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An atrionodal and nodo-Hisian gap phenomenon
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Two cases of the gap phenomenon are presented. The first was an example of a gap between the atrium and
the AV node. In the second the gap was at the nodo-Hisian junction. At a critical H1H2 interval splitting of
the premature His potential occurred. A decrease of the H1H2 interval led to the disappearance of the distal H2
potential and to atrioventricular block. But at even shorter coupling intervals the H1H2 interval lengthened
suddenly with resumption of the AV conduction. These observations provide further evidence that the gap
phenomenon has a wider spectrum than was previously thought.

There is a curious phenomenon which will be
observed rarely during programmed electrical stimu-
lation studies of the right atrium when premature
stimuli are introduced. By progressively moving
the stimulus earlier in the atrial cycle a point
is reached when the atrial response evoked is
no longer conducted to the ventricles. Rarely
a still more premature atrial extrasystole than
that which was blocked is paradoxically followed
by a ventricular response. These are the character-
istic features of the so-called gap phenomenon (Moe,
Mendez, and Han, I965; Durrer, I968; Goldreyer
and Bigger, I969; Wit et al., I97oa;
Gallagher et al., I973a, b; Agha et al., 1973;
Akhtar et al., I974a, b; Wu et al., I974). The ex-
planation of it lies in the fact that the very early
electrical impulse is delayed so long proximally to
the original site of block that by the time it reaches
that site the refractory period has been passed and
conduction occurs (Wit et al., i97oa; Gallagher
et al., I973a, b). Depending on where in the
proximal tissue the conduction delay takes place
which allows atrioventricular conduction to be
resumed, Gallagher et al. (1973a, b) distinguish
arbitrarily between two types of gap. In the so-
called type I the proximal region is the AV node,
whereas in the type II it is the ventricular specialized
conduction system.

Recently Wu et al. (I974) showed that this
classification was an over simplification of the gap
phenomenon and that it could also occur at other
levels in the conducting system from the atria to the
ventricles. The purpose of this paper is to present
two cases which tend to reinforce the view of
Wu et al. (1974).
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Patients and methods
After giving informed consent the two patients were
studied in the non-sedated, post-absorptive state. Under
fluoroscopic control two electrode catheters were intro-
duced via the right femoral vein into the right heart.
The first - a hexapolar catheter - was positioned against
the high lateral wall of the right atrium. The distal two
electrodes were used for stimulation and the next one or
two for recording a uni- or bipolar high atrial electro-
gram. A second bipolar electrode catheter was posi-
tioned across the tricuspid valve to record the His bundle
electrogram (HBE) at a filter setting of I00-270 cycles/s,
thus utilizing a technique slightly modified from that
described by Scherlag et al. (I969). Leads I, II, III, Vi,
and the uni- or bipolar atrial electrogram (VRA or BRA
respectively) were recorded simultaneously with the HBE
either on an eight-channel photographic recorder
(Hellige, Freiburg) or on an eight-channel direct-
writing recorder (Siemens, Erlangen). All recordings
were taken at a paper speed of i0o mm/s. The intervals
between the atrial wave of the atrial electrogram (P) and
the A wave of the HBE (A), the PA interval, and the A
wave of the HBE and the His deflection (H), the AH
interval, as well as the interval between the His deflec-
tion and the ealiest time of ventricular activation on any
lead (the HV interval) were measured.
The investigations were made by means of the extra-

stimulus method (Wit et al., 197ob). The right atrium
was driven at about 5-io beats/min faster than the sinus
rhythm. The stimulation was by a specially designed
pacemaker delivering premature or test stimuli (S2) after
every tenth basic driving beat (S.). The premature beat
interval (S1S2) was progressively shortened by 5-10 ms
until the effective refractory period (ERP) of the right
atrium was reached.

Results
Case I
The patient, a 67-year-old woman, gave a history of
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FIG. I Atrionodal gap (Case z). VRA is a unipolar
atrial lead. First and second beats in both panels were
produced by the driving and testing stimuli respect-
ively. TOP: At an S1S2 interval of 340 ms S2 is con-
ducted to the atria without supplementary latency.
BOTTOM: At an S1S2 interval of 320 ms S2 is con-
ducted to the atria with increasing latency, so that
S1S2 interval is shorter than A1A2 interval.

dizzy spells. A His bundle study was performed to
assess the functional state of the AV conduction
system. The atria were driven at a rate of 79/min
(cycle length 760 ms). The A1A2 interval was
identical to the S1S2 interval up to the premature
beat interval of 330 ms (Fig. I). At an S1S2 interval
of 320 ms or less the premature stimulus was
conducted within the atria with progressive delay
so that the S1S2 interval was increasingly shorter
than the corresponding A1A2 interval (Fig. i).
Thus an S1S2 interval of 28o ms was accompanied
by an AjA2 interval of 340 ms and the premature
atrial response was still conducted to the ventricles
(Fig. 2). But a further io ms shortening of the S1S2
interval with a corresponding A1A2 interval of
330 ms led to block of the premature impulse within
the AV node (Fig. 2). The impulse was not con-
ducted to the bundle of His. The effective refractory
period of the AV node was thus reached. The
coupling intervals S1S2 of 260 ms and 250 ms were
accompanied by A1A2 intervals of 330 ms or less

FIG . 2 Case I, same notation. TOP: AV conduc-
tion still persists at S1S2 interval of 280 ms. BOTTOM:
Shortening of S1S2 interval to 270 ms with corres-
ponding A1A2 interval of 330 ms. The ERP of the AV
node is reached and A2 blocked above His bundle.

maintaining the AV block. However, at a premature
beat interval of 240 ms or less AV conduction was
resumed (Fig. 3). These coupling intervals had a
corresponding A1A2 interval of 350 ms or more,
thus exceeding the actual duration of the effective
refractory period of the AV node. The prolongation
of the A1A2 interval is explained by the delayed
conduction in the atrial tissue at coupling intervals
shorter than 320 ms. At these coupling intervals the
P wave recorded in the unipolar atrial electrogram
(VRA) appeared broad and distorted with no
definite intrinsic deflection. In addition to this pro-
longation of the intra-atrial conduction time the
latency between the stimulus artefact and the
subsequent atrial wave slightly increased. The
increased latency seemed to play a minor role in
the prolongation of the S2A2 interval as compared
to the slowed impulse propagation within the
atrium itself.
The study was repeated at faster heart rates of 96

and I15 beats/min. At A1A2 intervals of 320 and
340 ms, respectively, the effective refractory period
of the AV node was reached. The premature beat
was blocked above the recording site of the bundle
of His. At S1 S2 intervals shorter than 3IOand 280ms

ToP
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Top

FIG. 3 Case I, same notation. TOP: Shortening of
S1S2 interval to 240 ms is followed by lengthening of
A1A2 interval to 350 ms. This value is longer than the
ERP of the AV node and AV conduction is thus
resumed. BOTTOM: At S1S2 interval of 210 ms the
ERP of the atrium is reached.

respectively the conduction delay between S2 and
A2 became gradually longer. Yet until the time of the
effective refractory period of the right atrium, which
was I90 ms for both rates, the prolongation of the
A1A2 interval was not long enough to exceed the
duration of the effective refractory period of the AV
node. A gap phenomenon therefore could not ensue.

Case 2
The patient, a 42-year-old woman, had bouts of
supraventricular tachycardia which were later
shown to be attacks of atrial fibrillation. The atria
were driven at a rate of go beats/min (cycle length
68o ms). Until the A1A2 interval was shortened to
350 ms, with a corresponding H1H2 interval of
370 ms, the premature H2 potential was conducted
to the ventricles with an H2V2 interval of 35 ms
(Fig. 4). At an A1A2 interval of 340 ms the H1H2
interval also shortened by io ms (Fig. 4). H2 was
now split into two distinct components (H2 and
H'2) with an increase of the H2V2 interval to 45 ms.
A further shortening of the coupling intervals was
followed by an increase of the splitting of the His
potential. At the A1A2 interval of 320 ms with a

~Si IS2
BRA

v Al A2=35Oms
AlEAH1 A2'1 H, H2=370ms

HBE

js 's
rOM BRA

HVv 2 A, A2=340ms
HBE -~~~~Al~I jAHL~g 1 2,bm

HBE- H H'=tOms
'rip~~~~~~22

FIG. 4 Case 2. Gap at the nodo-Hisian junction. BRA
is a bipolar atrial lead. TOP: A1A2 interval of
350 ms, with a corresponding H1H2 interval of 370 ms,
is accompanied by a nortnal configuration of the H2
potential. BOTTOM: Shortening of A1A2 interval to
340 ms leads to H1H2 interval of 360 ms with splitting
of the H2 potential into two distinct deflections.

Top I
A

S 2

BRA

Al A2=320msIH~H =345ms

HBEH=3m

BOTTOM I I

jS4 S2
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A H1H H2 340ms
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FIG. 5 Case 2, same notation. TOP: At A1A2
interval of 320 ms corresponding H1H2 interval
reaches 345 ms, whereas splitting of H2 potential
increases. BOTTOM: At A1A2 interval of 3IO ms,
with corresponding H1H2 interval of 340 ms, second
deflection ofH2 is lost, so an AV block ensues.

I.. ... --j
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FIG. 6 Case 2, same notation. TOP: At A1A2
interval of 290 ms H1H2 interval increases to value
of 4I0 ms, which restores normal AV conduction.
BOTTOM: At S1S2 interval of 200 ms the ERP of the
right atrium is reached.

corresponding H1H2 interval of 345 ms the duration
between the two components of H2 reached 30 ms

(Fig. 5). At an H1H2 interval of 340 ms, produced
by a shortening of the A1A2 interval to 3io and
300 ms, only the first minor deflection of the H2
potential appeared (Fig. 5). This minor deflection
could be constantly recorded after the A2 potential.
A block between the two components of the H2

potential was thus responsible for the failure of
conduction of the atrial impulse to the ventricles.
At a still shorter A1A2 interval of 290 ms the A2H2
interval increased from IIO to I90 nms, so that the
corresponding H1H2 interval was now 410 ms (Fig.
6 (top) and Fig. 7). This was much longer than
345 ms, at which the block between H2 and H'2
had appeared, and longer also than 360 ms-the
interval at which the fractionation ofthe H2 potential
into two deflections occurred. Thus the correspond-
ing H2 potential was of normal configuration and
the ensuing H2V2 interval of normal duration. The
shortening of the A1A2 interval tO 280 and 270 ms
maintained the AV conduction because of an H1H2
interval of 4I0 and 42o ms, respectively. Reducing
the coupling intervals S1S2 to 260 ms or less led
to A1A2 intervals of 270 or 280 ms with correspond-
ing H1H2 intervals of 4I0 and 42o ms respectively.
This occurred because of an increasing delay be-
tween S2 and A2. The effective refractory period of
the right atrium was reached at a S1S2 interval of
200 ms (Fig. 6).

FIG. 7 Gap at nodo-Hisian junction. A1A2 interval
(on abscissa) is plotted against H1H2 interval (X) and
the V1 V2 interval (0) on ordinate. At H1H2 interval
of 360 ms splitting of the H2 potential occurs which
became greater at shorter intervals. At H1H2 in-
terval of 340 ms only the first H2 deflection appears.
Between an A1A2 interval of 300 and 290 ms the
H1H2 interval suddenly increases from 340 to 410 ms

with disappearance of H2 splitting and of AV block.

When the atria were driven at a cycle length of
500 ms (rate I20/min) and the study repeated we

were unable to reproduce the gap phenomenon.
The functional refractory period (FRP) of the AV
node - the shortest interval between two successive
His bundle responses, both propagated from the
atrium - was now at 360 ms but no splitting of H2 or
block was observed.

Discussion
The gap phenomenon can occur when there are two
regions in the chain of the impulse transmission
through the heart in which the following conditions
are encountered (Wit et al., Ig7oa; Gallagher et al.,
I973a, b; Wu et al., I974). (I) The functional re-

fractory period of the proximal region is shorter
than the effective refractory period of the distal one.
This condition makes the occurrence of the block
possible. (2) At shorter coupling intervals at which a
block occurs a conduction delay ensues in the
proximal region. Thus the impulse will be retained
in this region so long that the distal one regains its
excitability and restores the conduction to the ven-

tricles. This explains the disappearance of the block
at shorter coupling intervals.
A distinction has been made between type I and

type II gap phenomena based on the localization
of the proximal region of conduction delay (Gafla-
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gher et al., 1975a, b; Agha et al., I973). In the type
I gap it is the AV node, whereas in the type II gap
the conduction delay is in the ventricular specialized
conduction system. In both types of gap the distal
region of block is in the ventricular specialized con-
duction system.
As Wu et al. (I974) showed, there are other

possible sites of conduction delay in addition to the
AV node (as in type I) and the ventricular spec-
ialized conduction system (as in type II). They are
in the atrium and in the bundle of His itself. Wu
et al. described a case in which the gap occurred
between the His bundle as the proximal region and
the ventricular specialized conduction system or a
bundle-branch as the distal region. They therefore
proposed that the previous classification should be
replaced by one based on the proximal and distal
regions involved in the gap phenomenon. Our first
case is an example of a gap between the right atrium
as the proximal region and the AV node as the distal
region. Similar cases have been described not only
by Wu et al. (1974) but also by Narula (I973), who
named it 'pseudo-supernormal AV conduction.'
Neuss and Schlepper (I973) described a patient

with WPW syndrome type A. At a given coupling
interval during atrial stimulation the effective re-
fractory period ofthe accessory pathway was reached
and the conduction to the ventricles followed only
through the AV node-His system. At shorter
coupling intervals the intra-atrial conduction time
was so prolonged that the impulse reached the
accessory pathway out of the refractory period and
the WPW pattern reappeared. This last case repre-
sents, in fact, a particular form of gap with the right
atrium as the proximal region and the accessory
pathway as the distal region.
Our second case is similar to Case 3 of Wu et al.

(1974), in which there was a gap between the AV
node and the His bundle. In contrast to our case
the site of the block in their case was distal to the
recording site of the second component of H2. Our
case is unique in that the block occurred between
the two deflections of the split H potential. The
validity of a split H potential has been proved by
means of simultaneous recordings of trans-mem-
brane potential and a bipolar extracellular electro-
gram (Varghese et al., 1973). The study showed a
good correlation between the two forms of record-
ing.
Most authors agree that splitting of the H

potential represents a first degree intra-Hisian block
(Narula et al., 1971; Peuch et al., 1972; El-Sherif
et al., 1974; Fleischmann and Pop, 1975). A second
degree intra-Hisian block appears as an intermittent
loss of the second component sometimes preceded
by a prolongation of the interval between the two

components (Narula et al., I971; Peuch et al.,
I972). If the first component is too small to be
recorded the block can be wrongly interpreted as
occurning in the AV node and not in the His bundle.
This was reported by El-Sherif et al. (I974). We
think that if the recording catheter had been ad-
vanced a few millimetres into the right ventricle the
first component of H2 would have been lost and a
nodal site of block would be postulated. Therefore a
distinction between a nodal and a Hisian block will
sometimes be difficult to make.
The resuBption of AV conduction was accom-

plished in our second case by a sudden increase in
the AH interval. Though the sudden increase of the
AV nodal time may be interpreted as a manifesta-
tion of longitudinal AV nodal dissociation (Denes
et al., I973; Denes, Wu, and Rosen, 1974) echo
beats or bouts of supraventricular re-entrant
tachycardia did not occur in our patient.
The effect of the driving rate on the occurrence

of the gap phenomenon has been emphasized by
Wit et al. (197oa). They showed that a gap between
the AV node as the proximal region and the ven-
tricular specialized conduction system as the distal
region occurred more often at lower rates. This is
explained by the influence of the driving rate on
the refractory periods of the tissues involved. At
lower rates the effective refractory period of the
ventricular specialized conduction system is in-
creased while the functional refractory period of the
AV node will be shortened or sometimes lengthened.
If there is a shortening of the functional refractory
period of the AV node associated with a lengthening
of the effective refractory period of the ventricular
specialized conduction system a gap phenomenon
occurs more easily with the lower rate. The same is
true for the gap at the nodo-Hisian junction, and
explains why in our second case the gap pheno-
menon was observed at a lower but not at a higher
rate.

In our first patient also the gap occurred only
at lower rates. Wu et al. (1974) predicted that a gap
between the atria and the AV node would occur
more easily at higher rates. Shorter cycle lengths
tend to shorten the effective refractory period of the
atrium and lengthen the effective refractory period
of the AV node (Wit et al., I97oa) and AV block
will occur more easily. Yet, despite the opposing
effects on the effective refractory periods of the
atrium and the AV node, the increase in conduction
delay at shorter coupling intervals between the test
stimulus and the atrial deflection in the His bundle
electrogram will not always be long enough to
allow the passage of the impulse over the AV node
to return.
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