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Study of retrograde conduction in complete
heart block using His bundle recordings
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Two patients with complete anterograde AV block without retrograde P' waves are described in whom regular
retrograde conduction across the blocked area was shown by recording the His bundle electrogram. When an
atrial depolarization (A) occurred after the QRS complex within a certain period, A was followed either by
no H potential or by a prolonged AH interval, indicating concealed retrograde penetration of the His bundle.
Thefact that retrograde conductionaffectedanterograde conduction indicates that the anterogradeandretrograde
pathways are not totally independent. Atropine significantly improved retrograde conduction; this suggests
that the retrograde conduction occurs through the conduction system in a retrograde fashion rather than
through a muscular pathway, bypassing a blocked area of the conduction system, as the latter should not be
affected by atropine.

It is well known that the conduction system is
capable of transmitting impulses in both an antero-
grade and retrograde fashion (Moe, Preston, and
Burlington, I956; Rosenblueth, 1958). Failure to
transmit impulses in one direction does not neces-
sarily mean that conduction in the opposite
direction is also blocked. Retrograde ventriculo-
atrial conduction has been known to occur even in
the presence of complete block of anterograde atrio-
ventricular conduction (Wolferth and McMillan,
1929; Winternitz and Langendorf, I944; Scherf,
Cohen, and Orphanos, I964; Gubbay and Mora,
I964; Louvros and Costeas, I965; Castillo and
Samet, I967; Gupta and Haft, I972).

Various theories have been given to explain the
mechanism of retrograde conduction in the pre-
sence of complete anterograde block. Some investi-
gators have postulated that separate pathways might
exist for anterograde and retrograde conduction
(Danielopolu and Danulescu, I922). The possi-
bilities that pacemaker cells in the conduction
system above the blocked area might be stimulated
mechanically (Barker, I925), or by an electrotonic
spread of the action potentials across the blocked
area (Scherf, I959) have been suggested. The con-
cepts of supernormal conduction (Kline, Conn, and
Rosenbaum, I939) or decremental conduction
(Bellet, I97I) have also been used to explain this
phenomenon.
Received 26 October 1973.

Recordings of His bundle electrograms have been
used extensively for studying the mechanisms of
various arrhythmias (Damato et al., I969; Narula
et al., I971; Rosen et al., I970; Castellanos et al.,
I970; Goldreyer and Damato, I97i), but few studies
only have been performed in which the His bundle
electrogram was recorded to elicit the mechanisms
of retrograde conduction in the presence of com-
plete AV block (Gupta and Haft, I972). This
report presents two cases with complete AV block
in which the presence of i: i retrograde conduction
was shown by the His bundle electrogram even in
the absence of retrograde P' waves. The evidence
suggesting that anterograde and retrograde conduc-
tion pathways are not totally independent is pre-
sented.

Case reports
Case i
A 64-year-old man was admitted with a history of
fainting, syncope, and mild dyspnoea on exertion of a
few months' duration. One month before admission the
electrocardiogram showed Mobitz type II AV block.
On physical examination, the pulse was regular at a rate
of 34 a minute and the blood pressure was 150/78 mmHg.
Cardiac examination revealed a first heart sound of
varying intensity, occasional fourth heart sound, but no
murmur. The electrocardiogram showed complete AV
block with an atrial rate of 58 a minute, and a ventri-
cular rate of 40 a minute. The chest x-ray showed a
heart of normal size. The electrocardiogram at times
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showed Mobitz type II AV block with complete right
bundle-branch block and a prolonged PQ interval of
0'22 sec.

Case 2
A 48-year-old man was admitted with an episode of
syncope two months before admission. He did not give a
history of dyspnoea on exertion or angina pectoris. On
physical examination, the pulse was regular at a rate of
40 a minute and the blood pressure was I60/78 mmHg.
Examination of the heart showed occasional cannon first
heart sounds with an ejection systolic murmur of grade
2/6 at the apex. The electrocardiogram showed com-
plete AV block, with an atrial rate of 88 a minute and a
ventricular rate of 40 a minute. No cardiac enlargement
was seen on the chest x-ray.

Electrophysiological studies
Electrophysiological studies were performed at the time
of cardiac catheterization. His bundle electrograms
(HBE) were recorded with a tripolar catheter passed to
the right side of the heart, using a modification of the
method of Damato et al. (i969). Recordings were ob-
tained at a paper speed of Ioo mm/sec on a multichannel
oscilloscopic photographic recorder (Hewlett Packard
4568B). Atrial and ventricular pacing were accomplished
with a bipolar electrode catheter placed against the
lateral wall of the right atrium and at the apex of the
right ventricle, respectively.

Analysis of His bundle electrograms showed the
following.
i) Control recordings before administration of atro-
pine in both patients showed complete anterograde AV

FIG. i His bundle recording showing concealed retrograde conduction in Case i. Lead III
of the electrocardiogram and His bundle electrogram (HBE). P waves are labelled P in lead III.
An atrial, bundle of His, and ventricular potential on HBE are labelled A, H, and V, respect-
ively. Complete AV dissociation is present, with an atrial rate of 66 a minute and a ventricular
rate of 40 a minute. AV block occurs after the H potential. The basic AH interval is normal
and constant (Ioo msec, the first and third AH). The second A is not followed by H when A
occurred only I90 msec after V. The fourth AH interval is prolonged (152 mm/sec) when A
occurred 482 msec after V. Paper speed is IOO mm/sec in this and subsequent illustrations.

FIG. 2 His bundle recording showing concealed retrograde conduction in Case 2. S indicates
spikes of ventricular stimulation. AH is normal and constant (73 msec) exceptfor the fourth AH
(102 msec) when A occurred only 240 msec after V.
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FIG. 3 Effect of the interval of V to A on the
following AH interval before and after atropine in
Case I. When A occurred less than 460 msec after
V, AH was always prolonged. The shorter the V to A
interval, the longer the AH interval. No H followed
A when the V to A interval was less than 295 msec.
After atropine no prolongation of AH was seen even
when A occurred less than 460 msec after V.
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patients the presence of i: i retrograde conduction was
suggested by the finding that the AH interval was always
prolonged when A came after V within a certain period.
When A came after V within 460 msec in Case i, it was
noted that the shorter the interval between V and A,
the longer was the following AH interval (Fig. 3).
A similar relation between the interval of V to A and

the following AH interval was noted in Case 2, but it
occurred only at a considerably shorter VA interval than
in Case i (Fig. 4).

3) After intravenous administration of i mg atropine in
Case I, no prolongation of the AH interval was observed
even when A came after V within 460 msec, and occa-
sional retrograde P' waves were seen (Fig. 5). These
observations indicate that atropine increases con-
ductivity for retrograde conduction and suggest that
velocity of retrograde conduction was increased by
atropine so that the AV node or bundle of His was re-
covered fully by the time the next anterograde impulse
came through.

4) Retrograde conduction to the atrium, producing a
retrograde P' wave, was observed only when V occurred
between 300 msec and 440 msec after A (Fig. 6). When
A preceded V by more than 58o msec, the next sinus P
wave occurred right after V before retrograde conduc-
tion could reach the atrium. Presence of retrograde con-
duction to the AV node or bundle of His was indicated
by the absence of an H potential following this sinus P
wave. When V came sooner than 220 msec after A, no
retrograde conduction was seen. This may be explained
either by the presence of concealed anterograde conduc-
tion beyond the bundle of His, which could then make
the area refractory to the next retrograde impulse, or by
long refractoriness of the AV node or bundle of His to
retrograde conduction. Since the retrograde H potential
is buried in the QRS complex, the exact site of retro-
grade block cannot be known.

0
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FIG. 4 Effect of the interval of V to A on the
following AH interval before atropine in Case 2. AH
was always prolonged when A occurred less than
279 msec after V.

block with block distal to the H potential. The PP and
RR intervals were constant in both patients, i.e. 905

msec and 1510 msec, respectively in Case I, and 6i8
msec and 1360 msec in Case 2. No retrograde P' wave

was seen in either patient.

2) When an atrial depolarization (A) came soon after
the ventricular complex (V), A was followed by either
absence of H potential or prolongation of the A to H
interval (Fig. i and Fig. 2). This suggests that the AV
node or bundle of His was depolarized in a retrograde
fashion by the preceding ventricular complex and hence
was refractory to anterograde depolarization. In both

Discussion
As early as I9I4, Cohn and Fraser observed the
abnormal P waves in heart block for the first time
in man. In I929, Wolferth and McMillan observed
abnormal P waves in complete AV block and con-
cluded that this was due to retrograde conduction.
This subject was critically reviewed by Winternitz
and Langendorf in I944 and since then a few case
reports have been published (Scherf et al., I964;
Gubbay and Mora, I964; Louvros and Costeas,
I965).
Although Castillo and Samet (I967) found retro-

grade conduction to the atrium in as many as 4 out
of 7 patients with complete AV block, most studies
indicate that retrograde conduction occurs un-
commonly in patients with anterograde AV block.
Goldreyer and Bigger studied retrograde VA con-
duction in 50 patients, 24 of whom had impairment
of anterograde AV conduction. Only 2 out of 24
patients with any degree of AV block and only one

.
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F I G. 5 Effect of atropine retrograde conduction in Case I. A) Before atropine. The secondAH
is prolonged when A occurred only 460 msec after V. PP interval is 950 msec and the basic AH
interval is 95 msec. B) After atropine. Both PP and AH intervals are shortened by atropine.
PP is 688 msec and AH is 78 msec. The third AH is not prolonged even when A occurred only
488 msec after V. Retrograde P' wave is seen after the second QRS complex. C) Ventricular
pacing after atropine. Retrograde P' and A' are shown after the second QRS complex. Thefourth
andfifth A are anterograde sinus A without H.

of 12 patients with complete AV block had retro-
grade VA conduction (Goldreyer and Bigger,
I970).
A number of theories have been postulated to

explain retrograde VA conduction in the presence
of complete anterograde AV block. It has been sug-

gested that mechanical stimulation by ventricular
contraction of the automatic cells in the conduction
system above the site of the block might initiate an
impulse and produce retrograde conduction (Barker,
I925; Cohn and Fraser, I914). Separate pathways
for anterograde and retrograde conduction have been
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F I G. 6 Relation between the appearance of a retrograde P' wave and the interval of preceding
A to QRS complex (V). The circles indicate A waves produced by a sinus beat; solid circles re-
present these waves followed by an H deflection and open circles indicate those waves without a
succeeding H. The triangles indicate retrograde P' waves; these are not followed by H (hence
open triangles). Note that retrograde P' waves are seen only when A came between 300 and
400 msec before the QRS complex. (See textfor detail.)

postulated, in which destruction of the former with
preservation of the latter would permit retrograde
conduction in the presence of anterograde AV block
(Danielopolu and Danulescu, I922). Kline et al.
(I939) suggested that a supernormal phase of con-

ductivity is produced at the site of the block by the
blocked anterograde impulse so as to allow conduc-
tion of the next ventricular beat in retrograde
fashion. Scherf (i959) mentioned the possibility
that an electrotonic spread of the action potential
caused by the activation of the ventricle allows
retrograde conduction. Decremental conduction has
been invoked to explain retrograde conduction in
complete AV block (Bellet, I97I). It is known that
the cardiac impulse normally undergoes decrement
in the AV node. According to this theory the antero-
grade conduction is blocked because the impulse
has undergone the maximal decrement when it
reaches the barrier area but a retrograde impulse
may penetrate the barrier area before undergoing
decrement.

Recording of His bundle electrograms in the
patients with complete anterograde AV block dem-
onstrated, i) the presence of I: I retrograde con-
duction across the blocked area, even without
retrograde P' waves, 2) that anterograde and retro-
grade conduction pathways are not totally inde-
pendent, and 3) that atropine increased conductivity
for retrograde conduction.
The presence of i: i retrograde conduction across

the blocked area, which was distal to the bundle of
His in the patients studied, was suggested by the
fact that the AH interval was always prolonged

when A occurred after V within a certain period.
The observation that retrograde conduction affected
anterograde AH conduction indicates that antero-
grade and retrograde conduction pathways are not
totally independent, at least at the AV node or bundle
of His. The latter observation is in agreement with
the observation made by Gupta and Haft (I972), who
also noted a prolonged AH interval caused by retro-
grade conduction in a patient with complete antero-
grade AV block.

Atropine increased conductivity for retrograde
conduction as shown in Fig. 3 and 5 This finding is
compatible with the finding of Damato, Lau, and
Bobb (I970) that in dogs retrograde VA conduction
was delayed by vagal stimulation.
The retrograde P' wave was seen late in atrial

diastole, only shortly before the next normal P
wave was due. The ventricular complex which pro-

duced a retrograde P' wave occurred between
300 msec and 440 msec after the preceding atrial
depolarization. Appearance of retrograde P' waves
only late in atrial diastole has been described and was
attributed to long refractoriness of the AV node for
retrograde conduction (Scherf et al., I964). In fact
the VA effective refractory period was longer than
the AV effective refractory period at similar driven
cycle lengths (Goldreyer and Bigger, I969). An-
other possible explanation is the presence of con-

cealed anterograde conduction beyond the bundle of
His which can make the area refractory to retrograde
conduction of the next ventricular beat when it
occurs soon after an atrial depolarization. However,
the exact site of retrograde block is not known be-
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cause the retrograde H potential is buried in the
QRS complex.

Although the present study shows that anterograde
and retrograde conduction take the same pathway
at the AV node or bundle of His, it is not clear if
conduction from the ventricle to the node goes
through the blocked conduction system in a retro-
grade fashion, or if it goes around the block through
muscular conduction. Which pathway of conduction
is actually used could be determined if the exact
site of retrograde block could be demonstrated.
However, the fact that conductivity of retrograde
conduction was significantly increased by atropine
suggests that muscular conduction is unlikely.
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