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TABLE

CARDIAC CATHETERIZATION RESULTS IN CASE 8 AT DIFFERENT VENTRICULAR RATES

Ventricular rate Ventricular rate after operation
before operation (60 a minute)
(27 a minute)
Rest 8 minutes’ Rest 8 minutes’ 11 minutes
exercise exercise after exercise

Cardiac output (I./min.) . .. 53 64 4-7 9-5 4-0
Stroke volume (ml./min. ) 230 320 78 158 67
Arterio-venous difference (vol. °/) 4-5 7-2 51 62 5-8
Pulse pressure (mm. Hg) . . . 143 160 55 90 71
Mean pressure (mm. Hg). . .. 93 82 116 126 103
O,-consumption (ml./min.) .. | 240 460 240 590 230

course was uneventful in spite of her comparatively poor condition with renal insufficiency, high blood
pressure, and unsatisfactory circulation.

Case 8. Born 1898. In 1960 he suffered from tiredness and dizziness. Atropine had no effect. The
electrocardiogram showed a right bundle-branch block and an atrioventricular block of the second degree.
A radiograph showed a slightly enlarged heart. After a period with different types of arrhythmias complete
heart block developed. The attacks of dizziness disappeared but ventricular extrasystoles appeared with a
slowing of the heart rate to 25-30 a min. Because of this a pacemaker (Chardack type) was implanted.
The operation and post-operative course were uneventful.

Before operation the patient was catheterized and the stroke volume was determined at rest and during
moderate work. At operation the stimulus rate was set at 60 a minute. Two months after the operation
the patient was recatheterized with the pacemaker at 60 a minute. Our aim was to determine the cardiac
output with the pacemaker set at 60 and 75 stimuli a minute, respectively, but the pacemaker could not be
changed to the higher rate (Table).

Case 9. Born 1886. No cardiac symptoms until October 1962 when he became decompensated with
dyspncea and cedema. He also experienced attacks of dizziness and a tendency to fainting but never lost
consciousness. The cardiogram showed complete heart block and bundle-branch block of varying
types. The heart was moderately enlarged. After some attacks of unconsciousness it was decided to
implant a pacemaker (Chardack type). After operation hypotension developed but disappeared after two
days’ treatment with vasopressor drugs.

It is of interest that atrial flutter developed about a week after the pacemaker was implanted.

Case 10. Born 1899. In 1952 one Adams-Stokes attack with syncope appeared, followed by multiple
attacks of dizziness. An electrocardiogram showed supraventricular beats of different origin. Sometimes
a more regular nodal rhythm prevailed. A chest radiogram showed a moderately enlarged heart. The
patient was treated with atropine, isuprel, and sodium lactate on different occasions but without effect.
Because of the attacks of dizziness and the bradyarrhythmia sometimes with a rate as low as 30 beats a
minute a Chardack pacemaker was implanted. The rate was set at 75 a minute to avoid interference
between the artificial pacemaker and the “‘idiocardiac” one. The operation was uneventful.

We have used two types of pacemaker, one constructed by Elema (Johansson, 1961) and one
described by Chardack et al. (1960, 1961). They differ among other things in the construction of
the electrodes and in the stimulus rate. According to published reports one of the chief problems
has been the gradually increasing voltage necessary for an adequate stimulus response. This pheno-
menon has been thought to be caused by creation of scar tissue around the electrodes, such tissue
having less electrical conductivity than normal myocardium. To counteract the development of
scar tissue the Elema electrodes with a comparatively large contact surface were constructed. A
study was recently published (Albert et al., 1962) suggesting that the increasing resistance is caused
by a breakage of the wires leading from the electrodes to the pacemaker. If this can be corro-
borated then it is possible that the shape of the electrodes will turn out to be of minor importance.
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Another difference between the Elema and the Chardack types is that the rate of stimuli in the first
one is about 72 a minute and in the latter 60 a minute. Chardack et al. (1961) believe that rates
in excess of 60 a minute are contraindicated because the diastolic filling period will be too short for
patients with coronary arterial disease and because the duration of asystole which follows a sudden
withdrawal of an electrical pacemaking stimulus increases with increasing rate of the artificial pace-
making. It is debatable if this small change in the duration of diastole at 72 and 60 stimuli a
minute is of major importance. In the figure shown by Chardack et al. (1961) the time difference
for the period of asystole after a stimulus rate of 60 a minute and 100 a minute is only five
seconds. Besides not all the patients using an artificial pacemaker have pronounced coronary
artery disease.

Chardack et al. (1961) further hold that patients with low rates can compensate for physical
exercise by an increase in stroke volume. We think that it will be easier to tolerate a moderate to
heavy physical exercise with heart rates slightly above 70 a minute. Many of these patients are of
an age and condition permitting them to return to work.

Another argument against a low stimulus rate might be that in cases where the patient’s rhythm is
of a higher rate than that of the pacemaker interference between the two rhythms will appear more
frequently. This will be especially pronounced at exercise. Furthermore there might be a risk of
ventricular fibrillation if the artificial stimulus falls in the vulnerable period in cases of inter-
ference between the two pacemaker rhythms. Our aim was to study during prolonged cardio-
graphic recording how the stimuli distribute during the ventricular complex, to study the type of
extrasystoles produced during different parts of the ventricular complex, and to examine the possible
appearance of prefibrillatory movements when a stimulus falls in the vulnerable period.

METHODS

Electrocardiograms were recorded on three patients (Cases 3, 4, and 5 above) by a direct-writing Elema
Mingograf with a film speed of 25 mm. per second. The recording time was about one and a half hours in
each patient. The patients’ own ‘‘idiocardiac” ventricular complexes and the diastolic period afterwards
were divided in time intervals with a duration of 0-04 sec. from the beginning of the Q or R wave. The number
of pacemaker stimuli falling in the different intervals was counted. When the pacemaker stimulus produced
an extrasystole the configuration of this was copied and related to the time interval in which the stimulus
appeared.

RESULTS

The pacemaker stimuli were found to appear asynchronously usually with a slight increase in
frequency during the first two 0-04 sec. periods to a maximum 0-1-0-2 sec. after the beginning
of the QRS complex. They then declined rapidly in frequency (Fig. 3, 4, and 5).

The ventricular complexes were uniform when the pacemaker stimuli appeared later than the
first 0-04 sec. period but earlier than the T wave. When the stimulus appeared during the first
0-04 sec. period the ventricular complexes were often deformed. When the pacemaker stimulus
appeared at, or after, a certain point on the T wave an extrasystole appeared (Fig. 6). However, in
no case were multiple extrasystoles or deformed ventricular complexes seen such as those described
by Schwartz, Orloff, and Fox (1949).

DiscussioN

Much has been written about the “vulnerable period” during which ventricular fibrillation can
be produced. Ferris et al. (1936) showed that with an electric shock of 0-03 sec. duration it was
possible to produce ventricular fibrillation in sheep only when the shock appeared during the T wave.
Wiggers and Wégria (1940) reached similar conclusions in their experiments with dogs. There are
also observations in man indicating a sensitive part of the ventricular cycle. Lepeschkin and Rosen-
baum (1957) observed that the great majority of ventricular extrasystoles began during the period
extending from 0-03 sec. after the end of the T wave or the beginning of the U wave, to about
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Fig. 3.—Case 4. Percentage artificial pacemaking stimuli (vertical axis) plotted
against time intervals of the QRST complex of the spontaneous beats (horizontal
axis). The stimuli from the artificial pacemaker appear mainly during the QRS
complex and S-T segment of the spontaneous beats. Each short horizontal line
had a duration of 0-04 sec. and shows what percentage of the total number of
artificial stimuli fall during the various time intervals from the beginning of the
““idiocardiac” QRS complex (based on 870 observations).
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Fic. 4.—Case 5. Based on 1026 observations. Legend as for Fig. 3.
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FiG. 5.—Case 3. Based on 4403 observations. Legend as for Fig. 3.
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FiG. 6.—Timing of artificial pacemaker artefact in relation to QRST complex. The vertical mark in-
dicates the pacemaker artefact. (a) “Idiocardiac” beat with an artificial stimulus falling
in the refractory period (Case 3). (b) Pacemaker induced beat (Case 3). (c) Fusion beat
with an almost simultaneous stimulation from the artificial and “idiocardiac™ pacemakers
(Case 3). (d) The arrow indicates a pacemaker induced beat appearing in the latter part of the
T wave (Case 3). (e) “Idiocardiac” beat with pacemaker stimulus falling in the refractory
period (Case 5). (f) Pacemaker induced beat (Case 5). (g) Fusion beat with an almost
simultaneous stimulation from the artificial and “idiocardiac” pacemakers (Case 5).
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0-05 sec. after the apex of the U wave. Scherf and Schott (1939) from observations on two patients
with partial heart block and dropped beats, concluded the existence in man of a supernormal phase
of recovery. By premature stimulation of different parts of the ventricular myocardium in isolated
perfused guinea-pig hearts, Palmer (1962) studied the mechanism of interruption of the T wave.
He found that ventricular fibrillation was frequently precipitated by interruption of the T wave.
Smirk (1949) reported some patients in whom R waves interrupted T waves. He suggested that this
finding worsened the prognosis in patients with myocardial disease, partly because in such patients
there had been instances of sudden death, probably produced by ventricular flutter or fibrillation.

Thus certain facts indicate that direct stimulation of the myocardium is not without risk, as is the
case in patients with artificial pacemakers. This problem has been discussed by Zoll and Linenthal
(1960) who thought that although the risk of fibrillation did not appear to be great it could not be
definitively assessed. On the other hand Dittmar et al. (1962) are more cautious and think it possible
that the sudden death of one of their patients was caused by a ventricular fibrillation due to
the artificial pacemaker: they stated also that when the pacemaker stimulus appeared in the T
wave multiple ventricular extrasystoles were sometimes seen. The results in the present paper agree
with Zoll and Linenthal (1960). There were reasonable anatomical explanations for our two cases
that died. Both these (Cases 4 and 5) are included in the long-term electrocardiogram studies des-
cribed above and in no case did multiple extrasystoles appear when the pacemaker stimulus fell in
the T wave.

The placing of electrodes on the heart has seldom been discussed in earlier papers. In this
connexion it is of interest that vanTyn and MacLean (1961) found a significantly higher ventricular
fibrillation threshold at the base than at the apex of the left ventricle. The most physiological
approach, however, should be with the electrodes at the apex of the ventricle. The apex is pre-
ferable since the contraction will begin here and move towards the base, the aorta, and the pulmonary
artery. If the electrodes are placed at the base the contraction wave will move towards the apex and
produce an insufficient result. This agrees with an observation by Corday (1959) who found that
the blood pressure was much lower if a ventricular tachycardia originated at the base than if it origi-
nated at the apex.

Through a needle in the brachial artery the blood pressure curve was registered simultaneously
with the electrocardiogram in six of the patients. It was apparent that when a P wave closely
preceded the ventricular complex, the pressure peak was higher than when the P wave fell in the
ventricular complex, indicating that atrial contraction is of value for the diastolic filling of the
ventricle. Fig. 7 shows how the pulse pressure is dependent on the distance between the P wave and
the pacemaker stimulus. Curves of the same type were obtained for the systolic and the diastolic
pressures. Fig. 7 refers to Case 2 but similar results were obtained from the other patients
except those with an atrial flutter.

The artificially produced pressure peaks, at their best, reached the same level as peaks produced
by single spontaneous beats, indicating that the artificial pacemaker is effective in spite of the aber-
rant conduction pathway.

The stimulus rate of artificial pacemakers differs between models. Many authors prefer a
frequency of about 70 a minute. Arguments against too low a frequency have been presented
earlier in this paper. An important prerequisite here is the determination of the stroke volume and
cardiac output at rest and during exercise with different stimulus rates.

Our experience is not great but as we think it of value to collect as much data of this kind as
possible we have reported the catheterization findings in Case 8 in detail in the Table. It is apparent
that during the same exercise this patient could increase his cardiac output to a much higher level
with a heart rate of 60 a minute than with 27 a minute. The percentage increase in stroke volume
was less at the lower rate indicating that he used a great part of his reserve capacity also at rest,
while the arterio-venous difference was higher during exercise at the low heart rate. This obser-
vation indicates that it might be rewarding to study the metabolism in patients with a low heart rate
caused by conditions such as complete heart block. It is possible that these patients might develop
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FiG. 7.—(Case 2). The pulse pressure (vertical axis) plotted against the interval between the peak of the
P wave and the pacemaker stimulus (horizontal axis). It is apparent that the pulse pressure is

much more satisfactory when the P wave appears just before the pacemaker stimulus than when
it appears a long time before the stimulus.

new pathways for anzrobic metabolism. The values from the Table indicate that there is a corre-
lation between the pulse pressure and the stroke volume and from the pulse pressure it would be
possible to get a rough estimation of the stroke volume during physical exercise. Calculation of the
area covered by the pulse wave might give a still better correlation with the stroke volume. How-
ever, the best estimation of the stroke volume, including its rapid changes, would be given by the
differential pressure technique as described by Porjé and Rudewald (Rudewald, 1962).

Different hypotheses may be involved in trying to explain why so few pacemaker stimuli appeared
during the end of the T wave and during diastole. The most probable explanation is that the arti-
ficially induced beat depolarizes both the myocardial muscle and the conductive system. It would
thus be necessary for the “idiocardiac” pacemaker to begin a new repolarization cycle which con-
tinues gradually during diastole till a certain membrane potential is reached when depolarization
occurs initiating a myocardial contraction. This hypothesis is supported by the fact that most
spontaneous beats occurring after a pacemaker-induced beat appear in late diastole. To avoid
interference phenomena the rate of the artificial pacemaker should be high enough to suppress the
“idiocardiac’ pacemaker.

It is worth noting that the atria beat independently of the artificially induced ventricular com-
plexes indicating that there is no retrograde propagation through the atrioventricular node.

SUMMARY

Ten patients with Adams-Stokes attacks have been treated with artificial pacemakers. Two
patients died but there is no reason to suppose that death was caused by ventricular fibrillation
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produced by the pacemaker. The other patients are in good condition but there is pronounced
interference in one patient with a high rate in his “idiocardiac” pacemaker and a low rate in his
artificial one.

The artificial pacemaker stimuli appeared during the systole of spontaneous beats, very few
appearing during the last part of the T wave or during diastole.

The reasons for different pacemaker stimulus rates are discussed and it appears that a rate of
about 70-75 a minute is preferable to lower rates.

It is thought that the electrodes are best placed near the apex of the left ventricle to produce the
most effective contraction from the apex towards the base.

Brachial artery pressure curves from patients with interference between the pacemaker rhythm
and the “idiocardiac” rhythm revealed that pacemaker-induced beats preceded by P waves produced
systolic peaks as high as the spontaneous beats. When the P waves fell in the ventricular complex
of a pacemaker-induced beat or appeared after it, the systolic pressure peaks were satisfactory but
not as high as when the P waves preceded the ventricular complex.

Hemodynamic studies in one patient showed that on effort the increase in cardiac output was
greater, and the arterio-venous oxygen difference was less, at a heart rate of 60 a minute than at a
rate of 27 a minute.
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