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Appraisal of Electroconversion in Treatment of
Cardiac Dysrhythmias

LEON RESNEKOV* AND LAWSON McDONALDt
From The Institute of Cardiology, National Heart Hospital, London W.1

In 1962 Lown and his colleagues (Lown, Amara-
singham, and Neuman, 1962a; Lown et al., 1962b)
described the experimental development and suc-
cessful clinical use of direct-current shock for the
conversion of atrial and ventricular dysrhythmias to
sinus rhythm, which was soon confirmed by others
(O'Brien, Resnekov, and McDonald, 1964; Oram
et al., 1964; Morris et al., 1964). An analysis of
the indications, results, and complications of the
method is presented below; this is based on obser-
vations that have been made on 220 consecutive
patients with atrial and ventricular dysrhythmias
which were associated with a wide variety of under-
lying heart disease, and treated by direct-current
shock.

METHODS

Clinical and Laboratory. A careful history was taken
from all patients before treatment, with particular note
of the duration of the dysrhythmias, drug therapy, and
past cardiac surgery. Patients were examined clinically
before direct-current shock and on the day after it.
Twelve-lead standard electrocardiograms were recorded,
and if the nature of the dysrhythmia was still uncertain
the effect of carotid sinus compression was noted, or
additional leads, such as lead CR1 or an oesophageal
lead, were recorded. Three chest radiographs were
taken before and after treatment: a postero-anterior view,
a lateral view (right), and a penetrated antero-posterior
grid view at 122 cm. (40 in.) to indicate the size of the
left atrium. The electrocardiogram and chest radio-
graphs were repeated on the day after treatment, and
sometimes on the second day after treatment if there
had been a significant alteration in heart size after direct-
current shock. -The over-all size of the heart was
estimated by the cardiothoracic ratio (Danzer, 1919),
and the left atrium was graded from the penetrated
antero-posterior grid view into normal (N), slight (+ 1),
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moderate (+ 2), and severe (+ 3) enlargement. The
erythrocyte sedimentation was measured by a modifica-
tion of Westergren's technique (Dawson, 1960), on the
day before and the day after treatment. Serum levels
of aspartate aminotransferase were measured by the
Sigma-Frankel method (1956, 1961), and lactic dehydro-
genase by the technique of Berger and Broida (1957,
1960). The sedimentation rate and levels of the serum
enzymes were repeated daily until the levels before treat-
ment were again reached. Blood urea levels and levels
of serum electrolytes were measured in all patients
receiving diuretic therapy. The duration of anticoagu-
lant therapy was noted, and the thrombotest (Owren,
1959) was performed to ascertain that the level of con-
trol was satisfactory, and if necessary the dosage was
readjusted. The height and weight of each patient were
measured, and the body surface area was determined
from the nomogram prepared according to the formula
of Du Bois and Du Bois (1916).

Electroconversion. The Lown Cardioverter* was used
throughout for electroconversion; the apparatus consists
of a capacitor of 16 microfarads charged to a direct-
current voltage by a variable transformer over 10 to 15
seconds (Fig. 1). The capacitor discharges over a mean
of 2-5 milliseconds through an inductance coil of 100
millihenrys and across the resistance of the body (which
varies from patient to patient but is in the order of 50 to
100 ohms) to produce the impulse whose waveform is
shown in Fig. 2. The energy delivered is a function of
the initial direct-current voltage and the characteristics
of the capacitor and the inductance; it is expressed in
joules, or watt-seconds. The discharge is applied at a
precise moment in the cardiac cycle and is activated by
the R wave of the electrocardiogram, or by the S when
the R is ofinsufficient amplitude. Mechanical switching
allows a delay of 20 milliseconds after the R or S wave,
for actual discharge ofthe capacitor; the vulnerable phase
of ventricular repolarization is avoided (30 milliseconds
before the apex of the T wave) and the risk of ventricular
fibrillation is thereby lessened. Digoxin or other digi-
talis preparations were withheld for at least 24-48 hours
before electroconversion. Quinidine, 300 mg., was given

* American Optical Company.
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ImSEC.EI
FIG. 2.-Slightly underdamped current and voltage waveform.
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orally or intramuscularly 11 hours before direct-current
shock to a group of patients chosen at random (these are
indicated later).

Patients had no food for 4 hours before treatment.
Pr'emedication was only used in unusually anxious
patients, and consisted of 50 to 75 mg. pethidine intra-
muscularly, except in 5 patients to whom papaveretum,
10 mg., was given. Treatment was usually undertaken
in the anaesthetic room of the operating theatre. A 12-
lead electrocardiogram was recorded and immediately
thereafter anaesthesia was induced by the slow intra-
venous injection of a sleep-dose of 2-5 per cent sodium
thiopentone or 1 per cent sodium methohexitone.
Anaesthesia was maintained with 70 per cent nitrous
oxide, with oxygen administered by a face-mask and
McGill tube, and when needed 0-5 per cent halothane
was added sparingly. In gravely ill patients, however,
and particularly when the cardiac output was very low
or systemic hypotension present, treatment was fre-
quently undertaken in, the ward. No premedication
was then used and anaiesthesia was induced and main-
tained with 50-60 per cent nitrous oxide oxygen and
0-5 per cent halothane. Succinylcholine with con-
trolled respiration was substituted for halothane in
patients who had recently received treatmnent with a
sympathomimetic vasopressor, in order to avoid dys-
rhythmias which might result from the anaesthetic
(Johnstone and Nisbet, 1961). One patient in whom
profound circulatory collapse was present was treated
without anaesthesia.
The heart rate was displayed on a tachometer and the

electrocardiogram on an oscilloscope. Synchronization
of the discharge of the R or the S wave was always tested
before treatmnent (Fig. 3). Blood pressure was measured
before and after the proceedings by a sphygmomano-
meter and arm cuff. Two anterior (Fig. 4) or an

:4 S6~~~~~1
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FIG. 3-Test of synchronization.
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Resnekov and McDonald

FIG. 4.-Electroconversion using two anterior paddles.

anterior and a posterior paddle (Fig. 5) were used to
deliver the shock. The skin was prepared by the liberal
application of electrocardiogram jelly which was well
rubbed in; great care was taken that no part of the
patient's skin was in direct contact with the metal of the
trolley on which he was lying. An initial energy setting
of 100 joules was used with two anterior electrodes in
adults, and 50 joules with antero-posterior electrodes.

Thereafter, if sinus rhythm did not ensue, further shocks
were given at increments of 50 joules, to a total of 400
joules, if indicated. With the development of sinus
rhythm, or failure to achieve sinus rhythm, after opti-
mum energy, the anaesthetic was discontinued, and a
12-lead electrocardiogram taken. Subsequently patients
were either taken to the intensive care unit or returned
to their wards. In either case, oscilloscopic monitoring

FIG. 5.-Electroconversion using an anterior and a posterior paddle. Note that the flat posterior paddle is
rraintained in position by the weight of the patient.
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Electroconversion in Treatment of Cardiac Dysrhythtnias
TABLE I

UNDERLYING HEART DISEASE AND DYSRHYTHMIAS IN 220 PATIENTS

Heart disease Atrial Atrial Atrial Ventricular Total
fibrillation flutter tachycardia tachycardia

Rheumatic
Mitral stenosis, post-operative 73 2 1 - 76
Mitral and aortic valve disease, post-operative 3 - - - 3
Aortic valvar disease, post-operative 6 - - - 6
Mitral regurgitation, post-operative 4 - - - 4
Mitral stenosis 4 - - - 4
Mitral regurgitation 2 - - - 2
Mitral stenosis and regurgitation 2 - - - 2
Mitral and aortic valvar disease 7 - - - 7

Lone 33 7 1 - 41

Chronic ischaemia 16 1 - 3 20
Acute myocardial infarction - - 2 3 5

Cardiomyopathy 5 1 - 1 7
Alcoholic cardiomyopathy 11 - - - 11
Obstructive cardiomyopathy of left ventricle 1 _- - 1
Dystrophia myotonica - 1 - - 1

Atrial septal defect, post-operative 5 10 1 - 16
Ventricular septal defect, pulmonary hypertension - 1 1 - 2
Aortic stenosis, congenital 1 - - - 1
Corrected transposition, "mitral" regurgitation 1 - - - 1

Treated thyrotoxicosis 5 - - - 5

Systemic hypertension, mitral regurgitation 1 1 - - 2

Wolff-Parkinson-White, mild aortic valvar disease - - 1 - 1
Wolff-Parkinson-White, small ventricular septal defect - - 1 - 1

Digitalis - - 1 - 1

Total 180 24 9 7 220

of the electrocardiogram was maintained for 24 hours
or longer, and records of blood pressure every half hour
if hypotension had occurred. Digoxin and diuretic
therapy were continued only in those patients whose
ventricular failure persisted after direct-current shock.
Patients in whom electroconversion was successful were
divided into those to whom quinidine was given as
maintenance therapy in a dosage that varied from 180
mg. every 8 hours to 300 mg. every 4 hours (see later).

Follow-up. This extended from 3 to 36 months, and
the results were separately analysed for those who were
and those who were not taking quinidine.

Further Treatment by Direct-current Shock. Further
attempts to achieve sinus rhythm were made in patients
in whom the initial attempt at electrical conversion was

unsuccessful, as well as in patients inwhom the dysrhyth-
mia recurred.

SUBJECTS

In all, 220 patients with supraventricular and ventricu-
lar dysrhythmias were treated (Table I); the initial treat-
ment failed or the dysrhythmias sometimes recurred
thereafter in some, and 51 patients were treated on a
second occasion, 6 on a third, and 2 on a fourth occasion,
so that altogether 279 episodes of treatment by direct-
current shock are described.
The 220 patients were treated consecutively. None

was excluded because of the severity of his illness.

Patients in whom direct-current shock was used in the
management of cardiac arrest, or in the treatment of
ventricular or supraventricular dysrhythmias arising
immediately after cardiac surgery, however, have not
been included.

Drug-resistant Dysrhythmias. As direct-current shock
was a new form of treatment in the management of car-
diac dysrhythmias (Lown et al., 1962a), it was at first
restricted to patients whose dysrhythmias had resisted
conventional drug therapy. Patients who presented
with atrial fibrillation, atrial flutter, or atrial tachycardia
were treated with digitalis and/or quinidine to the maxi-
mum therapeutic level (McDonald, Resnekov, and
O'Brien, 1964); 50 of such patients were shown to have
a dysrhythmia that was resistant to drugs, of whom 40
had atrial fibrillation, 8 atrial flutter, and 2 atrial tachy-
cardia. The remaining 170 patients of the series were

initially treated by synchronized capacitor discharge.
A failed attempt at drug conversion had often been made
by a physician who subsequently referred many of such
patients for electroconversion. Neither the drugs used
nor the dosages prescribed were uniform; it cannot
therefore be assumed that the dysrhythmias in these
patients were fully resistant to drugs.

Dysrhythmias and Underlying Heart Disease. Atrial
fibrillation occurred in 180 of the total of 220 patients;
rheumatic heart disease was present in 101, of whom 86
had had open or closed heart operations. No under-

789

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.30.6.786 on 1 N
ovem

ber 1968. D
ow

nloaded from
 

http://heart.bmj.com/


Resnekov and McDonald

lying heart disease was evident in 33 patients with atrial

fibrillation; these may be described as "lone" dysrhyth-
mias (Evans and Swann, 1954). Other forms of under-

lying heart disease were ischaemic heart disease (16

patients); cardiomyopathy (17 patients: 11 alcoholic, 1

with evidence of obstruction to outflow of the left ven-

tricle); congenital heart disease (7 patients: 5 with sur-

gically closed atrial septal defect, 1 with aortic valvar

stenosis, and 1 with corrected transposition and regurgi-
tation of the systemic atrioventricular valve); post-

thyrotoxicosis (5 patients treated medically or surgically,
and now euthyroid); and systemic hypertension with

mitral regurgitation (1 patient).

Atrial flutter was present in 24 patients. Two had

rheumatic heart disease and successful mitral valvoto-

mies. In 7 patients the atrial flutter was "lone". One

patient had ischaemic heart disease, 1 had cardiomyo-

pathy, and 1 had atrial flutter in association with dystro-

phia myotonica. An ostium secundum atrial septal
defect had been closed in 10 patients, and in them the

dysrhytbmia had occurred after operation. One patient
had a ventricular septal defect associated with pulmonary
hypertension, and one had systemic hypertension with

mitral regurgitation.

Atrial tachycardia occurred in 9 patients. One

patient had had a successful mitral valvotomy; in 1, the

atrial tachycardia was "lone", 2 patients developed atrial

tachycardia in association with recent cardiac infarction.

In one patient an atrial septal defect had been closed.

One patient had a ventricular septal defect with pul-
monary hypertension. There were 2 patients with the

Wolff-Parkinson-White syndrome (1930), one of whom

had mild aortic valvar disease in addition, and one had

a small ventricular septal defect. One patient with

ischaemic heart disease had atrial tachycardia in associa-

tion with digitalis toxicity.

Ventricular tachycardia was present in 7 patients. Six

had ischaemic heart disease, in 3 of whom the dysrhyth-
mia followed a recent cardiac infarction. One -patient
had a cardiomyopathy.

Age and Sex. The age of the patients treated is shown

in Table IL. Of the 220 patients, 147 were in the fourth

and fifth decades. The youngest was a child of 1 year

with atrial flutter, and the oldest was a man of 76 years

with ventricular tachycardia. There were 135 male

and 85 female patients.

Duration of Dysrhythmias. The duration of the

dysrhythmias before treatmnent is shown in Table III.

The patients with atrial fibrillation tended to have their

dysrhythmia for longer than those with atrial flutter,
atrial tachycardia, or ventricular tachycardia. The

commonest duration of dysrhythmia before treat'ment
was 1 to 3 years (166 patients), but 33 patients had atrial

fibrillation for longer than 5 years, and 10 for longer
than 10 years.

Radiographic Size of Heart. The radiographic size

of the heart is shown in Table IV. Of the 180 patients
with atrial fibrillation, 56 had no over-all enlargement
of the heart, with a cardiothoracic ratio of less than 50

per cent. Ninety-four patients had a cardiothoracic

ratio of between 50 and 59 per cent, and in 30 it exceeded

60 per cent. The left atrium was not enlarged in 36

patients, and was graded +1 in 78, +2 in 61, and +3

in 5 patients.

The cardiothoracic ratio in the 24 patients with atrial

flutter exceeded 50 per cent in 14, and was normal in 12.

TABLE II
AGE IN YEARS, SEX, AND DYSRHYTHMIAS IN 220 PATIENTS

~Age-groups (yr.)

Dysrhythmia 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 Total
M F M F M F M F M F M F M F M F M F

Atrial fibrillation - 5 3 11 11 37 33 38 23 14 5 - 105 75Atrial flutter. 2 1 1 1 1 4 2 2 2 6 - 2 - - - 18 6Atrial tachycardia 1 2 1 - - 1 - 1 1 1 1 - - 5 4Ventriculartachycardia. . . . . ..- 1 - - - 3 - - - 3 - 7 -

Total 2 - 2 3 7 4 16 13 40 35 48 24 17 6 3 - 135 85

TABLE III
DURATION OF DYSRHYTHMIAS BEFORE TREATMENT IN 220 PATIENTS

Dysrhythmia 1 2-7 2-4 2-3 4-6 7-12 13-36 4-5 6-10 > 10 Total____________________ .1dy. dy. wk. mth. mth. mdh. mdh. yr. yr,,, yr.
Atrial fibrillation - 1 13 25 21 33 37 17 23 10 180Atrial flutter - 1 3 5 1 7 3 1 2 1 24Atrial tachycardia 1 2 4 1 - 1 - - - - 9Ventricular tachycardia - 5 2 - - - - -- - 7
Total 1 9 22 31 22 41 40 18 25 11 220

790
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791Electroconversion in Treatment of Cardiac Dysrhythmias

TABLE IV
RADIOGRAPHIC SIZE OF HEART IN 220 PATIENTS

Dysrhythmia _ Cardiothoracic_ratio(%) Left atrium
40-44 45-49 50-54 55-59 > 60 Total N + 1 + 2 + 3 Total

Atrial fibrillation 13 43 56 38 30 180 36 78 61 5 180
Atrial flutter 3 7 9 3 2 24 12 8 3 1 24
Atrial tachycardia 1 1 2 3 2 9 4 2 3 - 9
Ventricular tachycardia - - 3 2 2 7 1 2 4 - 7

Total 17 51 70 46 36 220 53 90 71 6 220

N = normal; + 1, + 2, + 3 = slight, moderate, or severe enlargement.

Of the 9 patients with atrial tachycardia, 7 had over-all were drug resistant, and in 193 (88%) of the total
enlargement of the heart; the left atrium was graded as of 220 patients (Table V).
normal in 4, + 1 in 2, and + 3 in the remaining 3.

All 7 patients with ventricular tachycardia had a Atrial Fibrillation
cardiothoracic ratio in excess of 50 per cent, and the left (1) Underlying Heart Condition
atrium was enlarged in 6.

Rheumatic heart disease. Sinus rhythm was
RESULTS restored in 87 of 101 patients.

Sinus rhythm followed direct-current shock in 43 "Lone." Of 33 patients, 26 were successfully
(86%) of the first 50 patients whose dysrhythmias treated.

TABLE V
IMMEDIATE RESULTS OF DIRECT-CURRENT SHOCK IN RESTORING SINUS RHYTHM IN 220 PATIENTS,

RELATED TO UNDERLYING HEART DISEASE AND DYSRHYTHMIA

Atrial Atrial Atrial Ventricular
fibrillation flutter tachycardia tachycardia Total

Heart disease Success Possible Success Possible Success Possible Success Possible Success Possible

Rheumatic
Mitral stenosis, post-operative 61 73 2 2 1 1 - - 64 76
Mitral and aortic valvar disease, post-

operative 3 3 - - - - - - 3 3
Aortic valvar disease, post-operative 6 6 - - - - - - 6 6
Mitral regurgitation, post-operative 3 4 - - - - - - 3 4
Mitral stenosis 4 4 - - - - - - 4 4
Mitral regurgitation 2 2 - - - - - - 2 2
Mitral stenosis and regurgitation 2 2 - - - - - - 2 2
Mitral and aortic valvar disease 6 7 - - - - - - 6 7

Lone 26 33 7 7 1 1 - - 34 41

Chronic ischaemia 14 16 1 1 - - 3 3 18 20
Acute myocardial infarction - - - - 2 2 3 3 5 5

Cardiomyopathy 5 5 1 1 - - 1 1 7 7
Alcoholic cardiomyopathy 10 11 _- - - - - 10 11
Obstructive cardiomyopathy of left ven-

tricle 1 1 - - - - - - 1 1
Dystrophia myotonica - - 1 1 - - - - 1 1

Atrial septal defect, post-operative 4 5 10 10 1 1 - - 15 16
Ventricular septal defect, pulmonary

hypertension - - 1 1 1 1 - - 2 2
Aortic stenosis, congenital 1 1 - - - - - - 1 1
Corrected transposition, "mitral" re-

gurgitation 1 1 - - - - - - 1 1

Treated thyrotoxicosis 4 5 - - - - - - 4 5

Systemic hypertension, mitral regur-
gitation 1 1 1 1 - - - - 2 2

Wolff-Parkinson-White, mild aortic val-
var disease - - - - 1 1 - - 1 1

Wolff-Parkinson-White, smallventricular
septal defect - - - - 0 1 - - 0 1

Digitalis - - - - 1 1 1 1

Total 154 180 24 24 8 9 7 7 193 220

Per cent 85-5 100 89 100 87,5

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.30.6.786 on 1 N
ovem

ber 1968. D
ow

nloaded from
 

http://heart.bmj.com/


792Resnekov and McDonald

less was the chance of success (Fig. 6). When atrial
fibrillation was present for up to one year there was
a 90 per cent chance of successful version, irrespec-
tive of the underlying heart disease, but when this
period was extended to 3 years the chance of success
fell to 84 per cent. At 5 years it was 80 per cent
and over 5 years it was only 48 per cent.

50.

< Im I-bim. 6m.-lyr. 1-3yr. 3-5yr. >5yr.
Duration of atrial fibrillation

FIG. 6.-Percentage of successful treatment and duration of
atrial fibrillation before electroconversion (excluding lone

atrial fibrillation). m., months; yr., years.

Ischaemic heart disease. Of 16 patients, 14 were
successfully treated.

Other. All 16 patients with cardiomyopathy
were successfully treated. One patient with sur-
gically closed atrial septal defect failed to convert
to sinus rhythm, and one patient who had had
thyrotoxicosis treated medically also failed to come
into sinus rhythm.
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FIG. 8.-Percentage of successful electroconversion of atrial
fibrillation and size of left atrium before treatment (excluding
loneatrial fibrillation). Normal to 1, normal or slightly en-

larged; 2-3, moderate or severe enlargement.

(2) Age and Sex. Age and sex did not alter the
chance of successful treatment.

(3) Duration of Dysrhythmia. The longer the
duration of atrial fibrillation before treatment the

100-,

90

80

70-

40-49 50-54 >55

Cardiothoracic ratio %
FIG. 7.-Percentage of successful electroconversion of atrial
fibrillation and cardiothoracic ratio per cent before treatment

(excluding lone atrial fibrillation).

(4) Heart Size. The success rate after direct-
current shock was inversely related to the cardio-
thoracic ratio (Fig. 7), excluding the 33 patients
with "lone" atrial fibrillation in whom no such
relation existed. Once the ratio exceeded 55 per
cent the success rate fell to less than 82 per cent.

Enlargement of the left atrium similarly lessened
the chances of success (Fig. 8). Again, patients
with "lone" atrial fibrillation were exceptional; the
left atrium was seldom enlarged in these patients,
yet only 26 of 33 achieved sinus rhythm.

Atrial Flutter
Sinus rhythm was restored in all patients.

Atrial Tachycardia
Of 9 patients, 8 were treated successfully. The

only patient in whom the dysrhythmia persisted had
the Wolff-Parkinson-White syndrome in association
with a ventricular septal defect.

Ventricular Tachycardia
All 7 patients returned to sinus rhythm; the

dysrhythmias were all of short duration.
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Electroconversion in Treatment of Cardiac Dysrhythmias

TABLE VI
ENERGY LEVEL SETTING FOR SUCCESSFUL CONVERSION OF 193 PATIENTS TO SINUS RHYTHM

793

Energy level setting (joules)
Dysrhythmia Total50 100 150 200 250 300 350 400

Atrial fibrillation 4 13 53 20 34 11 10 9 154Atrial flutter 6 2 15 1 - - - - 24Atrial tachycardia 4 1 3 - _ _ - - 8Ventricular tachycardia 4 - 3 - - - - - 7
Total 18 16 74 21 34 11 10 9 193

ENERGY REQUIREMENTS, NUMBER OF SHOCKS,
AND POSITION OF ELECTRODES

Energy Setting and Number of Shocks
The energy setting (in joules) for the successful

conversion of the 191 patients is shown in Table VI.

(1) Dysrhythmia
Atrial fibrillation. Of the 154 patients success-

fully treated, 82 required shocks of up to 200 joules,
45 required 250 or 300 joules, and 19 required 350
or 400 joules.

Atrial flutter. Patients with atrial flutter re-
quired less energy settings than those with atrial
fibrillation, all except one achieving sinus rhythm
at up to 150 joules.

Atrial tachycardia. No patient required more
than 150 joules.

Ventricular tachycardia. Four patients with ven-
tricular tachycardia required energy settings of up
to 50 joules, and 3, of 150 joules.

(2) Duration of Dysrhythmia, Radiographic Size
of Heart, Body Surface Area. No correlation was
found between the duration of the dysrhythmia,
the cardiothoracic ratio, the size of the left atrium,
or the body surface area and the amount of energy
required for successful version.

(3) Quinidine. Preceding quinidine did not affect
the energy levels needed in patients with atrial
fibrillation, atrial flutter, atrial tachycardia, or ven-
tricular tachycardia.

Anterior, or Anterior and Posterior Electrodes
Patients were treated using anterior electrodes

across the long axis of the heart (Fig. 4), or anterior
and posterior electrodes (Fig. 5) to determine whe-
ther significantly lower levels of energy were used
with electrodes in the latter position (Lown, 1964a).
A comparison of the electrical energies used for the
conversion to sinus rhythm of 160 -patients, all of
whom had atrial fibrillation, is shown in Fig. 9.

Of these patients, 80 were treated with electrodes
in the anterior and 80 with electrodes in the anterior
and posterior position. In either case the negative
electrode was positioned at the apex of the heart.
It can be seen that the most successful energy set-
ting in achieving sinus rhythm was in the range 100-
199 joules using anterior electrodes, and 200-299
joules using antero-posterior electrodes. Though
significantly less energies for the electroconversion
of dysrhythmias do not accompany using antero-
posterior electrodes, the flat posterior electrode is
convenient to use for it requires no additional
support.

PATIENTS WHO FAILED TO REVERT TO SINUS
RHYTHM

There were 27 initial failures out of the 220
patients who were treated (Table VII); 26 of these
patients had atrial fibrillation, and 1 had atrial
tachycardia in association with the Wolff-Parkinson-
White syndrome and a small ventricular septal de-
fect. Of the patients with atrial fibrillation, 12 had
a mitral valvotomy performed for mitral stenosis,
and the dysrhythmia had been present for an aver-
age duration of 8 years. Furthermore, the cardio-
thoracic ratio of these patients always exceeded 50
per cent, frequently exceeded 60 per cent, and the
size of the left atrium was always increased; 10 had
additional important mitral regurgitation. In con-
trast, 7 patients with "lone" atrial fibrillation failed
to convert to sinus rhythm, despite the fact that the
heart size was normal in all. Atrial fibrillation had
been present for an average duration of 8 years
before treatment in the remaining 7 patients; their
cardiothoracic ratio averaged 55 per cent and the
left atrium was enlarged in all except 2.

Quinidine. The giving or withholding of quini-
dine before treatment was not a factor in the success
or initial failure of electroconversion.

Further attempts were made to achieve sinus
rhythm by direct-current shock in 6 of the patients,
and these attempts will be described separately (see
Follow-up Studies).
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ELECTRODE POSITION NO. OF PATIEtTS

= Ateri, r

_ fero-?csterior

s0

80

1 99 100 199 200 299 300 - 400

ENERGY SETTING, Jouits

FIG. 9.-Energy setting distribution used in 160 patients with atrial fibrillation, who were successfully treated,
to show the effect of the position of the electrodes on the energy needed for electroconversion.

TABLE VII
DETAILS OF 27 PATIENTS WHO FAILED TO COME INTO SINUS RHYTHM WITH DIRECT-CURRENT SHOCK

(INITIAL TREATMENT)

Dysrhythmia Radiographic
size of heartPatient Heart disease Electrocardiogram* Comment

No. Type Dura- CTR Left
tion (") atrium
(yr.) (N to+ 3)

8 Mitral stenosis, post- Atrial fibrillation 14 64 + 1 _ MR, + 1
operative

14 ,,,,,, ,, ,, 6 54 + 2 LV + MR, + 2
36 , , , 10 71 + 2 LV + MR, + 1
58 ,, , ,, , 9 67 +3-
60 ,, ,,,, ,, ,, 6 52 + 1 _ MR, + 1, AR, + 1
74 ,, ,' , 6 57 + 2 - MR, + 1

125 ,, , ,, 9 74 + 3 LV + MR, + 1
163 ,,,,,, ,, ,, 8 68 + 2 - MR, + 1
164 ,,,,,, ,, ,, 14 65 +2 - MR, + 1, AR, + 1
171 ,,,,,, , , 3 52 + 2 - MR, + 2, MS, +1
177 ,,,,,, ,, ,, 3 56 + 1 - MR, + 2
196 ,,,,,, ,, ,, 6 66 + 2 - MR, + 2
39 Mitral regurgitation, ,, ,, 4 55 +2 LV + MR, +2

post-operative RV +
56 Mitral and aortic valvar ,, ,, 3/12 60 +2 LV +

disease RV +
13 Lone ,, ,, 13 57 + 1 -

27 ,, ,, ,, 15 46 + 1 - _
45 , ,, ,, 5 47 N - _
97 ,, ,, ,, 10/12 47 N - _
114 ,, ,, ,, 2 44 N -
144 ,, ,, ,, 6 wk. 43 N -
201 1 60 +2 -
62 Atrial septal defect, post- 8 71 + 2 Inc. RBBB Atrial septal defect open

operative
65 Ventricular septal defect, Atrial tachycardia 9 dy. 53 N Inc. RBBB; Wolff- Ventricular septal defect

Wolff-Parkinson-White Parkinson-White small
118 Chronic ischaemia Atrial fibrillation 15 53 + 1 Ischaemic segments and

T waves
208 ,, ,, ,, ,, 3 56 + 1 Ischaemic segments and -

T waves
99 Treated thyrotoxicosis ,, ,, 14 46 N _ Familial atrial fibrilla-

tion
190 Alcoholic cardiomyo- ,, ,, 10 45 N - -

pathy

Inc. RBBB = incomplete right bundle-branch block.
CTR = cardiothoracic ratio.
MR and AR = mitral and aortic regurgitation; MS = mitral stenosis.
* Significant electrocardiographic changes before direct-current shock.
LV+ and RV+ = left and right ventricular hypertrophy.
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Electroconversion in Treatment of Cardiac Dysrhythmias

TABLE VIII
INTERVENING RHYTHM: 148 EPI-
SODES IMMEDIATELY AFTER
DIRECT-CURRENT SHOCK IN 116

OF 220 PATIENTS TREATED

Rhythm No.

Ventricular ectopic beats 53
Atrial premature contractions 49
Nodal ectopic beats 17
Wandering pacemaker 12
Prolonged P-R interval 8
Atrioventricular dissociation 2
Bradycardia 6
Atrial flutter 1

Total episodes 148

INTERVENING RHYTHMS
Temporary disturbances of rhythm were frequent

immediately after direct-current shock, both in the
patients who returned to sinus rhythm and in
those who did not. There were 148 episodes
occurring in 116 of 220 patients treated (Table
VIII). Many of the patients were receiving di-
uretic therapy, but showed neither clinical nor
laboratory evidence of abnormal electrolyte bal-
ance. All patients except 5 had received digitalis
which was always discontinued 24-48 hours or
longer before treatment. Of these 5 patients, 3
developed frequent atrial and ventricular premature
contractions before returning to sinus rhythm. An
increased incidence of ventricular ectopic beats
after DC shock was significantly correlated with the
use of higher energy levels, but did not appear to
be related to the underlying heart disease or to the
dysrhythmia being treated.

COMPLICATIONS
Complications occurred in 31 (14-5%) of the 220

patients treated (Table IX). Transient changes of
rhythm (see intervening rhythms above) and super-
ficial skin burns have been excluded; these latter
(Fig. 10) can usually be prevented by the liberal
use of electrode-jelly rubbed well into the skin to
lower its electrical resistance; if they occur they
usually fade within two or three days.

TABLE IX
COMPLICATIONS OF DIRECT-CURRENT SHOCK

IN 220 PATIENTS

Complication No.
Raised levels of serum enzymes 20
Pulmonary oedema, increased size of heart 7
Hypotension 7
Electrocardiographic change 6
Embolism 3
Death, late 4
Third heart sound 2
Other 1

(1) Enzyme Changes. Twenty patients showed a
significant rise in the serum levels of the lactic de-
hydrogenase and aspartate aminotransferase after
treatment, which was frequently associated with
additional complications.

FIG. 10.-Superficial skin burns after direct-current shock.

(2) Increase in Heart Size and Pulmonary Oedema.
In 7 patients a significant increase in the cardio-
thoracic ratio (1-6 cm., av. 4 cm.) followed the treat-
ment, and was invariably associatedt with pulmonary
venous distension or frank pulmonary oedema.
The increase in the size of the heart (Fig. 11) usually
lasted for 1 or 2 days, and always responded to rest
in bed, digitalis, and diuretics While acute
pulmonary oedema with obvious dyspnoea occurred
in 2 of the patients, undue breathlessness was not
noted in the remaining 5 while at rest, despite a
significant increase in the size of the heart and dis-
tension of the pulmonary veins shown radio-
graphically.

(3) Hypotension. Hypotension, defined as a sys-
tolic blood pressure of 80 mm. Hg, or less, which
persisted for 1 hour or longer, folowed the direct-
current shock in 7 patients. It was shown to be
caused by the anaesthetic, persisted for not longer
than 3 hours after the treatment, and never required
the use of parasympathomimetic drugs.
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Resnekov and McDonald

ATRIAL FIBRILLATION SINUS RHYTHM
FIG. 11.-Chest x-ray, patient No. 138 (chronic ischaemic heart disease) in atrial fibrillation on the left and
sinus rhythm on the right. The cardiothoracic ratio is 48 per cent in atrial fibrillation and 53 per cent in

sinus rhythm when pulmonary oedema is also shown.

(4) Electrocardiographic Abnormalities. T wave
inversion followed the direct-current shock in 4
patients and the pattern of an anterior cardiac infarc-
tion was recorded in 1 patient and has persisted over
many months. Persistent multifocal ventricular
ectopic beats followed the direct-current shock (400
joules) in a further patient.

(5) Embolism. Three patients developed an
embolus. The first, who had developed hypo-
tension immediately after the treatment and
inversion of the T waves in leads V4 to V6 of the
electrocardiogram, developed pleuritic pain on the
day after treatment; a chest x-ray showed linear
atelectasis due to pulmonary infarction. Treat-
ment for his atrial fibrillation had been undertaken
with a satisfactory level of anticoagulant control.
The second patient developed attacks of paroxysmal
atrial tachycardia 6 weeks after the establishment
of sinus rhythm when anticoagulants had already
been discontinued, and during this paroxysmal
dysrhythmnia developed a cerebral embolus which
resulted in a hemiplegia. The third patient had
developed atrial tachycardia in association with a
recent cardiac infarction. Sinus rhythm was estab-
lished after a single shock of 50 joules. Anti-
coagulant therapy was not being given at the time.
Six hours later an aortic saddle embolus occurred.
The circulation was re-established after removal of
the embolus within two hours; he made an un-
eventful recovery.

(6) Deaths After Treatment. Death was directly
or indirectly related to treatment by direct-current
shock in 4 patients.

Patient 5I had atrial fibrillation in association with
mitral stenosis. Sinus rhythm was achieved using 150
joules, and a maintenance dose of quinidine of 300 mg.,
6-hourly, was subsequently given. Ventricular fibrilla-
tion developed 36 hours later and failed to respond to
resuscitative measures.

Patient 90 died 7 months after the re-establishment of
sinus rhythm. A cerebral embolus occurred 6 weeks
after treatment and subsequently atrial fibrillation
recurred and persisted. Though valvotomy had relieved
previous aortic stenosis she was left with considerable
aortic regurgitation; progressive.renal failure preceded
her death in uraemia.

Patient 134 was referred from a distant hospital be-
cause of ventricular tachycardia which had been present
for 2 days, was resistant to drug therapy, and had fol-
lowed an acute cardiac infarction some 9 days before.
On arrival he was in extremis and in severe left ventricu-
lar failure; cardiac arrest supervened while preparation
was being made for direct-current shock without anaes-
thesia. In this case a single unsynchronized shock
resulted in sinus rhythm and there was a dramatic
improvement in his condition. Twenty-four hours
later, however, cardiac arrest occurred once more and
failed to respond to resuscitative measures; he died.

Patient 210 had atrial fibrillation in association with
chronic ischaemic heart disease; sinus rhythm occurred
after a direct-current shock of 200 joules. Two weeks
thereafter, however, bronchial pneumonia occurred, and
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Electroconversion in Treatment of Cardiac Dysrhythmias

at this time atrial fibrillation returned. She died 1 day
later; death appeared to be due to the toxic effects of
her chest infection.

(7) Left Ventricular Third Heart Sound. Two
patients developed loud left ventricular third heart
sounds on the day after treatment.

(8) Other. One patient developed a high fever
on the night after treatment; investigation confirmed
the clinical diagnosis of acute staphylococcal bac-
terial endocarditis. Infection was thought to have
been introduced at the time of mitral valvotomy
three weeks previously.

FOLLOW-UP STUDIES
A follow-up study extending from 3 to 36 months

was undertaken in the 193 of the 220 patients
brought into sinus rhythm. Six patients died dur-
ing the follow-up period and have been excluded;
a further 4 patients could not be traced so a total
of 183 patients was available for long-term follow-
up. 4
Of these 183, 52 (28 -4%) patients have remained

in sinus rhythm; 131 (71 5%) have reverted to the
original dysrhythmia. Of these latter patients, 45
were treated by direct-current shock on subsequent
occasions and these attempts will be described
separately.

Patients Remaining in Sinus Rhythm
(1) Dysrhythmia and Underlying Heart Disease

(Table X).
Atrial fibrillation. Thirty-five patients (23 6%)

have maintained sinus rhythm after their initial
electroconversion. Rheumatic heart disease was
present in 16, of whom 12 had had a mitral
valvotomy performed for mitral stenosis. Mitral
and/or aortic valvar replacement had been per-
formed in the remaining 4. None of the 16
patients with mitral and aortic valvar disease whose
lesions had not been operated upon remained in
sinus rhythm.
Of the 25 patients with "lone" atrial fibrillation,

4 are still in sinus rhythm, as are 4 of 12 with
chronic ischaemic heart disease and 6 of 14 patients
with cardiomyopathy, including 4 out of 10 due to
alcohol.
None of the 4 patients in whom atrial fibrillation

was associated with surgical closure of an ostium
secundum atrial septal defect has remained in sinus
rhythm (compare atrial flutter-below), but the
patient with congenital aortic stenosis and all 4 with
treated thyrotoxicosis have maintained sinus
rhythm.

Atrial flutter. Thirteen patients (56-5%) have
remained in sinus rhythm, including both patients
in whom a mitral valvotomy had been performed,
and 4 of 6 in whom atrial flutter was apparently
unassociated with heart disease. Nine out of 10
patients whose atrial flutter followed surgical closure
of an ostium secundum atrial septal defect main-
tained sinus rhythm.

Atrial tachycardia. One patient only (14-3%)
maintains sinus rhythm. Her dysrhythmia was
due to the Wolff-Parkinson-White syndrome, but
in addition she has evidence of mild aortic valvar
disease.

Ventricular tachycardia. Three patients (60%)
are still in sinus rhythm: in 2, ventricular tachy-
cardia was associated with chronic ischaemic heart
disease; cardiomyopathy was present in the re-
maining patient.

(2) Duration of Dysrhythmia before Direct-current
Shock. Of the 52 patients, 18 were treated for a
rhythm disturbance present for less than 3 months,
including 11 patients with atrial fibrillation (Table
XI). Only 9 of the patients who remained in sinus
rhythm had atrial fibrillation or flutter for more than
3 years before treatment.

(3) Radiographic Size of Heart. The cardio-
thoracic ratio of the heart was less than 50 per cent
in 21 of the 52 patients and only in 3 did it exceed
60 per cent (Table XII). Furthermore, the left
atrium (Table XII) was graded as being normal in
size in 19, minimally enlarged in a further 19, and
only 1 patient had considerable selective enlarge-
ment of this heart chamber.

(4) Quinidine. Of the 52 patients who remained
in sinus rhythm, 10 were maintained on quinidine
sulphate 1 2 g./day and 42 were not.

Patients in Whom Dysrhythmia Recurred
Of the 183 patients, 131 (71 5%) have reverted

to their original dysrhythmia.

(1) Dysrhythmia and Underlying Heart Disease
(Table XIII).

Atrial fibrillation. One hundred and thirteen
patients (76 5%) have reverted to atrial fibrillation.
Rheumatic heart disease was present in 69, of whom
48 had had a mitral valvotomy. Mitral and/or
aortic valvar replacement had been performed in 8
and all 16 patients with mitral or aortic disease
whose valvar lesions had not been operated on re-
verted to atrial fibrillation.
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798 Resnekov and McDonald

TABLE X
52 PATIENTS OF 183 AVAILABLE FOR FOLLOW-UP STUDY IN WHOM SINUS RHYTHM WAS MAINTAINED

AFTER ELECTROCONVERSION (FIRST TREATMENT), RELATED TO UNDERLYING HEART DISEASE
AND DYSRHYTHMIA

Atrial Atrial Atrial Ventricular Total
fibrillation flutter tachycardia tachycardia

Heart disease 4:1.a., I..,i ,e

U _j U
U, U _, u

_ U
U

lu
ce

lu
uz c t0~~~~~~~~~~~.ut 0

Rheumatic
Mitral stenosis, post-operative 60 12 2 2 1 0 _ 63 14
Mitral and aortic valvar disease, post-operative 3 1 _ _ _ _ _ 3 1
Aortic valvar disease, post-operative 6 3 _ _ _ _ _ 6 3
Mitral regurgitation, post-operative 3 0 _ _ _ _ _ 3 0
Mitral stenosis 3 0 _ _ _ _ _ 3 0
Mitrall regurgitation 2 0 _ _ _ _ _ 2 0
Mitral stenosis and regurgitation 2 0 _ _ _ _ _ 2 0
Mitral and aortic valvar disease 6 0 _ _ _ _ _ 6 0

Lone 25 4 6 4 1 0 _ 32 8

Chronic ischaemia 12 4 1 0 _ _ 3 2 16 6
Acute myocardial infarction _ _ _ _ 2 0 1 0 3 0

Cardiomyopathy 4 2 1 0 _ _ I 1 6 3
Alcoholic cardiomyopathy 10 4 _ _ _ _ _ _ 10 4
Obstructive cardiomyopathy of left ventricle I 0 _ _ _ _ _ _ 1 0
Dystrophia myotonica _ _ 1 0 _a _ _ 1 0

Atrial septal defects post-operative 4 0 10 7 1 0 6315 7
Ventricular septal defect, pulmonary hypertension 3 _ 1 01 _ _ 31 0
Aortic stenosis, congenitale 1, p v 6 3 . 1 1
Corrected transposition,"Mitral"regurgitation, 0 . . . . . 31 0

Treated thyrotoxicosis 4 40 . . . _ 34 4

Systemic hypertension, mitral regurgitation 2 0 1 O _ _ _ _ 2 0

Wolff-Parkinson-White,mild aortic valvar disease 1 1 61 1

Digitalis 1 0 - - 3 8

Total 148 35 23 13 7 1 5 3 183 52

Percent 236 565 14-3 60 284

DCO= Direct-current shock.

Of 25 patients with "lone" atrial fibrillation, 21 tion of the systemic atrioventricular valve, as well
reverted, as did 8 of 12 patients with chronic as the patient with systemic hypertension and mitral
ischaemic heart disease and 8 of 14 patients with regurgitation, all reverted to atrial fibrillation.
cardiomyopathy, including 6 out of 10 due to
alcohol. The patient with obstructive cardio- Atrialflutter. Ten patients (43 5%) have gone
myopathy of the left ventricle, all 4 patients whose back to atrial flutter, including 2 of 6 patients in
atrial septal defects had been surgically closed, the whom the dysrhythmia was "lone", 1 with chronic
patient with corrected transposition and regurgita- ischaemic heart disease, and another with cardio-

TABLE XI
DURATION OF DYSRHYTHMIA BEFORE ELECTROCONVERSION IN 52 PATIENTS WHO HAVE

REMAINED IN SINUS RHYTHM

Dysrhythmia treated I Duration of dysrhythmia before DC (mth.) Total

<3 3-6 7-12 13-36 37-60 61-120 > 120

Atrial fibrillation 11 4 6 8 4 2 _ 35
Atrial flutter 3 2 4 1 1 1 1 13
Atrial tachycardia 1 - - - - - - 1
Ventricular tachycardia 3 - - - - - - 3

Total 18 6 10 9 5 3 1 52
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Electroconversion in Treatment of Cardiac Dysrhythmias 799

TABLE XII
RADIOGRAPHIC SIZE OF HEART BEFORE DIRECT-CURRENT SHOCK IN 52 PATIENTS WHO HAVE REMAINED IN

SINUS RHYTHM FOLLOWING ELECTROCONVERSION

myopathy. The patient with cardiomyopathy, the Atrial tachycardia. Atrial tachycardia became
patient with dystrophia myotonica, and 2 patients re-established in 6 patients (85 6%), including the
each with ventricular septal defect and systemic patient who had had a mitral valvotomy and the
hypertension, respectively, have reverted. Of 10 patient in whom the dysrhythmia was "lone", both
patients with atrial flutter related to surgical closure patients with acute myocardial infarction, the patient
of an atrial septal defect, 3 failed to maintain sinus with an operated atrial septal defect, and the patient
rhythm. with digitalis toxicity.

TABLE XIII
131 PATIENTS OF 183 AVAILABLE FOR FOLLOW-UP WHO REVERTED TO DYSRHYTHMIA AFTER SUCCESSFUL

ELECTROCONVERSION (FIRST TREATMENT), RELATED TO UNDERLYING HEART DISEASE

Atrial Atrial Atrial Ventricular Total
fibrillation flutter tachycardia tachycardia

~40t40. t:
1.

'0

Heart disease a >Vi >

Rheumatic
Mitral stenosis, post-operative 60 48 2 0 1 1 63 49
Mitral and aortic valvar disease, post-operative 3 2 - _ _ _ 3 2
Aortic valvar disease, post-operative 6 3 - _ _ _ 6 3
Mitral regurgitation, post-operative 3 3 - _ _ _ 3 3
Mitral stenosis 3 3 . . . _ 3 3
Mitral regurgitation 2 2 - _ _ _ 2 2
Mitral stenosis and regurgitation 2 2 - _ _ _ 2 2
Mitral and aortic valvar disease 6 6 - _ _ _ 6 6

Lone 25 21 6 2 1 1 - - 32 24
Chronic ischaemia 12 8 1 1 - - 3 1 16 10
Acute myocardial infarction - - - - 2 2 1 1 3 3

Cardiomyopathy 4 2 1 1 _1 0 6 3
Alcoholic cardiomyopathy 10 6 - _ _ _ _ _ 10 6
Obstructive cardiomyopathy of left ventricle 1 1 . . . . . . 1 1
Dystrophia myotonica - _ 1 1 _ _ _ _ 1 1

Atrial septal defect, post-operative 4 4 10 3 1 1 _ _ 15 8
Ventricular septal defect, pulmonary hypertension - _ 1 1 _ _ _ _ 1 1
Aortic stenosis, congenital 1 0 _ _ _ _ _ _ 1 0
Corrected transposition, "mitral" regurgitation 1 1 . . . . . . 1 1
Treated thyrotoxicosis 4 0 . . . . . . 4 0

Systemic hypertension, mitral regurgitation 1 1 1 1 - - - - 2 2
Wolff-Parkinson-White, mild aortic valvar disease - - - - 1 0 - - 1 0
Digitalia - - - - 1 1 - - 1 1
Total 148 113 23 10 7 6 5 2 183 131
Per cent 76-5 43-5 85-6 40 71-5
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0Resnekov and McDonald

Ventricular tachycardia. Two patients (40%)
reverted to ventricular tachycardia, both of whom
had ischaemic heart disease and one had had a
recent cardiac infarction.

(2) Time of Reversion. Reversion occurred from
within minutes of a successful direct-current shock
up to periods of several months. Of the 131
patients who reverted, 70 did so within the first
month (Fig. 12), but the highest incidence occurred
within the first 24 hours of electroconversion (Fig.
13).

Reversion after minutes of successful direct-current
shock. Sinus rhythm was maintained only momen-
tarily in 17 patients (Table XIV), all of whom were
being treated for atrial fibrillation. Rheumatic
heart disease was present in 2 and a mitral valvotomy
had been performed in 7; a Starr-Edwards mitral
prosthesis had been inserted in patient 179 and a
mitral and tricuspid prosthesis in patient 215. No
underlying heart disease could be detected in 4; an
ostium secundum atrial septal defect had been sur-
gically closed in 2, alcoholic cardiomyopathy was
present in 1, and chronic ischaemic heart disease
in 1.

Atrial fibrillation had been present for less than
1 year in 5 patients (3 with lone atrial fibrillation)

Numbr of Pat'ents
70

65

60

55

50

45

40

35

30

25

20

15

10

but exceeded 5 years in 8, 4 of whom had had atrial
fibrillation for more than 10 years.

Radiographic enlargement of the heart (CTR
+ 50%) was shown in 12, and of the left atrium
in 11.
The energy level setting used was 250 joules or

more in 10 of the 17, and the treatment was pre-
ceded by maintenance quinidine in 4. Eight
patients were male and 9 female.

Within first day. A further 8 patients reverted
to their dysrhythmia by the end of the first day
after direct-current shock, 6 of whom had had atrial
fibrillation, 1 had atrial tachycardia and 1 ventricu-
lar tachycardia. In 3 patients rheumatic heart
disease was the underlying cause, 2 had ischaemic
heart disease, 2 lone atrial fibrillation, and 1 cardio-
myopathy. The dysrhythmia was of long-standing
duration before treatment in 4 and considerable
cardiac enlargement was present in 6. Direct-
current shock was followed by maintenance quini-
dine in 3.

Within first month. Forty-five patients (Fig. 13)
reverted between the second day after treatment
and the end of the first month; 11 had done so by
the end of the first week, 7 by the end of the second
week, 5 by the end of the third week, and 22 during

1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 36

Months
FIG. 12.-131 of 183 (72%) patients who reverted to their original dysrhythmia after successful electro-

conversion, to show the number of reversions per month over 36 months.
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Electroconversion in Treatment of Cardiac Dysrhythmias

17 PATIENTS IN WHOM ATRIAL
TABLE XIV

FIBRILLATION RECURRED WITHIN MINUTES OF ELECTROCONVERSION

Dura- Time to
Sex CTR | Left Qwni- DC- Quini- revert

Patient and Diagnosis before CTR~ atrium dine AIAP* dine Intervening rhythm to atra-
No. g(yre) DC ( /O) (N to + 3) before (joules) after tion

(yr.) tion(min

4 M 50 Rheumatic heart disease, 16 49 +1 - 150A Yes Atrial prem. contractions 90
post mitral valvotomy

5 F 21 Lone 6/12 40 N - 350A - ,, ,, ,, 30
9 F 57 Atrial septal defect 3 yr. 3/12 53 N Yes 150A Yes ,, ,, ,, 3

post-operative
32 F 56 Rheumatic heart disease, 2 58 +2 Yes 250A Yes Ventric. ectopic 90

mitral stenosis and re-
gurgitation

76 M 56 Alcoholic cardiomyopathy 14 51 + 1 - 400A - Atrial prem. contractions 60
79 M 41 Rheumatic heart disease, 10 49 + 1 - 400A - Ventric. ectopic 90

post mitral valvotomy
115 M52 Rheumatic heart disease, 3 52 +2 - 150A - _ 60

post mitral valvotomy
132 F 65 Lone 6/12 52 N - 350AP - Ventric. ectopic 90
166 F 52 Rheumatic heart disease, 9 43 N - 150AP - Atrial prem. contractions 3

post mitral valvotomy
170 M 61 Lone 16 50 +1 - 300AP - ,, ,, ,, 60
172 F 50 Rheumatic heart disease, 6 53 +2 - 200AP - ,, ,, ,, 30

post mitral valvotomy
174 F 42 Rheumatic heart disease, 8 52 +2 - 250AP - - 30

post mitral valvotomy
179 M 43 Rheumatic heart disease, 1 63 +3 - 50AP - Atrial prem. contractions 60

mitral valve replacement
191 F 42 Atrial septal defect, 2 mth. 5 64 N - 250AP - Nodal rhythm 1

post-operative
193 M 61 Lone 8/12 42 N - 350AP - Ventric. ectopic; atrial 1

prem. contractions
215 F 38 Rheumatic heart disease, 11 63 +2 - 200AP Yes Ventric. ectopic 30

mitral and tricuspid
valve replacement

218 M 50 Ischaemic heart disease, 8/12 51 +1 - 250AP - - 3
chronic

* A/AP = Electrodes used in anterior or antero-posterior position.

the fourth week (Fig. 13). The sudden increase in
reversions between the third and fourth weeks con-
sisted entirely of patients who had been treated for
atrial fibrillation, 10 ofwhom had had a closed mitral

Number of Patients
25

20

15

10

5

Id. I wk.

valvotomy. These additional patients had mitral
regurgitation which had not been surgically treated.
Fifteen of these patients had had long-standing
atrial fibrillation, and considerable enlargement of

2 wk. 3 wk. 4 wk.

Time

FIG. 13.-The time of reversion in 70 patients in whom the dysrhytimia recurred during the first month after
electroconversion. d., day; wk., weeks.
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FIG. 14.-The percentage of patients who have reverted to
atrial fibrillation, related to the duration of the dysrhythmia
before electroconversion (excluding patients with lone atrial

fibrillation). m., months; yr., years.

the heart was present in 16; direct-current shock was
followed by maintenance quinidine in 6.

Later reversions. A slower rate of reversion took
place from the second month of successful treat-
ment (Fig. 12). Twenty-seven patients reverted to
their original dysrhythmia during months 2, 3, and
4 after direct-current shock, 22 of whom had been
treated for atrial fibrillation and 5 for atrial flutter.
A closed mitral valvotomy had been performed in 12
patients. No heart operation had been performed
in 2 additional patients with rheumatic heart
disease. The dysrhythmia was present for more
than 1 year in 17, and considerable enlargement of
the heart was noted in 19. Maintenance quinidine
was used in 15.
Between the 5th and 36th month of follow-up 34

patients reverted, 28 of whom had been treated for
atrial fibrillation, 4 for atrial flutter, and 2 for atrial
tachycardia. A closed mitral valvotomy had been
performed in 18 and a further 4 patients had rheu-
matic heart disease and did not have cardiac sur-
gery. The dysrhythmia had been present for less
than one year in 25 and moderate enlargement of
the heart was noted in 24. Maintenance quinidine
was used in 23.

(3) Duration of Dysrhythmia Before Electrocon-
version, and Size of Heart. The relation of the
percentage of patients who have reverted to atrial
fibrillation to the duration of the dysrhythmia before
the successful direct-current shock is shown in
Fig. 14 (excluding patients with lone atrial fibrilla-
tion). There was a 40 per cent chance of reverting

100

90

80

70

6o

50

40

30i-
0L

40-49 50-59 >60
Cardiothoracic ratio % before D.C.

FIG. 15-The percentage of patients who have reverted to
atrial fibrillation related to the cardiothoracic ratio per cent
before electroconversion (excluding patients with lone atrial

fibrillation).

to atrial fibrillation when present for up to 3 months
before electroconversion, but this rose progressively
to exceed 70 per cent when atrial fibrillation had
been present for more than 3 years before direct-
current shock. The relation to the cardiothoracic
ratio before electroconversion is shown in Fig. 15
(excluding patients with lone atrial fibrillation). A
cardiothoracic ratio of 40-49 per cent before electro-
conversion was associated with a 45 per cent chance
of subsequently reverting to atrial fibrillation; at
50-59 per cent the chance had risen to 59 per cent,
and when the cardiothoracic ratio exceeded 60 per
cent before direct-current shock the incidence of
reversion was 89 per cent.

(4) Energy Level Setting and Number of Shocks.
There was no statistical correlation between the
energy used for the establishment of sinus rhythm
and the length of time in which sinus rhythm was
maintained. Twenty-nine patients, however, were
brought into sinus rhythm only after multiple shocks
with energy levels of 300, 350, or 400 joules, respec-
tively (Table XV). All 29 were being treated for
atrial fibrillation and the dysrhythmia was "lone"
in 10. Cardiomyopathy was present in 5 (4 alco-
holic), chronic ischaemic heart disease in 5, chronic
rheumatic heart disease in 7 (5 post-mitral val-
votomy, 1 post-aortic valvotomy), and congenital
heart disease in 2. Of these patients, 21 (72%)
have subsequently reverted to atrial fibrillation, 9
of whom did so within the first 24 hours of direct-
current shock and a further 6 by the end of the first
month.

,802

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.30.6.786 on 1 N
ovem

ber 1968. D
ow

nloaded from
 

http://heart.bmj.com/


Electroconversion in Treatment of Cardiac Dysrhythmias

TABLE XV
29 PATIENTS WHO REQUIRED ENERGY LEVEL SETTINGS OF 300-400 JOULES FOR SINUS RHYTHM TO BE ESTAB-
LISHED, RELATED TO ATRIAL FIBRILLATION, UNDERLYING HEART DISEASE, RADIOGRAPHIC SIZE OF HEART,

AND DURATION IN WHICH SINUS RHYTHM WAS MAINTAINED

Sex Duration CTR Left Quinidine DC Quinidine Reverted Sinus
Patient and H dis ;eof atrial (%) atrium before A/AP after to atrial rhythm,
No. age Heart sease fibrillation (N to + 3) DC (joules) DC fibrillation time

(yr.) after preaent
-_ _ _ _|_ _ _ _ _ _ _ _ _ _ _ _ _ _ (mth.)
5 F 21 Lone 6 mth. 40 N - 350A - 30 min. -

12 M 22 Lone 2 mth. 47 + 1 Yes 400A Yes _ 33
29 M 50 Atrial septal defect, post- 7 yr. 56 N Yes 400A Yes 3 mth. -

op. 3 yr.
41 M 59 Rheumatic heart disease, 4 mth. 47 + 1 Yes 350AP Yes 2 hr. -

mitral stenosis
57 M 42 Rheumatic heart disease, 9 yr. 54 +2 Yes 350A Yes 9 mth. -

post mitral valvotomy
68 M 39 Cor. transp. "MR" 3 mth. 51 + 1 - 350A - 4 mth. -

76 M 56 Alcoholic cardiomyopathy 14 yr. 51 + 1 - 400A - 1 hr. -
79 M 41 Rheumatic heart disease, 10 yr. 49 +1 - 400A - 1i hr. -

post mitral valvotomy
85 M 56 Alcoholic cardiomyopathy 6 wk. 49 + 1 - 350A - - 28
102 M 49 Ischaemic heart disease, 34 yr. 46 + 1 - 350A - _ 25

chronic
123 M 44 Rheumatic heart disease, 1 yr. 61 +2 - 350A - 1 dy. -

post mitral valvotomy
132 F 65 Lone 6 mth. 52 N - 350AP - 5 min. -
138 M 62 Ischaemic heart disease, 7 mth. 48 N - 400AP Yes _ 19

chronic
140 F 55 Rheumatic heart disease, 9 mth. 58 +2 - 400AP - 11 mth. -

post mitral valvotomy
150 M 49 Rheumatic heart disease, 1 yr. 49 +1 - 300AP - 9 mth.

aortic valvotomy
153 M 50 Lone 6 yr. 45 N - 300AP 10 dy. -
159 M 42 Lone 9 mth. 48 +1 - 300AP Yes _ 16
168 F 57 Rheumatic heart disease, 24 yr. 53 +1 - 400AP - 1 mi. -

post mitral valvotomy
169 M 54 Alcoholic cardiomyopathy 1 yr. 50 +1 - 300AP - 1 mth.
170 M 61 Lone 16 yr. 50 +1 - 300AP - I hr. -
178 M 41 Alcoholic cardiomyopathy 14 yr. 50 N - 300AP - _ 12
186 M 44 Lone 5 yr. 48 N - 300AP - 3 dy. -
187 M 64 Lone 1 mth. 48 N - 400AP - 2 wk. -
188 M 59 Cardiomyopathy 8 yr. 60 +2 - 300AP - _ 8
193 M 61 Lone 8 mth. 42 N - 350AP - 1 min. -
198 F 58 Ischaemic heart disease, 14 yr. 48 N - 300AP - 4 mth. -

chronic
199 M 36 Lone 6 wk. 45 N - 350AP - _ 4
213 M 55 Ischaemic heart disease, 1 yr. 50 N - 300AP - 10 dy. -

chronic
218 M 50 Ischaemic heart disease, 8 mth. 51 +1 - 300AP - 3 min.

chronic l

Cor. transp. "AMR" = corrected transposition, regurgitation of systemic atrioventricular valve.

(5) Quinidine. Of the 131 patients who have re-
verted to their dysrhythmia, 53 (405%) were being
maintained on quinidine and 78 (59 5%) were not.

Subsequent Treatments with Direct-current
Shock

A further attempt at treatment with direct-cur-
rent shock was made in 51 patients, 6 of whom had
failed to establish sinus rhythm after the first
attempt (Table XVI). In 6, 2 further attempts
were undertaken, and in 2, 3 further attempts.

(1) Patients who Failed to Achieve Sinus Rhythm
after First Treatment. Direct-current shock was
initially unsuccessful in 6 patients (Nos. 39, 60, 65,
74, 190, 208-Table VI), all of whom had atrial
fibrillation, except patient 65. A second attempt
was made, but this also was unsuccessful in patients
39 and 190, and patients 60 and 65 held sinus rhythm

only momentarily; patient 74 remained in sinus
rhythm for 1 day. The treatment was preceded by
quinidine in all except patient 60. Third and
fourth attempts were undertaken in patient 65 who
had atrial tachycardia in association with the Wolff-
Parkinson-White syndrome but sinus rhythm was
held only momentarily. Patient 208 remained in
sinus rhythm for 3 months after the second treat-
ment; the first was abandoned because of the
development of persistent ventricular ectopic beats
following a shock at 250 joules.

(2) Patients who Reverted After Successful Electro-
conversion. Thirty-nine patients who reverted to
atrial fibrillation were treated by direct-current
shock for a second time. Patients 16, 37, 194, and
197 were subsequently treated a third time and
patient 37 a fourth.
Four patients reverted to atrial flutter (Nos. 28,

47, 50, and 107) and were treated a second time
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Resnekov and McDonald

TABLE XVI
51 PATIENTS IN WHOM FURTHER ATTEMPTS AT ELECTROCONVERSION WERE UNDERTAKEN

Patien Rhythm Radiograph First DC Second DC
No. Type Dura- Heart disease CTR Left Energy* Quini- Sinus Energy* Quimi- Sinustion (%) atrium dine rhythm dine rhythm__________ (yr.) (Nto+3) for for
2 ~~~15/12 54 + 5 e t. 30 N15/12

16

3/12
4

3/12
1

18

2

1

4

5/12
6/12

1

8 dy.

6

4
6 wk.
9 dy.

3/12

3/12
1 dy.

6

3/12
3

1

1

6/12

4/12

9/12

5

3/12

6
1

6

4

8

18/12

4

1/12

10
5

1

18/12

AlcohoLic cardiomyopathy
Rheumatic heart disease,

post mitral valvotomy
Atrial septal defect post-

op.
Rheumatic heart disease,

post mitral valvotomy
Alcoholic cardiomyopathy
Rheumatic heart disease,

post mitral valvotomy
Lone

Rheumatic heart disease,
mitral stenosis

Rheumatic heart disease,
post mitral valvotomy

Rheumatic heart disease,
mitral repair

Lone
Rheumatic heart disease,

mitral stenosis
Systemic hypertension,

mitral regurgitation
Ventricular septal defect,
pulm. hypertension

Rheumatic heart disease,
post mitral valvotomy

Lone
Lone
Ventric. septal defect;

Wolff-Parkinson-White
Corrected transp., mitral

regurgitation
Lone
Ischaemic heart disease,

chronic
Rheumatic heart disease,

post mitral valvotomy
Cardiomyopathy

Atrial septal defect
post-op.

Rheumatic heart disease,
post mitral valvotomy

Rheumatic heart disease,
post mitral valvotomy

Cardiomyopathy
Rheumatic heart disease,

post mitral valvotomy
Rheumatc heart disease,

post mitral valvotomy
Ischaemic heart disease,

chronic
Rheumatic heart disease,

mitral and aortic re-
gurgitation

Lone
Ischaemic heart disease,

chronic
Rheumatic heart disease,

post mitral valvotomy
Rheumatic heart disease,

post mitrl valvotomy
Rheumatic heart disease,

post mitral valvotomy
Rheumatic heart disease,

post mitral valve re-
placement

Rheumatic heart disease,
post mitral valvotomy

Lone

Alcoholic cardiomyopathy
Atrial septal defect,

post-op.
Rheumatic heart disease,

post mitral valvotomy
Rheumatic heart disease,

post mitral valve
replacement

54
49

53

49

45
54

48

40

55

55

50
49

54

64

52

44
50
53

51

50
50

57

55

54

52

61

49

59

58

48

55

45
50

53

56

52

63

50

48

45
64

56

60

+2
+1

N

+1

+1
+2

+1

+1

+2

+2
N
+2

+2
+3
+1
N
+1
N

+1

N
+2

+2

+1

+1

+1

+2

+1

+1

+2

N

+2

N
+1

+2

+1

+2

+3

+1

N

N
N

+1

+2

150
150

150

250

250
150

150

250

150

400

250
150

150

150

400

250
150
400

350

50
50

350

150

150

150

350

250

50

400

200

200

300
200

200

100

250

50

250

400

400
250

250

200

Yes
Yes

Yes

Yes

Yes
Yes

Yes

No

Yes

No

Yes
No

Yes

No

Yes

No
No
Yes

Yes

Yes
No

Yes

No

No

No

No

No

No

No

No

No

4 mth.
11 hr.

3 min.
1 mth.

8 mth.
15 mth.

3 mth.

6 wk.

19 mth.

Fail

14 mth.
12 mth.

9 mth.

3 wk.

Fail

2 dy.
4 dy.
Fail

15 mth.

1 wk.
3 hr.

Fail

4 mth.

8 mth.

6 mth.

1 dy.
1 yr.

6 wk.

11 mth.

6 dy.
7 dy.

In Ay.1U ay.
1 mth.

30 min.

2 wk.

30 min.

lhr.

3 wk.

2 wk.

Fail
1 min.

No 2 mth.

No 3 wk.

.NO
No

No

No

No

No

No

No
No
No

350
350

150

150

200
350

150

300

150

400

300
150

200

250

300

350
250
400

150

100
50

200

150
30

100
350

150

200

400

400

100

I2J
100
200

200

50

100

350

150

400
250

100
100

No
Yes

Yes

No

Yes
No

No

No

Yes

Yes

Yes
No

Yes

No

No

Yes
Yes
Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes
Yes

Yes

Yes

Yes

No

Yes

No

Yes
Yes

No

Yes

2 mth.
2 beats

1 mth.

1 mth.

9 dy.
15 sec.

Still sinus
28 mth.
5 mth.

18 mth.

Fail

1 min.
2 mth.

7 mth.

2 dy.
2 beats

6 mth.
2 dy.
i hr.

21 mth.

20 min.
3 dy.
1 dy.

Still sinus
3 mth.
3 dy.

Still sinus
6 mth.
3 min.

Still sinus
1 yr.
3 dy.
4 hr.

3 dy.
3 dy.

8 dy.
Still sinus

6 mth.
8 hr.

Still sinus
9 mth.
5 dy.
12 mth.

Still sinus
12 dy.

Still sinus
4 mth.
Fail

Still sinus
3 mth.
1 wk

10 dy.

804

Atrial fib.

Atrial flutter

Atrial fib.

Atrial flutter

Atrial fib.

Atrial tachy.
Atrial fib.

Atrial tachy.
Ventr. tachy.
Atrial fib.

Atrial flutter

Atrial fib.

Atia acy
Vetr acy

Atili.1

,,
Atilflte

Arafi.9
,,

,,

4

9

15

16t
25

28

35

37*
39

40
43

47

50

60

61
63
65*
68

70
72

74

92

107t
110

123

130

137

140

142

152

153
154

172

173

174

179

180

187 Ps

190 $l
191 ''
194tf 3

197tf

I-
I

I

._. -.

I

-
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Electroconversion in Treatment of Cardiac Dysrhythmias
TABLE XVI-contd.

Rhythm Radiograph First DC Second DC

Nioe. Type Heart disease CTR Left Energy* Quini- Sinus Energy*I Quini- Sinus
don (%) atrium dine rhythm dine rhythm
(yr.) (N to + 3) for for

198 Atrial fib. 18/12 Ischaemic heart disease, 48 N 300 No 4 mth. 300 Yes 6 mth.
chronic

202 6 wk. Alcoholic cardiomyopathy 58 +2 50 No 1 dy. 200 Yes 1 dy.
205 ,, 34 Rheumatic heart disease, 54 +2 250 No 1 mth. 250 No 1 wk.

post mitral valvotomy
206 ,, 3 Rheumatic heart disease, 64 +2 150 No 1 mth. 50 Yes 7 dy.

post aortic valve re-
placement and mitral
valvotomy

208 ,, 3 Ischaemic heart disease 56 + 1 250 No Fail 300 Yes Still sinus
3 mth.

209 ,, 2 Lone 47 N 250 No 1 dy. 350 Yes 30 sec.
216 ,, 3/12 Rheumatic heart disease, 57 +2 150 Yea 6 mth. 100 Yes Still sinus

post mitral valvotomy 4 mth.
218 ,, 8/12 Ischaemic heart disease, 51 +1 300 No 3 min. 150 Yes Still sinus

chronic 8 mth.

* Note: Energy settings in joules. Energy levels in italics are those delivered using antero-posterior electrodes.
t Third attempt also undertaken.
* Fourth attempt also undertaken.

(No. 107 subsequently on a third occasion). One
patient with atrial tachycardia (No. 70) and 1 with
ventricular tachycardia (No. 72) were treated a
second time.

All 45 patients were once more successfully
brought into sinus rhythm.

(3) Follow-up. A follow-up study varying from
3 to 28 months has been maintained on all 51
patients (Table XVI). Of 49 patients treated
successfully, 12 (25%) have remained in sinus
rhythm and 37 (75%) have reverted once more to
their dysrhythmia.

(4) Quinidine. Quinidine sulphate preceded the
direct-current shock and was maintained in a dose
of 1*2 g./day in 16 (35 5%) of the 45 patients whose
first treatment was successful and in 38 (74 5%)
of the 51 patients treated a second time, and was
often omitted deliberately from the second attempt
when used in conjunction with the first, and vice
versa. The effect of giving or withholding quini-
dine on the energy seting needed and on the dura-
tion of maintained sinus rhythm which followed the
second attempt, is compared to the first in the 49
patients treated successfully (Table XVII). There
is no statistical evidence (p <0 05) that quinidine
was effective in reducing the energy needed for
electroconversion or in maintaining sinus rhythm
for a longer period (p < 0 05).

The over-all results of the first and subsequent
treatments and the follow-up studies in the total
series of 220 patients are shown in Fig. 16.

DISCUSSION
Synchronized capacitor discharge provided a new

treatment in the management of cardiac dysrhyth-
mias. Lown et al.'s (1962a) report was in agree-
ment with the earlier finding of Gurvich and
Yuniev (1947) and Prevost and Battelli (1899,
1900); the feasibility of capacitor discharge for ter-
minating ventricular fibrillation was realized,
though Guyton and Satterfield (1951) and Kouwen-
hoven and Milnor (1954) had published discrepant
findings. The first reports of this technique in the
treatment of cardiac dysrhythimias, in the United
Kingdom, were presented at the autumn meetings
of the British Cardiac Society in 1963 by O'Brien
et al. (1964) who reported on the successful use of
the treatment in drug-resistant dysrhythmias, and
by Oram et al. (1964). Subsequent reports have
amply confirmed initial confidence in the tech-
nique (Lown et al., 1963a, b; Oram and Davies,
1964; McDonald and Resnekov, 1964; Lown,
1964a, b; Hurst et al., 1964; Pantridge and Halmos,
1965).
Holzman and Brown (1951) reviewed 1082 cases

of atrial fibrillation, and reported successful con-
version of 71 per cent using quinidine. Severe
toxic reactions, however, after the reversion of
dysrhythmia by this drug, may be as high as 4 per
cent (Selzer and Wray, 1964). The first 50
patients reported in the present series were shown
to have dysrhythmias that were resistant to drugs,
yet 86 per cent of these were successfully converted
to sinus rhythm by direct-current shock. Gold
(1950) considered that quinidine should no longer
be used, but McMillan and Welfare (1947) thought
that an attempt to convert chronic atrial fibrillation

80%5
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806 Resnekov and McDonald

TABLE XVII
COMPARISON OF EFFECTS ON SECOND ELECTROCONVERSION OF GIVING OR WITHHOLDING QUINIDINE
RELATED TO ENERGY REQUIRED FOR FIRST ELECTROCONVERSION AND TO DURATION OF SINUS RHYTHM

WHICH FOLLOWED, IN 49 PATIENTS

Quinidine before and after Number of No. requiring same, less, more energy No. in whom sinus rhythm maintained for
patients for second electroconversion same, shorter, longer duration after second

electroconversion

1st DC 2nd DC Same Less More Same Shorter Longer
+ _ 5 1 2 2 1 2 2
_ ++ 25 7 9 9 6 9 10
+ + 11 3 4 4 3 4 4
_ _ 8 3 2 3 0 3 5

Total 49 14 17 18 10 18 21

Per cent 28-6 347 36-7 20-4 36-7 42-9

to sinus rhythm, using quinidine, should be made
in all patients. Relatively few toxic reactions to
quinidine were reported by Sokolow (1951), but
Rokseth and Storstein (1963) reported loss of con-
sciousness, and collapse requiring resuscitation, in
up to 6 per cent of patients being treated with
quinidine for the conversion of dysrhythmias. In
an attempt to prevent dangerous toxicity, Sokolow
and' Ball (1956) strongly advocated the estimation
of the serum levels of quinidine during treatment.
Even in their hands, however, toxic reactions did
occur with serum concentration levels lower than

the suggested value of 6 ,ug./ml., possibly due to
the fact that the estimation also gives the absorption
peak of less active or inactive quinidine metabolites
(Brodie, Baer, and Craig, 1951). Recently, quini-
dine bisulphate embedded in a porous soluble plastic
compound has been described by Sannerstedt
(1960). Using this tablet, serum quiuidine levels,
measured according to the method of Balatre,
Lef6vre, and Merlen (1960), can be sustained at
therapeutic levels over 24 hours (Cramer, Varnaus-
kas, and Werko, 1963). This compound is at
present on trial.

220

FAIL lst DC 27

193

Death 6

187
No follow up 4 1

183

10 Q

REVERSION 131 52 SINUS
I I 42

7

2nd DC*

37 17 0

64
47

+6 FAIL 1st DC

FAIL 2nd DC 2

135

1'

68 Q

123

55

FIG. 16.-The results of the first and second attempts at electroconversion and follow-up studies in the 220
patients. Q =Maintenance quinidine.

53Q
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Electroconversion in Treatment of Cardiac Dysrhythmias
Though it has been stated that the major com-

plications after electroconversion will result not
from the procedure but from the drugs used to
maintain sinus rhythm (Lown, 1964b), no fewer
than 14-5 per cent of the present series of 220
patients developed complications directly related to
the electrical treatment. Under certain circum-
stances capacitor discharge may result in myo-
cardial damage. Peleska (1961) related such dam-
age to the heart muscle to an unmodified capacitor
discharge, i.e. resulting from an electrical circuit
which does not include a critical value of induct-
ance, to higher voltages than energy levels used,
and to the uneven distribution of the electrical
energy passing across the myocardium, and the im-
portant electrical variables in the technique have
recently been reviewed (Resnekov and McDonald,
1967). Nevertheless, Kong and Proudfit (1964)
reported 140 direct-current shocks given to a single
patient over 69 hours, with no evidence of resulting
myocardial injury; all shocks, however, were de-
livered at an energy setting of between 180 and 220
joules. Episodes of pulmonary oedema and an
increase in the size of the heart (Resnekov and
McDonald, 1965) have been confirmed by Honey,
Nicholls, and Towers (1965). This effect is not
due to a change in cardiac output following the
establishment of sinus rhythm, for Resnekov (1965)
has shown that there is little change after the version
of atrial fibrillation to sinus rhythm when the car-
diac output is measured at rest. The vast majority
of the patients who developed pulmonary oedema
were given shocks at energy level settings of be-
tween 350 and 400 joules; furthermore, significant
changes in the levels of the serum enzymes occurred
in many, and hypotension was often an associated
feature. It seems more likely, therefore, that the
cause of the puilmonary oedema in these patients
was left ventricular failure secondary to myo-
cardial damage as a result of the direct-current
shock. This complication occurs, however, almost
exclusively in patients successfully brought into
sinus rhythm. Experimental work in dogs has
shown considerable depression of mechanical func-
tion of the left atrium, compared with the right
atrium, after direct-current shock, and Logan et al.
(1965) have recorded an inefficient or absent left
atrial systole in man after electroconversion, despite
normal "a" waves being recorded in the right
atrial pressure pulse and P waves recorded electro-
cardiographically. Under these circumstances an
imbalance between left and right atrial function
may persist for many hours; any additional obstruc-
tion to flow across the mitral valve or left ventricular
dysfunction would aggravate the situation and may
result in the development of pulmonary oedema.

A similar mechanism may follow the conversion of
atrial fibrillation to sinus rhythm by quinidine
(Broch and Miller, 1957), while Hollman and
Nicholson (1966) have reported pulmonary oedema
which followed the spontaneous reversion to sinus
rhythm of paroxysmal atrial fibrillation which had
lasted for five months. It is of interest that acute
breathlessness occurred in only 2 of the 7 patients,
and it is possible to be unaware of this particular
complication unless chest x-rays are taken on the
day after treatment.

Significant changes in the serum enzyme levels
followed the treatment in 20 patients. In the
majority, energy level settings of more than 300
joules were used and hypotension was an associated
complication in many.
The occurrence of ventricular fibrillation after

direct-current shock has been reported by several
authors (Killip, 1963; Lemberg et al., 1964;
Oram and Davies, 1964; Morris et a., 1964; Towers
et al., 1965). Failure of synchronization, the shock
occurring in the vulnerable phase of ventricular
repolarization, has been suggested most frequently
as the cause, but overdigitalization has also been
implicated. Rabbino, Likoff, and Dreifus (1964),
Ross (1964), and Nachlas et al. (1966) consider that
delivering too small a current to the heart by direct-
current shock is an important precipitating factor
rather than failure in synchronization; the passage
of an electrical current across the myocardium of
1 ampere or less may well precipitate ventricular
fibrillation, 1-5 amp6res or more is usually sufficient
to terminate ventricular fibrillation. The occur-
rence of ventricular fibrillation 36 hours after treat-
ment in one of our patients is unusual, though a
similar circumstance was reported by Semple,
Murdoch, and Sinclair (1965). There was no evi-
dence at necropsy of damage to the myocardium
or to the conducting system of the heart in our
patient (R. Hudson, 1964, personal communication).
As both patients were receiving quinidine after the
electroconversion, it is possible that both resulted
from quinidine arrest.
Emboli developed in 3 patients in the present

series; this compares favourably with other reports
(Hurst et al., 1964; Morris et al., 1964; Oram and
Davies, 1964; Rabbino et al., 1964). From these
reports and from the analysis of the 220 patients
of the present series the incidence of emboli after
electroconversion is the same as that reported after
quinidine conversion (Goldman, 1959-60), namely
2 per cent. Where there is a risk of embolus or
thrombosis, for example after recent myocardial
infarction, or in mitral stenosis unrelieved or par-
tially relieved by operation, or where there is a his-
tory of previous embolism, anticoagulant therapy

8007
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88Resnekov and McDonald

using a coumarin derivative should be given, unless
treatment of the rhythm is urgent, when heparin
should be substituted. In contrast, however, after
successful mitral valvotomy, especially if atrial
appendectomy has been performed, or after closure
of an atrial septal defect, anticoagulant therapy does
not appear to be necessary before direct-current
shock.
The need for an anaesthetic could be considered

to be a disadvantage of the technique of electro-
conversion. Stock (1963) and Lown (1963) have
questioned whether an anaesthetic is really neces-
sary. Pantridge and Halmos (1965) used no anaes-
thetic, with energy level settings of 100 joules or less.
Many patients, however, are apprehensive and
where more than one shock is needed, or where
higher energy level settings are required, a brief
general anaesthetic seems preferable (Gilston, Ford-
ham, and Resnekov, 1965). The administration of
succinylcholine to any patient receiving intravenous
quinidine should be avoided as the interaction of
these two drugs may result in prolonged muscle
paralysis and apnoea (Grogono, 1963).
The present series of 220 patients with a success

rate of 87 per cent compares favourably with other
published reports (Hurst et al., 1964; Oram and
Davies, 1964; Pantridge and Halmos, 1965; Lown,
1964a, b). However, the results in patients with
atrial fibrillation, in the absence of apparent under-
lying heart disease, were disappointing. The dura-
tion of atrial fibrillation in all patients was an im-
portant factor in the success or failure of the elec-
trical treatment, and the immediate success rate fell
progressively to less than 50 per cent when atrial
fibrillation had been present for more than 5 years
(Fig. 6). Similarly, an increase in heart size as
shown by a cardiothoracic ratio in excess of 50 per
cent (Fig. 7), and selective enlargement of the left
atrium (Fig. 8), were found to lessen the chances of
success (patients with "lone" atrial fibrillation
excepted). The presence of coarse "f" waves in
lead CR1 was found by Aber (1962) to be a good
prognostic sign for the ease of conversion of atrial
fibrillation to sinus rhythm by quinidine. Oram
and Davies (1964) who analysed the height of "f"
waves in lead VI found no correlation at the 5 per
cent level between higher fibrillation waves and the
ease of conversion by direct-current shock. There
was no correlation between the duration of dys-
rhythmia, the radiographic size of the heart, selec-
tive enlargement of the left atrium, or total body
surface area, and the energy level setting required
for the successful re-establishment of sinus rhythm.
The considerable variation in energy level settings
needed might well depend on the dissipation of
energy across the skin and tissues, and on differences

in the tissue depth between the heart and the
paddles. Though using a posterior electrode in
conjunction with one anteriorly placed was reported
to diminish the energy level settings needed (Lown,
Kleiger, and Wolff, 1964; Morris et al., 1964),
Fig. 9 shows that the levels of energy were not
conspicuously less in patients with atrial fibrillation
who were successfully treated with an anterior and
a posterior electrode compared with those in whom
two anterior electrodes were used.

Intervening rhythms were frequent and occurred
both in patients treated successfully and unsuccess-
fully; Lown (1964b) suggested that these rhythms
could relate to overdigitalization and to a lowered
potassium content of the myocardial cell produced
by prolonged diuretic therapy. The occurrence of
dysrhythmias after capacitor discharge depends on
the voltage used rather than on the total energy
delivered (Peleska, 1963), and may relate to actual
myocardial damage.
The number of patients remaning in sinus

rhythm after the first treatment has been dis-
appointingly small, particularly those treated for
atrial fibrillation and atrial tachycardia, and this is
in keeping with published reports (Hurst et al.,
1964; Towers et al., 1965; Rabbino et al., 1964;
Lown, 1964b; Oram and Davies, 1964). Persisting
underlying heart disease decreases the likelihood of
sinus rhythm being maintained, and this is especi-
ally true for rheumatic heart disease. Paradoxically,
only 38 per cent of patients with "lone" atrial
fibrillation remained in sinus rhythm; it seems
likely that patients with apparently "lone" dys-
rhythmias have, in fact, underlying disease of the
conducting system. Patients in whom atrial fibrilla-
tion was of short rather than long duration (Fig. 14),
and those in whom radiographic enlargement of the
heart was least (Fig. 15), were more likely to main-
tain sinus rhythm. Sinus rhythm was maintained
only for seconds or minutes in 22 patients. In 2,
accessory paths of conduction were responsible.
There were two patients with the more usual form
of the syndrome described by Wolff et al. (1930).
A fiurther patient had a short P-R interval but a
normal QRS complex, and is an example of the
variant of the Wolff-Parkinson-White syndrome
described by Lown, Ganong, and Levine (1952).
For sinus rhythm to be maintained, the normal
pacemaker of the heart must not be diseased or
atrophied, and alternative pathways of conduction
must be absent; there is evidence that the sino-
atrial node atrophies when atrial fibrillation has
been present for more than three years (Hudson,
1960). Though a wave of atrial depolarization may
return after electrical conversion, the pressure trac-
ing in such patients frequently shows only a small
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atrial "a" wave which may be of little functional
significance in filling the ventricle (Braunwald,
1964). Recurrence of the dysrhythmia was particu-
larly liable to occur within the first month after
treatment (Fig. 12), especially in patients in whom
atrial fibrillation was associated with chronic rheu-
matic heart disease, when atrial fibrillation had been
present for three years or more, and where con-
siderable radiographic enlargement of the heart was
present. Prolonged atrial fibrillation and cardiac
enlargement were bad prognostic signs for maintain-
ing sinus rhythm, and reversion within the first day
occurred when one or both were present, particularly
in patients with cardiomyopathy or ischaemic heart
disease. By nine and a half months after treatment,
50 per cent of the patients being followed had
reverted to their dysrhythmia. There is consider-
able disagreement on the need for maintenance
quinidine after the conversion of atrial fibrillation
to sinus rhythm by quinidine (Sokolow and Perloff,
1960; Goldman, 1959-60) or by direct-current
shock (Lown, 1964b; Hurst et al., 1964; Miller,
1964). This question is being investigated at the
present time using a long-acting quinidine prepara-
tion controlled by blood levels. A statistical analy-
sis of patients in the present series who were chosen
at random to receive an average of 1 2 g. quinidine
per day after successful direct-current shock
showed that quinidine did not appear to be impor-
tant in maintaining sinus rhythm (X2 = 3-25,
n=1, p < 0-05).

SUMMARY
In all, 220 patients with atrial and ventricular

dysrhythmias were treated by direct-current shock,
and the over-all success rate was 87 per cent. Of
these patients, 50 were shown to have a dysrhyth-
mia resistant to drugs to maximum tolerance, yet
electrical conversion was successful in 86 per cent.
The chances of success with electrical conversion
diminish when atrial fibrillation has been present
for more than three years, especially when associ-
ated with significant mitral regurgitation, when con-
siderable radiographic enlargement of the heart is
shown, when more than moderate enlargement of
the left atrium occurs, and when electrocardiogra-
phic changes of ventricular hypertrophy are present.
Patients with atrial flutter, atrial tachycardia, and
ventricular tachycardia have a 98 per cent chance
of being brought into sinus rhythm irrespective of
the underlying heart disease or duration of the dys-
rhythmia. Intervening rhythms were frequent,
and occurred immediately after direct-current
shock both in patients treated successfully and un-
successfully. All were transitory, and occurred

also in patients who had not been treated with digi-
talis or diuretics. Ventricular ectopic beats were
related to higher energy level settings. Complica-
tions, which were not infrequent, occurred in 14-5
per cent of the patients treated. They included a
rise in the levels of the serum enzymes, emboli,
pulmonary oedema, and enlargement of the heart,
systemic hypotension, T wave inversion, myocardial
infarction, and persisting multifocal ectopic beats.
They were often multiple and could be related to
the higher energy levels used. Myocardial damage
was postulated as the cause in many, and an im-
balance in left and right atrial function immediately
after the establishment of sinus rhythm was impli-
cated as precipitating pulmonary oedema.
While direct-current shock is effective in produc-

ing sinus rhythm, it will not cause sinus rhythm to
be maintained. Recurrence of the dysrhythmia
was frequent and took place in 6 per cent within
seconds or minutes of being successfully brought
into sinus rhythm. For sinus rhythm to be main-
tained, the sino-atrial node must not be diseased or
atrophied, and accessory pathways of conduction
must be absent. Twenty-one per cent of the
patients who reverted to the dysrhythmia did so
by the end of the first day and 53 per cent by the
end of the first month. Those most likely to revert
had a dysrhythmia present for three years or more,
particularly when associated with chronic rheumatic
heart disease; the heart was enlarged radiographic-
ally and ventricular hypertrophy was shown on the
electrocardiogram. Administering quinidine did
not statistically increase the chance of sinus rhythm
being maintained. Patients with "lone" atrial
fibrillation were shown to be relatively resistant to
electrical conversion, despite the absence of apparent
underlying heart disease or enlargement of the heart.
Complications in this group were frequent, and the
relapse rate was high, especially over the first month.
All except one patient treated for atrial tachycardia
have reverted to the dysrhythmia.
Under favourable circumstances, direct-current

shock appears to be both safer and more effective
than quinidine, and has a real place in the manage-
ment of acute dysrhythmias of whatever cause
associated with circulatory collapse when energy
levels of 50-400 joules may be used. On the other
hand, patients with chronic dysrhythmias may
require maximal energy level settings to achieve
sinus rhythm which they not infrequently maintain
for a disappointingly short time; though these
patients do achieve significant haemodynamic bene-
fit in sinus rhythm, complications frequently fol-
low their electrical conversion and relate to the
higher electrical energy. It is doubtful, therefore,
whether an energy level setting of more than 300
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joules is justified in this group of patients, all of
whom require individual assessment. The use of
synchronized capacitor discharge in the treatment
of chronic dysrhythmias should be restricted to
those in whom maintained sinus rhythm can reason-
ably be expected.

We thank our medical and surgical colleagues who
referred patients for treatment.
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