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MEIJLER, F. L., F. V.D. BOGAARD, L. H. V.D. TWEEL, AND 

D . DURRER. Postextrasystolic potentiation in the isolated rat heart. 
Am. J. Physiol. 202(4): 631 - 635, Ig62.-"Postextrasystolic 
potentiation" of isotonic contractions of the intact isolated rat 
heart was studied . It was found that the Frank-Starling 
mechanism does not participate in the increase of the con
traction following a premature beat and a compensatory pause. 
A linear relationship could be demonstrated between the 
prematurity of the extra beat and the amplitude of the post
compensatory contraction. The increase of amplitude of the 
postcompensatory contraction was found to counterbalance the 
decrease of the premature beat. At a constant net rate, whether 
the rhythm was regular or not, the average contraction height 
was constant. Postextrasystolic potentiation pattern following 
an interpolating premature beat was different from post
extrasystolic potentiation following a premature beat and a 
compensatory pause. Postextrasystolic potentiation following 
an interpolating premature beat could not be distinguished 
from poststimulation potentiation. It was therefore concluded 
that postextrasystolic potentiation does not exist as aspecific 
phenomenon. 

THE IMPORTANCE OF THE RELATION of rhythm and 
rate to m yocardial contractility is gaining increasing 
attention in cardiovascular studies. In all these studies 
isometrie tension in isolated myocardial strips or pressure 
in isovolumic contracting ventrieles are measured. 
I som etrie tension or pressure in the isovolumic ventriele 
need bear no relation to ventricular ejection. 

Present studies were undertaken to investigate the 
relationship between cyele length and th e degree of 
myocardial shortening in isolated intact mammalian 
hearts. 

Before going into details, it is necessary to define a 
number of terms derived from literature as we do not 
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want to increase the already existing confusion in termi
nology. 

a) Postextrasystolic poten tia tion (I) ; increase in 
amplitude of m yocardial contraction occurring af ter a 
premature beat. 

b) Poststimulation potentiation (2); increase in ampli
tude of myocardial contraction following a number of 
contractions of a higher frequency. 

c) R est contraction(s) (2) ; contraction (s) elicited fol
lowing a period of cardiac standstill. 

d) Restitution (3) of contractility ; augm entation of 
amplitude of m yocardial contraction on lengthening, 
and diminution of ampli tude on shortening of preceding 
cyele length. 

e) Treppe or staircase (4) ; increase of amplitude of 
myocardi al contraction from nihil to a certain constant 
amplitude at a constant frequency, occurring af ter a 
long period of cardiac standstill. 

Langendorff (5, 6) was the first who observed an in
crease of height of the contraction following a premature 
beat in isola ted frog and m ammalian h earts . This in
ere ase in contractility h as been generally explained by 
the Frank-Starling mechanism (7- 10). Siebens and co
workers (I I) a nd Lendrum et al. (12) recently demon
strated , however, that in the isometrically contracting 
canine heart, Starling's law of the heart does not ex
plain th is phenomenon. 

It appears that postextrasystolic potentiation is in
sufficiently described. In a recent review, H ajdu and 
Leonard (13) gave a description of L angendorff's ob
servation (5) of a premature beat followed by a com
pensatory pause and one enlarged contraction. However, 
in their diagram (13; p. 185, Fig. IF) representing this 
exp eriment the premature beat arises between two 
normal beats (interpolating premature beat) and is 
followed by several enlarged contractions instead of one. 
In Siebens' paper, potentiation of the first postextra
systolic contraction occurring af ter a compensatory 
pause is described, whereas Hoffman's study (I) deals 
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with postextrasystolic potentiation following inter
polating premature beat(s). 

In this part of the work an attempt is made to analyze 
the postextrasystolic potentiation mechanism. 

METHODS 

Isolated he arts from 250-g white rats were perfused 
at 37 C, using the Langendorff technique described 
previously (14- 16) . Changes in leng th of the longitudinal 
axis of the left ventricle were 
measured bydisplacement of fA' 
a metal rod (Fig. I) (diam. \tV 
2 mm, leng th 60 mm, wt. 
r. 7 g), connected to the a
pex of the heart and placed 
within a coil (Fig. I). The __ ~ 
load exerted on the heart by 1 I I I I I I I I 
th is rod is negligible, since 
the heart is able to contract 
for hours if the weight of the 
rod is increased to 1 r. 7 g . 
The coil is part of a bridge 
(Fig. I) which consists of two 
self-inductances (L) and two 
resistances (Rl and R 2). 

The movements of the rod 
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RESULTS 

A number of experiments were performed to investi
gate the role of the Frank-Starling mechanism in post
extrasystolic increase of isotonic contraction following a 
compensatory pause. 

In the experiment represented in Fig. 2, increase of 
filling of ventricular cavities during the (longer) post
extrasystolic compensatory pause has been eliminated 
by : I) turning a stopcock, interrupting coronary per-
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change the impedance of the 
coil, producing across the 
output terminals of the 
bridge a varying a-c voltage 
which, af ter amplification 
and detection in a phase
sensitive detector, can be re
corded with an electrocar
diograph. The record can 
be calibrated by means of a 
second rod connected to a mi
icrometer and placed within 
thesecondcoil (Fig. I) . Uni
polar electrocardiogram was 
recorded simultaneously. 
Complete control of heart 
rate was achieved through 
stimulating electrodes placed 
on the right atrium for 
fast rates or on the area tra
becularis of the right ventri
de for slow rates. The stim
uli we re square waves of 
0.5 ma, and 0·5- I .o-msec 
duration. The ra te could be 
changed abruptly within 
any diastolic interval (cir
cuit A, Fig. I). Premature 
contractions could be elic
ited by a variabie delay 
circuit B in Fig. I. 

FIG. I . Diagrammatic rcpresentation of recording and stimulating equipment. Circuit A 
serves to change stimulation rate within one diastolic interval. Circuit B is used to eIicit pre
mature beats. Z is a metal rod connected to the apex of the heart and positioned in the 
center of a coil (L ). The same rod, connected to a micrometer, is placed within the second coil 
(L ). 



POSTEXTRASYSTOLIC POTENTIATION 

fusion completely, and 2) cutting open both left and 
right ventricular walls, which also prevented eventual 
increase of transverse diameter of the heart. 

Figure 2 shows left intraventricular pressure record 
(upper line), apical displacement d-c recording (middle), 
and electrocardiogram. Changes in pressure have dis
appeared due to the opening of the left ventricular 
cavity, but postextrasystolic mcrease of contraction, 
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FIG . 2. Left intraventricular pressure record (upper Zine) and 
apical displacement record of an isolated rat's heart with opened 
ventricular cavities and interrupted coronary perfusion. Note that 
pressure has disappeared but that the dis placement record still 
shows an increased hcight of the postextrasystolic contraction at a 
constant end-diastolic length. Driving frequency; 2.5 cycies /sec. 
Delay extra stimulus; 280 rnsec. Paper speed; 50 rnrn / sec. 
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F IG. 3. Effect of delay of the extra irnpulse on contraction height 
of the first postextrasystolic beat occurring af ter a cornpensatory 
pause. Driving frequency; 4 cycies/sec. 

starting from a constant end-diastolic position, IS still 
present. 

The influence of the cycle length, preceding the extra 
beat, on the first su bsequent postcompensatory con
traction was studied by varying the delay of the extra 
impulse. The shorter this cycle leng th the longer the 
compensatory pause following it. Results of a representa
tive experiment are shown in Fig. 3. It demonstrates 
that at a basal rate of 4 cyclesj sec shortening the delay 
of the extra impulse (thus also lengthening the duration 
of the compensatory pause) increases the height of the 
first postextrasystolic contraction, reaching a limit at a 
delay of approximately 175 msec. This is due to the fact 
that with further shortening of the delay the extra 
impulse faUs in the functional refractory period (17) and 
retards ventricular activation till the end of this period. 
An almost linear relationship appears to exist between 
the duration of the compensatory pause and the height 
of the subsequent contraction . 

During these experiments it was also noticed that the 
height of the extrasystolic beat varies with its pre
maturity. The shorter the cycle length preceding it, the 
smaller the premature beat, the longer the compensatory 
pause, and the larger the postextrasystolic contraction. 

In Table I the results are summarized of an experi
ment in which height of contraction of premature beat 
and postcompensatory contraction were measured. This 
table also demonstrates that the sum of the heights of 
the extrasystolic and the postextrasystolic contractions 
amounts to approximately two times the height of a 
preceding normal contraction. This observation 
prompted us to design experiments which would demon
strate that changes in cycle length, with net rate kept 
constant, do not change the average contraction height. 
Figure 4 demonstrates the results of an experiment in 
which, at a constant net rate of 150 contractions/ min, the 
regular rhythm (upper row) is gradually changed into 
a bigeminy with varying coupling (325-200 msec) of 
the extrasystolic beat. In each row the sum of the heights 
of all 26 contractions is approximately 480 mmo 

The experiments mentioned above deal exclusively 
with postextrasystolic potentiation following a compensa
tory pause. 

Postextrasystolic poten tia tion pa ttern following an 
interpolating premature beat is different from post
extrasystolic potentiation following a compensatory 
pause. This is demonstrated in Fig. 5. At a bas al rate 
of 2.5 cycles/ sec and a constant delay of the extra 

TABLE I. Comparison of the sum of contract ion heights of extrasystolic beat and postextrasystolic 
beat with two times the contraction height of a preceding norm al beat 

Frequency J 4 cyc1es/ sec 

Delay, rnsec 24° 235 23° 225 220 21 5 210 2°5 200 195 19° 185 180 175 17° 165 160 155 
NB, rnrn 15 16 16 16 16 16 15·5 15 ' 15 16 16 16 16 15 ·5 15·5 16 16 15·5 
ES, rnrn 14 15 14 14 13·5 13 13 12 12 13 12 12 12 1I.5 12 ·12 12 II 

PES, rnrn 16 17 17 17 17 18 18 18 18 18 19 19 19 19 19 19 19 19·5 
2 X NB, rnrn 3° 32 32 32 32 32 31 3° 3° 32 32 32 32 31 31 32 32 31 
ES + PES, rnrn 3° 32 31 31 3°·5 31 31 3° 3° 31 31 31 31 3°·5 31 31 31 3°·5 

NB = norm al beat; ES = extrasystolic beat; PES = postextrasystolic beat. 
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FIG. 4· Electrocardiogram and apical dis placement record of an 
isolated perfused rat 's heart. At a constant net ra te the regular 
rhythm (upper row) is changed into a bigeminy with varying cou
pling (325-200 msec). Driving frequency in upper row; 2.5 cycles / sec. 
Paper speed; 25 mm/sec. 

impulse of 240 msec, the first premature beat (double 
arrow) interpolates and the second one (single arrow) 
is followed by a compensatory pause. The interpolating 
premature beat is followed by one smaller contraction 
and a number of enlarged contraetions. The premature 
beat followed by a compensatory pause gives rise to 
enlargment of the first postextrasystolic contraction 
only. 

There is a striking resemblance between potentiation 
following an interpolating premature beat and post-

FIG. 5. Apical displacement record and electrocardiogram of an 
isolated perfused heart with , respectively, an interpolated pre
mature beat (double arrow) and a premature beat followed by a 
compensatory pause (single arrow). The interpolated premature 
beat is folIowed by several enlarged postextrasystolic contractions 
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FIG. 6. Electrocardiogram and apical displacement record of an 

isolated perfused rat's heart. Driving frequency; 2.5 cycles /sec. 
Paper speed; 25 mm/sec. In A, B , C, and D , respectively, I , 2, 3, 
and 4 contractions have been interpolated. Delay of the extra 
impulse; 200 msec. Note the similarity in potentiation in all 4 rows. 

stimulation potentiation. This is illustra ted in Fig. 6. In 
this experiment the heart was stimulated with a basal 
ra te of 2.5 cycles/ sec (cycle length 4 00 msec). In Fig. 
6A one extra stimulus is applied with a delay of 200 

msec, originating an interpolating premature beat. In 
Fig. 6B, C, and D, respec tively, two, three, and four 
contractions have been interpolated, causing a temporary 
increase in frequency with a cycle length of 200 msec. 
At the most there is a slight quantitative difference 
between potentiation in A and that in B, C, and D. 

This experiment also demonstrates that poststimula
tion potentiation is not, or but slightly, influenced by 
the duration of the high stimulation r a te. 

with decay of potentiation. Premature beat followed by a com
pensa tory pause elicits one enlarged postextrasystolic contraction . 
Paper speed; 25 mm/sec. Driving frequency; 2.5 cycles /sec. 
Delay of the extra stimulus; 240 msec. 
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According to present day terminology potentiation 
in upper row A is called postextrasystolic potentiation 
and potentia tion in the lower rows is called poststimula
tion potentiation. 

DISCUSSION 

From these experiments it must be concluded that 
increase in isotonic contraction occurring af ter a pre
mature beat and a compensatory pause cannot be ex
plained by the Frank-Starling mechanism (Fig. '2). 
Siebens et al. ( I I) and Lendrum and co-workers (1 '2) 
rec~ntly demonstrated, as wel!, that Starling's law of the 
heart cannot be applied to explain the increased force 
of the postextrasystolic contraction in the isometrically 
contracting canine ventricle. Siebens et a l. (I I) also 
demonstrated a linear relationship between prema
turi ty of the extra impulse and the force of contraction 
of the first postextrasystolic beat following a compensa
tory pause (Fig. 3). 

A simple phenomenology for the occurrence of one 
enlarged contraction, following a premature beat plus 
a compensatory pause, may be derived from Table I 

and Fig. 4. If the increase in cycle leng th following a 
premature beat compensates the shortened cycle length 
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