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NEARLY 150 years ago the Surgeon, Rob-
ert Adams 3 and the Physician, William
Stokes 28 gave the first complete account of
the syndrome which bears their names al-
though Marcus Gerbezius (1719), Mor-
gagni in De Sedibus (1761), and Thomas
Spens (1793) had made prior complete de-
scriptions. Four years after Adams' report
was published in Dublin, Michael Faraday
elucidated the principle of electromagnetic
induction (1831), but almost 100 years
passed until the principle was employed to
stimulate living tissue, Loucks (1933),
Light and Chaffee (1934), and Fender
(1936) and these efforts were directed pri-
marily to neural tissue stimulation. Utiliza-
tion of the principle of electromagnetic in-
duction in the treatment of Adams-Stokes
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syndrome was first reported in 19601 by
Abrams et al. and later by the same inves-
tigators in 1961.° This report presents the
subsequent experience of this endeavor in-
volving the surgical management of 30 pa-
tients with complete heart block employing
electromagnetic induction coupled coil
pacemakers.

History
John Aldini, nephew of Galvani, reported

on the conceivable use of electric shock as
a means of resuscitation in 1819,4 appar-
ently having applied an electrode directly
to the heart without eliciting contractions
in a criminal two hours dead (1802).
Vassali in the same era was able to elicit
contractions under similar circumstances.
In 1932, Hyman 11 made a plea for the use
of an artificial pacemaker for the arrested
heart and quoted 65 papers concerning
electrical pacemaking from 1862 onward.

Background
Callaghan and Bigelow5 reported, in

1951, on artificial electrical pacemaking for
cardiac standstill and in 1952, Zoll 32 de-
scribed successful treatment of ventricular
arrest complicating complete heart block
employing an external pacemaker. After
the advent of open-lheart sturgery witlh total
cardioputlmonaryr bypass and resuiltant stir-
gical heart block followving repair of ven-
tricular septal defects, Weirich, Gott and
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FIG. 1. Inductive Coupled Coil Pacemaker System. The implanted secondary coil consists of
1,000 turns of No. 38 standard wire gauge copper wire flat wound, ring shape air cored, with
an inner aperture of 2.0 cm. The coil is fitted with braided 26-gauge stainless steel output
leads swedged onto curved atraumatic needles for myocardial insertion (resistance 95 ohms).
The coil and its leads are encapsulated in a silicone-rubber compound. This secondary coil
measures 3.0 cm. in diameter, 0.5 cm. in thickness and can be autoclaved. The external
primary coil consists of 50 turns of No. 36 standard wire gauge enamelled copper wire flat
wound, ring shaped, air cored, potted in epoxy resin with twin leads of high grade flex wire for
connection to the pulse generator (resistance 2 ohm). The inductive system pulse generator.
Three types of pulse generators have been employed, each evolving from the prior, with in-
creasing miniaturization of components, compactness, and portability (Fig. 2-4).

Lillehei demonstrated, in 1958, that such
heart block could be successfully treated
with suture electrodes in the ventricular
muscle brought out through the chest wall
to a pacemaker. The same year, Thevenet
et al.29 described the percutaneous inser-
tion of a myocardial electrode and in 1959,
Furman and Schwedel 9 described the
transvenous passage of an endocardial elec-
trode in the form of a modified Cournand
cardiac catheter.

Development of the Method

Complete heart block may be symptom-
less, disabling because of low cardiac out-
put, or a threat to life because of repeated
Adams-Stokes attacks. In the review of 251
cases of complete heart block by Penton,
Miller and Levine,24 the average duration
of life after the first syncopal attack was

approximately three years and after the
first appearance of complete heart block
approximately two years. Thus it became

apparent that if a satisfactory system with
long-term pacemaking could be evolved, a

group of patients would be greatly helped.
In our early experience employing a mod-

ified external indirect method of Zoll,* it
was found that repeated shocks in the range

of 65 volts necessary for pacemaking were

both painful and irritating because of sec-

ondary skeletal muscular contractions and
consequently unacceptable as a system for
long-term stimulation. This type of stimula-
tion has been used continuously, however,

for 14 days, and intermittently for eight
months (Zoll and Linenthal, 1960 33 ).
The use of the direct method with myo-

cardial electrodes implanted at thoracot-
omy and brought out through the chest

* The application of metal plate electrodes to
the skin of the intact chest over the apex of the
left ventricle and the area over the second inter-
space just to the left of the sternum with a D.C.
pulse of 10 milliseconds duration variable between
0 and 180 volts.
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The relay operated pacemaker

FiG. 2. (Prototype Relay Pulse Generator, Mark I). In this version, the double wound
5 milliampere relay is employed as a blocking oscillator transformer in conjunction with the
transistor Ti. The pulse rate is established by the values of Ri, R2 and C. The pulse width,
that period during which the relay contacts Si close, depends on the electrical andl mechanical
characteristics of the relay. The output transistor T2 serves as a heavy current switch, the
D.C. resistance of which is controlled by modifying the bias current wit-h adjustment of the
power control R4. The inductive voltage swing, generated as the field of the load coil col-
lapses, momentarily exceeds the specifed maximum collector voltage of the transistor. In
practice no difficulties arose from this. In view of the low average power, no heat sink is
required on T2.

wall is limited in regard to long-term pac-

ing because of the possibility of infection
traveling from skin to myocardium. Lillehei
has, however, reported continued success

at a 15-month interval.
Use of the percutaneously inserted direct

myocardial wire has been limited because
the dangers accompanying insertion with-
out direct vision (bleeding, injury of a

coronary artery or vein, and the possibility
of a free-moving, unanchored wire in the
myocardium).
The employment of an endocardial modi-

fied cardiac catheter electrode for long-
term pacemaking is undesirable because
of the constant danger of loss of pacemak-
ing due to shifting of the catheter tip in

the right ventricle or perforation resulting
in loss of pacemaking with or without hem-
orrhage. The necessity of long-term anti-
coagulation with its inherent risks is a sec-

ond factor.
Thus it became apparent any system em-

ployed should satisfy certain simple cri-
teria: 1) no wire leads extending through
the integument and chest wall which
could act as a portal of entry for infection;
2) simplicity of electronic design with a

minimum number of components located
internally; 3) complete control of pulse
stimuluis (rate, dutration and strengtlh); and
4) compactness. The inductive coupled coil
pacemaker system satisfies these criteria.
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Characteristics of Induction as Employed
Our experience has shown that allowing

for a 2.5-3 cm. separation of the external
primary and internal secondary coils with
some unavoidable lateral co-axial move-
ment, pulse power in the range of 30-50
watts is needed from the pulse generator to
the external coil. Greater instantaneous
power than this appears for a brief period
due to the oscillatory inductive swing at
the trailing edge of the applied square
wave. This inductive pulse communicated
by transformer action stimulates the myo-
cardium.

Myocardial impedance has been meas-
ured and estimated to be in the range of
140-200 ohms. This is in agreement with
the findings of Lillehei. The pulse width

C 100mfd

R 61 Turns

RATE Li
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of the square wave of voltage applied
across the load coil is not critical and stim-
ulation is effectual at these powers from
'/2 to approximately 5 milliseconds. The
pulse duration need only be of sufficient
length to store adequate energy in the mag-
netic field. The system, therefore, is basi-
cally a transformer. The pulse wave at the
myocardium is always of an alternating
form and theoretically this should minimize
polarization of the myocardial electrodes
and in turn minimize an increasing power
requirement with time. There are indica-
tions with this system at this juncture that
after approximately 15-18 months of induc-
tive coupled coil pacemaking the power
demands are increased by an estimated
15 per cent.

X.TAL
:UNDER OUTPUT
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The non-relay version of the pacemaker
FiG. 3. (Prototype Non-relay Pulse Generator, Mark II) . In this commercial* version

Transistor Ti with the transformer Li and L2 form a blocking oscillator, the rate of which is
controlled by manual adjustment of the variable resistor R2. The output P-N-P transistor, of
very low impedance when bottomed, is normally biased off and lifted into full conduction
by the controlling pulse derived from the tertiary winding L3. The power source is a six volt
nickel alkali battery giving 48 hours of operation on a 12 houir charge. An audible click"
generated in the crystal microphone insert can be switched off.

* Joseph Lucas Ltd., Great King Street, Birmingham, England.
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Management of Patients
The symptom complex consisting of sud-

den loss of consciousness and convulsions
with prior and subsequent bradycardia has
been loosely referred to as Adams-Stokes
syndrome with attacks. Actually, sustained
runs of multiple ectopic ventricular beats,
ventricular tachycardia, fibrillation, stand-
still, or sudden onset of auricular dys-
rhythmias with a drop in cerebral blood
flow may result in a seizure (Parkinson et
al. 1941 23 and Clark and White, 1952).
Each of the 30 patients in this current se-
ries has shown an electrocardiographic
confirmation of complete (third degree)
heart block except for one who was in
sinus rhythm between Adams-Stokes at-
tacks.

In managing a patient with complete
heart block and a history of Adams-Stokes
attacks, it is important to realize that any
single episode can be fatal. In the care of
such cases without pacemaker control this
should be continually borne in mind.

All patients after arrival by ambulance
or helicopter are admitted directly to an
intensive therapy unit or cardiac surgery
recovery room where facilities for intermit-
tent and continual electrocardiographic
monitoring are available. Frequently asso-
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ciated congestive cardiac failure, emphy-
sema, bronchitis, diabetes, benign prostatic
hypertrophy in this group may require con-
comitant therapy.
By history, physical examination and

electrocardiographic analyses, exactly how
the patient fits into the schema is de-
termined before medical management is
undertaken.*

Sympathicomimetic amines are relatively
contraindicated if attacks of circulatory ar-
rest are due to any of the forms of ven-
tricular hyperirritability. In comparison,
sympathicomimetic amines are effective in
the management of symptomatic complete
heart block with circulatory arrest second-
ary to ventricular asystole. Isopropylnorepi-
nephrine (Isoproterenol, Isuprel, Isoprena-
line) sublingually in the range of 10-20
mg. every three hours is employed. Some
patients at this stage have reverted to sinus
rhythm and demonstrated an underlying
prolonged P-R interval with left or right
bundle branch block pattern.

Management of an Adams-Stokes Attack.
Should an attack occur after admission, its exact
underlying cause and duration is determined and
confirmed with electrocardiographic analysis. It
is most likely that ventricular asystole will last
only a few seconds. If asystole (rather than ven-
tricular flutter, tachycardia or fibrillation as de-

Syrmptomless

Rapid Idioventricular Rhythm (Adequate cardiac output)
COMIPLETE HEART BLOCK Slow Idioventricular Rhythm with increased stroke volume (Adequate

cardiac output)

Svmptonmatic

Circulatorv Arrest \Circulatory Insufficiency

(Sudden attacks of unconsciousness) (Low or fixed cardliac output)

Ventricular A1 svstole X entricular IHvperirritability

(Multiple ectopic ventricular systoles)
(Ventricular tachvcardia)
(Ventricular fibrillation)
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The current Shockley Diode Pacemaker

FIG. 4. (Shockley Diode Type Pulse Generator, Mark III). In this commercial version '

a charging resistor supplies an exponentially rising voltage to a 20 microfarad paper-type
capacitor. The resistor is variable and controls the rate. A four-layer diode, capable of passing
30 ampere pulses is connected across the capacitor. When the capacitor is charged to the
"switch on" voltage of the diode, the former is discharged through a load coil which functions
as the primary coil of the pacemaker. Immediately following this discharge the capacitor
voltage rises again exponentially. A crystal-type sounder can be optionally switched into the
circuit to indicate the pacemaking rate.

Specifications: 1. Pulse character, single oscillatory swing of bidirectional voltage.
2. Pulse width, in the order of 14 millisecond, (500 microseconds) at its base line at 8 volts.
3. Power delivered by I' coil, in the order of 500 watts. 4. Pulse repetition rate, 30-150/min.
5. Primary power source, compact 671s volt high tension battery. 6. Battery life, approximately
two weeks.

Joseph Lucas, Ltd., Great King Street, Birmingham, England.

termined by monitoring equipment) lasts more

than 45 seconds a sharp blow across the pre-

cordium repeated several times may restore ven-

tricular contractions. If a ventricular response is
not achieved after one minute and asystole is seen

to persist, intracardiac Isuprel 0.02 mg. or Adren-
alin 5 cc. of 1:10,000 is injected and the patient
placed on the floor for external cardiac massage

(Jude et al.12). Our experience with external
pacemaking through the intact chest wall (Zoll 32)
although successful in one instance has in the
main been somewhat disappointing. The percuta-
neous modified electrode (Thevenet et al.29) has

been effected on only one occasion. It is now

our practice to pass an intracardiac pacemaking
catheter electrode (Furman and Schwedel 9) on

an emergency basis. This can be done, preferably
via the right external jugular vein, in 90 seconds;
simultaneously an intratracheal tube is inserted
for the insufflation of 100 per cent oxygen de-

livered at intermittent positive pressure. Satisfac-
tory pacemaking has been achieved with the tip
of the catheter in the right atrium employing a

10 millisecond pulse of 60 volts intensity.
When Should Long-term Inductive Coupled

Coil Pacemaking be Established? The insertion of
a permanent pacemaker is not undertaken until
it has been agreed by cardiologist, internist and
surgeon that the patient with multiple Adams-
Stokes attacks is refractory to medical therapy.
If permanent insertion is tentatively considered,
ideally the patient undergoes cardiac catheteriza-
tion with simultaneous intracardiac catheter elec-
trode pacemaking to determine the hemodynamic
effect of permanent pacemaking, as reflected by
cardiac output studies at idioventricular rhythm
and pacemade rhythm. If cardiac output is not
improved and the Adams-Stokes attacks can be
controlled with medical measures, insertion of a

permanent pacemaker is not undertaken. The con-
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verse findings are indications for permanent in-
sertion.

Short Term Initracardiac Catheter Electrode
Pacemaking. During the period of intracardiac
catheter electrode pacemaking, we have employed
a tetracycline cover (250 mg. p.o. four times a
day). Anticoagulants have not been employed.
Intracardiac catheter electrodes have been left in
place, ideally wedged into the tip of the right
ventricle or, less ideally, in "L" position in the
right ventricular outflow tract, for nine days.
Advantages of this short-term intracardiac pace-
making are five-fold:

1. The patient is under external control and
further Adams-Stokes attacks can be avoided.

2. The hemodynamic effects of intracardiac
pacemaking can be extrapolated to the anticipated
result of the proposed permanent inductive coil
pacemaker.

3. During this interval those patients who are
incapable of increasing their cardiac output at
a pacemade rhythm come to the fore and, if Iso-
prenaline can control the number and severity
of Adams-Stokes seizures, are excluded from op-
erative intervention.

4. Associated congestive cardiac failure can be
improved in the preoperative period with intra-
cardiac catheter electrode pacemaking and the
risks associated with operative intervention de-
creased.

5. Intracardiac catheter electrode pacemaking
is employed as a means of external control
throughout this period and, if operation is under-
taken, during the precarious interval of anesthetic
induction.

Following insertion of the pacemaking
catheter, the decision for using permanent
inductive coil pacemaking can be made
more leisurely. The reappearance of idio-
ventricular rhythm with or without Adams-
Stokes attacks with a pacemaking catheter
in situ is indicative of a shift of the cath-
eter tip within the right ventricle or per-
foration of the right ventricle with resultant
loss of pacemaking. Right ventricular per-
foration has occurred on three instances-
later confirmed at thoracotomy without any
evidence of intrapericardial bleeding (None
of these patients had been given anticoagu-
lants during this period). In two instances
pacemaking was re-established without ma-
nipulation of the perforating catheter tip

Annals of Surgery
MIarch 1964

by increasing the strength and duration of
the stimulating pulse from 9 volts to 20
volts and 5 to 10 milliseconds.

Electronic Systems Utilized
During Procedure

In addition to the usual preparations for
a left thoracotomy, seven electronic systems
are simultaneously and intermittently em-
ployed during the procedure:

1. Continual electrocardiographic rncmitoring
with visual cardioscope.

2. Photo-electric pulse indicator.
3. Intracardiac pacemaking electrode with its

pulse generator.
4. Direct pacemaker electrodes for application

through the open chest with their pulse generator.
5. The inductive coupled coil system with its

pulse generator.
6. The direct myocardial wire system with

leads to be brought out through the chest wall
and its pulse generator.

7. Defibrillator electrodes with their pulse
generator.

System 1. Of conventional design and es-
sential throughout.
System 2. Comprised of a light source

directed through a suitable peripheral tis-
sue into a photo-transistor. The output
from the light cell is amplified by a three-
stage amplifier with filters to minimize
artifacts. Both a meter and an audible in-
dicator are arranged in the output. The
audible note is produced by a biased-off
multivibrator which the amplified pulse
lifts into conduction to produce 900-cycle
audible notes. The unit is powered from
a rechargeable 6-volt battery and can be
applied to a digit, ear lobe or cheek. Un-
like the electrocardioscope it monitors both
satisfactory ventricular systole and ejec-
tion.

System 3. Intracardiac pacemaking cath-
eter electrode consisting of a number 6F
Cournand catheter with a wire core and
continuous metal tip. The second electrode
is applied to the skin to complete the cir-
cuit. The unit delivers a 5 millisecond pulse
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adjustable from 0-9 volts with a variable
rate between 30 and 150 pulse per minute.
System 4. Direct stimulating electrodes

manually applied to the surface of the epi-
cardium consisting of a bi-polar electrode
assembly terminating in 1.5 cm. silver discs.
The unit delivers a 5 millisecond pulse ad-
justable from 0-9 volts with a variable rate
between 30 and 150 per minute.
System 5. The inductive coupled coil

system previously described (Fig. 1-4).
System 6. The short-term myocardial lead

system consisting of No. 32 gauge braided
stainless steel electrodes with swedged-on
needles and nylon insulation. The Direct
Pacemaking* power source delivers a 5
millisecond pulse adjustable between 0-9
volts with a variable rate between 30 and
150 pulses per minute.
System 7. Sterile defibrillator electrodes

of conventional design for direct applica-
tion to the myocardium delivering D.C.
shocks over a range of 120-400 volts of 10-
200 millisecond duration and an alternative
standard A.C. shock of 200 volt intensity
set at 200-millisecond duration.

System 1 is essential throughout the in-
ductive phase of anesthesia and the opera-

tive procedure. System 2 monitors satis-
factory ventricular systole and injection.
System 3 is employed both diagnostically
and therapeutically during the preoperative
period and is maintained until during the

* Direct Pacemaking Unit. The direct connec-

tion pacemaker serves as the pulse generator for
Systems 3-Intracardiac pacemaking catheter elec-
trode; 4-Direct epicardial contact electrodes and
6-Short-term direct myocardial lead system; and
consists of a transistor multivibrator square wave

generator with adjustable time constants and out-
put voltage controls. A crystal microphone insert
is employed as a sounder. Rate and amplitude of
stimulation are manually variable. Specifications:
A. Pulse width 5 milliseconds
B. Pulse repetition rate 30-150/minute
C. Ohmic output impedance 1,000 ohms
D. Primary power source four 9-volt dry

batteries
E. Battery life 14 days
F. Output voltage 0-9 volts

procedure when it can be supplanted by
System 4, or after the procedure when it
can be supplanted by Systems 5 and 6.
The maintenance of System 3 is particu-
larly critical during the inductive period
of anesthesia wherein minimal anoxia with-
out pacemaker control can result in severe

Adams-Stokes attacks. System 4 can be
utilized once the chest and pericardium
are opened if intracardiac catheter elec-
trode pacemaking is unsatisfactory. This is
readily assessed when the myocardium is
exposed. System 5 is permanent. System 6
is employed for control during the imme-
diate postoperative phase while edema of
the operative site subsides and the patient
is familiarized with the inductive coupled
coil management. System 7 is kept at hand
as a precautionary measure. It is not un-

common to be confronted with ventricular
fibrillation just after opening the chest and
before opening the pericardium.

Operative Procedure
Endotracheal anesthetic induction is ef-

fected with continued intracardiac elec-
trode pacemaking and simultaneous elec-
trocardioscopic and photo-electric cell pulse
monitoring. This is a critical period requir-
ing extreme vigilance. The neutral electrode
of the intracardiac catheter system is posi-
tioned well clear of the operative field,
ideally just cephalad to the left second cos-

tal cartilage.
In the supine position with a support

beneath the left scapula, the left arm is
abducted to a right angle with the trunk
and the photo-electric cell pulse monitor
affixed to an exposed digit (Fig. 5).
A left anterolateral incision is made over

the fourth intercostal space along the fifth
rib in order to decrease the proximity of
the incision to the implanted coil yet afford
maximum exposure of the epicardium of
the left and right ventricles (Fig. 6). The
extents of this initial incision are the left
lateral border of the sternum medially and
the anterior axillary line laterally. At the
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FIGURE 5.

level of the pectoral fascia (assuming sat-
isfactory pacemaking continues), the dis-
section is carried superiorly to a level just
above the second costal cartilage and the
lateral border of the sternum medially to
create a recess for the implanted coil over

the second and third interspaces to the left
of the sternum (Fig. 7). Inasmuch as the
critical distance between the external pri-
mary and internal secondary coils is ap-

proximately 2.5 cm., in excessively obese
patients placement of the coil over the

./N TERNAL MAMMARY A .

FIGURE 6.
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sternum centrally and a little more ceph-
alad minimizes the possibility of exceeding
the critical distance of co-axial coil separa-
tion and renders the implanted secondary
coil more easily palpable for subsequent
co-axial alignment with the external coil.

In the event of unsatisfactory catheter
pacemaking at any time, dissection of the
internal coil recess is delayed, the chest
opened immediately along with the peri-
cardium and direct contact electrodes ap-
plied for pacemaking under visual control.
Precluding this turn of events, the pec-
toralis major is divided transversely just
above its origin from the fifth rib along
with the underlying intercostal muscula-
ture, endothoracic fascia and pleura; the
internal mammary artery and vein are li-
gated and the pericardium exposed. The
pericardium is widely opened in linear
fashion medial to the left phrenic nerve.
At this juncture the myocardium should be
examined with regard to color, consistency
and form of contraction. Greatest attention
is paid to the possibility of the pacemaking
catheter having penetrated the tip of the
right ventricle inferiorly or the outflow
tract anteriorly.
The internal coil is tested by applying its

needle electrodes to the epicardium 3 or
4 cm. apart and placing the primary coil
wrapped in a sterile towel over the im-
planted secondary coil in co-axial align-
ment. The pulse generator to the catheter
electrode or direct electrodes is switched
off and pacemaking with the inductive cou-
pled system effected. Continued satisfac-
tory pacemaking with up to 3 cm. co-axial
separation of the primary external and in-
ternal-secondary coils is essential. When
this system is proved to be satisfactory,
suitable placement of the internal coil is
undertaken. Ideally the internal coil is
placed over the pectoral muscle in such a
manner that the depth of tissue overlying
it is minimal consistent with continued
intervening tissue viability and over that
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portion of the muscle which contracts least
on movement of the arm and shoulder.

After the internal coil has been suitably
tested, an aperture larger than the com-
bined cross-sectional area of the two in-
ductive leads is fashioned through the tis-
sues overlying the second intercostal space
into the pleural cavity and the inductive
leads pulled through. The coil is placed on
the pectoral muscle (or over the sternum
in the obese) and the inductive leads are
arranged in semi-circumferential fashion
about the coil before being turned down
through the chest wall aperture avoiding
all sharp angulations throughout (Fig. 7).
Avascular areas of the right and left ven-
tricle are sought. The right ventricular
inductive lead is implanted initially, care
being taken to ensure adequate lead length
to result in a gentle sweeping curve from
the point of entry into the pleural cavity
to the point of myocardial implantation. It
is desirable that the direction of systolic
and diastolic movement of the heart be ob-
served at this juncture so that the lead can
be implanted at right angles to the direc-
tion of this movement. The silicone rubber
insulation is removed from the redundant
portion of the lead, a rectangle of 1/2-inch
Teflon felt passed over the swedged-on
needle and the needle passed through the
epicardium and superficial myocardium
three times to fashion an almost completely
buried "Z" stitch limited to a 1 cm.2 area.
With the insulation abutting on the epi-
cardium, the redundant needle and wire
are cut; the Teflon rectangle is drawn down
snugly over the epicardial surface above
insulation and lead and secured in place
with interrupted arterial suture of 5-0 black
silk (Fig. 8, 9).
The inductive coil lead to the left ven-

tricle is inserted in a similar fashion ap-
proximately 3 cm. to the left of the right
inductive coil lead at the same level. At
this stage the inductive lead to the left ven-
tricle may be so close to the phrenic nerve
that diaphragmatic contractions result with

v ADAMS-STOKES SYNDROME

FIGUpx 7.

FIGURE 8.
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FIGURE 9.

each inductive pulse wave. This can be
avoided by stripping the phrenic nerve

away from the pericardium, dislocating it
more posteriorly and securing it with inter-
rupted sutures of 4-0 arterial silk. After
testing the inductive coil once again, the
temporary postoperative direct connection
pacemaking leads are inserted (Fig 8, 9).
These are arranged in staggered fashion
cephalad to the inductive coil leads so that
the right direct ventricular lead is caudad
and to the right of the right inductive lead;
the left direct ventricular lead is caudad and
between the right and left inductive leads
(Fig. 8, 9). By staggering the four leads
in this fashion the influence of one pace-

making circuit over the other is minimized
in regard to ohmic conductive paths. Care
must be taken to strip back the insulation
of all leads to ensure contact of bare wire
with the myocardium. Subsequent percu-

taneous removal of the direct leads in the
late postoperative period is difficult if too
tortuous an insertion or too secure a fixa-
tion has been made.
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The direct pacemaking leads are brought
out through the lower chest wall into the
epigastrium through separate apertures.
The points of exit should be far enough
away from the thoracotomy to minimize
the possibility of cross infection by proxim-
ity from either sites, and to allow for sepa-
rate dressings. The direct leads are brought
through and subsequently half-hitched over
short lengths of %-inch rubber tubing
and the tubing sutured to the skin for ad-
ditional support (Fig. 9). A flex lead then
links these leads to a direct pacemaker.
The pericardium is closed after a second
check for diaphragmatic contracture in
phase with a trial of inductive coil pace-
making. The play in the inductive coil
leads between subcutaneous coil and the
site of myocardial implantation is checked
for adequacy and placed outside the peri-
cardial sac. Hemostasis about the sub-
cutaneous recess of the implanted coil is
checked, the coil anchored with interrupted
sutures of 4-0 black silk and the incision
closed with intercostal drainage.

Immediate Postoperative Phase

The external coil is secured to the in-
tegument overlying the implanted coil with
waterproof adhesive and again tested after
appropriate connection to the inductive
pacemaking pulse generator. The direct
connection leads are then connected to a
twin lead which is linked to a direct pace-
making pulse generator. The direct leads
are separately dressed from the thora-
cotomy incision. When it is established
that both inductive and direct pacemaking
systems are functioning satisfactorily, the
intracardiac catheter pacemaking electrode
is withdrawn from its point of insertion in
the left cephalic or right external jugular
vein.
During the immediate postoperative

phase, control is effected with the direct
lead pacemaking system. Only when the
patient is able to take an active interest
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in the inductive coil system (7-10 days
following operation) is a trial run with
the latter undertaken. Any difficulties prior
to this phase with direct pacemaking may

make an earlier transfer to the inductive
system mandatory. There is no objection
to both direct and inductive systems being
utilized simultaneously inasmuch as the
inductive pacemaker delivers a pulse of suf-
ficient power to control the multivibrator
direct type in current use.

After the inductive system has been em-

ployed for progressively longer intervals
and a succession of nights, the direct con-

nection pacemaker is disconnected from its
pulse generator and the myocardial leads
withdrawn with gentle but firm continued
traction approximately one week later.
Any attempt to reduce the rate following

a period of artificial pacemaking of any

type is undertaken with caution, the rate
being decreased in increments of five per

minute every two to three minutes. A
sudden decrease over larger increments is
followed by an Adams-Stokes attack or its
prodromata.

Clinical Summary. During the last 36-
month interval between January 1960 and
January 1963, 30 patients have undergone
operation with insertion of long-term in-
ductive coil pacemaking system.
Age-Sex Incidence. Of this series, the

incidence of operative intervention among

men has been more than twice that in
women (22 men and 8 women). The
youngest patient was a 33-year-old man

with complete heart block, an auricular
rate of 85 and a ventricular rate of 26
with the onset of Adams-Stokes attacks of
increasing frequency and severity over the
ten months prior to admission. The oldest
patient was a 76-year-old man. With two
patients in the third decade, three in the
fourth, eight in the fifth, nine in the sixth
and eight in the seventh decades, the pre-

ponderance in the sixth and seventh dec-
ades is apparent. The average age of the

TABLE 1. Age and Sex Distribution of Thirty Patients
with Inductive Coupled Coil Pacemaking Systems

Age Men Women Totals

30-39 2 0 2
40-49 2 1 3
50-59 5 3 8
60-69 8 1 9
70-79 6 2 8
Average 61.0 55.8 59.7

total series was 59.7. The average age of
men was 61.0 and that of women 55.8
(Table 1).

Duration of Symptoms

Duration of symptoms varied from ten
years to one day, and ran the gamut be-
tween asymptomatic idioventricular rhythm
of long duration progressing to Adams-
Stokes attacks of increasing frequency and
severity to an initial severe attack with
prolonged asystole resulting in coma. All
patients had exhibited Adams-Stokes at-
tacks with varying periods of asystole con-

firmed by monitoring or direct-writing
electrocardiography except for one 67-
year-old man with complete A-V block,
an auricular rate of 60 and a ventricu-
lar rate of 27, left bundle branch block
and a four-year symptom complex of
orthopnea, dyspnea and peripheral edema
due to low cardiac output. This patient
underwent insertion of an inductive coil
pacemaking system in April 1960, two days
after cardiac output studies during intra-
cardiac catheter pacemaking demonstrated
that a substantial increase of cardiac output
could be effected. He underwent successful
prostatectomy for benign prostatic hyper-

trophy in September 1961. In December
1961, insertion of a second internal coil
with connection to the former inductive
leads became necessary. He is currently
being pacemade satisfactorily with the in-
ductive coil system 33 months following
the first procedure.
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Etiology
Virtually all patients have showNn vary-

ing degrees of systolic hypertension and
lowered diastolic levels with increases in
pulse pressures, and an initial ill-conceived
impression may suggest that hypertensive
arteriosclerotic heart disease has caused
complete atrioventricular dissociation and
Adams-Stokes attacks. However, with con-

tinued intracardiac, direct and ultimately
inductive coupled coil pacemaking, systolic
pressures routinely fell, diastolic pressures

rose, and pulse pressures decreased, often
times to normal levels. The hemodynamic
effect of long-term inductive coil pace-

making on this series is being reported
( Segel et al.26 ). In none of this current
series could a congenital, luetic or trau-
matic basis for complete heart block be
established. A rheumatic basis was impli-
cated in three instances. One 42-year-old
man with a three-year history of Adams-
Stokes attacks, complete A-V block, an

auricular rate of 60, a ventricular rate of
28 with right bundle branch block and left
axis deviation (blood pressure 200/70)
gave a history of diphtheria during the
fall of 1948. This patient underwent inser-
tion of an inductive coil system in March
1961 one day after cardiac output studies
during intracardiac pacemaking demon-
strated an increase in cardiac output from
4.9 L./min. at idioventricular rhythm
(28/min.) to 7.93 L/min. at pacemade
(90/min.) rhythm. Although the removal
of the implanted coil became necessary be-
cause of infection seven months later, he

continues to be pacemade on a direct myo-
cardial wire system 22 months after the first
procedure and 15 months after the second.
He is scheduled for readmission for recon-

version to an inductive system.
There has been a paucity of findings at

autopsy to pinpoint the etiology of heart-
block in the material presented for exami-
nation. In only one specimen were minute
areas of fibrosis found on serial sectioning
of the atrioventricular Bundle of His.
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Electrocardiogram. All 30 patients ex-
hibited ventricular rates varying between
15/min. and 36/min. with complete atrio-
ventricular dissociation between periods of
asystole, except for one 60-year-old man
who was admitted with a six-day history
of multliple Adams-Stokes attacks, whose
electrocardiographic analysis between at-
tacks demonstrated only sinus tachycardia
with no evidence of atrioventricular dis-
sociation. He underwent insertion of an
inductive coil pacemaking system in April
1960, and was pacemade for four months
without recurrence of attacks until expira-
tion from subacute bacterial endocarditis
with vegetations on a congenital bicuspid
aortic value with terminal pulmonary in-
farction.
Timing of Operation. All operative pro-

cedures have been undertaken on an elec-
tive or semi-elective basis save for the
first, wherein a 58-year-old woman with
complete heart block sustained a prolonged
(41/, minutes) period of asystole resulting
in coma and convulsions. Asystole oc-
curred subsequently during induction of
anesthesia necessitating insertion of a per-
cutaneous pacemaking electrode. She
gradually recovered consciousness 72 hours
following the procedure and although she
subsequently required the insertion of a
second inductive coil, she was pacemade
until demise from carcinoma of the uri-
nary bladder 32 months after the initial
procedure.
Use of Intracardiac Pacemaking Cath-

eter Electrode. Twenty of this series of
30 patients have undergone passage of an
intracardiac pacemaking electrode catheter
with determining of cardiac outputs and
indices at idioventricular and pacemade
rhythms (50, 60, 70, 80 and 90/min.). The
use of this technic for simultaneous control
of subsequent Adams-Stokes attacks, ob-
servation of anticipated effect with long-
term inductive coil pacemaking and as an
adjunct in preoperative preparation by
"pacemaking the patient out of congestive
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failure" is to be commended (Muller and
Bellet21). Moreover, in 40 per cent of the
251 cases analyzed by Penton et al.24 con-
gestive heart failure preceded, accompa-
nied or followed the onset of complete
heart block. Nonetheless, this is an ex-
tremely precarious period and close surveil-
lance with continued monitoring essential.
In three patients perforation of the right
ventricular myocardium has occurred and
although no evidence of intrapericardial
bleeding was found at subsequent thora-
cotomy when the bare tip of the catheter
was seen protruding from the myocardium
after opening the pericardium, loss of
optimum pacemaking control producing a
potentially untenable therapeutic position
made thoracotomy an urgent matter. One
patient, a 72-year-old man with a one-day
history of sudden onset of Adams-Stokes
attacks every 60 to 90 seconds demon-
strated complete atrioventricular dissocia-
tion with a ventricular rate of 36, an
auricular rate of 85 and left bundle branch
block. An intracardiac pacemaking cathe-
ter electrode was passed on the day of
admission and he was pacemade for five
days satisfactorily before demise, presuma-
bly secondary to another Adams-Stokes
uncontrolled by the catheter which had
probably shifted its position in the right
ventricle. Operation was to have been
undertaken the following day. (This myo-
cardium at autopsy demonstrated small
areas of fibrosis in the upper portion of the
interventricular septum. )

Reversion to Sinus Rhythm with In-
tracardiac Pacemaking Catheter. One pa-
tient, a 43-year-old woman, was transferred
by helicopter with an 18-month history of
rapidly recurring Adams-Stokes attacks of
recent increasing frequency and severity.
Eye witness accounts suggested that she
first became quite pale, then suddenly un-
conscious with no evidence of cardiac
action. She then resumed a regular cardiac
rhythm at about 40/min. associated with
disorientation in the recovery period which
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lasted about three minutes. Flushing had
not been noticed. There was a history of
rheumatic fever at age eight. On physical
examination she demonstrated an aortic
ejection systolic and early diastolic mur-
mur. Although presumably in sinus rhythm
on admission the initial electrocardiogram
showed complete heart block with a ven-
tricular rate of 36 and right bundle branch
block complexes. She had no further
Adams-Stokes attacks but insertion of an
intracardiac pacemaking catheter electrode
was elected as a precautionary measure in
view of the very frequent attacks she had
so recently sustained. This was effected on
October 15, 1961. Catheter pacemaking re-
sulted in return to sinus rhythm with a
rate of 88/min. and a normal p-r interval
with only an occasional response to the
pacemaker set at 72. The catheter was
removed after 72 hours, and she remained
in sinus rhythm for two months. Recur-
rence of Adams-Stokes attacks subse-
quently led to insertion of an inductive coil
system on December 27, 1961, and she con-
tinues to be pacemade to date with no
untoward effects.

Complications and Mortality. Of this
group of 30 patients, there are currently 15
long-term survivors pacemaking without
difficulties. Four of these 15 have required
re-operation. Eleven have undergone no
subsequent operative procedures other
than the initial insertion. One of these has
a small persistent sinus.

Re-operations: One male patient has
undergone insertion of a new inductive
coil attached to the previous inductive
leads because of a broken inductive lead
at the point of exit from the coil due to
sharp angulation and subsequently is being
pacemade satisfactorily at 33 months. A
second male patient underwent re-opera-
tion and replacement of inductive coil
system because of a broken inductive coil
lead at the myocardial teflon interface
and is pacemaking satisfactorily at eight
months. A third male patient is pacemaking
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satisfactorily at 22 months on inductive
leads converted to direct leads at 20
months after infection about the inductive
coil necessitated its removal after insertion.
Finally, one female patient is pacemaking
at 22 months after retained direct leads
"shorted out" the inductive coil leads neces-
sitating re-operation, removal of retained
direct leads and insertion of a second
inductive coil system.

Mortality. Of this group of 30 patients
15 have died over the subsequent three-
year period (Table 2).

Summary of Failures and Complications

In the five instances where the cause of
death was unknown, postmortem examina-
tion of the electronic components along
with gross and microscopic analyses of the
myocardial tissues gave no indication of
the primary cause of failure. By exclusion,
however, the inductive coil system should
be implicated-although no means are
available to prove this.
A prototype pulse generator has failed in

one instance resulting in death. The re-
sponsible component was the charging ca-
pacitor. Subsequent capacitors of greater
reliability were utilized.

Ingress of extracellular and interstitial
fluid through the encapsulating teflon
coating of a prototype internal coil resulted
in the coil going high resistance, unsatisfac-
tory pacemaking and subsequent death in
one instance.

Infection about the inductive coil has
necessitated removal in one instance and
will probably result in removal and re-
placement in another. The importance of
scrupulous hemostasis, meticulous technic
and obliteration of dead space about the
internal coil are apparent.
The technic of removal of the direct

pacemaking leads in the late postoperative
period has been described under "Opera-
tive Proceduire." In one instance wvherein
this could not be effected, there resulted
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an effective shorting out of the inductive
leads. This resulted from improper implan-
tation of a direct lead between the two
inductive leads in the myocardium. The
retained direct lead functioned as a low
resistance impedence with subsequent dis-
sipation of stimulating inductive energy.
Re-operation became necessary because of
increasing power demands. The retained
direct leads were removed and a new
inductive coil system inserted.

Breakage of inductive coil leads has oc-
curred in three instances. One occurred at
the point of exit from the internal coil
prior to passage through the intercostal
tissues and turning down into the left
pleura space. This was believed to be
secondary to sharp angulation of the induc-
tive lead. Insertion of a new internal coil
attached * to the old inductive leads be-
came necessary. A second inductive coil
lead broke at the Teflon rectangle-Teflon
insulation interface and required insertion
of a new inductive coil system. The third
inductive coil lead broke at the Teflon
rectangle-Teflon insulation interface and
resulted in death. (No lead breakage has
occurred after modification of the technic
of implantation as depicted in Fig. 9
wherein the Teflon insulation extends
beneath the re-inforcing Teflon rectangle
and abutts on epicardium.)

Discussion

The inductive coupled coil pacemaking
system with external control of pulse rate,
width, amplitude and therefore total en-
ergy is one method for the control of com-
plete atrioventricular dissociation and the

* The break was located on lateral and oblique
chest films. At re-operation, the wire strands of
the two leads of the new coil were inter-twined
with those of the old inductive leads and suture
re-enforced with number 35 stainless steel. A
polyethylene sleeve was pulled over the joint and
dental cemiient impacted downn the sleeve. Silicone
comiipound was painted over the entire joint and
entrance into the pleural cavity avoided.
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TABLE 2. Non-survivors

359

Age Sex Date of Death Primary Cause

1. 72 M 1 day before operation Malpositioning of intracardiac pace-making catheter.
2. 76 M 1 day Myocardial infarction.
3. 68 M 2 days Sudden total collapse of left lung.
4. 72 M 2 days Respiratory insufficiency and bilateral

bronchopneumonia.
5. 71 F 3 days Undetermined.
6. 67 MI 6 days Undetermined.
7. 59 M 7 days Ventricular tachycardia with pacemaker set at

50/minute.
8. 71 M 2 weeks Undetermined.
9. 61 F 3 months Broken inductive lead at teflon epicardial interface.

10. 60 MI 4 months Pulmonary infarct with S.B.E.
11. 33 M 4 months Mechanical failur of charging capacitor in pulse

generator.

12. 55 M 5 months Undetermined.
13. 57 M 11 months Undetermined.
14. 41 M 16 months High resistance of internal coil secondary to ingress of

extracellular and interstitial fluid.

15. 60 F 32 months Carcinoma of bladder. (Pacemaking until demise.)

prevention of Adams-Stokes attacks. The
stimulating power source is immediately
available for examination and alteration.
The radio-frequency methods employ es-
sentially the same principles. Totally im-
plantable systems (Senning 1959, Chardack
et al.7 and Zoll et al.35) while presenting
the advantage of no external apparatus and
obviating the possibility of loss of co-axial
alignment between external and internal
units with subsequent loss of pacemaking
relinquish external immediate control of
the aforementioned parameters.
The problem of lead breakage can be

lessened by employing electrodes of suf-
ficient tensile strength to withstand flexure
attendant with cardiac motion over the
years. The recently reported platinum-
iridium helical spring electrodes (Chardack
et al.7) seem most promising. It is conceiva-
ble that the more recently reported method
of radiofrequency stimulation employing a
receiver unit attaclhed directly to the myo-
carditmn wvithout electrodes by Cammilli et
al." may prove to be the ultimate method
with maintenance of external control. Fur-

ther evaluation of the clinical applications
of these innovations will be of interest.
We have observed no instance in this

series of a "runaway" pacemaker nor any
instance wherein the pacemaker has been
implicated in the production of ventricular
fibrillation (Zoll et al.35 ).
Asynchrony of auricular and ventricular

systoles resulting from artificial pace-
making has not seemed to result in any
untoward manifestations.

In certain patients of this series it has
become apparent that after 15 to 18 months
of continual pacemaking, the power de-
mand at the myocardium for continual
satisfactory pacemaking increases approxi-
mately 15 per cent with an apparent in-
crease in myocardial threshold. The exact
reason for this increase has not yet been
definitely determined. We have postulated
that this may be a manifestation either of
fibrosis about the electrodes or of polariza-
tion of the electrodes. If the latter proves
to be partially or totally responsible and
the biphasic voltage induced at the myo-
cardium is indeed critical in regard to the
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polarity of the leading edge (rising posi-
tively or rising negatively), it is conceiva-
ble that this postulated cause and observed
effect resulting in an increase in myocardial
threshold can be reversed-simply by
turning the external coil over or reversing
the two connections at the pulse generator
at regular intervals.

Summary
Experience with 30 patients undergoing

long-term inductive coupled coil pace-
making for complete atrioventricular dis-
sociation with Adams-Stokes attacks is
presented.

History, evolution of the method, ra-
tionale of the therapeutic approach and
the characteristics of induction as em-
ployed are presented.
The inductive coupled coil system with

its pulse generators and their modifications
are described.
Management of patients with Adams-

Stokes attacks and considerations involved
in the selection for insertion of long-term
inductive coupled coil pacemakers are dis-
cussed.

Electronics systems utilized before,
during and after the operative procedure
are enumerated and described.
The operative procedure is described.
Clinical analyses including age and sex

distribution, etiology, duration of symp-
toms, electrocardiographic findings, use of
the intracardiac pacemaking catheter elec-
trode and timing of operation are presented.

Analyses of morbidity and mortality are
presented.
Advantages and disadvantages of cur-

rently available pacemaking systems, the
problem of broken leads and the observed
increase in myocardial threshold after long-
term pacemaking with postulated explana-
tions are discussed.
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