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Variable ratios of atrioventricular conduction observed during atrial
flutter and other atrial tachyarrhythmias are widely considered to be
caused by conduction delay or block at two or more levels of the con-
duction system.1 In cases of atrial flutter, even ratios of conduction pre-
dominate. Multilevel block at the AV node, like concealed conduction, is
inferred on the basis of the behavior of the distally recorded complexes.
Proximal conduction through the His-Purkinje system is not recorded
on a surface electrocardiogram. Thus, AV node conduction comprises

the upper AV node, lower AV node, and the His-Purkinje system.
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Here we present an electrocardiogram of a 42 year old obese,
hypertensive gentlemen who had been binge drinking alcohol for
4 days prior to reporting to the emergency room with palpitations
and shortness of breath. Initial electrocardiogram, recorded on
arrival to the emergency room, showed atrial flutter with 2:1 con-
duction and heart rate of 160bpm. The second electrocardiogram
showing atrial flutter in which varying ratios of AV conduction and
the cyclical recurrence of varying QRS morphologies was observed

(Figure 1). It was recorded 2 h after the administration of IV diltiazem.

FIGURE 1 Twelve lead ECG of atrial
flutter with varying conduction.
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The electrocardiogram shows atrial flutter with a cycle length of
200ms and varying AV conduction. The flutter wave morphology in
lead Il is consistent with typical counterclockwise right atrial flutter.
In each recurring cycle, there are 8 flutter waves and 3 QRS com-
plexes, a narrow QRS complex with a duration of 80 ms is preceded
by four flutter waves. A 2:1 conduction ratio at the upper level of
the AV node and 2:1 conduction of flutter impulses at the second
level of block result in net 4:1 conduction at the ventricular level
(Figure 2). The 4:1 conduction ratio creates R-R intervals of suffi-
cient length to allow full recovery of the distal conduction system so
that the first QRS complex in each cycle is narrow (Figure 3). These
observations suggest multilevel block in the atrioventricular node
and the His-Purkinje system.

The second QRS complex, with a duration of 120ms, is pre-
ceded by two flutter waves, occurs 440ms after the narrow QRS
complex, and exhibits the morphology of right bundle branch block
and left anterior fascicular block. Sudden shortening of the R-R
interval results in aberrant ventricular conduction, an example of
the Ashman phenomenon? (Figures 2 and 3). The increase in 3-
QRS2 interval (160ms.) as compared to f1-QRS1 interval (120 ms)

(Figure 4) is perhaps due to increased refractoriness at the AV
node level as a result of preceding long cycle length followed by
short cycle length. Other possibilities include concealed conduc-
tion, atypical Wenckebach periodicity, or antegrade conduction
through slow pathway.

Ashman's phenomenon refers to an aberrant conduction due to
critical prematurity. A long R-R interval is followed by a short R-R
interval that ends with a wide QRS complex, often with RBBB mor-
phology.3 Similar combinations of long and short cycle lengths re-
sults in aberrantly conducted second QRS complex in subsequent
cycles.

Heart rate has a modulating effect on the refractory period of
cardiac conduction system. As the heart rate slows, the refractory
period of the conduction system lengthens and as heart rate speeds
up, the refractory period shortens. Thus, the cycle length of the pre-
ceding R-R interval determines the refractory period of the follow-
ing beat.

The refractory periods of the right and left bundle are differ-
ent. The longer refractory period of the right bundle branch predis-

poses it to conduction slowing or failure, particularly with sudden
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FIGURE 2 Ladder diagram of rhythm strip, 3 different QRS morphologies. A, Atrium; AVN-U, Atrioventricular node upper level; AVN-L,
Atrioventricular node lower level; F, Fascicular conduction system; V, Ventricle. / Right bundle branch block. —\, Left anterior fascicular

block. /" Incomplete right bundle branch block.
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FIGURE 3 Cartoon illustration of
multilevel AV block and 3 different QRS
morphologies. AVN, Atrioventricular
node; H, His bundle; IF, Inferior fascicle
of the left bundle; L, AVN lower-level; LA,
Left atrium; LB, Left bundle branch; RA,
Right atrium; RB, Right Bundle-Branch;
SF, Superior fascicle of the left bundle; U,
AVN upper-level. % Flutter waves.
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FIGURE 4 Magnified section of the
electrocardiogram. f, flutter wave; ML,
Marker line showing the onset of the QRS
complex.
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acceleration of the heart rate as seen in atrial flutter, premature
atrial beats or atrial fibrillation. As a result aberrant conduction, a
transient functional block, more often exhibits RBBB morphology
inlead V1.

The third QRS complex in each cycle has a duration of 100ms,
occurs 400ms after the second QRS complex, and exhibits the mor-
phology of incomplete right bundle branch block without left an-
terior fascicular block. This QRS complex in each cycle is narrower
perhaps as a result of supernormal conduction or peeling of refrac-
tory period.

During the recovery phase of AP supernormal conduction may
exist when a subthreshold stimulus may produce a response.* Similar
stimulus may fail to generate response before or after supernormal
conduction period. The property of supernormal excitability and
conduction exists only in Purkinje fibers. Arrival of an electrical im-
pulse during supernormal excitability conducts when otherwise a
slowing of conduction or block would have been expected.’ During
accelerated heart rate a widening of QRS complex may occur as a
result of acceleration dependent aberrancy and occasional occur-
rence of atrial premature beats with narrow QRS complex may be a
manifestation of supernormal conduction.

Cyclical allorhythmic repetitions is a result of multilevel block
at the AV node and the His-Purkinje system. Although conduction
through the His-Purkinje system is not recorded on the surface
electrocardiogram, the lack of it can be stipulated from fascicu-
lar blocks. Following the third QRS complex in each cycle, the re-
sumption of 4:1 AV conduction permits full recovery of the distal
conduction pathway. The chain of events then repeats in cyclical

fashion resulting in an allorhymia displaying three different QRS
morphologies.
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