 5). The alternating Wenckebach
point, however, which was measured before and
after disopyramide in four patients, occurred at
significantly higher pacing rates after disopyramide.
It could not be determined after disopyramide in
three patients because 2:1 block occurred at the atrial
level at rates which previously captured the atrium.
This phenomenon was probably related to the
significant (p < 0 05) increase of the effective refrac-

Table 4 Effect of propranolol on electrophysiological variables (mean SD))

RR (ms) PR (ms) A-H (ms) W (bpm) 2:1 (bpm) AWP(bpm)

Control 957 (159) 195 (50) 115 (50) 152 (48) 180 (39) 248 (47)
Propranolol 1085 (198) 201 (53) 118 (51) 138 (50) 165 (51) 215 (41)
Significance p<005 p<0 05 p<0 05 p<0-01 p<0 005 p<0-005

See footnote to Table 2 for abbreviations.

Table 5 Effect of disopyramide on electrophysiological variables (mean SD))

RR (ms) PR (ms) A-H (ms) W (bpm) 2:1 (bpm) AWP(bpm)

Control 835 (185) 188 (37) 106 (34) 154 (22) 191 (35) 218 (8)
Disopyramide 773 (135) 192 (33) 103 (36) 153 (12) 187 (23) 247 (9)
Significance NS NS NS NS NS p< 0-002

See footnote to Table 2 for abbreviations.
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Evaluation of antiarrhythmic drugs

tory period in the right atrium after disopyramide
(from 237 (36) to 256 (22)ms). Changes in the
effective refractory period (312 (70)ms) and the
functional refractory period (422 (42)ms) of the
atrioventricular node after disopyramide (277 (44)
and 423 (47)ms respectively) were not statistically
significant.

Discussion

ALTERNATING WENCKEBACH CONDUCTION
Alternating Wenckebach periodicity has been
defined as a 2:1 atrioventricular block in which con-
ducted P waves show PR prolongation culminating
in two or three consecutive blocked P waves.68
Langendorf suggested that conduction was blocked
in the atrioventricular node and postulated that there
were two or more levels at which impulses were
blocked in the atrioventricular node.9 This concept
was extremely useful in the interpretation of com-
plex arrhythmias but the exact level of the block
remained hypothetical. Interest in this phenomenon
increased with the advent of His bundle recording
which allows more exact localisation of the block.
Altemating Wenckebach periods have been reported
in the atrium, atrioventricular node, and bundle of
His.611 The most common site was the atrio-
ventricular node. Alternating Wenckebach period-
icity may be seen during atrioventricular block, atrial
tachycardia, or atrial flutter and it may also be
induced by programmed pacing.1214 In a prospec-
tive study of 36 patients, we found pacing induced
atrioventricular nodal alternating Wenckebach peri-
ods in 80-5%. This suggests that this phenomenon is
a physiological response of the atrioventricular node
to high atrial rates. 14 The fact that this phenomenon
was seen to occur retrogradely (in the ventriculo-
atrial direction) is further support for this sug-
gestion.'s
We felt that these results indicated that pacing

induced altemating Wenckebach periodicity might
provide an interesting and new method of evaluating
the effect of antiarrhythmic drugs on the atrio-
ventricular node. The effect of three commonly used
antiarrhythmic drugs on usual electrophysiological
variables was assessed, with emphasis on those vari-
ables known to reflect atrioventricular nodal conduc-
tion, as well as the lowest rate at which altemating
Wenckebach periodicity was observed.

DIGOXIN
Digoxin slows atrioventricular nodal conduction
both through a direct effect and through vagal stim-
ulation. It also increases the effective and functional
refractory periods of the atrioventricular node.'6 17
In our series digoxin did not significantly affect the
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A-H interval and Wenckebach point, as it was
reported to do in other studies."6 '7 The most likely
explanation for these conflicting results is the large
proportion of patients with a history of congestive
heart failure (six out of eight patients) in our series,
since the indirect effect of digitalis through the auto-
nomic nervous system has been shown to be blunted
in such patients.'8 The alternating Wenckebach
point was the only variable which changed
significantly after digoxin administration.

PROPRANOLOL
Propranolol had a significant effect on atrio-
ventricular nodal conduction in this series, which
was consistent with the findings ofothers. 9 Changes
in both the altemating Wenckebach periods and the
Wenckebach point were statistically significant.

DISOPYRAMIDE
Data on the effects of intravenous disopyramide on
atrioventricular nodal conduction are variable. Our
study is consistent with the results of other
investigators20-22 who found no significant effect of
disopyramide on A-H interval and Wenckebach
point. The prolongation of A-H interval found by
Birkhead and Vaughan William23 may be attri-
butable to the cholinergic blockade performed in
patients before disopyramide was administered. The
absence of significant change of atrioventricular
nodal refractory periods confirms the findings of
previous reports."2 22
The effect of disopyramide on the alternating

Wenckebach point could not be determined in three
patients because of an atrial block. This is consistent
with the effect of the drug on the effective refractory
period of the right atrium.21 22 In the four remaining
patients the alternating Wenckebach point occurred
at a higher rate after disopyramide, which suggests
that disopyramide enhanced atrioventricular nodal
conduction, probably because it has an atropine-like
effect.

INTERPRETATION OF THE RESULTS
The alternating Wenckebach point was significantly
affected even in patients in whom the Wenckebach
point did not significantly change. A possible expla-
nation for this difference is that the fall of blood
pressure associated with further shortening of the
pacing cycle length during evaluation of the alterna-
ting Wenckebach point may facilitate conduction
and refractoriness of the atrioventricular node
through the reflex increase of sympathetic activity.24
But such mechanism would also affect the control
variables as well as variables measured after the anti-
arrhythmic agent had been given. To allow for sta-
bilisation of the haemodynamic effects of pacing,
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incremental pacing was performed at a constant rate
for a period of 30s for each step. An alternative
explanation for the difference is that the short cycle
lengths required for measurement of alternating
Wenckebach point may further stress the atrio-
ventricular node and thus expose effects of anti-
arrhythmic drugs on the atrioventricular node too
slight to be detected by evaluation of the
Wenckebach point.
Our study was performed in patients at rest in the

supine position. The results may differ in patients in
different posture or during exercise.24
Our data suggest that the alternating Wenckebach

point may be a useful addition to commonly used
electrophysiological variables in the assessment of
the effect of antiarrhythmic agents on the atrio-
ventricular node. Studies in a larger group of
patients and with other antiarrhythmic agents are
needed to confirm these preliminary results.

This work was supported by a grant from the French
Society of Cardiology.
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