Effect of an Early Atrial Premature Beat
on Activity of the Sinoatrial Node
and Atrial Rhythm in the Rabbit
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ABSTRACT

In the spontaneously beating isolated right atrium of the rabbit, premature
beats were elicited by electrical stimulation. When the premature beat was
elicited early in the atrial cycle, the postextrasystolic pause had a short duration
and the sum of the pre- and postextrasystolic pause was about the same as the
duration of a normal spontaneous interval. We have tried to demonstrate, using
simultaneous multiple microelectrode impalements of SA node fibers, that by
such an early atrial premature beat the atrium could be activated by a
reentrant mechanism. The results of our experiments led us to the conclusion
that the impulse of the premature beat, elicited early in the atrial cycle,
discharges the SA node only fractionally and that the fibers in the
neighborhood of the activated area are influenced electrotonically. This causes
a change of both the site and the moment of the spontaneous impulse
formation. The SA node discharges spontaneously after such an early
premature beat. Reentry activation is likely to occur when a series of atrial
premature beats is observed. A supraventricular tachycardia might be caused
by repeated atrial discharges following a stimulus very shortly after the atrial

refractory period.
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B During their detailed investigations into
disturbances of rhythm produced by atrial
premature beats, Eccles and Hoff (1, 2) found
that a premature beat elicited early in the
atrial cycle was followed by a subsequent beat
which occurred earlier than expected. The
premature beat cycle and the subsequent
cycle together had about the same duration as
one normal spontaneous cycle. However, they
and others who had observed this phenome-
non (3, 4) were not able to offer a satisfactory
explanation. In recent literature (5-7), an
atrial activation shortly after an atrial prema-
ture beat is called an echo, or reentrant,
activation. These studies, however, are con-

From the Department of Physiology, University of
Amsterdam, Jan Swammerdam Instituut, Amsterdam,
The Netherlands.

Received June 29, 1971. Accepted for publication
September 16, 1971.

704

postextrasystolic arrhythmia
atrial tachycardia

SA node entrance block
pacemaker shift
interaction of nodal fibers

cerned with electrocardiographic recordings
and cannot make a contribution to the
explanation of this phenomenon at the cellular
level.

Han et al. (8), using microelectrodes,
investigated the effect of an early atrial
premature beat in the isolated right atrium of
the rabbit. They assumed that the postextra-
systolic atrial activation could be caused by a
reentry of the impulse of the premature beat
via the SA node. They stated that “a
premature atrial response may fail to engage
one margin of the node, enter at another side
and traverse the relatively refractory nodal
tissue so slowly that the atrium has recovered
in time to respond again to the emerging
response.”

Using the same preparation, we have tried
to find evidence for the existence of alterna-
tive pathways for the premature impulse to

Circulation Researeh, Vol. XXIX, December 1971



POSTEXTRASYSTOLIC PACEMAKER ACCELERATION

penetrate the SA node by making simulta-
neous impalements at different locations in the
SA node while a premature beat was elicited
early in the atrial cycle.

Methods

PREPARATION

Young adult New Zealand rabbits (2-3 kg) of
both sexes were anesthetized with sodium
pentobarbital (25 mg/kg iv), and during artificial
respiration, anesthesia was maintained with ether;
1500 IU heparin was injected intravenously. The
heart was rapidly removed and kept in oxygenat-
ed perfusion solution. The right atrium was
isolated and the preparation, including a small
part of the superior and inferior venae cavae and
the roof of the right atrial appendage, but without
the AV node and the interatrial septum, was fixed
in a tissue bath with the endocardial side
uppermost. The perfusion fluid contained (in
mnm): NaCl, 130.60; KCI, 5.63; CaCl,, 2.16;
MgCl,, 0.57; NaHCOj, 24.17; NaH,PO,, 1.19;
glucose, 11.1; and sucrose, 13.20. The fluid was
saturated with a mixture of 95% O, and 5% CO,,
entered the tissue bath at the bottom, and was
sucked off at the surface at a rate of 35 ml/min.
The pH was kept at 7.35+0.05 and the
temperature at 37 = 0.1°C.

RECORDING

The electrical activity of the preparation was
recorded extracellularly and intracellularly. To
record surface electrograms of the atrium a uni-
polar silver electrode was placed at the crista
terminalis near the SA node. A Ag-AgCl strip was
used as an indifferent electrode. A differential pre-
amplifier with adjustable band width was used.

The transmembrane potential of fibers in the
SA node was recorded with glass microelectrodes
filled with 2.7m KClI and 0.5mmM K citrate (9) and
having a resistance of 15-40 megohms. A Ag-
AgCl strip was used as an indifferent electrode.
The microelectrodes were coupled via a small
agar-Tyrode bridge to Ag-AgCl wire which led
into a high-impedance input, capacitance-neutral-
izing amplifier (10). The tip potential was less
than 5 mv. All data were amplified (11) to the
level of approximately 1 v and stored on mag-
netic tape (Ampex FR1300, tape speed of 30
inch/sec, frequency response 0-10 kc).

STIMULATION

A bipolar stimulating electrode placed on the
cranial part of the crista terminalis consisted of
two silver wires (diameter 0.5 mm and interelec-
trode distance 0.4 mm) mounted in Perspex.
After 20 spontaneous beats, the diastole was
interrupted by one single constant-voltage shock
(duration 0.5 msec, intensity twice threshold
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value at most) from the stimulus isolation unit of
a Grass S4 stimulator. The stimulator was started
by the output pulse of the delay-trigger circuit of
a Tektronix 565 oscilloscope that was triggered by
the fastest deflection of the surface electrogram.
The time lapse between this pulse and the last
spontaneous beat could be adjusted accurately by
changing the delay time of the delay-trigger
circuit.

DATA PROCESSING

The recordings were stored on magnetic tape.
All intervals between the surface electrograms
and between the action potentials were digitized
by two interval timers (Hewlett-Packard, type
5233L) and one numerical printer (Hewlett-
Packard, type 562A). The fastest deflection of the
surface electrogram and the 50% level of the
systolic depolarization of the action potential
during spontaneous activity were used as trigger
points. When the amplitude of systolic depolari-
zation was reduced by more than 50%, the
interval between the action potentials was
measured by hand, taking the 50% level of the
amplitude, after displaying the registration with
low tape speed on a polygraph recorder (Elema,
type Mingograph 81). When the amplitude of the
action potential was reduced an error occurred
with the electronic digitizing method, but this
error was small and we prefer the advantage of a
well-defined measuring point. The surface elec-
trogram, the action potentials, and the stimulus
were displayed on the recorder and sometimes
pictures were made from an oscilloscope (Tek-
tronix, RM 564 B, with plug-in unit 3A 74).

Results and Discussion
EFFECT OF AN ATRIAL PREMATURE BEAT

The duration of the postextrasystolic pause
(PEP, the interval between the premature
beat and the subsequent beat) depends on the
moment in the atrial cycle at which the
premature beat is elicited. When the prema-
ture beat is elicited at the end of the cycle,
causing a curtailed cycle (CC, the interval
between the last spontaneous discharge and
the premature beat) that is only 10% or less
shorter than the normal interval (NP), the
postextrasystolic pause is compensatory, i.e.,
so much longer than the normal interval as the
curtailed cycle is shorter (CC+ PEP=2
NP). When the premature beat is elicited
earlier in the cycle, the postextrasystolic pause
is longer than the normal interval but not long
enough to be compensatory (12).
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FIGURE 1

Three recordings in which the atrial premature beat
was elicited at different moments of the atrial cycle.
Upper trace: surface electrogram. Middle and lower
traces: transmembrane potential of two fibers of the
SA node. The intervals between the electrograms and
between the action potentials are shown. The stimulus
was given 95 msec (A), 94 msec (B) and 85 msec
(C) after the last spontaneous electrogram. Calibration
was 50 mv and 500 msec. For further explanation
see text.

Upon shortening the curtailed cycle, the
duration of the postextrasystolic pause in-
creases., When a premature beat is elicited
very early in the atrial cycle, the postextra-
systolic pause has a shorter duration than the
normal interval. In that case we use the term
“early premature beat.”

Figure 1 shows that the moment the
premature beat is elicited is very critical for
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the appearance of the phenomenon of the
early premature beat. In record A the
postextrasystolic pause has a duration of 468
msec with a curtailed cycle of 107 msec;
shortening the curtailed cycle with only 1
msec, a postextrasystolic pause of 210 msec
occurs (record B). In record C the duration of
the postextrasystolic pause is less than the
normal interval, but the total amount of
curtailed cycle and postextrasystolic pause is
greater.

All experiments were started with a stimulus
late in the atrial cycle, and subsequently the
duration of the curtailed cycle was gradually
shortened. In that way we could determine
the maximal duration of the curtailed cycle
which would cause an early premature beat.
This “critical” curtailed cycle does not vary
more than 1 msec and is reproducible during
the experiment. In different experiments, the
critical curtailed cycle has not the same value
because of a difference between the positions
of the stimulating electrode and the surface
electrode on the atrium and a difference in
conduction velocity in the atrium and the SA
node. The duration of the postextrasystolic
pause is less than the normal interval when
the curtailed cycle is shortened further, until it
is impossible to elicit an atrial response in
consequence of the refractory period.

Two types of alteration of rhythm after an
early premature beat can be distinguished. A:
When the atrium is stimulated shortly after
the end of the refractory period, the sum of
the curtailed cycle and the postextrasystolic
pause is much longer than the normal interval.
The duration of the subsequent cycles is about
that of the normal interval (record C, Fig. 1).
B: When the atrium is stimulated later, the
sum of the curtailed cycle and the postextra-
systolic pause is nearly equal to the normal
interval. The duration of the subsequent
cycles is longer than the duration of the
normal interval.

CONDUCTION OF THE IMPULSE OF AN ATRIAL
PREMATURE BEAT THROUGH THE SA NODE

When the isolated right atrium of the rabbit
is driven by electrical stimulation at different
frequencies, the conduction velocity through
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the SA node is lower the higher the frequency.
This accords with the facts that the depolar-
ization velocity of the action potential of a
fiber of the SA node decreases at higher
frequencies (13, 14) and that a conduction
block in the SA node occurs at a frequency of
5 cps.

At a single rise of the frequency, ie, at a
premature beat, the impulse is also conducted
with a lower speed through the SA node. The
conduction velocity appears to be lower as the
premature beat is elicited earlier in the atrial
cycle (13). When a premature beat is elicited
early in the atrial cycle the impulse is
conducted through the SA node with decre-
ment (15). When the curtailed cycle is
shortened, the impulse is conducted through
the SA node with more decrement and
therefore with lower speed and with slighter
penetration. When the changes of the trans-
membrane potential of fiber 1 of Figure 1
(middle trace) at different curtailed cycles are
compared, it appears that the amplitude of the
action potential is lower with shorter curtailed
cycles and the duration of the action potential
is shorter. The rate of rise of the depolariza-
tion is also less. It is possible to explain these
differences in amplitude and duration of the
action potential when we agree with the
hypothesis that there is an electrotonic inter-
action of the fibers of the SA node in such a
manner that the change of the transmembrane
potential in one fiber is also determined by the
change of the transmembrane potential in
neighboring fibers (16). According to this
hypothesis, the action potential of a fiber of
the SA node will have a shorter duration when
fewer neighboring fibers are activated at that
moment.

FRACTIONAL ACTIVATION OF THE SA NODE

Not all the fibers of the SA node were found
to be discharged by the conducted impulse of
an early premature beat. In records B and C
of Figure 1 the second impaled fiber (lower
trace) was not discharged, although this fiber
was influenced electrotonically by the ap-
proach of the impulse of the premature beat.
In record C the electrotonic change of the
transmembrane potential was less than in B,
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thus we may assume that the impulse of the
premature beat in C penetrates less far into
the SA node than in B.

In the four records of Figure 2 two fibers in
the center of the SA node were impaled
simultaneously, fiber 1 (middle trace) was
situated at the atrial side of the node and fiber
2 (lower trace) nearer to the caval side. In
record A the atrium was stimulated 79 msec
after the last spontaneous atrial activation.

=52 =23
5 =53

FIGURE 2

Four recordings in which the atrigl premature beat
was elicited at different moments of the atrial cycle.
Upper trace: surface electrogram. Middle and lower
traces: transmembrane potential of two fibers in the
center of the SA node. The stimulus was given 79
msec (A), 95 msec (B), 107 msec (C) and 127 msec
(D) after the last spontaneous electrogram. Calibra-
tion was 50 mv and 1000 msec. For further explana-
tion see text.
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This resulted in a curtailed cycle with a
duration of 97 msec. The impulse of the
premature beat does not reach the two
impaled fibers. Nevertheless, the impulse
penetrated the SA node so far that fiber 1 was
influenced electrotonically.

In record B the stimulus was given 95 msec
after the last spontaneous atrial activation
(curtailed cycle, 110 msec) and the premature
impulse did not reach any of the two fibers.
The impulse penetrated farther into the SA
node because the electrotonic influence on
fiber 1 was stronger than in record A. Then
this fiber was discharged although with
very strong decrement. The 50% level of the
systolic depolarization during spontaneous
action was reached 145 msec after the
stimulus. We assume that the impulse of the
atrial premature beat discharges the fibers in
the atrial border of the SA node, causing a
weak electrotonic depolarization of fiber 1.
However, the impulse penetrated locally
farther into the SA node and reached fiber 1
very slowly and with decrement.

This assumption is in agreement with the
findings of record C. Here the stimulus was
given 107 msec after the last spontaneous
electrogram (curtailed cycle, 122 msec) and
the change of the transmembrane potential in
fiber 1 shows a stronger electrotonic depolar-
ization than in record B, while the “active”
depolarization attains the 50% level 98 msec
after the stimulus and has a greater amplitude.
This leads to the conclusion that the impulse
of the atrial premature beat penetrates farther
into the SA node and faster in record C than
in B. When the premature beat was elicited
later in the atrial cycle, for example 127 msec
after the last spontaneous electrogram (cur-
tailed cycle, 141 msec), fiber 1 was discharged
63 msec after the stimulus (record D) and the
depolarization is no longer biphasic as in
record B. The impulse of the premature beat
also reached the second fiber, though with
considerable retardation; the depolarization
attained the 50% level not before 145 msec
after the stimulus. However, in record D the
postextrasystolic pause had a duration of 474
msec (normal interval, 372 msec). This means
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a late premature beat. The shortening of the
postextrasystolic pause occurred only when
the impulse of the premature beat depolarized
only a fraction of the SA node. The
more the atrial cycle is curtailed by the early
premature beat, the smaller the fraction of the
SA node which is activated by the conducted
impulse of the premature beat.

POSTEXTRASYSTOLIC ACTIVATION

In the previous paragraph it became clear
that the impulse of an early atrial premature
beat discharges only one part of the fibers of
the SA node. It is possible that the impulse
penetrates farther into the SA node from the
activated fraction and reaches the atrium
again by a circuitous route. “Definitive proof
of a circuit within the sinus node would
require a number of simultaneous impale-
ments of intranodal cells, and a point-to-point
demonstration of the course of the activation
front during the whole interval between
primary and re-entrant atrial response” (8).

We always made simultaneous impalements
of fibers in the SA node with two microelec-
trodes. In one experiment, we succeeded in
keeping one microelectrode in the same fiber
(fiber A) for 3 hours and in making
impalements of 20 different fibers with the
other microelectrode. During each impale-
ment with the second microelectrode we
elicited premature beats, always changing the
curtailed cycle. Figures 3-5 show a number of
recordings of this experiment. Each figure is
composed of recordings made at different
times during the experiment, but the prema-
ture beat was always elicited at about the
same moment in the atrial cycle. The atrial
rhythm and the course of the transmembrane
potential in fiber A were used as references.
Because these were always the same at a
definite curtailed cycle (except for very small
differences) it was possible to mount electro-
gram and the course of the transmembrane
potential in fiber A and four other fibers (in
Figure 5 only three). This “semi simultaneous”
impalement of five fibers in the SA node
makes it possible to obtain an insight into the
way the premature impulse was conducted
through the SA node.
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Interval in msec.

electrogram 374- 97-295-372-374-37%

374 - 388 - 376-374-37%

B 374 - 377 - 381-378-376
c 375 - 381 - 380-377-37%
D 374 - 379 - 383-377-374
E 373-111-282-371-374-374
A
Latency in_msec.
1 2 3
electrogram 0 0 4] 0 0
A 42 46 42 42 L2
B B 29 uy 35 31 29
C 21 32 24 21 20
D 17 30 19 17 17
E 17 16 17 17 17
Cc
VCSs.
S
."".? atrium
| .‘”.'el
ATl
D EHM
'
LA &
.
‘\
V.C.l z
E
FIGURE 3

Effect of an atrial premature beat elicited by a stimulus 79 msec after the last spontaneous

electrogram. For explanation see text.

The electrogram and the recordings from
fibers A and B are synchronous; the recording
from fiber C was made 28 minutes later, from
fiber D 32 minutes, and from fiber E about 90
minutes. The intervals between the electro-
grams and between the action potentials—
measured at the 50% level of the systolic
depolarization—are given in the right part of
Figures 3-5. The sinoatrial latency (the interval
between the 50% level of the systolic depolar-
ization of the action potential and the intrinsic
deflection of the electrogram) is also tabulat-
ed. Microscopic observation made it possible
to make a diagram of the sites of impalement
in the SA node.
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In view of the course of the transmembrane
potential and the sinoatrial latency during
spontaneous activity we may consider fiber A
as one of the true pacemaker fibers. Figure 3
demonstrates the effect of a stimulus that was
given about 80 msec after the last spontaneous
electrogram. The impulse of the premature
beat discharged fiber E; the amplitude of the
action potential was obviously lower than
during spontaneous action and the duration
was shorter. None of the other fibers was
reached by the impulse. Apparently an
entrance block occurred at the outer margin of
the SA node, because the impulse penetrated
into the SA node only far enough to give a
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Interval 1in msec.

electrogram 373-110-264-402-384-373-373

373-277-133-377-370-370-374

B 373 - 353 - 400-387-381-378
C 374 - 338 - 419-385-379-376
A D 374 - 350 - 403-392-383-377
E 373-123-260-402-372-374-374
Latency 1in_msec.
1 2 3
B electrogram 0 0 0 0 0
A 42 6 31 LE 48
B 29 50 52 49 LE
c 21 57 40 39 33
b 17 41 40 28 18
E 17 8 8 20 19
Cc
D
E
50 mV
FIGURE 4

Effect of an atrial premature beat elicited by a stimulus 95 msec after the last spontaneous

electrogram. For explanation see text.

little electrotonic hump in fiber A. In the time
between the last spontaneous discharge and
the postextrasystolic activation (between dot-
ted lines 1 and 2 in the figure), none of the
impaled fibers, except fiber E, was discharged.

If one assumes that a reentry impulse
activated the atrium following this early
premature beat, the impulse was not conduct-
ed through the part of the SA node where five
impalements were made. A reentry activation
is the more unlikely in this case as the
sinoatrial latency of fibers A-D is now even
greater than during a spontaneous discharge.
We assume that the atrium was activated after
the premature beat by a spontaneous dis-
charge of the SA node. The pacemaker (fiber

A) was delayed by the electrotonic influence of
the impulse of such a very early atrial
premature beat (interval 388 instead of 374
msec ). This phenomenon is in accord with the
observation of Weidmann (17) that in isolat-
ed Purkinje fibers the slope of diastolic
depolarization is diminished by a short
subthreshold depolarizing pulse. As the sino-
atrial latency of fiber B during the postextra-
systolic activation was apparently longer than
during the spontaneous action, we assume that
the pacemaker was shifted in the direction of
fiber B.

In Figure 4 the effect of a stimulus given
about 95 msec after the last spontaneous
electrogram is demonstrated. The duration of
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D
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B
D
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50 mV
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Interval in msec.

374-122-260-402-384-373-373
374-287-177-372-367-374-377
374 - 346 - 416-388-383-377
375 - 353 - 414-388-385-375
373-134-256-405-376-374-372

Latency 1In_msec.

1 2 3

o] 0 0 0 ]
42 0 30 47 46
29 65 41 37 27
17 46 34 30 18
17 9 6 14 13

FIGURE 5

Effect of an atrial premature beat elicited by a stimulus 107 msec after the last spontaneous

electrogram. For explanation see text.

the curtailed cycle was 13 msec longer than in
Figure 3. The premature impulse also reached
fiber E. The amplitude and the duration of the
action potential exceed those of Figure 3. The
impulse penetrates farther into the SA node
because an electrotonic hump was also record-
ed in fibers C and D. The premature impulse
reached fiber A with strong decrement and
discharged the fiber following the electrotonic
hump (see discussion about record B in
Figure 2). When the course of the transmem-
brane potential of fibers A and C is compared,
it is evident that the diastolic depolarization
was accelerated in fiber C synchronously with
the sustained depolarization in fiber A. Subse-
quently, fiber C discharged prematurely (in-
terval 338 msec instead of 374 msec). The
sinoatrial latency increased from 21 msec to 57
msec. From the course of the recorded
transmembrane potential of this fiber, no
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conclusion can be drawn about the origin of
the action potential. Either an accelerated
spontaneous discharge or a very slowly
conducted beat could be possible. However, a
comparison of the latencies between fiber C
and the other impaled fibers, makes the
second possibility unlikely. If the premature
discharge of fiber C was a driven one, then the
impulse had to come at last from the vicinity
of fiber A with a latency more than five times
longer than during spontaneous action. Even
the fact that premature beats are conducted
more slowly than normal beats, cannot ac-
count for such a tremendous change in latency
(12). Therefore, it is more likely that a group
of fibers including fiber C was discharging
spontaneously, thereby taking over the func-
tion of pacemaker. The acceleration of dia-
stolic depolarization could be due to electro-
tonic influences from the depolarized fibers



712

BONKE, BOUMAN, SCHOPMAN

TN w12 |esnse| e | s

2 29 a2. "
A !\)\ 372 l§ 1303 367 I - 373
JUL - |
8 372 l§ i 207 369 |§ 370
29 | 8 32 38
n
FIGURE 6

An extra-atrial discharge following an atrial premature beat elicited by a stimulus shortly

after the refractory period. See text for discussion.

round fiber A (18). The distance between
fiber A and fiber C was about 0.5 mm. It
appears that electrotonic interaction is possi-
ble over this distance.

Recordings with a curtailed cycle of about
120 msec are given in Figure 5. We did not
succeed in making recordings from fiber C
because the microelectrode left that fiber
prematurely. The premature impulse did not
reach fiber B but was extinguished somewhere
between the fibers A and B. The diastolic
depolarization in fiber B was accelerated
(interval 346 msec instead of 374 msec). Fiber
D behaved in the same manner. Following
such an early atrial premature beat, the
pacemaker probably shifts to a group of fibers
including fiber B or to a site somewhere
between the fibers B and D. The sinoatrial
latency of fiber B (65 msec) agrees with the
fact that the fiber is located in the center of
the SA node. We assume that the activation
front is spreading over the SA node after the
discharge of the new pacemaker in the way
marked with arrows in the diagram of Figure
5. Such an activation pattern can be proved
only with multiple simultaneous impalements.
Nevertheless, the sinoatrial latencies of fiber E
(9 msec instead of 17 msec) and of fiber A (0
msec instead of 42 msec) support this as-
sumption. After a number of beats the group
of fibers, including fiber A, has taken over
again the function of pacemaker.

DO REPEATED ATRIAL DISCHARGES OCCUR
AFTER AN EARLY ATRIAL PREMATURE BEAT?

In Figure 6 a stimulus was given 80 msec
after the last spontaneous electrogram (cur-
tailed cycle, 98 msec). The impulse penetrated
only slightly into the SA node and caused an
electrotonic hump in fiber A. Fibers A and B
are the same as in figures 3-5, and so far there
is no difference between Figures 6 and 3. The
atrium, however, was activated again 134
msec after the premature beat. This activation
occurred before fibers A and B discharged.
This suggests that the postextrasystolic beat
was generated in the atrium. We performed
seven experiments on isolated left atria of the
rabbit to investigate this phenomenon. The
preparation was driven with a frequency of
about 3 cps during 20 beats; a test stimulus
was given at an adjustable moment after the
last basic stimulus. Thereafter, the preparation
was not stimulated for 1000 or 2000 msec. A
premature beat, elicited very shortly after the
last basic stimulus, appeared to be followed
by an atrial discharge, sometimes even by a
series of discharges (Fig. 7).

We could also demonstrate this phenome-
non in the spontaneously beating right atrium
(Fig. 8). In this figure, the stimulus was given
70 msec after the last spontaneous electro-
gram. When a stimulus was given so early in
the atrial cycle, the conduction velocity of the
impulse through the atrium and the SA node

Circulation Research, Vol. XXIX, December 1971
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1 sec

FIGURE 7

Recordings of a left atrial preparation of the rabbit.
Upper trace: surface electrogram. Lower trace: trans-
membrane potential. White arrows indicate the basic
stimulus and the black arrow indicates the extra
stimulus. In A the extra stimulus is followed by a
series of 15 repeated atrial discharges; in B the
“premature beat” is followed by only one atrial dis-
charge. Calibration was 50 mv and 1000 msec.
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was found to be very low. The premature beat
was followed by four atrial activations with a
very short interval. In these cases the atrium
was not activated from the SA node. The
impaled nodal fibers were not discharged by
every impulse from the atrium because every
alternate activation was dropped. This activa-
tion pattern could be described as a 2:1
atrium-sinus block.

The foregoing leads to the conclusion that a
stimulation of the atrium, shortly after the end
of the refractory period, may evoke one or
more repeated atrial discharges.

There is much evidence for the possibility of
reentry activation in the AV nodal area
(19-30). A number of authors (22, 25, 26)
assume that two or more pathways exist in the
AV node, along which the impulse can be
conducted from the atrium to a final common
path in the direction of the His bundle. The
possibility of reentry activation has also been
demonstrated for the Purkinje-myocardial
junction (16, 31-33). Han et al. (8) have given
evidence for the possibility of such a dissocia-
tion in the SA node too. In one important
aspect, however, their experiments differ from
ours; they drove the isolated right atrium of
the rabbit and a “premature beat” was elicited
with a variable delay after the last of ten basic
stimuli. The atrial discharge subsequent to

U | [ foffe]|  s

545 555 a9t

176 ’ 150 l 154 ‘ 475

162

1

144 | 154 499

FIGURE 8

Recording of a spontaneously beating right atrium of the rabbit. Arrow indicates the moment
the preparation was stimulated. In the right part of the figure the intervals between the
surface electrogram (upper trace) and between the action potentials of two impaled fibers of
the SA node are given. Calibration was 50 mv. See text for further discussion.
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such a premature beat, was a reentrant
activation in their opinion. In our experiments,
we were able to show that a disturbance of
the spontaneous rhythm by an early atrial
premature beat, will cause a fractional activa-
tion of the SA node. However, we did not
succeed in demonstrating a reentry mecha-
nism as the origin of the postextrasystolic
activation. We can distinguish three types of
rhythm changes caused by an early atrial
premature beat. The moment in the atrial
cycle at which the premature beat is elicited is
very important. Stimulation of the atrium
shortly after the end of the atrial refractory
period is followed by an impulse that
penetrates only into a small part of the SA
node, i.e., the atrial border of the node. This
phenomenon is based on the fact that the
refractory period of nodal fibers lasts longer
than that of atrial fibers. In this case we have
an entrance block at the outer margin of the
SA node and the premature impulse does not
reach the pacemaker fibers in the SA node. It
is possible that the discharge of the pacemaker
fibers is delayed by electrotonic influences.
Sometimes a shift of the pacemaker occurs,
but the original situation is restored immediate-
ly after the postextrasystolic activation (type
A).

When the premature beat is elicited some-
what later in the atrial cycle, the impulse
reaches the pacemaker fibers, though with
strong decrement, and causes them to dis-
charge (type B). In this case, the long-
lasting state of depolarization in the center of
the SA node has an electrotonically depolariz-
ing influence on other fibers in the SA node in
such a manner that the pacemaker will shift
over a relatively long distance within the node.
The original pacemaker fibers again generate
the impulse only after a number of beats.
When the stimulus is given very shortly after
the atrial refractory period, it is possible that
one or more discharges will be generated in
the atrium. In the case of repetitive atrial
discharges, when the postextrasystolic activa-
tion is generated in the atrium, either an
activation of the nodal fibers or an entrance
block of the SA node is possible depending on

BONKE, BOUMAN, SCHOPMAN

the moment the atrial impulse reaches the
border of the SA node.
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