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Concealed Wenckebach phenomena
in the left bundle-branch
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Two cases of intermittent left bundle-branch block are presented and interpreted as reflecting
Wenckebach sequences, confined to the left bundle-branch, which are incompletely concealed.
Published reports of clinical, experimental, and His bundle studies are reviewed. The possible
variations are analysed, and criteria are given for the diagnosis from clinical electrocardiograms.
These cases present further evidence that the Wenckebach phenomenon (or Mobitz Type I block)
may occur anywhere in the heart, and is not necessarily confined to the AV node proper.

Clinical electrocardiograms demonstrating
Wenckebach conduction confined to a bundle-
branch are rare. Four cases have been repor-
ted (Vitolo and Rossi, I96I; Rosenbaum et
al., I969; Friedberg and Schamroth, I969.
In the case of Katz and Pick (I956), the
Wenckebach phenomenon occurred in both
branches with different conduction ratios in
each. Rosenbaum et al. (I969) have delineated
'direct' and 'indirect' Wenckebach series in
a bundle-branch. This paper presents two
further examples of indirect Wenckebach
sequences confined to the left bundle-branch.
Since the phenomenon is not directly visible
in the electrocardiogram but is inferred, it
may be spoken of as 'concealed'.

Case reports
Case I The electrocardiogram (Fig. i) was re-
corded from a 57-year-old man with calcific aortic
stenosis, shortly after surgical replacement of the
aortic valve. There is regular sinus rhythm: the
PP intervals are constant and measured o-66
second, reflecting a rate of 9I beats per minute.
There is first degree AV block: the PR intervals
measure 0-31 second and do not vary. There are
two forms of QRS complex which are distributed
in a definite rhythmic pattem and labelled I to 5
(standard lead II). Four consecutive beats - num-
bered 2 to 5 - show complete left bundle-branch
block(QRS duration=o i6 sec). These arefollowed
by a beat (labelled i) which is more normally
conducted (QRS duration =o i2 sec). This beat
shows an increased ventricular activation time
(°o°5 sec) - a reflection of left ventricular hyper-
trophy. There is a small terminal QRS vector
Received 30 June 1971.

directed inferiorly, slightly anteriorly, and to the
right - a manifestation of incomplete right bundle-
branch block. There are primary ST segment and
T wave changes.

Case 2 The electrocardiograms (Fig. 2) were
recorded from a 60-year-old man with coronary
artery disease and consist of a section of standard
lead II and two selected nearly contiguous strips
of lead aVR. There is regular sinus tachycardia.
The PP intervals are constant and measure o 5
second, reflecting a rate of 120 beats per minute.
There is a first degree AV block (PR intervals=

FIG . I Case I Partly concealed 5:4 block in
the left bundle-branch, with the Wenckebach
phenomenon and constant incomplete right
bundle-branch block. Electrocardiograms,
selected leads, showing a regular succession of
four beats with complete left bundle-branch
block (labelled 2 to 5) followed by one with
incomplete right bundle-branch block (labelled
i). See text.
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0o36 sec, and do not vary). In standard lead II,
pairs of beats with complete left bundle-branch
block (QRS duration=o I5 sec) are followed by
a third beat with incomplete left bundle-branch
block (QRS duration=o io sec). In lead aVR, the
sequences vary somewhat: in the upper strip
there is a run of 3, and in the lower strip a run of
4 successive beats with complete left bundle-
branch block.

Discussion
When the supraventricular rhythm is irregu-
lar, intermittent bundle-branch block may be
an expression of phasic aberrant ventricular
conduction. Under this circumstance, a rela-
tively early supraventricular impulse encoun-
ters an incompletely recovered bundle-branch,
giving rise to a bundle-branch block pattern: a

relatively late impulse finds both bundle-
branches responsive and is consequently nor-

mally conducted. 'When the supraventricular
rhythm is strictly regular, as in the cases pre-
sented here, this mechanism cannot apply. A
true second-degree block within a bundle-
branch must be postulated.

If conduction in one bundle-branch is de-
layed by more than at most o-o6 second, the
ventricle will be activated from the contra-
lateral bundle-branch (Rosenbaum and
Lepeschkin, i955; Katz and Pick, i963).' The
electrocardiographic appearance of complete
bundle-branch block results, even though
there is only a delay in conduction and com-
plete block is not present in that branch. Any
additional conduction delay in the affected
branch will not further affect the QRS-T
complex. If - in any beat - the bundle-branch
is not activated because it is refractory, the
prolonged rest period so afforded may allow
improved conduction in the next beat. The
variations in intraventricular conduction dur-
ing regular rhythm in these 2 cases may then
be explained as follows.

In the beats numbered i in Fig. i, conduc-
tion occurs down both bundle-branches with
a fractionally greater delay in the right bundle-
branch. In the beats numbered 2, 3, and 4

there is a delay or block within the left bundle-
branch. Conduction through the left bundle
reasumes in each beat i. It follows, therefore,
that in the immediately preceding beat (beat 5)
there must have been a complete block (and
not merely a delay) in order to allow the left
bundle an adequate time to recover. There-
fore, in all beats labelled 5, conduction in the
left bundle is completely blocked.

'Recent work using His bundle and conducting sys-

tem electrograms suggests that this critical interval
may be as small as 0-025 second (Narula and Samet,
1I970).

I I _ VTA_I

FIG. 2, Case 2. Electrocardiograms, standard
lead II and two nearly continuous sections of
lead aVR showing partly concealed varying
left bundle-branch bloch with the Wenckebach
phenomenon. The conduction ratio is 3:2 in
standard lead II and in most of leads aVR.
At the end of the upper strip of lead aVR the
ratio changes to 4:3; in the beginning of the
lower strip it is 5:4.

Beats 2, 3, and 4 could also conceivably re-
flect complete block with the left bundle-
branch. This would then represent a regular
5: I left bundle-branch block. This, however,
is unlikely for the following reasons: (I) 5: I
conduction ratios are very uncommon in any
form of second-degree block. Concealed con-
duction of alternate impulses usually results
in even numbered conduction ratios. (2) Regu-
larly repeating 5: I conduction ratios are even
rarer. (3) This further implies that the refrac-

FIG. 3 Diagram to show the conduction
variations in Fig. i. A = atrial level; AV=
AV junction; BB = bundle-branches (labelled
R and L); and V= ventricular level. The
numbers correspond to the beats so labelled in
Fig. I. In beat i, left bundle-branch conduc-
tion is relatively normal, while that in the
right is a little slowed. In beats 2, 3, and 4,
progressively slower conduction occurs in the
left bundle; the ventricles are activatedfrom
the right bundle-branch. In beat 5, conduction
fails entirely within the left bundle, allowing
recovery in the next beat i. The cycle then
repeats.

 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.34.4.370 on 1 A
pril 1972. D

ow
nloaded from

 

http://heart.bmj.com/


372 Friedberg and Schamroth

tory period of the left bundle extends over 4
cardiac cycles.
A more likely explanation for the manifes-

tation of intermittent bundle-branch block in
this case is a Wenckebach form of concealed
conduction within the left bundle-branch.
The hypothesis is illustrated diagrammatically
in Fig. 3. Sinus impulses equivalent to beats
I tO 5, in Fig. i, are similarly labelled. Sinus
impulse I is conducted through both bundle-
branches with a minimal relative delay in the
right bundle-branch. The conduction of sinus
impulse 2 suffers delay within the left bundle-
branch. The delay permits the left bundle-
branch distal to the region of delay and the
left ventricle to be activated entirely by the
impulse conducted through the right bundle-
branch. This results in a pattern of complete
left bundle-branch block. Sinus impulses 3
and 4 suffer greater delays in conduction, that
is, they are associated with further increments
in conduction time. As the left bundle-branch
'block' is already maximal, these further de-
lays have no effect on the left bundle-branch
block pattern. Sinus impulse 5 is truly
blocked, that is it fails to enter the zone of
depressed conduction within the left bundle-
branch which consequently has an opportun-
ity to recover so that the next sinus impulse -
sinus impulse i of the ensuing sequence - is
conducted down both the bundle-branches
once again. The sequence is then repeated.
Progressive delay followed by failure, and
then improvement of conduction is the
Wenckebach phenomenon. Thus, Case i may
be interpreted as showing second-degree
block confined to the left bundle-branch with
the Wenckebach phenomenon, the conduction
ratio being 5:4.

Case 2 may be interpreted in a similar
manner. Standard lead II and parts of lead
aVR reflect 3:2 block in the left bundle-
branch with the Wenckebach phenomenon.
In the remainder of lead aVR, the conduction
ratio changes momentarily tO 4: 3 (upper
strip) or tO 5:4 (lower strip). The alternative
explanation involving 3:I, 4:I, or 5:I left
bundle-branch block is much less likely for
the reasons given above.

Several further inferences may be drawn.

i) The PR intervals are constant in both
cases. Conduction times in the right bundle-
branch, therefore, do not vary.

2) In beat i of Case I, the pattern of incom-
plete right bundle-branch block is seen. Left
bundle-branch conduction in this beat must
be slightly better than in the right, though it
is considerably worse in later beats of the
sequence. The PR intervals do not vary
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FIG. 4 Diagram to show a fully manifest
Wenckebach sequence. Conventions as in Fig.
3. In beat 2, the delay in left bundle-branch
conduction is not as conspicuous as in beat 2
of Fig. 3; the pattern of incomplete left
bundle-branch block results.

despite the conduction delays in both bundle-
branches. It follows that the site of conduction
delay accounting for the incomplete right
bundle-branch block is not in the initial por-
tion of the right bundle. It is situated distal
to the fibres through which the left ventricle is
activated.
3) There can be no antidromic or retrograde
invasion of the left bundle-branch from the
right side in the last beat of the Wenckebach
sequence. Late retrograde activation of the
bundle would reset its refractory period and
destroy the Wenckebach sequence.
4) According to Rosenbaum (I969) and
Rosenbaum, Elizari, and Lazzari (1970), left
bundle-branch block may be the result of
block of the main trunk (predivisional), or of
block of both the anterior and posterior
divisions (divisional left bundle-branch block).
These two forms cannot ordinarily be separ-
ated. In these two cases, however, one may
confidently infer that the block is pre-
divisional. The alternative possibility, that
there is a Wenckebach phenomenon in both
divisions with the same conduction ratio, and,
even when this ratio changes, the two divisions
never get out of step, is too remote.

Monofascicular sequences Puech et al.
(1970) have described a case of 3:2 AV
block, right bundle-branch block, and left
anterior hemiblock. His bundle electrograms
showed the Wenckebach phenomenon occur-
ring distal to the His deflection. A trifascicular
system has been transformed, in effect, to a
monofascicular system: the Wenckebach phe-
nomenon is occurring in either the distal His
bundle, the main left bundle, or in the pos-
terior division. This is the clinical analogue of
earlier experimental work of Scherf and
Shookhoff (I925).
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Manifest and concealed sequences A
Wenckebach phenomenon in a bundle-branch
may be fully manifest, or partly or completely
concealed. If each successive beat of a series
shows increasing bundle-branch block (Fig.
4), the sequence is fully manifest or 'direct'.
Once the conduction delay in the affected
bundle exceeds the time required for activa-
tion from the contralateral bundle, all later
beats in the series will show complete bundle-
branch block, and the latter part of the se-
quence will be partly concealed. If circum-
stances are such that the first beat is 'nor-
mally' conducted and the second shows com-
plete bundle-branch block, as in these cases,
the partly concealed sequence is termed by
Rosenbaum 'indirect'. In the cases pub-
lished by Rosenbaum and colleagues (i969),
both manifest and partly concealed sequences
occurred in the same record, demonstrating
their very close relation.

Completely concealed sequences. If the
first beat of a Wenckebach sequence has so
much delay that a complete bundle-branch
block pattern results, a Wenckebach pheno-
menon may well be there, but since all beats
have the same shape it would be completely
concealed. It could not be diagnosed, but may
be suspected if a decrease in rate permitted
a manifest or partly concealed sequence to
result (Friedberg and Schamroth, i969).

Diagnosis from clinical electrocardio-
grams Wenckebach conduction in a bun-
dle-branch may be diagnosed under the
following circumstances.

i) There is a strictly regular sinus (or other
supraventricular) rhythm.
2) AV conduction time (PR interval) is
strictly regular.
`3) QRS complexes with a more normal con-
tour appear periodically.
4) If successive QRS complexes show pro-
gressively increasing bundle-branch block, a
manifest Wenckebach sequence is diagnosed.
5) If all beats but the first show a complete
,block pattern, an incompletely concealed
sequence is inferred.

Clinical significance There is, as shown
above, evidence from clinical electrocardio-
grams, intracardiac tracings, and animal ex-
periments to show that the Wenckebach
,phenomenon can occur in the bundle of His or

in its branches. It seems most likely that the
Wenckebach phenomenon is a fundamental
property of any cardiac conducting tissue.
The evidence does not support the opinion
that this is a property only of the AV node
(Watanabe and Dreifus, i966), or that such
periods in the sinoatrial junction are improb-
able (Scherf, i969). Nor does this evidence
support the concept that therapeutic decisions
about pacing may be predicated entirely on
the supposition that Wenckebach (Type I)
AV block is confined to the AV node.
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