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INTRODUCTION

In December 1962 a boy of 15 years was referred
to the National Heart Hospital because of a ventricular

tachycardia (I'ig.l), which had proved resistant to treatment

PIG. 1: LECG Oesophageal lead, ventricular tachycardia.

with procaine amjde, quinidine, atfopine, prostigmine,
prednisone and digoxin. A second stage, total correction
for tetralogy of Fallot had been succeesfully performed

two years before by Sir Russell Brock and the tachycardia
followed a sudden.blow on the cheaf at his school. Further
drug treatmont to the point of toxicity proved equally
unavailing and ten days after the onset of the arrhythmia
severe congestive heart failure was present. Sinus rhythm
wap established, (Fig.2), by a single alternating current
diecharge of 400 volts to the chest administered under a
general anaesthetic (McDonald, Resnekov, & Ross 1963), but



PIG. 23 ECG Lead V
following an unsynchronised AC shock.

29 S8inus rhythm has returned

the experience of Zoll and Linenthal (1962) had already
demonstrateh the hazards of alternating current in the
treatment of ectopic rhythms. Apparatus for synchronised |
capacitor discharge to be used in.the treatment of arrhythmias
described by Loﬁn, Amsrasingham and Neuman (1962) becanme
gvailable in this country in 1963 and pfeliminary réparts

were encouraging.

‘The aim of thioc work is to evaluate the methed of
synchronised capéciﬁor discharge in the management of
150 patients with supraventricular and ventricular'arrhythmias
and to re-appraise the physiclogical changes at rest and on
effort in a representative group of 20 patients studied
before and after the conversion to sinus rhythm of atrial

fibrillation and flutter.



Chapter 1

HISTORICAL REVIEVW

Fleectriecal ﬂépclérisatiaﬁ;df the heart was first
used sueccessfully in man by Beck, Eritchard and Peil (1947)
who were able to abolish a léng'stanaiﬁg ventricular
iihrillatian by an'aliernéﬁing currentv@hbek applied
to the suriace of the heart. Many investigators had
studied the effects. on tho heart ‘of the passage of an
slectrical eurxent since Galvanx (l???ml??b) had demonstrated
that the eﬁfagt of bringing frﬁgs legs into contact with twu
dissimilar metals was fo eause’thém t0 Jjump.  Shoritly
thereafter Gordon (1745)'expoaed birds, beetles and other
small animale to frictional éléetrieity and observed the
effect this produced. Barly experiments on man. included
the work of Aldini (1819) who studied the effects of placing
- electrodes on the hearts af éecagitateﬁ crinlnals, Vassalli
conducted almast ldentleal experiments at about the same

time in Turin.
It was soon realised that the pasaage of an @lectrlcal
current through the human body caused an unpleasant sensation

when in 1746 two Dutch physicians discharged a Leyden jar



 through their bodies (Kouwenhoven 1964). The first fatal
»electrical accident réﬁorted oéeurreﬁ in France in 1879

- and this undoubtedly helped-tg intensify imvestigation
into the effects of the passagavaf an el@etriaal'curreﬁt

‘on the human body. Hoffa (1850) described the arrhythmia

- - now called ventriéular'fibrillaﬁionu

| A major step forward wag the demenstration by
Prevost and Bettelli (1899, 1900) that alternating or

. direct eurrent applied to the“surface‘of the heart could
be used to terminate véhttidular fibrillation in dogs.
It is also of interest {that these workers described thé
noe ofﬂnardiaa masgage to keep alive d@gs whose heart9 

were in veniricular fibrillation.

Eleetrical current was therefore shown to be capable
of causing ventriéular'fibrillatian under certain cireum-
stances but slso to be capable of restoring einus rhythn
onee veniricular fibrillatian,ﬁad been proﬂuce&a' This
paradox was obvicusly worthy of furthér'stu&y.' de Boer
{1921) demonstrated that in an ex@anguiﬁated frog heart .
ventriculaer fibrillation couid'be prodace& from & single
induction shock timedvto ocour at the end of systole. -
buchagal (1931} demanstratedvthat electrical shocks |

delivered 0.075 seconds after the R wave appeared particularly



prone te gﬁuse ventricular fibrillatibn;_. Meanwhile,
Langworthy and Kouwenhoven (1930) had demonstrated that
air&ef current shocks with eapacitors charged up to 500
volts did not result in lumbar cord haemorrhage and
paralysis in rats, unlike altefnating'current shocks
of similar voltage. |
As 1ong'as the heart was kept.W@ll oxygenated

Hooker, Kouwenhoven and GLangworthy (1933) were;ablé'ta
sﬁcw that defibriliation of the ventricieﬁ could be achieved
by the pessage of l_amﬁére at 130 voits for 0.1 second
across the heart efvdogs@ | o

 The née eflcapaeitor discharge ag opposed to
valternating current hreﬁght into focus the'problem of
phasing}the‘shﬂck with an‘appropriate part of the'cﬁréiaﬁ
cycle. .Kiﬁg (1934} had dém@nstraﬁed mainiy'using the -
heart of sheep that;ﬁhe greates£ chanée of ventriculer
fibrillation ocourred with o cagaeitor dischéxge @fl0s03
or 0.1 second duration timed to accur,betwéen 20% and 66%
of the onset of the total &@fléction uauﬁeé'by the % wave
(Figﬁﬁ) and that éf corresponding valtages'direc% current
was lese likély to cause ventriculayr fibrillation than

alternating current.
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PIG. 3: The effect on the heart of DC shocks of 0.03
gecond duration. Black squares represent shocks
resulting in ventricular fibrillation.

From: Effect of Electric Shock on Heart Action,
B.G. King (1934). {Courtesy of Dr. D.0. Eing
and of the Columbia University, New York).
Revertheless, Kilnor, Knickerbocker and Kouwenhoven
as late as 1958 concluded using a capacitor of 25 and 50
miecrofarads that no vulnerable phase for ventricular

fibrillation could be delineated in the cardiac cycle.
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Furthermore, ventricular fibrillation éauld'@ﬁly-be
| prcdu¢ea nsing voltages abové 2435003 these workers
were @fithe opinion that aiﬁerﬁating eurrent wag nafer
and more effective than'direot current in depolarising

the heart in ventricular fibrillation.

Thus Tar ncst of the work unﬁertax@n was aimed

- at understandima the effects of the passage 6f electrical

current across biological ti&sue& and of treating the
acute arrhythmia, veniricular fibriliation. The twiﬁ_

' hézaréa of alectrieal‘aurx@n% an regards the‘heart, namely,
ventricular fibrillation and‘carﬁiac_standsﬁill were
overcome by the demomstratien by %4oll; Linenthal, Gibson,
Paul, and Norman {1956) %hat'an aiterﬂatimgueurrent

' discharge across the eloaed’dheét-was effective in dealing
with ventricular fibrillation on the one hand and that
external electrical pacemaking could be undertaken should

the second hazard oceur, (2911 1952).

The early work of King (1934} ané of Ferris, King,
Spence and Willianms (19§6)‘in delineating a_vulnerablé
phase in the cardise cyecle for venmtricular fibrillation
in the heart of eheep was confirmed in dogs by Viggers
and Wegria (1940)vwh6 demonstrated this tc be 27 milliseeonds

before the end of sysitole, aﬂd by Lown, Kaid Bey, Perlroth
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and Abe (1965b) who éoncludea'that'thiﬂ was a property of
nammalian heart and therefore would ocour in human hearts
as well. A period of vulnerability'for_the atrium ﬁas
demonstrated by Andrus, Carter ana_wﬁeeler (1930) who
.showed that atrial fibrillatiéh_caulﬁ be produced follswing

a stimulus on the R or S wave of the eleetraﬁdarﬁiograma

z Whilst American workers favouréﬁ alternating'current.
for geéfibrillation, Gurvich and Yuniev {1947) ond. Gurvich
(1952) . : in.%he.SQViat Union as"W311 as Pelegka (1957,
1958, 19%9) in Czechoelovekia favoured capaeitor discharge.
It hap been kﬂQWn fof éame tine (Kouwenhoven 1964) that an
unmodified eapacitar discharge is likely to cause ventricular
érrhythmias_' By the inclusion of an inductance coil in the
diseharge eircuit, however, peak voliage and eurrent aré
1éssened.and‘the duration.cf discharge lengthened, and
' 3swn; ﬁeuman,-ﬁmmrasingham>én& Berkovite {(1462) were sble
to demonstrate that using this‘type of circult direet
curréntvwas more effective than alternating curreﬁt in‘~
the ﬁerminationvof ventribular fibrillaticn; - Furthermore,
using'the same circuit with the shbck‘phaseé to 6¢cur at o
non-vualnerable psrt of the cardiad cycle.ﬁirect cur:ént
ﬂepelafisation of the héarﬁ in atrialvama'ventricular '

arrhythmias would ellow the sinus pacemaker to take over;



in other words a safe new method for terminating cardiac
afrhythmiaa was e‘stablished {Lown, Amarasingham and

Neuman, 1962).

- i2
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Chapter 2

HETHRODS

This work anaiyaes_thé use of synchronised capacitor
discharge in the plannéd attempké& vereion %d sinus.rhythm
of 150 patients who had a aupraventrieular or ventricular
arrhythmia. In additicn haemadynamie.studiee were uwnder-—
taken in 20 patients before and after the establishment of
sinus rhythm to determine the haemodynamiec significance cf
atrial systole. f The patient& were assessed before and

after the clectrical treatment as follows:-

¢linical Assessment.

A11 éatients were examineé}peraonaliy; A relevant
history of disability waﬁ abtainea-an& a careful enquiry
was made into the duration of the arrhythmie. Specific
information was obtained about attempté at drug therapy
for the arrphythmia in the past.ahd a note made of the
present drug %reatm@nt; As almost one half of the'patients
.with atrial {ibrillation had had bardia@‘surgery for
rheumatic valvular heart disease, the nature of the cperation

performed was noted and symptomatie-improvement asgessed.,



A full elinienl examination wop made in each case,
%he.natura of the armhythmia wan determined elinically if
posuible, The cardiovascular system wes exsnined to
éetérmine the nature and geverity of any uﬂ&eriyingxﬁeart
discase aud the pregence oy abﬁéﬁcé of cﬁngeative cardiac
failure or failure of the loft ventricles A ¢linicsl
aspesement of the degrea of improvement fallc#iﬂ@ cardise

BUrgery vwas made.

On the day fellowing treatmont eaah patient was
examined once nmore. Apaxrt from rhythm, attention was
paid to: | |

'wne presenco or absence of Lreasthlesoness.

the level of the blood pressure.

The heighé of tnevaﬁgular venoun pressure at.4ﬁg
above the sternal angle.

The cardiac inpulse. , 

The hoort sounds with special refereuﬁé to the

A Y

prepence or absenoe of a third heart sound.

Electrocerdiopram:

i4

BEvery patient had a standard 12-lead elestrocardiogram

recorded to ﬁﬁﬁ?ﬁ$ $hE dogree of cordiac &isuhiiity and to

. determine the nature of ﬁﬁe arraythmin. Where the
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was recorded at 30 en., 25 oms and 20 ¢m. Lfrom the lips.
This slways dﬂmcnwtrated ¢tria] dissociation from ventricular

activity where vantrlcul&r tachynardia was the canse,

The ejectracardio gram was alse analysed for the
presence or absence of diglislis segment snd T wave ehangey
for ventricular hypertrophy, and for the changes of ischaemic
heart ﬂiéeaee{ Thé.f@llowing criteria were adopted

(Goldaman, 1962)t«

Digitelic effee;:»

ST segment depression in ventricular epicardial
leads, either rounded, concave or ag an obligue
line dencending from the anamnt. A low take~
off of the T wave,

Shortening of the JT interval.

Some or all of these changes were Lfrequently pfe sent in all
leads.

'Left7Veutricular,Hypertroyﬂz:ﬁ

(i) Praecordisl leads - '
Ventricular activation time over C. 05 sec.
in V, QRu interval prolonged over
0.1 uﬁé in ¥ V5w 8T segment znd T wave
inversion V. 6* .
{41) Extremity leads |
Lead aVl - Horiwontkal heart, changes as
for leads V.
Lead aVf - vertical heart, ¢hanges as for
leads V. . (but: anly when confirme by the
) praecardigl leads). ,
~{1i1) Stendard leads -«
' &s  for leads aVh and avF@
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Right Ventricular Hypertrophy ~

(1) Praecordial leads -
YR = in leads V., or V3R.
Ventricular actlvation time over (G.03 seconds
in leads V., ox VER'
Persistent™S wave’in leads V. .
5T segment depression and 7 gaée inversion
in leads V., or vsn.
(11) Extremity lellds -
_ Lead aVi:~ tall R when nccompanied by the
changes already noted in the praecordial leads.
Iead aVF:~ tall Rk with depressed ST seguent
and inverted T wave, when accompanied by changes
already noted in the praecordial leads.
(1ii) Standard leads - ‘
Right axie deviation (+11.0° or more) depressed
ST segment and inverted T wave in leads 2 and 3.

HOTE:- Left ventricular hypertrophy and right ventricular
hypertrophy were not diasnosed en the relative size of R and
5 waves alone.

Ischeenic Heart Disease -

a) Without myocardial infarction
(1) Praecordinl leads ~ ST segment depression
with or without T wave inversion in the
left praecordial leads V "

(11) Extreuity leads ~ ILeade avﬁ'ér aVl - changes
as for (i) depending upon the direcction of
the frontal plune vector. In addition,
reciprocal ST segment elevation present
in lead aVR,

(iii) Standard leads - as for (ii). When present
in lead aVIL changes were seen in lead 1;
if in lead aVF, they were seen in leads
_ 2 and 3. :
k) With myocardial infarction
ST sogment (elevation or depression) and
T wave changes in essociation with abnormal
W waves.

NOTL3~ The changes on the electrocardiogram were always
analysed in association with the clinieal history and findings
especially when a diagnosis of ischaemic heart disease wan
considered.
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‘A 12-lead electrocardiogram was;repeatea following the
electrical treatment. ln_pafients now in sinus rhythm
particular attention was pald to: Rate, morphology of

P waves, the P~R interval snd the presence or absence of
& wandering pacemaker,. All electrocardiograms wers
examined for atfial, nodal or ventriéﬁlar‘ectopic veate
and for the morphology ofvth@ QRS conplex and T‘waves..

+

Chegt Radlographs:

Each patient had z set of three chest radiographs
before and affex'synchraniaeﬂ cayacitdr discharge ~ a
6~foot postero-~anterior view, a}la%@rial view (R) andva
penetrated antero-posterior grid view at 40‘ihche$ to
indicate the sige of the left atrium. The chest radiographs
were repcated one day following the elecetrical conversion
and in certasin patients two days thereafter where there had
been a significant alteration in heart size shown on the

chest X-ray taken after the shook.

Tthe overall size of the heart wasc estimated by the
cardiothoracic ratic (Denszer, 1919). The maximum transverse
diameter of thé heart and width of the thorax were neasured.
The percentamge ratio 6f ﬁhevtransverse diameter of the heart

to the width of the chest was caleulated. Although
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enlargement of the heart is freguently the cause when this
ratio exceeds 50% this interpretation will be fallacious
if the disphragm is high or low or if the thoracic cage is
abnormally wide and shallow or narrow and long (Comeau and
White, 1942). Furthermore the size of the heart as
determined by the radiographs depends on the part of the

cardia¢ cyele during which the exposure was made.

Despite these limitations, the cardiothoracic ﬁatio
did provide & method ¢f comparison of overall cardiac sigze
and specifically showed whether a significant change in the
size of the heart occurred following the treatment with

synchronised capacitor discharge.

An attempt wae made to grade enlargement ef the
individual heart chambers from these X-rays. Great
difficulty was experienced, however, and ultimately i%
was concluded that delineation of the borders of the heart
Chambers was not feasible by this means.  Protrusion of
the right border of the heart tc the right of the sternum
as seen in the postero-anterior view suggested enlargement
of the right atrium, The presence of gbnormal curvature
of the spine or abnormality of the sternum however made
any accurate assessment difficult, as.did shift of the

mediastirum from any cause. In the lateral plane
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superimposition of the shadow of the rizht atrium and of
the venlricles once more made an zccurate assessment of

gige difficult.

-Eﬂlar"ement of the rlgh? ventrmcle is begt recognised
by & eonventﬁﬂnal radlograph in the lateral view a8 an
“abnormal shadow in the anterior medzaatinum; it was Lound,
however, thét it.was net posgible fto grade enlargement of

ihis chamber by thie means.,

$imilarly the posteriorly displaced enlargoment of
the left ventricle, best appr@eiated in the lateral view was
impossible to grade on the one hand but was also frequently
difficult to appreciate owing to superimposition of the
shadow of the right and left atria.

It'waa.felt, hawever, that in the case of the left
atrnum an attempt eould be made 10 grade the size ¢nc09
nmrmal (B), allnht anlarﬂrment (14),_Moderate enlargement
‘{2+), gevere enlargement (3+)}. Farticular sttention ves
paid #m the angle of the left moin bronchus. which progressively
bacomes less aeufe as the left.a%rium enlarges, and to the
ahaaew of the right border of the left striwn seen within |
the ahauow ol the heaxt. . The Qenetratea grid film in the

sntero~posterior view was particularly helpfuil in this
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connection, As the left atrium enlarges its right border
draws closer to the right border of the right atrium and
when very large extends to the right beyond its outer

bordsr. In Fig. 5 the method of grading of the left

—

8) (&

NORMAL (N) SLIGHT ENLARGEMENT (14)

A E

MODERATE ENLARGEMENT (2+) SEVERE ENLARGEMENT (3+)

L

FIG. 5t Schematic representation of the method of grading
the size of the left atrium.
N - Normal; 1+, slight enlargement; 2+, moderate
enlargenent; 3+, severe anlargement.
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atrium is shown\diagrammatically. It wae realised,
however, that apparent enlargement of the left atriun
would have %o be'interpretéd with‘gome caution depending
on whether the radiograph was exposed during éystale or
dicstole. R |

Wnilst an assessment could be obtained of enlargement
of the left atrium and of ov@rall enlargement of the heart
by chest radiography in bhe posteronanteriOf, lateral
planes and by a penetrated antero-posterior grid view,
routine cheat radmegraphy wag & dis appcin%ing-me&ng of
dia&nsaing enlargement of individual heart chambers. In
a study of this nature, however, it was felt that itvwould
be unjustified to subject patients to angiocardiography in

arder_to obtain more accurate 1ﬂfafmatian of heart size.

baboratory Datas

The erythrocyte sedimentation rate was measured by
a modified Viestegren technigue (Dawson, 196C), on the day
before synchronised capacitor discharge an&»repeated on

the day after.

The serum levels of the gluitamic oxaloacetice

transaminase wag mensured by the BigmavFrankel technique
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(.19.“6- 1961) and of the lactic dehydrogenase by the
“fechnique of Berger and Broida (1957, 960) Particular

" note wa.s taken of changes in the serunm 1eVels fellﬁwmng |
gyn&hranlﬂed cupaeitar él&charge and levels of the glutamic'
oxaloacetic ﬁraﬁéaminasé which were'more‘than-éclunits
wheress previously they were béin'ﬁhis level were viewed
with suspicion. Similarly serum levels of lactic
dehydrag@naae'wﬁieh'raae-te more than 600 units were
particularly noted.

The sedimentation rate ond levels of'the'serum |
enzymes were repeaﬁed daily until txe prewtreutment level
returned. | .

' The blood urea and Beraﬁ'électralytes were measured
in all patients receiving diuretic therapy.
~ The durﬁﬁieﬁ of anticogyulant therapy was noted and
e thrombotest (waen 1959) performed to asceftain.tha% the
1eveibaf ecnirol was asatisfactory. If'ﬂéeéasary the

dosage was re-adjusteds

Body Surface Areat

The height and weight of each patient was measured
and the body surface area Qetermined from the nomogram

prepared according to the formula of Dubois and Dubois (1916).
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DRUG THERAPY:

L Drug_ﬁesistant,Arrhythmigg.

As direct nurrent wag a new form of treatment in the
: mauagement of cardiac arrhythmiaa, (Lown, Angrasingham,
and ﬂeuman, 1962) it was decided that this form of
treatment should be restricted at first to those potients
_whose]érrhythmia'proved resistent toc conventional drug

therapy.

Patients were treated initially as follows in an

attempt to bring them into sinus rhythms

1. Patients who had atrial fibrillation:

(a) Not digitelised - Digoxin 0.2% mg each & hours
for 2 days, subseguently 0.25 mg each 12 hours
as a maintenance dose until the ventricular

rate had fellen satisfactorily (usually to
70-80 beats per minute) thercafter as for 1{b).

(b) Patients digitalised and on. maintenance

Sigoxin ~
guinidine, lst day test dose of 180 mg followed
by 300 mg every 2 hours to a total of 900 mgQ
ond day, Quinidine 600 mg every 2 houra to a
total of 1.8 G. '
3rd day, Quinidine 900 mg every 2 hours to a
total of 2.7 G. '

 4th day, Juinidine 90@ mg every 2 hours to &
total of 3.6 G. ' ‘
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All patients bteing treated with guinidine were
gdmitted to hospital and constant oscilloscopic
monitoring of the electrocardiogram was
meintained throughout. Precautions were

taken so that emergency treatment of cardiac
arrest could be undertaken with the minimun
delay and medical and nursing staff fully
understood the procedure to be adopted in

the event of this oceurring.

Bvery patient in this groﬁp other than one, (Patient

number« . 15) had been on anticosgulant therapy with satis-

factory therapeutic control (fhrombotest 8-1%%, Owren, 1959)

for at least three weeks before the atiempt at drug version.

2. Fatients who had,atrial flutteré

(2)

(b)

Digoxin ~ 0.5 ng every 8 hours until atrial
fibrillation occurred or loxic signs developed.
In either case digoxin was then withheld.

Those patients in whom atrial fibrillation
supervened were observed for a further 48 hours
to ascertain whether sinus rhythm would occur
as the digitalis effect lessened.

(i) Quinidine was given according to the scheme
ontlined under 1(b) where einus rhythm failed
to follow atrial fibrillation after 48 hours of
discontinuing digoxin.

{ii) 3 patients who developed atrial flutter
following closure of an atrial septal defect,
were given quinidine according to the scheme
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outlined in 1(b) even if atrial fibrillation
did not occur following heavy digitalisation. -

3. Patients who had atrial tachycardia:

(a) Kot dlgitdll%@ (1)
(i) Digoxin 0.5 mg every 8 hours for 3 d&ySe
(1i) Guinidine according to scheme outlined
under 1(b) to 2.7 G.
{1ii) Procaine amida.Eﬁo mg every & hours to
& total of 20 G. |

(b} EBatiente Digltalised and on maintenance
Digeoxin (1): Digoxin was continued and
guinidine given according to the scheme
outlined under 1{b).

II. Bepmainder:

The remaining patients with atrial fibrillation,
atrial tlutter, atrial tachycardia or ventricular tachyesrdia
were treated primarily with synchronised capacifar discharge.
In many of theae patients, however, an atiempt had been made
to bring about ginus rhyﬁhm wiﬁh guinidine, ﬁigoxing
procaine amide or pronethslol. This attenpt at drug
version was directly under the control of the Fhysicians
who subsequently referred their patients for synehrani&ed'
capacitor discharge S50 thaﬁ\the daéage@ nsed were not
uniform. o claeim is made %herefofe, that the mrrhythmigs

were truly drug resistant.
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In all patients digoxin or other digitalis preparations

were withheld for one day before the electrieal conversion.

Quinidine (3060 mg.) was given orally or intramuscularly
14 hours befere synchronised capacitor discharge to a group

of patients chosen at rahdom;_'

Patients in whom sinus rhythm was-achieveé were Givided
ot random into a group to whom qﬁini&ine was given as
mnaintensnce %herapy and those to whom no guinidine was
given. The dosage varied from 180 ng. every 8 hours 1o
300 mg. every 4 hours and'patientg were observed for 2.3 dayse
prior to discharge to see whether any toxic gymptoms developed.
Patients were instructed to stop quinidine immedistely and
to report aavaoon'gs possible with the development of any
untoward reaetian or‘with_the onget of fachycérdia or

irregularity of the heart bheat. .

Digoxin and diuretic therapy were not continued
routinely .once in sinue rhythm but were maintained in
those patients in whom cardiac decompensation was still

prasent.
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HABMODYNAMIC STUDLES:-

A representativé group of patients with atriel
fibrillation or flutter was studied to determine the
baemodynamic bvenefit that could be expected once sinus

rhythm had been eetablished.

20 patlients were investigate&s _(Ih 6, heart rate
¢hanges and.oxygen‘uptake alaﬁe.wéxe measur@ﬁ_at rest end
on graded exercise (Appendix A) and the-@hysical work
capacity at a heart rate of 170 beats ?er minute (FWC 170)
determined, by inter- or extraééiation‘of the iinear'
relatianship between heari raté.and work 163&. Thege
studies ﬁerg undertak@n with the arrhythnia present and
were repeated one day aflter the establishment of sinus

rhythm.

In the remaining 14 patients eardiﬁc cutput was
measured at rest and on groded exercise and pressﬁre in
the pulmonary artexry and in the brachial artery was
ronitered (Appendix Ble . The PFUC 170 was also deﬁermined,
These studies were done whilst the arrhythmia was present
and were repeated one day after the establishment cf ginus
rhythm.  Sircke volume and heart rate were plotted against

the identicel work laaﬁ befmre end after fhe eleotrical



























DISCHARGE WAVEFORM

CURRENT i 'l AT 200 WATT.SEC.
h- ‘ ACROSS 50 OHM LOAD

#iGe 103 Current and voliage waveform, lLown Cardioverter.

the discharge is spplied at a precise moment in the
cardiac cycle and is activated by the + wave of the electro=-
cardiogran or the & wave when il is of insufliclient awplitude.
secnanical switching allows a delay ol 20 milliiseconds

following the k or S wave before actual dlscharge of ithe
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capacitors the vulnerable phase of ventricular repolarisation
is avoided and the risk of ventricular fibrillation abolished.

(Pigsll)a

[PULMONARY ARTER
Ao

P 2

t

{siconos
A

FIG, 113 Synchronised capacitor discharge,

' Pressure from the pulmonary artery, and zorta, above,
is recorvded simultaneously with the elecirocardio-
gram, lead 2, below. Atrial fibrillation is
present at the beginning of the record. Sinus
rhythm follows a DC shock of 100 joules synchronisged
to occur on the downstroke of the R wave of the
electrocardiogram,. - }
fiote the larger pulse pressure in‘Sinus rhythn in
both the pulmonary artery and the aorta.
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Although the épparatus is provided with a control

- by which the delay of discharge of the capaéitﬁf-after the
® or § wave can be varied within wide Limits (0 to 1.0
seconds) clinieal treatment of arrhyfhmias;ﬂother than
v&ntriculaw fibrilletion, demands the minimunm delay in

all cases., It is essential for the eynehrﬁhiéer to be
out of eircuit in the treatment of ventricular fibrillation

and a switch is provided for this purpose.

vin addition, the apparatus provides for constant
eseilloscopie monitoring of the electrocardiogranm. ¥ith
the leads connected in the ueuél way 1@@& 2 ¢f the elecire~
cardiégram is dipplayed. Alternative cbnneetinn of the
limb lecads enables lead 1 or 1ead'3.to be displayed. A
control allowing +the awaepéapeed of the oscilloaéoge to be
varied from 12.% to 25 or 50 mm. per second is provided as

" well as an ¥-or Y-axis eshift control and gain control.

Heart{ rate can be displayed on a meter sensitive %o
the H~R time interval of the electrocardliogram. Zach R |
wave can be signalled audibly. Por both $hese parameters
to function it ie necessary td ensgure that\thé overall
sgnsitiviﬁy is such that each R or 8 wave (reversed pciarity)
céuaas a warning light to “flash®, ¥ith the sensitivity

setting too low R or 5 waves of individual complexes are



40

missed; with the setting tco high the warning light will
flash from parts of the cérﬂiae eyele c%her than the R or
g wave, for ex:mpie uhe T wave. . Great care is Lahen,
thexrefore, to ensare that the sensztivlty control is
correctly adjusted. A high rate or low rate seut;ng

causes an alarm $6 sound when either limit is exceded.

Provipion is aisO'madé for pacemaking should this be
needed, thg impulse Varying-fr@m'ﬂ % 150 vclt# and the rate
setting from 15 - 17%/minute. With internsl pacemaking up
to 15 milliamp@req can ﬁe deiivered from a high impedance

s0uUree. The impulse lasts 3 millisecondg..

The capacitor dischaﬁgeg between the negative and
positive peddlea applied to the surface of the chest.  The
nachine is provided with 2 anterior puddles (adult size):

P anter;ar paddles (paediatric size) and 1 pair of anterior-
posterior paddles (mdult zige) (Pig.12). vPacemaRing canr
be wndertaken through any of the paddles applied directly
to the surface of the chest. | |

The dlmeasions of the instrument are.

8fd n%he¥uht 10 120 1bs.
The dimenesions of the paddles are:
l. The two anterior paddles: Eadh diameter, 320,
2. The antero-posierior paddles: Anterior, diasmeter,
32" Postericr, diameter, 5%,
3. The paediatric paddles: Bach, diameter, li".
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I1. METHOD OF THREATMENT BY SYNCHRONISED CAPACITOR DISCHARGE:

Treatment by synchronised capecitor discharzge was
undertaken in the following way which was kept virtually
unchanged throughout the seriesi-

. 411 patients were explained the neture of their
disability and the form of treatment it was proposed to
earry out.

Patients were starved routinely for four hours before

synchronised capacitor discharge.

Anoesthesin:

Pre-medication when used was 50-75 mg. pethidine
intramuscularly in all adults except 5 patiente in whom

crneopon, 10 mg., was used.

Patientis were tuken by tr@lleyvfrom their wards to
the anaesthetic room of the operating theatre where a full
12-lead eleetraqar&iogrﬁm ﬁaa &oneo Immediately thereafter
anéestheéia was induced by %he slow intravenous injeetion of
& sleep dose of 2,5% sodiun thiopentone or 1% sodium |
methohexitone. Once asleep anacsthesia was maintained
with 70# nitrous oxide with oxygen administered by face
mask and a Magill circult and, where nceded 0.5% halothane

was added sparingly.
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Ir gravely il] panientw, horever, ra rtlcularly where
the eardiac output was ]o% or systemic hypaten ion presént
treatment was frequently undertaken in the wards. = Fo pre-
medication was uséd and énaesthﬁeia.was inﬁuced and naintained
with 50 - 60% nitrous exi&e, oxygen and 0.3% halothane.
SuceinyZ choline, with controlled respiration wans substi tuted
for halothane 1ﬂ any patient who had recently received
treatment with s sympathomimetic vasopressor to aveid
arrhythmias resulting frqm the énaeﬁthe%ie.(iohnstone'ana
Nisbet, 1961). Thiopentone or methéheiitone were used after
induction only if the patient struggled.

Intubztion and centroliea respiration using sueccinyl-
¢holine pe & relaxant used in the first five patlients were
discontinued as being unmecessary. |

 One patient in whom profound eireulatory collapse was

prezent was treated without any anaesthetic.

Blectrical Conversions

The electrocardiosram leads of the Town Cardioverter
were attached and the sensitivity adjusted so that only each
systole was signalled on the warning light and no other part
of the cardiac eyele caused a signal.  The heart rate was

displayed on the tachometer and the BCG on the csaillas@oyéa



If the § wave was of greater amplitude than the R waﬁe,.ﬁhe
pdlarity swi%ch,ﬁas reversed ‘€0 that synchronisstion with
the S wavé'wauld be obteined. Where both R and S wave were
of small amplitude and eapecially.ifvthe ¢ wave amplitude
appraaéheﬁ the amplitude bf R or S (at times it exceeded
it) the limb leads were recomnected so that lead 1 or lead 3
was displayed.

5ynchrqnisatién of %h@'diaéharge with the R or § wave
" of the electfécardiagram was always tested immediately before
each treatment session. The paddles through which the
capacitor was to discharge were atbtached to the'outpuﬁ
socket, The capacitor was charged te 20 joules. The
@@nnecting‘cabléa of the-paddlee were brovght into physical
centact with the eleetrodardiegram patient cable of the
direct-writing electrocardiogram machine. The positive
ah&<négative'paddles were brought into apposition away from
vﬁhe-patient and the capacitor diééharge& as the electrocardic-
graun was recorded at a yaﬁer speed of 50 mm. per seconds
The point in the cardiac eycle gﬁ which the capsacitor
discharged was recorded as a distinet artefact on the
electrocardiogran (%ig. 13).  No ingtance of failure of
‘synchronisation with the R or & wave occurred, allowing

for the inherent 20 milliseconds delay.



CAPACITOR
DISCHARGE

SECONDS & '
= — : S——

FIG. 13: Test of efficient synchronisation.
ECG lead 2, 50 mn/sec. The artefact caused by
aischarge of the capacitor is superimposed on the
electrocardiogram and is also displayed on the
upper channel of the record.

‘ The'pacemaker and controls were tested to make sure
they were functioning adequately.
The blood pressure was measured by arm cuff.

Either two anterior paddles or an anterior and posterior

paddle were usoed. The skin was preopared by & liberal
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Grcat cave was taken that no part of the patient's
skin wae in direct contact with the metal of the trolley
on which he was lying. Thoge who were essisting with the

procedure were warned net to touch the patient or hie trolley.

The direct writing electrocabdiegr&ph was se%'t@
record at 25mm. per second, the anaesthetist momentarily
removed the face mask and the capacitor was discharged
synchronously with the K or § wave of the electrocardiogran.
An initial setting of 100 or 150 joules was used with the
two anterior paddles end 5C joules with the entero-pesterior
paddles. The electrocardiogram was exanined immediately
after and the rhythm determined. If sinus rhythn was not
preﬁent'the cépaci@or wse charged to deliver a higher energy
and the preae&uré was repeated until maximumn energy (400 joules)
had been achieved 1if necessary. In general, two schemes
were adopted for the second and subseguent shoceks, degending
oh whether anterior or antero-popterior paddles vere being
used. |
| (1) Pwo anterior paddles ~ 250 joules, 350 joules,
400 jJoules.
(ii) Anteraﬁpeéteriar pa&dles*« 100 joules, 2060 joules,
300 joules, 400 joules. i
A comparison was made of the energy required for the converaion

~
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to sinue rhythm using anterior paddles and antero-posterior
praddles. The blocod pressure was tuken after the second

and subseguent ashocks.

With the development of sinus rhythm, or on failure
to achieve sinus rhythm after maximum energy the anaesthetic
was discontinued, and a full 12-lead electrocardicgram was

done on every patient.

RECOVERY :

Once awake patients not itreated in the wards were
elither taken to the intensive care unit or returned to their
viard. In either case oscilloscopile moniteoring of the
electrocurdiogram was maintained routinely for twenty~four
nours end for longer when needed, Blood pressures were
recorded by arm cuff every helf-hour if nypotension followed
the electrical treatment until the blood pressure had

returned to its pre-~treatment level.

FOLLOW-UP:

Patiente were discharged from hospital at the
diseretion of the referring Physician or Surgeon. A
personal follow-up was made whenever possible for a period

of up to twenty months and for never less than three months
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-efter treatment. Pabiente who had moved from London were
contected through their personal Practitioners and a follow-
up mointained in that way. fontact was maintained in all

but one of the 150 patients of the series.

Patients were divided al random into twe groups
following treatment -~ those who were and those who were
not taking gquinidine as maintenance. The results were

analysed statistically.

FURTHER APIEMET AT TREATHENT BY SYNCHROWISED CAPACITOR
DISCHARGE

1. Patients who Pailed to come into Sinus Rhythmie .
A further attempt to achieve sinus rhythm was made
in % patients in whom the atbempt at electriecal conversion

was unsuccessful.

2. Patients who Reverted %o the Arrhythmia:-

S

4 second attempt at éynohroniaed eapacitor &iacharge
was undertaken in 17 patients in whow sinus rhytha wés
maintained only témporariiy. Phis second ﬁr@atmeﬂﬁ was
undertaken in a similar fashion to the first but quinidine
‘fréqueﬁtly precaded the seccnd attempt wheﬁ'withhela befare
the first; gimilarly qminiain@ ﬁas‘frequently prescribe&'as
maintenance therapy after the second but not after the firet

attenpt.
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SUMMARY

Details of the method of the clinical asséssment of
patients before and alter synchronised capacitor discharge

i8 given.

The electrocardiographic abnormalities before treatmént.‘
were analysed according to rhyihm, digitalis effect,
bundle~branch block, ventricular hypertraghy,‘énd changes
of ischuemic heart disease.  Following treatment
particular note was taken of rhythm, ectopic beats,

conduction disturbances, and 3T segment and T wave change.
‘ $ & ‘ A

- Overall size of the heart was determined by the cardio-

thoraeic ratio®. The size of the left strium was graded.
Ho accurate sstimation could be made of the size of the
right atrium, right veuntricle or left ventticlevaﬁd the
rTeasons are discuséed@ The radiagrapha were anslyeed

vefore and after treatment.

Details are given of the laboratory data used before and

aﬁter treatnent. _ N

‘Bedy surface area was measured.

Details sre given of drug therapy used to determine whether

atrial fibrillation, atrial flutter and atrial tachycardia

ware drug vosistant.
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9.

10.

1L.

126

" 135.

Both before and after synchronised capacitor discharge

patiente were divided at random into those who were

given quinidine and those who were not.
Cther drug therapy used is detailed.

A representative group of 20 patients with atrial
Fibrillation and flutter were studied Lo asceriain the
haemodynamic benefit in sinus rhythm at rest and on

sXercise. Details are given.
The Lown Cardioverter is described.

The method of treatment by synchronised capacitor dischepge
is deseribed ineluding the anacsthetic techniques empleyesd.
Either anterior or sntero-posterior paddles were used %0
deliver the shock and a comparison wss made of the energy
needed for successful version in either case.

Details of the follow-up procedure are given.

Purther attempts were made at treatment by synchronised
capacitor discharge in patients who had failed to achieve
sinus rhythm after the first atiempt, or in whom sinus

thythm was maintained only temporarily.
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y Chapter 3
g
§ PATIENY HACERIAL
150 patients (%able 1) who had a supraventiricular
oy ventricular tachycordia were treatéd'by synchronized
, , : . &
%cayaeitor discharge.
] A second planned atvtempted version using synchronised

 capacitor discharge was undertaken in 20 patients, 17 of
“whom had relagsé@'te'their.original arrhythria and in 3 of

: ;whmm the lirast attempt had failed. 170 episodes of patient
. treatment are therefore pﬁeaentéds_

t ~ The only ecriterion used for admission to this trial

was the préaence of a supraventriculsr or ventricular ,
» : _ , - : %
arriyythmia requiring version to sinus rhythm, and the 150

:
| ' )
. primary episodes of treatment presented are consecutive. :

« lo patient was exeiuded on the grounds of medical unfitnees

 and indeed, as will be shown later, %hose patients acutely
‘\ill as a result of an uncontrolled arrhythmia formed a most
§ gratifying and successful group. |

P‘ . 3
]

Patients exeluded from this trial fell into two

ARt S e

groupss

53”_W
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1. Where the arrhythmia was ventriculasr fibrillation
and sn unsynchronised direct current shock was

e o m e

ueed as part of the management of cardiac arresgt.

2. V¥here synchﬁanised direct current shock was used - .
in the treatment of a veniriculasr or supraventricuiar
arrhythmnia arising in the immediate post~operative -
rhase following cardio~pulmonary by-pags or closed
mitral valvotonmy.

It vias felt that the problems presented in the

[alci-- S

managenent of cardiac arrest on the one hand, and in the

immediale poot operative peried following major heart

-

surgery on the other, could in no way be equated to the
planned version of cordiac arrhythmias as typified by the

156 patienis on which this study is based.

Y. DRUG RESTSPANT ARRHYTHHIAS - Patient Numbers 1 - 50.

Tables 1 snd 2.

The first 50 patients were treated initially with
drugs in full therapeutic doges, but all failed to come into
sinus rhythn. In this group there were 40 patients whe had
atrial fibrillation, & who had aitrial flutter and 2 who had
atrial tachycardia (Tuble 2). There were 16 pafients who ﬁ
had had a mitral valvotomy perfoxmed for mitral stenosis,

and a further U patients had mitral, acrtic, or mitral and

y B
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TEBLE 2

ARSI

ATRIAL AFRIAL  ATRIAL

DIAGKOS1S PITRILIATION PLUTTER TACHYCARDIA TOTAL

miI’;UEATIC FHART ]}ISEK%E

Mitral ntenosis, post. op. | o 14 1 1 16
Witral reguwgitation, post. cpv - 1 - - 1
¥itral stonoais . 3 - -

Mitral stenonis regurg. | ' : i - -

’

P~ N
#
-~

alcoholic eardionyopatly

‘Eane | o 10 2 = 12

43D, post. OD.

(4%

\u
'

W

Pogt thyrotoxicosis - 1 - . S

¢hronic igchaemie WD _ 1 " - v i

Acute myec infs - - 1 i

gyotemic hyp, mitral regurg. - 1 - 1

Dk
i
ot

TOPAL, | | 40 I 2 50

Table 2: 50 patlents in whom the
arrhythnis was drug resizstent.



aortie valve disease upon which nm oparatimw had, cr had

not boen performed. In 12 puil@ntﬂ no uaderlyiag pause
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for the arrhythmia could “be datected. 5 patients had had

an atrinl asoptal dofeat r@g&ire@'aurgaﬁally§ 4 pationts
hnd alcoholic cardiomyopathy. txéam Irequanﬁ aaaaciataé_

heart condltions ineluded, ﬁf&ateé‘thyratoxicaaiat~chg@miﬂ’

ischaemic hoart ﬁiﬁ@ﬁﬁ@g'ﬂﬂuﬁé myocsrdial infaretiony,
aystémic hypertension with functionsl mitral regurgitaiion
ang veniricular sepial defect asscciated with severe.

puinonary hvpertsnaiunﬂ

1. ANALYSIS OF THE 150 PARIENES (T0741 SERIDS)

& ATRIAL PIRLIDLATION: (120 Patients). Table 3.

{1} Imdoriying henrt disesgn: 126 patients prosented with

atrial fidrillation (Table 3).  31 petients - Numbers
1, 4, 7. 8, 14, 15, 18, 22, 23, 23,
26, 33, 36, 3T, 52, 54 57s 58, 60, 7L,
73, 74, 78, 79, B2, 83, 84, 86, &7, 88,
94, 96, 98B, 104, 108, 110, 111, 112, 115, 119,
122, 123, 124, 125, 131, 133, 137, 140, 141, 147,
148, - o
had had a mitral valvotam?‘pérfurmﬁd for mitral stenoeis.

4 ﬁaﬁi@ﬁ%@ (numﬁera 90, iﬁ@, 128 pand 150) had had gsortic



TABLE 3

71 -

DIAGHOGLS

ATRIAL

ATRIAL

ATRIAL
FIBRILLATION FLUYLTER WACHYCARNIA TA&I;&'LA&B‘)M

VEI\TTRILULAR POTAL,

REBURATIC NEART DISFASR:

¥itral stenosgis, post.op. 51 1 i - 53
C Bitral ond ADYD, pont ov. 1 e - - 1
AC¥D, pott. oD 4 - - - 4
¥iirul regurg, posi. OT. 1 - - o 1
Hitral stenosis 4 - - - 4
Hitral regurglistion 2 - - - 2
Bitrel slenosis and regurg. 2 - - - 2
¥Mitral and ALVD -6 - - - [
tlevholin cardiomyopathy 6 - - - 6
Rardiomyopathy 4 1 - 1 6
Lene 22 2 1 - 25
ASD, post ops 4 B i - 14
Poud thyroloxicvosie & - - = 4
Ghrenie ischoenmic Hi 6 - - 2 8
mmte W@f's i*}f’. - - 2 2 A
syqtemic hyp mitral reeurpa 3 i - - 2
V5D, Pulm n«;m - 1 1 < 2
V.::Th W ﬁ‘. - - 1 - 1
&PK’T); WP’!"; - - 1 - i
-mr ‘!mmsp “l%v“’ 1 - - e i
ﬂbqtr. caxﬂ;cmynp. 3. - - - 1
_ qutmphia m;,mtonira - 1 - - 1
}'-rigimlis - - 1 - 1
TOPAL 12D 16 9 5 150

Table 5: The arrhythmia and underlying heart
: digense in 150 pationts.
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valve surgery under cardieo-pulmonary by-pass. 1 paﬁient'
(number 69} had had both mitral and sortic valves operated

on ﬁnder eardionpulmenary’bywpaaa and 1 patient (number 59)
had had an open repair of mitral regurgitation caused by
repeated subacute bacterial endocarditis on. a valve aﬁfec%ed:
. by rheunatic feve:.. There were 4'patients who had mitrsl
stenosis for which no operation had been performed {(numbers
%5, 41, 43, snd 51).. In 2 patients (numbers 55 and 59)
mitral regurgitation was the dominant lesion. In 2 furthexr
patients {numbers 32 and 10%) mitral stenocsis with regurgi-
Statian were preé@nﬁi 6 patients (nunbers 17, 24, 46, 56,
116 and 117) had mitral stenosie associated with,fh@umatic
aortic valve disease. Rheumatic heart disease was associsted
therefore in 71 out of the 126 patients with atrial
fivrillation, of whom 57 had had the natural histoxry of

their disease altered by surgery.

The,iemaining goasociated héart conditions invthe
patients with atriai fivrillation werc as followst~ 10
patients had cardiomyopathy (numbers 2, 10, 16, 21, 176, 85,
g2, 95, 100 and 13%C) by which is meant enlargement of the
neart unassocciated with valvulaf diseasge, coronary ariery
diseuse, cor pulmonale, idiopathic pulmonary hypertension,

sepial defects or systemic hypertencion. UL these, the
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first 6 (nymbers 2, 10, 16, 21, 76 and 85) were thought
to be due to excessive intake of aleohol over a prolonged
period. Hone of these patients had eliniecal evidence of

obstruction to the outflow of the left or right ventricle.

In 22 patients (numbers 3, 5, 12, 13, 27,.34@ AD,
44, 45, 48, 61, 63, 67, 91, 97, 105, 114, 120, 132, 135,
139 and 144) no underlying'cause for thevarrhythmi& was
detected and these patients have been labelled "lone®

(Evans and Swann, 1954), {(Table 3).

4 patients (numbers 9, 29, €2 and 93} had been
operated on for closure of an astium csecundum atrial septal

defect.

4 patients (numbers. 20, 75, 99 and 136) had been
successiully treated for thyrotoxicosis of whom 3 (numbers
20, 75 and 136J‘had had & partiai‘thyrcidectomy;” patient
number 99 had been treated medicaily. ﬁé'ﬁaﬁient had |
clinical or laboratory evidence of thyrotoxicosis g£till
being preaéntn |

in 6 paﬁiénts {numbers 38, 102, 118, 127, 138, 1l42)
a diagnosis of chronic ischsemic heart disease was mede.
None of'these patients showed electracaréiagraphia evidence

of recent myocardial infarction.
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1 patient (number 53%) had systemic hypertension
asgociated with mitral regurgitotion.

1 patient (number 68) had corrected transposition
agsocigted with rogurgitation of the systemic atrio-ventricular
valve.

1 patient (number 146) hod obstructive cardiomyopathy

of the left ventricle {sub valve sterosis).

(1i) Age-Rapge ond Sex Incidence: Table 4.

The age range varied from 21 years to 6% years (see
Table 4). The wmajority of patients {73) were between 41

and 60 years old.

There were 70 male and 50 female patients.

(iii) Duration of the Arrhythmia: Table 5.

In 82 patien%s {spe Table 5) atrial.fibrillatiom had
been present in pericds varying from 1 month to 3 years.
The shortest period im which atrial fibrillstion had been
present before treatment was 7 days (pétient'ﬁumher 128):
the longest, 17 years (patienﬁ aumber 1%, with Ylone®

atrial fibrilliation).
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TABLE §

A ) o A R

Y

ke 1o Fw  6poe 1~ 3a 5.

ACROBTS , o ¥ 105y
BIAGRUSLE 74 lmo Jmo 6mo  lyr 3yr Syr 10yr 1
RELTMATIC FEART DISRASE:

Mitral otenoesiz, poot Ope. - 5 4 6 12 9 4 9 2
Fitral and AQVD, nest op. - & = o= - - 1 -
ADVD, post op. i 1 1 = R - -
Bitrel rogorg., post oD - e W . - = 1 - -
Hitral stenosie . - 2 = - -
¥itrsl regurgitation e A A -
Bitral stenopln and regurge = - = 1 -« 1 = - -
kﬁtral and ! &?ﬂ . S | 1 1 - -
Al@obalic sgrdien yﬁpnfhv o e 2 = w2 1 - 1
Cardlomyopathy N -
Lous - 1 4 5 3 4 2 - 3
Aﬁn,'post Ofe = « 1 = 1 - = 2 -
Post thyzotexicosis B - i
Chranig asamu@mjg B - = 1 = 2 1 .2 = -
pg&t. hyp s mitrﬁl CHEVTE» I L L« = - -
Gor. Tla“s;‘?n ﬁ!{I" ™ - 1 - - - - e -
Obatr, Gardmmwyap. - 3 s - - . - o o
TOTAL i 8 19 18 22 2% 0 12 i

Table ¢ The duration of atrial fibrillation

before synohroniged c&pacitnr diacharge
in 120 pat:ents.
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(iv) Electrovardiosram:  Table 6.

¥ormal (other than the arrhythmiza -~ 2 ;uﬁiehts (numbers 3 & 144)

Digitalis effect - was noted ia 118 of the 120 patients

Left ventiricular hyperirophy ~ wae present in 29 patients.

Right ventricular hypertrophy ~ was noted in 6 patients, all
of whom had rheumatic heart disease.

Biventricular hypertrophy - was present in patients numbers
369 3:‘93 46 and SG:

hyocardial infarction =~ patient number 38 showed evidence of
an old anterior myocardial inforet and patient number
138 an old inferior myocardial infarct. In addition,
paticnt number 38 had right bundle branch block.

. Ischaemic R&-T seguments and T wave chenige - were noted in

4 patientso. ‘ '

 Gight bundle branch block ~ was present in 4 patients (numbers

79, 59, 117 and 38) and delayed activation over the

surfoce of the right ventricle not amounting to right

‘bundle branch block was present in 10.

(v) Heart Sige: Table 7.

{a) Cardiothoracic Ratio

G1 patients had a,cardicthoracic_ratic'hatween 45
and 59% (Table 7). o

18 patients had o ca:dioﬁhcracie ratio of more then
60% of whom all except three had underlying rheumatic

~ heart disease.
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Tlﬁuﬁf) 318

DIGITALIS

Ly

m‘{)‘ -rﬁ ,‘

¥YOC.

‘t’;uCH

BEETMATIC HRART DISEADE

#itrnl ctenosis, post 5p. 51 XL 03 - - 1 6
Hitrel and ﬂUvn, FC‘-S“L Ofs i l #n - -~ e -
#itral vemurg., post op. 1 R T { - - - -
¥itrnl stencois 4 b - - - -
fHidral regoraitation 2 1 - - - % -
vitral stenosis snd vogurg. 2 S - - -
I&ﬁaf-x‘&l m?; Abﬂ* 6 & B - - 1 »
Mecho.kic vat: z.rr’m.hyapa.th 6 1 - - - w -
0’&!‘6«1 Gryoapa %I'w 4 1 - e - - -
Tongs ?Q ‘@ - - - @ 1
ASD, poat ope 4 - - - - 3
Pont mjﬂ“*ﬁ“i‘ﬂri&ﬂaiﬂ : 4 - e - - - -
f‘hmmc ‘.iraf*}*némlc M’t & T 2 4 1 -
Bynt. hyp ¥ mi+r31 r@gurg. 3 I - - - & -
Q“G”i %mﬂ?}a \!‘lﬁ_f\‘! 1 - L - L3 . s
Ghatr, cardiomyop. 1 i - - - - -

118

6

10

 Table 6: Rlectrocsrdiographis charyme befors syneheonised

capacitor discharge in 120 patienis with atrial

Fivrillest

¥ s
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TARLE T
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encre omé LEPT ATRIGE
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DIUGKTIC HEART PISEAGE
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pOSt ope - “ - - 1 . w3
AUVD, popt op. _ - 1 - 1 2 = 2 2 =
Pitral vegurg,, post ops - - - i - N
Witesl stonosis 1 2 i - - - T
HMitral vegurgitation - - - 1 m w2 e
Hitral pienocis end

TEEUTS @ I . - w2
?‘J Yral ﬂul’a f’&ftvt* l ‘ 2 o= P 4 e

Mm}mlm aapdd ‘i o ;yzwm*hy
Gardionyopathy
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5
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iﬂh. pcst Clie - S R 1‘ b4
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I‘cm't; tmrnmmmsm - 2 1 i -

o
MRS EE X
| e
'

AR

(:?wcmic isuls, efnxia Rm L % S 1 -

gysi;.,hyp 5 Bitral _ . . .
ropuTg. . -~ - “ s - = 1 e

Cor. trangp, "HIY ‘ - - 1 o - N

Ohatr. cardicayop. : - - 1 - - w1 s

42

3,

POTAL o 27

i N

29 is 21

W
|

Tabie T¢ The cardiothorndie patic end size of the left strium
before aynehronised capacitor discharge in 120 pstients.
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The largest cardiothoraeic ratic, 71% was in patient
number 62, a lady of 56 years, who had had sn ostium
gecundum atrianl septal defect operated om in 1956 bui

in whom only partial closure had been obtained.

(b) Sige of the Left Atrium

This was normal in 21 patients, 14 of whom had "lone®
‘atrial fibrillation (Table 7).

3¢ paltients had slight (1+) or noderaste (2+)
enlargenent of the left atrium and 3 patients had

severe {3+) enlargement.

B AYRIAL FIUPYER: (16 Patients).

(1) Underlying heart diseame: fWable 3.

16 patients preﬁented-with atrial flutter (table ¥).

1 patient {number 11) had,haé & nitrald valvotiony for mitral
" stonesis and 1 patient (number 148) had a cardiomyopathy
the‘aetioiégy cf which was not spparent.

2 patiente (numbers 28 and 49) were labelled &g "lone®
‘atrisl flutter as no un@erlying heart diseace was deteeted
in either. |

The commonest wnderlying cause of strial [lutter was

surgical closure of an strial septal defect. 9 patients
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{numbers 6, 18, 30, 77, 8L, &9, 106, 107 and 113} had had
an ostium secundum atrial septal defect closed and the

operation was followed inm all by atrial flutter.

One patisnt (ﬂumher 47) had systemic hypertension .
associated with miﬁfai regurgitation. One patient (aumber 59)
had a ventricular sépﬁal'd@feat in association with reactive
end hyperkinetic pulmonary hypertension (Wood, 1958). One

patieat haﬁ atrial flu%fer»and_dys%raphia myotonica.

{(ii) Age Range and Sex Incidence: Table 3.

The age range varied from 24 years te 53 years
(Table 8). The ages of 8 of the 16 patients were hetween

the second apd fourth decade.

There were 13 msle and 3 femsle patients.

(1ii) Duration of the Arrhythmis: Table 9.
The shortest periocd that atrial flutter had been
. present was 7 dsys (patient number 11) and the longest
18 years {patient nuwnber 28). In 5 pafienta (numbers 14%,
" 6, 81, 106 and A7) the arrhythmia was present for periods

varying Lfrom 6 months to 1 year.
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DPIAGNOBIS Jo§  Bell 11420 2130 51440 4150 51-60

H_ErﬁFHFﬁFmﬁmzﬂmm

z

%1&3&1 stenopis, pout op.

¥
%
3
§
i
i
14
g
¥
o
t
§
¥
¥

Cerddonyopathy - ' “ A o m s o o d L o = e o om
: i@ﬁe ‘. . W e ow :-q-a: LR -2 -
AGD, poot ép- 1wl e 2l a1 2 - 2 = 1 oW
$?mﬁwhypf'mitrml TOITE, e e e m SRR A I 1 =

vs‘;n, Pulm %}3‘;3 e R T ) ) AP - e wm  em a

&
¥
}
¥
1
§
¥

Dystrophia myotor. B

TOTAL 1 « 2 o« 31 1 1 1 3 42 w 4 =

Table 8¢ Yhe mge range in yeavs and
' nex incidenee in 316 patienis
with atrial (lutter.
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TARIE 9

DIAGHOSLS

1-74 84-lmo l-Zme  Gmo«lyr l-3ye  Sel0yr

Witzal stencsie post op.

Caxﬁiﬁmyamtw

Lone

A8D, post cp.

5?3ygmhyfg:, mitral ragurg.
V8D, Puln hyp.

Bygirophia myolen |

3

- 1 - .

st e 1 - -

ot

TOTAL

- Table 9y |

The duration of etrisl fiuttor in
16 patients bafore synohronised
capsaitor dischorge.
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(iv}'Electrﬂcardiﬂgiamx Wable 10.

Hormal (other thaon atrial fiutter) ~ 2 patiente (nwmrbers
11l end 115).

Bigitallc effeet -~ wsd nﬂbﬁﬂ in 9 patients {Table 10},

L@it ventricular hypevLﬁaphy - Was prﬂment in two patigntﬁ,
(numbers 47 and 50).

Biventricular hypertrophy - was present in patient nuwber 50.
Right bundle branch block ~ was present in patient nueber 77.
Deinyed activation over the surface of the right ventricle

- pnot amounting o right bundle branch bloek was present
in 8 putients aumbers &, 13, 30, 66, 81, B89, 106
and 107. ’

(v) Heart Size

{a) Cardiothorscic Ratio Yable 11.

The cardiothorscic ratio lay between 56 = 5H4%
in 7 patienis. . § of these patiente {(numbers 18, 77,
81, 89 and 107} heod had an ostiuwx o2 cundum atrisl popbel
gefect closed surgically.

The largesi ratio was 64 (patient number 50) who

had & veatricular septsal defect and pulmonary hypertension.

(b} Size of the Left Atrium table 1l.

fhis was normal in 7 patients ol whom 5 (patients

purbers 6, 77, 89, 106 and 113) had hed an atrial septal

defect closed surgi@ﬂllyﬁ



TABLE 10

T RIS i TP

DIACHOSLS ' BIGLTAYIS LVE RV BSDE  Ine. DBER

Mitral gtencsis, rost 0%. . . - - - -
ﬂarﬂismyg§&ﬁﬁy o ' i L " - -
Long v v 2 - T -
ASD, pood 0P -5 - ~ 1 B
Syste. hyp., mitral f@gurga . 3 1 - - -
‘?S}'}, Palm ®yp. . - 1 i - .,—'v

Pyatroviin nyoten - - .- 1

TOTAL 9 2 1 1 i

Teble 10¢  Fleckrocardiographic changes before
aynehronised capacitor Jimchorge in
16 padients with atriel flntier.
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TABLE 11

T (T e

By ﬁﬁh(ﬁ HYRY

Fitral etenosis, post op.
Cardionyopatiy

Tene

AL, nest op.

i':ynﬁ hyp. mitrsl regurg.
¥Sh, Pulnm byt |

Pyoirophls unyoton

g LY ATRION
T 4570 50-57 5555 560 W 1 2 3
.1 . .- e m ] e s
. o 1 P S
1 i - - o 1 1 &« =
- i g i 105 % 1 =
. - 1 R T

TUyAY

Tabie 1l:

The eardlothorasic ratio and gize
of the left sairiun before
nynckhroniosd cepacitor disvharge
in 16 pntlents wiith atrial futter.
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In & further & patiemt& (nambers 11, 149; 28, 18,
81 and 107) slight.(1+) enlargément was presents 2
patigﬁts (humbers 30 and 47) had moderate (2+) enlarge~
ment of the left atriums and 1 patient who ﬁad.a
ventricular ﬁeptal defdet ﬁith ?ulmdnary-hypertengien

{number 50) had severe (3+) enlavrgerent.

C  ATRIAL TACHYCARDIA: (9 Patients)

(1) Underlying heort disesse: Table 3.
Gne puatient (number 31) bad had o mitral valvotomy

for miitral stenosis (Table 3).

in one patient (number 70} the atrial tachycardis was
unassociated with clinieally detectsble heart discase and

was labelled "“loned,

One patient {(number 10Y) had had an ostiun secundunm

atrial septal defeot closed surgically.

Two patients {numbers 42 and 129) developed atrial

tachycardia following a recent myocardial infarction.

Patient number 101 had a ventricular sepital defect
associated with pulmonary hypertension, One pstient
{number 6%} bad 2 small ventricular sepitol defect and the

Yolff~FParkineon~-White Uyndrome. In one patient {number 126)
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nild aortmc valve disecace was associated wit h@ ¥olffw

Parkinson-White Byndrome .

Digitelis intoxication wus the nrpeipltuting caunse

in one patient (number 143}.

(ii) Age FRange and Sex Incidence: Table 12.

The youngest patient with &trxq’»tachycardia was

15 years (patient number 125).
Two patients (nmumbers 70 and 143) were 64 years old.

Phere were & male and 4 female poatients.

(111; Duraticn of the arrhythmis: f“eble 13.

In 1 patient (numb«r 126} the arrhythmia was present

for 3 hours befere synchroniced capacitor discharge.

The longest duration of atrial tachycardia before
treatment was 7 months (pati@ﬁt numbeyr 31} but the majority
of patients had the arrhyibhuia pre:anu Yor periods ranging

from 1 week to 1 month (p Jtients nuubers 109, 101, 65, 143).

(iv) Blectrocardiosram: Table 14.

Digitalis effect -~ was present in 2 ﬂatlen 5 (numbers 31 ang
143). |

Left ventricular hypertrophy « wes noved on the slectro-
cardiogram of patient number 10l.
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i

1120 21230 £1-50 5160

DIAGHOSIS MR PN F R F N F

¥itral stonounisz, post ope ' BT

Lona ' | - w - - - -3
f’uﬂ), p{}st Q’;“ 1l = - own e - e -~ e
heate myoos iof. B ™S (A,

ﬁ‘sa’ iy . . p [ e -~ e
MOVE, VR ' w e e e oa - ® -

Bigitalis e T T S

PRT, 12 1 o~ 1 - 11 3 1

Table 12: The age range in years end 30%
inoidence in § puatients with
atriel tachyomydin.
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ey,

PIAGHOEIS <@ 1-7d4. lek-lpmo  leZmo  Omoedyw

¥itrsl etonosin, posi op. - - - - 1
lone ‘ - - . 1 e
ABD, post op. o P | - -
Acvite myocs dinf, ) o : 2 - - -
¥SP; Pulm hyp. - . i - -
Y50, WP - - 1 - -
AOVD, WFW , . 1 - - - -

Diglsalis - - i - y

A i A 3

TOTAL 3.

Table 13t The dursliion of atrial fochyeardis
bafore gsynchronised capacitor
Macherse in 9 mticnds.
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EBLE 14

L N

DTAGUOLTH STGITALIS LYY YO0, INP. LEBN RSB INC.RAGR

ritral stenosis, post op. 1 - - - - -
Lene ' e - - 3 - -

A58, 908% op. B & T .- - i

AOVD, ®hW | | - - - - - 1

™2
and

%

i
[
o
o
s
L3
aad
D3
T
fesd
A%Y

Table 14s Eleciroesrdlographic chensges before
synchironiced cspacitor discharge in
9 potients with ptrial techycnrdis,.



kyocardial infarction - evidence of rscent myocardial
infargtidn wac present in 2 patients (ﬂumbers
42 and 129}. - '

Left bundle Branch block éxdelay@d activation over %he'
surface of the left ventricle was present in 1
patient (mumber TUY. | ‘

Right bundle Branch block - one patient {number 42} chowed
this pattern, but in 3 others -(patients numbers 109,
65 and 126) ﬂelayed activation over the surface of
the right ventricle net amouating te complete right
pvundle branch block was present. '

{v) Heairt Size:

(a) Cardiothoracic Ratio Table 15.
A cardiothoracic ratio of 50% or more was present
in 7 patients.
1 patient had a cardiothorad¢ic ratio of 66%

(patient nwuber 101) and 1 patient (number 3L}, 64%.

(b} Size of the Lelt Atrium Table 15,

The wsize of the leflt atrium was normal in 4 patients
(numbers 70, 109, 65 end 126}.

Slight eulargement (1+) was present in two patients
(numbers 1¢1 and 143) and noderate enlargement (2+) in

three paticnts {oumbers 31, 42 and 129).



93

TABLE 15

PIAGIOSIS

aag, | LEFT _ATAIUH

¥itral stenasisg, post oap.
Luno |

ALD. post ép.

kovte myoc, inf,

V5D, Pulm hype
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N
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Table 15: The cardiothoracie rallc and size
of the left atrium belora
gsynohronised capaciter dischavrge
in 9 patients with atrial Sachycsvrdic,
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D VEHTRICULAR PACLYCAWDIA: (5 Fatients)

(i) Underlying tesrt Disease: Table 3
One patient (number 80) had cardiomyopathy as the
underlying cause (Table 3).
Two patients (numbers 72 and 145) had ventricular
tachycardia associated with ischaemic heart disease but
unassociated with recent myccardial infarction.
Two patiente (mumbers 64 and 134) had their arrhythmis

in association with recent myocardial infarction.

(ii) Ase Renge and Sex Incidence: fable 16.

fhe oldest patieut with veniricular tachycardis was
74 years old (patient nuwmber 64) and the youngest %9 years

{patient numbar 80).

4 of the 5 patients were male.

(iii) Duretion of the Arrhythmia: Table 17.
Ventricular tacaycardia was present in all 5 cases
for a relatively short tine which varied from 1 %te 10 days

(Table 17);
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NEAGROTE

34D 5160 718G

¥ F B M F
Cardlamyonatihy « 1 = - - -
Chronic iachaenmic HP - . P - -
Acute myots inf, - o 1 - 1 =«
TOT}.\L it 1 ?) d 3; )

Yable 16r The age rangw 3

incidenoe in &
wentriowlar tachyosrdin,

in yosrs and gex
patients with



TABIE 17

DIAGROSIS

1=-T7¢ Iwk-ino

Cardiomyopathy
Chronie ischaeuic ED

Acute myoc. inf,

- .3_

-

bt
i .

TOTAL

Peble 17t The duration of vemiricilar

jachycardia in 5 patients
before synchromised eapncitor
diacharge.
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{(iv) Electrocardiomram:

Ventriculny tochycurdls alone was noted on the

glecirocardiosram in 4 of the 5 paticents. Faotiont number

72 however also showed evidence of digitalls eflect.

(v) Heart biszes

- {a) Cardiothoracic Rotlc:  Table 18.

One patient (musber 134) had a cardicthoracic
ratio of 64% and in the remaining 4 patients this ratio

varied from 50 - 5%,

(b} Size of the Left Atriwme: Table 18.

fhe left atriuwm wos graded as normal (N) in
patient number 80.
Patient number 64 had slight (1+) enlargement and

patients numbers 72, 145 and 134 moderaie (2+) enluargement.

111, HAEMUDYNAMIC STUDY:

(1) Gardiasc outpui Measurements -~ 14 patients. Table 19,

n

(a) Atrigl librillation.
% patients had rheumatic heurt disease, one had had
s mitral valvotomy for mitral stenosis and one had had an

open operstion for aortic stenosis, The third patient had
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R LEFT ATRIUH

PEAGNOSIS | omy
. 50w54 55<58 »60 N 1 2

Cardiomyopathy 1 - - 1 s -

el

- Chronic tschacnic HD ' | 1 - -

Acute myoo. inf. - 1 1 -« 1 1

TOPAL 2 2 1 11 3

Table 14: The cardiothoracic rotio and aize of

» the left atriuwm before synchronised
capacitor discharge dm 5 patients with
ventripuler tachycordis.
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REYIRIIA AND SISUS NUIYTR

A ATRIAL FIRRILIATIOR

Rheumatic heart a.iammez
Mitral stenosis, post operative
portie velve dinease, post operative
Mitral and sortie valve disesse
Klesholic Cardiomyopathy
. Dardi enyopathy
Chstructive cardiomyopathy of left ventricle

 lome

I N T

Chyonic ischacrdo heart dlecase |

o

PTreated thyrotoxicosis

B ATRIAL PLUPTIR

fﬂ,

Lot

TOPAL: 14

Ape Range 3165 yoars (mean 50)
11 msle  $ Pemale

Table 19: 14 putients in vhon cardiac oulput and prescure
© measurenments were made at rost and on oxercise
bofore and after the establishaant of sinus
rhythn by synohroniced cepacitor discharge.
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mitrul end sortic valve Giscsse which had nod been
Gperated on.

2 putients had cerdomyopathy and sicohsl weo thought
te be the precipitating cauce in one. One pationt hod
obatruciive earﬁiamyapaﬁhy af the left ventricle {oub

valve stencsis).

in 3 patisnte atrial fivrillation was unsspocinted
with c¢linically ﬁat&ﬁﬁabiﬁ heart discope, 2 patients hed
ischaemio heart disonoe without clindeal or electrocardice
gﬁaﬁhi@ @videnee ef reaﬁnm~mycéarﬁia1 infarcetion. The
resoining patient in this proup had had thysotoxioceis

troated ond was now euthyroid.

{b) Atrigl Yiutlex:

2 potients wore siudied in atrial flutser. Ian both
this wae unassoclated with olinicolly deteotiabls heard

diseass.

“he mean age of the 14 pationts was 50 years (range

31« 6% yeoxs). Ll ware males and 3 were fempies,

{4i) Heart Rete end Physleal York Campacilys 6 patienta.

6 patients wepre studied. Atricl fibrillstion wes
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TABLE 20

HEAPT RATE ANT) PHYSICAL VORK CAPACIAY, IN ATRIAL FIFRILLATION ATD

SIS RAYTAY

Bitral stenonis and mgxmgim‘himn
fione
Chronic ischpemic heart disease

Treated thyrotoxicosis

aa_'ivi L= S

EOTAL

Age Renge: 323—6‘2’ years (nmenn 5,3‘5;"5'}
‘Amale 2 female. |

Table 20: € pationts in whom heart rate and phyeical work

: capacity were Getermined bafore and after the
gonversion of atrisl fibrillatien to pinus rhythm
by synchronised capacitor diecharge. '
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present in all 6 before synchronised. capacitor discharge.

Kheumsi Jdc heart disease, rovul%nng 1n mitral stenogis
and regurgitetion was present in one patienﬁ, One natient
was enthyroid following treatment of thyrotozicoasis and in
one patient atrial fibrillation wag unassociated with
clinically detectable underlying heart ﬁi;ﬁa@@a Tachz 2emi. ¢
heart disesse without clinical or electrocardiographic
evidence of recent myocardial infarcetion was present in
5'pmtients.

The mean age of the é mtﬁeni “wag 5 .5 years (range
38 -~ 62 years). 4 were males and 2 females. ¢ncme patients
fgfmed e represcutative group of the 150 patients of the tobal
series.  Although 12 also ap@ear aitongst the 150 pati@ﬁta
ﬁhe remaindew were addjtionalu_ Yo aveid confusion the
pdtienth forming tnls group will b@ listed accaréinp o

their initisls throughout.

'IV. RATIERYS TREATED BY SYNCHEUNLEED CAVACIEOR DISCHARGE FOR

A BECGHD TLMB

{4.) ggﬁgggﬁgwggp reverted to their arrhythnie (17)
12 patients reverted to atrial fibrillation_anﬁ

riieumatic heart disesse was associated in 6 (Patients numbers
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23, 37, 54, 110, 123, 43)., In 2, atrial fibriliation was
ungssociated with cliaical evidence of heart disense
( Fotients nunbers &1, 63). Fatient_nambef 9 had had
an atrial septal dofect closed purgically, patient number
668 had corrected tranapasition and fegurgitatioﬁ of the
systenic atriawf&ntricular valve, patient number 147 chronic
igchaenmic he&rﬁ digease and p@tiamt‘numbcf 146 obstructive
cardiomyopathy of the left ventricle (sub-valve otencsis).

3 poatients reVQrtud to atrial flutter. Fatient
number 28 had no undeﬁlyin@ heart diseace, patient ﬁumber 5
had a ventriocular sepisl dciéct and pulnonary hypertensién
snd patient number 107 had had surgicel closure of an atrial
septal defect performed.

Patient number 129 who had an zcute myocardial infarct
reverted to atrial tachyeardia. |

Patioent number T2 with ehrnnic‘isch&@mic heart disesce

reverbted to ventrioular tochyeardis.

(i1i) Patiento in whom the first treatment failed (3)

2 patients (numbers 6C and 39) had strisl fibrillation
associnted with rheumatic hesrt disease in both.

1 patient (numbev 55) hud atrisl tachycardie asssuciated
wath the WolffwParkinaon~Wh;te Syn&rmae and & ventricular

septal defect.
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SUNMARY
4 A AV A A T

1. 150 patients with atrial fibriliation, atrial flutter,
atrial tacpycardia snd ventricular tachycardia are

préesented.

2. The first 50 patients were treated to determine whe ther

the arrhythmia was drug re sanh

D yetdllﬁ of the numbers oi patlents with each arruythmxa
are given and pahients are analysea acccrﬁlng to the
‘underlyxng heart dlsease, age anﬁ sexy duration of the
arfhythmid, radiographic size of tne heart and sleciro-

*

Cirdlﬁérﬂt 1ie changes.

4. A represeantative group of 20 patients were studied for
haenodynamic beneiil in sinus rhythm. In 6 heart rate
and physical work capacity were monitored. . In 14 cardise
ocutput measurements were made.

20 patients were trested by svncﬁron¢sed capacitor discharge

5
»

for a second time, 17 of whom had reverted to their
arrhythmia; the first treatment had been unsuccegsful

omy

in o
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Chapter 4

AT M e A SRR
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DRYS PHECAPY FRIAL:

’Patiﬂn%évnumbara i %'EQNfﬂil@d t§ &Ghi@?ﬂ pinug

. rhyths despite the drug'therapy givéﬁ; The drupges were
storped at lower doses than rscorded in Chapter 3 with

the ﬁGVElﬁﬁmén$ D$-§@§iﬁ.ﬂympgéﬁﬁav‘ wuinldine Qaﬁﬂéﬁ

more Soxie sym@%@ms.ﬁhan.diggxin and every patient in
WhOm quiniﬂine was used wso - admitied %o honpitel. and

“the electrocardioyram monitored on en oseilloscope through-
out. During the tice these 50 paltients with aryhythnis
resistant to druge were ¢ollected, 2 cases of Qﬁimiﬁine
arresat @@curraég both were resusciteted without sequelas.
The first developed arrest 1 hour afisr the coocond dose of
300 mg. of gﬁiniﬁin@; the second 1 howr followibg a

pecend dope or HGL me.

Uances, vomiting and tinnitus were frequently
conplained of and quinidine bad te be disecountinued boconse
of the firet two in 17 of the %50 p&tientso‘ faitifocal

ventriculer ectopics beats oecurrsd in 6 patients, disciness

or syncopo in 4, and hypotension in 2. In 2 patlents who



~had atrial fibrillation the venirieular rete increased
..tu 180 per minute on quinidine~dempite full digitaliﬁatiﬂn
and quinidine had to be diacomtiﬁued. In 12 patients a
combination of toxic_symptoms.ta.qgimidine developed -
NHUSEA, multifocai Venirieular.éctopie beats and dizziness

wWere cemm@mlg*zr*'ocmuhou.

L. PATILUTY Tﬁﬁﬂxuu nUCCLbbFULLY;

'3HJG RESISTANT BERILS (Pa txent numb@rn 1~ 50)s %abls 21.

Drug therapy to maximumamalﬁraneé failed to bring
about sinms rhythn in 50 patients. 43 patiéntg.(séy},j‘
‘came inte sinue rhythm follaw1ng bynehxonised capacitor
.discnarg@ (Table 21). buPCQBh ul version wae achieved
in 33 of 40 with atrial fibrillation. All 8 pa%iemtﬁ
with atrial fla;uer and both patiento w1th ntrial t&ﬁhhcerL&

were sugcesafully treated.

TOTAL SECIES (Pgtient numbers 1 - 150)  ‘table 22,

151 patients (87.) were treasted successlfully with

synchrenived capacitor discharge (fable 22).
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1. THE ARRHYTHMIA
& APRIAL FPIBRILLATION:
{i) ﬁnderlying Heart Condition:
(a) Rheumatic Heart Discase:
62 patients (877 wifh'rheumaﬁio heart dizeage
were successfully brought into sinus rhythm.
{n) Cardiomyopaﬁmy: B .
A1l 10 paﬁients who hadvatrial_fibrillatien'in. ¥
'assmciati§n with cafdiomyopathy, were successfiully ,g'

treated.
(¢) Lone:

16 patiants {73,5) wére suceceesfully brought ioto
sinus rhythm,.
(d) Other:

3 of 4 patienits who had had surgical correction
¢f an ostium gecundum atrial septal.defeat were treated
suceeﬂsfully_a$ wéfe 5 of 4 patiente in whom thyro- ¥
toxicosis had previously been tréated.

5 of 6 pat;enﬁa'in Whoﬁ atrial fibrillation was
associated with chronic.ischaémic heart disease were
successfully brought into sinus rhythm.

| The patient who had systemic hypertension and

mitral regurgitation, the patient with corrected
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transposition and regurgitation of the systemic
agtrio-ventricular valve and the patieni with obetructive
cardiomyopathy of the left veniricle (gub-valve siencsis}),

were successfully treal ed.

(ii) Age Range and Sex Incidence:

Age by ditself did not alter the chanceg oz puccesafnl
version by synchrﬁnised cap&citor discharge. Fotienits in
~the seventh decade were successfully broughit inte sinus
rhythm as were those in the second decade. Sex inecidence

slso, was not a factor.

(1i1) Duration of the ﬁrrﬁvthrﬁ; Figs. 16, 17.

The nuwnber of patients treated gucgassfuliy compa red
w;th the uuratlon of atyial fibriiiastion is shown.in'Figg;ﬁn
Whun atrial fibrllldtion nas present for up to 1 year ihere
was o 90 cnancc of cuccessful version with synchropnised’

a

L

pacltor ﬂlucanwe {(#ig. 37), irvespective of the underiying
heart disease.  wWhes this poriod was exiended to 3 years,
the chance of succ 268 Was 84,5 at 5 years it was 80%, and
over % years, A8

Although the longer atrial fibrillation waeg present

the iless the chance ' of sucre,s, patient nuﬂhor 4 who had
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25 NUMBER OF PATIENTS '~

n Total

| Successful
version

20

15

10

<Im  13m 36m 6mlyr 13yr 35y 510y >104r

DURATION OF ATRIAL FIBRILLATION

]

FIG., 16: Duratien of atrial fibrillation and number of
succeassful treabdments in 120 patients.

had atrial fibrillation for 16 years, petient raumber 76
(14 years) and patient nunber 67 (12 years) were successfully

broucht into sinus rhythm.
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% SUCCESSFUL VERSION X

100

S0 —

80
‘70

50

30

<im 1-6m 6m-lyr 1-3yr 3~5yr >S5yr
DURATION OF ATRIAL FIBRILLATION

FI1G. 17: Fercentage successful version and duration of
vtrial fibrillation in 120 patients,

(iv) tHeart Lizes

(a) Cardiothoracic Ratio: Figs. 18, 19.

ihe success rate tollowing syncaronicsed capaclitor
discharge wag lmversely reluted to the pardiothoracic
ratio (patients with lone atrisl fibrillation excepted)

rig.18). Once the ratio exceeded 5%, the success
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| 30. NUMBER OF PATIENTS

_’ 25 D Total

3 l Successful version -
20

B

15

10

40-49 50-54 55-59 >60
CARDIOTHORACIC RATIO %

FIG. 1lbs Cerdiot .orveic rotio , .liv aw.l:r of ruccescful
treat eatu 1a Jo peticute vitic cirial {ivbrillation.
(erecluwdi . ©2 patiente 7ith lone atrinl
iibrillction;.

rete fell to lcecuc than 82,) oi Lie <4 patients in this sroup
(Li,.1%). This proved to be cspecially tne case in those
patients who, followiing closed nitral valvotony, vere in
atrial fivriliatioa vith coawsidertwvle eonlirgeaent of tlhe

heart. b patients (rnuwabers v3, 52, 87, 110 and 123) out
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M NP NS T2 T

100 7 SUCCESSFUL VERSION

90

L0-49 50-54 '>55
CARDIOTHORACIC RATIO %

|

Percentage successful version and cardiothoracic
ratio ,» in 30 patlients with atrial fibrillation.
(exeluding 22 patiente vith lone atrial fibrillation).

riG. 19:

of 9 of this _roup were brou-ht into ginue riythm. Hever-

theless 12 out of a tolal of 1% patients in whom the cardio-

thoracic rstio was greuter than 607 did come into sinus rhythm.

An exception to the general rule was found in the 22

patients with lone atrial fibrillation. % (patients numbers
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5, 61, 67, 105, 120, 12, 44 and 91) out of a poesible

13 patléth in whom the cardiothoracic ratio varied

from 40 - 49~ come into sinus rhythm.

(v) Size of the Left Atrium  Fige. 20, 21,

Seleclive enlargement of the 1eft airium 16%3@&&&
the chances of success (Fige, 20, 21). The patiernts
with lone sirial fibrillation were exeeytlona1 The
lefﬁ atrium wue normal in 14 of these pati%mta but only

10 (pqtneh»'numbers 5, 40, 44, 48, 61, 891, 1095, 12 2G,

132, 13%5) were restorad to sinup rhythm,

B ATRIAL FLUTIER

(i) Uudrrlyvnﬂ ﬁearh Diseazse

ALl 16 patiente were succecsfully brousht into sinue

rhythm.

(11} Age Range and Pex Incidence:

Age gnd sex incidence did not lessen the chances of

guccess., - L

(13i) Duration of Arybythmia:

Duration of the arrhythmis did not lesgen the c¢hanees

of successful version. Patient number 28 in whon atrisl
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50, NUMBER OF PATIENTS |

i
40 U Total !

- ISucc_essful !

| 30 version ;

{ ‘
20

¥ 10

' |

gl :

.0 |

Normal 1 2 3

SIZE OF LEFT ATRIUM

YIG. 2C: wwize of the left airium wna wuwsber of successful
treatments in 98 patients with atrial fibrillation.
(excluding 22 patients with lone atrial fibrillation).

flutter hud been present ior lb years was successfully

converted to sinus rlythu.

(iv) Size of the Heart:

(a) Cardiothioracic Ratio:

Enlargexent of the heart did not prevent successful

treatment.
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100, % SUCCESSFUL VERSION

90

80

e

L

N-1 2-3
SIZE OF LEFT ATRIUM

FIG. 21: ‘tercentase successful version and size of the left
strium in 98 patiente with atrial fibrillation.

(excluding 22 patients with lone atrial fibrillstion).

S

(b) S8ige oi the ieft Atrium:

inlar enent of the leit atriwn did not prevent

successful {resti.ernt.
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& AYRIAL TACHYCARDTA

(1) Underiying Hesrt diseage:

# patiente were trected successfully.

2 patients (numbers 42 and 129) in whom atrisl
tachycardin followed soon after scute myocardial infarciion

hod their arrhytnunis successfully terminated.

(41) Age Range and Sex Incidence:

Age and sex incidence did not lessen the chanceg of

gsuccessfnul {treatment.

(i1i) puration of Arrhythmig:

¥o patient with long-standing etrial techycardia

presented for treatwent.

(iv) 8ize of the Heari

{a) Qardiothoracic Natic

Heart sige alone did not lecsen the chances of

successful version.

(b) Size of the Left Atrium:

Noderate {2+) cnlargement wae present in 3
patients (numb@fs-ﬁl} 42, 129) who were oll treated

succegsfulliy.
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D VINTRICULAR TACHYCARDIA

All 5 patients were treated successiully. The agé
rémge, overalld aize of the uozrt and silze df the left atriun
did not lessen thevchance*@f successful treatment.  The
arrhythmia.was of short duration in all patients before

treatment.

2. QUINLDINE PHECEDING SYNCMAONTISED CAVACITOR BISCIHARGE

(1) Atr;al Pibrilintion (12@ patienta} fable 23,

Synchronised cupucktof dL&Lh&TIL was nreceded by
300 mz. quinidine orally, GO ~ 90 minutes before itrestment
in 41 patients (Tabie ?;,. 6 failed Yo cbme intoe ginus
- rhythm.
dreatment war underiaken w1thout irmediate preceding
guinidinp in 79 pmtienta. 10 failed to cope into sinusg

I‘hy thm .

{(ii) Atrial Flutler (16 patients) Table 24.

4 of 16 patients suceessful ?y trested were given

preceding qzﬁnldzne (melc 24,
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‘5’?5-’»* ?%}’rf"; ‘mi'f:ml rmr,a ‘ 3 -
‘C??f_f?ﬁnﬁyﬂ ““l”» - 1
G%Qﬁr.“gaﬁﬁiogyépa_v -  &, o 41

GOTAL

43 {9) 79 {10}

Table 23:

capacitor discharge shewing pulienta whose ireatuent was

presadod by cuinidine.

rho Failed to come into siows rhytho.

120 patients with atrial Cibriliation ireated by synchkronised

the figures in hrackets refor to those
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TABLE 24

QUINIDINE 14 BOURS BETORE IC

TIAGHOGIS

rs ho

Hitral aﬁanoéia, p@gt.oﬁu ‘ . . 4 1
Garicmyopathy ' . o
Lone , ' o 2 -
&Sﬁ;‘Qusﬁ oPs ' _ | -i‘ , 8
Syat. Wyp, mitral m.guxfgﬁ - 1 - -
gsD, Puln hyp. | . o

Iystrophia myoton. - ‘ ' ';_ : 1

Table 24: 16 Patients who hed strial flutter tronted
with synchronised capscitor discharge showihg
pationie whoge treatment was preceded by
guinidine. '
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(1314) Atrisl Tachyeardia (9 Patients) fable 25.

Syachronlsed c&pacituf discharge was yreceded by
quinidine in é_patienﬁs {Table 25}, Patient number 129
who had acute myccardial infarcition was given 300 nge.
quinidine 940 minutes_befare successiul treatment. Patient
number 65 who had a ventricular septal defectlané the |
Wolff-Parkinson-%hite Synﬁrcmé and was gilven 600 nmg. quinidine

ene hour before treatment failed to come into sinus rhythnm.

In 7 patients synchronised capacitor discharge was
not preceded by quinidine.  All 7 werc successfully brought

into sinus rhythm.

(iv) Ventriculsr Tachycardia (5 patients)

All S patients who had ventricular tachycardis

succeasfully treated were not given preceding quinidine.

3« HUMBER OT SHOUKS ANP EﬁEH@Y‘HEQUIQEMEHTSE

Sinus rhythm wé@.achiﬁved in 131 out of ﬁhe'15é
patients treated by synchronised capacltor dieéhargen  Two
anterior yaddles were used in 108 patiente and in Qﬁ'mne
pnterior and one posterior paddle were nged to determine
whether conspicuously lower levels of snergy resultsd |

(Lown, 1964a).
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QUINILINE 1% HOUNS HEFORE DG

DIAGROBIS

YES . EO

Witral shenosis, post cp. - 1

Lone - 1

ABdYy ;pmn Qpa - 1

- Aoute myoc. inf, 1 1
VEl, Pulm, hyp. - i

vsh, wow 1 (1) -
AOVD, TV . 1

Digitalie - 1

TOTAL 2 7

Table 25:

9 patients with atrial tschycardie treated Yy
synchronised capacitor discharge showing
patiente in whom trestwent was preceded by
quinidine, The figure in brackets refers

to the patient who mﬁ.lm %o come into sinus
rhy thm.
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As THE ARRHYTHMIA

(i) Atrial Fibrillation (102 Patients) Table 26.

{a) kaddles ﬂntefiof:

u% patients Were succeésfully treated with two
anterior paddles. in‘43, sinus rhythm was acliieved
after one shock (enérgy range 5¢ - 150 joules), in

28 patients, alter 2 shocks (energy range 100 - 200

A

joulen}, in 7 patiente after 3 shocks (energy range
200 -« 350 Jjoules), and in 5 patients after 4 shoeks

(energy range 350 - 4U0 Jjoules) ~ see Table 26.

(b} Paddles Antero~Posterior: Yable Z6.

19 patienta were ﬁueeeasiully treated with one
anterior and one posterior paddle. o poatient was
brought into sinus rhythm on the firet shock (emérgy
range 25 - 50 joules), (Table 26), § patients came
into sinus rhythm following the geemﬁd’shock (energy
famge 100 - 150 joules), & after'thé third shock
{energy rénge}lﬁv,w 350 joules), b affexr the fourth
shock (energy_rangeb2ﬁ6’~ 400 joules) and l'patienﬁ

after a fifth shock of 400 joules.
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PIAGKOSIS

PARPLES ARTLRIOR P lf)IaLTf} M" xlﬁ.ﬁiéwi’t}amﬁi}'ﬂ

RO, ©

oF “‘{O“

*{0. GT*’ SH{.I‘KS

i

2

[wd
A

44, 5 . '. . ‘A

i ii.!*!?iM.Tﬂ P JIWART OTSKAL

Hitral alenvuis; post op.

3» 4 o1

B~/ S X+ B B ~ % 5 1 1

Vitoel and .AOV.Q; post obe S - - - s - - - -
AGVE, pont op. 2w w o~ “« & 1 1 =
. Kitral etenoois 1 2 e o« N
itral regursditation “« ) - e “ 1 s e e
Bitral stenosis mad regurg. - 72 e o= - m om w
»M'z al snd \f*”i‘f 4 1 = s - e m
ALrDhoan carﬁaemyop&tuy 1 2 2 | o> wm m ow -
Ca:r*nimag ope 1»’31; E0L = o - e wm e
Lone 4 7 1 2 e o« 1 1 -
ﬁﬁﬁ, ptigt up. 1 i “« 3 - - - - -
Fost Lhyrotoxiconds 2 e W e w = L e -
Chyonie ischeemie HD « L 1 = “w 31w 2 =
&.}}'rﬂt‘ hyp ¥ ;.,L;R‘;'far 'Lnl o {g‘tﬁ‘g » ji s “ el »~ - e - o e
or,. T’S’ﬁﬂ%‘!]’,}a BRIIY e e i s “ - - - w5
Ohatrs cardiomyopathy - o w e

TOTAL

el
8

[
A8
-
iR
e

Table 26: Tha wumboy of shocka neefed for successful

yersaion
in 102 potientes

of adtrial Fibriliation 6 ginus vhydhm

in 8% snterior paddles wore

need, in 19, sntero-posterior pndéles.
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(1) Atrial Flutter (16 Patients)

(a) Paddles Anterior: Table 27. |

13 patien%@ came in%o sinus rhythm after a singie
Snock of 1%0 joules, Patient 113 a b&y cf‘éé years
¢amé into sinus rhythm following a single shock of
L0 joules. 1 patient came into sinus rhythm afder
a second shock of 150 joules. |

(b} Poddles Antero-Fosteriors: Tavle 27.

L patient cane iuto sinus rhythm after a single

shock of 50 Joules.

(ii1) Atrinl Tachycardis (& patients)

(a) Paddles anterior: Table 28.

5 patientis were brought into sinus rhythm fellowing
the first shook. in 4 an energy setting of 150 joules

- was used and in patient number 101, 50 joules.

(b) Peddles Anterg-Yosterior: Table 28.

1 patient W&B breught into sinus rhythm following
a shock of anefgy level sotting of 50 jéulem;
- Patvient number 126, reguired a second shock of
106 joules and patient number 143, a second shock of

50 joules. 7 .
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TABLE .27

PAVELES ARTTRION ANE-PRGT .

B, OF SHOORSE D, OF SHEOCED

1 3 1

Mitral stonosis, post op. i - -

Ladk

Sardlenyopathy ' - w

bone | s L -
ALy ponl op. | - RS B | ' -
Byots by, miirel regurs. 1 - ‘ -
wan

Vo, puim. byp. 1 B o

Dyotrophis myotonice . - . A

TCTAL 14 1 1

Table 27: The nanber of shosks nesded foy surpcessful
varsion of atrial flutter to giasus rhythm in
16 potients: in 15 anterdior paddles vere
vaed, in 1 aoioro-pacterior peddlces.
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TABLE 28 '

PEOPLES, AGT. PADTLRS ART-TOST

DT AGROTTE

BOs OF GROGES NGO, OF SHOUES

‘ | | L 2

Fitral stenosisn, poat op. ' 1 _ - -

E‘:(}Hﬁ’ﬁ 7 ’ e

O et
L]

..ASL% wost ¢o. ‘ ' 1 : T e

Aeute iyov. inf. ' L2 v - -

/E.‘ .
¥
3

52, pulm. hyn.

AGYD, €47 S - _ o 1
Vigitelin _ B w |
V. 3 2

TOTAL

%
T
i

L]

Table 28: he pumber of shocks necded for successful
: - version of atrdel tochyeardin to zives rhythm
in § putienbz; dn Y onterdor pasddles were
uned, a3 anlerc-posterior poddicg.
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(iv) Ventricular Tachycardia: (5 patients)

Paddles Anterior:

4 patienis were brought into sinue rhythm alter
the Tirst shoek (energy range 50 ~ 150 joules).
1 patient came into sinus rhythm alfter dthe second

shock of 50 joules.

B. DURALION OF AnuHYTHHIA

(4) Atriasl Fibrilliation: Table 29.
L ' | o 2

Ho correlation Waé;fauﬁd~betweem_fhe duration of atfiai
fibrillation and the energy setting ueeded for suécﬁaﬂfu1
version %o ginﬁe rhy thm (%able 29) s Fatient number 14¢ who
had atrialvfibrillatiuh’far lesy than 1 yesr in relation tc
rheumatic hesrt disease required a maximum energy level

setting of 400 joules using antero-posterior paddles. in

i,

- ]

contrast, patient nuwmber 4, who had had atrisl fibrillation
for 16 years, also related to rheumalic heart disease wag

brought into sinus rhjthm with an eneryzy setting of 150 joudes.

(1i) Atrisl Fiutter:

Ko correlation wes found between ithe durciion of the
arrhythmia and energy setling needed to baing about sinus

rhy thea.






(iii)‘Atri&l Tachyeardias

Ne correlation was found between the duration of the |
arrhythmia and energy setting nceded <o bring about sinus

be stressed, however, that ihis arrhythmia

¢

rhythm. it must

wao present for less then one year in all patients.

(iv) Ventricewlar Tachycardis:

The arrhythnia was prescnt for reletively ahort
periods in all % patients; no analysis as regards duration

was possible.

O. BIZE CF @7 HEART :
.
:
.

(1) Atzipd Pibrillation - -

(a) Cardiothoracic Ratie: Table 30.

| ho cdrr@lation‘wam'round betwasn the cardiﬁm
tﬁér&cic ratio w and the energy setiing required for
succesaful version Yo sinus rhythim.  Thie is shown
in Table 30 where thé énergg_needéd in 43 patiént& who

had rheunstic heart disense (nost operative mitral

stencsis) is Jdetailed and the cardiothorasic ratic
shown. ‘The came lack of cerrelation was found with

the remaining patients.



T . ' 1%2

TABLE 30

~post op. | 250, 150, 156, 150, 150, 130,
' 250, 250 Aal, 200, 250,
| =

DHIAGROGTS B

S - - ) B 3
4 teol 150, 100, 250, 160, 150, 150, 250, 150, 150, 150, 250, 150
iteal - 250, 350, 4G, 150, 150, 350,  25CG, 150, 315G, 250 B
stencaie, 150, 150, 100 150, 150, 315G, 150, 1905 150,

Table 30:  %The cardicthoracic ratio end eanrpy level sotbings
: in joules ueed for aveccsesfol version of atrial
Fivriilation to sinuvs vhythm in 43 patients who

Lad ghevmatic heart disease (noat snorative mitrsl

slencoie), Tach {igvre repredents one patient.

fnergy delivered using sntero-posterior poddles

isn underlined.




(b) Size of the Left Atrium: Table 3i.

‘Ho correlaticn was found between the size of
the left atrium snd the energy settings nceded for
snccessful treatment in patients who had rhoumatie

heart disease (Table 31} or in the remsining pabients,

{1i) Alrial Flubter:

(a) L“fd;@hhurac1o Ratio:

There was 1o cor: 91&Ljon bwtween the cardic-
thoracie ratio j and the energy &etting reguired for

suceessful version to sinus rhythm.

(b) Size of the Left Abriums

There was no correlation besiween the size of the
ieft ailrium and the energy setting vequired fov

successful version to sinus rhythm.

(iii) Atrial ?aa hycardias

ueiﬁher CdlﬂlQthT&ClC ratic nox size of the
lefd atriun WETE roLa%a to eneryy sotfings necded in
the & patiente who were successfully brought into sinus

rhythm.



TABLE 31
DIAGROSIS LEFT  ATRIUH
1 2
100, 150, 100, 250, 250, 150, 150, 150,
1 tral 150, 150, 150, 150, 250, 150y 350, 150,
stenogis, 250, 250, 400, 150, 1506, 150, 150, 150,
poat op. 159, 150, 150, 150, 180, 150, 150, 250,
150, 350, 200, 250, 250, 150, 150, 350,

100,

150. 250, A0Q, 200.

Table 31t The size of the left atrium and ensrgy

sottings in joulem needed for suscessfml

. veraion of atrial fibrillation to sinus
rhythm in 43 patients whose arrhythmis
was apscclatod with rheumatic heart disease
{post operative mitral stenosis). Each
figure represents one patient. FEnergy
deliversd using antero~posterior paddles
is underlined.

134
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D. BODY SURFACE AREA

o correlation was found between body surface area

and eneryy lovel scttings [or successful trestucut.

B. GQUIHIDING PioCulilC SYNCARCGISES CAPACITOR UIBSCHARG:

Preceding quinidine did not affect the encrgy levels
needed for guccessful version Lo sinues rﬁvthm in patients

with atr al £ib ';11mfiong atricl [lutter or atrial tachycardia.

rg;'t ?fmfl;’bNT; 1’.!1-«!, UI ﬂ w.LJHI: AUm AKUJ I;u&.,x.j rﬂd It’ Q.E‘“ﬁ Y .,:I’i’xw )

SE*I“E ) Tavle 52.

15 patientis wera.hrmught into sinus rhythm with energy
level wettings of up to 100 jounles and 1% patients needed an
énergy level setiing aﬁ‘hetwgenrﬁga - 400 joules (Table 3P}¢
The majority of patients, 101, were brought inte sinus rhytim
with an energy mefting of more than 100 but less than

500 jouleg.

As can be seen frcm'ﬁable 52 pétients wno came inte
ginus rhythm wiith low cnergy level ueftinas tended to &ave
atrial tachycerdia rather than atrial fibrillation ~ & out
of ¥ patieﬁts with alrial tachycardis csme into sinus rhythm

with @uarbg setiings of upvta 104 joules.
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ehponte

L 18 11D, 50 2
0L A TACHY. 2 Wk Y80, YHT_ 66 A
105 AENT 2wl Yosk op. ASD 56 B
126 A, WACHY % hwr  AIVT, WPR 49 B
igh  sIY® o T4 AUTD, nost op. 64 ®
329 A, TACHY 3 @ fniMynodud, | 5T 2

ST 2 4 Agute Byoc. infy ] -

L35 ar o S5mo  lone 5l 8
137 AT o homo S nond D7, 52 3
AT A, TAGHY 314 THD Ghronie 56 3
148 i 3wk, M3 vost gp. 48, )
2
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Table 32t

Qordionyon.

IR £ S e

5 'M‘? £ mo Lhohe . 49 .
i2 . AE 2. mo  Tone aT.. 1
29 AV 7 ¥E___ ASTs 29*% on. o 5B LB
41 AR Aome a3 _ 47.. o
51 hE DT ES 3OSt op, 4 2.
63 AR hone - Cor, Pransp.tl 7 51 .
16 AP i 1; g Ale, _Glu*'c'iim WEDe 51 i
19 AF 36 gr WS posi_op. &G "
&5 oF 6 vk Alc. eurdiguyon 49 1
100 AP hywo IHD 46, 1.
123 AV Lyo B3 o 'nt e 61 B
iTa AP 6me.  lone 52 B
138 By Jomo o THER, chronic A8

g

. post nne

%o b

340
50

aF 1

e

AGYD,

505% O

30 patients who weras hmme,m indo ginus rhythm wﬂh encray lovel
eettim;s af up to 100 Joules, and between 300-400 jouless



Ontly 2 of the 16 pafﬁvnta who had atrisl riuiter and
4 of the ¥ patients who had ventricular tachycardia came

inteo sinus rhythm on these'medﬁmt energy level seltings.

A1 15 puilonts in whon tnc lary pst energv level
setiinge were needed had atrial fihrillatimn. In three
of this group the arvhythmia was of the “lome" varietly.
.5ix paﬁieﬁtm had rheumstic heart &Lsuh B, 2 h@dicardiﬁmyupathy,
aund two hed chronic is Lnapmmc heart disease 'One patient
had gorrected tranéyr sition with regurgii Llan 91 the
systenic atrio-ventricular valve ond one patient had haed
a partial surgical closuré of &n.ogtium secundun sirial
septal defect., he c&xdimthoracia “atia voaried {rom
46 ~ 6l ond the size of tnﬁ lnit atrium from normal (¥)
1o maderata (2+) enxargam@nt. mhe duration of th@.arrhyﬁhmia
varied’frem & weeks to 14 yeérs and in 8 of 4he 15 patients

was less than one year.

II. PATIEKTO EHO'FAILED T0 W}VMAT PO Gldb RHYTHM, Table 33.

”hbra were 19 1mmedlwto failures out of 150 patie%?a

the

i
4

treated by synchronised capac ibor discharge., 18 o
patients had atrial ilhriiiatien and 1 patient bad strial

tachycdrdxa (Tablf 33)e



TABLE 33
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PATIENT F0,

ARDEYTHETA

WORATICR

UNTERLYING HEARY DISRASE

8
13
»
21
36

Atrial

C Atpiel fibrillation

Atrisl fibriliation

fibrillation
fibrillation
fibrilletion
£ibriliation
Atrial fibsdliation

Atrisl
Atyial
Atrial

14 yr
13 yr
6 yr
5 yr
10 yr
4 yr
5 yr
3 o

9 yr
6 yr
8y
94

. byr
. 10 me.
. 14 yr

fibrillation
fibrillation
fibriliation
£ibrillation
fibrillation
tachycardia

fibeillation
fibrillation
fibrilletion
Atrial fibrilietion
Atrial fibrillation
Atrial fibrillation

Atrial
atrdal
Atrial
Atrial
Atrial
Atrial
Atrial
Atrigl
ﬁ%fiﬂl

15 yr
ST
6 we

2y

Hitral stenosin, post. Op.
Lone ,

i tral sﬁeﬁogia, post ops

Lone '“

Wi Eﬁmnoﬁiag post oDs
Mitral regurgitation, post ops
Lone o

Witrel and Aortic valve dis. .
¥itrel etencsie, post ops .
¥itral atendsis, post ops

Post operative 4.5.D.

vaD. WPH.
Witral stencsis, post op.
Lone . '
Post thyrotoxicosis .
lone -

Tschaomic HD = Chronic .
#itrel stenosis, post op.

Table 33:

19 Patients in whom sinus rhythn was not

re-oolablished following synchronised
capscitor discharge.
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A . DHE_ARRHYTIMIA

(1) Atyigl ¥ibrillation:

Sinus rhythm could net be re<established in 18 {(15%).
Even sllowiny for the overwhelming prepondersnce of patients
with atrisl fibrillation failure in this group was more likely

than in any other. . o .

(1i) Atrisl Flutter:

There were no fallures amongst the 16 potients treated

by synchreonised eapscitor dischargo.

{431} Atrial Techycardism:

One patient {nwsber 65) who had a venteiculer septol
defect and the Wolff-Prrikinson-white Syndrome failed te come

Cinto sinue rhythm.

{(iv) ¥Yeniricular Tachycardiat

There were no {ailures owonget the % palients trested

by synchronised capaciter discharge.

B UNDENEYING UHsALTZ SICBASE  Table 34.

-

7 patienis hat had a closed nitral velvotonmy perfogmed
for vheumatie mitral ctonosis (patients nunbers 8y, 14, 36,

58, 60, T4 and<1233. Al ezcept patient number 58 had at
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TABLE 34
PATIENT  WmART DISSASE  APREYTNMIA DURATION RADIOGRAPE  pos  gouMmRT
| | CTAS LA BIZE
8 Mitrel stenosis, AT 1é»yr' 64 1 - Ki-1
- ~ post op. ' ' .
14 , do. AR Gyr . 54 2 Ve Bl
13 : 40 AR 10 yr 11 2 LV+, NIl
- | o | - R+ -
58  dos A¥ 9 yr 61 3
& Aoe AY & yr 52 L r-1, Akel
14 G. - AF 6 yr 5. 2 HIel
5 fo. * AR Gye T4 5 AL ) Lo )
39 . Bitrel regurss AR 4 yr . 59 2 194 MI.2Z
» “OQ\: e o . R'vap
56 Mitra) =ad AOVD. AF 3 mo 60 2 LV
— _ . e __R¥«+
33 Tone AF i3 yr 57 1
21 ‘0. Py 15 yr A6 1 -
‘ ﬁ 0. LF 5 Fr ’ !’( i) ﬁ
.97 30, AT 10 o AT W
114 &8ss AR R yr &4 E
144 8, AY bk 4% B I
62 Post ops S AV 8 yr 7L 2 Ing  ASD still
y o : © RBEB open
99 Pogt Thyrotox. AP i4 yr 46 W Pand1lial
118 INY - chronie AF 15 yr 5% 1 Iach
VO ' — L 5L
65 YoDe vP. L.Fachy, 9@ 53 & Ine  VSD
, ‘ - RBENB small
L

* ﬂitrﬁl valvotomy 1956
& 1964

BY - Witral regurzitation

1 slight
2 uoderate

Al - Acrtic regurgitation

i E.ngi v

Pable 34¢

19 Pat;ertm in whom qynohx@ﬂiseﬁ
- capacitor discharge was unsuccessful
to show mdarlying heert dioeane
durntion of srrbyihndie radiographic
size of the hesrt und the BCG {when

Cypelovantl.  Patient nunbers underlined

refer to putienka given guiaiﬁe 60«30
misuies baefore Lﬁuatﬂeﬁ%.
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least slight mitral regurgitaetion (Table 34); patient
nunber 14 had moﬁerate mitral vegurgitation ana patient
number 60 had £light mitral and_aortlc regurgitation.
Enlargemenfbcf the left veniricle wus shéwn on %he<elécﬁrea
cardlogran in p&tients numbers 14, 36vmﬂd 125. The failure

rate in patid ents following closed itral valvotony was 14w

Patient number 39 had had an open oparation performed
for severe mitral valve regurg ;tataon which had resultﬁd
from three attacks of subacule bacterial endocarditis on a
nmitral valve already damaged by rheumatic fever. Although
improved £6110wiﬁg the operation she was left with moderate
mitral regﬁrgitation and thg.el@ctracardiogram‘ahawe&

considerable enlergement of the left ventricle.

Patieﬁt number 56 had mixed mit?al.valve disease and
.égrtic regurgitation. There h&d b@ﬁn no attenpt at aﬁrgie&l
correction. ‘the valvular lasions'were caug sing considerzble
embarrascment ﬁc the heart and‘both Vventricles conld be seon

to be enlarged on the electrocardiogram.

There were %iz prtients in whou atrial flbrl]l&tl@ﬁ
wWas unassociatea with any clinical rviunnvﬁ of heart Gisease.
{patiente numbers 13, 27, 45, 97, 114 and 144). Hosh of
tﬁeae patienta were aﬂymptcrmtim a%hér than an avareness

of an lrregularity of the heart beat especislly on effori.
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None showed any el@ctrocarﬁk@mﬂmr:changé other than due
te the rhythm or to dA@itﬁliE. The fallure ra%e in this

group was 27,, the hichegst in the ucrle

| Petient number 62 had had an oper&tion perfarmad in
1556 for eclosura of ar osbium sccundum atriai septal defect.
There was clear ¢linical and radiographic cvidence, however
{Gynamic rigdt'ventriclag pulmonaxy artery ayﬁtoiic flow
murrnur, fixed wide gplitting of %he second hgartvsound sd
a deluyed diastolic Tlow murmu“ clindcullys puinonaxy
plethora and enlargumenﬁ of pulmonary artery and right
ventricle on the chest radiograph) m'thaﬁ ihe'd@fact WaS
still open and that the ¥ bultnnt left to rig ut shuni wae

not inconsiderable,

Fﬁti@nt nwnber 99 had had thyrotexicesis tre uﬂﬁ
successfully medically two years baiora.  Ciinical &ﬁd.
Lahor&tory testa confivued that he was no longer thyra%@ﬁi@.
Atrial fibkrillation had Fvcn p?gswnt however, munv years
before sympioms of thyrotoxicosie developed and one brﬁ%&ex"
and one parent both developed atrial fibrillation at a- |
. relatively carly agej noitler subseguenily developed

thyrotoxicosis.
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Patient number 118 had ischasmic heart disease and
suffered angina pectoris on effort. Thers was no elénﬁrew

cardiographic evidence of recent myocardial infarctions

Patient number &5, was prone to repeaited attacks of

strial tachycavdia.  Allhough he did have & ventrioular

septal defect this was not causing siay haemodynamic enbarrasse
ment to the heart; the arrhiytloala was undoubtedly related

to an associated wolff-Parkineon-vhiite Syndrome.

£ DURATIOE OF AMsAYTIMIA  Tables 33, 34.

The average duration of the arrhythiis in the 19
patients wee 6.5 years (lables 33 and 34) and in 6 patients
exceeded 10 years.

19 patients had had atrial fibrillation for & yeaxs
or over, and 7 for more than 10 yesrs. The immediste
‘failure rate in patlents with atrial fibrillation of 5 years
duration or over was 63% irrespective of the underliying heard
disease and 71% (5 out of 7 patiente) when atrial fibrillstion

was prosent for more thun 10 years.

D iDARY ISR Table 34. 0
The average cardicthoracic ratio of the 13 patients

who failed to come into sinus rhythn wae 59y (Table 34}
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(excluding 6 patients with lone atrial fibrillation).

Bimilerly, excluding the 6 patienﬁe with lone atrial
fibrillation, the size of the left atrium was graded as
normal (K) in 2, slightly enlarged (1+) in 4, moderately

enlorged (2+) in 6 and considerably enlarged(3+) in 2.

47 patienﬁé with aﬁrial fibriiliation had 2 cardic-
thoracic ratio of 554 or over (Cable 7). The immediate
failure rate in those Was lﬁwv(e reluding 3 aLxﬁntb who had

lone strial fibrillation), ' The i:mcdlaiv foilure rate we
33% in the 18 patienta wha haa a oard¢otmor¢cxc ratio of

U(j QL HOYS.

E gvzxgg;gg Table 34.

The WlVJﬁg oxr wmthha ding Gf quinidine chort$ly bvefo me
fr&atmuﬂb was 1ot o facﬁcf ln the gucce B o1 1wmeuiatp

failure of synchronised capacitor @i*(harga (Table 34},

Ii%. INTORYENING RHYTHNS: Teble 35.

%

Yemporary rhiythm disturbances wefc éxtrcmely frequent
'1mﬂpulat@ly following synchroniscd c&@aéitér disehargé, |
There were 107 instances in 83 patients (Table 35). Thegé
have been called interveniﬁg rhythme and inelude ventricular

ectopic beats, atrial ectopic beats, nodal ectopic Beats or
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TABLE 35

 Ventrieular actopie bests 39
htrial ﬁramaturéleantraéti@na R 35
nodel ectople b&&%ﬁ:. | 13
Waﬁﬁaﬁing ymcemaker -
Froionged P«R interval
Fertial heert block

Bradycordds

Eﬂa gy N s ~3

Atrial flutter

COFAL EPISOURZ, 107

Table 35: 107 episodes of iﬁtervaniag~w%yﬁhmé
: inmedietely after synchronised capacitor
discharge in 63 of 150 patients treated.
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rhythm, and 1ess_£requentiy wandering pacemaker, paritial
heart_bloek, brad&éardih and atriel flutter. | Multiple
intervening rhythms Qerc not‘uncammon and were Tound in
24 pgtients in whom the éammcnm&t association was atrial
and ‘ventricular ectépic beuta. Yatiente successfully
brought invo sinuas rhythm and %hﬂse who failsd tc come

into sinug rhythm were both affected.

34 of the 150 gaLiemhs were receiving diuretic
therapy {(Table 1). Yo patient ahmwedvclinical evidenee .
of clectrolyte disturbance énd no patient had shown
.mlec@ralyt@'leveis outsida:the ﬂorméllr&ﬁge. ?Gtﬁlv

body sodium and

A

potassiun, however, were not measured.

411 potients except five (numbers 42, 70, 97, 126
and 13%) were veceiving a‘digiﬁaliﬁ;prayaratigﬁ a8
waintenance (Table 1), Patient number 70 and patient
number 153 both came into ginus rhython with frequent atrial
premature contractions. Patient number 143 in whom an
atrial tachyecardla was relotled to digitalis ove:dos&ge
came into sinue rhykhm.ﬁhich»waﬁ asgcciated with frequ@nt

atrial and ventricular egctopic bents.

(1) Atrisl Fibrillation (120 patients) Table 36.

The incidence of intervening rhythms is shovn in

Table 36. 31 paﬁients‘develop@a atrial premature






contractions 9 of whon had had quinidine 60 - YO minutes
bef@rc treatﬁént. - Energy level settings were 150 Joulau
in 21 patients, and over 15@ jéul@ﬁ\im L0, 35 patientis L
received the direct current eneryy using autero~pwster@sr “

paddles.

35 patients developsd ventricular eclopic beats.

15 patients had received guinidine 60 - S0 minutes before
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treatment. rnergy level settings used were up te 150 joules

. ” : s s e ( ny 4
in 12 and over 150 Joules in <3. Antero-posterior paddles
were used in H. synchronised capacitor discharge failed -

to bring sbout the re«eatablishment of oinue rhythm in D.

Nodal ectoplic beals were less {requent. 7 ingtances
were recoxded and 3 patients had received quinidine 6@ « 80
minutes before itreatment. FPatient number 104 had ﬂdﬁ&l
rhythm for two minutes before th@ @pcntaneuug establishment
of regular sinus rhythﬁ,_“‘fhe energy level setting varied
from 156-2%U xoule g8, using the two antgrlor paddles in all.

N

A wandering pacemaker was found in 7 instances. No
pati ent hed receivev gulnidine ¢mmadi¢teiy pefore’ hreqtment
The emersy level settings_varleu‘lrom 50-400 Joulen using
two anteriar paddles.

Transient prolongation of the P-g jnierval (in excess

of Q. 24 secend“) was noted in three instances. Energy &

gp-
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a#ttiugs used were 150 geul@s, and 350 joules using two
anterior paddlesw ang 250 goulee using antero~post9r10r
paddlnu. - Iu all ;4 Lua P-H interval bocume uormal during

tze 24 hours Iollowing treatment.

Partial atriqmventﬁicuiar ﬂiﬁéaciaﬁiOﬂ occurrod in
patient number_lﬂﬁ following synchyonised capacitor discharge
with on energy level seiting of lﬁﬁljaulea using two
.anterior'péddiﬁsﬁ Normad conduction wveturned within Tive
minutes and ne specific treziment for the conduction

disturbance was needed,.

Frodycardla, defined se a slowing of the heart rate
to less than 50 beats per mimute oceurred on Bix occasions

o]

f0110w¢bb the re-establishment of sinus rhythm. RRe gy

bt

level settings uged were resgmcﬁively 1EG, 250; 300, 330,
350 and 400 joulecs and antero-posierior paddles were
employed on 2 oceadioneg, Gne pa%i@nt enly, hed recelved
quinidine 60 « Q0 mimut@s belore treaﬁmen%. © Bradycardia
was alilways tempdrary, and usually lante d:only for & few

minntes but on one QccaSiOﬂ.last&d Tor 2 hours.

gD

Gne patient (number 79) who bad alrial {ibrillation
developed atrial flutter immediately after the entablishment

ef sinus vhyithn.
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*

(ii) Atrial Flutter (16 patients).

Atrial premature contractions occurred in one putient
only (nwmber 107) who also showed prolongation of the PR
interval. An energy level seiting of 150 joules (two

grnterior paddles) was used.

Patient number 149 developed freguent ventrieular
ectopic beats immedietely after the re-establivhment of
sinus rhythm following discharge of an energy level setiing

Cof 50 joules (unterior peddles).

4 patients had nodal rhyium or cctopic beats.  Nodal
rhythm persisted for two hours in pationi nunber 18, 4311
4 patients except for number 113, who received 10 joules,

- had an energy level setbting of 150 joules.
Prolongation of the ¥-R interval cccurred in patient
nwiber 107 who received 150 Joules {anterior paddles;.
Partisl atrio-ventricular dissoviation (2:1; followed

ptient number & who

s>

aynehrouised capaciter diucharge ir
received 150 Joules (anterior paddles). Thic lasted only
for & few mivules and was fellowed by normally conducted

sinusy rhythn.
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{(i3i) Rtrx 2L Ta 0nfdj (g paticnts).

noted in thres

Atrial promature contractions were
instances. Two patients were treated with energy level
settings of Y0 joules (antero~posterior paddlies) and one

patient 150 joules (anterior paddles).

Ventricular ectopic beate were found in two patients

yith

;.1.

,following treatment, Patieﬂt>numher 31 was treated
an ehergy level setting of 150 Jou1¢ (anterior paddles)s
patient number 14%, recszived 50 joules (antero-posterior
paddiles).

Tempbréry ﬁ@dal rh“*hm pricr to the @s,abli shment
of sinus rhythm occurred in patlenﬁ number 169 (1SC joules,

anterior paddles).

(iv) Veniricular Pachycardin (5 patients)

Paticnt nunber 145 (15¢ joules, anterlnr vdﬁdla

ueveloged veutricular evuoyﬂa heats and patient number 134

"

(50 joules, anterfor puadles), developed nodal cetopic beats.

4

In both the wnderlying, heusrt dizeauc wae chronic ischaemiag

neither had had quinidine immedictely beilore treatment.

IV (lcé'i I-J.tk‘f i UH Tableq 37 ] :"58-

There were 21 patients out of 150 trested (144} who

subsequently developed complications thought %o be directly
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TABLE 37
PRTIERT NRART NISEASE ARRHYTHMTA COMPLICATION
Y * N N N :
3 lone Atrial fibrillation [Hypoteneion. Pulmonary
5 infarction, T wave
4 s © ‘3. o
) Arva?s on V4 Va
8 Ritral stenosis, Atrial fibrillation Fnzyme levels raised.
st Ops , -~
10 dnrdiomyopathy, Atrial fidbrilletion Enzyme leovels raised.
alwonolic . ,
12 Lono Atrial fibrillation Enzyue levels raised,
' Left ventrionlar thizd
, heart sound.
13 Lone Atrial fibrillstion Lnzyme levels raised.
e Hypotension,
4 ¥itiral gtemosis, Atrial fibrillation Hnzyme levelo raised.
—— OBt op. N
27 Long Atriel fidrillaticon ¥nezyme levels raiced.
Hypo tengion. T wave
fint Wé. Left ventricular
N third = 5,
35 Mitrsl stenosis, Atrial fibvrilleiion Engyme levels raised.
I rost ons . ! e N
41 Nitral otencois Atrin) fibrillation Increased CTR.. Pulmonary
. gateny. ,
45 Lone Atrizl Tivrillation Inzyme levels raised.
7 , , , ferpoteneion, e
51 Mitral stenosic Atrisl fibrillation Ventriculer fibriilation,.
, Leath, ‘ 7
- 68 Cor.Tranegpanition Atrinl fibrillatior Inereased CTR%. Pulmonary
A 2 A , oodems.
T4 Mltral stenouis, Atrial fibrillation Hypotension.
post op. _ .
80 Cardionyopathy Veatricuiaxr tachy, dneyme levels raiscd.
incrvased CTR%, Polmonary
—~ : _ . oedema,
o6 Aortic valve dis, atrigl fibrillation Changing rhythmo.

Cersbral embolus. Touth

post o9,

(continued on next pege)
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H"‘ o i X1 mm ARRHYIHMIA ' ‘ ﬂm@mcwmw

ige Iu&m&ﬁc %ﬁf;, @hrmie Awma a’:ﬁhﬁ &wﬁm mmw&ﬁ ﬂ’;‘ﬁ e ?uiﬁmm
NN . - .. ... o
,,M %m& :atmtmﬁ ®,  &risl mwnmm m@m &m@iw miw

i.‘%‘ﬁ &mﬂ;@ €S, _ Mg‘ial Ma}w. M&le m‘mlw»
PRV . 1 .21 1> S -

134 Acuie ayoo. ' ?m‘ﬁﬂmﬂw Mm*s : ‘?mm‘imiar m @ri&%atmn.
Anfaration o fogbs mmmmf awwm
: Toath, )

338 Ischecule KDy ohremle strial Fibrilietion Enwyme lewls mﬁmeﬁ# ,
- v - Insysased 07675, Duidonsres
mﬁm. l?mmtzm eultie

142 Iachwesdo riy covenie strial f1trdilatien mars«%ﬁ M“H _ mim&a@
- _ " - gﬁdwm A

Table 37 : ﬁmpnmﬂcm in m pati mm i‘a&mﬂm
synchronised capncdtor #saaﬁarg@, s

ﬁ‘:ﬂ » Heart sound
%Y« Venlrioular sctopic hesis.






:L: 5 D,.‘.r,,...,v,u.

§
1
Hoter .

50T - Serum glutamic oxnlcacetic transaminase.

LB « Serum lactic dehydrogenase,

e

AP refers to aniero/posterior peddles.

s
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related. These complications are listed in 7Ts

ble 37 °

Only complications other t)

I

transient raytoawm changes

11 i STl N be e Jserves st 4 vs o
glLuded under this heanding

red in three patients at the position

§

dlng burneg woc

onn the skin of the negative paddle (Pig.z2

syucaronised capacitor discharge.
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faded aftier 3-4 days. These superficial burns could be
prevented by the liberal use of electrode jelly rubbed

in well to the skin to lower the electrical resistance.

2. ENZYWE CUANGE  Table 38.

A1l petients, with ihe exception of palient number 113%,
a boy of 2% years old, nad their serum enzyme levels
determined one day before treatment and one day after.
Usually the serum levels of the glutamic cwaloacetic
transaminase end lactic dehydrogenuse were measured in
each case but in 10 patients only one was estimated (5.¢.C.7.

in 9, L.D.. in 1).

11 patients (numbers &, 10, 12, 13, 14, 27, 36, 45,
80, 123 gnd 138) showed a significant rise in enzyme levels
following treatment (Table 38). Patients numbere 12, 14,
and 45 only had had serum levels of zlutamic oxaloscetic
transaninase measured, but in the remeining 8, both the

CellaleTe and the L.b.H. were raised.

Inergy level settinge of 350 joules or more were
used in .9 patients, An energy level getlting of 230 joules
was used in patient number 10 and 150 joules in patient

numnbexr 80,
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All except patient number 80 (ventricular tachycardia)
were treated for atrial fibrillation. No underlying cause
for the arrhythmia could be clinically detected in 4 of the
patients with atrial fibrillation (numbers 12, 13, 27 =znd43).
The underlying heart conditions in the remaining patients
were, post operative mitral stenosis in four (numbers 8,

14, 36 and 123), cardiomyopathy in two (nwnbers 10 and 8C)
and chronic ischeemic heart disease in patient number 138,
The raised levels usually returned to the pre-treatment
level within one to three daya in respect of the $.6.0.T.
and three to seven days in respect of the L.D.H.

Elevation of the serum enzyme levels occurred as
an isolated complication in four (patient numbers &, 10,

14 and 123) but was frequently associated with other

complications (Table 38).

2. INCREACE IN HEART OIZE AND PULNCHRARY CEDEKA Table 36.

A significant increase in the post-tiresatment cardio=-
thoracic ratio was found in 6 patients (numbers 41, 68, 80,
102, 138, 142) (Table 38). The increace averaged 4 cnm.
(limits 1 - 6 en.) and was invariably asccciated with

pulmenary venous engorgement or frank pulmonary oedema.



(i) Patient number 41 had {-"iil"ié‘il fibrillation
and mi Lral tenomo 01 & d@verltj which, in the view
of t%u referris yesician did not warr mt “ﬁ tI‘d] vi{l\m‘wm
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(vi) Patient number 142 had strial fibrillation in
association with chronic ischeenic heart disease. Sinpus
rhyths was established following a fourth shock with

ik W Wb
energy level setting of 200 joules (antero=-posterior
paddles ). fhocks of

50, 100, 150 Jjoules had not succeeded.

%5

The chest r&diagxaph one day later showed an inorease in
the cardiothoracie retico (487 in atrisl fibrillation,

4% in sinue rhythm) and pulmonayy vencus engorgement was
present {(Fig.29),

I, 29: Chest radiograph of Patient number 142, 1 day
before synchronised capacitor discharge on the
left, 1 day after (middle) and 2 days after iC
shoek (right). Hote the inerease In the size

of the heart 1 day after electrical conversion.
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(iii) Patient number 129 develeoped atrial tachycardis
in association with g recent myocardial infaret. Sinus
rhythm was estoablished following a single shock with an
eneryy loevel setting of 50 joules. Anticoagulont therapy
was not being given at the tipme. fix hours liater o saddle
gnbolus veecurred at the bifurcation of the aorta. The
circulation was re-established, following surgicol removal
of the embolus twe hours later and he wmade an uneventiul
TECOVEry.

6¢ DEATHS POLLOWING Tlu. i LT

Degtih was direcily or indirsctly related to sgnﬁhronisﬁﬁ
capacitor diacharge in 3 paﬁients (numbers 5L, 90, 134).
There were 7 othoer patients who died following synchronised
capacitor disclhiarge (numbers 38, 64, 1G1) but ﬁéath was noet
ralated to the electrical trocatment. These latter. patients

are diccusgsed under Follow-up. -

(i) Potient number 51 had atrial {ibrillation in
association with mitral stenosis.  Sinus rhythm was
achieved following a second shock with an energy level
setiing of 150 joules. Hig condition in no way gave rise
to anxlety after the treatment. - Constant oscilloscopic
nonitoring of the elecirocardiogram was undertzken for
twenty~four houra as part ol the routine post-trestument
care and reveslied s stable rhythm with ne atlrial or
ventrioular ectopic beats. There was no elevation el
the serum engzyme levels following the shocks. Maintenance
guinidine 300 mg. overy O hours was prescribed. Ventricular
fivrillation developed 36 hours later and failed 1o reppond
to emergency resuscitative measured,. A post nocrten
examination {courtesy of Pr. Reginald Hudson) revealed onldy
moderate mitral stenosis (mitral orifice 1.9% sq. ¢em.) and
despite o careful histelogleal examingtion of the heart
mugele and of the conducting lisovue, no evidence 6f atructursl
damage reosulting from the direct current shocks could be
found (Hudson, 1964}. '
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(1i) Patient number 90 hasp glready besn referred to
under Embolism.  Her death occcurred seven months aftecr
the re-establishment of sinms rhythm. A cexebral embolus
pcourred six weeks alter the treatnent during s paroxysmal
attack of atrial tachycardie and subsegquently persisting
atrial fibrillation recurred. Although sortic valvoiomy
had relieved sortic stenesig she was leit with considerable
caoriic regursitation. Progressive renal failure oceurred
and che died in uracmia.

{iii) Patient number 134 was referred {rom a hospital

a% some considerable distonce away beceuse of & venirieulary
tachycaréis which had been present for twoe duys, vwes
resigtant to drug tharapy and had followed an acule
wyocardial infarct uwine days before. On arrival at

the National Heart Hospital he was in extremis and in
severe left ventricular failure. A rapid veniricular
tachycardia was present. ITmmediate proparations were
made Ter synchronised capacitor diecharge withoul ansesihesia.
Cardise arrest supervened whilst the electrodes were heing
applied to the liwbs despiic the fact thol ventyricular
tachycardia still ococurred. 4 single shocek with an energy
level setting of L0 joules synchroniged %o avoid the
vulnerable phase of veniwvicular repolarisastion was glven.

Ventricular fibrillation resulted. Txternal cardize
" massage and artifiecisl respiration were maintained for
one minute and o second shock of 50 joules, which waes
uasynchronised, was given. Sinus rhythn, regular other
then for occasional ventricular ectopic beats followed and
5 Aramatic improvement in the circuletion occurred. seunte
pulmonary oedems was present which responded to oxygen,
intravenous digitalisation, initravenous {rugemide and
correction of a metabolic acidosis. His general condition
continued Yo improve over 24 Lours und vegular sinws rhythm
was muintained. Caerdiac arrest then occurred once moye and
although electrical beating of the heart was shown on the
electrocardiogram the mechanical force of contraction wae
not sufficient to maintain an adeguate clreulstion and he
died despite prolonged attempts to meintain end suppert

the circuvlatlion artificialiy. ' :
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Tv GALLOP FHYTIL.

fa%ieﬁts numbers 12 und 27 develéped a loud léft
ventricular fhird'huart gsound on the dsy following
syxchrcniséd capacitor diséharge_ The phonocardlogrem
recorded from patient number 12 is shown in I'ige 2. the

geruwm ennyme lavels were alsc ralsed in both patients.

8. QUILK

Pa%ifﬁt number 36 developed a fever of 106°F on
the night {ollowing aynﬁhronised capacitor discharge.
Ilood culﬁuﬁea confirmed & diasgnesis of acute bacterial
endaearﬁiﬁia (Staph'aurcus); Infectlon was thdﬁgut Lo
h&vé been introduced at ihe timelef oitral valvcfﬂmy

% wecks previously.

Vo HARLODYHAMIC BTUDIZS. -
The results in the 6 poatiente slfudied for heart rate
changes and phycleal work capacity in adrial fibrillstion

and in sinue rhythm are deloiled in Yeble 39,

The results in the 14 patients who were more exben-

sively studied are detailed in Table 40.
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PIG. 32: rhonocardiorram recoraed following cynchronised
capecitor discharges ot medium frequency (Mi¥) from
the lefi sternal edxe (Liil) and mitral area (¥A)
synchronous ith tle LCG, lead 2 aud the
respirutor; cycle. A third hieart sound, not
present before the electrical conversion is now
siown ul & time when the serur level of lutumic
oxaloacetic transaiinase rose from 206 to 70 units.
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1. HEART RATE (20 paticnts) Pables 39 snd 40.

The heart rafo wae reiated in a linear fashion to
the work Jouad both during the arrnytlmin and in sinus

rhythin.

The averaoge heart rate at rest in the 20 patients
during the srrhytlmiaz was y5/min end varied from 50 = 153/min
{GoDe 2@«02}.' Pollowing the establishment of ﬁ;ﬁum wh}thm
the average heart rate was 76/min and varied Lrom 6& s
105/min (5.0, 12.33).

“ha average heart rate on max cinel offort during the
arrhythmia in the 20 patients was 173/min and varied from
130 - 220/min (8.D. 284947 . |

Gncelainuﬁ_rhythm‘had been estahlighed the heart
rate averaged 138/min and varied from 86 - 175/min (5.0
20.12) when measured at tﬁ@ maximal work load in a steady
‘@tate.

ffhe difference between the heart rates during the
. ;
arrhythaia and in sinus‘rhy%hm wWos e“aaqeratea as the work:«
lond inereased in *omé_hut not all the patients.,  This
relaﬁionshig can be seen in Pig.33 in whieh the mean heart

Pniea at reast and aurlng ezerciqp 1« plotted against the

work load in the 20 pat¢enhue
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MEAN VALUES — 20 PATIENTS

. 170, HEART RATE,/min

' goL o———o Sinus
i 80 e—— o Arrhythmia
I

0 100 200 300 400 500 600
WORK Kpm /min

FIG., 33: iFean heart rates in 2C patisntes at rest and on
exercice plotted p. ninst work load.

2¢ IEYLICAL wOIA CALACITY (1) patients) favles 39 and 40C.

the rwC 170 averaged 52( kpm during tiie arrhythnia
and varied from 200 - 1080 kpm (1:.0.242.5%) in the 19 patientis
in whom a satisfactory neasucerent could be obtalned

(excluding Patient J.C.).
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In contrast once sinus rhythm had been establiished
‘the average Fwl 170 in ihe 19 patients was 783 kpm, and
variea from 350 - 1220 kpm (5.0, 248,67,

w? &

5o ARIEALO=VEHOUS (XYGLN DIFFERLNCE: (14 patients)  Table 40,

Fhe artaria»vmneus_okggen difierence at régﬁ during
the arrhythnis averaged 72.0 ml/L and ranged Lrom 56.2 to
975 ml,/L {(3.D. 8:.83%). Ffollowing the establishment of
sinus thythm the everage value of the arterio-venous ORFECH

difference was reduced to 69.7 wl/%. Theee Tigures are

ptatistically significant, (S5.D, 1.66, t 2.2, PP 002

The mean arteriamvenouskaxygen differsnce at 200
kpm/min was 107.7 wl/L during the arraythmia and 3§§3 2l/T:
in sinus rhythn. At 400 kpm/min ihe corvespouding figures
were 119.C ml/L and 104.3 ul/L and st 660 kpu/min 1%0.7 ml/T
during the arrhythmia and 115.4 ml/L‘in cimuevrhythm (Figed4}.
The reduction in the ﬁrterio~veuous oxygen diflferende
was due to the higher oxygen content of.mixeé venous bloed
at rest and on effort in einue rhythm -~ Table 40, Significant .
de-paturation of arterisl blood did not ocour durding exercise

in any of the 14 pativuts siudied.
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MEAN VALUES—14 PATIENTS

140, ARTERIOVENOUS OXYGEN DIFFERENCE mi/L
130
120 ;
10
100

80

70 0—————¢ Sinus
o————¢ Arrhythmia

200 400 600
' WORK Kpm /min

#loe 34: sean arterio-vencus oxygen difference in 14 patients
at reset and v exercise plotted against work load.

4. OXYGSAN UPTAKE: (20 patients)  Teble 39 snd 4G.

The invesligatione vere perforried wrder cirictly
conparavle conuiticns durin, the ciabyilu in and in sinus
rhythm, and meticulous attention to detsail was taken to

ensure that all the expired air was collected in the Douglas
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bag. The differcuce in the volume of oxygen uptske at rest
and on etffort messured during the arrnythmia and sinus rhythn
vas ingignificant. The mean values of oxygen upiake
neasured in the 20 patlents plotted against the work load

ig shown in Fig,.35.

MEAN VALUES — 20 PATIENTS
1700, O, UPTAKE, mil.

1500
1300
1100
- 900

{700 o Sinus rhythm

500 o Arrhythmia
300¢ |
0 200 400 600
WORK Kpm /min

~

FIG. 35: lepn oxygen consuwsiicn in 14 patiente at rest
and on exercise plotited against work load.



5¢.G‘EDIACﬁOUTPUT: (14 patients). = Table 40. .

The mean cardicc output ab rest during the arrhythmie
wes $.04 u/min and following the establisbmeni of sinwue
rhythu, .17 L/min, e difference is notl sitatistically

signilicant.

A signifieant differcnce however, occurred with the
stress of exercise agd was acceﬁtuaﬁcd ufs the work load
increased. ~ The mean. cardiac outpul in the 14 patients at
200 kpw/min was 7.84 L/win during the srrhythmis and

8.79 L/min in einus rhythm, a differeance of Jupt lessg than
1.0 L/min. Comparadvle values at 600 kpms/min, however
S were 12.72 L/min and 14.98 L/pin, a difference of 2.26 L/min.

These changes are shown graphically in Pig.36.

€. SIHORY ?OLﬁME.(14,patien%s) - Takle 40.
(1) Exercise
The strokelvmiuﬂe Qvefu@@d 5938 ni at rest dmriﬁg
the arrhythmnis and wes signlficantly higher in sinus rhythm
{68.4 ml). | |
4he difference became &ccen{unted With ﬁ{e stress
of exeraiaes'- The stroke volune u§‘266_kpmfmiﬂ during the

arrhythinis mnas 64.2 ml and aa,E.mlbinﬁa_ﬁinus rhythm, &
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MEAN VALUES — 14 PATIENTS

15 CARDIAC OUTPUT L/min

14
13
12
N
Y
9 |
s |
7 o0————o Sinus '
i 6 o———e Arrhythmia
i 5 '
T
1 0 200 400 600
| WORK Kpm/min

Flé. %b: iean cardiac output in 14 paticnts at rest and
on exercise plotted against work load.

ditference of 24.1 ml; comnparable fi_ures at 6LC kpu/ain

were 74.9 wl. and LuY.7 ml, a diiference of 34.8 nl.

These crunges sre shovn raphically in Fig.37.
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MEAN VALUES—14 PATIENTS

10 STROKE VOLUME, ml
100
S0
80

70 b
c i
60 o——— 0 Sinus

*o——o Arrhythmia

wn
o

0 200 400 600
WORK Kpm/min

PIG. 37: .enn ctrole volwie in 14 putieants ot reet and on
cxerclice plotted e oinot vori lowd.

(.‘.J.} e b ,u‘te.

inc cviucuece proerented thur for cu z-ets taat in ainue
rhythn caraiasc cutsut cna stroke volurc are si nificantly
increuued durin;, cxerciocce. 1t has aleo been dernonstrated

(Pig.33) that the heart rate is less in sinus rhythm both at
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rest and on effort. The beneficial effects on cardiac
vulput wrd stroke voluie in sinus slythm 1i_Lt therefore be
coantiacrvd bto be duc te o slover heart rale wnd conseguently
v lucreesod diastolic Siiling tiue. ifhat thic is not

ertirely so ir shown ila i, .5t in which the mean stroke

MEAN VALUES-14 PATIENTS

l
: 100 STROKE VOLUME, ml
| .
‘ 90
80
I
) ]
} 50 o—o Sinus
] ‘ o——————¢ Arrhythmia
40
=I|

L

80 00 120 140 160
HEART RATE /min

FiG. 38: ..ean stroke volume in 14 patiente at rest and on
exercise plotied against neart rate.
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volume is plotted against the heart rate in the 14 patients

studied, in sinus rhythm and during the arriythnia,

The differenaelheﬁwuen the values in sinus rvhythm
and éuriug the srrhythmis is that an appropriately timed
atrial systoie oceours in sinus rhytho, ALl other paramaiers,
namely szteady state, hoart rate and exercise performed ave
identical. Phe strolkce volume rises 1o a maximun be&wegn
o heart rate ef 110 -~ 120/min both during sinus rhythm snd
in the presence of the arrhythmiay the yise, however, is
higher in sinus. rhythn and furthermore the stroke volune
begins to fall off at higher heart rates during the archythmis
bul iz held more constﬁnﬁ in sinus vhythm.

.

T+ PHESBYIL MBASUREMENTS (14 patients)  Table 40.

There was ne significant clhiange betlween pulnonsyry
artery and brachial artery pressure at rest and on exercise
during the arrhytbmis end in sinus rhythm,. Typical pressure
tracings sre shown in Pig.39.

Pressure in the pulmonary artery rose from normal

values t¢ 40 or more mm. MHg. in systole on the highest

%

exercise load in patients G.L.2., r.C., LK., and T

0f congiderable interest were patients G.C. gxd H.Ceyp

both of whom developed marked systemie kypertension during



rIiG.

39:

; BRACHIAL ARTERY

PULMONARY ARTERY

-0
mm.Hg,

l LEAD CRg

!

h

SECONDS

a. REST

BRACHIAL ARTERY

VNN

mmHg.
PULMONARY ARTERY .
25
Il
]
i
]
-5
mmHg.
]
!
!
LEAD CRy |
SECONDS '
b. EXERCISE, 600 KPM/min.

:ressure recorded asisultaneousiy from p luonary
artery and brachial artery with ".Cu
sitting cn the bigycle, On
the Oth minute ol exercise at

~{Ud has been

the left at rest,

tloht, during

Lol Lpe/rin. rhe vensitivity
tiie exercise recoru to lessen the

reduced durin,,
elfect of recuiratory

lepd 055.

ol thue

swing.
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EXereise. Hedther had had evidence of hypertension in
the past.

The signitficant mean haemodynamic findings in the
patients at rest and on exercliese during the arrvhythmia and
in sinus roythm are shown in Table 41.

The resulis in the twe patients who were studied in
atrial flutter before and after conversion %o sinus rhyths

were similar to the results in the 12 studied in strisl

fibrillation.

VIe FOLLOW-UP STUDLES

A follow-up, extending over from % to 20 monthe has
been undertaken in all except one patient of the 131 brought
into einus rhythm. TPFive deaths have occurred in sinus

rhiythm further reducing thé nunber of patients to 125.

1. PATIENTS [ sIAUS HAYTH# FOLLOWING FIRST TREATEENT (55)

"ﬂabl @ 4 2 P

A ATRIAL FIPRILLATIOR:

40 patients are alive and well and in sinus rhythm.
Patient number 38 died in sinus rhythm 2 monthe after

succeasful synchronised capacitor discharge.
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VEART RATH

RO 170 AVO, DIFF CARDIAC GUIPDZ STROFE VOLUME

LERRCISE o - AL | |
éﬂé/min Jfein kpr "y 1/min mi
W 5B B SR 4P SR AF SR P

REST
200
460

- 600

93

31
153
178

T6
R
118

142

PN S T 7, IR P g
¢ A .
3

(
‘ 5783
{
(
(

5.0 6965 5.0 5.2 598 6844
95T L7 T B.8 64,2 8B.3
| 123.5 95,5 10,2 12,0 7046 100.1

123.0 15,5  12.7  15.0  75.0 110.0

AP - ptrisl fibrilletion or flutter

SR - Sinug rhythn

TPable 41:

¥oon values during the arrhythmis snd in
ginus rhythn at rest and on exercipe in .
the patients studied.
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{i) Underlying Heert Tisesses

22 patients had hod & closed mitral valvotomy for
mitral stenosis.

2 patients out of 4 who had had =an open operation for
sortic valve disease and who csme into sinus rhythm remained
80 throughout the fellow-up period.

3 patients of 6 with alcoholic cardiomycpathy remein
in sinus rhytha.

1 of 4 patients with cardiomyopathy of unknown
‘setiology remains in sinus rhythme
16 of 22 patiente with lone atrisl fibriliation were
Cbrought into sinus rhythm; 6 remain in sinus rhythm.

All 3 patients who had besn treated for thyrobtoxiconia
have remained in sinus rhythm.

3 of 5 patients with chronic ischaemic heart disesse

remedn in sinus rhythm,

(ii) Duraticn of Arxhythmim: Table 43.

35 putients still in sinus rhythn ha@vhad_atri&l
fibrillation for up %o 3 years before the electrical
conversion, ant S for longer pericds (Table'43)5 Heveritheless,

natieﬂt<number‘124'who hed atrial fibrillation for 5 yearsa,
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2 43

FESRY DISEASE

TP TO 1 HONTH 13 mo 3eb me 6 moel yr 1e3 yr 3.5 g

Over
2IE.

- B, Toot ope

AOVD Dozt op.
Adgocordiong.
Cardiomyop.
Lone

Pos%t %hyrvtei

8D, chronic

4

- -

2 4 & 5 2 um)
1 " - ) 3 - ‘T“

1L - T - -

POTAL

Pahle 43¢

40 patients otill in nimm_ rhythn following
trontment of atrial £ibrillstion by synchronioocd

supacivor disdhsrge (fivet avtemp$) teo show duration

of arvhythmds before trectment.
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and patient number 67 with lone atrisl fibrillation for

12 years are still in sinus rhythm.,

(iii) Heart Size: Table 44.

{a) Uafdtattoracir Ratiot o,

17 of tne 40 y«hiwnta stillL 1n ginus rhvfhm had no .
raﬁiarrannic enlargement of the heart (Tabl@ A4) and in 22
the eardiatharae¢c ratic was between 50 - 59 |

- {b) uizg,oi the Left Atriums

& patients showed no Pnlprgemant of the left atriuﬁa
22 had glight (1+) enlargement and 12 noderate (2+) enlorge~

ment (Table 44).

(iv}) Blectrocardiopram: Table 42.

9 patients showed electrocardiographic changes other
than rhytlu disturbsnce or digitalis effect belore treatment
{®able 42). 4 patients (nuwnbers 82, 121, 150 and 4§) showed

evidence of ventricular hypertrophy.

B ATRIAL FLULLER: (10)  fWable 42.
7 patients who had atrisl fiutter in association with
an ostium secundum atrial sepbtal defect surgically closed,
maintained sinus rhythm safter successful version, as aid

one patient who had had a mitral valvotomy, one who had
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BEART TISTASE

o,

AR

LT

1

B3y Post ope
AOYD, Pont. obs
Ale. eai:éiamya,
Cardionyop.
'Imﬁ@ |

Poat thyrotox.

o

3

2

n

7

Eed

9
i

o

TEOAE 45749 50-5% 5559 60v

i

L

10

L

»

12

Y. Chronle

W

14

10

12

22

12 -

Table 441 40 patlenis otill 4n sinus rhythm following

treatment of atrial fibeillstion by synchronised
eapneitor diecharge (firet attompt) to show the

sardissthoracic votio and sise of the lslt.

atrive before trentment.
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‘cardjomyopathy and one patient in whom atrial flutter was

unassecciated with clinieally detectable heart disesse.

Atrial flutter had been present for one year before
treatment in % putients (numbere 149, 6, and 813;aﬁdv£ar
6 years in patient number 89, but in the remainder (6)
atrial flutter had been present for relotively short
Pefiods>of\timew | » -

\rd

The cardiothoracic ratic was less than 500 in 3

patients and exceeded 5%» in a further 3« In patient

4

number %0, the vatio was 61%.

The radiographic size of the left atriws was normel,
(N), in 6 of the 10 patients, was slightly enlarvged, {1+},
in 3, and moderately enlarged, (2+}, in 1. | '

Electrocardiographic changes were restricted to € of
‘the T patients who had had an ostium secundum atrial septal
defect surgically closecd. 5 showed delayed metivatien
over the surfuce of the rizht ventricle and 1 {patisnt

number 77) had right bundle branch block.

¢ ATRIAL TACHYCARDLA (3)  Table 42.
% patients of 8 successfully hrcught‘into»siﬁuﬁ

rhythm remained alive and in sinus rhythm at the end of
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the ”ﬁ méntﬁs of follow up; ?atient'number 101, died in
sinue rhythm one week after ecueccessful synchronised capacitor

discharge.

Patient number 109 hed had an oatiun secundun atrial
septal defect surgically clos eda Atrmal tacavcar&ia was
' present for 9 days before treatment, the cardiothoracic ratio

~was not increased and the left atrium Waﬁ not enlarged.

Patient number 42 had had a ravent any erjor m¥00a101al
infarction, atrial tachycardia had been present for 4 days
before treatment and e@nmiderahie.enla?gement'of the heart

and leflt atrium were shown radiographicaslly.

Patient number 126 had had strial tachycardia for only
three hours before treatment.  She had the Wollf-Farkinson-
¥hite Syndrome in asaociétien With.éongenital gortic valve
giscase, the heart was nob enlargéd'radicgraphicmlly and the

LZ0G chowed only changes of her aberrant conduction. .

D VEWIRICULAR TACYYCARDIA (2)  fTable 42.

Pwo patients (nunbers 8Q and 145) remain alive and

in sinus rhythm at the end of 1 10 20 months of Tollow up.

\.

Patient number 64 dicd in ginus rhythm 3 nonthe after

successful synchronised capacitor dicel rge.
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Patient number 80wholad cardiomyopathy had ventricular
- tachycardisa . present for 10 days before tregtment.  The
cardicthoracie ratio was 50% and the left atrium was not
~enlarged radiographically.

Patient number 145 had ischaemic heart disezse with

nd

02

no clinieal er‘elee%roc&réicgraphie éviaenee of rec
'myoégrdial infarction. Ventricular tachycardia was present
'for_ﬁ days beforve ﬁr@atmgﬁt;‘ camsiﬁerablé‘cverall enlargement
of the heart wa@'preﬁenﬁ“(CTR 58ﬁ), and moderate, (2+), -

- enlargement of -the left atrium shown raﬁiegraphically;

2« PATIBNTS_IN W01, TUD ARRHYTHMIA HAS RLCUKNED (70) Table 45.

70 patients (567) of 125 available for long term
follow-up studles have reverted to their original arvhythmia
(table 45). - ' SR

Reversion occurred immedismtely after the elecirical
convergion, by the end of the first month or later in the

follow wup period.

A TINE OF REVERSION

(1) Immedistely Following Synehraﬁiseﬁvsapacitar Discharne
. (9) Table 46. - o
There were 9 patiente in whom = sinus rhythm was
maintained only %Emporariiy (2 beats to 2 minute@)'inllmwing

te
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synchronised capacitor discharge {(Table 46}, A1l patients
weré being tréat@d for atrial‘fibrillation eieepﬁ for yaﬁiénﬁ
number 65 who had atrial tachycardia. Six patients with
atrial fibrillation had hsd a'closed mitrai'valvotomy',
performed for mitrel stenosis and in two the arrhythmia

was unassociated with clinical evidence of heart disease.

The patient with atriai.tachycardia had a heemodynamically
unimportant'ventriéular septal defset and the Wolf{-Parkinson~
White Syndrome. The average duration of the arrhythinds was
8% years, excluding the 2 patients with lone atrial

fibrillation and the patient with atrial tachycardia.

Quinidine was used in 2 patients (numbers 57 and 65)

immediately before synchronised capacitor discharge.

The energy level settings to achieve sinus rhythm
varied from 100 to 400 joules and in 6 patients was 300 joules

or more,

Patients numbers 57 and 79 wers unusual in that sinus
rhythm was immediately followed by atrial flutter. Thie
rhythn was followed Ly atrial fibrillaﬁign‘lé-houré later in
%h@'ca@@ of patient number TG. Patient number 57 is the only
pmtieht in this zroup in whon sinueg rhythm was maintained for
n considerable length of time (9 monthe) following a further

shock at o higher energy level setiing.
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1lluﬂtraiivevcase Bistories;

a} Patient number 65, & man of 25 years, had a
veniricular septal derect ond the Wolff~Parkinson-White
Syndrome. He suffered attacks of supraventricular
tachycardia of inercasing Lrequency and severity over
three years. The result of freating one attack with
hyncnrenzwed GﬂpnfltO? ﬁL%Ch&TgO ju ahown in F?g. 40f

snus v | 1 TACHYCAIDA | | §

MIAVENTIIGJW YADWQID‘IA
i
|
|

E i

SECONDS

P16 40: Synchronized cé@acitor diseharge, 400 joules,
uged in the treatment of supraventricular »
bachycardia,. “oilowjng the'&irect current
phock sinus Thythm is present but is replaced
by a return of the supraventricular tachycardia.

It decamo a matter of clinical urgency to coatrol the
arrhyt hm1W°‘ hypotension and ecirculatory collapse were:
pregent. Synchronised LFQ&Qi*GP discharge was repeated
“following an intravencus infusicn of 600 mg. quinidine
given over 3% minutes. (Fig.41). finus rhythm was
maintained for 5 days only. QGQplaa maintenancs quinidine.
Subsequent attenpts to establish sinug rhythm with
aynchronised capacitor discharge failed desplt preceding
intravenous qulnidlne.
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¥IG. 41: Synchronised capaeitor discharge, 400 Joules,
preceded by 600 mg. quinidine intravenously in
56 ai. 57 dextrose over & minutes. On this
occasion sinus rhythm was naintained for 5 days.

b) Patient number 5, & girl of 21 years, had atrial
fivrillation unassociated with clinical evidence of heart
disease, Synchronised capacitor discharge resulted in sinus
chythu of short duration atter suockes of high energy level
setiing. A short P-R interval (0.1l0 sec.) but a normal «KS$
complex were noled iu sinus raythm. Au elecirocardiogram,
standard leads only, which had been recordsd at another
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hospital at the age of H, was made available to me thanks
to the kindness of Dr. Dyncki-Kleln. A shert I~k intervel
(0.10 sec.) vith normal JRS complex was also present at
that age (£ig.42).

! LEAD 1. 1948, | LEAD 1. 1963.
E= - “ "hl ' ;
%0’25ec':x;xnu‘ ISR RINEE I.O'zsec'?l.u i
| = i
) _ !
~ |
4
|

YIG, 42: FLlectrocardiocgram, lead 1
a) At 5 years old.
L) At 21 years old, immediatel; following
synchronised capacitor discharge.
Both records show a short P-R interval (0,10 sec.)
and normal wiS.
$inus rhythm was maintained for only 30 minutes
after electrical conversion of atrial fibrillation.
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(11) Tiithin the First 1 onth Tollowin<; Siynchronised Capacitor

Discharses  (37).
hovertion to the vri in .l creoythode vas wore liunble
to ocecur dtiidn tie tirct 4 -celv followin, succeassful

gynearoniced eomoeitor diseherse (Wil .40). 37 of the

40 NUMBER OF PATIENTS

35

30

25

b e e ————

20 |

10

o-ﬂ—_ﬂ-—rﬂ_\—ﬂf—m — !

1 2 3 4 5 6 7 8 9 101 1213 1% 15116 17 B 19 20

MONTHS FOLLOWING SYNCHRONISED CAPACITOR DISCHARGE

LIG. 45 T sotient. wao reviz bl Lo tacdie owei lucl
crrhytlirdin follovin, avee~ >ful ¢ .-c“roaised
cepoelitor uice.ar_ o to chow tive nuwtber of -
revercions p2r onth over 2C roatac,
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70 putiecnts (53,) hué revertea to the oriszinal arrhythmia
by the end oif the 1irct month. Jurthemiiore, Lne highest
incidence of reversion oceurred witnin tlhe first day after
the electriccl tremtvent {(ri_s.44); 19 putients (21}
veverted Ly the cund ol tue first day une a furthor 8 by

the end ou tice Ilyit uvcel.

NUMBER OF PATIENTS

1S

10
5
| 0
; 01d 1. 2 3 4 weeks
5 TIME FOLLOWING SYNCHRONISED CAPACITOR DISCHARGE
|

SL3e 643 THO riCurgoaly Febe L6t wedpin.d caunythmia
gardin - th Firet conth ofter oyrehrouicea capncitor
dalscliur c.
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(i1} later Neversions.  (33).

Prom the second month of maintained sinus rhythm o
slower re#@rﬁicn,ratﬁ_eccurr&d pso that between the beginning
of the Saeénd and the end of the tw&lfth month, the
revefaien rgﬁe averaged just less than 3 puatienis per

=

month. letween the thlrieenth and itwentieth month of

follow up ouly 7 patients reverted.

The recurrence rate and number of patients remaining
in sinus rhythn during esch month of the 20 month follow-up
iz shown graphically (Fig.4%). Iy 935 mounths an cgual
number of patients had reverted to thelr originel arrhytlumia

as remained in sinus rhythm.

B. THE AuHEYTHMIA

a) ATRIAL FIBRILLATION

59 patients reverted {to atrial fibrillation during
the follow-up period. One patient (number ¢0) died

peveral monthe afier reverting back to etrial fibrillation.

{i) Underlying Heart Disease  (Table 45).

22 patiente had hsd a ¢losed mitral valvotomy
perforned for mitral stenosis, 2 patients out of 4 who
bad had an open operation for aoritic valve dicease reveried

baok to atrial fibrillation.
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130 NUMBER OF PATIENTS

120 ' X x Sinus rhythm

10 . o o Reversion
100 !

12 3 4 5 6 7 8 9 101 12 13 14 15 16 17 18 19 20
MONTHS FOLLOWING CAPACITOR DISCHARGE

FIG. 45: Yhe nvober of patientc rensining in sinus
rhythr znd the nucber in vhom the arrhythmia
recurred during each mnonth of the follov-up

period.



- v 211

AlL 13 patients who had post operative mitral and
aortic valve discace, unoperated mitral etenosis, mitral
'regmrgitntians'mi@ral stenosis and regurgitation or mitral

and aoriic valve disease reverted to altrial fibrillation.

3 of the & patienis who had alceholic ecardiomyopathy

reverted to atrial Lfibrillation.

2 ol 4 patients with cardiomyopathy revericd te

Strigl fibrillation.

10 of 16 patients (635) with lone strial fibrillation

reverted to the arrhythmia.

All 7 patlents who had atrial fidbrillation in
sagpeiation with surgical closure of an ostium secundun

strial septal defect reverted to thelr arrhytimia.

1 patient out of %, with chronic ischaemic heart

disesme reverted %o atrial Fibrililstion.

Patient number &3.wﬁc had usystenmic hyﬁartenei&n and
nitral ra@zrgitﬁtian, patienf number 68 with coryactved
transponition and reguruitution,éf the systemic atrio-
ventricular valve and patiéﬁt;number l¢6 with obstructive
cardiomyopathy of'tpe'leff'?énirielﬁ'éil reverted to atrizl

fibrillaﬁien,
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(ii) Duration of the Arrhythmia: Table 47.

30 patients had hed atrial fibrillation present for

- periods in excess of one yéarg 14 for more than 3 years and
7 for more than 5 years - in 4 of whom atrial fibrillation
- wag presenﬁfxar 10 years or moxe {(Table &7); 21 patiente
had been in aﬁri&i fibrillation for up to 6 months before
treatment. The relationship of the percentage of patim#t&
who had reverted to the durstion of atrial_fihrillﬁﬁion

- before treatment is shown in Fig.46.

{4i1) Beart Size: Table 48.

&) Sardiothoracic Hatio:

_ 44 patients in whom avrial fihrillgtian that was
associated with unﬁerlying heart disease recurred had &
cardiothoracic ratio of more than 507 (Table 48) and 11 had
‘congiderable enlargement of the haéét, {carﬁiathmr&cic ratio
in ex0es3 of 607}, 15 patients had nc radiographic e¢nlarge-

iwent of the heart 5 of whom had lone atrial fibrillations

The relationship of the percentage of patienﬁa'wh@
have reverted to the cardiothoracic rativ before treatment
iz shown in Fig.47 (ezcluding patients with lone atrial

fibrillstion).
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 FOTAL 5 % 14 8 171

C Tsbhle 4T7: 59 putients vho reverted to atrdel fidbrillation
: folloving the sstablistment of sinus rihythm by
synchronised cepscitor dimcharge o show the
duration of strisl fibriliction before tresiment.
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TOTAL ¢ 9 s 13 1 10 24 24 1

Table 48:

59 patientys who reverted to etriel fibrillation
following the neteblishment of sinus rhythn by
nynchronised oapacitor dischorge to show the
cardiothoraoic ratio and r.:izs of the loft sirionm
hefore meawen%,a
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100, % REVERSION TO ARRHYTHMIA AFTER DC.
90
80
70
60
| 50
[ 40
30 | |

Up to 3m 3m-lyr 1-3yr >3yr
DURATION OF ARRHYTHMIA BEFORE DC.

Yiu. 46: The percentane of putients who have reverted
to etrial fibrillutiop related tc the duration
of striul fibrillation Lefore sinchronized
Cu_acl oy qiccliar,c.



Pig. 47:

100 % REVERSION TO ARRHYTHMIA AFTER DC.
90
80

60
50
40
30

T 4049 50-59 >60
CTR % BEFORE DC.

The peicentage of palients who have reverted
to cirdsl {ibrllicsticva reigied ve the cardio-
thoracic ratio 4 before synchronised caracitor
discharze (excluding patients with lone atrisl
iibrilistlion;.
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b) Bize of the Left Atrium
10 patients (Table 48) showed no enlargement of the
left atriws radiographically, (). - of whom 7 had lone
'atrial fibyillation, slight enlargement, {(1+), was ﬁresenﬁ
in 24, maderaté gnlargement; (2+), in 24 and considerable

enlargement,»(3+}, in 1 patient {patient number €9).

(iv) Hlectrocardiograms

31 patients showed eleﬁtracardingaphié changes
other than.rhythm disturbance or digitalis effect before
trestment (Table 45). 20 patients hed évidence of
hypefﬁroyhy of one ventricle ana in'a further 2, biv&ﬁ%rieﬁlar
hypertrophy was present. Evidence of right bundle branch
~ block or delayed activation over the 6urfée@-ﬁf the right

ventricle was present in 10.

b) ATRIAL FLUTTER (6) Table 45.

2 patiént&.ha& had an ostium aeagndum-étrial septal
defect surgically eloaed;: One patieﬁt had atrial flutier
unaaséeiated with clinically detectable heart disease, one
 had systemic hypertension and mitral regurgitation, one a
ventricular septal defaéﬁ andvpalmonaiy hypertension and

one dystrophis myotonica.
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Patient number 28 with "lone" atrial flutter had
had.the arrhythmia present for 18 years before treé%ment;
patient number 107‘for E‘years, patient number 18 far.

1% months and patient number 47 for 1 year. 'Fétient'\
number 66 had had atrial flutter ?&esent for 3 months,
 and patient nuamber 50 who héd a #entricular septal QQfeet

and pulmonary hypertension for 8 deys.

The cardiothoracic ratic was less than 504 in 2
(patients numbers 28 and 66), was between 50 snd B54% in 3
(patients numbers 18, 47 and 107) and was more than 605
in patient number 50.

The radiographic size of the left atriun was narmalg
(N), in patient‘nuﬁber 66 and was slightly @nlargedt (i+)g
in 3 (patients numbers 18, 28 and 107); moderate enlargement,
(2+), was present in patient number 47, and severe |

enlargement, (3+), in patient number 50.

Left ventricular hyperirophy was shown on the
electrocardiogram of patient number 47 and biventricular
nyperirvophy on the électrocardibgram_af patient number S0,
Delayed activation over the surface of the righ% ventricle

was present in patients'numhérs 66 and 107.
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¢) ATRIAL TACHYCARDIA (4) Table 45.

Atrial tachycardia recurred in 4 of 8 patients.

Patient number 31 had had atrial tachycardia for
7 months following mitral valvotomy. Consideruble cardiae
enlargement was shown radiographically (CTR 64;)) and
moderate, (2+), enlargement of the left atrium wae present.

Patient number 70 head strial tachycsardiaz which
was unassociated with c¢linically detectable heart disease
present for 3 months, The heart was not radiographically
enlarged; delayed activation over the surface of the
right ventricle was present on the electrocardiocgram.

Pgtient number 29 had atriasl tachycardia for
3 days in association with acute inferior myocardial
infarction. The heart was enlarged, {(CTR 57%) and the
left atrium was moderately, (2+), enlarged.

Patient number 14% wae the only patient in whom
digitalis overdosage was responsible for the arrhythmia.
Atrial tachycardia was present for 11 days before synchronised
capacitor discharge, and the heart wae enlarged (CTR 56%).
Slight, (1+), enlargement of the left atrium was present
and the electrocardiogram showed only changes of digitalis
effect and the arrhythmia.

d) VERTRICULAR TACHYCARDIA (1) Table 45.

Patient number 72 had a recurrence of the arrhythmia.
Ventricular tachycardia had been present for one day before
treatment and was assoclated with chronic ischaemic heart
disease. Noderate (2+) enlargement of the left atrium was

present and the cardiothoracic ratio was 50%.



220

3. ENERGY LEVEL SETTINGS Tables 42, 45.

(i) Zow_Energy

34 of the 55 patients (62¢%) in whom sinus rhythm was
maintainéd,were-broﬁghﬁ into sinus rhythm with‘an'energy

level setting of not more than 150 joules.

40 of the 70 pﬁtlantu (58%) in whom the arrhythmia
rerurred camne inte ginus rhythm with an Eﬁ@rﬂj level setting

of net more than 150 goules,

The difference between the two groups escapes being

_eignlfleant at the Bﬂ leval (Wr = 217y ny; 1)s

(i) High Energy: Table 49.

15 patients came into sinus rhythm with energy level
settings of between ﬁaaland 400 joules (@able 49) . ﬁinué
rhythm has been malntained in 6 {patients numbers 12, 85,
102, 138, 14@ and 150).

The remaining 9 patients reverted to atrial fivrillation,.
- In 4 this Qccurru& within 1% hours after treatment (patipnt$
‘numbers 5, 76, 79 and 132), in patient numbez 123 by the end
of the first day.aﬁé in patient number 41, after 3 days.
Patient numberlzg reverted to atrial fibrillation before
the end of the Tirst month; patient number 68 reveried at

4 months and patient number 57 at 9 mahthm after treatment.
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- TABLE 49

NN o s S

TURATION OF
ATRIAL FIER.
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 qable 4Ge

Follow-up on 15 patiente, sll of whon had atriel

fibrillation, and who wores brought inte sinus rhytim
following synchronided capacitor &schorge with
‘energy level settings of 300400 Joules.



4, MAINTENANCE QUINIDINE FOLLOWING SYNCHRONISED CAPACITOR
DISCHARGE. Tables 50, 51, -

135 patients W@re‘sﬁiil in sinus rhythn fallawing‘fhe
‘firat treatment of whom 20 were taklng mamntenanc@ quxnxﬂlna
(1able_50). T0 patients had failea to waintain sinus |
rhythm and of those 33 (Fig.48) hed been on quinidine as
maint@naﬁce-(ﬁahlé 51}., -14"patienﬁs whé'revartéd by the
‘end of the faurth week were. being naintained on quznxaine o
(Pzaa49)

The number of patients.in sinus rhythm and the -
_number in wﬁom the arrhythmia»rendrrea_is shown graphiocally
ih Fig_ﬁﬂ with the numﬁarﬂbiﬂ_aadh grcup.béing'méimtaihéd

. on gquinidine.

5. ZVRDNER ATTEMPTS AT SYNGHROKISED CAPAGITOR DISCHARGE
. Table 52. ' - A ,

Affurthér attenpt at treatment by'synchraﬁiﬁeﬁ

 capacitor discharge was made in 20 patients (Table 52).

- 17 had reverted to the original arrhyﬁhmia,following
successfui treatment but in 3 the first attenpt had failed

Yo establish sinus rhythm,



TAKIE 50

TSR PG W

ATREYTENIA

HEART DISEASE

oM GUINTDINE  NO QUINIDINE -

A. FIB, M.5. DPost op, 6 16
| AQVD Post op. - 2
vﬁlc@cardiomy. 2 -1

Cardianyops . L1

Lono 3 3

Post thyrotox. 1 2

o IHD, Chronic 1 2
A. FLUT HsS. Post ops - 1
Cardiomyops 1 -

Lone | 1 -

ASD Post op. 3 &

A. TACHY ASD Post ope 3 -
A¢.myos.inf. 1 -

| ADVD. WV - 1
e ~ Cardiomyop. - 1
' 18D, chronic - 1
TOTAL 20 35

Pable S0t

- 55 patients who remained in sinug rhythm
following the £irst freatoment by synchronised
copacitor discharge to show the numbers who
were taking mointenence quinidine st the end

- of the follow-up period. _
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TABLE 51

ARRITTTRRTA HEMIT DILIRASY QN QUINIDINE HO QUININING
he FIN .8, Post ops 14

Ks & AOVEL, Post op.
AOVD Post 6p.

-

o D

e e

3

|29

KS. HL

Be & AQVE

flo, cordiomys
Sardionyop.

PEONE =N RS

™3

Lono

K

EBR, Post OPa.

8
- T T I O Y

1%, chrenic _ &
Synt. hype BL , J N
Lor. Tesnap, "HI® -

Ohetr, ezrdionyr. o -
A53. Post op.

DRt B et
14

Syst. hyp. ¥I
VED Pudm byp.
Tystroph. myotom
Ao PACH M3 Pest op.
| Lone
Aoute mydo. inf.
el talls ‘ o ,
LI, ehwonde e N S

%
o

R T
t

ok

Lo2e =
TOVAL - 3% 37

Takide Bi: 70 pati@n%é wha reverted Yo their arrhythuie following the
eatablishment of sivue rhythm by aynchronised cspacitor discharge
to chow the number who reverted whilst on maintenance guinidine.
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25 NUMBER OF PATIENTS D
No Quinidine
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MONTHS FOLLOWING SYNCHRONISED CAPACITOR DISCHARGE

£10. 48: 4she aumber of patients per month who Lave
reverted to the arriythmla over the follow-up

period to show the nunber beiny maintained on
guinidine.
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The recurrence rate of the arrhythmia during

thie first month follewing synchronised capacitor
discharge to show the number of patients who
were being maintained on quinidine.
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The number of patients in sinus rhythm and the
number in whon the arrhythmia recurred during

cach aonth of the follow-up period to show the
number beiny maintained on quinidine.
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(i) Patients who had reveried tqvﬁheix_arrhﬁthmias, {17},

’_ 12 of 17 pa%i@nta treated for a second time had
“atrial fibrillation. Thé'recurreneevhaé}accurre& at
ﬁime'intervalé'varying from less than 1 day to 19 months
after the firet treaiment {%able‘ﬁzi;v' In SJthe relapse
_occurred-by the end of the first m0nth {patient numbers
61, 63, 123, 142 and 146). ' |
| 3 patiente ha&:a recurrence of aﬁrial flutter
_varying from 3 weeks to & months after ithe fivst treatment.
A"Fatieat-numb@r l?@ldevslaped atriai faehyeardia in
,ésspciatian with acute myocardial'infaretiﬁn. The tachy-
cafdia_returﬁed'twa days after treatment aﬁd-waavnd%
associated with any clinical 0r'bioehemical evidénee that
further cardiac infarcti@ﬁ had cceurred.

_' Patient number 72.who.had vwﬁttia#lar tachycardia
in association with chronie ischaemic heart disease reverted
‘_4to his arrhythmia three houﬁs'after being brought into sinus
rhy tho, | |

The sceond treatment was preceded by gquinidine in 13.
ALl l?upétients were once move brought into sinus Thythm |
: and‘ll requirad & similar enexgy level séﬁtingi 0Of these -

} ll,.patients‘numbefs 23 and 129 had both treatments preceded
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by quinidine; but in the r@maining 9, gquinidine not given
before the first attempt did precede the seeond, or if

used before’%he firat was_withheld before the second.

4 patients required 1argef energy level settings
to achieve sinus rhythm {patients numbers 50, 61, 63 and
142); guinidine proceded the electrical treatment in three.
2 @aﬁientﬁ were hfaagh% into'siﬂua'rhyﬁhﬁﬁwi%h energy level
settings less than on the previous occagion (patients
numbers 68, and 107): quinidine preceded the second but
not the first treatment in both.

.The follow-up of these 17.pétients has of necessity
béen shorter than\ﬂn’the 131 patients originally brought |
vigta sinue rhythm and extends from 3 weeks to .13 months
and is over one menth in all‘@xcept one. 12 0fvﬁhe‘17
'.femain in sinus rhythm and of these Q_are taking guinidine
ag nmaintenance.

Patient number 54 who veverted to atrial fibrillation
three months after the first electrical conversion and one
week after stopping guinidiné i still in ainus:rhythm‘ |
17 months after the second treatment; mno quinidine was

given following the second ireatment.



Patient number 125 in whom sinds rhythm persisted
far onlv 1 day after the first treatment remained in sinus
rnyﬁhu for only 2 haurs after the ,econd, no guinidine
preoeded or followed the;flrst attempt but was used beth

bhefore and after the sceond.

Pafieﬂf'number_QB.remaiﬂed in sinus rhythm for
10 months on maintanance Quiﬁi&ine after the fivst treatment,
&trial'fibrillhtidh récu?red.whilﬂt'a mitral valvotomy was
being performed. Subséquently sinus rhythm was re-estsbliched
h& synchrcnised capacitor diacharge ﬁeapit@ fhe fa@t that
the mzural vwlvatomy was technically satisfactory, ernus
rnythm peralsted only for one month; guinidine was ne@

?ea following_ﬁhe_secenﬁ.%reatmeni.

Patient number 61 who had lone atrial fibrillation
has remained in sinus rhythm for 11 months after the second
treatment (2 days following the first). An energy level
setting of 400 joulés was needed for the second treatment
(250 joules fcx the first) and on this occasion quznldxne

in b&lnq used ag maintenanc@ therapy.

Patient number 68 has remained 1n sinus rhy%hm for
9 months after the seconﬁ trestment, thls tine on maintenance
guinidine, (4 months after the Liret). Eatlent nunber 28,

who remained in sinus rhythm and on quinidine for 3 months
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after the first attempt is still in sinus rhythm 18 months

after the second following which no quinidine was used.

Phe effect on the duration of sinus rhythm of
prescribing or withholding quinidine after the second
treatment as compared with giving or withholding quinidine
after the firet, in 16 of the 17 patients is shown in
Table 53. No statistical difference is demonstrated in

the small eeries.

(i1) Patients who failed to achieve sinus rhythm‘after the

firet treatwent: (3). Table 52,

% patients (numbers 39, 60 and 65) who foiled to come
into sinus rhythm after o first treatnent attempt were

treated on a second occasion (Table 52).

All 3 patients failed to come into sinus rhythm after

the second treatment.

{1ii) Complications:

Only one complication occurred in the twenty patients
who were treated for the gsecond time. Hypotension, (B.P.
B0/40 mm. lg.) followed the final shock of an euergy level
setting of 350 joules in patient number i23. This persisted
for 2 hours and did not require therapy by a sympathomimetic

drug.
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Table 53t The offect of maintensneoe quinidine on the
duration of sinus yhytlm in 16 patients
following the second treatment by
synchroniced capscitor dischnyge compared

to the first.

{One patient in whom the

follow-up is Yoo short has boen excluded).
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6+ RESULTS OF TOTAL FOLLOW=UP:

67vpaticnt&Aare in sinus rhythm, 30 of ‘whom aré_being

maintained on quinidine.

57 patients have reverted to the arrhythmia, 29 6f

whom were being maintained on quinidine at the time of

1.

2

5

reversion.

‘,.'19 patients cuuid‘nct'be brought into_ainue rhy thm

‘after a firet or second abttempt at treatment.

6 patients have died during the'fdllow~up pariéﬁn
.The follow-up is not kﬂéwn in 1 patient.

These findings are summarised in Fig.5l..

SUKNMARY

Patients numbers 1 ~ 50 were shown to have a drug

- resistant arrhythmia.

Toxic reactions to druge were frequent and often necessitated

gtopping the drug trial.v

f#ynchronised cepacitor disecharge was successful in ree

estahlishing sinus rhythm in 131 of 150 patients who had

atrisl fibrillation, atrial flutter, atrial tachycardia

or veatricular techycardia.



235

130

16 FALL 1st DC g
3 FAIL st & 2nd DC

131
Death 5 |
e
No follow up 125

20Q

REVERSION70 55 SINUS

29Q

58
Death 1 , .
57 67
. 37

150 PATIENTS TREATED BY SYNCHRONISED CAPACITOR DISCHARGE
Q- Maintenance Quinidine

28

FIG. 51: HResults of treatment and fellow-up in 150 patients.

4. 43 of 50 patients completely resistant to drug therapy
wers brought into sinus rhythm with synchronised capacitor
discharge.

5. 67 of 131 patients achieved sinus rhythn following the

first shock.
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The chances of successful version diminished with the

duration of atrial fibrillamian especially when this

@xﬁended over B]yearss.wiﬁh a cardiothoracie ratic of
more than 605 and with more uhaﬂ moderate emjargement

of the 1&ft«amxlums

. Patients with "lone" atrial fibrsllatlon wore exceptional

in that their'chinae of succpa&ful version was lege than

in any other vlngle group,. rrE&chuive of the duration

- 0f the arrhythmia, the cardiothoraciec ratio or size of.

the left atrium.

Atrial flutter, atrial tachycardia and veatricular
tachycardia were succpaafully trested in 98% of cases

{29 out of 30 patients) and omly lower energy level

' qeitings were neededa

9.

10.

11,

Energy settings for @uecaasfﬁl tfeatment did not relate:
%6 the duration bf the arrhythmim, the cardiothoraciec
ratla, the sigze ot'the 1aft atrium or the hody surface
area. |

Qﬁinidine immediately belfore synchronised capacitor
digcharge did not incraasevthe changes of success or

lessen the energy level gettings needed.

Using entero-posterior paddles did not materially lessen

energy level settinge needed for successful {treatment.
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14,

15,

16,

7.
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Synchronised capacitor discharge failed to bring asbout
pinus rhythr in 19 patients. 18 had atrial fibrilletion,
and one had atrial tachycardis.

Lone atrial fibrillation had a particularly high failure
rate (274). o
Significant valvular heart disease, especially mitral
regurgitation, atrial fibrillstion of more than & years
duration, o cardicthoracic ratio of 60% or over, and
more than moderate enlargement of the left atrium =11
inereased the chances of failure.

Quinidine beforse synchronised capmcitor discharge aid

not affeet the failure rate.

_Intervening rhyfhms were*freguent,»aften multiple, but

all were transitory. They also occurred in patients

not receiving digitalis or diurvetics.

Ventricular ectopic beats followed more freguently in

' patients treated for atrial fibrillation with higher

18,

energy l@vel Se%tings; oo f
21 patients developed complications other than traansient
rhythm change. There were 1l episodes of raised levels

of serum enzymes, ¢ eplcodes of pulmonary ocedema and

“enlargament of heart sige, 7 épieades af hypotension,
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21,

22,
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3 of embolism, 2 of T wave changes on the electrocardio-
gromy 2 patients developed galleop rhythms and 1
prolonged multifoeal ventricular ectopic beatis.

Complications were often multiple.

3 deaths were directly or indirecily reclated to the

‘reatizent.

Patients with lone atrial fibrillation and ischaemic

heart disease were particularly prone to complications.

Nultiple shocke, high energy levels used in association
with the raised levels of serum enszymes which followed,
pulmonary oedema and hypotension suggested myocardial

damage as the cnuse of the complications in many.

Ventricular fibrillation following synchronised capacitor
discharge occurred immediately after treatment oy many
hours later. If immediate failure of proper synchroni-
sation, overdigitalisation or possibly myoccardial damage
was the cause. If later, guinidine seemed to be the

CHUBe.

Circulatory responses al vest and on effort in the steady
state were studied in 20 patients before and after the
establishment of sinus rhythe by synchronised capacitor

discharge. In 6 patients, heart rate and physical work
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capacity slone were monitored. These parameters as

well as the Pick cardiac output, stroke volume, pulmonary

25,

27,

and brachial artery pregsures were measured at rest and
on effort in a further 14 patients.

The heart rate was significantly reduced in sinus rhythm
during equivalent work lozds.

The physical work capacity et a heari rate of 170 beats
per minute wag increased in cinus rhythm.

Oxygen uptake wae similar during the arrhythmia and in
sinus rhythm | |
Pulmonary artery and brachisl artery pressures were

similay duriﬁg'the érrhyﬁhmia end in aiﬁus‘rhy%hm.j

Mixed venous blood had 2 higher oxygen content during

exercise in sinus rhythm and the arterio-venous oxygen
difference was less in sinus rhythm especially on

gxercise.

Cardiac output was only slightly higher at rest in sinus

rhythm but the difference increased progressively with

the severity of the exercite.

. Stroke volume s measured sitting on the bieyecle was

larger in sinus rhythm, especially on exercise.
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Stroke volumes at equivalent heart rates were

significantly incressed in sinue rhythm.

55 patients remained in sinus rhythm over a 20 month

- follow up period.

Patients likely to remain in einus rhythm=Weﬁé those in
whom the arrhythmis was present for s sherter length of

time, especially less than 1 year; who had a cardio-

-thc??cic ratio of less than 55¢5, only s}ight (1+)

enlargement of the left atrium and no electrocardioe
graphic abnormallty other than rhythm change and

dlgjtails effecto

?atienﬁ& who had atrial fihrillatian in asscoeciztion with

. %xeate& thyrotoxlcosis had a partieuiarly hiuh ineidence

of maintaine& sinus rhythm.

~'Revarsncn to the arrhythmma was p rtlcularlf liable

shortly after eleetrical conversion %o sinus rhythm;
sinus rhythm was msintained only momentarily in ¢ patients.
5% who reverted did so by %he end of the first month

after treatment. This ocourred especially in patients

- with lone fibrillation or those in w%bm the arrhythmia

was of long duration und the ho,rt conglderably enlarged.
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37. By 9% months of follgwsuv an equal nunber of patlent$

had reverted as remalnsﬁ jn sznus rhvzhm‘

.38h Patients whno had atrial fibrilla%ﬁon in gssociation wiih

, chronic rheumatic heart dls@ase or in whon the duration
of ﬁhe.arrhythmia exceoded 3 years'befgre treatment w&r@l‘
especially liable %o revert to the a?rhythmia following
succegaful treatment. .A cérdiothdraéic'rétia‘in'éxcésa
of 555 and mederat@ enlargém@nt'(z*)vof'the left atrium
were also associated with anlincréae@ﬂ incidence of
reversion as were electrocardiographic abnormslities

other than rhythm change or digitalis effect.

39 ?atiéntsjwith 1ane‘ﬁtriai fibrillation wgrevless likely
to malntain sinus rhythm even in thé‘absende of prolonged
duration of the arvhythmia before treatment, radicgraphic

_enlargement of the heart and left atrium and electro-
eardiogrgphic sbnormalities.

40, mainfenance guinidine did nbt‘incr@ase ﬁhe Ghanﬂeﬁ af

| maintainzng sinus rhvthm over ihe fsllow~up period of
20 months, nor did quinidine increase the chances of
holding sinus rhythm over the first month. |

41. 3 patienta'who failed to achieve sinus rhythm after a first
treatment hj>synchrcni$ed capacitor dischaxge also failed

after the sccond treainent.
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17 patients who reverted to the arrhythnia were brought

into sinue rhytha following a second ireatment. & have

 mainteined sinus rhythm for a significantly longy period

of time.

6 of 15 patients in whom oinus rhythm was achisved using
higher energy level setiings have'remaineﬁ“in.sinug
rhythm. 7 of 9 in this group whé reverted o atrial

fibrillstion did so within th@‘ﬁiré%.munth-of treatment.

657 patiente are alive and in sinus rhythn and 57 are

alive but hove reverted to the arrhythﬁia following

the first and second trestment by syachronised capaeitor

discharge.



Chapter 5

DISCUSSIOCHN

Synchrmniéed eapacitor &iSQHarge;has been ah
entirely naw'approach 1o the managemeht'of'égrdiac
errhythmias,  Initizl reports of its use in the United
States of Americs (Léwn, Amaf§aimgham‘and‘Neuman, 1462)
demonsirated the feaaibility'of the methed. . These
workers were in agreesent with the findings of Gurvich
and Yuniev (1947) who repartéd results similer to those
of Provest and Battelll (1899, 1900) on the efficacy of
capacitor discharge iﬂ.ﬁerminaﬁing ventricular fibrilillation.
the resulis of the EQESian workers, however, weré not | |
confirmed by Guyton and Sotterfield (1951) or by Kouwenhoven
and Hilnor (1954). |

Thé first réportﬂ on the usc of this %eehnique in
the treatuent of cardiam arrhythmias in {the Unitadvﬁingdom
were presénted to the Autumn Neeting of the British Cardiac
CBoeciety, 1963, by O'Drien, Resnekov snd WeDonald (1964) and
by Oram, Davies, Weinbren énd Taggart'ﬂlgaé).

vﬁpart from its ﬁge,in ﬁhe clinicai managemnent of
cerdiac arrhythmiss however, direct currenf ghock is a

convenient way of altering the haemcdynamic state so that
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patients may be studied with and without the benefit of
a%rial_ﬁyﬁtale'and the"phyaial¢gy of &frial‘arrhy%hmias

investigated.

| Barvey {(1628) described the action of the‘atrium‘aé
an active céntractian, throwing bldod inte the venﬁriclea
Hendersbn {1906) howave?, concluded that the atrium was
more imﬁartant as an elgsbic reservoir in dogs.  This
view ha@;récently been put'fofward cne§ more but in respect
of man by Grent, Bunnell and Greene (1964). ewis (1912) -
.haé shown that® at a given répi@‘%entric#lar'ra%a_a regular
or irregular'venﬁricuiar contraction wauld>léad to the
some decrease in El@od pressure. He felty that the changes
in the ecirculstion recorded during atricl fibrillistion werse
entirely rate d@pendent..'iﬁeseil (1911}, however, Lad
‘slresdy shown that an appropriately timed atrial systole
would zugument bleod pressure.  Later Gésell {1916) waa
‘able to show thal the immediate effect of atrial systole
was to amplifyvthe cardiac output by 30%. It is interesting
to note that an intraventricular pressure tracing from a
horse {Chauvesn and llarcy, 1863) shows preceding atrial
contraction, as quoted by Gesell (1911). Ventricular
plethysmography was umed‘by Straub (1910},.Hirschfelder

(1908) ond by Wiggers and Xatz (1921).  All these
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v.invas%igatora.eoncludad that ventricular filling was
uugmenbpﬁ by atrial systole and that this cont rihutlar

noe longer occurred in atrial fivbrillation. “f&wart,
Cﬂawiard and Har‘lnbs (1826) demonsitrated that the cardiac
euﬁgut in dogs decreased by as much as €05 during airisl
fibrillation. 1t was sugeested by Stewart, Crawford and
Gilahriét (1928) that this resulted from o marked &ecreaae

in the oxygen saturationo mixed venous blood.

A disgroﬁ&rtionabe increase in the ventricular
rote on exercise is found im pabtients with atrial fibrillation
a8 shown by Blumgart (1924). | This i confirmed in the 20
patients studied during the course of This LﬁVEGﬁifatlﬁﬁ
Which.shaweg morsever that even when digitalised 1o |
therapeuvtic levels, the rate response ¢ the stiress ﬁi
exercige is excessive in atrigl fibrillation some rate
benefit does occur in-theﬂdig ta lm&eu heart hawever, Gae

suggested by Modell, Gold and Rokkendlnr {1941).

The concept of the.pnywkcul work e@pacity as &
measure of the wcrk'perférmed-per heart beat, was put
forward by Sjbatrand (1547) and by Wehlumd (1948). he
physical work perfermed by the patient pedalling a bicyele
ergometer at & heart rate of 170/min was obtained in the

present investigation from the lincar rela%iunship between
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heart rate and work performed. The PWC 170 ie reduced
vin hh&‘presenée'of heart diccase (Holmgren, J@nssonv
uevander, Lindcrholu,. Jostrand and Strom, 3957), but

in addition the preqenb ;uvcatwgﬁtlon hdﬁ shown that thp
combined @ffects 01 the loma of atrlal uyatole and & more
rapid vonLr cular rahe on exercism during the arrhjthmla

ngn;fleantiy 1ower@ the work capacity.

‘Body po tnrc has o yrafaana @ffﬁcf on. 4he circuiation

'boﬁh at rest and on cxoroiﬂo (Bovpgaru, Holmgren and |
Jonsmon, 196@3. Gardiad_eutpUt and &troke volume are
both significa ntly le 58 in the sitting position as compared
with figures obﬁaaned when supine. Theve changes cgour at
rest (Merichael and Sharpey~Shafer, 19443 Donald, Bishop,
Gumming:and Yade, 1953) and'axe prdﬁably due %o é T
distrihutién of blood from the thorax to the legs. This
-_resulta in a decrease in the heart volume ¢nd canquuent)y
& decreaﬁp in the stroke volume (>Jowtrand, 1953, holm&ren
and Gvenforsg 1960}c-: On sterting exerczqe in the sitting
‘poéition there ia g more proioupd inerease in stroke volune
prabably due to @ redirtriuutian of nlooa from the leg
veins to the thorax xmpruvan tuo diagtolic £illing of thc}

ventricle {Bevegard, Holmgren aﬂd Jons&cn, 14960,
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the effect of position on the circulation is
therefore important and mizht be responsible for some
of the conflicting reports in the literature on haemo-
dynamic chaniges before gnd sfter conversion to sinus
rhythm, All nmeuasurements in this study were made at
rest or on effort sitting on the bLicyecle ergometer
(Fig.8, p.34). Furthermore guinidine was not being
given to any of the 20 patients investigated. Baer,
Veglarz and Killip (1964) demonsirated that the changes
in the circulation before and after synchronised capacitor

discharge are not due to the electrical treatment alone.

There have been several studics reported on the
changes in cardiac output before and after conversion
of atrial fibrillation to sinus rhythm with quinidine.
These resgults are often conflicting. Storstein and
Tfveten (1955) found a eignificant increase in cardiac
output when in sinus rhythm but attributed this in part
to the effects of guinidine on the perlipheral circulstion
and on the myocardium; +this concept vas later challenged
by Broch and Huller {(1957) who found no cvidence that
quinidine wa®s beneficial in the way suggested by Storstein
and Tveten., Xory and Leneely (1951) failed to demonstrate

an improvement in the cardiac output in sinue rhythm, but
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larger cardiac outputs in sinus rhythm were shown by

Hansen, #McClendon and Kinoman (1952).

The reeults in thé_14 patients'sﬁﬁdied all chowed
that in sinus rhythm there wap a signilicant iﬁcreaae in
the cardiac outputs.  This difference was hot-mg¢eﬁaarily
present at rest but could always be provoked by exercise;
furthernore the diff@r@née was‘accentuatéd 25 the exercise
level was iﬁereas@d, Qhﬁ&e‘findingé- are not in agreement
with those of ﬁraettingef, Carleton and Muenster (1964) on
3upinevexaraisé, tut are in agreement as regards cardiac
output at rest in atrial fibrillation onnd sinug rhythm.
The ievels-cf oxygen‘cbﬂsuﬁptioﬁ én'éffgrﬁ,,huwevar; aye
sonsiderably less in the investigations done by these
authors and rarely exceeded BUU’mllmin/mg BEA, whereos
oxygen consumption duriﬁg the nmeximum éxerciﬁe load in
the present series wes ususlly thfee.timga higher. in
approximation of the ﬁﬁygicallactivity and oxygzen upiake
at various work load aettimga in the study is shown in
Table 54, It may well be therefore that more severe
exercise would have.deman&trated an inereaged cardiac.

output in sinue rhythnm.

The series reported by Orem, Davies, Weinbren,

Taggert and Kitchen (1963) was unusual in thet a ween
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WORK LOAD

kpn

ACTIVITY

0, UPTARE
* ml/min

walking et moderate pace
welking very brisldy
‘mmnmg .mm&ex}a‘_ﬁﬂly

mning hard

900
1350
1800

2200

Table 54¢: Approximate physicsl activity
, and oxygen upleke at various
work load sottings.
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increase of 70% in the cardiac output measured at rest
wag found in patiente studied in sinus fhythm up to 16 days
af%er electrical conversion. Thé pre-conversion levels
of the'cardias'output werelexceasively low in some of these
patients however@

There were’d.patients.iﬁ whom the afrhyth&ia (ziwith
‘atrisl fibrillation, 2 with atrial flutter) was unassociated
with clinical evidence of heart'&isease, ~ A1X four patients
'ahcwed significant hasmodynanic improvement in ginus rhythm.
Indeed in 2 patients (Mr. P.). and Nr. M) en extra work
lead of 200 kpm/min wae possible in sinus rhythm and
exercise was performed t¢ & total work load @fvaﬂO'kgm/minc
This aﬁdedeork load was achieved with heart rates in sinus
rhythm similar to oxr less %han the heart rate of 600 kpm/min
‘during the arrbythmia. - Siﬁilar beneficial results in sinus
rhythm weré found in the eardiac outpnt and stroke volume
measurements, - In contraat, Eaer5 Veglarz and Killip (19%54) -
‘could find no improvement cnce sinus rhythm had been achleved

in the "ione" group.

The inprovement in the circulation with sinus rhytha
“was particularly gratifying in Mr. D.H. who had had an
operation under cardic-pulmonary by-pass for valvar acrtic

stenosis. in atriasl fibrillatian the increase in cardiac
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output on exercise was entirely rate dependent and the
stroke volume fell progressively as the exercise load
increased. Unce minus rhythm had been achieved, however,
a more normal response to exercise occurred and the stroke
volume was maintained even at a heart rate of 150 beats

per minute.

The patient who had obstructive cardiomyopathy of
the left ventricle (Mrs. B.X.) demonstrated a significant
haemodynamic benefit in sinus rhythm on the very modest
exercise load she wae capable of performing one hour after
electrical conversion of atrial fibrillation. Efficient
atrial systole is particularly important in conditlons
associated with valvar or subvalvar obstruction of the
left ventricle and in diseases causing s diminished

compliance of that chamber (Braunwald and Frabm, 1961}.

The occurrence of haemodynsmic benefit in sinus
rhythn on exercise was not dependent on the nature of the
underlying heart disease in the 14 patients of this series
which is in avreenent with the findings of Lcintosh, Kong
and Morris (1964) who reviewed the literstiure on this
subject. The patients who had a virtually normal heaxrt
once sinus rhythm had been achieved (kr. G.E,S., Wr. J.H.,
Mr. L.L, and Mr. XM.Js.) however, did show an increased benefit
compared with those in whom underlying heart disease still

occurred.
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The series reported by Kahn, Wilson and Slesn
(1964); in which 16 psatients were studied at re&%_aﬂd'an
 exercise bvefore and aftar.coﬁverﬁian of atrial fibrillaﬁicn
to sinus rhythm revealed s surprising increase in the
cardiac output of 22% at rest and an increase of 27% on
 exercise in sinug rhythmyanﬁ.rafiacﬁs the. general trend
in the literaturc. As Studieg,by»vérieus %éamﬁ ol
investigators very according to method éf megauring cardiac
ﬁutpmt, position of the patient and the amcount of exercise
performed grouping the %esults.cf different inveﬁtig&ﬁarﬂ |

is only of limited use in respeect of drawing firm conclusions.

. The increase in ¢ardiac output in the 14 patients
studied resulted from & decrease in the aﬁteﬁiu~VBﬂaus
oxygen difference; the oxygen consumption in airial
fibrillation and sinus rhythm was not significantly
alt@reé. These findings are in agr@em@nt with those
of Gréettinger, Carieton and Luenster (1964) aﬁd with
those of Loiyis, Entman,.éhompson, ¥orth and ﬁclntaah'
(1063). In both of these ceries arteric-venous Qrygen
difference was also meéﬁureﬁ directly. | |

It could be arg&ed that the cirveulatory benefit
in einus rhythm ie entirely rate dependent. Knox (1949)

gnd %etherbee, Trown and Holzman (1952) both agreed with
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éariier workers that the major disaﬁility of atriai
‘fibrillation wes the rspid ventricular rate especially

on exercise. VWith the @ﬁtablishment'of ginus rhythm and'
slowing of the heazrt the incressed diastolic filling time

~would result in & larger stroke volume and cardiac cutput.

The @treke vclumes were 1afger_in’siuus rhyﬁhm than
in atrial fibrillation at eqguivalent heartvrateé (Pig;ﬁa},
and inéreased more in éinus rhythm as the‘near% rate réae
té 120/min. with a further inerease in‘heart rate the
stroke volume'w&s'héld constant in sinus rhy%hm but began
to fall off'during the arrhythmia;, These figares are
dedveed from studies in which it is known that the oxygen
uptske ié similar, and the work load is identical; as
heart r@te is also similer the_benefidia& reswlts in sinus.
rhythm‘eanﬁgt be expleined only orn the basis of an inhre&ae&
diastolic filling time,_ﬁgt must s8leo bve due to the benefit
of atrial systole iu‘éinus_rhytﬁm,v,,Thi$ i$ in agreement
with the conclusions of Skimner,>ﬁitchéll, Wallace and
Sarnoff (1964) who éemenaﬁr&teﬂ in anaesthetised doge that
the lack of atrial syslole ocewrTing with the onset of -
strial fibriliation when the ventricular rate wos held

consiont caused a fall in stroke volume and cardiac output.
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I4 ic perhaps pertinent to comsider at this stege

wha% hﬁémodyn&mic benefits oveur as a result of atrial

systole. This subject has f&aently been reviewed by
Burchell (1964) and by Braunwald Clﬁﬁ&}.’ e prcpefly

timed aetrial contraction will augment the stroke volume

by 5 lD% a5 shown in acute experim@nté on dogs with
denervmte hearts ﬂy Sellers, Donald and Wwood (1962},

These were acute exparimanﬁs, however, and n@émaliy &fter

a changé in the haemodynamic sﬁate-a period of re-adjustment
Gccursfin whiech the cardiac oﬁtpﬁt iz reset to & new steady
state. When the heart is completely normal in maﬁ; this
period of vegdjustment is ﬂhmrue& {(Berry, Thompaon, Miller,
KeIntosh, 1959).  Where the heart is abnormal the atrisl
contribu+i0n to ventricular f£illing is more import qnt &uﬁ
this is found even at rest (Braunwald and Brahm, lg&l)a

The 4 patients withsut underlying heart diseass in this
present series suggest that on exercise the atrium does
funétian a8 a booster pump even in the absence of clinically
detectabls heart'diaaasé. - |

Yhere is litile confirmatory evidence in man that

an efficient atfial gystole prévents atrio-ventricular
regurgitation as sﬁggested’by Little (1951) and by Sarnaffg
Gilmore and ¥itchell (1962).



Although the atrium does function aé a'resarv@if
{(Ienderson, 1906: Grant, Buﬁneil and'&fégné, 1964) the
series of patiente presented hérévéemaﬁﬂprataa that with
. the stress of exercise, or in the presence cof a diseased
or obstructed lefi vemtrieie,gan efficient atrial systole
begomes functionally impd:tant a5 3 booster pump in

actively filling the ventricle. .

Ahilet pfelimihary reports all Jealt with small
rnunbers of patients}treaﬁe& hy‘@laotrical conversion
subseguent repOrtﬁ have juﬁf;fi@d the initial confidenecs
in the technigue. wan9 Perlrgﬁh; Kaid Bey, Aba ahd
Harken {1963} reported on the treatment of Sﬁwpati@ﬁts
{6% episodes) with atrial Iibrillation and named the
fechniqué “eardiﬁversiﬁn"; anﬁ'LDWH, Kaid'ﬂey, P@rlxabh
and Abe {1963a) on a wide variety of Cardiac.éX?hythmiaav
- including ventricular tachycardia, atrial flutter, |Supra-
ventricular tachycardia, and atrial fiﬁrillatiaﬂ. . Orenm
and Davies (1964} repertﬁé‘an the use of @ymcﬁroniﬁed
capaciﬁnr discharge in the management of 100 cases of
atrial_fibrillation and heDonald and ﬁmsnekbv'(1964) o
the treatment of 75 patients whe had atrial Fibrillation,
atrial tachycardia, Qrvatrial fiutter. Qther large series

include reports by Lown (1964a, 1964b) who preeented the
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results of ireatment in 240 patients (305 episodes)
ine lud¢nb 22 episedes of ventricular tachycairdia, 227

piscdes ol alvriagl fibriilation, 26 eplisodes of atrial

[5y

<

Tiutter and 10 episcdes degupr aﬂtr~cu]ar td;hyoax&ia,‘
Hurst, Faulk, }yoctor_and Schiant (1964) reported on the
lLPeLtnenf of 146G patiemts-(lﬁa-episbdes) with atrial
fibrillation and F“U%Ji@gm and Halmos (13%6%) reported

the treatwernt of 85.p&tiﬁﬁau who had atrial fibrillation.

The gegries of 5O patienfs.who vere treated Ey
felebir*cal conversion fdlloWing the Failure of drug
’thérapy to terninate .their arrhythuis as presented here
nas neither Leen conr irmed nor denied in'auy other report
in the literature (Ecbcnald5vﬂesnekov and ('Brien, 1964); 
S although scvorwi of the patients precenied ty Lown, |
Amar'uln'ham and Nouman {lQOQ) were reported to have
been resiétaut to &rug ﬁheruﬁyQ» Despite hhé f“ct that
thie 50 patients reportad here were resistant to drugs

to maximal tolersace, 4% (56#) were succesafally brought
intd ai nu rhytnm, Holumen cod Brown {(1051) reviewed

|, 082 cases of strisl {ibrillat ion and reported a vnnvcr81on
’ v

v 1 -
"

rate of 73~‘1u.n@ gquinicdine. ﬂc ro toxic resetions using
quinidine for the conversion of arrhythamiss however, may be
“as high as 47 (QQTHhr'wnq wray Tﬂbé}g and CGmPlIPﬂflonu

.f“ .

2 ®
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may aloo ocour following Qleeﬁri@al c@ﬁvaréiang It is
pertinent, therefore o econplder tho mode of aetion of
guinidine se compared with direct current in the treatment

pf arrhythmnias.

?neAalkalwid‘quiniﬁine boeame av&il&ble follewing
ite preparation from cinchéﬂa by Pesteur in 1853 {G@uﬂ and
Luchi, 1964). Its clinicel use in the management of
" arrhytheisg ie usually‘&aﬁed from 1912 Whem.a patient of
Wenckehach demonstrated he could control hia own paroxyemal
atriai fibrillation by taking quinine {(VWenckebaoh, 1514).
Fray {1913) showed that the auntisrrhymic netion of guinine
was due to quinidiné; | H@Wﬁ?grg Braka,.a physicisn at .
Sudbury treated hiz own cardiac irregularity in 1813,
using Cinchena cardifolia, as quoted by snell {1965},
and‘it seoms therefore that 100 yesre before Wenckebaeh,
a,aelf»pé&zbribing'thaieianvwaa aware of the hnneriéi&i
~aetion of a crude cinchona exiract in tfﬁﬁting gardisc
Adrregularities. it 1a'pr9hahle that Drake knaw'af the
writing of SHenac (1749), us quoted by Wii&iué and Keys
{1941), aavmﬁatﬁng quiniﬁevfor Lieard palpit&ﬁiﬁmﬁiﬁﬁsucigﬁﬁd
with flatulence. Thﬂ-acﬁiénm of_qainiaiﬁe may be sumpariced

68 follewss~ (Conn and Luchi, 1964) .,
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Depression of the rate of diecharge of the pace-
maker., in man, however, the anti-gdremergic

‘action and vagal blockade confiiet mo that unleés

hyperthyroidism is present, there is little

“overall change in rate, (Rowe, Emenuel, Moxwell,
Prown, Castilleo, Schuster, kurphy and Crumpton,

1957).

Depression of atrio- and intraventricular conduction
which progresses on the clectrocardiogram from
prolongation of the PR interval and widening

of the kS complex to atrio-ventyicular dissociation
and intraventricular block.

Increase in the overall refractory period of the

heart but especially involving the relative
reiractory period (Villiams, 1$58).

Depreision of myocardial contractility which may

“be asscciated wifth hypotension and reduction of

the ecardiac output (Ferrer, Harvey, Verkd, bresdale,
Cournand and Richards, 1948). '

It has been suggested that under normal circumsitances

ectopic pacemsker tissue is more senslitive to a given

concentration of quinidine than normal pacemsker tissue

and that the conduction system of the hewrt ie more sffected

by quinidine than the muscular tissue (Hofman, 195%7).

Gpinion about the uﬁe_cf”quinidine in atrial

fibrillation before the introduction of electrical methods

¢f conversion cculd be sumnmarised on the one hand according

tc the views of Gold (1950}'wh0 felt that the use of

guinidine had largely becn abandoned, and on the other

hand according to the views of Hclitllan ond Welfare (1947)
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who felt that anvéttemgt aﬁ canversian wi%thuinidine
should be made in praetically all patients with chronic
atrial fibrilletion., o |

Toxic reactions to guinidine vary from vascular
eallapse to hypersensitivity reactions, | Although some
reports indicate relatively few toxic feactions {Sokolow,
- 1951) up to 6% of sudden loss of conseioucness and circulatory
collepse requiring resuscitation has been reported by
Rokseﬁh and Storstein (1463, Furthermore, Selger and
‘Wray (1964} reported the ocourrence of syncope éue to parﬁxysm&l
ventricular fibrillation in 4% of u large series of patients
with atrial fibrillatiene Experience in the colleection of
patientS'l -~ 50 of the present series i& in agreement with

the potential serious hazards of quinidine therapy.

Estimation of the serum level of quinidine was
strongly advoeéte& by Sokolow and Bail {1956) in an attempt
to prevent,daﬂgerous episgodes of guinidine toxicity. — Using
the flucrometric measurement of Linémﬁhal, Ulick snd
?atterson {(1947) which was based on the gquinine and
quinidine estimation of Brodie zad Udenfriend (1943),
they demonstrated fhat sérioua tozicity was unusual with
serun concentrations less than 6 fug./ml. Toxie rea@ﬁians

did occur, however, with serum concentration l@?@lﬁ,lbW@w
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thar ‘this possibly due to the fact that the estimation
also gives the absorption peak of less active or inactive

quinidine metabolites (Brodie, Baer and Cralg, 1951).

Several long-acting preparations have been'inﬁrdéueea
in»an,attaﬁyt to mpintain o constant serum'ievel of
quinidine and prevent dangerous peaking related ta_the_
variable sboorption rates. These compounds have uaually
proved disappointing in their claims (Modell, 1862 - 63},
hufe ree@nﬁly a tablet in which quinidime'hisulphaﬁé hog
been embedded in & porous in&oluble,plésﬁie compound has
been deseribed by Sanncrstedt (1960).  When serum guinidine
levels were measured aéaerding to the meﬁho& of Balamtre,
L@f§vre and Merlen, {1960) a sustained level of quinidine
over 24 hours could be achieved by a tablet every 12 howrs
(Gramg}, Varnauskaa snd Werko, 1963). It ie disappointing
the:efere, that 1053‘6f conscicusness occurred in 11 of
ECG patieﬂ%s being maintained on thig tablet despite.
matisfactary blcéd 1evels'gf quiniain@ (Rekreth, 1963),

- It soenms t&erefore that even.with the added safoguard
of tlow-reloass préparatimns'Qf.quiﬁidin&'controlle& by the
estimation of the seruﬁ 1e§els bf-quinidine'dangeroas'toxi@

ragctions may still occur.
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The results in patients numbers 1 - 50 indicaete
that synchronised capacitor'&ischarge can establish sinus

rhythm even when quinidine has failed. It has been stated:

BOne can predict with some cer%ainty'that the
major cmmplicmtion following cardioversion will
result not from the procedure, but from the drugs

Cutilized to susitsin sinus rhythn” (Lown, 1964Db).

21 patients in the present series (14) were
considered to have complications directly related to

the glectricel ireatnent.

Capscitor diécharge can result in myocardisl damage
cunder certain cireumﬁtancés. ?elaéka {1660} relsted
adamage of the héart'ﬁﬁscle tb an unmoedified cépacitar
impulse i.e. withont an iron-coved choke in eireult;

to higher voltage and energy 1&#&15 uweed and to uneven
distribution. of thévelectkical energy over the myoéavéium -
the paddies must be l&rga enaugh to diﬁﬁribu%ayﬁha energy
evenly. ‘Heverthaless, Kong and Proudfit (1964)-repﬁrte&
140 direct current shocks giveh'tc a patient over a 69-hour
period with no evidence of myocsrdiazl injurys all ﬁh@ 
shocks however were delivered at an energy level setting

- 0f between 180 and 220 joules.



262

bpisodes of pulmonary oedemo and inéfeaée in glige

of the heart foilowin{ ynchronl sed Pap&c;bor discharg
“have nmt been reporﬁeo prior to the communication of
l.Rewn@kov and aoﬁonalé {1965) but havw subﬁnuuently be@n
”¢0n£1rmed by Honey, N;cholls and Towers (196%). It ccmlﬁ
be'argﬁéd that in'the pregeaﬁe of aﬁrial.fibrillmtioﬁ ané‘
mitral valve @bmfruetionla sudden increaﬁ& in cardisc
output w1th the @St&blishmﬁﬂﬁ of sinus rhvthm mizht roﬁul%
 1n an 1neraaqe in left atrial and pul monary Venous pressure
and s0 be responsible for the pulmonar» oedena and inexeé&e
in heart size. It has been_shown, however, that there is
1little ohanﬁe in the cardiac nutput in patients in ﬂtrial
fibrillatxon and fallewing vergion to sinus rhythm meaﬂured

at restm

There were oix patients with pulmonary oedema aﬂd
an inorease in size of the heurt, of whom three showed
significant changes iﬁ ¢the serum levels of enzymes &nd'
>three?were:&130 hypotensive Lor up to three.hours following
'uynchr0ﬂ¢qed capacitor dlacharue. Four of the six
patients were given unocks with energy 1evel settings af
550 of 400 [oules. three of the six patients had ehronic
ischaemic heart digease and one carﬁiomynpa%hy, 80 that &

disease primarily affecting the left ventricle was present
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in faui« Furtnermawevin'theicaae of patient number 68
who had c@rreeted.transppgitinﬁ, a merphélagicél right
venﬁricle*wa& subjected to the work and;yresaﬁré'mf the
left ventricle. ﬁdute»breathlEBQneﬁs wccurred only in
uhe_patient g0 that it is poseible to.b@ unaware'%fvmhis
| ‘paitie@l@r complication unléss chest radiographs are

routinely performed one day following treatment.

Five of 22 patients with lone atrial fibrillation
developed complications after trestment (23,) end five of
. 12'patients with.acuté myocardial infarction or ehrenia
ischaemic heart diseamse (42.°0). Five of 51 patients who
had had a closed mitral vél#atomy’and were being treabed
Tor atrial fibrillation developed complications (1G,)).

A raised serum level of glutamic oxaloacetie
. transaminase will reflect myocardial damasge (ILsdue,

- Wroblewski, and Karmen, 1954) but QOuld olso indicate
ﬁamag@ ﬁa skelotul muscle. g raised serux level of

‘ 1actié,dehydrogenasa however is even mo%a s@ehific of
myocardisl damage (Maeﬂonﬁl&;ZSimpsmn_and Nés&al,'1957);

Significant changes in th@vserum'énzyme levels
~oceurred in 11 Qatiéntﬁ (1352,  Of theme, 9 received
.ahocks'with'an_energy level setiing of 350 or 400 Joules

end 4 were hypoilensive for from 1 ~ 3 hours after treatment;
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2 daveloped loud left ventrioular third heart saunﬂs.

There were no épiaodes of 57 seguent elevation
following sygchrdnised capacitsr discharge as reported
Ly Sﬁsaman,VWOldenbérg and. Cohen (i964), and Ey Killip
(1963)a. Two ﬁpisodee of flat or inverted T waves were
| réceréed on the day followiﬁg synahrqnised capacitor
discharge and in one patient thie was associated with
significant elevation of the serum @nzyme Jevele and
with ﬁhe development of a-left ventricular third hesrt

sound .

Only one episode of ventricular fibrillation occurred
immediatély following synchronised capacitor discharge. |
This was in a patient already in extremis and in "ecardiae
arrest® aﬁthcuvh the electrocardiogram revealed that
vmntricular tachycardia was s%ill present. Failure of
gynchronisation, the shock ialling Jurmng the vulnersble
vhase of ventrlaul&r repblpriﬂation has been 1mp1;wated
as the cause by klliip (1965), Lemuerg, C&Bt@lldﬂ&ﬂ,

- Swenson and Gosselin,(1964), Qram‘and Davies (1964},
Mbrris, Eong, Forth ond HeIntosh (1964), and by TOWETS
Gibson, Burn and Monro (1965). However; in a second
episode of ventricuiar fihrillafion following direct

current shock in the same paticnt Killip (1963) was unable
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7

to.implicate failure of synéhranisati@n’aé‘the cCause.
Apart from electronic failure af‘synchroniSQﬁian'partieular
attention must be paid tﬁ\stabiiﬁty of the bﬁsewlime of the
electioeardiagram to prevenﬁ'the papacitor.being.discharged
by an art@fact in a vulnerabls phage of the cardiac cycle.
Over digitalisation wﬁg thought %a be_respon@ible for three
"‘episeﬁes of ventricular fibrillation coming on 1 - 1% minutes
'aftér a.properly éynchrmniaeﬁ shoek as reported by Babbino,
Likoff end Dreifus (1964). Heither a failure of synchromni-
sation nor digitalis was thought to be the cause in the case
reported by Villis (196€4). ﬁigitalis might well h&va_baen
an assecistiated facter in the patient who de&elﬂped
ventricular fibrillation after a synchronised shock of
100 joules which had keen preceded by the intravenéus‘ 

injecﬁien,afjllmga Lanatoside C (Rosg, 1964).

}whe‘late onset of ventricular fibrillétinn as ocourred
in patient number 51 (36 houra after treatment) is unusual
élthoughva gimilar cazme is reported by Senple, Nurdoch and
'Sinalaif (1965) in whom ventricular fibrillation 8180
pecurred 56 hours after synchronised aapacitof aiséharge-_
There was no evidence of damage to fhe myocardiun ox {o th&
conducting system on paﬁtmmﬂrteﬁ exanination of patient

number %Sl. A& both patients were receliving guinidine
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fsllowing electrical conversion it is pousible that both
.réﬁulﬁ from quinidine orrect. |

,?mntxicular tachycsrdia following ﬁireot eurrant
shock has been reported by Graf and Etkins (1964) who
plso quots similar complications reported to them by
wymen (1964) and by Hoffman (lQéA)» In the opinion of
| Graf and Eﬁkins {1964 ) loﬁ energy shocks are mors lisble
t0 ¢aune ventricular arrhythmias {Kauwenhavén and Hilnor,
L 9;@) but this ia contrary to the work of Paleska {106;}
and against the opinion of Lown (1964b).,  Three pa ti@nta |
developed ventriecular %aahyear&ia’fﬁll@wing direet aufrﬁnﬁ
shoek thought tO.b@ due to noradrensline in one patient,

an&'tﬁ potaseiun depletion in a second, {Town 1964b).

| Thyrse patients developed omboli (2p). Two @mbaiiﬂ‘
episodes occurred amanrat 158 Qg;aaﬂes 6f treatrent in the
series roporited by ﬁurstg Poulk, Proctor and Hehlant (1964}
~ and three patients developad ermboli amongnt 70 {94 attenpts
at canveruiqn) Lrﬁated by Hiorris, Keng, Horth and Keintosh
{1964), One ¢erebrnl embolus and one pulmonery inforet
oecurred smonzet the 106 paﬁianms trented £ér atrial
Fibrillation by afam and ﬁaviéa {1964); one corebral
embolus and one pulmsnary embolus in 65 patients treatﬁﬂ

were reported by Rabbino, Likefl and Dreifus (1964},
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The patient who developed ventricular'tachycardia_foi;cwing
' airect current shoek {Graf snd Eﬁkins,‘1954) developed a |
"poepliteal embolus three days.laterj " Prom the r@por%é in
the literature aha frow the analysis of the 150 patients
Gf thia series, it.appearv that tﬁe‘incid@nce of e#boli
following version by aynchronised cdp301tor dlacharge ig
the same as that reported following version by gquinidine
{Gola@man 19;& - 60) vhere %hére'iﬁ a risk of embolus

or . tnramboﬁls for @xamnle follew1ng recent myogurdial
1nfarotion, oy in mitral pstenosis unrellrved or purulally
reli?ved by survery or with & s history of prev1ovb fmboliﬁmg
mntlca&gulant therapy using o counadin derivative should be
given and satisfagtory control maintained for at least.
three weeks before eléctfical conversion unless treetment
of the rhythm is urgently needed when hepevin should be
aubsﬁifuted. in enntrést;-following succassful mitral
vﬁlv@tomy or cloSura of an atriel septal defect, anti-
coagulant therapy needvnﬁt be‘niven. Patient number 90
in whom a cerebral emboluﬂ followed chqnvlng rhythms six
weeks uft@r‘wanernl“Pd capacitor discharge underlines

- the fact that this form of treatmentvigvbest-rewtrﬁcte&
»ta patiente in whom prolonged sinus rhythin can reasonably
be éxpecteda As severe valvular he&rt dlsaasc vas still

prosent and nonaid@rable enlargement of the heart showm,
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atrial fibrillation with a vehtricular rate controlled by
digitalis would in retrospect have been preferable to the
few short weeks of sinus rhy thm followed by changing rhythms

and then a cerebral embolug.

fhere were three deaths directly or inﬁifectly
related to synchronised capacitor discharge. 2 deaths
were reported by Towers, Gibson, Burn end Nenro (1965).
‘The first occurred in a patient in‘exﬁremiﬂ.who had |
eardiomyopathyvand atriai fibrillation; . the pecond was
in a patieni with aﬁri&l tachycardisa éﬂdvaeute.myocar&iai
infarction. Fatal cardiac arrest duwing-inductiaa of |
encesthesia for synchronised capacitor discharge is repérted
by Semple, Murdoch and Sinclair (1964). ?entficular N
fibrillation following direct current shock leading tov‘
&eathﬂis>reported by hoss (1964) and by HRabbino, Liff snd Dreifus
(1964}«  Three deaths}oecurred anongst 100 patieﬁ%s‘"
treated by Oram and Davies {1964) although in one patient

- it is doubtful whether direct-current shock was responaeible.,

The mode of action of aleé%rical reversion is to
couse instantaneous depolarigation of all the myocardial
fibres and so allow the sino-atrial node to resume_its‘
function as pacenaker. It is of fundamental impbrtanee_

that the shock does not occur during the sow-called vulnerable
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period. An electrical stimulus of sufficient strength
may cause ventricular fibrillation during a short period
of repolarisation of the ventricle which approximates to
the apex of the T wave, A diagrammatic representation of

this phase ic shown in Fig. 52. Repolarieation, however,

DC SHOCK

; L i

2

ATRIUM VULNERABLE
1

| | | ) T -410M.SE.C..

PI1G. 523 Diagrammatic representation of the vulnerable atrial
and ventricular phases of the cardiac cycle and their
temporal relationship to an salternating and direct
current shock synchronised with the R-wave of the
electrocardiogranm.
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does not occur at the ‘Bame fixed interval after aepolafia
eation at all points in the ventricle (Hoffman and
Cranefield, 1964), These authors are of _'the opinion that
only if. a mtzmwlus iu made to occeur after repolarisation

-~ is eampiete for the entire heart, foxr @xample»between the
T-wave and the beginning of the P«wuve, is :here_iittle
“dangeyr of Tibrillation of the atrium or ventriclaa A
fur%her point of some importance is that the threshold to
fibrilia%ion variee'dﬁring‘the_vulnﬁrable ﬁhase, heing |
lawer in fhe middle th 1an at either'end 0f this peried
(Hoffman, Suckling and Brcaks; 'Qkﬁ};-‘ The threshold may
drop pr@cipitously‘sho tly after the admlnlotra tion of
adrenaliné or norsdrenaline (Siebens, Bofiman, Enaan,

- Parrell, Broekm, 1953);_a_point df some importance in
patients being treated for cifculatory collapse with
synpathominetic drugglwhilat awaiting ﬁreaﬁm&nt_af the
}_arfhythmia'by}synchraﬁis@d capacitor discharge. These |
.acta as outlined sbove might help to explain %he cCourrence
_ofvventrieular fibrillation £ollbwing electricnl reversion
'when & f&ilufevaf‘synéhronisafion had not.peénfrespanﬁible

as typified by the expericnce of XKillip (1963).

Simultaneous depolarisation of all the fibres of

: o . . L - R
-the heart muscle recuires a current of between 1 « 4 amperes
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(Hooker, Kouwenhoven and Langworthy, 1933). The voltage
needed to pass this current through the heart depends on
the resistence ol the heart wuscle and varies with the
nature, duration and magnitude o1 the current (i.acikay,
Moosllin siod Leeds, 1Y51) and with the size or the electirodes
useaq (keleéku, 196, A¢ shown by uwuyton and hatterfield
(1951), the resistance of the heart lieg between 20 ~ 50 ohms.
The waveform oi & capucitor discharge can be varied
widely &s regards magnitude and shape, The waveform shown

in FigeYs was oblained vy discherging a capacitor without

Floe 9%3 Viwiodiilec ci.pacitor discharge.
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additional inductance in the circuit. Its characteristics
are én almost iﬁstan&aneous risey; and an abrupt ‘peak.
which is followed by an exponentlal decsy. The use‘ef _
such an unmodified capacitor discharge transthoracically
in d@gs resulted in ventricular arrhjthmias {Lown, Nouman,
-Amarasinghsm and ﬁefkovits, 1962) . By th@ introduction
of an inductance coil into the circuit,‘hﬁwevex, %hevaVew
form is modified from being critically damped using a |
“small_induetancc to being 0vefdampad with larger values

of inductance.  An 0verdampedeaveform ie characterised

by a s;ower rate of rige and a more gradual pesks the

- pulse islbraader aﬁd ¢nde in a small‘flat peak @f'oppO@itg
direction (ringing). The voltage and current waveform Qf
»thé apparatuas used througchout the mtudy»on'thc 150 patients
is shown in Fig.54 obtained by discharging the aapaeitér
across a H0-ohm resistance. This eircuit which incorporastes
& ecapacitor of 1L6-microforads and en inductance coil of
100-millihenrys was found to produce avplinicélly safe
wnderdemped waveform and o be more effective thanVOOmméreially
available aiternating current<d@fibrillators in the
manggement of venﬁrieular‘fibrillaﬁion in dogs {Town,

Neuman, Amarasingham, Berkovits, 1962). The energy
delivered by discharging & cspacitor is measured in joules

and is equal to
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LOWN CARDIOVERTER

|
DISCHARGE WAVEFORM|

[l AT 200 WATT,SEC.

PLC. 54: Uncerdamped voitase and current waveforu. 16
mierofarad capacitor with an inductance coil of
100 millihenrys in circuit (Lown Cardioverter).
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charge in farads

it

5 c
4 O0V°, whers

¥V = voliage.

In contrast the energy delivered by slternating current

ig equivalent to
(volts x= amp%re&) ® Guration i.e. wattage x time

messured in j@ulesu

An example of the wavelform oblained from a‘commﬁrcialiy
aveilable alterneting current defibrillator ié ghown in
Fig.55. 'he energy needed for-defibrillatiam with a
capacitor discharge is less than with aléernaﬁing current
(Lown, Hﬁumam,-Amafasingham and Berkovits, 1962) and the
heat generated inla‘patient as a reswlt is slso less
(Teadeaohi and White, 1964). Purthermore Ventficular
Cfunction is leps disturbed in dogs with ventricular
fibriilation treated by direct current shock (Yarbiough,
Yogery and Whitley, 1964).v Energy is not the only factor
in the effectiveness of a capacitor discharge, however; s
that details af‘the circuit used with particular reference
to inﬁﬂcﬁance and the resultant waveform ghoéld_always‘be

>

stated (Mapleson, 1965).

Up to 7,000 velts is neceded Lo charge a ¢apaé1tar

of 16 micrdfarads to produce an energy level of 400 joules.
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Wie B5%: waveform recorded froo an alternating current

defibriliator. 6LUL volts setting. (fealey).

A solid dielectric capacitor cspable of storing 4G{ joules
weighs about 25 kg. and apparatus using this form of
capacitor tends to be bLulky. The alternative electrolytic
capacitor is more efiicient but less reliable and usually
cannot be charged to more than 06CG volts (Norman, 1965).

by using an electrolytic capacitor of about 3,u .0 microfarads
charsed to & few hunidred volts in association with a pulse

traneforner, releska, tonsnka ana blazek (1962), were able
’
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to design a more portable machine and also one in which

earthing problems were eliminatled.

From the clinical noint of view desirable features
of apparatus for synchronised capacitor discharge may be

summarised as followsi-

(1) Bufety to_the patient and operator -

Both paddles should be isolated from the earth
potential. I1f one is earthed, the other will

be live and the operator could receive a dangerous
shock by touching the electrode or the patient
during defibrillation. Purthermore, the patient
could receive a burn at the earth electrode znd,
part of the energy delivered would be dissipated
through the earthed electrocardiocgraph elecirode
or to any conducting material on which the patient
was lying (Towers, Gibson, Burn, Menro, 1865},

{i1) 4voidance of the vulnerable phases of the cardiac

cyele -~

The shock is usually synchronised with the R or

S wave of the electrocardliogran, Provision for
changing the ECG lead to one in which an unequivocal
R or § wave is present is highly desirable, it
would further be preferable for the mignal for
synchronisation to be the rate of rise of the R wave
rather than its amplitude, to prevent synchronisation
with a base-line artefact or sudden mecveument of the
p&ti ent,

(iii) Provision for immediste recording of the
e}ecﬁrocafdiogram -

Oscilloscopic monitoring of the ECG is {requently
unsatisfactory in determining the rhythms after
synchronised uapacitor digscharge. To be sure
whether sinus rhythm is present a V lead, ueually
Vl or V, is often needed. A one~channel
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direct-writing pen recorded incorporated in the
apparatus with provision for lead selection
would be desirable,

(iv) Provision for dischargins the capacitor -

It is frequently necessary to discharge the
capacitor other than across a patient. Allowing
the charge to "leak" away could still leave the
paddles live when next used unless sufticient
time had elapssd.

{(v) A switch for re-charging the capacitor -

1t should be nccessary to set the capacitor to re-

charge rather than allowing automatic re-charging

to follow the discharge. Unless this is done the

paddles are always live from the time of being

charged and could constitute a source of dasnger.

It miyht be considered that the need for an anasesthetic

is a disagdvantage of the technique of electrieal conversion. .
Stock (196%), and Lown (1963), have questioned whother an
anasesthetic is really necessary. Pantridge and dalmos
{1965) use no anaesthetic with energy level settings of
100 joules or less. Patient number 145 admitted in severe
circulatory collapse with ventricular tachycardisa and
ischeemic heart disease was treated without an anaesthetic
and had no recollection of the event. hany patients are
appreheneive, however, and where nore than one shock ig
needed, or when higher snergy level settinge are required
a brief general anaesthetlc seems preferable (Gilston,

Fordham and Resnekov, 196%). The combination of pethidine
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&8s préwmedicaﬁien, sodium thiopentone (Shephard and

TYandam 1965} or aodiu@ méﬁhbhemitane Tor induction and
therealter nitrous oxide and oxygen by_imhalatipn to

which is added 0.5 halethanevif needed, is recomuended.

The aodministration ¢f sﬁ:qmgthonium to any patient recéiviﬁg
intravenous quinidiﬂewahéuld be avoided as the interaction
oi thege two drugs may result in prolonged muselé paralysis

and apnoea (Grogono, 196%). .

The present serlies of 150 patients who had atrial
fibrill@tiony atriagl Clutter, atrisl tachycardia and
ventricular tachycardia with a success rate of 87% camgarﬁs
favourably with other reporta.' Iﬁ_the four series reported
by Town {1964), Hurst, Paulk, Proctor and Schlant {1964),
Oram and Davies {(1964) and Eaﬁtridge and Halmos (1965) |
there were.éb4 episodes of arrhythmiaw treated with an
overall immpediate success rate of B7.3%. In the series
of 158 episodes of atrial fibfillatipn renorted by Hurst,
Paulk, Proctor and Schlant {1964) & 95% success rate is
reported; the extremely high success rate is Qrobably
_ ﬁﬁe to the faet that there were only 40 patienté‘whe had
underlying rheumatic heart disease in contrast to 71 of the

120 petients with atrial fibrillation in the present series.
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Atrial fibrillation in the absence of wnderlying
heart disease was a less rewardlng group for treatment by
‘synchronised capacitor aischarge; 75% of 22 patients were
wbr&ught inta sinus rhythm,-A Oram and Davies (1564)
‘r@ported guccessinl immediate res ults in 12 bf 14 patientis

with lone atrial fibrillation.

Despite the reports of Town (19640 and of Oram and
Davies (1964) the duration of atrial fibrillation was an
important factor in the success or failu?e of the electrical
treatment as confirmed by Pantrldge and Halmos (1965%)., In
any patient in whom atrial fibrillation had been pres sent
fof more thaﬁ ‘ vﬁaxu, the immedlato success rate fell
pfogreﬁsively to abcut SQ% when thé arraythmia had been

present for 10 years,

gimilarly, contrary to earlier reports (Oram and
Davies, 1964), & cardiothoracic ratio in excess of 60% was
found to lessen the chances of success (other thom in
patients with lone atrial fibrillation). Selective
enlargement of the left atrium alsc mitigated agsinet

- guccessful ilreatment (lone atrial fibrilla%icn excepted).

The presence of coarse f wave% in lead CR wag found

by Aber (1962) to be a good prngnoatxc sign for the ezse of



the ccnveréion of atriel fibrillation to sinus rhythm by
guinidine. Oram aﬁd vavies {(1964) who analysed the |
‘height of £ waves in lead Vl,rfound no correlation at the
5% le%el between higher fibrillation.wéves,amd the ease off 

conversion by synchronised capacitor discharge.

A8 with most other series patiéats with atrial {lutter
were particularly gratifying to treat; a@ll were breought
- into sinus rhy thm. In contrast to Lown (l@é@b}_howeverg
nét every patient was brought into sinus rh&thm on the first
shoek.  The voungest potient in the‘aeriés was & bey of
2% yeéfa in Whom ginus rhythm was sehieved with the minimal
aﬁérgy’l@vel setiing used, namely 10U joules. gtrial
flutter following surgical closure of an atrial eeptal‘
defect is an arrhythmia which in general is quite resistont
to drug therany. | There warevg patiénts in this group, alill
G weré ﬁuuaeséfully troated and no patient re@uireé'a largé

energy level setiing.

‘geven of eight paﬁien%s wiﬁh'&trial,tanhycardia were
bfeught successfully into sinus Thythm which compares with
7 successful treatments in 10 episodes (&'patients)vreported
by Lown (lgéﬁb}. Lower energy level seittings were regquired

for successful treoatment than in atrial fibrillstion.
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All 5 patiQnﬁﬁ with ventﬁicular tachyenrdia were
suceessfully treateﬂg'cﬁlv‘nné patient réquiring m&fe'tnan
one shock,  Bnergy level scutlnpu were low tbroubbaut,v
33 successful traatuent" of ventricular tacuycard¢ folh =
reported by Lown (10964L) in %2 episcdes (1% patients)

although an average of 2 ghocks per treatment had %o be uséd.

Detuils of anérgy levels needed for th- rucs@éﬁf&ﬂ
-reaeeﬁablishment Gf sinus rhythm analysed sccording to Lhe
duration of the arruythmla and the radiographic ﬁﬁzc @f tne
heart or selective enlargemont of the lsft atriun are not
given in the literature. ¥o correlation wus fqumﬁ_infthe
present seriea, mOmt investigators are in agrsement_wiﬁh_
the findings prea@ut@d hiere that 67 patients who aret |
enccesniully treated aahiGVQVSinus vhythin following the
firat ahbck; ALl 15 patients wio reguired a m@,imwm energy
level setting of 4GG joules had atrial fibﬁillétlenu hgeat»
Car'e was always taken to aaOpu a uniform method of prcyaﬁiﬂg
the skin before application of the paddles so that the skin
registance was pxobably unii@rm in all the 150 patients.

The ccusidersble difference in cenergy levels for successful
treatment night welil depend oh the dissipation of @n@fgy
cacrosy the skin snd tissues and on différeneee in the tissue
depth belween the heart‘and the paddles and waé shown not

to be related to the body suriace area.



Although Killip (1963), Lown (1964b) and Hurst,

Paulk, Proctor and Schlant (1964) all advocated the use

of quinidine before elecirical conversion quinidine

in

this geries did not sflieet either the inv.ediate success

rate or ke ener;y levels needed Tor succesoful treatment.

Using a posterior paddle in conjunctlicrn with

one

anteriorly placed wus reported Lo dimirish enersy level

settings for successful re—ootablichment of sinus rhythm

(Lown, Kleiger ard Wolff, 1964Y), the patrway botween Lh@
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vaddles being shortened nnd the intensity of the electrical

field across thie heart being augrmented. Sinjlar findings

were reported by Morris, Kong, Horth and Welntosh (1964)

ard by Hurst, Paulk, Proct tor and Schlant (1964).

Conspicuausly lesu ernergy settings were rnot found
! Y e

in the petieuts ol this scries successfully treated
the anterc-—posterior puddies compared with those in

the aintlerior paddles were used.

The immediate failure rate was 12.65% (19 out

10 patients). 18 out of 120 patients treated for

fibriliation (15,.) failed to come into sinus rhythm.

using

whomn

of

atrial

Lown (1964b), failed to estublich sinus rhythm on 19 occasions
{(8.5). An analys ¢l the causes of atrial fibrillation was

only given for 150 of the patients. 67 episcdes of atrial
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fivrillation, treated by Morris, 'K-ong, North and Melntosh
(196@) were unsuccessful in 14 (22%).  Towers, Gibsoh,
Burn and Monra’(lgﬁﬁ)lwer& unﬁucéessful in 7%. There
was a 22% failure rate amongst the patients treaﬁed by
Pantridge and Halmos (lgﬁﬁ)g'v Gram and Davies (1964)
reported 6 16% failure rate in 100 cases (lEQvépiﬁUﬁﬁsﬁ )
of atrial fibrillation. The series of 149 patients

(158 episodes) of atrisl fibrillation reported by Hurst,
Eamlk, Proctor and Schlant (1964) haﬁ g failure rate of
Ae2%, - The failure rolbe was Gy ih the series of H6 patients
'(101 e¢pisoden) roporied by Lenherg, Gaﬁtéllanog, S&enaan

and Gosselin (1964),

' There were nho fallures amongst patientis with atrial
flutter and experience in the literature bears out {that
failures are unusual when treating this arvrbythnia (Lown

1964b, Morris, Kong and Jdelntosh 1964).

Unly one patient wilh atrial tachycardis fziled to
come into sinus rhythm,. 3 out of 10 patients reported by
Lown (1964) with atrisl cr supraveniricular tachycardis

failaed to come inte sinus rhythue.
There were no failurep zmongst the § patients with
ventricular tachycardic which comparves with a 3% failure

rate amongst 32 episodes (15 patients) treated by Lown (19649).
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Patients in whom atrial fibrillation was unassociated
-with'undérlying divease ef the heart had the highéﬁt failure
rave of any group {27.) even when the heart was not eﬂlarg@ﬁ.
Uram and Davies (1964), however, reported u failure rate of
only 145 in this group.

The assoclation of haemodynamicelly significant
underlying heart disease with atrial fibrillation ineréaﬁeﬁ

the likelihood of failure especislly when considersble

o

nlargement of 1the heart and of the leflt atrium were present,
and siniler findings arc commented on by Lown {(1964b) and

by Eillip (1463). .

Age of the patient did not adversedy effect the

chances of success unlike the findings of Uram and bavies (1964).

Intervening rhythms were freguent snd occurred both
in patients trested successfully and unsuccessfully. There
were 107 episodes following the treuta&nt’oﬁilﬁa patients.
Atrial and ventricular ectopic bents w@ré the Camménast
noted but freguently more thanvone arrhythmia ocourred,

Lown (19640 sugyested that these rhythms could relate o
overdigitalization and a lowered potassium content of the
'myucardiml cell produced by_prblong@d diuretic therapy.

Rillip (1963) who reported u slow nodal riythm following

divect eurrent shock considered a Llow myocardial infracellulsr
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potaseium content as the cause. In this serics intervenﬁng
riythms alvo occurrea in. patlants who had not received.
diuretic therapy or @iﬂﬁtﬁjas; ALl patﬁents had digitelis
stopped for at least 24 hours beier@ gynchronised egpacitar
ﬁiﬁahaxge, _Auother explunation for transient arrhythmias
could be myocardial danage pfo&ucéﬁ by tne passage of the
electrical current acrosg ﬁhe hegrt. Energy level settings
- of more than 150 joules were uped in 27 of 36 patients
~treated for atiial fibfillution who developed ventricular
ectcpie beats and in 10 of 31 patients who doveloped strial
gremaﬁure contractions. Thia dlfie'ehco is wta thtWGﬁlly
%ignifiﬁanﬁ, ,
X = 647(ny1; p % 0.01)

and suzggests thet higher energies are aﬂ“ociat@ﬁ'with an

ingreaped incidence of wventricular ecilopic boeate.

The ocourvence of arrhythmiae following capacitor
_dzuuharﬂe ﬁepond on the voltage used rather than the total
energy delivered (Peleﬁka, 1963) and are rela}ed to
myocardial démagea . Phe capacitor is charged to 7,060 volts
vhen the higheat energy levels are used.

40 pztiente (34.) #ho had &ﬁ?l&l fivrillation rensined
in ainus fhythm following the first trmatmenﬁ. In the

series reported by Hurst, Paulk, Proctor and Schlont (19Y64)
¥ ?
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58% of 121 patients with atxial fibrillation héve remaineéd
in sinus rbythm following synchronised capacitor discharge,
but the follow-up pericd is shorier. 92* of 65 pati@ﬂté.
have pervisted in winus rhythm over o 3% month follow-up
'-(Panw.:,upe and Halios, 19Y65). Similarly, 797 of 56 patients
{40 were trealed for aur¢al iibrillation and 7 for atrial
flutter) huve remaised in sinus rhyths over a follow~up
period sleo much shorier, extending framrl to O months
(Horyis, Rony, horth and helntosh, 1964). 67, of maintained
sinus rhythm in %3 sueccegsful episodes of tresiment for
atrial fibrillation amongst 46 putients is reported by
ﬂllll? $63) over 8 months of follow-up. Miller (1564),
however, reporied that évar a 3 month pericd of follow-up
50, of 28 putients remained in sinus rhythm. 424 of 106
ratients remained in sinus rhythm up %o'ﬁ nonths following
trestment, (Towers, Gibson, Burn end honre, 1965) and less
than one third of the patieu%é reported by Rabbino, Likeff
and Dreifus {(1964) have remuined in sinus rhythm. ﬁG% of
patients with longstanding s rz@l fivrillation will remain
in ginue rhythm (Bown, 1964L) following dJnuhr@niue& capacitor
éischarge and thie is in acoora@nge with the f;ﬂdlngs of Oram
and Davies’(lgﬁa) who reported that 4?,&; of 84 patients
renuined in sinuve rhythm, In this pseries, too, however

the follow-up is relatively short.
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24 patientz in whom atriagl fibrillétidn was associsted
with chronic rheusetic heart discase have remeined in sinus
rhythm, - These findingoe are similar to those of Lown {1946%)
and'it ig significant that ia‘the éefieﬁ of Hurst, Paullk,
Prﬂdﬁor'and Schlﬁnf {1964) in which 58ﬁ have remained in
sinus rhythm up to 9 monthe after treatment, rhevmatic hesriy
discase was associated in only 40k,

It appears theréf&re that persisting underiying heart
disease decrcases the likelihood of einus rhythm being
nmaintained afte?'vefsion and this is especially true of
'rhmumaﬁie heart Gisenne. . Paradoxioally only 385 of the
patients with "lone® atfial fibriilation.remain in sinus
rhythm, Post thyroﬁozic atfial fibriilation as & group
maintained Siﬁus_rhythm well‘follawiﬁg'synchroﬁised capacitor

discharge.’

Patients in whow atriel fibrillation was of short
rather than lang’duratich aﬁd'th@sé in whom radlographic
énlargament of the heart waee 16&5%-(dar&imthoragie_fatio
and size of the left strium; were more likely to maintain
sinus rhythm. ¥Yurthermore, elecirocardiographic sbnormalities
were present in only 9 patients in whom sinus rhythm wvas

mgintained (chaniges other than rhytbm or digitalis effect).
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The numbers of patients followed up who had been
treated for atrial flutter, aﬁrial taehycaréia’and‘ventrieular
tachycardia.is small. Kevertheless sinue rhythm has bsen
maintained in 70 df yatienfs ﬁraaﬁéﬂ successfully for
a%riél flutter. 78@»;n whom atrial {lutter was asscciated
.Withvpﬁsﬁ—@p@rativ@'5stium'5acuudum'atria1vﬁeptél-dafect
maintained sinue rhythm. |

Only 3 of & patiente whe were treated for atrial
'5ﬁachynmrdia have reﬁmined in sinus rhythm. Cne Gi(the
& patients has died. Similarly enly_z of 5 patients who
had ventricular tdchgcaréia were in Finus rhythm at the end

of the follow-up pericd, but Z patients have died.

Sivus rhythm was haintainéd only for aenemds or
minutes in 9 patieﬁtsm in 2, accessory yatﬁwagw of
conaucﬁioﬁ wers respcnsihle,v Fatient number 65 suffered
vfrnm‘the usual form of the syndrome described by Wolff,
Parkinson and White (1930¢).,  Fatient nuuber § who was ﬂhﬁwn
%6 have @ chort I-R interval but a normal RS 1is an eﬁample
- of the syndrome describew by Lown, Ganong and Le?ine {1952)
WRcvW$?e able to show thaﬁfonlyllbw of patients prone to
gttacks of paroxyamalvtgnhycar&ia apﬁ in whom the P<R
intervel is short when in ainus rhythu, ﬁurfer from th

Wolff-barkinson-«hite Syndrome. The mechanism of the
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arrhythmia in the group with a normal RS is similar %o
thé mechanism in the Woltff-Parkinson-White syndrome.
'Ehi@vmecﬁanién, hawevcf; iﬁ‘nét resppnsible for ﬁinma_

1xhy%hm being,maﬁntained_onlj temporarily in the oﬁhe£ '
patients_v Kevertheless it does underline the fact that

the mode of actlon of'mynchronﬁsad capacitor dlscharge is

+to eéuss ingtentancous depolarisation of all the fib?@s of
the heart and so allow the sino-atrial noue ﬁ@ take over
oﬁée m@rﬁ a5 the pacemaker of ihe heart. 'Eor‘aiﬁué rhythr
Yo be maintained, however, Lhe pacemaker.ofiﬁhe hesrt must
'not be diseased or atrophied'ahd al%ernatiVﬁ'yathwgys of
édnductioﬁ rust be nbaan%;' There is_évidence that the
sinm#gtrial node atrophics when atrisl fihrillatiun bas

been prosent for several yearsfiﬁudson, 196¢),  although

an atrial wave of aapﬁlarisatibn may return féllbwing |
‘glectriqal canvarainn,'tha,?;aésure traaing in such patients
Ifrequently shows only é éma11 tat in both atris whi@hvmay
’rbe of littlé functional significance in £illiﬁg the ventiricle
{Braunwald, 1964). | |
Afrhythmias oecurriﬁg imméaiaﬁely alfter the eatablishment
~of.éinu$ rhythm following direct.éurrent ahock,’maﬁeéially
:atfiai premature contractions uétimg'aﬂ a trigzer mechaniss

to initiate sirisl fivrillation or rlutter were thought to
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be reaponsible for sinus rhythm being maintained only
teaporarily in 9 patients (DLenberg, Castellanos, Swenson
and Gosselin, l?ﬁ@). These investigatérs feel that the
routine use of quinidine precedinz elecirical conversion
would reduce the incidence of ectopic beats and would
thererore help to maintaln sinus rhythm, although the
number of patients analyﬂed'is too small on which t¢ base

firm conclusions.

Incomplete depalafiéation of the atria, a result of
the direct current ehergy leved setting being too small, wan
considered to be responsible for pirial fibrillation being
converted to strial flutter; or atrial flutter to sirial
tachycardia with a slower atrial rate (Lemberg, Casiellanos,

Swensgon and Gosselin, 1964).

Recurrence of the errhythmis is particularly lisble

to oceur within the first month after treatment and especially
durimg the first day. 15 of 70 patﬁents in whonm the
arrhythmia recurred, relapsed within the first 24 hours
{excluding 9 in whom sinus rhythm was only temporafy).

10% of pationts with atriél fibrillation are liable %o

revert within hours or days of @uacesafui treatment by

direct current {Lown 1964b) and the largest numbey of

reversions occurred within the first 2 weeks of treatment,
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(Rabbino, Likoff, and Efeifﬁs, 1964). 88% of the reversions
rep@rted by Towers, Gibscn, Burn and Mgnre.(igﬁﬁ)vgecﬁrreﬁ

- within the first»mbnth following treatment.

The'ﬁatients ont Jixaly to revert to atrial f Fibrillation
within the first day of uucce sfui synvhranisad capacitor
discharge were tho;e in whom atriui flbrlllatlon was asgspeizted
with chronic rheumatic hLart diszase and ewpcu4a¢ly where
fibrillstion has beewn present‘fur_j‘yearu or more or where
considerable radio.zaphic enlargenent of the heart was
amsociatéﬁ. 'Pralonged atrial fihrillation and curdlisae
enlargenent werc bad gfqgneﬁtic ﬁigﬁs for ﬁ&lﬂb&iﬂiﬂa ginag
rhythm and reversion within the fixut dar aceurred when one
Far’baﬁh wers praéent in gatieﬁts_wiﬁh Carﬂiomyapatﬁy and
ischuaemie heart di@@aﬁé; Thé sing1o §atiQnt‘in the series
iﬂ mhom-utrial'tachyénrdia wa6 due-to digitélis overﬂ@sage-
not unexpectedly reverted W1th1n a. few hours ﬁi treatnent.

This is e@ntrarv to the‘@xperienee of Gorwin, Elein and
Fr¢edh9r5 (lﬁﬁj) who reported the Bucecensiul eJectrical
_tve tment of a patient with #axomydmal etrial bagh. ardia
'wiﬁh bloek thought to be dlgit&LiS induced wnd repistant to
drug ﬁh@r&pje AS wos shown by Oram, Heanékav Snﬂ Davies
(1960) the mechanism of this afrhythmia is usually a lowered

‘potassium content in the myocardial cell so thet treatment
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should be directed first.at c@rrecting'the metabolic
abnormality. 4 of the 10 patiente with lone atrial
fibrillation reverted within the first déy; unlike the
-other groups these recurrences were notd re@tricteﬁ to
’_pafients with-lang standing atrisl fibriilati@n or gsevere

enlargenent of the hesrt.

Orice the first monlh of maintaineﬁ.ﬂinus rhythm‘haé
passed there was a much higher chance of sinus rhythm %eing
maintained in all the groups. Nevertheless by 9% months
“after ﬁraatmeht cne helf of the patients being followed up

had reverted to the arrhythmia.

53.5% of patlﬂnt vhoe reverted fto atrial fibrillation
- showed clpctronafdlcﬂraphic change other than rhythm or

B dlgztallu effect.

The incidence of complicsations raée with nhigher
energy level ﬁe?ﬁings. 6 of 1% patienﬁﬁ brought into sinus
roythn with energy 1evel v~tt1ng% of between 300400 joules
are still in sinus rhythm (40,). 6 reverted by the end of
the third day and & further patient reverted by the end of
the first month so tot.a decision Yo use the maximum energy
level hettlngs must be taken by W@lghiﬂg the possibility
of the benefits of einus rhythm likely te be of short
duration againet the risk of increased complications

resulting from the treatmens,
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5% of patients with established atrizl fidbrillation
have no clinically aeteaﬁable hea&t diseame (Evaﬂs.anﬁ
Swaun,.l954); 184 mﬁ‘patients-with paraxysmal atrial
fibfill&tion have no aVidenca'gf‘underlying henrt dicease
(Varkinson and Campbell, 1930}, 7There ie ususlly no
oversll cardiac enlargement in both groups unless cardisc
failure hag oceurred and the 1eft~étrium iﬁ‘only éni&rged
to a degree consistent with atrial fibrillation being
presént over a pxolcngad period. It might be thought,
therefore that these patients would prove an'ideal £roup
for treatument by synchronised capacitor discharge.

Lone atrial fibrillation is frequémﬁly unasﬂ6diateﬁ
with any limltation af_function (Urgain,lWoixf pnd Waite,
1936) a view confirmed bj_Philiips end Levine (1949).

The haemodynamlec studies perfmrméﬁ in th@fprésen% zeries

- Gemonstrates that siﬁuébfhythm'is.heneficial in this group
an well. Congestive cardiac failure may occeur inm patients
with lome atrial fibrillation (Brill, 1937). The group of
patients in whom atrial fibrillstion is familisl (Tolff,
1943} is of considerable interest; the nale members of the
family are particularly affected. Gould (1957) who studied
113 members of a»family &uring the course of 56 yeafsg |

detected 22 with atrial fiorillation.  Atrial fibrillation
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wad familisl in patient number 99 who nlso had had thyro-
toxicogis; 1two male relabtives had developed atrial

fierilletion at an early asze but neither had thyrotoxicosis.

Phe immediate results of attempts to -establish

ginus rhythm with guinidine has been reported to be ae
‘high éﬂ 855 (Phillips and Levineg 1949), and up to 68t

in the $erieé reported'by ?arkinsaq.and Sampbell (1928 - 29).
Furthermnre, thege last inveﬂ%igmtura-ielt'that the prognosis
for maintaining sinus rhythnm was particularly good in the
group of patients with lone atrisl fibriilation. Neverihe-
legs Prinzmetal, Corday, Brill, Oblath and Kruger (1é52) |
felt that patients with lone atrial fibrillation in whom
 the ventricular faté was aatisfaéfnry are yreferably'left

with mo attempt made at conversion.

The résulta of treétment,by ﬁynth@niﬁed capaciﬁer
diﬁchafge in the present,$eri@s_Summmrised in Table 55,
wage far Trom encoﬁraging and was associated with a_high
.-incidance Of'cmmpiication$.vv Furthermore, the relapae
vrate once sinus rhythn was catablished was particuiarly
high. These findinge are in agreement with Oram and
Davies (1964} who aﬁtempt@d_electtical conversion in

16 patients with lone atria) fibrillation.
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There is canside?abla disagreement on the need for
maigtenaﬁea guinidine foll@wing'aireet current shock.
 In this series petients selected at ranﬁom'were maintained

on an‘avérage of 1.0 ¢ quinidine per day as experienca-with

- patients numbers 1 - 50 suggestied that seripus side-effects
night reﬁulﬁ with bipgger dosage ,.l Oram and Pavies (1964)

sandoned a controlled trial using 1.% G quiu.&.cﬁne per day
after direct current shock because of episodes”of as ystole
and ventficular izbr¢llat10n amon;st 32 pwtlnnt$. 25 of
186 p%tﬁenté prescribed Guihldln@ in a dose of 800 mg. per
duy developed toxlc ﬂymptomm severe enough to demand
withdrawal af_the (’h:'ugg:-(Hmz.’fs*{:_ls Paullky ‘rcctor and Srn}an%,l
1964) and in a f&rther 10 p&%ients milder mymptamg oeoeurred.
 Hovertheless, the need for maintenance qminidine'fcllewing
vﬁucceﬁaful version to ainus rhythm is stressed by Sokoloew
and Perlofi (1950-61) anri by Goldman (1959-60). Noth these
-groups of investigators indlicate that 8O - 90* vf patients
can be maintained iﬁ 1nue Thjvhﬂ ioJJszmf vcrsion of
atriai flbrillation to uinu% rhythm by quinidine, with &

maintenance dose of 1.6 6 per day. - %uinidiﬁe is advocated
after successful plecfrlcal versgion by Lown {19461L) and by
Hurst, Peulk, ifroctlor and schlant (1964}f niller {1964)
repurt@d'tﬁaﬁyall patients in his series not receiving

guinidine after direct current shock reverted to the
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arrhythmia, btut patients requiring morve than 2.4 & per doy
of maintenance guinidine were less likely to remain in

sinus rhythm.

in the present series, 35 patisnts of @he 55 who
wers still in sinuc rhythm haa'been,maintained on quinlidine
and 37 patients of 7O wh6Vre1apséd, were being maintained
_oh quinidine. A chi-square test on the&e}figureﬁ given
vﬂmammﬂt. |

" _
'ééj = %5.25 (n = 1, pes 0905)

iﬁdicgtingvthat greﬁcribing_quiﬁiﬂiﬁe dmea;nat agpe&r.ﬁm'
be of overwhelming benéfit in maintainimg sinun rhythmaﬁ
Fur%hermcfe if the'chi—nquar@ teet in applied to the grﬁﬁyg.
igliéwing the second itreatment (67 in sinus rhyﬁhm; 3? of
whon are on maintenance guinidiney 58 revergions, 29 of
wWiom were on mainienance quini&ine) the result ie
Y = 137 (n=1, pY 0.30)
” indicaﬁing that mainténanﬁé;quinidin& iﬁ-eveﬁ.less ﬁtatiétim
'¢ally significant. | | - |

 The majority Of‘patiehts}Wha rgvert'ta %he-axrhythmia
following the eﬁ%ahliahmentvéf'éihns fhythm do so within the
~first month. At the end of thé-fifst nonth after ﬁrdétmenﬁ

88 patients were in sinue rhythm of whom 42 were on aaintenance
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guinidine; 37 patients had reverted of whom 14 were on
maintenance quinidine, 1he chi=gquere test applied to

‘ these groups gives the result
7& T o= 2435 0 (no= 1, p< 0.10)

”suggesting that once more quinidiﬂe ig not stotistically
important in maintaining sinus rhythm. A pilot trizl to
'detarmine wh@ﬁher,prépranalal would maintsin sinus rhythn
following synchrsuieed capacitor discharge was uﬁ&@r%aken

by Teolskas, Davies and Oram (1964) which gave negati@%
results.  Furthermore this drug which removes the eympathetic
dfive of the heart should be used with caution on & lang_‘
ierm'béaié an it im a myacurdiai depressant (Mamer, 1965)
and'reduces the cardiac output bokh at rest and os effort
(Robinson, Kahler, Zpstein, Braunwald, 1965).

A further athempt to gaﬁablish sinus rhythm Was_maae
in 20 patients, 1?.05 whon had reverted 4o sinus rhytha
and in 7 of whom the initisl teeatment had faiieﬁ. Hone
of the 3 initial fallures was &ugcessfﬁliy brought into
ginug rhythm. The follew up on these 17 patients is
shértar than or the other patisnts and the numbers are
small, The giviﬂg or withholding of quinidiue following
the second ireatment attiempt, whereas tﬁ&'ayyaaite was done

at the first treatment attempt, did not significantly elter
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the dﬁf&tion of maintained sinus rhythn in the patients
who reverted within the first menth of treatmennt. 6
p&tients‘however, havé %@en in sinus rhyths for considerably

longer periods wufter the second attempt thar after the first.



Chapter 6

DIt gt R oA

CONCLUYUSIONS

The aim vahﬂlﬁ work ha been to evaluate the
technigun of dynohronxbmd capaclitor dis@harge.in the
Managemenm of cardiac avraythinizs and tavatuﬁy the.
haerodynamic signifilcance of aﬁxial systole by invesii-
gating o graug of patients pefore'and'aft@r-conversicn

Lo sinue rhythm,

it has been howr that in crder Le appzeez&te

the haexn odynam;c changes produved by atrial {ibrillation

Cand {lutter patients huve to be stuwicd during pevere
exercise we well-as;at'rest.aﬁd that thé~ycsiﬁion of

he patient during these meaaurementﬁ is of monéiderabla
importance. There is little functienai chénge_at rest
in a heart normsl other ﬂhdn‘for the arrhythmia, but

atrial sys tcie may be imporbtant even at rest whnn the

' VBmtricle ig diseased. On exercise, hawever, the beneficia
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'exiecta ci sinus rhyuhm are cLearjv uemonwtrated buth with

& normal and an wbnormal hewrt,_ he larger the exercine
load the more dgflnlfe is th@ demmnstration‘ , ﬁiapraa

rortienate ingrease 1n heart rate cccuwm Wh?h abtienta
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are exercised during atrial fibrillation and flutter which
is not antireiy abaliﬁhe&-by glving digitalie. | fhis

leads in turn to a reduction of the physieal work capecity.
The ecardiac. output &ﬁﬁ atroke vﬁlume.aya leass for cguivalent
work-lea&s during the arrhythmia. In contrast once sinua.
'rhythh‘ham baen achieved cquivalent exercise loads are
performed at a slower hearﬁ.rate,‘ the physieal work
ecapacity is higher and cardiac output znd stroke volums

are significanﬁly increased due o a narrmwer 2 terio~Venous
Qxygen:differenca. Whilst some of the dimability of the
atrial arrhythmia relates to the faster hesrt rate and.
therefore té‘the»decr@ﬁsed diastolic filling'time of the
ventricle, it ﬁas also found pﬂﬂmible to compare the stroke
ymiume at rest wnd on éxerciaerﬁuring the arrhythmiz and in
éinus rhythm but at equivelent heart rates.  In sinus
rhythn the stroke volume is larger and ig held more ccn&ﬁant
a8 the hemrt rate lrucreases nﬁdér the stress of exercige |
even when the diastolic filling time ig identical. These
siudies démonstirated, therefore that with the stress of
exercise or in the preesence of a diseased ventricle the
booster pump asction of atrial syﬂ%olé’aetively filling the

ventricle is of considersble haemodynamic benefit.
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150 patients with}atrial snd ventricular arrhythmiae
wers treated byvégnchrﬁmised capécitor &ischarge and the
overall success rate wae 875, 50 of these patianﬁsvwere
shown to have an arrhythmia which was résia%aﬁt to drugs
to paximuz tolerance yet elacﬁribal conversion was successful
in B5%. The cheances of auceceseftl convergion dimiﬁigh when
gtrial fibrillaticn has been present for more than 3 years
especially when associatled with significant mitral regurgie
ﬁQEQOHQ when considerable radiographic enlargemaﬁt of the
heart ig shown, when more thsn mo&eraﬁe enlargenent of the
left atriun occurs asnd electrocardiograpnic chaﬁges of
ventricular>hy§ertroph§ are preSent' Yatients with atrial
flutter, atrial tachycardia and ventricular techycardia have
a 98% chence qf'beiug broughﬁ inﬁo sinug rhythm irrespective

of vnderlying heart discase or duration of the arrhythmia.

Intervening rhythms weré»ffequent and‘GGCered
immediately after the direct current shock both in patiente
trested successfully and unsuccessfully. A1l were trsnsitory
and ocecurred also in patients who bad th been trested with
'&iéitalis.or diuretics. 11 was possible to demenstrate
that the development of ventricular eoﬁopic beats r@l&%éé

1o higher e¢nergy level settings.
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Camplicaﬁioﬁs were not infrequent and occurred
in 14% of the patients treated; ‘They'ineiuded raised
‘Serum ensyme ievels emhalig puilmonary oedema and enlarg@memt
of the he"%t, syotemic hvgutonaian and pcrqx@tAu mdltifaqal
ventricular Qctcpic_beata. Ccmpllcatlonr were fregusntly
multiple and were often related to.higher energy level
settiﬁga; Myocardial dmmage was p&ﬁtﬁlateﬁ,aa the cause
in many. o | |

3 deathu oceurred which were ﬁl??ﬂtly or indirectly
relﬁtad to tue electrical treaﬁment and,thera were 3 furthery

leaths during the follow-up period.

uyﬁOhfﬂﬂlm@& capacitor dlacrarfe causes instantancous
deyalarisatiaﬁ of all the my@cardial fibres and so allows
 the sino atrjal node to resume a8 1he naLuzal mace&akcr of
the heart, ﬁhilqt vmry effective in alLaw;ng ginas rhythn
to resume it hlii not cause sinus rﬁythm to bz maintained.
Heeurrancs of the arrhythmis was ;requent and teok place
in 64 within seconds cf bein§ mucqes&fullj\bro&ght into
- 3iuus rhytha. For sinug fh*iqﬁ $o be maintained the aindw
atriasl node muct not be diseased or aﬁroyhied and asccessory
pathwaye of conducitlon pust be.abﬁent;, Atrial premature
contractions gceurring aftﬁr-the direcﬁ cﬁrrent aho&k could
act as a *figger rechanism and initiate agrlai arrﬂythmiaﬁ

ﬂhartly after the eb?abllahm@nt of sinus rhythm.
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21% af pthﬁnt? who reverted to the arrhythmia did
80 by the end of the first day and 53% by the end of the
'firﬁt'montnm Those moﬁt.likely to revert head en arrhythmia
present for 3 yearafafimbre.agsbciétéd'ﬁith‘chrcnie
rheuméﬁic heart discase; +the heart was enlarged raamo«
grephically snd ventricular hvperLrOppv shown on the
eléetraoerdlogram. Ganveraely those: mo%t l& cely {0 remain
in sinug Thgthm had an arrhythmia present for lese than one
}year, %he_h@ar% was only mlightly enlarged and the electro-
C&rdibgram Was nofﬁ&l other thﬁn,for rhythm change and
digitalis effect. ‘?rascribing guinidine az maintenance

did not statistleally increaae'the chance of sinus rh;ﬁhm

£

belng maintsined. 1( pa1;@nu‘ wbo reverted to ﬁhe¢r
arihythmia were brought into sinus rhythm for z secoﬂd tine
of whom 6 have mainﬁained'thiq'rhythm; Hc patient who
failed to achieve sinus rhytihm fojlowxnw the i rat attempt,

achievaa ginue rhythm on a_aubsequ&nt atzﬁmgﬁa

Patients with lone 1tr¢hl fibrilliation were shown to
be reletively resistent to»eiectrical_conver31on despite the
wbgence of underlying hearu disemse cor enlargzement of the .

-y s

heart. Comp*Acatinms in this group werz frequent and the

relapse r&tn wan Hlfh especially . over the first month.
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A comparison was madc of the mﬂde of ametion of
guinidinpe and nynchronised capacitor discharge in the
management of cardiac errhythmiss. Precent apparatus for
electrical conversion freguently falls short of the ideal
aund suggestions are mad@'ta_inereaﬂe tﬁe safety Loth to the

operator and to ‘the pantient.

lnder idesal éircuma'ances synchruniaéd GapaciicrA
dissharge ig safer and more effeqtive than gainidine.
It has a very.real place in the managenent of acute
arrhytomios of whatever cause assceiated with &iréulftory
- ecullapse. These desperately ill patients usually respond
to small energy level settings, anaasthesis islnet mandatory
angd the sudden improvamemt'in ﬁhe circu1ation with the
entablishment of sinus rhythm is gratifying both to the
patient snd to the dactar, ‘Canversély patients with a
chronie arrhythmia‘who'require maxinum onergy level settings
to achieve sinus rhythm usually maintain this rhytha only
for a disappointingly short space af time. Al though these
patientz do achicve aignificant haemodynamic boenefit in
aiﬁus'rhythm, complications following electrical eonversion
ocour and reiste to the higher énergy level sétﬁinga. It
is doubtful therelore Whetharlan énergy level setting of

wore than 300 joules is justificd in this roup. Bach
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patient, hewever, requires individual assasameﬁt to deéiﬁe
whether the h;omudynamlb benefit of ﬂjnum rhgthm }ikely

%o be for & brief }cyiOG io Jv%tlfsed.

Syneh ATOI g sed capacitor discharge on the whole is
‘aa'easy metlhod oi_treatment, both foir tite patient &nﬁ the
pnyéiciaﬂ. ZFherein, however, llog iis partiéul&r danger.
Compiiémtionﬁ are By RO keans re rw‘and wyocardial damage
Bay occur. «45 use should be restricted therefore to

wose potients with a chrenic azrnybﬂm¢a in whom ﬁuJ“ba1nea

sinus rhythr con reasona bp ehpﬂo%ed,
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APPENDIX A"

Heart Rate and Physical Work Capacity.
o 6 Patients.
A DURIKG ARRHYTHMIA.
Patient sits on bicycle ergometer.
BGG leadn attached {lead OR.)
d 5

min 8o

N’

Control O 30 BOG

T S
e -

S I

LR R 1

T G G

- T SR 0

M
vl
<
ta
)
o]

3 G BTG
5 30 ECG  Insort mouthpiece, attach nosew~clip
4 {s »ea Begin expired alr collecticn

4 230 ECG
0 &CG

Begin lat & -0 ECG Ind air collections rewove
work load ' mouthpiece and nose-elip

Kepeat O min 30 sec to ¢ min O sec
Hepin 2nd work load e

’ ey

Hepsat O wmin 30 see lo 6 min O see.

+
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Begin 3rd work load

fepeat O min 30 sec te. 6 min G sec

#nd of investigabion.
: &/

P T TR
LA.fTI’Mu

B  REFEAY A IW CINUS ®
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APPENDIX B

Cardiae Guﬁﬁut St&dy
14 patients

A DURING ARREYTHNIA

Patient lies on cntheter room table.

BUG leads attached (lead OR.)

Wi

Yortex tubing pasaed percutansously {rom arﬁ vein {o

pulmonary artery |

 Fressure recorded fiom pulmonary artery (PAr)

‘Peflen lubing ﬁaﬁ&@d inﬁa brachial artery vy Seldinger
technigue.

Prepsure recorded from bféchial artery, (BA?}

Patient moves to sit on bicycle efgnmetﬁr

PA presgure, bBA pressure and LUG rocorded

(ecoutinueu on next page}



Control , nin. Beg..

Ll
: ol
<

NS
) &
c &

I
o

g

WA\
el
fan

N
o

kv
Q .

i
L
&

Begin 1lst work lezd 6 s

epeat O min. 3¢ sec. to
Begin 2nd worlk lcad )
Kepeat O'min. 30 sec. to

Begin 3rd work load

Repesat O nin. 30 ssc. to & min. O

BCG
ECG

Beg

FCC

& min.

PAF
PAP
PAP
PAP
PAP
PAY
PAF

T4

-7

et N e N S St S

PAT

6 min. ¢ sec.

820,

snd of ‘Investigution.

16.

REPEAT A IN SIHUS RHYTHM

310

BAYP
BAP
BAY
BA®
BAY
BAP

BAP Insert mouthe
piece, nitach
nose-lip.

Begin expired
gir collection
sample

sanple

AP IEnd gir collee~
' tion. Hemove
mnouth<~piece and
nose-clip
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APPLN)IX G

Cardiac Output Study and Svnchroﬁimeﬁ
Capacitor Bischarge p blenﬁ.

4 DURIRG ARREYTHMIA
Patient lies on '”thﬁtermvoum tablw_

LG Leads attacned

t:’(

Right saphenoue veln cut dovwn .

Cournand cardiac oacheter advanced to pulmnnary artery
wpaer l-say conidrol

.'Ereﬁsura rocorded froﬁ §ulmoﬁary-artary (Pak)

Pollon tuning pasgea into ﬁcmdral artery by Seldinger
,techniiue and odvanced tu.asdending aocris

Eressﬁre recorded ffom acrta (»P) |

rotient moves to git on bicycle crgometier

Pa pressure, aortic pressure and k06 recorded

{continued on next Ntme)



Control 0 30  RCG  PAP AP
1 O  EGG PAP AP
1 30 BCG PAP AP
2 0 ECE  PAP AP
2 30 BCG  PAP AP
3 f 6 R PAP  AD
.

50 ECG  PAP AP Insert mouthplece,
- attach noee-0lip

4 ¢ BG6 Begin expired air
collection
4 %20 LCG YA canmple

Aortic sanple

st Y™ N St Vit Wit e

; 36 LCO
fogin work b 0 “006  ¥AP AP End air colleetion.
ot 100 ' , - Hemgve nmeuthpiece and

Epr/min. . S nogse-clip
nepept O min. 30 sec. Lo 6 min. O sec.

Patient mwoves back to catheler rocm table.

‘B SYNCHROKRISED CAPACITON DISCHAROGE

| | General anaesthetie ~ 1.V, Sodium methohezitone, 100 ng.

Energy level for version, 200 joules (antero-posterior
paddles, pulnonary artery and sortic prepsure

recorded with HCG fthyroughout.

Necovery fros sanaesthetic - 6( minutes.
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C IN SINUS RHYTHY
Patient moves from btable 4o s5it on bicyecle ergometer
PA Pressure, aortic prQSSura snd BCG recorded
1Repeaﬁ'centrol.and work losd at 100 kpm/min. as under A
Fetient moves back te catheter room table

gatheter ond tubing rewcved.

End . of investizatiorn.



Abbreviations

A?? HDIY B

uged in Tableg

A

AC

AR

A Flut~
AT

Alo
Ant
Anticoag

AQVD

AnD

A Tachy
orlhl pe

ﬁGGQ aiff

B

- BA

Bfaﬂyeard

CBSA

{er. emb,.

Chre

v(},{}.»

-

Alter
Alternating current
Atrial fiorillation

Atrial flutier -

_Acvfmc rpgu its tjon

'ﬁlcumolic

Antericr
Anticoagulant

Aortiec velve dinedas e

Atrial septa? defeat
Atrial tachyecardia
Atrial premature contraction

Arteric ~venous orxygen diflerence

E@feré

Brm‘:hial ‘artery |
Fracv ardia.

Body surface area.

Cerebrsl enbolus

Chronic

Cardiac output
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.
e

Cor. Transp. .- Corrected transposition

CTR% : ~ Cardiothoracie ratio %
b . . . / .

d ~- Day - )
e - Direct current
Dig. -~ Digitalis effect

Dystrophia - Dystrophia myotonica .
myoton . : _

ECG - Rlectrocardiogram

ESR : w.mrythfocyﬁé‘%edimentatiﬁn rate .
F - - F@malé

¢. and Gr _ - Gram

B -~ Heart disease

hr  « Hour

13 ~ leart sound

Hyp - Hyﬁertenﬁidﬁ

TED ' -~ Ischaemic heart dlisease

Inf. | — Iﬁferior

inf. - lnfarctioﬁ

inf. rescc. - Infundibular resection
Iéch_ seg; - lechaenic seguent

Kpm - Kilopond metre-

i
=i

dtre

LEBR, -~ Left bundle branch block



LA
H

ot
s

LVH

M

N

2
ol

me

min

mrl,

mm ﬁg

mo

i3

iiyoe., inf.
N

Lo

Qbatr.
cyralomyop

YHE

E@gt

péat op
Proc. amide
Pulw

PVE
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Left strium
Leaetic dehydrogoenane

Left ventricular hypertrophy

Male

aqmare>metre

Hitral rcguréitatién
nilligraviue

ni nute

millilitre

‘millimetre of mercury

month

mitéﬁl_é?gno&is
hybﬁardiéi infarction
Rormel

Howber

Obstructive cardioryopathy

Pulmonery eriery
Fulmonary hypertension
Yoaterior |

rost operative
Procaine anice
Pulmonary

Pulmonary vascular resistaunce



PWC
q

RBLB

‘Rhie HD
RVH

ﬁ;)?ﬁ

SGOT
}Sten

.V
Thyf@tsx.
Valvot.

v

b=

Y¥and. pacen

Physieal work capacity

Quinidine

Right bundle branch block

Rheunatie heart disease

Subncuie dbacterisl endocarditis

Seyum glutanic exalouncetic transam

Jtenoesis

Right ventricular hypertrophy

Stroke velume

Thyrotoxieos

V&lvahomy

VEnﬁricular
Ventricular
Ven%ricular

Ventricular

L8

ectopic beat

fivrillation

septal defect

tachycordia

wandering pacemaker

veelk

Wolff-Paprkinson~¥hite Syndarome

Yenv
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Severity of

Gr 1

Gr

Gr

2

P

- 8light
- Moderate

- Severe

symptoms and signs was graded:
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APPENDIX P

DICLARATION

 The elinicél exaninaiion of all thé patients
both before amd.aft@r‘treaﬁment, the interpretation
af‘the vhest radiograghs and the electrocavdiograns,
the eleetrical conversiuns;,the haemodynémic etudies,

the etotistical analyses and the despign of the fizures
N ke N A

and tables were all done personally.

320
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