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I. THE DIFFERENTIATION OF THE VARIETIES 

OF EXTRA-SYSTOLE. 

By W. T. Ritchie, M.D., F.R.C.P.,Ed. 

The limitation of our present knowledge regarding cardiac 

irregularities is in part due to the uncertainty which still 

prevails as to whether the beat of the heart be fundamentally 
dependent upon nervous stimuli, and the conduction of stimuli 
to contraction from one part of the heart to another be effected 

by means of its intrinsic nervous supply, or whether rhythmicity 
and conductivity be inherent manifestations of the functional 

activity of the heart muscle itself. The former hypothesis? 
the neurogenetic theory?has of recent years met with less 

general acceptance than the myogenetic theory, and the latter, 
though it is still not proven, has been largely used as a basis 
for the interpretation and differentiation of the various irregu- 
larities of the heart's action. It is more especially the epochal 
work of Mackenzie,1 supplemented by that of Wenckebach,2 
and of Hering,3 which has enabled us to recognise the irregu- 
larities resulting from extra-systoles, impaired excitability, 
defective contractility, and lowered conductivity of the heart. 
Cardiac irregularity is more commonly of extra-systolic nature 
than of other origin, and the object of the present paper is to 

1 The Study of the Pulse, Arterial, Venous and Hepatic, and of the Movements of 
the Heart, 1902. 

2 Die Arhythmie als Ausdruck bestimmter Ftmktionsstorungen des Herzens: eine 
physiologisch-klinisclie Studie, 1903. 

3 Zeitschr. f experimented Pathologie u. Therapie, Bd. i., 1905, S. 26; ibid., 
Bel. ii., 1906, S. 510, 525. 
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demonstrate the distinctive features of one variety of extra- 

systole from another. 
A physiological contraction of the heart commences in the 

muscle fibres of the superior vena cava, and each stimulus to 
contraction, passing thence to the auricles, is thereafter con- 

ducted by means of the auriculo-ventricular bundle to the 

musculature of the ventricles, which in turn respond by con- 

tracting. The auriculo-ventricular bundle, which has been so 

carefully and thoroughly studied by Tawara,1 and by Keith 
and Flack,2 and which is the remnant of the auricular canal of 
the embryonic heart, is therefore the functional bond of union 
between the auricles and the ventricles. 

The muscle fibres of the bundle, starting as a network 

within the auricular walls, converge to form a nodal point in the 
inter-auricular septum close above the line of attachment of the 
mesial segment of the tricuspid valve. The main stem of the 

bundle passes onwards from the nodal point through the fibrous 
auriculo-ventricular ring. In the inter-ventricular septum the 
main stem divides into two branches, one for each ventricle, 
and ramifying fibres of each branch, passing as Purkinje's 
fibres in the sub-endocardial connective tissue, terminate in the 

myocardial fibres of the ventricular walls and in their papillary 
muscles. The auriculo-ventricular bundle may therefore be 

regarded as consisting of two portions, an auricular and a 

ventricular, united by the intervening nodal point. 
While the a-v bundle provides a muscular connection 

between the auricles and the ventricles, there is an analogous 
continuity between the muscle fibres of the superior vena cava 
and those of the auricles, as has been demonstrated by 
Wenckebach,3 and also by Keith and Flack.4 Although the 
a-v bundle contains nerve cells and nerve fibres as well as 

muscle fibres, the supporters of the myogenetic theory claim 
that the normal stimuli to contraction are conducted from the 

vena cava to the auricles, and from the latter to the ventricles, 
by means of the connecting muscle fibres ; but whether this be 

true or not, the normal sequence of contraction is vena cava, 

auricles, ventricles. 

1 Das Reizleitungssysten des Saugetierherzens, 1906. 
2 Lancet, 1906, i. p. 623 ; ibid., 1906, ii. p. 359- 
3 Archiv. f. Anatomie u. Physiologie, Physiologische Abteilung, 1906, S. 321. 
4 Journal of Anatomy and Physiology, vol. xli., 1907, p. 172, 
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One of the most frequent forms of cardiac irregularity is 
that in which the normal rhythm of the heart is now and again 
interrupted by a premature beat, occurring because either the 
ventricles, or the auricles and ventricles, contract in response to 
a heterotopic stimulus, namely, to a stimulus other than the 
normal one initiated in the superior vena cava. A premature 
contraction of this nature is an extra-systole. 

For reasons which will be considered later, an extra-systole 
is usually followed by a diastolic phase that is longer than the 
normal one. The first physiological systole after an extra- 

systole?the post-extra-systolic systole?sends a larger pulse 
wave into the arteries than do the succeeding systoles, because 
the left ventricle has become more fully distended with blood 

during the prolonged diastolic phase, and because the con- 

tractility of the ventricular musculature has risen in some 

measure above that obtaining at the termination of a normal 
diastolic period. 

The two most obvious characters of an extra-systole, 
namely, its premature occurrence and the long diastolic pause 
succeeding it, suffice in many instances to establish a diagnosis 
of the irregularity in question. The premature incidence of 
an extra-systole may be recognised both by palpation of the 
cardiac impulse and auscultation of the heart's sounds. When 

the radial pulse is examined with the fingers, the extra-systolic 
pulse wave is often so small as to escape recognition, and the 
earlier the wave the smaller it is ; but the long diastolic pause 
is readily appreciable, and was formerly regarded as evidence 

of an intermission, the pulse being spoken of as an intermittent 
one. But although an 

" intermission " of the pulse is usually 
one and the same thing as an extra-systolic irregularity,. 
" intermittence" of the pulse is in some instances due to 

dropping of a ventricular beat owing to defective conductivity 
of the heart, or less commonly to impairment of excitability of 
the cardiac muscle ; and as the prognosis and treatment may 
differ in large measure according to the nature of the arrhyth- 
mia, it is necessary that extra-systoles should be clearly dis- 

tinguished from other disturbances of the heart's rhythm. 
For this purpose we must be able to recognise and differentiate 

the varieties of extra-systole one from another. This cannot 

be satisfactorily accomplished unless the site be known upon 
which the heterotopic stimulus causing the extra-systole first 
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acts, and that information is obtainable by ascertaining the 

sequence in which the cardiac chambers contract during an 

extra-systole, and the interval of time which elapses between 
their contractions on that occasion. In clinical work, these 
data can be elicited only by analysing graphic records taken 
simultaneously from the pulsations of the jugular vein and 
from the arterial pulse or the apex-beat of the heart, after the 

manner devised by Mackenzie. The tracings which illustrate 
this paper were obtained by means of the Knoll-Hering 
kymograph. 

When a tracing has been taken from the jugular N vein 

simultaneously with one from the arterial pulse or from the 

apex-beat of the heart, the jugular tracing can be analysed 
with much precision, the waves being recognised according to 
their time relation to the events of the cardiac cycle. When 

the rhythm is normal, three waves are recognisable in the 

phlebogram (Fig. i). One, which commences a brief interval 

after the commencement of ventricular systole, and just pre- 
cedes the pulse wave in the brachial or radial artery, is the 

K 

Fig. i.?Tracings taken simultaneously from the jugular vein and bracial 
artery. Normal rhythm. The chronographic record indicates fifths 
of seconds. 
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carotid wave, c, transmitted to the jugular vein from the ad- 

jacent carotid artery. The wave preceding the carotid wave 

by about sth of a second is known as the auricular wave, a, 
because it represents the rise of pressure within the jugular 
vein when the right auricle contracts. The third wave, the 

ventricular wave, v, has been interpreted in various manners, 

but we believe that the correct interpretation is that given by 

Wenckebach,1 who holds that this wave marks the moment at 

which ventricular diastole commences. 

When an extra-systole occurs, it is found that either the 

normal sequence of those three waves, a, c, and v, is disturbed, 
or that their time relation to one another is altered. As the 

initial site of heterotopic stimulation may be the auricular 

muscle fibres, the auricular-ventricular bundle, or the muscula- 
ture of the ventricles, there are consequently three main 

1 Archiv.f. Anatomie u. Physiologie, Physiologische Abteilung, 1906, S. 314. 

Fig. 2.?Simultaneous tracings from the jugular and bracial pulsations, showing an 
auricular extra-systole with an incomplete post-extra-systolic pause. When the 

extra-systole occurs, there are three waves, a\ c', and v', in the jugular tracing, but 
the a'-c' interval is greater than the a-c interval elsewhere. 
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varieties of extra-systole?the auricular, the auriculo-ven- 

tricular, and the ventricular. 
I. Auricular Extra-systoles.?An auricular extra-systole is 

recorded in Fig. 2. The jugular and brachial pulsations in a 

man aged 61 are recorded simultaneously, while the chrono- 
graphic record in this, as in the other figures, indicates fifths 
of a second. 

In the arterial tracing of Fig. 2 the normal pulse period is 

5 4-fifths of a second. After three normal periods there is a 

small extra-systolic wave, commencing 3-j-fifths of a second 
after the beginning of the preceding normal pulse wave. The 

large post-extra-systolic wave commences 5 f-fifths of a second 
later. Thus the time elapsing between the pre-extra-systolic 
and the post-extra-systolic waves is 9-fifths of a second, 
whereas twice the normal pulse period is ioi-fifths of a second. 
As the post-extra-systolic beat occurred sooner than it would 

have if the physiological rhythm had been maintained, the 

post-extra-systolic pause is spoken of as 
" 

incomplete." The 

explanation of this pause will be referred to later. 

Although an extra-systolic irregularity is clearly demon- 
strated in the sphygmogram, we cannot determine by this 

means alone to which variety the extra-systole belongs. When 

the jugular tracing is examined, however, we find, at first, the 
normal sequence of the waves a, c and v. 

At the time of the extra-systole there are likewise three 

waves, a', c'', and v\ but each is premature. Both the 

auricles and the ventricles have therefore participated in the 

extra-systole, and as the auricle wave, a, occurs more than 
5 of a second before the carotid wave, c', the auricular con- 
traction must have preceded the ventricular, and the initial 

point of heterotopic stimulation must therefore have been 

either the auricular fibres or a portion of the auriculo-ven- 

tricular bundle somewhere above its mid-point. Conse- 

quently we are here dealing either with an auricular extra- 

systole or with an auriculo-ventricular one of that class in 

which the auricular contraction precedes the ventricular. Had 
it been the latter the interval between the extra-systolic con- 
traction of the auricles and that of the ventricles would have 

been less than the normal A-V interval, because the initial 

point of stimulation would have been relatively near the ven- 
tricular fibres, and also because the stimulus would have taken 
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an appreciable time to travel backwards to the auricles. In 

Fig. 2, however, the a'-c' interval is longer than the a-c interval 
elsewhere, and the initial point of stimulation, therefore, was 

relatively far from the ventricular fibres; in other words, 
nearer the point at which physiological stimuli are initiated. 

Moreover, the extra-systolic stimulus did not originate in the 
vena cava, because the post-extra-systolic pause, although in- 

complete, is present. It follows that the extra-systolic stimulus 

acted primarily upon the auricular fibres, and the extra-systole 
is therefore an auricular one. 

When an auricular extra-systole occurs, the a'-c' interval is, 
as in Fig. 2, longer than the a-c interval elsewhere. The 

reason of this is that at the time of occurrence of the extra- 

systole the a-v bundle has not fully recovered its conductivity : 
the extra-systolic stimulus takes longer to pass from the auricles 
to the ventricles than does a physiological stimulus. 

It must be admitted that the auricular origin of the extra- 

systole in Fig. 2 would have been more fully proved had a 

tracing from the apex-beat been available, in which to ascertain 
the exact moment at which the extra-systolic contraction of 
the ventricles commenced. The reason why that information 
would have been desirable is that an extra-systolic pulse wave 
travels somewhat less rapidly into the arteries than the physio- 
logical pulse waves preceding it. 

Fig. 3.?Diagram to illustrate the events recorded in Fig. 2. After three physiological 
stimuli have been conducted from the superior vena cava S, to the auricles, A, and 
thence to the ventricles, V, a heterotopic stimulus is conducted onwards from the 
site marked . to the ventricles and also backwards to the vena cava. The next 

physiological stimulus is effective at the vena cava after a normal period, and is 
conducted thence to the auricles and to the ventricles. 
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When we proceed to consider why the post-extra-systolic 
pause is incomplete, we have to remember that the heterotopic 
stimulus, which acted primarily upon the fibres of the auricles 
and was conducted onwards to the ventricles, was also con- 

ducted backwards to the superior vena cava, as is represented 
in Fig. 3. In that diagram the physiological rhythm at the 
vena cava is indicated by the arrows. The heterotopic stimulus, 
conducted backwards from the auricles, reached the vena cava 
before the fourth physiological stimulus was due. The latter 

is consequently abolished, but the succeeding physiological 
stimulus is effective at the vena cava after the lapse of a normal 
period of 5 {-fifths of a second, reckoned from the time when 
the heterotopic stimulus reached that point. This physiological 
stimulus is transmitted onwards to the auricles and to the 

ventricles, as shown in Fig. 3, with the result that the post- 
extra-systolic pause is incomplete. 

II. Auriculo-ventricular Extra-systoles.?In this variety the 
initial point of heterotopic stimulation is the auriculo-ven- 

tricular bundle. All extra-systoles of this variety present three 

outstanding features in common. The first is that the post- 
extra-systolic contraction of the ventricles occurs at the same 

time as if there had been no previous irregularity, and the 

post-extra-systolic pause is therefore completely compensatory. 
This feature is illustrated in the sphygmographic tracing of 

Fig. 4, in which the time between the pre-extra-systolic and 
the post-extra-systolic pulse waves is exactly equal to twice 

the normal pulse-period, 6.75. This is one of the chief 

indications that the extra-systole is not one of the auricular 

variety. 
The second characteristic of an auriculo-ventricular extra- 

systole is the large wave in the jugular vein coincident with 
that event. In Fig. 4 the large wave in question is indicated 
by the letters c' a. The large size of this wave is due to the 
auricles contracting at a time when the ventricles are also in 

systole, as was originally demonstrated by Mackenzie. The 

blood which is contained within the right auricle, being there- 

fore unable to pass into the right ventricle, is propelled 
backwards into the great veins, thus causing the large jugular 
impulse in question. 

The third feature common to auriculo-ventricular extra- 

systoles is the absence from the jugular tracing (see Fig. 4) 
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of any distinct ventricular wave after the extra-systole. If 

Wenckebach's interpretation of the normal ventricular wave be 
admitted to be correct, the original explanation given by 
Mackenzie for the absence of a ventricular wave after the 

extra-systole cannot be wholly accepted, but the reason of its 
absence may perhaps be that auricular diastole being yet so 
far from complete at the time when the wave should appear, 
the blood still continues to flow freely from the great veins into 
the right auricle. 

When an auriculo-ventricular extra-systole occurs, the 

jugular tracing shows either that the auricular contraction 

is premature, or that the auricles continue to beat with un- 

altered rhythm. 
I. When the auricular beat is premature as well as the 

ventricular, it may be found (a) that the auricular beat precedes 
the ventricular ; (7>) that the auricles contract simultaneously 
with the ventricles ; or (c) that the ventricular contraction 

precedes the auricular. 

Fig. 4.?Simultaneous tracings from the jugular vein and bracial artery, 
showing an a-v extra-systole with a complete post-extra-systolic 
pause. When the extra-systole occurs, the wave c' is premature, 
but the auricular rhythm is unaltered. The chronographic record 
indicates fifths of seconds. 
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(?) When the auricular contraction precedes the ventricular, 
the initial site of heterotopic stimulation is either the auricular 

portion of the auriculo-ventricular bundle or its nodal point. 
In the first case the premature beat is a supra-nodal, and in the 
second case a nodal auriculo-ventricular extra-systole ; but it 

has not yet been possible to distinguish clearly between them. 

These extra-systoles are most likely to be mistaken for those 

of the auricular variety. The main feature which distinguishes 
them from the latter is that the interval between the extra- 

systolic contraction of the auricle and that of the ventricle is 
less than the normal A- V interval, because the extra-systolic 
stimulus starts from a point in the bundle connecting those 
chambers, whereas in an auricular extra-systole the A-V 

interval is greater than normal, as has been already explained. 
(Ji) When the auricles and ventricles contract simul- 

Fig. 5.?Simultaneous tracings from the jugular vein, bracial artery and apex beat, show- 
ing an a-v extra-systole in which the auricular beat, as well as the ventricular, is pre- 
mature. The chronographic record indicates fifths of seconds. The upper row of 
arrows indicates the physiological rhythm of the auricles, the lower row indicates the 
actual rhythm. The fourth auricular systole is therefore premature. 
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taneously, the initial site of heterotopic stimulation must be 
the mid-point of the a-v bundle, which is probably its main 

stem. This is the less frequent of the two forms of infra-nodal 
auriculo-ventricular extra-systole. 

(t) Of all the varieties of extra-systole there is none so 

frequent as the second form of infra-nodal auriculo-ventricular 

extra-systole, namely, that where the ventricular contraction 

precedes the auricular. The first fibres to receive the hetero- 

topic stimulus are the ventricular ramifications of the auriculo- 
ventricular bundle. The jugular, arterial, and apical tracings 
from a case of this nature are reproduced in Fig. 5. The 

tracings were obtained from a female patient, aged 22, who 

was suffering from anaemia and from the injurious influence of 
tobacco. The time of commencement of the extra-systolic 
contraction of the ventricles is marked by an interrupted line 
in each tracing. The jugular tracing demonstrates that the 

extra-systolic beat of the ventricle preceded that of the auricle ; 

by measurement it is found that both the auricle and the 

ventricle contract prematurely in the extra-systole, and that 

the interval between the ventricular contraction and the 

auricular on that occasion is less than the A-V interval else- 

where in the tracing. 
The events recorded in Fig. 5 are shown in the next 

diagram (Fig. 6). After three physiological systoles there is an 

Fig. 6.?Diagram constructed to illustrate the events recorded in Fig. 5. Three 

physiological stimuli are conducted from the superior vena cava, S, to the 
auricles, A, and thence to the ventricles, V. Then there is an extra-systole 
starting from the site . in the a-v bundle. This heterotopic stimulus is 
transmitted onwards to the ventricles, and also backwards to the auricles, 
which contract prematurely, and to the sino-auricular fibres. The fourth 

physiological stimulus is blocked at x; the fifth is conducted onwards to 
auricles and ventricles. 
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extra-systole. The heterotopic stimulus is conducted onwards 

from its initial site in the terminal portion of the a-v bundle to 
the ventricles, and also to the auricles, which likewise contract 

prematurely. The auricles do not respond to the fourth 

physiological stimulus from the vena cava, either because that 
stimulus is blocked at the cavo-auricular boundary, or because 
the stimulus reaches the auricular fibres during their refractory 
period. The succeeding physiological stimulus, however, is 

conducted onwards to the auricles and to the ventricles, so that 
the post-extra-systolic pause is completely compensatory. 

2. We have next to consider those extra-systoles, in which, 

although the ventricles contract prematurely, the auricles main- 
tain an unaltered rhythm. These extra-systoles were originally 
thought to originate in the true venticular fibres, but since 
Tawara demonstrated the existence of the ramifying fibres of 

the a-v bundle in the ventricular walls, the latter fibres are 

generally admitted to be the initial point upon which the 

heterotopic stimulus acts. These extra-systoles, which are not 

uncommon, may therefore be included among the infra-nodal 

auriculo-ventricular extra-systoles. 
The variety in question is illustrated in Fig. 4. When the 

irregularity occurs, the carotid elevation, cr, precedes the 

auricular wave ; the ventricle, therefore, contracted before the 

auricle. Moreover, the interval between the carotid elevation, 

Fig. 7.?Simultaneous tracings from the jugular and brachial pulsa- 
tions, showing two a-v extra-systoles. When the extra-systole 
occurs, there is a large wave, a'-c', in the jugular tracing. This 

large wave is not followed by a ventricular wave. In the 
brachial tracing the post-extra-systolic pause is completely 
compensatory. 
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c', and the auricular wave during the extra-systole is con- 

siderably less than the a-c interval elsewhere ; and the post- 
extra-systolic pause is completely compensatory. Careful 

measurement shows that when the extra-systole occurs the 

auricular wave is not premature, but occurs just at the time it 
would have if there had been no ventricular irregularity. The 

explanation of this is that the heterotopic stimulus, being 
conducted backwards to the auricles, acted upon them at the 
same instant as did the rhythmic physiological stimulus. 

The same variety of extra-systole is also illustrated in Fig, 
7. The extra-systolic waves, a' and c\ are here fused into 

one. While the commencement of an auricular wave in a 

jugular tracing marks almost exactly the beginning of 

auricular systole, the extra-systolic wave, c', does not appear 
until an appreciable interval after the commencement of 

ventricular systole, and consequently in this case also the 

ventricular contraction preceded the auricular. 
The auriculo-ventricular extra-systoles hitherto dealt with 

have occurred singly. But as Mackenzie1 pointed out, con- 

tinued irregularity of the heart may be the result of a-v extra- 

systoles occurring in series during a long period of time. This 

condition is shown in Figs. 8 and 9, which are reproduced 

1 British Medical Journal, 1904, i. p. 529; ibid., 1905, i. pp. 759 and 812. 

Fig. 8.?Simultaneous tracings from the jugular and bracial pulsations, showing con- 
tinued irregularity. The ventricles and auricles are responding to repeated hetero- 
topic stimuli, starting from the ventricular ramifications of the a-v bundle. The- 
chronographic record indicates fifths of seconds. 
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from tracings taken from a lady, aged 47, suffering from 

exophthalmic goitre The patient was under the care of Dr 
Lovell Gulland, to whom I am indebted for the opportunity of 

obtaining these illustrative tracings. 
Both in Figs. 8 and 9 the continued irregularity is evident 

in the sphygmogram. In the jugular tracings the carotid 

waves are recognised by their time relation to the systolic 
waves in the arterial tracings and to the commencement of 

ventricular systole as recorded in Fig. 9, where the cardiogram, 
an inverted one, enables us to mark in the sphygmogram and 
in the phlebogram the exact moment corresponding to the 

commencement of ventricular systole. The jugular tracings 
show that in this case the auricular contraction follows the 

ventricular, and as the V-A, or c-a, interval is less than -5th of 

Fig. 9.?Simultaneous tracings from the jugular vein, bracial artery, and apex-beat, show- 
ing continued irregularity resulting from repeated heterotopic stimulation of the 
ventricular branches of the a-v bundle. The figures below the brachial tracing 
indicate the pulse periods in fifths of seconds. 
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a second, the point from which each stimulus was sent to the 

ventricles and to the auricles must have been one in the a-v 

bundle, and as the stimulus had to travel further to reach the 

auricle than the ventricle, the initial point of heterotopic 
stimulation must have been low down in the a-v bundle, 
probably its ventricular ramifications. Consequently we are 

here dealing with auriculo-ventricular extra-systoles of that 

form in which the ventricular contraction precedes the 

auricular. 

In Fig. 9 it is interesting to observe that when the heart is 

beating relatively slowly, the wave, c, is followed by a wave, a, 
indicating that both the ventricles and the auricles contract, 
and that the heterotopic stimuli are conducted both onwards 
and backwards. But when the ventricles beat more rapidly in 

response to very frequent stimuli, we find a single wave, c, in 

the jugular tracing. The auricles had then failed to contract 

to the early stimulus, the reason probably being that, if stimuli 

Fig. io.?Simultaneous tracings from the jugular vein and brachial artery in a case of con- 
tinued irregularity. The jugular tracing shows a ventricular venous pulse, in which 
auricular waves can be recognised. The chronographic record indicates fifths of 
seconds. 
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are produced too rapidly, the a-v bundle is unable to conduct 
all of them backwards to the auricular fibres. 

In patients with tricuspid incompetence, and continued 

irregularity of the heart's action, the determination of the 

starting-point of each effective stimulus is neither so easy nor 

so precise as in the case already analysed, because the jugular 
tracing is that of a ventricular venous pulse (Fig. 10). The 

tracings in Fig. 10 were taken from a young man suffering 
from mitral stenosis and incompetence with secondary tricuspid 
incompetence. Although the jugular tracing is that of a 

ventricular venous pulse, we are able to determine that, while 

on some occasions the auricular contraction precedes the 

ventricular, at others the ventricular precedes the auricular. 

III. Ventricular Extra-systoles.?The third main variety of 

extra-systole is the ventricular. In many cases included under 

this heading, it may indeed be a matter of dubiety whether the 
initial point of heterotopic stimulation be really the muscle 

fibres of the ventricles themselves, or the terminal fibres of the 

a-v bundle in the ventricular walls ; but the term "ventricular 
" 

is a convenient one, and the extra-systoles of this variety can 
be clearly distinguished from the auriculo-ventricular extra- 

systoles already described. Three forms of ventricular extra- 

systole have to be considered :? 
i. The Retrograde Extra-systole.?In this form the ventricles 

contract before the auricles, and the extra-systolic V-A interval 
is greater than the A-V interval of the preceding physiological 

Fig. ii.?Simultaneous tracings from the brachial artery and the apex-beat. After two 
physiological beats there is an interpolated extra-systole, the period of which is equal 
to 7f-fifths of a second. Three physiological beats follow ; then there occurs another 

extra-systole with a period of 83-fifths of a second, which is thus equal to the post- 
extra-systolic period. The chronographic record indicates fifths of seconds. 
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beats. This points to the heterotopic stimulus acting first upon 
the ventricular musculature, or upon the terminal fibres of the 
a-v bundle, and being conducted backwards over the a-v bundle 
to the auricles. The stimulus has to travel over the whole 

length of the bundle at a time when the latter has not yet 
fully regained its conductive power, and the extra-systolic V-A 
interval is consequently a long one. The retrograde extra- 

systole is a rare form of cardiac irregularity. 
2. Interpolated Extra-systoles.?By this is meant an extra- 

systole which occurs so early in diastole that, at the time when 
the next physiological stimulus is due, both the excitability 
and contractility of the cardiac muscle are so far restored that 

this stimulus evokes a response. Thus the period between the 

pre-extra-systolic and the post-extra-systolic beats, or pulse 
waves, is equal to the normal period. Interpolated extra- 

systoles are only seen when the heart is beating with 

diminished frequency, or at least is not accelerated, and 

thus, as might be supposed, are sometimes detected in cases 

of heart-block. Fig. I I shows the arterial and apical tracings 
from a case of this nature, which has been elsewhere recorded 

in detail by Dr G. A. Gibson and myself.1 In Fig. i i, after 

two physiological contractions there is an extra-systole, but 
as the latter is so early the corresponding pulse wave in the 
arterial tracing is a very small one. But in the apical tracing 
the extra-systolic contraction is readily seen, and it is found 

by measurement that the time from the commencement of the 
1 The Practitioner, vol. lxxviii., 1907, p. 589. 

Fig. 12.?Simultaneous tracings irom the brachial artery and the apex-beat in a 
case of complete a-v heart-block. The time record indicates fifths of seconds. 
In the apical tracing the ventricular beats are marked by the letter V, the 
three extra-systolic ventricular beats being indicated by V. The first extra- 

systolic period lasts 9-fifths of a second, the next lasting 9^-fifths of a 
second, whilst the ventricular periods elsewhere vary from 9 to 9^-fifths of a 
second. 
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pre-extra-systole to that of the post-extra-systole is 2? + 7f- 
fifths of a second, and is therefore exactly equal to the 

preceding physiological inter-systolic period which measures 

ioi-fifths of a second. 

3. The last form of ventricular extra-systole is that in 

which the post-extra-systolic period is equal to the extra- 

systolic period itself. This is illustrated in Fig. 11, in which 
both the last period?a physiological one?and the preceding 
extra-systolic period are exactly equal to 8^-fifths of a second. 
The same form of extra-systole is also illustrated in Fig. 12, 
in which the first extra-systolic period and the succeeding 
physiological period are both equal to 9-fifths of a second. 
This form of extra-systole occurs only when there is a com- 

plete auriculo-ventricular heart-block. As no stimulus can be 

transmitted either from the auricles to the ventricles, or from 
the ventricles to the auricles, in consequence of the block, the 
ventricles in such a case are beating with their own inherent 

rhythm. After an extra-systolic ventricular contraction the 

usual full period of time must elapse before the next stimulus 
to the ventricles is effective. 


