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I N T R O D U C T I O N 

In December 1962 a boy of 15 years was referred 

to the National Heart Hospital bacause of a ventricular 

tachycardia (JJ'ig.l), which had proyed resistant to treo.tment 

FIG. 1, 1::cG·oesopho.geal lead, ventricular tachycardia. 

with procaine nmide, quinidine, atropine, prostigmine, 

prednieone and digoxin. A second stage, total co~roction 

for tetralogy of Pallot had been successfully performed 

two yoaro before by Sir nusoell Drock and the tacl1ycardia 
' 

followed a sudden.blow on the chest at hia school. Further 

drug treatment to the point of toxicity proved equally 

unavailing and ten days after the onset of the arrhythmia 

oevere congeativo·hoart failure ~as present. Sinus rhythm 

was established, (Fig.2), by a single alternating current 

discharge of 400 volts to the chest administered under a 

general nnaeathotic (McDonald, Reenekov, & Ross 1963), but 



FIG. 2, EOG Lead v2, Sinus rhythm has returned 

£ollow1ng an unsynchronised AC shock. 

the experier1ce of Zoll and Linenthal (1962) ho.d already 

demonstrated the hnzax·ds of alternating current in the 

treatment of ectopic rhytluna. Apparatus for synchrolliscd 
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capa.01 tor d.ischarge to be used in ,the treatment of' arrhythmias 

described by Loi;n, Amsrasinghrun and Neuman (1962) became 

available in this country in 1963 and preliminary reports 

were encouraging. 

The aim of thio \"/Ork is to evaluate the method o.t 

synchronised capacitor discharge in the management of 

150 patients w1 th supra.ventricular Qllcl ventricular nr1•hythmiaa 

and to re-appraise the physiologi.oal change~ at rest and on 

effort in a representative group or.20 patients studied 

before and after ·the conversion to sinus rhythm of atrial 

fibrillation and flutter. 



Ob.apter 1 

B I S ! 0 B I C A L R E V I E W 
-· -· •-•-· •-•'·-~ ·-,u•-· ----·-;6....,.,,.~,.....--•1-•--·-·· __ ,u_, -• ·~--11··-··Yp 

Electrical depolarisation o:f' the heart was first 

used suooaasf'ttlly in man by Beck, Pritchard and Feil (1947) 

who w~re able to abolish a long .standing ventricular 

fibrillat::i.011 by an alternating curr·ent ahook applied 

to the aur·fe.ce ot the heart. Many inve~tigators ha.d 
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atudiG?d the effeote.on the heart or the passage of an 

elect:rior.il cur.1:aent airiee Galvani (1737-1798) had demonstrated 

that the effect of bringin.g .frogs legs into C·Oritact with two 

dissimil.ar meta.la was to oau.sa them to jump .. Shor1 •. l.y 

tb.e.reafter Gord.on (1745) exposed. birds, beetles and other 

small animals to frictioniil elect.rici ty and observed the 

effect this produced. Early e.xperime11 ts· on man. included 

tl1e wo1."k ,of Aldini (1619) who studied ·the effects of Jllao1ng 

· eleotrQdes on the hearts of cleoapi tated criminals; Vassalli 

cor.ulueted almost identical e.xper.iments. at about the same 

time in !rurin. 

It was soon realised that the passage of an electrical 

current through the human body caused an u.nplea.ean t, eer,sati.fi.·u:i 

whe:n in 1746 two Dutch I.>hysicia.ns discharged a. I,eyde11 jar 



through their bodies (Kouwenhoven 1964). T.bo first .fatal. 

eleet1"icnl acc.ident reported occurrect in France in 1879 

and th.is umloubtedly helped· to i.nterisi!*y investigation 

into the ef'fec:ts of the passage of an electrical current 

on the human body.., Uoffa (1650) described the ~rrhythlnia 

now cal.led V·entrioular · f1brilla1tion~ 

A major step :forward was the demonatra.tion by 

Prevost a11d Dattelli (1899, 1900) that al terns ting or 

direct cur1~ent applied to the surface of ·the heart could 

be u.sed to tet·minate ventricular !ibrl.llat1on in dog~ .. 

It io also of interest that these WOl"lcers described the 

uae of cardiac mast:1aga to keep a.li v0 dogs whose hearts 

were in ventricular :f'ibrilla.ition. 

Eleetr.ical eti::r•.rent was therefore shown to be ,capable 

of ca.uo.ing ventricular. fibrillation under certain ci.rcum-

e tances but alao ·to be capable ot restoring ainus rhythm 

on.co ventricular fibrillation. had been produced* Thi.a 

paradox was o bv.iou.sly ,vort~y of furtbex· s tu.dy. 

{19.21) demonstrated that in. a11 exsa.."'lguinated frog heart . 

ventricular fibrillation could be produced from a single 

induction shock timed to ocotir at the .end of systole. 

Duchoso.l {1931) demonstr$:ted, that electrical shocks 
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delivered o.cns seco.nde after the R vuavc appeared particularly 



prone to cause ventrieula.r fibrillation. tteanwh.ile • · 

Langworthy and Koutvenhoven (1930) had demonstrated that 

direct current shocks with capacitors charged up to 500 

vol ts did not result in lumbar cord haemo.:r.rhage and 

paralysis in rats, lllllike alternating current shocks 

of. similai- vol t8.6th 

As long · as the heart was kept well ,oxygenated 

Hooker, .Kouwe.nhoven a:t'ld Langworthy (1913) were able to 
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show that defibrillation of the ventx-iclea ,could be achi·eved 

' by the pe.$sage o.f l ampere at 130 volte for 0,.1 second 

across the heart of· dogslli 

The use of capacitor dis,ohax·ge us oppo.sed to 

al. ternating ie.:urrent brought into focus the problem ot 

phasing the snook with ran appropriate pa-rt of the ,cardiac 

cycle .• King (1934) had do1nonstrated ma.inly using the 

heart of eheep tllat: the greatest chance o! ve.ntricmla.r 

fibrillation occurred with a, cape.ci tor discharge of o.o:, 
or 0.1 $eoond duration timed to occur between 2oi and. 60% 

of the onset of' the total deflection caused by the !1' wave 

{}'ig.3) and thB.t at corresponding vol ta.ges d1rect current 

was lese likely to cause ventricular fibrillation tho.n 

alternating current. 
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FIG. ,, The effect on the heart of DC shocks of 0.03 

second duration. Dlack aqua.res represent shocks 
' resulting.in ventricular !ibrillation. 

From, Effect of Electric Shock on Heart Action, 

B.G. King (1934). (Courtesy of Dr. n.o. King 
and of the Columbia University, New York). 

Nevertheless, Milnor, Knickerbocker and Kouwenhoven 

as late as 1950 concluded using a capacitor of 25 and 50 

microfarads that no· vulnerable phase !or ventricular 

fibrillation could be delineated in the cardiac cycle. 
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Fu.rth.e:r:raore; ventricular fibrillation oouldonlybe 

produced using volta.gee above 2i500; these wo:r.kers 

were ,of the opinion. that a.l tcrna.til'4$ current was $afer 

and more effective ti1an dtreo·t current ill depolarising 

the heart in ventricular f'ibrilla.tion .. · 

'l!hue .fa.1:- moat of the work undertaken was aimed 

at understanding tbe ef:f'eots of th.e passage of electrical 

cur.rent a.cross biolog1.cal tia-suea w1d of treating the 

The 1.;wir-1 

hazards ,of electrical current ns reaarda the heart, namely, 

ventricular fibrillation and cardiac standstill were 

ovt~rcome by the demonstration by Zoll, L1.nen1;hal, Gibsori, 

~a:uJ.f and liorman (1956) tb,at · an alternating cuz•rent 

discharge a.o:ross the closed chest vu;u:i effetrtive in dealing 

with ventricular fibrillation on the one hand and that 

external elect:r·ioal pacemaking could be undertaken should 

the second hazard occur, (Zoll• 1952)., 

the early work of King (1934) ~d ot· Ferz·is, King, 

Spence and Williruns (1936) in delineating a vulnerable 

phase in the oardiae cycle for ventricular fil:>rillation 

.in the :h.eart of sheep w~s confirmed. in d.oe;e by Wigge1"s 
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and Wegria (1940) who demonatrated tllis to be 27 millisecond.a 

be.fore the end of eystole, and by 1,own, K1:iid Day, Pe:t"l:t·oth 



ll 

and .Abe (l96)b) who concluded that this was a, property of 

na:mn1t:l.lian heart and ·the.refore would occur in hum.an hearts 

as well .. J .. period oi' vulnera.bili 1ty fox· tho a triu.m was 

demonstrated by Andrus, Carter and Wheeler (1930) who 

. showed that a·trial fir,;rillation could be produced .following 

a. stimulus on the R or S w.ave of the elactro-cardiogrrun .. 

Whilst .American workers favoured al ternati11g current 

for def'ibrillation, Gurv'i,ch artd Yuniev .(1947) and. Gurvich 

(1952) 
.- .. . V . 

in the soviet tJni,on aa well as Pe.leska (195'7, 

1'358, 1959) :i.n ozechoelovak:ii.a favoured capaoitor discharge. 

It has been ltnown :to:r some time (Kouwcrn.hoven 1964) ·that an 

unmodif'ied on:p~ci to:t' discharge ia likely to cause vent.:i·icular 

By ·the inclusion of an 11riductance coil in the 

disellare:te circuit, however, pealt _voltage ·and current are 

lessened and the· dura.ti-o.rt of discharge lengthened, and 

Lown, Neuman, .. iunaraai11oghrun and Berkovi ts ( 19µ2) w0ro e:ble 

to demonstrate that uoi11g this type of c:J.rcui t direct 

current wa.s more effective than s.lte.rna.ti.ng current 1.n 

the termination o;f v·entricula.r fibrillation .... Furthermore 9 

usirig tho same ciroui t with. the shook phased to o<H.mr at a 

non-vulnerable part of the cardiac cycle d.iI'£-!,Ct current 

depola1dsation of the heart in atrial and ventricular 

arrhythmias would allow the air.mo pa.cemake1" to take ovo.r.; 



in otber words a.safe new method :for terminating; cardiac 

arrhythmias was e.otab11shed (L0\1n, Alnarasingham and 

l~euman. 1962). 
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Chapter 2 
.. -••.•• , l l!o 

luTITHODS 

This work analyaes the iu;e of synchronised- oapaci tor 

d.ischarge in the planned .attempted version to sinus rhythm 

ot 150 patients who had· a aupro.ventricular or ventricular 

a:rrhy tlunia. .. In addition haemodynamic ;studiea we.re under-

taken 1n 20 patient~ before 'and after the eatablishme.nt of 

sinus rhythm to determtne .the h(ltemodynamic significance of 

atrial systole. The patie:nts wex·e asseeaed bei'ore and 

afte.r th.a electrical treatment as follo-i.vs : ... 

All pa.tiente were exnm.:i.ned personally, A relevant 

was made .into the duration of the arrhythmia ... S1,eoi.fio 

information waa -obtained abo1xt attempts at drug therapy 

for the o.rrp.ythmia in the past and a note made of the 

p.resent drug ·treatment. A.s almost one half of the pat1ei1ts 

with atrial t'ibrill.atio:n had b.aa oardiao surgery for 

rh~unmtic valvular heart dic-:iease, the nature of 1;he ope1•0.tion 

performed was noted and symptomatic -improvement a.smessed .• 



A full clinic&!. exam;intit.ion. wo,a: mode in each ~nee. 

The natur~ of the rarr:h.yiihmia wa.e determined cl:tnio'o.111 if 

possible. 

deter1nine the .n.o.ture and aev'erity .of' any 1.u-td.orlyine heart 

disease a.nd the prenence or Itbaence of ,o,n1.gt1.et:l've oai-d:J.aa 

A cl.inical 

!the level of the blood pr<?H:tsu.re. 

!.be hoilJh t of tlie jugular van9ua pressure at 45° 

abovo the s te.r11&1 angle • · 

The CaJ."diae ;impulse. 

-The heart sounds with ar,ec1al ref e1~en:ee to the 

14 

Every patien.t had a. etandar4 12 .... 1e.ad electrocardiogr&"!i 

r<!toorded to aosenra the d.egree of onrdiaG cliaabi.11.ty and, to 
I . 

·doto.rmine the nt:1.ture of the arrhJ'tbmi,.th Where the 
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was recorded at JO ctn., 25 om. and 20 cm. from the lipEh · 

This ftlways demo.natra.ted atrial dissoo.tation f'rom vei.1tr1cula,r 

activity where ventricular tachycardia was the cautie-. 

prEis.enoe or absence of digita,lis aegment arld T wave cb,ange, 

for ventri.culnr hypertrophy, and for the changes of iachaemie 
' . 
heart disea.mh Th.e .following ori teria were adopted. 

( Goldman, 1962) :-w 

.P..i.i!~ .. 1a.J..!11_..~.(:t:!S! :-
ST s-egmcnt depressio11 in ventricular epicardial. 
l<i::ads, either rounded, concave or ao an oblique 
line dese,uul:ing trom the J-point. A low take­
off of the T wave~ 
Shortening of the .J1~ i.nto1'val .. 

Some or all of theee chang:ee were f'requently .Prosent iri all 
leads. 

(i) 

( .; ) ) .... 

11.raecordial laad.s -
Ventricular activation 1;i:ma over 0 .. 05 t'3eO. 
ill V ,:- _,;" QRS :l.n te2-y;.1l £Jrclonged ·. over . ?• l sec •. in v5_6 ., iJT seginent cmd T wave 
1nve~eion '~-6 ~ , 

Extrern1 ty leaas .... . 
.Lead a.V!t - Horizontal heart, changes a.a 
i'or lea~a V i::_6 • . . . .. . . . .. 
I,ead aVF .... Yerttcal heart. chMgos as for 
leads V~_6_(but•o:nly .when confirmed by the 
praecordiU leads) • ·· 

(iii) Ster1dard leads - · · 
As for leads aVI.1 and aVF. 
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Rigp~~Ft~!.£!..t_la_t:_!!YY~ltr~Eh..! -
(:t) P.raecordtal leads -"R - ir1 leads V , or V.n. 

Ventricular act±va.tion3t1mo over 0.03 seconds 
in leads v1 , or V:;H• 
Persistent S wave in leads V . . • 
ST segment depression and T iaije inversion 
in leads V, or V.R. 

(ii) Extremity 1e!ds - 3 
J.i@f.1.d, aV!f :- t.all R .when nccomponied by the 
changes already noted in the praecordial leads. 
Lead aVF;- tall .H with depressed S'J: eegrnent 
alld

0

inverted T wave, when accompanied by changes 
already noted in the pra.ecordial lead.s. 

(iii) Standard leads -
Hi~ht axis deviation (-t·l:J.0° or mo:ro) depressed 
ST segment and inverted. T wnve in leadc 2 und ; • 

NOTE:- Le.f't ventricular hypertrophy an<l right ventricular 
hypertrophy were not diagnosed on the relative size of Rand. 
s waves alone .. 

Ischaemic Heart Disease -.,.._.,._.......,. ......... --.~--~' 
a} W.i thout 1nyoca.rdial infarction 

(1) Praecordia.l leads - ST segment depression 
with or wi thou·t T wave inversion in ·Ui.e 
left praecordinl lends V • 

{ 11) ExtreUii ty leads - J,eads a.Vt-Sr a VF - changes 
a.s for (i) depending upon the direction 0£ 
the fronto.l plune vector. In e.ddi tior1, 
reciprocal ST segment elevation present 
in lead a.VR. 

(iii) Stanciard leade - as for (ii). When preaen·t 
in lead aVL changes we1·e seen in lead l; 
if in lead. nVF, they were seen in leads 
2 a.nd :; .. 

b) With myocardial infarction 
ZT aogment (elevation or depression) and 
T wave changes in nssoeia.tion with. abi1.orrno.l 
~ waves. 

NOTE:- The chances on the electrocardiogram were al,vaya 
analysed i11 aosociatj.on. with the clinical history t:.:i.nd i'indings 
especially when a diagnosis o'f iachaemic heart disease was 
considered. 



A 12-lead $lectrocar~.iogra.m was. repeated following 1.;b.e 

t~lectri.eal trea:tme.nt. In patients now in sinus. rbytllm 

particular a.ttent:i.on was paid to: Rate, .IJorphology of 

P wave a, th.e 1'),;.,_R interval and the preaerice or a.bsfmce of 

a wa.n.dering pace.maker!'. .All electrooardiogra.ms v,ere 

exo..-nined for a.tr;i.a.l; nod.al or vontricttla:r. ectopic beats 

and for the morphology of the :QRS cornple.x and T waves. 

Each patient had e set of' three chest rnd.1ographs 

before and after syn.chronised ca.paci tor dioehnrge - a 

6-toot pos·t~'.l}o-anterior Viev,. a latorial view (R) and a 

penetr.ated ante:to-poaterior grid vi.cw at 40 inches to 

.18 

:iruiioat<? ·the size of the left atrium. The chest radiocraplut 

w-ere repeated one day folJ.owir1g the electrical. conve:rsion 

and in certain pa:tients two days th.erea:f ter where there bad 

been a sig.nifioant .al t~raticn1. in heart Hi~e showu on the 

Tlle overall a1ze of' the llea.x,t was estimated by tho 

cardiothoracic ~a:tio (Danzet", 1919) .. i:he maximum tram:~verse 

di.a.meter of the heart ai1d widt;h o:f the thorax were me.a.sured • 

. The percentage ratio of tha transve:r·ae diameter of the heart 

to the width of the chest ·11u:H~ calculated ... A.lthough 
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enlargement of the heart io frequently tlle ca.use whon this 

ratio exceeds :,0% this interpreta.tton w:i.11 be fallacious 

lf ·the diaphrnBm is high or low or it' the thoracic ea.ge :i.s 

abnormally wide arid shallow or narrow and long ( Comeau arid 

V,hi te, 1942). J?urthe:r·.more the size of the heart as 

determined by the rad.iographa dependo on the part or the 

cardiac cycle dur5.ng which the exposure waa made. 

Despite these limitations, the card:iothoracic ratio 

did provide a n1ethod of comparison of ovo1•all cardiac size 

and specifically showed whethez· a significant change in the 

size of the heart occur1·ed .following the treatment with 

synchronised capacitor discharge. 

An attempt was made to grn<le en.largmnent of the 

individual heart chambers from these X-rays. Great 

dif'ficul ty •1as experienced, however, and ultimately it 

was concluded that delineation of the borders of the heart 

ch8!11bera was not .feo.eible by this means. Protrusion of 

the righ·t border of the heart to the right o! the sternum 

as seen in the postero-anterior view suggested enlargement 

of the right atrium. The presen.eo o:r abnormal curvature 

of tho spine or abnormality of the sternum however made 

any accurate assessment dif.ficult; us did shift of the 

media.stirum from any cautJe. In the lateral plane 

19 



superimposition of the shadow o.f the right atrium and of 

the ventrioles once more made an accu.1 .. ate assessment of 

size dif.ficul·t. 

20 

.Er1.la.rge1nen1t of the right ventricle is best recognised 

by a oonventiona1·radiograph in the lateral view as an 

· a'b:norma.l r;ha<low in the anterior mediar1tinwn1 .it vuJ,g found, 

however., that 1.t was not posaible to grade enlargement of 

't}liG cliembe::t by thi.a means. 

Similarly the poeteriorly displaeed enlargm:aent 0£. 

the lei't ventricle f ·bes·t appreciated in the lateral view wets 

impo.ssible to grade on the one hand lni·t wus also .f1"equently 

difficult to appreciate owing to superimposition of the 

iaha.dow of the right and left atria .. 

It waa felt, however, that in the case of t;h.e left 

atrium a.n attempt could be made to e;.rad.o the size .in:to, 

normal {N), slight enla.rgemeni; (l+); mode.rate ~n.large1.11cent 

{2+), aev-ere ,enlargement (3+}. Particular attention Wtl.S 

paid to the angle of the left mo.in bronchus.which progresn1vely 

becomes less a.cu.te as th.a left atrium e.nlarges, and to the 

ahadow of. the right borde:r 0£ the lef·t atrium seen within 

the shat'low of the heart,. Tho ,Penetrated grid film in ·the 

a.ntero-posterior view v,as particularly helpful in this 



connection. As the left atrium en1argee 1 ta right borde.r 

draws closer to the right border of the right atrium and 

when very large extends to the right beyond .1 ta outer 

border. In F16 • 5 the method of grading of the lof't 

J 

I 
I 

NORMAL (NJ SLIGHT ENLARGEMENT (1+) 

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

FIG. 51 Schematic representation of the method of grading 
the size of the left atrium. 
N - Normal; 1+, sligllt enlargement; 2+, moderate 
enlargement; 3+, severe enlargement. 
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atrium is showri diagraiTima.tically •. It was realised, , 

however, ·chat appar~nt enlargeme.nt ·Of the loft atrium 

would ll.atte to be interpreted with some caution depending 

on whether the .radiograph · waa exposed during systole or 

diastole. 
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Whilst an a~sessment could be obtained. of enlargement 

of the left atrium and of overall enlargement of' the heart 

by cl1.es1', radiography in. ·the postero-anterior, lateral 

planes and by a penetrated antero-vociterior grid view, 

routine- cheat radiography was a disappointingmea.ns of 

dio.gnos:i,ng enlargement ,of indi vidttai heart chambers. In 

a study of' this ne.ture, however,. it was .felt that .it would 

be unjustified to subject patients to angiocardiography in 

order to obtain more accurate information of heart size. 

k..~L~ .. M~A: 

The ,erythrocyte sedimentation rate waa measured by 

a modified V!e.t:rtegrem technique (Daw·so:1:1, 1960)., on the day 

before·eyncllronisod capacitor discharge and repeated on 

the da.y a.f'ter .. 

The serum levels of the glu·ta.mio oxaloacetic 

t1•ansamina.se was measured by the Sigma l!1ra.1lkel technique 



(l.956; J.961) and of the lactic d.eh.ydroge;nase by the . 
technique of Borger an.d Broida (1957, 1960)., Particular 

note was taken o:£ changes 111. the serur.q levels following 

aynchronieed cupaci to:r dit!Jche.rge and levels of the glu..tamic 
. ' . 

oxaloace'tic transaminase wl:i;ich. were more than 40 uni ts 

whereas pt•ev:.touoly th~3 were below thia level were vlewed 

with susptcion. Simi.l'arly serum levels of laet:tc 

deb.ydrogenase 1.·1h:t,ch roee to more than 600 uni ts were 

part.icularly noted. 

file sedimentation rate and levels of the·serum 

en:z;y-rnea vvere .repeated daily until the pre-tre, .. tment level 

1."'e turn~d. 

~he blood urea nnd serum el.t.Hltrolytes were .measured 

in all patients receiving diuretic therapy ... 

~he duration ot· an:ticoa,;Julan:t therapy was noted and 

e. thromootes·t ( Owren 1959) pe¥"formed to ascertain th.at the 

level of control wa.s a.atisfaotory .. 

dosage was :rc-adjuoted. 

Th~ height and weight of each patient was tlileasu.rod 

and the body surface area determined from the nomoa:ram 

prepared according to the formula of' Dubois and Dubois (1916) .. 
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DRUG TH.ERA.PY: 
-•• g ·-"-""'" ..... -~ 

As direct cur.rent.was a new form oi treatment in thfi? 

ma.1·1agemen.t of carcliac arrhythmias t (I,own, A.mo,ras1ngham, 

·and Neuman, 1962) .it was de,cided that 'this form of 

tz~ea.tment .should be res1;rict~d .at first to those patients· 

. whose. arrhythmia proved resistant to oonve-ntiona.l drug 

therapy. 

Patlan ts were treated initially as f'ol).ows in an 

attempt ·to bring them in to sinus rhythm: 

(a) lhtt.J!.~~~ - D::i.goxin 0.25 mg each 8 hou1"S 

for 2 days 11 subsequently 0.25 mg each .12 hours 
aa a. maintenance do~3e un.ti.l the ventricular 
rate had fallen .satisfactorily ( u.sually to 
7fJ ... 80 beats per minute) ·thereafter as for .l(b) .. 

( l:l) £a.t.+.t?n.1i.?.._gi.Jll:.~~!.1 s eJ! ~ll<l..9A..l!!aint~ap.oEt 
.,d;iSP.!.i...lJ "" 
~uinidine 11 1st day test dose of 180 mtJ followed 

by 300 mg every 2 hours to a to.tal of 900 mg,. 

2nd day, Queini<U.ne 600 rn.g Gver:y 2 hours to a 

total of 1.,8 G. 

3rd d.ay, Quinidine 900 mg every 2 hours to a 
total of 2.7 th 
4th. ,day, Quinidine 900 mg every 2 hours to e, 

total of ,;S.6 G.. . 
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A.11 patients belng treated with quin1dine were 
a.dmi tted to· hospital ru1d constant oacilloaoopic 
monitoring of the electrocardiogram. was 
mainta:U1ed throughout.. Precautions ir,,vere 
taken so that emergency trea.tm.en.t of cardiac 
ar1·es t could be undertaken ,vi th 1,he minimum 
de.lay rind medical nn.d nuraing eta£f fully 
understood th.e procedure to l)e ado1,Yte<l in 
the event ot thie ooourring. 

Every pati.ent in thie group ,other than one, ( Patient 

number,. 15) had been on anticoagulant therapy with satis­

factory therapeutic control ('£hrombotest 8-15%, Owren, 1959) 

for· at least t.hree weeks bo!ore the attempt at drug version. 

2. Patients who had atrial flutter: 
Ill ... F ...-111 . . . i/i.111.i'.,._;.;, ~ ... 't>• 

( a) J:!+.&2.XiA - o. 5 mg every 6 .hours until atrial 
fibrillation occurred or toxic signs develo1,ed .. 
In ei th.er <~ase digox:tn was then wi thbeld. 
'!hose pa.tiertts in whom atrial fibrillation 
supervened ,,-ere observed for a further 48 hours 
to ascertain whether sin.us rhythm would occur 
a.a the d:i,.gita.l:ts effect lease11ed. 

(b) (i) Quinidine was given accordin& to the soheme 
outlined ur1der l ( b) whe1·e ein.ue rhythm failed 
to f'ollow atrial fibrillation af"ter 48 hours of 
discontinuing digoxin. 
(ii) '5 pat.ients who developed atrial flutter 
:following closure of an atrial septal defect, 
were given quinidine acco:rdirig to the sohome 
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outlir1ed i1.1 l(b) even if atrial fibrillation 

did not occur following heavy digitaliaatio~. · 

;. }.:a~ief?.~!3 ... w~;~ h~d--~ir.!~J.-·t,acl!:£0.~~; 

(a) !.~.~-~is~ (l); 

(i) Digoxi~ 0.5 mg every 8 hours for 3 d~ys .. 

{ii) Quini<tine according t<., achemG 01.at.lined 

un.der l(b) to 2.7 G. 

(iii) Proo:.iine arn.id.e 250 mg t!!;Very 6 hours to 

a total of 20 o. 
(b) X!3:.t~~~~ Jll.&t!.~J.i_ae,.{l ,am~ .. .!!! .. ?t18:i.n_tru1~..nce 

Jll.~oxi,.f! {l): .Digo.xin waa continued an.cl 

qu1nid.1n.o given aooord.in.g to thE! ache.me 
outlined under l(b). 

Tb.ft remaining pati.ents with atrial fibrillation, 

atrial. flutter, atrial tachycardia or ventri.cular tachycardia 

were treated primarily ·with .synchronised. ea.pa.citor d.:lscharge. 

In .many o.f' these patients, however, an attempt had been made 

to bring a.bo'tll.t sinus rhythm with quinidine, d:lgoxin, 

procaine amide or prone th-alol. Thia a.tternpt at drug 

version \fas directly under 1;ho control of: the Physicians 

who subsequently refe.rred their patients. i'or synQhron.ised 

eapa.ci tor diaoharge so t.ha:t; the dosages used were not 

uniform .. llo cla.1m · j.fl mad:e therefore, ·that tho arrhythmias 

were truly dru.g resistant. 
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Irt all patients dtgoxin or other digi ta.lie 1>.reparations 

were withheld for one day bef.ore the elootrical co11.ve.raion .. 

iJuinidine {3GO mg.) was given o.rally or intramuscularly 

. li hours before synchronised capacitor discharge tc, a group 
. . 

of patient1S chosen at random. 

Patiemts in whom sinus l"hythm. was aohieved were di vid.ed 

at random into a group to whom qu.inid:hie was given as 

maintenance therapy and those t{) whom. no quinidine was 

'l\he dosage v·aried 1'rom 180 mg. every a hours to 

300 mg. every 4- hours and .Patients were obee;rvei:1 for 2-3 days 

pr.ior to diacharge to see wllether any toxic oymptoms developed. 

Patients were instructed to atop quinidine .immediately and 

to report as .soon as poss:i.b.le with the development of any 

u.r1toward reao·tion or wi 1;h the onset; of tachyoardi.a or 

irregularity of' the heal"t heat. 

Digoxin and diuretic therapy were .not oontir.1.ued 

routinely . ouce in sinus .rhythm but. were maintained in 

those pati(mts in who:m cardiac decoiapensation \fas still 



A representative group of patie.nts with atrir.1,l 

fi.b.rillation or flutt.er was ·studied to determine the 

ha.emodynamic 'bene.f'i t the. t could. be expected once sinus 

rhy·thm had '.been oetablished" 

20 pati,ents were .inve.atiga.ted. In 6, heart rate 

changes s,n.d o.xygen. uptake a.lone were measured at rest and 

on graded. exercise (Appendix A) and the physical work 

capacity at a heart rate of 170 beats per minute (FWrc 170) 

determined, by inter- or extrapolation of the linear 

relationship between heart rate ancl work load. These 

studies were undertaken with the arrhythmia pre.sent and 

we.re :t"'epeated one day after the establishme.nt of a:i.nus 

rhytrun. 

In the remaining 14 patientf1 ca.rd.iri.c otrtput was 

measured at rest and on gro.ded exorcise and pJ~essure in 

the pulmorlary artery o.ud .in tho brachial artery ,1as 

monitored (Appendix 13). ~h·e PWC 170 was also detex>mined. 

These stud;ies were done whilst tho a1"'rhythm.ia was present 

and 11ere repeated one day after the. (iH;;tablialunent of sinus 
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Stroke volume and h.ear1; rate were plotted against 

the identical wo.rk load be.fore and. itfter the ele,ctrical 
,• 
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beginning of the experime.tl.t and are vat'~able over a very 

wide range (,o - 2050 kpJtJ.; 100 kpm !! 16 w~tts). The 

patient pedals so as to keep the .needle of the revolution 

counter between 45 and 75 r pm ; t he work performed does 

not vary with the revolutioqs of the .pedals between t hese 

lev•ls. All measurements were done. in the steady state 

and the poei tion of the patient was conetant througl1oui 

}O 

both at reet and on e~er·oiee, namely · eitting on the bicycle. 

Exercise was commenced fo·11owing a · control period of 

6 minute• of sitting on ·the bicy cle. Expired air was 

oolleoted during the last 2 minutee of the control period 

and the BOO was :reoorded eaoh ,o eeoond:a but waa constantly 

displayed on an oaeillosoope. Six minut es pedalling was 

per.formed at each. work load and whenever poseible the 

patient· wae exercised at three eeparate work loads. 

Expired air was. collecte.4 during the last two minutes 

when h.e&J:t rate reeord~s ehoweci that a steady state 

had been achieved. 

Expired air which was coll ected into a Douglas bag 

was analysed by a micre method f or oxygen and carbon dioxide 

con.ten,, (Scholancier, 1947 ) . The volume of t he bag was 

determined by passing the coJ'ltente through a. dry gas meter. 

A correction of 700 ml representing the d..ead space of the 



ba& waa a&cl•, end Yflwnee w•r• •xpreseed as ' . 1 . 1 . D. Tlie 

oxygen uptat• of ,t he, pa tient wua deten1n•4 at rest tu1.u at 

eaoh work load. 

tha1 all. t h• exp1r•4 alr wae oolleoie4 in the llOUGlU bag. 

Tb.e nature ot t he ,prooeaure wae caretully explaine,d to t he 

pe:tllent and proper fi tt1ng and, eomfori 0£ the mouth piece 

a:r14 aoa• clip ensured. T.-1al p•i-iode wer• er,oou.ra ed to 

allow the. pat1e.nl 1.o get ·uee4 t~ the a ppara"ua and repeated 

cheake v,er• made for air leak• at ~he lllOuth or nose. 

the number of Et if&Yee bei eou.nte4 1ri 10 seoonda, from 

:the 14 patients in whom cardiac output and preaour• 

meneu.r~unente were also made wen s tudied a.a. f oll.owu .a-

l?u,-te.x -tubing• i\1), l:,O om. 1011g. (external diameter 

1.02 • •, 1-nternal cllame,er o.so mm.) wae passecl 

percut••o\l•ll into an amn vein through an 1e-, auge 

th11,-walled. l .ale n•edl• and adYanoed ·•1owl7 \o tbe 

PtAlllon.ar, art•r1. l o X• aJ eereening wa• uaecl and, pl"e1.an.a.re 

meaaure .ente we,r:e t aken 'kl confirm that thet tubing la, 1n 

the pul&oJ1U'1 ar't•ry. a:e .flon tubing , ifJf 10 , ( external 

di.Meter l,O u , .i nternal '11u eter o. ,o nu. • ) wu paee•d b;y 

t he teohaique a·ea.oribed 1>1 eldinger (195:,) over a nylon 

gu.1dew1re .1n\r04\loed Jrl1D 'b lnab1*1 ~ e thew side as t he 
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venous ca the er through n 19- gaugo t hin •,alled hi ley needle, 

d · dlf me d for 6 - inches. Pressure recordings r1ere 

mo.de u ing t o "'t:t·t..in ..;au0 e s, i th u volur e di. placement of 

0.1 C • . /1 O mm . , g . ( evicc J..imi ted) to nsure an a.de u4te 

frequency ro,pona f:rom the fine bore tubinJ, and a ~o.nborn 

ul tichanncl p r 1·eoord r. The ·tubing, ne le an l ~ui de -

\ i c used are no n i1 .F J.J. 7. Cat 1.eterisa.tion w o done 

l!'I • 7: enous a.rd a.rtori· 1 catheter.;, 

gui -e- wire. 
dl 1d ny on 



'' 
with ·the pat1en't lJin . '. or an. · - RllY 'table. 

w•re in ;pos-1 tion the pa t1en t got of! the i.able and on to th• 

bioyel•• J>reesure Sn the pul~nuy and braohinl arter1•• 

wu. ncordecl with t he electrocardiogram at each 30 aecond&J 

eamplee of ltloocl from tbeae •·1 tee wen w1 thdra.wn uring the 

1u, 2 m».tah• of the 6 mi11uue ot ooa'Crol into oiled gla ss 

a7i-lqee '11• 4eact. ap-aoee of whic.h .had. . prenoue·11 be•n filled. 

m. 1h heparin. Expired ail" WM ooll•eted eimul taneously, with 

t he eolleo\S.on ·of \he, 'blood eam,pl•• tnto a Dou la• b • 

· xeroi.fii.e was th•t1 oomm.en.ced and perto~ed £or aix minute& 

at each of J ••~k load• {ii' 't · • oontil1on of the patient 

permi i,ed]. l?reaauN •eatt\U"e1lleat• were recorded w1 t h th• 

eleotroc...-4104ru ••eb :,o aeeonde. ·Oao• a eteady eia1.e wa• 

aoh1•••4 •Q1.._4 air wu colleo-tecl cluir,.a. \he last iwo 

m111utea ot each wor~ load. Blood. eaapl•• were oolleote4 

trom tile, P~IIN7 an4 'braobi.al art•ri•• clurina ,n.e collection 

ot th• ••P1n4 ail' an.4 pl"9aa.ure ••·N'1"etnenta were reeor4•4 

w1 \h the •l•etncar4i·Oicr• at the ea4 ot \b.e 61.h mi.nu le. 

'fh• a•n•,raJ. arr.egement is •l1own ia fig. a. The. experillent 

waa repeate4 oae 4a, after the ee'8.bl1ehllent of e1nua rbythlll. 

hl.aOnar, artery and. 'brao.bial uter, blood. wu kept 

heparim.aed aa4 1uroun4e4 by ioe \U'l Ul aaal.7••• tor oxy.gea, 

coat•at -1 thiJt. .l - 2 houra of \he encl ot tile •xperiment bJ 



34 

'l • ~ ·t 1dy 

the m OU of ! 1 k . l.d 111 (1 24 • Art .... jo-

OUl. 0 n ob, in· l C r i C OU pu. 

de1·ived .tr thi ,. Cl. th n e, ( .Pi .. ' 187',). 

,. ·o vol· e culc;: l· te d th phy icul 01' t C pacit iJ . 
a l C rt rat 0 17 ex· 11irmte etormined. 



35 

In one patient a di fferent plan. was adopted (Appendix C). 

Formal catheter1se.t1on o:f the pulmonaI'Y arterJ ar.1.d aorta was 

done under X-I ay control. Cardiac output was measured in 

atrial fibrillation sitting on the bicycle at res t and at 

one work load - the maximum work the patien.°' could undertake. 

A general anaeethetic was then administe·red with the patient 

lying on the catheter room table and einue rhythm achieved 

by eynoh:ronised capaei to1· discharge. One hour of recovery 

from the anaesthetic then followed and the oardia.e output 

studies were then repeated at res,t and on one ex.er cise load 

aitting on the biey.cle. 

TreattrJent by synchronised capacitor discharge was done 

using the Lown Cardiovertei• (American Op·tioa.l Oompany) 

( .1li g . 9) th1·oughout t he series. 

Baad:cally t 1ie apparatus consi ets of a. capacitor of 

16 mierofarada charged to a direct current voltage by a 

variable transformer over 1 -15 seconds-. 'l'he capacitor 

discharges over 2. 5 millis econds t hrough an inductance coil 

of 100 millihenrye and across t he resistance of t he body 

(which varies from patient to patient but is in the order 
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lt'lG. 10 a Current and vol t~e waveform, Lown Cardioverter. 

The discharge is applied at a precise moment in the 

cardiac c3cle and 1s activated by the~ wave of the electro­

cardiogram or the }'i wave when it in of insuf ficieu t a111pli tuue. 

J,tec:Uanical switching allows a delay of 20 milliseconds 

following the H or s wave before actual (11E,charge of the 



capacitor: thf~ vulnerable phase of ventricular repola.risation 

ia avoidecl and the risk of ventricular fibrillation aboli,ohed~ 

(llig.ll) jJ 

FI(t. ll: Synchronised oapaai tor di.scharge • 
Pressure from tlie pulmonary artery, ru1d aorta, above, 
is reoord.ed simultaneously w.i th -tho electrocardio­
gram. lead 2, below. Atrial fibrillation is 
!>resent at the begt.nnir1g of the record. Si.nus 
rhytruT1. follows a DC shock of 100 j oulee 1..1ynohroniaed 
to occur on. the downstroke ,of the R wave of the 
electroca:rdiogr:am. 
!ilQte the larger p11lse p:i:•essure in sinus rh;vtnm. in 

both the pulmonary ar~tery and. the aorta. 



Al though. the apparatus is pr()vided w:t th ,a. control 

by which t,he delay o.f disc.harge of the ca.pa.Ci tor after the 

R or S wa.ve can be var:i.ed within wicle lim1 t.s ( O to l. O 

seconda) olirlicaJ. trea.tme:nt of arrhytl"mias, other tha.n 

ventrieu.lar fibrille;tion, demands the mi.nimmn delay is 

all ca.aes. It is essenti.al for the synchroniser to be 

out of' eircuit in the treatment of ventricl.llar fibrillation 

and a sw::ttch is provided for this pul"pose. 

·Ir1 ad.ditj.on., the appa.:ra.tu.a providea for co-n.startt 

oscilloscopic moui toring of' the elect:rocardio~1iram,. W.i th 

the leads con.neo·ted .in the usu.al wa,y lead 2 of the electro­

cardiogram ie d.isplayed. Alternative oonnect1on of 'thci 

limb load a enablee lead 1 or lead 3 to be d!.eplay(l!d... A 

control allowing the sweep-apeod. of the osoillosoope to 'be 

varied .fr.om 12 .. 5 to 25 or 50 mm.. per eewouq ts provided as 

well as an X-o:r Y-a:itia oh1f1; ,control and gain oorrtrol. 

Heart rti te c.an. be dis plated on a meter senai ti ve to 
the H, .. .R time interval of. the electro<~ardiogra.m.. Each R 

wave can be signalled audibly.. l?o.r bo·th these parameters 

·to 1'unet1ol'l it ia necea.sary to ensure that tl1e overall 

senai.tivity ::to such that each R ors vu1ve (reversed polarity) 

causes a wa.r11i11g light to O .flash tt. Vii th the senai. tivi ty 

setting too low R or s wa.vea of individual complexes are 



miseed.; with the r.iettin,g too high the warning l.ight will 

i'lasl1 from par.ts of the ce.rdia.c cycle other thru1 the ll ox• 

S wave, for e;Kample the T wa.·ve. Great care is ·taken, 

the1"'efore, to en.eu,re that the sens:i ti.vi ty control 1s 

correctly ad.ju.,1ted., A hi.gh rate or low rate settS.ng 

causes an &,larm to sound whet, ei thor lim1 t is exceiied. 

Prov.inion is also made for pacemaking should tr.i.is be 

needed., the impulee varying· from O ... 150 vol ts and the rate 

setting :f'ro:m 15 - 175/minute. With fn.ternal pacmnaking up 

to 15 milliamperes ce.n be delivered from a high :;i.mpoda.n.ce 

The impulse la.a ts 3 niillisoeonds. 

The or..tpaci tor discharges betv.reen the negative aml 

.positive paddle a ap11lied to the surface of the chest.. Th,e 

machi:ne is provided. with 2 anterior p~ddles (a.dul ·t size): 
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2 anterior pr.:uidlea (paediatric size) and 1 pair of anterior-

posterior paddles (aduit size} (Fig.12). Pacemak:i.r1.g ,can 

be under.taken through a:ny of the paddles applied directly 

to the s11.:1:~face .of the chE.rnt ... 

r.rbe dimensions of the inotrumemt are: 
22;i X .""8" . l2H ,.. and ,;ht! we!gll1': .is 120 lbs. 

The d.imensions of the paddles a,re: 
1. The i;wo an:terior paddles: Each, diametert 31"• 
2, 'l:he ante.re-posterior padaJ.es: Anterior, d.ifl?ltetel"i, 

:;i," ; Posterior t diarne ter, 5 r-, • 
3. :Che paediatric 1>addlea: Each, diameter, lin .. 
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A 8 

IIG. 121 Pad.cllea wsed to deliver \he DC llhook. 

A - Adult s1se, anterior. 
B - Adult size, antero-poe terior. 
c - Child , Anterior. 
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C 



T:t>eatrneri:t by aynchron.ised oape.oi tor disehf1rge was 

unde.rtak:en in the f'ollow.ing way which wm1 kapt virtually 

unchanged th1·ou.ghout the series:-

-All patif.m.ts were explained the nature of th.air 

disabil.i ty w'ld ·thf) form of traatment it was· proposed to 

eai:·ry out. 
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l?atienta were s'tarved routinely for four hours before 

synchron:tsed oapaci tor d.ischarge •. 

·1ntram:u0cularly in all adul tEI exce,pt 5 patients .in whom 

01:rmopon, 10 nig. , was used. 

Patients we.re taken by tr.olley from their wards to 

the ru.1aesth1Stic room of the operating tb.eatra where .a full 

12-lea.d electrooardiogram was done .. Immedi.o.tely thereafter 
' anaesthesia wo,a induced by the sJ.ow int:ra:venoua injection of 

a sleep dose of 2.5~ sodium thiopentcme or 1% aodium 

methohexi ·tone. Once asleep anaesthesia was maintained 

w.i th 70</n nitrous oxide with oxygen administered 1,y face 

mask &.nd a Magill circui i; and; where needed o. 5% halotht¥ie 

was added ap(J.ringly.; 



In gravely ill patients, however; particularly where 

the cardiac output was low or systemic hypotertsion present 

treatmf.lnit was frequently undertalcen in the wardo. No pre-

medication waa used and anaesthesia was induoect and maintai11ed 

with 50 - 60% ni troua oxide, oxygen ancl O. 5% halotharu~. 

Sucainy./ choline, with controlled. respiration wns subst:t tuted 

for halo·thane in any pe:t.::lent who bad. recently raoei ved 

treatment with a. sympathomimet1c vas.opressor to avoid 

arrllythmias resulting fl"'O,m tbe a.nae.s.thetio. (Johnston~) and 

Uisbt-lt, 1961). Thiopentone or methohexi tone were used. ~.f·ter 

.ind.u,ction only if the patient struggled. 

Intubation and controlled respiration. using. succinyl­

choline as e, relaxant used 1n the first five patients ·v1ere 

discm'ltinued. as 'be:lng unnecessary. 

One pati,emt i11 whom profound circu.latory collapse was 

}):resent was treated withcntt any anaesthetic. 

the electrocardlogro.m lei~de of the Lown Ca.rdiova:rter 

were a·ttached and ·tile sens~. ti v.i ty ad.justed so th.at only eaoh 

systole wac si.gnalle,'3. on the warning light and no oth~r part 

of the cardiac cycle causoa. a .signal. The heart rate was 

d::i.spl~·ed. on the tachometer and the .BCG on the oacilloscope. 



If the S wave was of {!rea.te:r. amplitude than t'.be R wave, the 

pola.ri ty switch was reversed -so that synch:roniseticm w~ th 
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the S wave would he obte.inede Where both Rand S wave were 

of small e.mpli tud.e and eapec:lal1y if tlte S: wave .ampli t11d8 

approached the amplitude of Hors (at times it exceeded 

it; the limb leads wer.o ·reeonn.eoted so that lead l or lead 3 

was displayed. 

bynch.rou.isation of the d1.scha:r:·ge w:.U;h -the R or S \Vave 

of the electrr.)cax.•diogram wius alvmys tcrnted inunedia.tely before 

The paddle·s through which the 

oapaci tor was to dfsoharge were e;!;tacb.ed to the output 

The ca.paci tor was cha:rged to 20 jou.les. 

connect:i.ng ·cables of the paddles were brought into· physical. 

ccntaot with the elootrooardiogram pat.ient cable of the 

direct-writing electrocardi.ogra.m nm.chine. The positive 

a.1:1d negative paddles v,ere brought into a.ppo~i tion away from 
. 

the patient and tlie ccipaoi to.r d:lscharged as the eleotrocurd:to-

gro.m waa recorded. at a paper a11eed of 50 .mm .. per second~ 

The point i.n the cardiac cycle at which the ca.paoi tor 

discharged was recorded. as a. dist.inet artefact ,on the 

No j_nstanoe o:f' failure of 

· aynchronisatim:1 with ·the Jt o:r. S wave occu:rre(l, ell.lowing 

for the inherent 20 millisecc.>11d8 delay. 
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FIG. 13; Test of ei':Cicient·eynchronisation. 
ECG le'ad ·2, 50 nu .. i/eec. The artefact caused. by 
tiischarge of the capacitor is superimposed on the 
electrocardiogram and is also displayed on the 
upper channel ot the record. 

'lhe pacemaker and controls ,;;ere tested to make sure 

they were fu.nctionin(; .adequately. 

The l)lood pressure vmo .measured by a.rm cuff .. 

Ei tlwr two anter:tor pad.ales or an anterior and posterior 

pad.dl·e were usod,. The s1{ifl was pro pa.red by a liberal 



· p 1 cation of eleo r car io.;raru jellJ well ru hod in . If 

t!,e t o a 1ter10 :>· dlos ~ere u · ed, the ne ·ativ iJa d e, 

well covered it electroca dio~rru1 Jell , ,·s ;laceu over 

'l.hc v.hil~t tlle w tcrior, t 1 CJ • oll cove1:ea with 

t:: EJC 'OCaJ.' i j lly, a I>l· ·cu o er h se ond r· e t 

inter pac juu ~ h r t O t l t .rnum (Fi·. 14). 
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YIG. 14: yno ro c ci tor ( i ... ar e. . nt io dloo 
in .P itio • 
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Usi~~ an a1tcrior ~nl a po~terior elec trode, tho fl.t 

.· l 1e, t.M~ )· ,_;_t;c.i. t. 1., · i~ • .:. r tJ1e pt.v:t 1 a.· nc la Oll the 

1" .1 er 11, t l es · · t ie t olley. 

1!1.lG . 1~: yncH:r·oni ·eu er p;;;.c.J. t 1 • l\.t;;J:'•J-poE:t rlor 

p~dale in po.ition . 



Croat ca:c'e was takeri. that n-0 part of th.a patient• a 

skin wat, :tn dj.rec·t contact with ,;he :metal of tht-i t:t.olley 

on which he was lying. Those who wore e.trnisting with the 

:rb.e direct writing electrooa.rd.iograph wa.s se·t to 

4e. 

removed the face mask ar.Hl the capaoi tor was discharged 

synchro:r1oualy with the R or S wave of tho eleotroc.ardiogra:r,1., 

J..n :tni tial ae1:ting of 100 or l.50 joules was usetl with the 

paddles., The electrocardiogram was examined immediately 

a.ftor an.cl the rhythm determined. If sinus rhy1ihm was not 

pre.sent the capacitor vms chargec1 to deltver a higher (;merg;y 

and the prooedm:·e was repeated until maximum energy ( 400 .,Jtm:lea)' 

had been achieved if necessary. I11 gene.ral, two sclwmea 

were adopted for the second. and 1:r1.:ibsequer1.t shocks~ depending 

on \"thethe:r ax1terior or antero ... poioterior paddles were tH~ing 

used.. . 

400 jou.les .• 

(ii) Antero..:posterior pad.dles - 100 joules, 200 joules, 

300 joules, 400 .joules .. 

A comparison wa.a made of the energy required for t;lle con.vers:.t.on 
'. 
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to sin.us rh;ythm using anteri.or paddles and antero-posterior 

paddles .. The blood pressure wa.a ·taken after the second 

and subsequent shooks. 

With tho development of sinus :t·l1ythJn, or on failure 

to achieve sinus rhythm af te1~ maximum ene:rgy the anaesthetic 

was discontinued• and a full 12-lead electrocardiogram was 

done on every patient. 

Once awake patients not trea:ted in the wards were 

either ta.k:en "to the intensive care unit or returned to their 

ward. lh either case oscilloscopic monitoring of the 

electroc:u.rdiogram wo.a ma1ntrdned routinely for twenty-four 

hours and for longer whon needed. Blood pressures were 

recorded by a.rm cuff every half-hour if hypotension followed. 

the electrical treatment until the blood pressure had 

return.ed to its pre-treatment level .. 

.&'OLLOW-UP: 
' a; p ... ,,, .;I 

Patients were discharged from hosp:ttal at the 

discretion o:f' 'the referring Phyoician o:r Surgeon, A 

_pe:rsona.l follow-up was made whenever poasi ble fo1"' a per.iod 

of u.p to twenty months and for never lees than three months 
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after treatment, Patients who h.nd moved from tontJ.on were 

oontE:ated through their personal Practi t1.on.ers and a. ft>llow-

Oontaot was ma:tntained in all 

l?atients were divided at random into two groups 

followittg treatment - · those vvho were r;i,11d: those ,.,,110 we.re 

not taking qui.mi.d::i.ne ae mu.:1.nte11ance. 

analysed :;Jtt.i,tistice.lly .. 

l)!GCUARG·E 

The reaulta were 

A further attempt to achieve sinus rhythm was mm.de 

in 3 patients in whom the attem1,t e.t electrical conversion 

was Ull·lSUCCC:H3Sful. 

A second. attempt o.t oynoh.roniaed eapaoi tor d.iecharge 

wan undertaken in l? pa-tientti .in whc.nn sinus rhythm tvas 

ma.intai:n.ed only tempor.arily. This meoond treatment was 

unde;r•ta.ken in a fJimilar fashion to the .first bu:t quinidine 

f:requen'tly irreceded tho second attempt whon. · w:t th.held before 

the .fir:;3t; similarly qui.riidine v,o.s fr.equently prescribed as 

maintenance therapy after the second but not o.fter tile first 

attenipt. 
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1. Details of the method cf the clinical assessment of 

pa1;iento before and after sy11.chro.niocd capacitor di,scharge 

is given., 

2. Tlle electrocardiographic abr.wrznalitiea bef,ore treatment 

were unalysed according to rhythm, digitalis effect, 

bundle-branch. block, ventricular hypertrophy., and <!har.i.ges 

of iechtiemio heart disease. F·Ollowin~ treati:uent 

,. ovex•all s.ize of the hea..rt wae. determined by the caJ?dio-

thoracic ratio%. Tho size of the lei"'t a.trium wa.F.:: graded ... 

~To accurate estimation could. be me.de of the siz~ of 1;he 

right atriu.nt 9 right ventr1cl~ or left vcnt.ricle tH'l<i the 

reasons a.re discussed<> 

before and af.tel"' treatment. 

4. Details art1 given of 1;he la.borato;t·y data used be:t'ore and 

a£ter treatment,. 

<>. Dctail.o a.re given of drug therapy uaed to determine whether 

atr.inl t'iln~j.lla.tio11, atrial flut;tcl"' and atrial tachycardia 



'7., Both before and. after sy.nchronised. ca,paci tor discharge 

,pa tier1 ts were di vi.ded a~t random in-to those who were 

gi·ven quinidine ar1d those v1ho wel'e not .. 

a. Other d.1 .. u:g therapy used is detailed. 

9 .. A represento.tive group ot 20 pa~.ients with atrial 

i'ibr.illntion and .f'lutter were otucti.ad to aace.rtai.n the 

hae.modyna.m.ic benef:t t in si11us rhythm at rerit au(l on 

Details are gi iten. 

10. ~t'he Lown aa.rdioverter is described .. 
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l.1. The method of 1:rrn:1.trnent. by synch.:ronicH~d capaei tor di1Soharge 

is deeieri'bed inelu.<li.ng the ana.c.cr1;h~tto techniques employed .. 

Either f'.,nterior or antero .... p.osterior paddles were used to 

d.el:i.ver the shock and a. compariso11 was .made of 'the energy 

needed :.for auoceasful Vflrsion in either oa.ee. 

12. Details o.f the follow-up proceclure are giv,e:n,. 

· 13 .. :fi'Urther a:t.tompts were made a.t treatment by c1ynchronised 

oapaci tor diacharge in patiGlltl':l who had failed' to aohi.eve 

sinus rhythn1 after the first attempt; Ot.' in whom sinus 

rh;1rthm v1as ma:l.nta.ined only tempox·r-:1.:rily. 

I 

,• 



Chap·t;er ; 

MA'!ERIAL 

or ventricular t.a.chycro?a.::i.a we:i:•o trerited by synchroniised 

·· Cftpaci tor dis charge. 
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A second planned attempted vereion ti.sing syn,chronised 

I oe,pac:1. to?' diScharge was undertaken in 20 patients, l 7 of 

"whom had rE~laps~1d to their .original arrhyth1nia and in 3 ot} 

:whom the fix•st .attempt had failed .. 
i• 

170 episodes of p3.tient 

, 1,reatment n:re therefore preaented. 

f T1~ J 1t . . d f d 1· 4 t th· t .1. l ,ue on .y er . ·. €Irion use . .··or a .m ss.,!.on o 1.s · r.a.a 

'was the presence of a (1u.pruvent1;icular or ventricular ,; 

ti 

· e.rrhythm1.a requ.iring version to t:iinua rhythm, and the 150 t 

r primary episodes of treatment presented a,re eorweoutiV<h i 

,

~ Ho. po.t.ien't was excluded. on t.··he gro.µnds of 1:ii.edioal unfitness 

and indeed, as will be shown. la.ter, those patients acutel.7 

f ill as a result of an uncontrolled arrhythmia t:ormed. a m.ost 

~- gra't,i.t'ying und succeesi'ul ttroup. 
! .~ 

I: Patients excluded f':rom tbis trial fell into two 

! groupe: 
t 
t: 

.\ 
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l. WlHH"e t.he urrhy·thm:ta was ventricular fibrillation 
and o.n ui1synchroniacd direct current shock vuis 
ueed az part of the man.aeement of cardiac arrest. 

2. Whei·e synchronised direct current shock was used. · 

.. 

in the treatm.cnt of. a ven'triculo.r or aupraventricular 
arrhyt.bmia arising in the .immediate post-operative 
phase following eardio .. ,pulmonary by-1)aas or cloE1EH!i. 

.mi tral val vo tomy .. 

I·i; wa.a feJ. t that 'the problems presented in the 

management of ca.rd.iao arres't on the one hand, and in the 

j.rmnediate poot operative period following major heart 

surgery on the other, could in 110 way be equated. to 'tlle 

planned version of oc,:,rdtao arrhythmias as typlfied. by 1;he 

150 patients on which this z'.t;udy is based. .. 

Tables 1 and 2. 

b 

T.he fi:r.s'.l; 50 patient.a were trt}ai,ed :tn1 tially with 

drugs :Ln. full therapeutic doses, bu.t all failed to oome into 

sinus rhythm. ln this group there we:re 40 patients v1ho had 

atrial fi brillatj,or.i, 8 who had atrial flutter and 2 who had 

a.trial taobyca:rdia (Table 2). There were 16 patte11ta who >.;-
ir 

had had a mi tral val vo ton1y per.formed for mi tral t:1 tenosis 11 

arid a furt:her ti pa tienta had mi tral t a.or-tic, or mi tr:.,,l and. 
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ilca1··t oontU.ti.oM :Lncltul~dt tl?oated. thy:t"'otoX-1.oos1st eh~on,ic 

itHihnemic hoart t'!itU~B.se., f1(n..tte myoco.rd1 . .a.l in.:!c.rcti.6n,·, 

,e1stemie hypol--tE'lneion with functi.ons.l mi tral l"'C.g\n:'gi.tntion 

atid vintr:taul.a1~ sept~l. d.etoct e.es,ooiat~c:l wi 1;h · $OVere 

1;mlt1onary hype:rtena1it'-n * 

70 

{1) ~~!19.rb'l!!~!!H'.~£:t ... ~U.!J...e.0:!!~ 120 pat:te.n.tti.l preaentell wtth · 

atrial t~;l.brillu:tion (Table J) o. 51 patient~ - Numbers 

l, 4, ~ 8, l4t 1r. l.9., 22, 2,, 2#' . h ;.'., .:,, 
26, 33, 36, ,1, ,2. 54, 51, 58 

•• • 60, ·11. 

73, 74 . t 1a, 79, 62, a:5, t.3,.( .. , 86, 87, 881,1 

94, 96, 98, ],04-, 108, 110, 111., 11"1 . Cy 115, 119. 

122, 12,, 124, 125, 1.)l, 1:1,. 137, l40t l4l, 14"1, 

146. 

had had a mi tral valvotou:y p0rform.Gd tor n1i tritl a·tenoetth 

4 patit,nt~ (rn.mibttuJe 90, 12;. 128 tm.d 150) hnd had nort1c 
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A11rt?Ar.... AT'81AL .M'nl.At VENTRICULAR 
l'l:-J3Ritl'..A'rI0N Fr.lrJ:'l"fill 1J1ACRYCARllJ.A !l!ACllIGMID.tA TOT.tu, 

Mi tnl etenoeie & pout .op .. 
Mi tral. u:nd r,l')VD; pont OPo 

AOV•D; poJJt. op. 
'1:i tr.:.u. rtae,'U.l"R, po A 1: • o~. 
Ml tral st$noeis 
ti::t t!J:"11.l 't'eri:orgi h Uon 
ta tX"lll ~tena~ill aud rflgm"g. 
Mi tral nnd At,rrn 

tJ.aoholiri ce..r.<1:lom;yopathsr 
0£U'.'diQeyopa t:hy 
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Tnbltl J: Th.o nrrn7thmia en,4 undsrlying hi'!!art 
di~easo in 150 patients. 
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va.1v-e surgery tmde::t:- cardio-pulmon.ary. by .... pass... l patient 

(number 69) ha.d had both mi trt?.l and aortic valves operat,ed 

on m1der car<iio-pulmonary by-paas and l patient (number 39) 

had had an o.:pen repai1"' of mi tral regu:rgi tati<:in .caused. by 

repaated 13ubacute bacter:i.al end.oca.rctiti.f3 on.a valve affected 

by rheumatic fever... :1:here were 4 patients who n.a.et mi tr.e,l 

eten~a.:i.s for which no ope1"ation had. beon parfo.r1:1.ed (1.1.umoera 

35, 41, 43, 0.1"1.d 51) ... In 2 patients (numbers 55 a.'1d 59) 

mi tral r1Jguri:!i ta.ti on was the dom:i.na.11t leoion.!' :tn 2 t·u:rt;he1"' 

patients (;nur.tbera 32 and 103) m.::t tral steno sis with. regurgi­

tuti<>ll were pre$Emt. 6 putients (n:mnbers 17., 24t 46, 56 11 

116 r1J1d 117) had. mi trru stenosia asaociatod wt i,h rheumatic 

aortic valve disease. Rheumatic heart d:tseatc,e was associated 

tberefo.re in 71 Ollt o:t the 120 pat.icfl'ts w:1. th a.trial 

fibrillation, of whon1 .57 had h.ad tl:t.e natural history of' 

their disease altered by :;rurc;ery .. 

ri!he :renmining aosclCiate(l heart cond,i.tion,s in the 

pi1,tients with atr1Dl fibrillation were ao .follows t- 10 

patien:ts had cardtomyo;pathy (nu.ml",ers 2, lO, 16, 21, '76, 8.5 11 

92, 95, 100 and 1:30) by vrhich ifJ m.e.n11.t enlarf~emc.nt of the 

.hoart unassociated w.1. th val viilar o.iseaso, coronary artery 

dif;ease, cor pulmonale, ldiopathic puJ.mm:u.iry hypertenelon, 

t~eptal def'ects o:r eystemi.c hypertension.. v.1' these, the 



i'irst 6 (nwnbers :2, 10, 16 9 21, 76 and 65) were thought 

to be due 'to exccssi ve intuke of alco.hol ovo1" a prolonged 

pe.riod. Rone of ·these patients had clinical evi.dence of 

obstruotion to the outflow of ·the left or r::tght ventricle. 

In 22 pa;tien·t.s (numbers 3, 5, 12, 13, 27, 34,, 40 1 

44, 45, 4St 61, 63 1 67, 91, 97t 105, 114t 12b, 132, 135, 

1.39 and 144) 110 undtn:·lying ca11se for the a:rrhythrnill'.1. was 

(.tetec·~ed. and tr.H?s, patients have beer.t labelled n1one 11 

(Evans and Swann, 1954) • ( 1ra1Jle 3). 

13 

4 patients (numbers 9, 29, 62 and 9'.3) had beer1 

opera.ted on for closure of ari: ostium ceci.tndu:m. atrial septal 

de:fec·t. 

4 pat:Lents (nrunbers. 20; 75, 99 and 136) had hee1'l. 

suocesfl!fully treated fo:.r· th,;y-rotoxicoais of ·~vhom 3 {ntunhers 

20, ''l'fj ru1<1 136) had had a Jtartia.l thyroideci;omy.; · patient 

r1urr.fbcr 99 had been. treated mec{ically. No ·patient had 

clinical or laboratory e,ri.denoe of thy:r.otoxioosis s·t;ill 

being present .. 

In 6 pn.tien.ts (m.unbers 38 1 10.2, 118, 127, 1)8, 142) 

a d:l.agnosis of chronic isch.aem:tc hen.rt disease was made. 

None cf' these patients showed elect:r.oca:rdiogra;pl1ic ev1.d.ence 

of recent myocardial 1:nfarctior.J.. 



l ;patifm't (m:.m.1bcr 53) ha,1 systemic hy:per'la~nsio.:n 

ase-ocie:ted. wi i;h mf tra.l regurgitation .. 

'14 

1 pa:tient {number 68) had oorx-ec·ted tranepoei tion 

associated with rcgurgi·tation of th.e systemic a:trfo ... ventricular 

va.lve .• 

1 pat:tent (number 146) hod obstructive cardiomyop.athy 

of ·the le!t ventricle (sub valve stonoais). 

(ii) Agfdi§P.1tt-L~. Se;,_l~~i2£: Tabl,e 4 .. 

~rhc a{;;e range ve.:r.ied f:rom .21 years to 65 years ( se~ 

1.Co.ble 4). :l'.he me.jo:ri.ty of. pattents (75) were bf-1tweeJi 41 

and 60 yea.rs old .• 

Th.ere were 70 male a.nd 50 fomal-e pa1;ionts .. 

(i:ti) 1!11.:r.~_on. o.~ _jJJe .S .. '.El-'1t.:~h!!E~:~= Table 5. 

In 82 patien.'l·ts (trne :l.'able 5) c.trtal.:fibrillation had 

1:iee1..1 present in periods varying f1·om l month t,l 3 years .• 

:!~he 1;,hortest period in which atrial i'ib.rilla:tion had bt:H:~n 

present before trea:tment was 7 days (patlent ri1.unber 12B); 

ttw longest, 17 years ( pa.ti.ant number l'.5, with n1onen 

ntrial fi'bri.Lla'tion). 



~itrtl.l stort0:$ia:, poet op~. 
1,11:ral. #n\\ Am·n, pout ,op., 
A.OVll, poat op. 
1Ut:rm1 r.o~:1, post op. 
!\:ti t:taJ. :#ittifl(H'JiO 
iit,tr0;l ~~.(P; ta tioo. 
lfittal aten,.mtn and roZtn'g •. 
l*J. tn1. aud At:tVD 

Al(,;cno:Uo ~om,t,patb7 
Ct~d(OtVOpn\hy• 

1 ·-
<W l~ 
.... l - ,... 
.;,iif, -

·- ... 
......... 
l ... 

.t 6 
-· I~ 

l. J; 
.... '"" .. .... 
... ,ft 

..... -·;2! l 

12 17 

:t :t 
l "'"' 

4 ·t 
1 .. 
;,,. .,. 
.... -l . .... 
... 2 
l l 
2 • 
4 ,... 
$!' ... 

table 4 t Tbt "'o . nm~ )ln 1tai'"s anf, . 
QOJI. :l.r:u;1t!Elnc0 in. 1:1?.0 ~tt.entf3 
with at-rial f,tbrillat1cm,,. 

75 



Rlll\:truATW fr~A.RT DISl~A,SEt ~--._ ..... _____ ,_..........._~_ 
W..tral. ateta>ate .~ }:";()St op ... 
l~it:ral am'l .l'!.OVD, poai: op .. 
AOV'Dt poet op. 
»t'i tr.a:J. :regnre~, po:.'!t '('!). 
Mit.J:a.l stE'inC.s:i.a 
l'ii i;ra.1. -regur ii- ta ti. on. 
Mitr . ..:u otOll!)l'JiO M~d l'Ct!JU:'/?."• 
!f:itral o;nd AOVi) 

,ilc:ob.alio C.t-..'!;'"!'!1.or.:yoptith9 
Cardiomyopa:thy 

1- l'lfk ... 1 ... 
'71,t 

--, .5 .. 4, 

l 1 
.... ... 

,.,. 
.... ~ 

... ... 

... 

l 

4 .. 
l -... 
... 
.... 
?. 
~ 

2 
l 

6 
. ... 

:2 
l. 
l 
l 

.... · 

12 
... 
:1 

-
l 

l 

9 
'"' 

... 
2 
ao• 
1 
l 

:2 
l 

76 

4 9 ~ 
.... l ... 
.... ... 
l ... ... 

... 
.... ... ·-
"" ... 
... ,.,. -
l l 

~~----·~•~~ .... ~~~~--""-"'. ,_,.__;;,~---•• ~, .. ,,.. •• ., ___ ,.,,,w• .. •--•·"'Wiil:~""""'~'~•~•o1""'""'' ...... ".,,..,~,--

l l ... 2 

J?ost thy1~oto:;,:ioosta. ... l l 
~~-~a.o,~~i""~~.~-~---.:-~~~---.. Jt..,, -........... -~.~--µt-;~...-;;-~ .... .,~~"'--.-.~~~ 

__ ,., .... , ___ . .... .-,.,..,,,.....,.ftll·1111-~ ·-·--·'"•"'if1 .......... ~ .... , .,.._,_,, __ ._, .. t,,..· .. 1Mt_,..,a..,·1F4o,~~~....,-!l!.ill~"'-"'--··., • ..,;11;·w,~"'""""~""'"'"'11c_ .. ,.,..,_. .. J1_.,..,,"'. __ ,. ...... WJ,.,, .. , .... ,.. .... .,.,.411,.__,.. . ..,..;.., . ., .. ,,. .. ~·.,.,J,, 

l. ... 
,~·""" ·t···;.:w4-41$l. --~ ... j~.--_. ....... ,~,,,. .. - ............ ,., __ ~~~~.L _IM Iii l - ..... ~~,t~_;l!:·otat•w:o!:iiS:o:!:z"i,!j:jµ)-~,' 

l 8 19 18 12 7 
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i'tet'ore sy11ohroru.s0d ca,pn..c1 tor tlJ.Acha.rgg 
·tn 120 pa,:M.onts. 
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liormal ( other t.h.a.:n t;:he ar.r.hytrunin - 2 put;i.ents (numbers 3 & 144) . 
l)igi talis ef'fe,ot - was no·ted in 118 of -the 120 putienta 

(~·able 6). 

-Left ventr:i.cular hypertrophy - was preaen-!. in 29 paiiients. 

Right vei1:t:ricular hypert.rophy - wal9 noted in: 6 patie1ita, alJ. 

of whom had rhei.U11atic, hei,rt dir;;easa. 

Diventricula:r hypertrophy ... was pr~seri.t in patients n11r:--;,l1ors 

3.6, 39. 46 and 56. 

Jhyo,<.~ardif.a.1 infarction .... patient number 38 ab.owed ev:i.donce 0£ 
ttn old anter:ior myocard.ial in.:f:.1rct and pati.ent number 
138 ar1. old i.nfer~i.or myoeurtUal ir.1fa:i:·ct. In a<ldi ·tion, 
patiGnt nu..mbr~r 38 had rigllt bunttle branch block. 

Ischaemic HS-T eegmt);nts and !L' wave cha11t1e - were noted .i.n 
4 patien1.s. 

Right bundle branch block - was Jira.sent irJ. 4 patietr'i.H:J (n1u1'fberg 
79, 59; 117 and 38) and deluyed activation. over the 
.surface of the right ventricle not ru,101.mting to right 
.bundl<;; 'branch blof!k was present in 10. 

(•) Heart Siec: Table 7. 
*"""''"*'''- -

(a) Cardiothoracio Ratio ~-~-·---·~-~ 
91 pat.ients had a card:i.othora,cic rt.1,tiQ be'.tweert 45 

and 59% ( Table 7) .• 

18 pati.en1:o ha<l u cartli.othoracic rati.o o.f :mo.re the.n 

60% 01' ,,horo. all exoept .thrcrn had underlying rhewta:'i;ic 



m!tJffl(•Tr r'!At~ n .... ~z···n: - r~~b.:.~~ .. ~·• -_' -1~f·f!-!1!~-

rritraJ. t; tm10F:dtt-, post op. 
Aitte.l md AOVPt post op .. 
A,OVD, fltlt?t op. 
M.'i tral r~g,~:rt;., post op. 
1ittrn.1 stenocds 
Mitra! :v·eg:,r{!i ta 1;ioo 
l!l'itral atono~lis tm:d t'Ogurg. 
lUtr-al s:e1d, AOV1; 

.uooi\olic crr.:t'diorey-o"Pa.thy 
O~<U.ors;yspa t:rw 

51 
1 
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4 
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LVli ·mm 
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MY:OC .. 
INF. 
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.~-
-
.. 

ISC.B .• 
flEtl·• 

,._ 

-
... 
"" 

'"' 

.. 

l --
'"' ... 
l -
l 

... 

it'ablc 6: '$1oet:r.oe~.1',HotfX'tlp.hia c!:w.ri.r,cc bt>:fo:i'.·~~ t:;,:/1.'l.chrQtti~~a 
ea;paci tor di8chart;~ 1.n 120 pt.i.i;im:its with o;trla.l 
:flbTillrit:l.m't. 
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1.ne .. 
Mll:B 

6 
... 
... 
... 
·• ... -.. 
.... 



nut,r,;.l stonos:i,.r., 
,post; op~ 

Mi.trrl-l a.nd A(WUt 
post op. 

AOVD, pODt 01r, 
.Uitrrll ~gurg., post op.; 
ll.i tr a.l c$tonos:tr. 
Mitwal. i-~at.1.rg.i tv, ti on 
Mi t,rtt.l sten.rm1.s !Slld 

rei~e;. 
'Mit:tnl ro:td AC,Wl• 

Alc:ohn'.U ,(.: c~'t'(li. onzy-opa thy 
{1~·tli ~flirOpa tl13 

H;yat.,h:yp ., mi:tral 
!'Ot,;ttT;g. 

-

... 9 

·- • 
... 1 
... ... 
l 2 ... ... 

~ ... 
l "" 

l 

16 17 9 

.... - l 
J. " .it: 

... .l "" 
l ;a.a· ,,. 
.... l l 

l l ... 
2 l ? 

.. l 

. ... 

... 

,._ 
... 

... 
... 

2 2 
-· 1 
3 1 
... 2 

. ... 
2 

6 . ... 
.q, ... 

... 1 
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1'1-bl•a 1 t The ca1•di.othoraoi o ra.1;io e-1l.tl s.i.-ze ot tho lr..ft a1:rium 
be!or~ aync.b;r,onia(jd. ~npa.c.i. tor iiisellau:>.ge 5.n ;uza ps.tlen.ts. 
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The 1ari~est cardiothoz·aai,o :ra,tio, 71% wias 1n patient 

number 62, a lady of .56 years, ,,ho bad had ar.1. ostium 

secundum atr1o.l peptiu .d:e:t'e'ct ·operated 0.11 in 1956 but 

ir1 whom only partial closure ha.d been obtaj,11ec1. 

2:h1s was z.iormal in 21 patientr-J, 14 of whom h.ad r'lom,;1 

a.tr1t1.l fibrillation ( 1.rable '1). 

96 pa:tiants had t;1l.ieht (l+) .or moderate (2+) 

en.larger.1ent of th.o left a.trium and :, pat:tents had 

severe ( 3+) enlargement ... 

16 patients p.z•esE::itted with atrial f'lutte.r { table 3), 

l pa.tient (nw11ber ll) .had .had a rai tral valvo·ton~y for .mi tral 

stonos1s and. 1 patient (number 149) had a ca:rdiomyopa.thy 

·the aetiology of which was not ap,parent. 

2 patients (numbers 2B and 49) we.r~ labeJ.led aa n1one~1 

atrial flu1:;ter ta$ r.1.0 und.erlyJ.ng he::.trt diirnase was o.atected 

in either .• 

sarc;ico.l clom.:1..ro ,of a.11 at.rial f.H~J,rtal detect .. 



( n:u.ro bers 6, 18, 30, 77, 81, 89 ~ 106, 107 and. 113) .had had 

an or:~tium secundum a.trial aeptal defoot closed and tb.e 

operation was followed in all by ntvial flutter .. 

One pa1;ient (1iumber 47) had systemic h~rpertensio.rt. 

assoointad with. mitral regurgitation. 

e.nd b.yperk:inetic pul1nonary b.y:pertension. (Wood, 1958) .• One 

p.utiont had atrial :flutter and. dyst:t·ophia. myotonica .. 

(fable a). 1'he ages of 8 of the 16 patietr'G.s v1ere between 

the second and fourth decade .• 

1:rhere were 13 male ana. 3 female pa:tients. 

fable 9. 

Tho shortest peri,od that atrial flutter i'J.ad . been 

. present was 7 dayo (patient number ll) and ·the long~klt 

l.8 years (patient. nu.mber 28) .. In 5 patients (numbex-s 149, 

6, Hlt 106 and. 47) the: arrhyt.hm:l.a. was present :fo.:r periods 

varying from 6. months to l year .. 
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.... .. .......... l .. 
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l "' 

~'.'ho t.,i.ge: .:r.tmt,:;(? · :ln .1r.,a1:,e a..Y!d. 
ncx inciik~n.e~ in ;t6 rnitien:ts 
w;j, t.h l'ii:t:rJ.i,l.l fh1tter. 
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... .... l ... l 
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.. l l l 

... ... , ... 

... 1 .. 

'1-ta'blo 9 s 1rhG d.11ra.t1.rtn of: ~,triul fluttiil!l" in 
16 pn.ti:<m~c biafor~ r;yr.ch:ro:ni.0ecl 
oap~.tor d1,rJcln:~X·E~~ 
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.......... ~ ... 

Hox,ual (other· tho.11 at:r.-:tal flutter) 

1.1 1ll'.td 113) , 

patients (nwabera 

. " 

effect - we,s · notet\ in 9 pa,tients ( Table 10) 11 

'· 
. ':r 

Left ventricular· hypertrophy - vias prooe:nt in -two pati~'rn .. ta. 

(numbers 47 :::.tnd 50). 

64 

Right \ru.n<lle b1°auch l>lock ... ws.s l)ronent in pat.tent num.'!.;er 11 .• 

Delayed neti va.t:'t.on over the surface of' t;h0 :t·igh.t verrtl"icle 

not amou.ntin.g :to rit;ht bun.dle branch block vius pr·~$ezrl; 

:l..n a p;;..tie1rts uumbers 6, 18, 30, 66, rn, a9, 106 
anti. 1 o 'l .. 

(a) Oai•cU.o"t;hora.oic Ratio Table 11. 
,~ IJ, " • .I.I Of __ ......_ ___ ., ____ ~-,~ 

The cardiothor~ici6 ra:t:i.o lay bntweon 50 .... 54% 

'!'his was nox·ma.1 in 7 patients 01' whom_ 5 (J.>1:.'l.t:te:n.ts 

numbers 611 77, 89, J.06 aud, 113) had ho.<l H,n atrial aep1,al 



l. 

.,., ... 

5 ... l 7 

1 

1 1 ... 

Tt.:b1e, l(H 'F.lee·t;X'oC;'J!J'.'<Hoe;r.;;..pM.c ch{-..n.gt;it.~ b,;.':'i'orta 
Sj"!lcbrord.sad ca1H'.1.oi tor dii.:;o;cli-.tlt'g~ :i.n 
J.6 v~tie~:itt; vr,i, th a-1;:rlal. f.'l1Jttor .• 
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........... _ _. ....... _.,.."""' ___ _ 

1 , .. 
l ... 

l l ,.., l l - ... 

1 5 2 1 1 ... 

J.. """ l • 

l .. ... l. 

l 4 '.l 6 2 l. 

ta.'blo lb Tho 1:::ru,•(l;tothr.:-rnei,~ x:;;,tlo ei.rtd size 
or the l~ft e.triurl lJcfo:r:c 
ri;vncl'J'<>niooc\ ce:pti.ci tor .G!J.schtiU'S'G' 
iti 16 J'>t11;tent,s v,i tli ~t;tial flu.tter. 
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In a further 6 patients (1wmbers 11, 149, 28, 18, 

81 and 107) slich t ( l·t-) enlargement was present. 2 

p:a-ti<mts { nur.abero 30 and. 47) had moderate ( 2+). enlarge­

.ment of the 1tift atrium and 1 _patient ·wno had a 

ventrlc!J.lar .septal defect ,.,i th. pulmon.e,.ry hyperten.sio11 

{1:rnr.r,ber 50) ha.ct severe ( 3+} eula1;ger:.ent. 

C ATRIAL TACHYCAJlDIA: ( 9 J?ai;ieni;s) 
.... ..... ... ~.,~ .. lllo ......... --....-----~~ 

One patient ( nu.m.ber 31) had had a rnt t:ral val votomy 

:for mi ·tral st~noais . ( Table , ) • 

In one patient (number 70) tho H.trial tachy.cat·riltl walii 

u.11nseociated wi. th clin.it)ally doteo·t;able heart d:i.acase and. 

was labelled "lone". 

One patient (.numlmr 109) had had u.n. ostium secun<ltun 

atrial sapta.l defect oloaed .surgically. 

Tvw l.>atien ta ( nttmrJ\!ilrB 42 and. 1.29) devel,opecl atr:i.al 
4Ga,cl1.yca1·dia following a x~eeent myocarclial :i.11.farctio:n .. 

J?a.t1ent 11umber 101 had a ventricular septal d.efect 

One patient 

. (number 65·) had [?. sma.ll von"tt•icular eeptn.l de.feet arid tb.e 

Wolff-Pa.rkinson, ... \Vhl te. Jyndrome * 1.rt one patient ( nmnber 126) 



mild aortic va.lve diiJeaae was associated wi 1;h the W.olff­

Pa:rkinaon-Whi te 8yntlrome, 

in one pa.tient (rmznber 143). 

(15.) ~~~~ . ..]~l[~,...!-!!1.i.)1~.~@..st.~I~!! To.lJlO 12 .. 

The youngest r,atJ.en·t ·witl'l 'ati .. :tal. tachycard,ia w·e.~i 

15 year·a (ps,t:i.ent numb~r 126). 

88 

ln 1 patient .(m:.unb1'i~r 126) th€ arr.·hythm1a was prosen.1; 

for 3 hcn1rs before synchro.:n'.i.sed captJ.Ci tor ,U.r:;cl'.1.f:i.rge. 

'.t:he longi:mt du.ration of atrial :ta.<::hycardia be.fore 

from. l week to l mon·th (patit~nts nu;.1bers 109, 1.01, 65 1 .143)., 

Digitn.liG effect - was p:resc:ut in 2 patients (numbers 31 nna 
14:~) .. 

Left ventricule:tr hyper'trophy - wa.s r..oted on the cleetro­

oa.rdior~ra.m o.f .Patient numbnr 101 .. 



DlAGNOSW 
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1 l 

'f'ii.'til<, l2t !l:'he }l,f.re :rriJ?r.:1e in yoal:'~ imd sex 
ii1oidcince 1.n 9 PSitient.a vd.1;h 
wtrtel tacti\,VG~.rf .. i.~~~ 

... ... 

J, l 



Mit:rsJ, -'Stonosin, pOi3t 

1,onG: 

!ij.Dt post O~!J. 

At~t~ msoc .. :1-nf'"' 

"(SJ)f Pulm !"zyp~ 

VSJJ, WPtf 

11nn1, 'lt?'<N 

Digit~.l!a 

·op .. ~-· . ... .. l. 

"" ,'#irir ... l 

... ... l ... 

.. 2 ... .. .... 

... .. l ... 

... ... l -
l .... ,,.. 

,,.. - l ... ... 

1i~.bJ.c 13: Th(~ flur.n,t1cm ot atnni.. te.chJrea:r<lia 
bqf'O:r.$ $JYl'l.ohr.m:i.i $<:id capS,ci. tor 
tti sc~lla1'.'fJC in 9 p,'1't;:tc:t1tI~ ~ 
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.1 .... 

.... l 

... 

.... 2 l 

1 .., ... 

... .... .l 

... .. .l 

!f·~ble l4i El,tc·trocm.x·iiog-:ra],')h.ic ohene0s b@fore 
syncl1.,.-oniand. oi,.pa,ci tor ithcbarge in 
9 r,ii:tie:rr'i.11 wi:th ~t;riril ta.at.ycoo.~dia." 

91 



!hyocardial il'1f'urct1on - evid.ence of reo<:H1:t :myocardial 

.infar&t:f,6n · was present in 2 pa,t;i.en'ts (muJi.bers 

42 o.n<l 129) .. 

Left bundle Brtmeh block - . <.lelayed activa.1;ion over the 

ourf.ace of thfi left v·Enl'tricle was· pr·EH:.\ent in l 

patien I; ( number 71.i). 

92 

Right bw1d.le Branch block: - one ~a.tien·t (numbc.r 42) mhowed 

this pattern, but ·11\ 3 others ·(patients numbers 109, 
65 a.nu 126) delayed activai:i·on over the surface of 

the riJht ventricle not an.1ounti11g to oompletG l°':tgh:t 

t.H:tndle branch l1loclc wa~ presi:m t. 

A oard:lothornc:i.o· ratio o.f 50~ or .more wat:i pt'EHiHHlt 

66.;/, 
. ' 

(patient rJ.mnb<n' 101) and l ps:t;io.nt (number 31) 1 64%, .. 

Tho ft.d ze oi: the lE: ft a t.ri um. vms .no.rr:tm.1 in 4 patients 

(numl)ers 70, 109, 65 r;1.nd J.26). · 

Slight (:H1).arG;ement ( l+) was present in .two pa, tiers.t~ 

(numb0rc 101 and 143) and. moderate enlargement . ( 2+) in 

·~ ••. l 



1 ,.. - l 

l , .. .... 1 ...... 

1 .. .. l ... .. 

.,. 2 ,;ir.. ,;,; ""' 2 

l 1 

..... l .. ~. 
J. -

., 
J; 

... .. l ... . l ... 

1 l 2 4 2 .3 

Talile l.5 t '.i:h(t c.nrru.Qtlio:t·~uic :rati~ ,r:t11,.l sise 
(\f th<:) loft atr:b.n:a b<i!or.a 
synohroniaecl oapa.c.:1. t.01• . d.iJ;ic.~~ 
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lt.i 9 po.ti.r)nt:s. ViJ th ;.1,.b:,ii,nl •taceyC$!'~,s. .. 



D V!~11THIClJL.A.R 'JIAOHYCAhDIA: 
~ l!IIP• .......... •t~, ........... ~~-~lu ( s:; 't;t,.,t.J' fl' v.t· ,. )· J c.t'.,1 .... J .. , .. ·,h,t, >::'I 

One pi-itient (rnnuoer 80) had cardiomyopathy as the 

ur.~derly.tr,.g cause ( Table 3) ~ 

Two pa tientc; (number.s 72 and 145) had vcm·l.iricu.lar 

unassociated with. recent myocardia.l infa:r(~tio:o .. 

in association with recent myoeardial infarction. 

74 year~ olcl (patien.t number 64) av.d. the ;youngest ;';9 yee.rs 

(pat:1.ent number 80)., 

4 of ·the 5 pa ti.en ts were r:1ale ,, 

for a rela.tivelJt shor'f.; 1;lme 'Wl:d.ch ·1.ri:J.ried from l to 1,0 days 

(Table 17). 
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CB:rrH.om:rot)a thy 

Chx'{')ttie ioaliae~lc Hf! 

Acute tl'lYCJ'Ch, inf,. 

TO'J'AL 

• l ... ., ... -
- . ... 2 ... ... 
... .... 1 "" l ... 

,.,.;i l ; .. l 

·The s,,gc ra.ne,~ :i.n yct:ro Dx.d GO~ 

tneiden,1e- in 5 pa·ti~tn 1:1:tth 
ventricular tr.(,nhjc/1!'.tlin~ 
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.~ •. -·o , •.. ._., 

l 

2 

Table l'f# fhe dtu.-aUon of' Ycm:t,ricular 
ta.cbycard,ia. J.n .~ patiGn:tD 
bef'o:r-a syi,ehrord~ct?. cnpa:ct.tor 
d:iacha.;ri;'e ~ 
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V'entricuJ.hl'· tf:l.chyeu.rcU.a alone tras notod on. the 

1'n ti 011t m.J1.mbor 

72 howeve:i. ... also f.'.':howed evi<1ence of digitalia ct:rect. 

( v) Heart 8.ize: 

(a) Cnrdiothoracio Ratio: Table 18. ~,___ --"""L"!!l',.-r,rti.._,,, 

. ~ ~ ~o - ~fy{J .• variov.. 1.rom ., _.)., ., 

{b) Size of tho Left Atrimn: Table 18. ------.-·~----~·-~,...,__,..___.,,..~"'-* 
The l~ft atrium wa.s graded as 1:i.orma1 (N) in 

pa.t:i.<'-:mt m.unber BO. 

l?ntient i:mmber 64 had :i:ilight ( 1-t>) enl.art;Cl"/1~.nt and 

patie11ts. numbers 72, 145 cmd 1:34 moderate ( 2+) enH.1rgement . ., 

(a) Atrial JJ'ibrillation ... .. -- ·---·-.. ~· ... ·~-~-~ 
3 patiE:>ntr;, ha.ct rhemnatic heart d:i.sttase, one ha.a ha.c1 

a :mi:'.;ral val votomy for mi ·tral ~1tenosis and one l1s.d had ::r.n 

open ope.ra·tion fo.r aortic aten.oe5.a .. The third patient had 



C0.rd!i:otfO"opatby 

Ohronie techaomi.¢ IlD 

l 

l l .. 2 

l .... ·: 

'Table lfh !I'M ce,,rcliothorecio ::,,"'atto Md, e:te& ,of 
the left atrium, bof,o:re a;ynclu,on,iead, 
capa~it~~ disQrn!l'ge in 5 p~tients with 
ventri&~1~r taor'!Yea~di~~ 
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f!AEt.mDD!M!lg, _91.~t·, .. ~T Nm. ~Wl§Fl.1,. IN. ~nRm{Wlb: ~'fJ '$llJJ~ .!i:HIS1 

! ATrtlAL FIBRlt.tATION 
Rhe~tic becirt diseaaei 

Uitral stenofiiis, post op<n'atf:vca 
,!\Ortio valve disease, post QP&ra:tive 
l!itral .a.nd e.or;tie valve Msease 

Al~oholi o Oa.x'tli·onw-o;path,y 

Ca.rdi.omyopc.ttv 

Obstncti~o caJ:'dionwops;thy o.t' lett v·ei."1.tricle 

.. !. AfflliiL fLUT'l?Fnt 

JJOtl,Q 

Ae,e Ran.go 51'""65 ·yetJ:l!IJ (meti~ ;o) 

.11 nmle S )Jemnle 

l 
1 
l 

i 

l 

1 

~ 

2 

l 

·-· 

table l!h 14 patt.ents in whoo ,cardiac. output ar,d p:ressure 
meatnll"Gments lfflre ma.de at rest and on; oxerei.Be 
bet<,re und after the .e,stablia:bt'Ulnt of oinim 
rhSthm by ay.nohroniGod oa_paoitot' disoha:rge. 
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m1 trul e.nd n~rtie valve d1ioa.se w.h..ioh nua not been 

o;p-ernt~d on,. 

LOO 

2 patients had ctird:iom;;o,patllj,• nnd alcohol wtW thoueh.t 

to bo tho pruc1p:I;int1n1$ em.me in <>ne,. One patiOtlt luid 

obstruotiv~ m:!.rdiomyopo.thy c! 1:ilf.? l&!t Vf!rntricJ..a (Qu.b 

Valvo st~no~ie.)" 

iachaomio heu;r,t ditmnoe ~1 tllottt el.inic~l or !!}lectrotu~t-clio-

81".o.pbic ·ttViden<-:e · of recant myocardial i11.ferotiot1. :t:h~ 

r,tunaining pa:t1.cnt in thi$ t;;t'"oup had had. thyr:·otoxicoe:t~ 

treated o.nd. was now eu:thyroid. 

this wa.c Ull!l.t!EH)Olated l!1i th. ol1.i1tcal,ly d·otootable kHls:rt 

tU. Sf,,8.!\$ • 

'lhe .m~on nge ot the 14 po.tie:nts waa 50 ,;yea11tt {r~ge 

3l - 65 3t1n1"'a)., 11 wera ·:.:a.lc:.'.l a11tt :, wc:ro feum.lea,., 

(ii) liGH.!..l:~1!L~4...ll!:l!1J.25il..!i.Q.:t:Jt.f.l,a.J?J~~.!,ti.: 6 pati~nta. 

1:la hlfJ 20. 



Ag4 ne.ngt.u :,a ... 62 years (mean. 55.5) 

4 Mle · 2. female. 

l 

l 

~. 

Ta'bl0 2(h 6 pati(m.ts u who1n hoe.rt .rate and ph_yaical work 
oa.:paci ty- were determinetl. ht!f.ore a.n.d after tn~ 
acm.'Vel"l!lion. of a trial ti br11le:ttcin to oin1.1& rcytten 
by nync~onisGd eapa,oi 'tor diltl¢1Utrge., 
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liheumo:U.c heart disease, reeul·tj_ng .in mi ·tral stenoetis 

One p~.t:i.ent 

was euthyro:id fo11ovdng trea'.tment of thyrotoxicoBis a.ml .::tn 

one patio11t t::i.tris.1 fi.tirtlle'1,1on Wat:; unassoc1nted. wi 1,h 

l:schaemic 

.heart dh,en.se wt thout cltnicu.l. or electroco.1"diographic 

evidence of recent myocardial in£a1•ction was p:r0:.~e:.n.t in 

3 patients. 

38 - 62 years} .. 4 we:r:e mules nnd 2 ferrm.les. 

1'ormed. a represcutative g;roup of tha 150 paticr1·t,~ of the totnl 

the rema.inde:e wer<i nddittonal .. To a.void confuslcm the 

patie:nt},l formin8 this grou.p will be listed according to 

their ini tialr;;; ·throughout. 

( i) 1:~t!.§n.!!t-!1t1.2-.. ~Yf3r..l~9:-~£L.lP.JLl:r_§?,1:£~x~tl~ < 1 7) 

12 patient!J reverted to e.tr:i.iil.l fibx·iJ.la.tion an.d 

rheumatic heart; disease was at.n·wc.iateci in 6 (l!atients ntwi.bers 



103' 

2 ·:t ';(.7 r 4 110· ·12·..: 4""' .,, .Jq ) ii - ' ... ,1, ·))• In 2~ atrial fibrillation was 

un.assoc:i.ated witk1 cJ.inioa.1 evi(i.e:uce ol heart diueu.oe 

(?atient3 ,mmberri 61, 63). Putient number 9 had ha.d 

an at.rial septal do feet cloGed 5:U.r£,icall;y, patient 11u:ut,er 

68 had ooz•r(H;teci tran.eposi tlon and re1.;.u.re1 tation o.f the 

systemic ~ .. ~rio-V(~nt:ri.cu.lar valV't:, patiElnt nurr.bcr 14.2 chronic 

i.schaemlc her:irt. ~i.neuse ttll<i pi.l't:iont numhor 146 o1rnt:n.tcM.ve 

oa.rdiomyopathy of the left ventricle ( sul,-,val ve otei:tosi~) .. 

3 po.tients reverted ·to at:riciJ. flutter. 

had a- v0nt;ri<!ula1· septal dc£eo·~ and pulmonary hypertexwion 

i:,,r1d patier.rt .number 107 had had surgi.co..l elosure o:f au atrial 

sepiHal def'eot performed. 

Patient nu.mbez" 129 who h.ad a."! acute myocurdi.a.l .inf.ai"ct 

:r.avertcd. to e,trit!tl ts.chycardia. 

:.Patient num."ber '72 wi"th ch!'onic .1sohaemic hee.rt dtsear;e 

rcv~~:r·tcd to V<·H1t:r;iou.lar tn.chyco.rdia • 

. 2 pati(:i.nts ( numb~rs 60 a.nd. 39) ha<.l a.trial f:fbrill~tion 

l pat:ten t ( nwnbcr 65) ht.,,d atrifal t1J1.chyc;.;l.rdia. associated 

with the 'Wolf.f-Pa.rkinao11-Whi te Syndrmoe t;tnd a verrtricular 

aepts..l ·def'eot. 



1. 150 patient~ w.i th atrial fibrillation, atrial i'l1.1ttcr. 

atrial ·tuc.o,;ycar.dia ancl ventI'icultu· t13,ohycarctla H,re 

presented. 

the arrhy tlmia was drug re o is tan.·t .. 

;;. T>etailo of the m.u:ubers of patients wi:th each arrhythmiti 

are given m1.d pa:tients are a.naly.sed according to the 

underlying heart (Llsease; age and e.ex, duration 01' the 

cardiogra:~,hic cha11ges. 

4. A represe:atatj.ve gi:ou.p of 20 patienti:; were r;tuclied for 

haemodyna.mic benefit ln sinus rhythm .. 

101+ 

and physi.cul work capt:.teJ. ty ·were mon:i.tor,.Ht .. . .In 14 · co.r,1:ta.,c 

5. 20 pa.ti<=.mts wer(; tr<:.aited by synchronised capacitor discharge 

for .a second time, 17 of whom had reve1•ted to thei"r 

in:;. 



Chapter 4 

more tc.1.'.ic .aymptGros. ·U:u:u:1. d.ieoxin and t:".Jor.:, pati.c1tt :bi 

whom quini.di.ne was lUH:Hl wan · ad.mt tte<t to bocpi.tol,. encl 

th.e elett t:1·oca1•dlo6.l".:'.?Jl'l n~on.i torerl on e.n ·O'Sed: llo at'ope thr(.n.~.,;b­

cm.t 4. Duriu.g th~ ti11e tht'se 50 pt:1t-.tentr;1 •nitb ar1q~1ythfflie; 

r~sistnnt to <h~·u.::,;e wero (Jol.loct,Jd 1 2 cas~!'H~ of qu:il'd.rl3~ne 

ux'rea t P'-'curred i both ,"Jttra reauac:t 'te.tet! wi thou.t soquolae. 

Th~ !'irat tlevelopt":H.\ urreet. 1 hour a.ftsr 'tl'ut ceool:l.d (lQ~(; of 

}00 mg. or quhiidlnl!); tho seoond l h<JUt' f'ol.lomllg a 

Ilauoea., voml ting and ti.:nni tu.a we;r.e i\r-equ~lntl.y 

cotlplr1:.ituH'i ut and quinidinc .tu:1.<i to be diseoxatinued btcau$~ 
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had atrial fibrillation the vcnt.riculur re..to incr+-H:.tf::ied 

to 180 per minute: on quinidl.n(~ def.Jpi te full digi tal.ia~tio:n 

a11d qui.nid.ine had. 'to be diacontinu.ed. J.n 12 pa.tie.n ts a 

combinf.i.tion of toxic aym,utoma to qu.inidine developt:Hl -

nausea, L1Ul ·~ifocal V£!ffL:t·leu1ar ectop:l.c boats i:.md · dizid.n(-!~HJ 

D:rug therapy to 1ns.ximuw ,toloranoe failed to brtn~ 
r 

about sinus rhythm :i.n 50 pa:l;ien:ts. 4;i p~.tiento {H6:,.-J), 

· came into sinus rhyth.m followir1g synchrordsed. capt:1.c::i.fr;or 

discharge ( Table 21). :.:iucooasful version was achiev~d 

in 33 of 4a with atrial fibrillation. 

were aucoessfully treated. 

'Iahlc 22.~ 

1;;.n patients ( 8T,1) \1Cre treatecl ~m.ccessful.ly w.i tlt 

aynohro.ni~~ed oupaci tor discharge ( 1table 22). 

.;..), .• 
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Table 22: 11CH • .J rd~) r,,·twl tr; .fn.llow~.ng· eynr:hri.>n:l.j"d 
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{ i ) Qnd er 1_.Y.:l:-.f!:£.l1e a:t:..'t C_<;,JJ.dj.;~ =i:£~:: · 

( a) Hheuma.i,ic Hr~ar-t Dit:H:--iasa: --.....,.._ .. _____ I'_~.~~~ 

62 pr:i.t:tents ( 07::) wt th rheu.matic heart disease 

were succf:Hrnfu.1ly i,rou.i::;ht j,nto n:i.ntu; rhythm .. 

( b} PJ!:!-'cii omz£l?Etil1Y: 

!tll 10 patients who hr:1.d atrial fi hrillation in. 

(c) 

16 paticnta ( 731,) were success.fully brought i..r.rto 

-sinui:, rhythm. 

'( d) 

3 of 4 pa:tientz who had had surgical correction 

t 
f 

of' art ostium secun.durn a1;r1.e.1 septal def-€rnt were trtH3..ted 

succgssful.ly a1:1 wer(1 3 of · 4. pa. tien ts in whom thyro- t 
toxicosts had rJreviously bee:n treated. 

5 of 6 :pat:i.ants in whom at:d.al fibrillation was 

u.sr,ociate<l with chror:dc ischo.emic heo..r1; disease vrerc 

successfully brought into sinus .rhythm. 

Th.e patient who had. systemic hypertenaion ra.n.d. 

mitral regur-gi tation, t:he pati,ent w,;t th c;orrected, 

) 

)., '\' .· ....... 
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tranoposj. tion. ancl roi~urgi tation of' the systemic 

a.trio-ventricular vaJ.ve and tlie patient w:tth obetr·uct.ive 

ca:t·d:Lomyopathy of the left V<~ni;ricle (nub-valve stenosis) ·~ 

were euccaasfully troa:ted. .. 

. Ago by itself' diet not fJ.l ter the chances of oucr.:itHi::sful 

rhythm irn were thoae in the second decade .. 

also, we,H not u factor. 

Patien tr:ll in 

Vr'h~n atrial fi b.rilla:t:l.on. vnis p1·esc.1.1.t ro.e up to l year th.(:!;r•e 

the · cha.rHJe of 
. . ' 

ffUCCCf:,S WU$ 84,1; at 5 yours it was 80~~, an.cl 

AJ:t1mugh the longer a't,rial f'ihrj.llution was pr~sent 

the le:ls the cha.nee · of su.ccef:Hti, patient number 4 who iH.1ul 
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FIG. 16: Durati@·n o! atri.al fiJi:,r1llation. and nUJrtber of 
au,caeaa:fru.. trea:tffltt}nts in 120 piltients. 

had atrial i'ibrilla.tiou for 16 years, putient rlumber. '76 
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( 14 ynaro) and patient nu1~ber 67 { 12 years) we:re t-.:uccessfully 

brou~ht into sinus rhythm. 
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utrial fibrillation in 120 patients. 

(iv) Heart !..:izei 

(a) £.ardio_tp~J'~2)..S_:!.{_atio: Fi5S, 10, 19. 
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fhe succesv rate rollowing synchronised CHpacitor 

discha.rr;e Vias inversely related to the cardiothoracio 

ratio (patients with lone atrial fibrillation excepted) 

trig .1a). Once the ratio exceeded ~~~,the success 
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PIG. lb: l'£'.rliiot· ,orec:i.c r _:tio , ~-lu n'..t .• u ~r of r'ucconcful 

t1 cut . .:!.l t;; i.tl Ju pe tiL'u.tL ,.1. t.i1 L triul iit>rillotion. 

( C}. c· l u~.11£ ~ '.:? .fl'"'- ti,. .r. t.': ·:1 t;-. 1 on~ n t .i:-1 ·•.l 

iibrillLtion). 

rl!.te foll to lcuo th£L1 U2,, oi t:::.u •:4 pnticnto in thio .;;roup 

1.'his proved to be especially "t11e onao in tho30 

pu tien tu \',ho, lolloninc; cloeed L.i trnl val vo·~oey, ,,ere in 

atrial fii.>rillntiod ,d th co .... oii.lerLulo nnl::r.so~.1e11.t of the 

.i.1aart. , pa tionto (rLw:ibcrs oj, ;;2, 87, ll<J and 123) out 
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b'IG. 19: l'ercenta.ge successful veroion and cardiothoracic 
ratio ," in ·:,b pc.i.tients with atri~l fibrillation. 
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( excludillt': ?2 paticn tE: with lone atrial fl brilla tion). 

o.f 9 of tt.1is ,;roup were broud1t into sinue rllythm. i~evcr-

theless 12 out of a to Lal of 1~ patient3 in whom the cardio­

thoracic rHtio was greutcr than 60i (!id co11te into sinus rhythm. 

An exception to the ~eneral rule was found in the 22 

patients with lone atrial fibrillation. b (patients numbers 



5, 61, 6'7i 105: 120, 12, 44 and 9l) out of a possible 

13 patients in whom the oardiotho:raeic ratio varied 

(b) 21, 

the chE~Ces of success (Figs, 20, 21). 

with 1<.,ne atrial iTbrillatior,. were exceptio!l.l'l.1. Th.a 
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left atrium wt.).t-1 norm.al in 14 of these pe:ti<;n-ts but only 

. lo (pat.:i.en.t nu.mbt~:rs 5, 4-0,, 44, 48, 61, 91, 105, 120, 

132, 135) nere restored to tdnu.FJ rhythm4 

:rhythm. 

success. 

Du:ra.tion of the ax-rhythm.in did not lesmH1 the chan.cea 
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rIG. 20: ;,.,ize of the left aLriWh .. i.r.1.u rn .. u.'..btir of successful 

-treatments in 98 patients with atrial fibrillation. 

(excludin~ 22 patients with lone atrial fibrillation). 

flutter hud ~ecn prea~nt ~or lb year~ was succeaofully 

convcz·tea. to ninu~ rlLytlua. 

(iv) Size of the Hea~: 

(a) Cardiothoro.c..i.c Ratio: 

Enlarge:nent of the heart did not prevAnt succeaeful 

treatment. 
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0/o SUCCESSFUL VERSION 

N-1 2-3 

SIZE OF LEFT ATRIUM 

J!'IG. 21: }e..:·ce.n tabe t:.ucceoaful versio!l ~r,..cl Gize of the left 

fat1•ium j_n 9r; patients wi·th atrh.t1 !'j.brillat:i.on. 

( exc.ludint; 22 pntlento with J.one atrial fibrillation).~ 

( b) Si_~ qf ·q1e _1Je£:'L.£1. 'ti,!,i!!_D1: 

.:,nla.:t\,Cll.tent of tht:i lef;t atrium did not prevent 

succee~ful treat~ehL, 
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G A'.l:RIAL TACHYCAIWTA 
~ ~- --..-

8 patients were treated ouccosafully. 

2 pn:titm. tn ( 1n:w/bers 42 and 129) i11 whom atrial 

had their ar:rhythm.ta s11ccossfully 'tnrm:Lna ted. 

Age al1d sex. incidence did not leose,n the ohan.o!'ils of 

succeaetul treatment. 

No pl\tient with long-standing atrial tachyca1"clia 

Hcu:rt t:iiee Hlone did not lecsen the oht.mces of 

auoocssful version. 

(''b) 8:i.zc of the Lofil Atrium: ___ ..... ~--""""""'-...,.."'-'_ ... .,..,.__~_ 
ri11odcra.to ( 2+) enln.rgement was p:t•ese:nt i11 :; 

patients (num.1,ers · JJ._, 4-2 1 129) who ,,7or~ v.11 tr,ta:ted 

successfully .. 
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All 5 patients were treat1:Jd successfully .. 

rtuage, ovo:rall eL~e o:f th~ heart and size of the left fJ.triu.m 

did. not lessel'J. the chance· of ou.ccessfu1 trnatrnen.t"' The 

arrhytlunia was of short dur.::.t:ion i.n all_ patients before 

trea.tme;n t ,. 

(i) Atrial Fibrillat:lon (12<J patienta) ,.,,. ... * ~ ..... ,..., _ _.._.,..._ __ ,._....__ ____ .,..~ 

Synchronised capacitor diec~arge wao precoded by 

300 mg, quinidine or.ally, 60 - 90 rninutea before 1't•e9,trnerd. 

in 41 patients (Table 23) .. 

rhythm. 

9 f a::i.J.cd to corne into si:ruls 

Treatment was u.nder·taken with.out immediate p:t'"eced:ing 

q_uin:i. dine in 79 patients-• 

rhythm. 

10 failed to come into sinus 

~'able 24 .. 

4 of 16 patietits succcaofully treated were given 

"' -d ' ' ,: • d • ( f'I -bl 2 , ) t:.1reoe 1.ng qlu.m .1ne .1.a, .e -l4· . ., 



TABLE 23 

V·Hx·el rrtenoo.i ~, .t,os t: <)/h 

V:l.i;rt-';l ~m{i ~CHJ pM't OJ;:!~ 

AC:'lli, r,n~t ori. 
!!ti triil l""t.,fJtl.l:~{7• ·r J,}{)S~t op. 
1.a 1:ra.1 ro:tcmo.:ii s 
Fl:i. i;.l'.'t\l :rC"t,:,lit't;:i. tl-1,tion 
Jb .. t.r•e,J, tJ !;r.;)10 si H 0,1 H, ;l,'.'r~ :::,1.1:J: g. 
1 ii tl"a~. ri.~1<1 A <Nn 

14 (2-~) 
l 

1 (1) 
'Iii 
.,I 

2 
l 
2 (l) 

9 (3) 

2 (J) 

J 

41 (9) 

3'1 {::;) 
"" 
4 
., 
.1,, 

2 
1 
4 

2 

,. (1) 
,') ~· 

79 (10} 

Table 23: lf\) pati<1nteJ wi tll a:trial fH:ir:U1stion t;ce<r1t.od. by ~,yncbron:lr-.eil 
cH.pars.l tor r.Ht1oh:£trgo shc'lliing ptl'..tient~ whosa- t:tr.rntll',~nt was 

120 

!Jst',;HJflde;ct l1y uvj.nid·lrHi'. f.:"'he .fJ .. @.irea 'in l:>r:tn'<et;; rl!f"or to i;ho~o: 
't'7ho fail.ml to nnmrl ii1to si.n.u.s :c-.•r,y·thm .. 
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TAJ3LE 24 

. .,. . .., . .,.. ,-.,.i;,.., __ .,.,.,,,..,.,..,. ,..,.,i! .... l . .,.., ... ,_M.,.. ___ ..__.,..1,-.,.,·..,,.,..u ... • ""ta,,..R·-..---~~·i"~ · -..;_ ~·,.· 11r1.- nt;, '· 1 "·-+-.:a;,~, ... -.....,_..,_..,,,,,.. __ """·..,· ......... _..,, ___ ._..,._., 

Lone 

·1" -5 bfs~• WIIIF n:..·i-, ·11 i •• ··-····et·v ·-·~~----·· .. ~, ... 11;11· ..... --.. 

... 

.. 

l 

... 

... 

1 

.l. 

8 

l 

1 
.,.1$t-·""·'"'· .. ,..,, ..... ,_ .. ..,.-" ... _... __ • ._.. ""',,-..... v ...... ·"~--•J1-• .,.. -·-..,•-· _,.., ... .,.. •----~~-. ,,....,.,.,..,-t __ ,..,u..,:· ... ..,.., . ., ... .,_,...,.., _ _.. ... ,..,_,... •~---., ....... ,.,..·m-,,._.,..'11,..,.. "'~""'M<"""*-··"""""~"'c--

Table 24: 

4 12 

16 fn.ti-tn wh{:> had: o.t:r:ia.J. f')Lutter treated 
wi.th s,nohrO'n.ised oa~oi.tor disclla.r8C ~howing 
pa.ti.en.ts ,i11otte tt>eat-ment w~ p,:,eceded l:iy 
qµS.nidina. 
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1.l;ablc 25,. 

Synchronised capacitor clischa.r{{G was precedod iJy 

· ,. d · · 2 .... · 4 '( m ' l 2") qu1n1.,:i.ne .u.1 ~ pau:1.oni~s 'Jaoc .:, • J.?atient number 129 

who ha<l ac:u.te myocardittl infarction was g:i.ven '.,()(; mg. 

qu1nidine 90 minutes bo.for·e successful trcatmcint. Pat:i.:ent 

number 65 who had a Vt'?!:ri.tricuJ.ur sep"tal 1.iefcct and the 

one hour bef'ore treatment :f1.iiled to comH in,'to s,i.nus rh.ytlmt., 

not preceded hy g_uin:iQine. 

All 5 patients who had. ven1;:ricular 't;a.chycardim 

successfully treated were not given prec.HHling g;1.1i.nldi11e. 

Si.rn:u:; r.h,ythm wat-3 achieved in 131 out of' t.rie 150 

anterior pacldh~s were 1.rned in 108 patients and. in 21' o:n.e 

anterior a.nd one posterior ,paddle \vere used to deter1nit:1.e 

whethel" conspicuouoly lovmr levels of ene:re;y resu.1 ted 

(Lown, 1964a). 



Actti:.$ flW'OO.. in£~ 

\TSlJ~ Pulm. J:,yp .. 

'11able 25: · 

123 
TABLE 25 

J!,; .• • - \llilliillif--

.,., l 

... l 

"" l 

1 l 

.... l 

1 (1) ... 
... 1 

1 

9 patients \d. th a:trlal tRo:}Woa't."d1,~ treatsd by 
synohli'onised ea:paci tor diaehal'~ :l!ho\!lttng 
pe,tienta irt whom troe.tm'int wa.s preoeded by 
qu1,ru.dinG.. The fi.g'Ul;'0 in bra:ck~ts -,:ef~s 
to the pati(l}nt who £ailed. to come 1.nto sinus 
rhythm., 

Llli.1*¥ -- ' 
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( '1 ','I ,A t ~. _., -.:, • b 11· 1 4,, • (·,'.l, o~>.,, 1),,,t. i."'"'l' t·s•.· )· ... ~,2!~_,!J,,;..E.. __ ;.;:,_li;l,..il:..<?J.! .J. - J;..,, ,:,1,, Table 2.6. 

{a) 

u, patients wa:re succoss1'ully treated. with two 

anteriox· pad.ales .. · .r:n 4.3, sinus rhythm was achi.eved 

afi;er one shock ( enex•gy rar1ge ;u ~ 150 joules), in 

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

200 - 350 joules), and in 5 patieni.a after 4 ohocJrn 

(E:nergy range 3:.,0 - 4.co jotilea) ... see Table 26~ 

( b) ~able 26. 

19 pattents were ~mccessfully treated i.d.i;h one 

ente:r.".ior and. one posterior paddle .. 

broug1rt .into sinus rhytwa 011 the fi1•st ohook (.energy 

into sin.tu; r}1ythm fo1low:i.n0 the second shock (~ncr·g·y 

ranee 100 ·- 150 joules), B after· the th::i.rd shock 

( en.argy rnnge 10() - 350 ;l oules), 5 after the f.ov.:rth 

shook: ( energy rs,nge 2UO - 4(;0 joules) and 1 patient 

after a f:Lf'th shoclt of 400 jouleB .. 



TABLE 26 

d 1rt1 r?' -

Hlir'O~A:i'W rrr:.lititi ··,l:~l-~.At ,1~; 
'I.,..;"'"'~-.-·-.;.,,,,-... --.. ~-.....-.... ,.~-

Uit:r,11 a ter! ou.i.r, i' po~t op. 
l{itr,11 and AOVD; j.lO:St Ope 

.AOVJ.\; ;por.rt oJ,:i* 
Mi t,:i.il et~:imcia 
1.:itral regu.'t'i~i i.;u'l;icn 
t.i:i, 1:-J;?Hl s t,eHo,a:b~ t..Uld J:'O-{JUX'g. 

l.J. t:e;1l tjJ'.ld A(J'vD 

ll.lcoholic C;J.rl'!.:to;:iyo:pa:U\v 
Ctu;•tlioliiJ''OJ:}£ti. 'rt}{ 

ASJ), · post 011. 
Poot. thyrot<.1xicc.m1.s 
cn:n:onitc iooheem.tc :Fm 
t,y,st J:,,yp , z;d.i,ro.l I'e{P,tt'g. 
C1,.,.r. ~1rrut1"lP• tir,;r1 

Ob::itr. ca:r:cliomyopatl\Y 

~~ 10 
l. '""' 
2 "" 
1 2 
..;,; :t 
... 2 
ti 1 

1 
... 
l 

l 
. -., 

Jfit-t *'' n,111_15(:, ··-~ - ~-- · s:-< 

2 ). 1 l 
• ,WP -~· 
... ... 1 ... 1. .... 
• .... ... 

... 
... , ... ... .... 

,..-_;. ... ... 

... 

l ,.., ... ... ... 
l ... 

1 ... ... 1 .... 2 .... 
... - .. ... 

1 .... ,,.. 
"" ... 

,.. ... l ... .... 

Table 26: rfiw numbol;- of; lli!h.odta n0ackicl for ~u.cceat1£ttl 
·!fera,<Jn of cd)r:i.1'\l :J'lhr:'iJ.1,it:t,,vi. to t,i.nt1EJ rh,y1;hm 
in lJ)?. po,tien.t~, :i.n $} Mte:r-ior pia.ddlCUt were 
n.sed, ;1;;:i .19, ente:ro-:posterior pad.d.lr~r.h 

125 



126 

(ii) A,'!;J"i.Ji.lJ~ (16 Ft:ttients) 

(a) 1~fl4d_:\.~.s* .An.t!2.~!.9..!:• :Cab.le 27 * 

13 pat1entr3 eruna into si.nus rhythm after a. single 

shock of 150 joules. Patient lJ.3 a boy of 2t yea:rs 

crone into sinus rhythm follow:i.ng FJ. single shock of 

10 joules. 1 patient came intQ sci.nus :rhythm e.f'ter 

a secm:td· chock o:C' 150 joulos. 

(b) .Pnd.dJ.es Antero-Foste::r.ior:i ~---------.... ,._~ ....... ~ ...... _.....,,,.,.~-~- TB.blo 27 .. 

1 put:tont cnnc into s;l,nuo rhythm after a s:i.ngle 

.~l'lOt!.~.,r of i:::o jo· 1 '1 ,:,,,., .., - ~ - ,,, ~ ,,t ,,::, Q 0 

the fir.s't sh.o.ck. 

was tu:1ed and. :tn PG,tion·t 1iumber 101, 50 jou.lrrn .. 

1 patient was brought into p:tnus rh.ythi11 f'ol1ow1n.,,g 

t), shock of ener~y level sot.ting of 50 joulet:i. .. 

I'atient nmube:r- 126, required a second shock of 

10{; joules 

50 joules. 

and patieni; number 143, u second. ahock of - ' 



Table 27: 

TABLE 27 

l "" 

.. l 

2 ... 

1 
•. , ., l 

l '"" 

l 

l. ... 

1. 

't'he rm.mbe:t~ of sl'i~e1tiel n0~s1.'l.ed .fol' $t!.ecessful 
·,;.::n."'m1.on of tt'tr:inl flut·t;;€'r to si.ntv1 4"hJ1,hm :tn 
lo pat;::l,m.ts; 'irl. 1, w:te:r.tor. pnddl~c t<:~ra 
·utmd, ir1 l r1.n.i;0ro-:poO"tnr:lor p~.,'hnc~. 
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Table 28: 
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TABLE 28 

1 ). 2 

1 .. 
1 

1 .... 

2 

.l ... 

1 

iJ"he rnan\;e:t' of sb:.>t:kt, · ne,oded for nu.~C$SJJft1l 
vul','lion of "~t:·ieiJ tn.chyeat·d:i.n. fa;; ~:i.1:.1).z ;1,"h;y·tbm 
in D ttrti.e:rttl:il; in ;j 1.:intar.lo.r. parld.J.e2 w~r.,l 
u:;¢ri, :i.:11\ ; a.u t:r:rc.-_pm;; t,t:r::Ln t· pn<'l.dloo .. 
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4 pat:lents were bro1.i.ght into sirmH rhythm after 

tlrn first shock (energ:y range 50 ... 150 joules) ... 

1 patient carm;: in'to Binns rhy'th-m af'ter the scco11cl 

shock of 50 joulese 

B .. DURA11IOti OF AtlHHYTIHii:.tA ~--.... ~--__.......,.._, ..... ~,,, .... _ 
(:1.) Atrial Fibrillation: .............,_ _____ __.,_ .... _.__._..... .. ~_ .... ..,,.. 

No correlation \%W found between ·the <lurat:i.on of a.t.r:i.t1l 

version to sinus rhythm (Tallle 29). 

had at1"ial fif:,rillat~or.1- for .lfHJE than l yea:r: in re.lation to 

rheumatic .heart diillease req.uirod a n1aximl.un ene.rtty level 

se·t·ting of 400 joule a usina; antero-poster.io:r paddles. 

contrast, pat:letd; nu.1Lber 4, wh.o ha,d had atrial fibr.illation 

!{o correltition \'las fou.nd between the duratio.n. of the 

arrhythmia :ei.nd energy setrliing n<i}Sded to kr::ing about fJin.us 

rhythm. 



'rABLE 29 

..... .-. ~ -..,..._ ..... . It> .............. .... .- ,,..; , ... .:.;--,..... - ..-1" - ._,.....,. ...... .:4 i,ii' ,.,." ,.._,,. ..,..,-.,. .. . ,i, ..... ~ -· ,,,,__......,. __ ,...,._... .......-;<+ 

I•,.. ~,, ' . l - · 
............ ~ ......,...,,. , ______ ,.,..u......,_t;,-.· 11,,; ,.-,..,..,,.._...:-, _ _, ......, . ...__..,._..._,. 

M1 tra1 01,eno:u~,, ~,,u t ();, , 

l t:t·}tl c ... rtt'! A ;1·· pos t o?i, . 
~\G4/l •J-!' p,:,ct oµ . .lQQ 
·t tJ.'.'t.i.1 

..... ~rl\J. ,;·e r;t•r, • 
t ... ~,, 

~ ---11 ... Ctr r, .• l' ,. -r·n:r, .i• 
trp,l t J 

,1.J 
.. f'. 
I,)•, 

l 5fl 

. i,o, -:. 
"t • :f 
... 1,. • ~ - ' 

,, 
.:. ;.,rv t 

150., 

150 

·:it , 
,·,r· 
(f H 

·t!. ... Lmo 
___ ................ - ._...;..;. If ~ ...... • 

. c· , 0~..... l\f; · t . , J () 1, .,. v , , .:.,u, 
l ',)O, 1 i;r,, , 5r, -~ . ' . ... ..,, ..,,, _f' 

'l! i;n) 11· '" .12.,~ , . . ~)\ J 

1r; . ...~ 
25t­

lj() 

15 ' • 
"'r"-

f!.,;, 
..c..;.z. 

t 

1- ;,1:r 

it"l ""' "~:n.1 , l ~C , 
!.L';(\, l ;;iO, 
J'"i( ' .15!.:, 

.::r:;c~ l 'jt 

··5~ 
l· . 

1o.J;t,, 2~A , 
1 r,·, , 

'l •. • 2~!..' 
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·-~·-,....,,~ ---··- ' 
3•51r 5- lOyr +l ()yr 

, l () i5·; , l ~~{J . j >;'.,, .i i:. 
_ ;; .. ' ..... ..,, 

i1 

J50 

?5c 
~1 --.....-,t,•·--,· - -...-- -~--·-.;.,,. ......... -.,. .... ; , ... ........... .._.~- ...,._ ... .....,_. ....... ~~··""'_' .... '" -.......... -~-... ----,--~- ........ ..,....:....... .:..-~,.;;-.:.: .... ·...,-·-

~le . c31•tic "'.(\ ~?!l, ]~ J '~·I 
:,'.3, 

;/'·"' 
~ ..l1'(1J. \JT:l'J op,i t ri,y l )J l;,O !l",n 

i .. , 

2<'1{• . ,_ ,;.,,--.:. ....... -........................ ~ ... ~-·-..-. ... ,...,..__, .. ~ .... -.. . _.... . ' 

... ........ _______ _ _. .. ~ .. .... --..- .·~ -~ .... ,.. . .•• ,,.. ~ ...... .... .....,, ... , ., •.. - - · "' .'."'." .... • , • ·~ fioi,., .... ~........,.. .............. ,i,,!11 . ........ ............. . . - . .... ,. ·- .. ___ ....,. . .......... .,_._ , • .....,.,_...,_ ... _ ... 

..,mtt: ~!;; ( .r.i;, 2•·.,r 
• """ ,; ., ' ' . •".,... '2.Jlj -- . -· " ' ., ,) )V ">•·o J.!;1,, . ., , _ __.... •.• " ) ,.) ·2----~----k-.-.. ~ ............ ..... .....,....._ ........ ... ,. ~ 

·:L 2r,o , 11-;r ;). ')fl 

____ __..._ ........ __..: ................ ,,...... ...... ,.,;,, .. ~·:-.;.. ... -..· ............. ,..._....., i--· .... ·-·-~·~-,.. ...... ,.,._......,.~ -,_ ............. _. __ ._,.··-···~ ... __..,........ __ _....,._ ................ . 

...... ::.~ .. ~o~.-... ... ,2.Jt .. !.... ... ~ -- ... - ·..,._.'!",~·.............. •u• , __ ... ,,.. ......... _ .. , ..... ... _ .. - ----- .,;,,.,.:...,~.J.2!1, _ . ..._....,._, ,,,_.,.,..._._. ___ .,~~I~ 

o n !, tli.Y-'1'*{)1.r,x , 
.......,.J l•,(1~ l ~,f'I 

Ohr . J,:,whtv~mic l ? f;.,, 5,. 

!:22 
i-. . t. l",:.•p t 

r;c Co:i:. 1r r cnn p . "Li tt 

,.Ji.Jot.r, O!,lr t11c,:rv·o,,. . a!!. ... .--· .. """"--... -· .............. --·--.t.-- ---~~·........_,. ,..,_.,. __ ...... ___ , __ .. ____ ., ..... ........, ..,, _ _...,___, ___ .._~~--l -~~""···---...... ·-· ---·-··_ .. , ... ... ., ._,~_, .... -.. .... .,_,.._ . .,,,,,.,._ .. ,,., ,_,._...,; .:-... ,"<!- .... ,...,......:: :~ 

rl'able 29: mn.:.t ion 01' rlt r·;i.t•J f J.br1J.lat11,1;-i nnd ,mer ~ · l eve.t 
:JAtt.i.!:cg-e ..in j oul.Hn uocri ~1d fo!' ouccese.ful v e:va I.on to 

i.n J.G? plltlon t.; . .rucb f'J.gn.re. ropr~sen~ 
F.nm.·t::v llaliv,;r-!'.':,l 1JGin{r a..>1 tero .. ;por1teribt; 

'}l) l.,.1 

'H ' .... ~ ................ ~ ---·-·-·-~ .... 

150 

...., ___ .,.....,.., 
1_j (>('; _,.....,.....,_·-·---··--'"' . .., ... ·- · --~ ...... ~ .... . --... 



--.... 
!1.31 
' \ 
I 

I' 

f 
No correlation was foun.d between. the dura."',ion of ~,he 

jl 

rhythm., 

vm.s ,pref.rn.nt for lem.::: thtm one year.: iv. all pntients .. 

was p<.nrniblc .. 

( i J .A trial .Pi brillat.ion ~--~-... --..--~ ... ~~ 
( a) Cardiothoracio ~atio: --.. ~~.,,.--,.___~,,-lo:*lf-· 

in ~:able ;;o whe:rc the energ .. f needed in 43 ptrtients ivho 

had. :rheum:;.;:t:tc .11et1rt dii:1ease ( :9ost operrr!;i ve mi tral 

' 1 



150, 100, 
filt:r.nl 2!}.Q., 150, 
Qt<.mi:i~ia, l~>O, 1.;o, 
J)OSt OJh 

Table 30: 

TABLE 30 

250; '.I.Ci!}; 1$H); 150; .~!~\.Op 150, .?:20, l;jO, 250, 
4GO; 1:i0 1 150i J;;o, 25n; l50i l50t Z!jO 
l9.Q 150, l-50, 150, 15(.t, l~O, 120 @•' 

2.50, .l!jO, 150, ~i), 150, 150., 
250, 2.50 MW., :wo, l"ir'f"' ,;i.;i;.z., 

13',{,, 

!i:ho ctu-diot.horuci,) rt:i.tio FJnii <:Mrtr:t l(:,tei. · t,et.t:i.:tt.gs 
iri. joules iHh?tI fo:r· n1.wc1'Ji:mfnl Vt~rsior, of atrlal 
f:Hirillit,;.tJ.;;m to rdtws t·hyt:i.:1u in 4!i 1}atient.s w110 
hit.d, thei~:;mt:ic hcfi.rt · :.tU:,enr;n (,,i)ot :>nm.'.'n.tivo m.ttri\l 
,;·{;<?Uo{d.s), Eo.c:h fi(fJ.re t•Q-p:t:~em::hs· one pati~ir .. <t: .. 
~tt'l ,•'1'•"f'· "'·~11 Y'\ '\d "'':,,,. .. , . .-:,~ ·-~··~"~ -~'*'"•.r._...,.t. ·i'/111'.'lt~~i]·· ,_ ,uiG:l,ii'Y 0\, .:vcrt .. u,:,.L.,~ """·' ..,U!?O-flO,~· vC4. n11" .1.:l,,;,,f, .... ,,,a 
is w1.de:r.linctJ.~ 
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(b) 

the left at:titun s,nd tha energy Sf)ttings J'UH':ided for 

heart dieeasi=.:: (Table 31) or in the rfimnining patiert.'ts .. 

1:here was rw cor:i."'elat:lon bet.wcEm the cardto­

thoraeici ratio ,~ a.."ld the energy sett.ing required for 

successful verrs.ion to sJ.nua rhythm. 

( b) 

/ 

:rhere was no co:r:relation. between the size of th.e 

aucct.H1.sful versi.011 to sinus rhythm .. 

J.•eithe:c cardiothoracic ratio ,nor size of the 

·the O pat.ien.t::~ who were fft1cceo:2if\illy brought into rlinus 

rhythm. 



TABLE 31 

_, i'i-·'-·------#-·-·---1~·-'i·_.,_-. -·------;.,.;( ..... --· _,, _,, -·-----------------

l -·------------------------
Mi t:ral. 
stenosia, 
post op. 

100, 150, 100, 250, 
150, 150; 150, 150, 
250, ~' 400, 1'50, 
150, 150, 150. 150, 
150, 50, ~OQ, 250, 
!,O,P, 150,. 

~-. . ··-.--...-,..-·--·----~-..-·-· --~-·-·----------·-@ ·-·-··-·-b-.nAW-llltT 

Tabla ;ls The size or the left atrium and enerf!:J 
sottings :tn joules needed for successful 
version or a.trioJ. f.fbrillat:lon to sinus 
rhythm in 43 patients whose arr:twthmia 
was a,asocia.tod with. rheumatic heart disease 
(pnst operative r.litraJ. stenosis). F..ach 
figure .represents one patient,. Energy 
delivered using a.ntero-posterior paddles 
is underlined. 
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r1•e,ceding quinidin.<~ did not affect the energy levels 

J.5 pa tientc were brought; tn to sirms rhytr.Jn w1 t.h energy 

level 01:.'lttinga of v.p to 100 joules alld.. 15 pS1,ta.en:t::1 .needed a:u1 

energy lev-el se~ttiing of 'betv,men 300 - 400 joules ( T:.,,ble 32). 
,· . ;._-

'11he majoxi ty of pa:t;ient1S, 101, were b.rou1;ht :tnto sinus r.tJ,ytim 

with an eru~r0y setting of' mox'e than loo lntt less thiai1. 

:500 ,joules. 

As can be seen from Table 32 patients wh,1 came into 

atrial tachyce.rd::ta. rather 'tht•.n atrial i'ib1•illation - _ 5 out 

of H patients wi1;h atrial ta.chycarct:ta ca.me into sinus rhy1:l:un 

vii th eriergy se•t,·tings c>f up to 100 joules. 



'fiil'f!i'lW! 
s1t:P1' :ni a 
jon.l.cz 

CASI<: 
.tm .. 

TABLE 32 

136 

!;F,F''T 
t.:<.ru!'m!! 

. ' 
~.-1~,m--.!$~~~ ~#-~~·~-,_:ll~!?,~~~~~~~Jt!~~~l:~~,~-·--· .. ~·~-~,-£:,-59~-~~-~ *--- 1t· ,_. 

l 7>r1 kii' . ?, mo J;Of,O . · r,1 . r: "W~-~--. .. .,.,_.. __ ,_~_.,,,,...,.... ___ ,~°""~~ ....... ..,...-.--~if' .. -4,,-..,,od.....,,-"'-..,.,...,.,~~ ... ---~~~~~~-..'~I~~.,. . . 

'16 AF · · 1A v·~: A.le. ¢JlJ''(Ut;1H11c.p., 'il. . l 
~~ ... ---------... -..-..~~~--.!..·~-...,,,,._-.,..~~-_,.,,...,,-. __ ._.,,,-.--,...._..~~I~~~~~ 

p(i(} ... 4QQ __ J.9._.,. -,~-•-·---1£Lrr_.,,...~~j~f£Uf .. 0 __ .;_,_..,;___,_~•A5~----1--w 

Table 32: 

r:r; . i:P . 6 wk Ale. c,;.rtli.('),,i".to~ ao . l . 
.... "---.. .. ~-.... , ....... -J';J,.., ............. .........--..-~ ...... _. .. Ji,l ________ p,_,,,, ____ ,... ... ;h~--.... ..., ............. ,..--.. ----~·-"'~~~ 

_J.;2::L,_, __ l!,~ ,_ ... __ ~ _ . _}L.~2--~-12!'.l§'-__, ____ ~--~---·-- ~ __ _.L__~_JL,,,,~•.-· 
l ~B f,ii" . 7 !I!(> · :l:H'!), oh.T'oni c 48 .. }\l; ,.,,,.._.,.c. ...... _ __, __ .... _...,.. . ...,.._.~ ................... ~--_..,.,,.;,._,. ________ .,.J..--1>- ... ,~,.,..----~~_...-• ..,.W\4'~WO,,,.-... ..- ....... , .... ,"'.~~-~---~.i,,,~ .. ~~'"'-

] AO Ali' n T"' t !\ti_~ .. ___ i ____ , -~:._:.~-; . ..::..:.-.~-•-••·e-,.-·j_,l"J.<:! • ...,-,-::.;~.:.J,...,1~~! ...!if!.!.-, ___ .,. __ •.._,..;{,:,.._ ----

...liQ_ __ !,~-·•---·~1.E~,.-•,;..,.,AO,!nJJ,~!....(W.!_.-.--•--42-r--........l'--

;o patien.ts who were brought iri,to sinus ~lq'thm with enii:lrQ l(';VGl 

sett:tr1as or UJ;l to l.OO j('.)nles, an,l b(tt~:roen 500"'400 jo"'les;; 
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.Only 2 of the 16 pat:i.cnts who .had atrial flutte.r an.<l 

2 of the 5 pat::Umts who ha,1 ventric.nilar tacbycardla came 

All 15 paticn.ts in who1;1 the la.cgest energy level 

oettinGe were needed had atrial fibrillation. In t;hree 

of 'th1a group the arrhythmia ·was of the u1one u variety·. 

One patien:~ 

systelllie atrio-ven1;:r.-il'n .. 1la.r -v·alve and on.e pa.t:i.ent .had had 

zeptal ue:fect. 

40 - 611,., a.mi tht? size of' tnB left atrium fr.om 11.0:.rnal {Ii) 

to mod.era:t;e (2+) enla:{gom.en.t. . The durati·on of the arrhythmia 

varied. from 6 weeks to 14 year::; and. in O o.f •the 15 pH:tients 

w • .i,s lees thur1 one year·. 

There were 19 irr.mediate fnJ.lures ont of 150 pa:tion:ts 

treated by synch.roni.eod capacl tor discharge .• 18 of ·the 

pat,ients had atrial fibri11ation ar.i.d 1 po.tient had. a.trial 

tachyca.rdi.a (Tablfi 33) .. 



e 
1~ 
14 
21 
,6 
}9 
45 
5& 
!58 
60 
62 
65 
'14 
97 
99 

114 
llO 
125 
144 

TABLE 33 

A.trial fi'b:rille.tion 

A trial :f i'hr:l Uatitm 

A i:riaJ, !i brill~t:i,on 

Atrial .fibr1.ll.ation 

At:riP..1 .filxdllation 

Atd.t?J. £i'br:U1atio;n 

Atrla.l fibrillation 

11,t\t-ial .ffhtllle,t:ion 

Atrial fi.l)rillatiou 

A tti(l.1 £i brilla.Mor,. 

Atriw.. fihri)J.;,,;t;Jton 

t .. ·t:rio.1 ta.chycaa""di& 

Atr.1al .f.'ihriU,1:tion 

/itl'iul fibriUa.tton 

Atrial f'ii:td.11~.iion 

.6.trii-1.l f'ibrlH.o.t:ion 

Atr..i.al !'ibX':1lla.t1~n 

At,rial tlb:t•i.llat;l.oo 

.At:r.iai f.:tbrllla:t.ion 

14 f'i: 

15 yr 

6 '//'!: 

1~ yr 
l.Oyr 

41%' 
·5 yr 

3 mo 

9 ,Y,: 

6 yr. 

$ yr 

9 d 
6 ,p? 

l'O mo, 

14 yt: 

2 yr 

·1.; :rr· 
9 rt' 
6 wk 

MiiTal st~nosis ~ pest. op. 

tone 
Ui t:r:Jl $tenoeis, post '0'P• 

Lone 
,Mitral stonoaia, 1:JOat op,, 

lU tral re~g:Ltati.on, post op. 

1:iOf'!,G 

J!Ti t.rti.l an<.t Aortic valve d,is .. 

Mit'l'11;;l atenosi.s, · post op • . 

:lf.i tir-e>,.l 'f1 tenii>si. e 1,,. po at op .. 

Peat operati vo A:•·$,, D~ 

If$)). tiPt. 

JUt;ral atenoeie:, ·post op" 

Lone 
Poat ti'J:rotox.i.aoois 

LQne 
J.schac..'ll'lie im ... Chr-0n:f.c 

W. t:rai 1:ft;e..Y:tcutd. G , pr.;r; t qp. 

ton~ 

Table 33: 19 l?o.tierrtc in whom 1Jinua. rhythm war; nt}ii 

re-~c·ts.bli$ilea. i.'¢13.o'l'i.ni ey-rr1.ehrm'.iae.d 
eap~qitor disehn.rg~. 

138 
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Sinus rhythm could J'iot he l"o .... estttbl:l~hfld in. l,B (l.S~t) iii· 

Even. tillowing for the tiverwh.elmi.ug pra:pon<le:1;·0..nce: of· patientG 

w.:i:t.h atrial fi b.rillat1on :t·e.:lJ.ur.a iu. tihia group w~l!.a more lil:.ely 

• 

Ot1e patient (rn . .t.':tlb~r 65) who had a vt~nt:r..tcu:t.o,;r· mtlptal 

de.fec~·t i:md the Wolff' .... '.P4?.1"kinat".ln...-wr.1 te Syndrome f'n1lod to c<.nne 

into airms rhyt:b.m. 

~h.t:ti:·e vm:re no fail ux·efs nmonga t ·the 5 pa i;icin trJJ tres.ted 

by sy.nohrfmisod na.paci tor di.scharge .. 

Table 34. 

7 patia.nt.i:, 1:,0,1. hnd a nlo$~d r.1ltral valvotorny per.fonne:a 

fo:t" rheumatic :mi tral etenoa:i.a ( pu.tie.n·l;e' nu.ribors f3, 14 1 :-56~ 



T.ABLE 34 

..-Ml- ifi1·z1.ri,~~lTiJ.lil;•••··- !!" ,... "Jr .. iu 1 

P Nl'.:C-BWJ: 
iffl;mER 

6 

.14 
36 

Mitrc.l st~ncsiG, 
1,ost op. 

do .. 
d.Ot 

/JJ!' 14 

Al~ 6 
.Atr 10 
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yr 64 1 :tt-1 

yr. 54 2 !?/+ 11:r ... 2 
yr 71 2 kV·i', 1.11•1 

:rnr+ 
9 yr 67 ; 
6 yr 52 1 ~I-1,Al•l 
6 yr 57 2 fitt.•l 

. g · 'flt! "l1o . · ~ .. tV+ . Mt:..l 
4 ............ ~--~~ • .J~~_.,..-,._11:'1'4\~-...... ~~ .. -~ 

4 y:.• 55 2 LV-1.,•1- MJ ... 2 

!l06 t O:!) • 
n.v, .. 

.5.f. ffli t:r..s.l p.,r;,d AOV)}. AF 60 LV-1.· 
. . . . . . R\r..;.' 

,,,n-.- ~~~-i.o, .. --... ~--.... ~-.-.,...-.. _.._ ... ~...._...-.,,..-___ ,.. __ .,,.. ___ . ..........__.~,.......,~~~-..-,"'\"~ ..... ~·,.,:;~ 

·ll t,.n1e AF 13 yr 57 l 
ll do. ,AJJ' 15 yr 46 1 
.~ ,lo.. /,..f 5 -:;·r · 47 .,5 N. 
91 do.. Al? l.O mo 47 lT · 

.l!A. do. AF 2 yr 44. N 
. 1..,.., (!,:;. · . AP . 6 wk Jlil! n . . . . 
~~ •• ;,,q, •. --.... ~ ..... ----'l"O---~---... --""''-~'"""""'-';,-.,..~-"'·-"· .. ~ .... -i_•~~-..--1')"'.~---~·"--...... ,,.. ....... _...._ 

62 Post -· op. AO.ii All 

99 Poet Ttwrr.rtox. AF 

ll.8 !"i) ... cb:ronic AF 

·I!- tai trfll. valvotomy 19$6 ?a,blti 341 
& 1964 

11.:r ... ·yu tral re;:i,~:ra;:t t;~tion 
1 olight 
2 moderate 

Al - Aort,ic :rtegu:rgj. ta.tion. 
l Glight 

a yr, 7J. .R In.~ ASD still 
inmn op.en 

1.1 tr 46 N Ira..'711 'lial 
AF 

L.5 'J,'T 5;i l I~oh 

19 Pa.tie:n:tm iu ~hom Sfl1Ql:1ro11ise8 
ca,~aei tor.• dia~~'U'.'ge w.r:i.1!-1 unm1<?cessful 
t1J shcnv urtdt1:tl,Y:tna h~a.rt dioc1e.1.3e 
d:u.r.r.i t:i. on of a:r.t~hy'tihnd.a .. :r.'1:1.d§.ogT,::t.J>hic 
s:i.Z('!' of the heart un.r1 the ECG {when 
reJ.ova..11t).. Pa1:1Qnt nwnbera 1mderlined 
refer· to pati.enta glvon qu.:lnide 60•?0 
mJ.~1lt~a txifo.r:e 'l.1·1.11at;;;u:;nt. 
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loast sl:.tght mitral regur,gi tation ('lal>le 34) .; patiG11t 

number 14 had mode.rate 1ni tral regurgitation and pati~nt 

number 60 had clii.;h t mi ·t;ro.1 aild aortic :.re5urgi tation .. 

Enl.arge:merrt of the left vc~rrtric.Ie WHS shown on the el(10tro-

cardiogram j,:n patients numbers 114,, 36 rutd 125... The failure 

rate i:n pa tJ.en ts iollowi:ng clnscd mi t:ral val votomy wat::; 14.,.; .. 

Pat::i.en t nu.ml:)fJ!' 39 had ha.cl an open ope.ration· per.form.et! 

for sever{:; mi trriI · v·s.J .. ve 1 .. ogu1 .. g;i ta:t:i.on which. had resulted . 

from threH? atia1cks of subanu·~e bact~rtal endooardist:,i~ on ~ 

mi ·tra.l valve aJ.ready damaged by :r.houmatta fe"'\T·er .. 

improved following the opera .. tion she was left witb. modera:te 

mi tral. regu.rgi tation an{t t}ie elHot:r:-oca.1:diogr~.Jt:t show~d 

con.eid.erable enlaz·gem0.nt of .the J.E::f·t; ventricle. 

aortic: regurgitation.. 

emba.:rrassment to the heart fJ.nd bot.h ven.tr·=i.clea could_· be seen 

to be enlargr.Hl on the f:lect:r.oct1-rdJ.ograrr1 .• 

:l.1hc1·e were si:K patientH in. whom a:~ria..l fibrillation 

wa.s una.ssociut·ea w.t.·th any cl'.1.nical ovJdm:i.co of hca.rt disease. 

{patients :n.umbE::rs 13, 27, 4-5, 97, 114 u:nd 144) .. 

1,heae pnti<~ntc; wcr£: asyrn.ptonu:i,tic o'lix .. er than. an awareness 

of an irr·egulari ty of the heart beat ci:;pecinJ.ly on ei'fo:t·t ... 
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!Jone showed any electroeardiograpb:ic change otbe.r thw1 due 

to the rhythm or to d.igitalie. ~he .fru.lure rate 1n. thie 

group .was 27%, the hl~'.hent :i.n the series. 

Patient .numbe~r 62 had had a.n operation. performed. in 

195G i'or clot;m:,3 oi a.n os tl.um sucu:ndum atrit:-1.l neptal de.feet. 

" ·1. 0 ) ,. y 10• :· ., i ,. i:. .... O•I· .; "' ·•""! 0"' ''"'Ul'~ "l·.,,.. Cl'' n·"" "'f J J V • 1;.l (,.,;,. . d, ,:;, 0. (l._ t1,,.l v •• .1,. .... 1. .!. -. "'*' .. ,Ii., .., . ..i •. ,..1. (. ... t.- •v J pulmona:t~y 

ventricle on the choct radior,raph) ... ·that the d.eff'.ict was 

st:tll open v....'ld that i;lrn regul tant left to right i:;hvJ:1J1 was 

:not i1:wonside1"'al}le. 

cucccms:t'ully medically two years bo:fo.re. Clini.cul. aJ1d 

labort:.:tory tosto confirmed that .be was no longe:t"' thyro·tmdc .. 

Atrial fibrillation had bt~cu prcm:m.t, hovmver, :mo.ny years 

u.nd one po..re.nt ?ioth d.cv-c1oper1 .r:1.tJ."ial fib:riJ.lation at €t 

relatively early ago; nnither.subsequently developed 

thyrcrtoxicosis .. 
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Patif:m1, nurnbe.r 118 had lsohaem.io heart <Jisease and 

su.ft'ered angina pectoris o.n effort. 

oa.rdtog:raphic evidence· oi' r0ccrrt myocarcU.al :i.nfarct.ion. 

a trial tachy ca:rdia. 

mcmt to the h0c.rt; "tho tir:rhytlJ.,ui.u wu.s u.ndo'Uhte<lly rela,t(:d 

Q :l1ablen 33, .34 ¢ 

exceeded 10 years. 

or· over, e..nd. 1 for more than .10 year a .. The :i.:mm.ediate 

failure rate in pat:J.entr:i with atrial fibrillation of 5 ye&i.rs 

duration or ovar was 63}; i:.rr·eGpect:Lve of. the und,e;t:·ly:i.,r.1.g l:teart 

dii:iea.ue anll '71}: (, out of 7 pa.tieu ts) whe:n. a trial fibrillation 

The ave.rage card.iothora.cic ratio of the 1.3 patients 

who failed. to· come into slnus rhythm was 59)~ {'..table 34) 
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{~xoludir1.g 6 pc-itiertts with. lone atrial tib:r:tllation). 

tiimila.rly, c:r..clucting ·the 6 pat.ients with lone atrial 

fibr:U.lationi the size of the. left atrium t'UJ,s graded r-1.ts 

norrnal (N) :iu 2 1 slightly e.n.larged (1+) in 4 1 mocierately 

enlarged (2+) in 6 and cont:1ide1it-t'bly en1argr.:d(3+) in 2., 

47 patients with e:t:ri.al fitir:i..J.lat101i ha.d ti oardio-

thoracic ratio of' 55}~ o:r. ovHr (T~ble 7)., 'l:he imnH.::<.'ttat,;;o 

:f'a.ilu:re rate in thoc;e WafJ 18'.t,; ( exclu.dlng 3 ,pt~:tients who ha.(i 

lone a t1::tal f:l.. b:r.i11a1;:1.on), 

60% o:t""' mo:t'.'e. 

immed.iately followin{~ By:n{;hron:t'sod capacitor• discharge. 

There were 107 instances in 83 patients (Table 35). 

have been Cttlled intervening rhytl:.uns and. include v·eXi/_t:ricula.r-



TABLE 35 

m>d6l eot(llpio bei:1:to 

Wanain"Ul.ft p~cemo.ker 

Prolonged :r--...n. intel'V8,l 

Vl'.r'ttal. heart bloek 

A.t1r.ia.l tlu.tter.. 

Table 35: 107 ep!i.soe!ea of :i.ntet'Van.:i.ng r.nytht1w 
irnmedie.tely ~tte:r syrtch:ronised eapneitor 
t\ieohar~ .~.n 05 of' 150 patients treattild." 

145 
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rhythm., and less fre11uently Wt.\ndering pacemf.1.ker, partial 

heart blocJr, bra.c!yc::ardir:. a.nd atrial flutt~r .. Multiple 

.. :.l.ute:rvei1.ing rhytb.nH1 wero not uncommon and were fou.r.i.ti in 

aw1 ·veniiric1Jlar cctop:Lc beuta. 

bro,.ight in.to r::tm.:u~ .rhy·thm and. thosa who fai.lHd to come 

ir.ito sirw.a :rhyt,hm were both affc"!ct;ed .. 

54 9£ tho l~O paLienta were roceiving diurotio 

of 01ectr0lyte dfa;turbance an<l no patient had showr,. 

olec'l;rol,y te levels ou.1;sidc i;he nol'Inal rr.mgo. 1I1<Ytf;l 

~."1"· ·'v ·F':. O<';i.u:m. 1.-:.71,_ ..1. ,"'.10t,","· .. "".:;"',.' U''"~ . . , '·10;.,,....,,.,.._~,. "'"':t'e ""Ot ,.,;._.,,,,c,1•~·,;1 ~, ... U.., ·- ~ Ul ~ •. 1,.1 • c;;,. .. J '.:;' ,.,. U.:l J, Vn:; V v ,>. J ,, ·<:1. .;, ,f.i. . IWv ir.<.<'.> I.; ... ,:.,_ .. e 

All patients except five (numbers 42, 70, 97 1 126 

r,m,in tenri..rwe. ( 11 able J.) ~ J!atient ;m.miber 70 ::u1.d i,atia,n.t 

prema tu.re contrac·t1on.s. 

atrial tachycardia wus related to dicitalis overdoeage 

came :tnto i:;inus rhy1;hn.1 \r1hich was :.u ... scciat.c(i wl th frequent 

atrial and ven:tricu.lt1r ectopic beats. 

Tabla }6. 

The .incidence of inte:r-ven.:i.1·1g rhyi;}·uns is ,shtn1n in 
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I"'P0f A~Yr• t:•t} 

iu. ,;.llJ :.) 11-v-•.> . ' .. 

1-P. lJJTE:{'{VAt ·-~- ~· -~~..,.._ ., .... ~,~~ 

Bl!e:fWY 
;Joules 

- Q 
.,: 

• > 
150 150 

rim;,;.-:wy 
jti11les 

< ,,,. > 
150 150 

Q 

·i.:~G'i 
joules 

< 
*" 

> 

1:,0 150 

Q 

EiTfiaiGY 
jo1.1.lae 

.... ___ .........,,........., ~-Q. 
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;O > 

15(> l.50 

.............. ~~~ 

:AJiJ;J:;u ItlG 
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A .. 'I-. 
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<1ont:ractions 9 of whor:1 had hn.ct quinidi:u.e GO - :;JO rnirmtes 

beforo trentwent. Ene2\_;y level f10tt:i.ngs were 1:50 joules 

in 21 patients, and over 150 joules in 10. 

received the direct cur·rent energy usj,ng a.ntero-posteJ:-:i ... or .. 

35 patients d.t!?veloped vontr:.Lcular E;ot;opic bea.ts., 

·trea. t;men t & 1;;'ner.6y level t?;ei;tj .. ngs used were up to .150 jcm.lc1f.:i 

in 12 and over 1~0 joules :i.n 23. 

were used. in 5,. 

to bring ubtht"t, thE! re-es 1;abJ.ishmen:t of r.irm.s rl'1y'tl.un .in 5, 

Nodal ec.itopic bea:1;a vmre leas frecruent. 

'tvere reco.:rded and ;;1 pa tier,:d;s had rncei vcd qu.inio.ine 60 .... 90 

Pn:tient numb~n" 104 had 11odal 

Of regular SiilU.B rhytll1ilo 'ihe energy level setting var.:i.ed · 

.from 150-2~;{) joules, using i;hrj 1,wo anterior pao.dles in a.ll .. 

A wanderi.ng pucerni:.-t,k<H' was f cu.rid :i.n 7 instarwo,J.. No 

patient hRd rectdv;ecl i.J1lfali<LLna iwr:iediately bfJfoJ:e · t:i:•eatt11ent ... 

·two anterior _paddles .. 

Transient prolongation of the P-~ interval (in exaesa 

.of 0.2.4 seconds} was noted in three insta~cefh I~nerg3r i 

f 
.l t. ... ... .. ~ 
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aattin~s used were 150 joules• and 350 joule.a using two 

anterior paddles,; -and 250 joules using antero-posterior 

paddles .. lu .all ,- tho P--H 1.n.te.rval ·bcca::ue .uormal du:r:i.r.1.g 

:Partial atrio-ventricnlar dia1,:;oc.ir-.1·tton oecur1·od in 

with an energy level s.e-tting o.f 150 ;,iou.J.es 't1st:ng two 

anterior paddles. Norm.al ooucluction r.(Jturned withi:n :fi ,rtn 

B:ro.dycardin., doflned :a.a a slowing of the heart x.·a"i,;e 

to lei:w thr.tn. 50 boo.tr,, pe:r. minu. te oc<.m.:rr~2<1. on si:x: ocna.1..dor.1.s 

4·'0110•;,.11., ., . ..,,i1n. ...,..,,,.,;,.,...t .... b"t·1··,~n',,H .. n· ·t ,-..<:' ;:i-"1 ..,.,.,, ·""'hy"·hm .. .l.. · ~ l'I J.. ·~•{,) l1 ... 'V ~\. 1;:; t.;;~ iv V~ J.~ ,-;;;, . ~ .,.,.. . .a. I!,.,- .. t a;, ...... ..t .1 iJl 'O .. i. . b .. rt 

lGVGl settingo UDod were reupectivcly 150, 250, 300, 350, 

350 and. 400 joules o .. ucl antero-por;terior paddlea were. 

employod on 2 occasions. 

was o.1wa;y£'l temporary, nn.d unually laotsd only fol" a .few 

r.1:I.m.1.tcs 1>ut on 0110 ooce.sion lnsted for 2 hours. 

Ont1 pati.on·h (n.w.ber 79) who h2.d e.trin.1 f:i-brillril.t:ton 

dcvel(;pod atrial :flutter inlfl.ediately after the er;tahl:ishrnJtnt 

of !:'linus !"hyth.m. 
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Atrial premi~tu.r<-:: contractions occurred, in one patient 

only (numbe:r· 107) who also_ showed proloneatio.n of the p .... R 

interval~ 

e.nt:erior paddles) was u:oed. 

ectopio hen.ts :tm.meiliat;ely u.i'ter the re-establir:.11'.unen. t of 

sinus r:hythw followint; d.iocharge ,of an erieJ.·gy level sattin1.; 

of SO joules (anterior paddles). 

rhyi.ihm pe.i:·s:i.sted. for two ho\U'f:i in pa. ticn:t number. 18. All 

4 patients exc~pt for J1,um·ber ll}, who rece:i:\.'"ed 10 jouJ,eEi·, 

J!:rolonuutiou of thci '.f-.H interval occurred. Hl pati·en.t 

nurnbe:r.· 107 who :N::Ce?ived 150 joules (anterior paddlesJ .. 

nynch:rouisud ctipnottor diuchn:rc;e i11 pu.tiont number 6 who 

~h4~ ,~n4aA ·Or'lV ,·"" .. L .. ~~,t .J.,t,..""'C' \.i'vl...,~, ,.t. t7 

.r:.dntt~J rhythm. 
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Atrial p1·cmature (;ontractions were noted in 1;hree 

:u:i.s 1.a.n.ces" 

E~ettings of SO joules (antero.:..,poste,rj.or JJaddJ.cn) and one 

pa:.t:i.ent l.50 joules ( antor:i.or paddles) .. 

Ventricular ectopto l:>eats were found in two pati.er •. ts 

following treatment, 

an energy level settine of 150 joules (anterior pudiUes); 

padQ.lea) .. 

Tempo.ra:ry riodal rhythm prior to the estahlir.;J:h~ent 

of ninus rh,yi;hm oocurrec'l in patient; numhex 109 ( 150 ;iouleri 9 

anterior paddles). 

d.oveloped vc:r..d;r:tcula:r ecto pi.c beato nnd pfx.ti.cnt xmm'bor 134 

Tables 37, 3U .. 

There were 21 ,patlents out of 150 treated. {14~) tJbo 

subse,quen·tly dev·eloped complic.e:tions thoulsht to ha directly 
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TABLE 37 

9i7J ·-·,. 
rr • .... ,,., t· 

ARHHYTHl'ITIA CO!U't!CATIOff PAT!ENT 
NO. ~..... , ~- ~.-... ------------ ·-----

10 

Atri3.l fi.brlllation ITypotensi on. 
infarction .. 

Pu.lmon.ar.r 
tt' W8.V8 

Atrial fibrillation Ertmymo lavelo raised. 
aluoholic ....-."'-~_.............. ... _.., ______ ,..~,. .. ~ .. -~,.,---~·~---·--·-......----~-

12 Lono Atd11l .f.$,br:tllat:io:r: &.,eyrue levels raised. 
1cf t ventricular tbirt:l 

---·---·-----··-_..,.... ... ..,."'" ... ~""-·"'---.......... ___ ,.._"tte~t ~9..B-!!~ .... --. ----·-·---.......,,.... 
13 

27 1cnG At:t'ic.l fibrillatio11 l:."ra~yme lev,sls rained. 
H y:po tension. '1' w.a:vo 
f.lnt v6• Loft vantrioular 
th"t:rrl B.S. 

,1111 -~ -..-----·-----~,I-.... ~~-_.._.. ______ ... _____ , __ ,,,_ _____ .~ . lffi,lllka;:w!II!•--

_______ poa1; .f?P..!--.... , ... --r. ____ ,,, ___ _......,""'_....,,...___ __ ---·-.....---..... ·----- ..,--··-·->I''"" ____ _ 
t.. trinl fl brilla. ti on l:11eree.s~d C'fi-tr;• Pulmc:mary 

ooder.,1-.1 .. ·-- _ _..~ .. ....._ ... ,.,. _____ ....., .. ______ , 
____ __,_..,..~--....--..... - •• ·-- • q;,.., -·---- oil:_....., -· 

45 Lone A.trl.:..:.l :f:ibrill!'!.tion :lfnzyme lev~la 1•aised. 

----------·------··---:s·--~-.£1;t;.U,OtC;;n~i.~. ----
51 M:i.tral stenoflic AtrllfAl fib!"i:Umtion Ventriculul' fibr.•illation. 

·neath. 
-----------·~---" 11 - .. - ...... ~~~--..,..... is "·-·-~·-· 

60 Cor.11'.'ranep-oai Uon .A tri..n..1 f1 bi"i lla:tio:c !ncreaneid CTR~. 
oedema. "l(I'' 

-""~-·-··-·-· ·-·-· -·-·--......... ,-- --~--~ ,, , ...... .Al,. __ lit ...... ,,.,.._ ... ~.-· --· .. ,. ... ,_. -----

74 Mltral stenoais, 
...... * ct {tO_!t~P .... ·-----··-· .,_ ... 1" ~-~--... ·-~~,WtlililSl)I--~ .. ~ ... ~.-....-~ 

BO Cs..rn:iomyopnthy Ventricul!lr tac.tw"~ i~;.iiyme levels raiRed. 
I:ncreMJ.ed c-;11;.,,. Pulmonary 
oedema .. -------~-!·--·-... --...... - ... --.,1_........,.._.....,...............-, _ _....,..f"',,_...........,.......,._. ______ ,....,.;,,.,,.. ........ --------· 

90 Aortic vnlvo d.:l.a, Atritil £i.br:Ula.tion Cuansins rhytl1mih 

... ..• __ -E.Q.:rt op. ' .. -----·. ·---... Q~t~Jwf:!l er~bt,1!us,!.._~.!J£.:ith_ 

(continued on next page) 
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l.02 · I,cl~.e no, e'hri;mte At?t.1 N.t,l'f.JJ.&tJ.~ liiCNeiN1 Olf!~, P'tl!i!Y!f>n~ -----... ---..... ------~~-· .... ____ _ 
129 Aot1tt ~•o,, ~.td.al tg,<th,f·.. SM41.~ mlb01.~$.i. 

~~f!!9.~~~~i¥!',;~-"'-~~~,J~~.~~~,:~.~~~~'$;~~~ .. ,~~-~'f'--~~~ 

A•t• »yt.te ... 
· 1~6r.-ttt.i on 

'Velricul«:t f!.,rilb:.tion. 
:AC!lf,t(;, pnclJ!at\t-.-f Od.'G'M.~ 

142 .1i~'hl"1111!iC: rt~, ®ll'tmlc ttr-1&1 tt.'brl.l,l&tl(M ~~reltttrd rnJ •. lal.1101'~. 
~~.,._..,~...,.,'oill\""""'-!lt•VY,.~.-;~.11>-...w{,o'~<it,o~·~.:~Mi!->at,!1~~~~~-,..4<~~"""'~~~~~11.,<t'-·•~~Jr.,ii«~~~~ 

Tab];::e37: C0itplie~tto1i.s 1,n 21 pAtlfflt& to)U.~~ 
~~cl'1~®t~c~ c,-~nel.tor ~.1o~M:f'~.. · 1·· 

rm ·'11;. lieart aotm*'-
,~- .... fentJ!'ii!rnlf.!r ec:'t;-o,pia b~~ta., 
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faded a.f't~r ,-4 days. These superficial burns could be 

prevented by the l .iberal use of' electrode jelly rubbed 

i n well to t h e s cin to lowe :c t 1e electric .... l r esi ,;, tance. 

2. ·r;,N'' ""'· ., r" LJ~ (' ,, • .Dl J .L ' .... l.!'-1 :1:_~ 
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,A.11 pa.t ier t s , ::,i t h t h e exo . t :io1 of pat ien t rmmber ll}, 

a boy of 2t yo ar s old , ha t te ir s e r um e 1zvme levels 

determine d one day before tre a t 11 en t -nd one day a fter. 

Usually t e Aerum leve l s of t he glut"mic oxaloacetic 

transami na ~e =lld l !; c t ic cehy dro(:,ena se were neasured in 

each caae but in 10 patients only one was estimated (s .G.O.T. 
in 9, L. D.H. in 1·). 

11 patients (nu 1ber e 8 , 10 , 12 , 13, 14, 27, 36, 45, 

80, 123 q,r1d -138 ) showe d _ a significan t :r-ise in enzyme levels 

following treatment (Table :,8 )'. Patients nu ,bera 12, 14, 

and 45 only had had serum levelo of ~lutamio ox@.1oacetio 

transamir.1.aee measured, but i n the r eme.i rling 8, both the 

S . t} .o. T • . and the 1.D . H. were raised. 

Energy l evel s e ttings of 350 jo ul es or more were 

used in .9 patients. A. ener gJ levt~l !rn tti n.:-; of 250 joules 

wa s used in pati en t nu 1ber 10 uncl 1 50 j oules in pa tient 

number 80. 
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.lll exoept patient number 80 (~entrioular taohyoardia) 

were treatecl for atrial .t1brillat1on. Jro underlyin& cause 

for the arrhythmia o.ould be clinically detected in 4 of the 

patientc:~ with atrial f1 'brillat1o.n (numbers 12, 13, 27 an.a.43). 

The underlying heart con<i i tions in the r,maining patients 

were, 11ost operative mi tral s tenosis in four (numbers e, 

14, 36 and 123), cardiomyopa thy .in two (numbers 10 and 80) 

and chronic ischaemic heart disease in patient number· 138. 

The raised levels usually returned to the pre-treatment 

level wi.tllin one to three days 1n respect of the .G.o.T. 

and three to seven days in res:pect of the L.D.H. 

Elovation of .t he serum enzyme levels occurred as 

an i solated complication in four (po.ti ent numbers 8, 10 , 

14 and 123) but was frequently associated with other 

complications (Table 38). 

2 • I NC •. EASE IN HE.ART SIZE .AND P'TIJJ!ONARY OED]) A -----··-------- -~-- . . . . . 
Table 36. 

A sianifiaant increase in the post-treatment oardio­

thoracic ratio was :found in 6 patients (numbers 41, 68, 80, 

102, 138, 142) (Table 38 ). The increase averaged 4 cm. 

(limits 1 - 6 c 1r1 .~ .and 1 11~u:; inv riably a s sociated ttith 

pulmonary venous en J;Or.rremen t or !rank pulmonary oedema . 
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The increase i n s i ze of the heart in all s ix patients 

usually lasted for -1 - 2 day s and -_ always; r e s _ponded to bed­

res ·t, r e-sta rtinb a di .a: i t a lis pr e paration ·and a diuretic. 

Patient nuribe r 138 who in add i'tioi1 hacl mul ti f oeal ver1tricular 

ectopic bea.ts-· (l~i g .2U.) $Oma of wh ich s h o ed the R on 11 

phenomenon · ( omirk and 11_a:l mer, 1 960 ) was aleo treated. with 

qu.i,nidine, 6 O·me- . eaoh 6 hours over 48 hours • 

• # 

A sys tolic b:i,oo,d ·pres sure of 80 uun . n~:. or 'les s 

las ting -for c;me ho;ur or longex· foliowing s ynoh i•onieed 

capacitor discharge was c1at sif i.e<J. .. a,'s l1ypo ·t~nsion. 
. . . . 

~ ; 

-. Hypo.tension :followed t he treatment in 7 pati.ents 

( Tables·· .37, 38). In all 7, t h e fall in blood pr e s e·ure 

fol,.l~wed t he dire ct . curr e-nt shock and wa s r .. ot pres ent after 

indue,·ion of t h e anae e t he t ie a.nd during t he time interval. 

· t h a _t elapsed whilst t t e pa t ien t was an aes t hetised bu.t 

be f ore the· shock. 

( i) Patient numpe.r 3- d·evelofJed hypo tena ion atter a 
t hird sh9ckv iitfl"a'"n'·~e·ne1.:·gy. level setting· o f 200 joules. 
Previous shocka of 1()0 and 1 5'0 joul es were 11nsuco(3e.sf'ul 
but tl i d not ca us e a f'a.11 i l'.1 blood pre~s u r e. Hypotena ion 
persisted. f'o r 4 h Qurs. 1'1ul.m.onary inf a r ction .. : e ve loped 
one . day afte.r t r ea t ment, and in addj,, tion t he electro­
cardiogram i n einus r hythm showed i nvers ion or T waves 
in leads V 4 - 6 which per~·i s t e d fo r 2 day s. There was 
no elevation of the serwn leve.le of lactic d.eh.ydrogenaae 
or glu."am1c oxaloacetio transaminase. 

.. , 



(li) .l?atient nw.Qe.r 12 who received a total of 5 
eh.ooks of which th,e t·1na l ·~ a s a t wi ene r gy level s etting 
of 400 Joules, wae h.y;potenei ·ve ( H • .P . H0/40 mm . llg .) for 
one hour af t er t re a t men t. I n addi tion a significaftt 
e l evation of t he serum enzyme l evels occurr ed. 
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(iii) Patient n.wn·ber 27 waa ;~iven a fourth shock with 
t he maximura-eriei;gy l eve·i setting (4 ·o j oul ce )" Hypotension 
which l ne t e d f or t h1•ee hours followed, a cons i dera ble rise 
i n the serum. en zy e l evels occ,n ·re d ( "' . G. O. T. 21 - l 6t1 uni ts, 
L . JJ. R. 110 ;,;.. 800 uni ts), t h e T wave i n lea d V6 b ec a1ne f la.t 
a nd on a.u 0 cu l t a tion a l oud l e.f t ve11tri c u l a r t h ird heru·t 
sound was no tetl . 

(iv) atient l~~be r~ .2. was g iven a t h ird shook with 
a.n energy l evel 8 e ttin6 of j50 joules. y po tens i on, 
(B. P . 70/50 mm . Hg .) ,followed and pers i s ted f'or t hree hour1:-J . 
A Bi nl fi cant ele v iiti o11 in th e s e r u . leve l of ·tbe glu:t am1o 
oxaloace t ic trans ami nase was aa~ociated. 

(v) Fatient number 68 received a third shock w1 ·th an 
ene rg l evelsetft:tnitot3 :>0 joules. Hypo t ension followed 
and pers isted for t hree hours; a c h.e s t ra.d i OL~raph in s inus 
r hythm showed pulmonary oedema 'te be present, a o well a s a 
signif i c ant increa se i n t he oa :r·diotho:racic ratio. 

- (vi 1 l?atie:n t nuYt.be:r· 74 was converted .from a:trial 
fibrillation to sir.rue r hythm. following a f our th shock with 
a.rJ. energy l e vol oe t t ing of' 550 j oules. A blood preaeure 
reading of 80/50 · mm . H .,, • followed and p(~rais ted for two 
hours. 

(vi i ) }?a tient nur.(pe.r eo de velo ped hypo tension following 
a single s hock of 150 joules fo r t he t r ea t ment of ventricular 
t a chycardi a . Hy otens1on per s isted for t wo houru. 
Pulmonary oed.ema occur red one day after treatment and a 
s igni f i can t e lova. t ion of t e s er·un e .zJJne levels was n ote d. 

Patier1ta num.bers 1 3 , 't;. 7, 45 and 74 had been e iven 

quinidine s hortly be.fore s yrich r oni sed Qapac1 t o r . di s c harge. 
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( :i.ii) Patient nrunlmr 129 developed a.trial tachycardia 
in associa'tionwrti1n'-:i:'ec·0nt--myocardial infarct. Sin.us 
rhythm was e~rtablished followlnc; a sin0le ehcclt with an 
enOrtjy J.1r,r.el sottin6 of 50 joules. Ant:Lcoagu.lo.n.t therapy 
wa::i not boing g.i ven a't the time. f;j_x hours later a. saddle 
emboluo uccurrAd at the bifurcation of the aorta. The 
circulation was re-estnblinhed, following surgi.cn.l remov1;t.l 
of the embolus t'wo houro later ·und he made all uneventful 
rr~covery. 

Dettth was d.ii'(1c tly or in.directly rela.ti3d to sy:i:whronised 

capacitor ctischr.ri~e in 3 J>a.tients (numbe:r:2 51, 90 9 1;34) .. 

~:here were 3 r)thor patients who died :following syr1chror.dsed 

capacitor dieohnrge (numbers ;a, 64, 101) but doath was no·"(; 

related to the electrical treatment. 

are diocur;sed under Follow-up.· · 

These latter patients 

( i) l:fti:1.~ME':.kc.:r .;5..! had atrial fibrillation i.n 
assooi;;d;io.n with mi tral stcnositi. . Sinu.s rhythm was 
achieved following· a second shoc:k: with .an energy level 
i::1ett:i.ng of 150 joule1-J. H:'.i.1:-1 concti t:i.cm i:n no 'way {,;ave ri~e 
t<.) anxiety after the tree;tment ... · Con.e;tant oscilloscc>_pie 
moni to:ring o:f the elec.,11rocardiograin wo..e umlex·taken for 
'twe11ty ... four hours as part oi' the routine post-trE:!atm.ent 
care and revealed ,,;1. st:11>le rhythm with no ntrio..1 o.r 
ventricula1-; t1oto;)io boats. 'l'hcrci wao no elevation of 
the 1::;c.irtL~ en~yme - levels :followin5 ·fjhe ohocks. Maintenance 
quinidinC! 300 mg. ovnry 6 hours warJ prescribed. V('.n:1"i;ri.culc1-r 

· fi brilla tJ.on devoJ.oped 36 hou:r·s l~.1;er rind failed to respond 
to e:mergenc.v rfH:n.u.,citatj.vc moaf:lureri~ J\ poi:it x;iortew 
examination. { courtesy of' nr. Rceinald. Hudson) revf.Hlled o.r1.l3 
moderate mi tral £Jtenosis (mi tral orifice 1 .. 5 tHl• cm.) er.ui 
despite n careful histo1oglca1 exo.:1ii:nation of the hca:rt 
muscle and of 1;.rH:: contittt:ting tit.a1tlu.e, no evidence of otru.c1~Ul'f.tl 
dumage rcsul ting fror1 ·tho d.1roct cnrr(:)nt shocko could ·tc 
found (Hudson, 1964). 
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(ii) ~..:bJ9~~t..!E!df~~~ ,9.Q. has s,ll:·eady been ref"e.rred to 
under Enbolism.. Her <tca:r..h occu:r:red. oeven m.c:mths after 
the re-er1·tabl:tshme.1.rt ot' sim~s rhythm.. A cez•ebral .cmbolus 
occuri·ed (1ix weeks a.ftf~r ttw trtH1tucin·t during o, praroxysma1 
a"~tack of atrial tactLyca:r.rlia and subseg.uentl.y 1,ersisting 
atrial ftb:r.:tllation r·ecurred ~ · Al thou~h i:10rtic veJ;votorny­
had relieved a.ortic :3t;eno1:.:ds she was lei~·t; with (.!oneiu.erable 

. aortic regur;.;itation.. Pro.~ressive ri:n1t~l .failure oceurred 
ttr;.d she died in ura0mia. 

· ·(iii) f'a.ti(Jnt number 13"r v,as. referred from a hosp::t tal 
at some conf.d.dE!i:;,~:b1~ct·-aTs~taiice f.iway bec,~.use of a v·entricttlal"' 
tachycardj.o. whicl1 had been. preErnnt for two days,. was 
reisistant to ct.rug therapy and had :tollov.ied. an acut,e 
1.u..yocardtal in1:arci; .nl.ne days before. On arriva+ ~yt 
the !fo.tional Heart Hoapi ta]. .he was in cxt;rcmlf; &J:i.d. in 
sc,v.e.re left ventrj.cular failure.. A rapid. von·tricul:J,r 
tuehycardia \1If.it3 pre£-;on.t. .Inm1odio.:t;e preparations we.re 
sw.,,ue for synchroni1c:icd cap:;;.ci tor die charge wi 'thout ana:uu., thesiJ;l!,~ 
Cardie.c arrest su.pe:rv<:1w,:rd wtd.ls't the elee-trodes werc-J 'be:i.ng 
npplied. to the lj.mlrn doripite t}ie fa.ct t:hL:..t vent:rlcular 
tachycardta sttll oceur1•ed.. A single nhock i..y·l th an <:n-1.ex·r;;t 
level setti.ng of .:.>O ;joules synchronii:H~d t;o ttvo:td the 
vulnerable phase, of ventri.cular re;polarisation was g;iven., 
Ventricu.lri..r fi brilla1;ion rHaul ted.. Extc.r.xv11 ccu·dia<: 
maefHige and artific.ial respi:r.a.-Li.on Wfn·e 1t11siinti:.tin.ed for 
one rn.inutc a11d u soeonct shock of 50 jouJ.es, which i•u!.ts 
unsync.hror.dsed., wao i.'&iv'3:n. Sinv.s :rhyt.hm, regu.l.ax· o·t;tie:r 
the11 for occasic•naJ. ventrim.tla:r etitop.ic beo.ts :followea an1.:i. 
a dramatic imp1·ovcment in the circule:t;ion occ:urred. .ltoute 
pulmonary oed.ema wei.s prt:HH.nrt wld.ch I·eeponded to oxygen, 
intra.venous digi talimation, intravenous fcusom:id.e and. 
<;orrection of a. metabolic acidosio. Hit:3 gc11eral oond:L tion. 
con tinu.ed to impro·;re over 24 l.wur~ ax1d .re6 1...t:tar f.)i.ti.us 1~h.y't;hm 
waH m: .. dnt.atneu. car<.liac ·ar..i.·tHJt; ·n,en occurred on~o mol'.'e an,1 
al thou.gh electr;:i.ca.l beating o:f tL:e l:HHlJ'i. was ehown. o.n the 
clectrocc.raiogram the m<rnhanical force of. contruc'tion we.,s 
not sufficient to .maintain an adequate c:1.rcula.tion t,\nd. he 
di,ed de1::;pi te prolonged. a t-t;c.roptn 1;o ma.l:ntaj.11 eJ.1d. support 
the ctr.oulation artif.:i.c:La.11.y. 



J.?aticm.ts numbe.:r.i:; 1;~ unu 27 developed a 10u.d left 

ventricular third lwal""'t sou.mi on tlH: <ley followirtg 

:~he phowJca.rdiogr.o.m 

recorded f'rcm pntient :n.11mbor 12 i~J shown in I'lg .. ;;.2. 1:he 

Infect:1.on was thought to 

huve been introducod at the time of ni tral valvotoiny 

3 wccko previoucly. 
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~he rasu.lt::3 iz:t. tl10 6 ,rw .. tie.nt1:.~ s.'tudiecl .for he;;irt :rafa.l 

ahan~~D und ~hytical work capacity in atrial fibrillation 

lm1 in sinus rhythm are dcto,:Llod in ;1.1able :;;9 .. 

1:1ively studied are d.eta.iled. in Table 40. 
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l!'IG. ::;2: .1;houocardio~rc.1om rucoi'f.Hh.l followint; ::yrwhronised 

caJHiOi tor discluu·{.:;n t-d, ,ned5. um fr eque.ncy ( klt') from 
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Tabla 39; R11sults or heart rate and th• pJ\Yalcal 
1Vork ee,pnci t.1 measu;r,'.ld in 6 pati enta 
f1irst in atrial fibrillation r;,.nd then 
~peated in sinus rhythm at rest 
end on 111Jmrcise 
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Tablas 39 and 40. 

'rhe h(N'..1.rt x·a t,c wao related :Ln a J.ineur fashion to 

The a:vere.ge heart rate at rcf$t in "the 20 pm:t::i.c:n"ts 

during tho i:\l.'ritytJ:md.a was Y:>/oin and varied. from. 50 - 133/m:ln 

l() r;/' ·' (,• JJ 12 ·:,:~\ ::., m.1n \ ,;, ., • . · · • :; ·" I • 

The average het.:i.r·t rate on mr.n:imal -o:ffort during the 

arrhythmia in thH ~::O patient,1 wao l73/min and variri'd fr•om 

130 - 220/min (s.:n. ?e.94) .. 

rate a.ver.9.ged 138/min and var.:Led from 86 - l?8/mir1 {S~D~ 

20 .• 12) when measured at thG max:tmal wcirk 1ouc1 in a ,;teady 

The d.ifferen.ce be1;ween th~ heat"t i·atera during the 

loa,d increaf::ied in smn.~ but not. nl1 th<) J).atients .• 

work load in the 20 p,2 tie.n ·ts. 



MEAN VALUES - 20 PATIENTS 
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Ji'IG. 33: h'1asn heart rates in 20 patients a.t rest and on 

exercit•e plotted u~nins t worK load. 
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fa~les )9 and 4v. 

11'he .h1C 170 uveraged :;,20 lq.,i:. du:rin':., tl:e arrhythciu 

and. varied from 2v0 - lGUO kpin (,;.:).242.5) in the 19 pationts 

in whom e. autlt:t!'actory i:iuucurer.ent could be obtained 

(excluding Patient J.C.). 
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In contrast once sinus rhythm h.t\O. been est:.1blish.ed 

the average h;G 170 i.n the 19 patients was 783 kpm, an<l 

variea f.com JbC, - 1220 k.pm (:.io.1). 246.6). 

the arrhythmiti. aver.aged. 72. O ml/L ancl ranged from: 56. 2 to 

q7· 1:· ) I] ( ,-, 7) ·1 o•;,.:) .:, • ::> m ·I ., ,;,;, , L ., ti ~ q J ,. Followine the establishment of 

sinus thy'thm t.ho average '\rf.\.lue Qf the arterio-venous ox._ygor1 

differ.once was reduced to 69. 7 ml/L. 'fheee figures are 

statisti.cally r.dgnl.ficant, (S.D, l.66, t 2.2, p) o .. 02). 

The mean arte1;:Lo-venous oxygen difference at 200 

kprn/rni.1t wns 103.7 ml/L during; the arr11ythmia and 93.3 m.1/L 

were 119.0 ml/L end. 104.3 ul/L and f::.t 600 kprn/r,in 1:.Wi>7 ml/I, 

durin5 the arrliythmia and 115.4 nJ./L ln cinus rhythm. (E'igo34)~ 

The reduction in the arte:ri.o-vc:uou.G oxygen di.f.ference 

w;:-1,1:.1 c:tue to ·t;he hi.g.her oxygen oonten.t of mixed v,2noue blood 

at rest and on effort i11 elnus rhythm - Table 40. 
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MEAN VALUES-14 PATIENTS 
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/10. 34: "1ean arterio-vt:ncur; oxJger, diff P.rence in 14 patient.a 
at rest atH.i uli exerclst? plotted a.galnst work load. 

conparuole ce;r .. ui ti enc tlur·in" tL.e r...:n t .. j' th; i11 rnai in sinus 

rhythm, c ... nd rJ.eticulouu attcntioh to c.cta.il v:ao taken to 

ensure that all the expired air was collected in the} Douglne 
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bag. The clifferoucc in the volume of ox.1gen uptake at reet 

o.nd on en:ort i'lO~aured Jur.in0 the ar:.r·J.yth1ilia and sinus rhythm 

v1a.s irwiin.i.ficau t., 1'hc .r.:1eun vuluen or oxygen uptake 

n1aasured in the 20 patient8 plotted a~ainot the work load 

is shown in .r'ig. 35. 

MEAN VALUES - 20 PATIENTS 

1700 Ci UPTAKE, rril. 

1500 

i 1300 

I 1100 
I 

900 1 · 

700 0 Sinus rhythm 

500 • Arrhythmia 

300 

0 200 ~ 600 

WORK Kpm/min 

:i:'IG. :S5: ~ .. e&11 oxjbet. cur~su ..... .:/tilirJ. .tn 14 patients at rest 
a....-1d on exercise plo·tted f16ainst work loa4' .• 



r.hy.thm, :,.17 £/min • 

. A sign:Lficmrt di:f:'fcrcnn,; llovm1.r0.r, occurred with the 

200 kp111/rn.in was 7 • .'34 .L/rn.i11 dui:•ing "Glw U.t\t·hy thmia tu1d 

8. 79 L/min in eiuu.s rhythm, a d.iffc:rc::J1CG of jur:t 1.N)S ·than 
' ' 

(i) 

(68.4 rnl). 



MEAN VALUES - ·14 PATIENTS 

15 CARDIAC OUTPUT L/min 
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FllT. 3b: j.:ean c~rdiac outr11rt in 14 patients a't rest an.d 

on exercise plotted against work load. 

ctiifercrtce of 24.1 !11l; co:,1parable !i,.,ures at 6GC kp:m/~jtin 

were 74.';) I!!l. ali.d lv~.7 ml, a. di.t"!"eronce of 34.8 ml. 
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MEAN VALUES-14 PATIENTS 

110 STROKE VOLUME, ml 
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••------• Arrhythmia 
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WORK Kpm /min 

.t?IG. 37: ~.cru.t t.t1·ol.u ?olw ... c in l{ p:...tlouto ~-.t ru!..t ru1cl on 

oxerclcc 1-•lot.Lc{.1 1::..,t~ir1.1t ,.or:. lo:..u. 

ti.1.c c;vic.tc·ucc ,;_1:..·cccnt~d tl.ur f~r ou .~-ctn t~1at in oinuo 

rnythn coraiuc out::,ut ,'.net o ~rokc volu:~o arc oit,nificc.ntly 

incrouuotl uuriur, cxcrcict1. l t ;1rn.; u.lf:.o been uor,onetrntcd 

(Pig.;S}) that tho heart rate io lose in oinua rhythm both n.t 



lt.36 

rest and on effort. The beneficial effects on cardiac 

01.. t put :.:u~d. s t1:0Lc vol u,::o ~a Linur:. l·LJ tiur: 1,i,.) .. t tr .. erefore be 

:.i'ha t thiu is not 

er!. tirfllJ HO i 1: vho:.:n l.a i•'ii .• ;>b in which t.b..:: mean o troke 

MEAN VALUES-14 PATIENTS 
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lt'lG. 30: ~-.ean stroke volume in lll p:-1tients :.\t rect and on 

exercise plotteu at;;ainHt hea:rt rate. 
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volu.me .iE:l plo'tteid against the heart rate in tile 14 pa.tients 

stttdicd, ih oinus rhythm nn.d du.ring the arr.hythriia. 

All other po.ra.m.etarst 

tJ. .heart rnte of 110 - 120/min both. during sir.ruJt rhy'thm and 

in the pre nonce of 'the arrhythniia; the riac, howove·x·, ie 

hir;her in sinuo :rhythm :;.:rid furthermoro the stroke volume 

but is held more coriztr.mt in sinus rllytlun~ 

i?reosure in the pulmonary urtca:•y rosQ front noi·mal 

exercise load in patients G.L.D., rt.C., ~.K., auct ~~T. 

both 0£ whom developed marked systen1:to hypartenoion.. du·ring 
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J!IG. 39: 1·ressure recorded sLnul taueously from p liuonary 
arter.v nnd brachial artery with • .CG lead c.tt

5
• On 

the left at rest, ::;itting on the bicycle. On tho 
.i.l;,),t, uurlr:" tlle &th mir.~te oi' exercise at 

f.A,0 l~p;:/n:i~. l'lie ~.et~si 1.ivi ty of t:le .cu has been 

rt.uuced uurint, the exercise recoru to lessen the 
effect of r~cjiratory ~wing. 
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exercise. Heither had ha.cl evidence of hypertension in 

the past. 

~rhe aignificant mean haemodynam.1c findint'~.e in the 

patj.enta at rest a..nd on exercisi:; ilu.ring the a.rr.hythmia end 

in sinus rhythm are shown. in Table 41 .. 

The resul i.;s :Ln the two patients who were· studied in 

atrial flutter before e.n.d ;1.!'tor conversion to sinus l"'hythrn 

were similar to the results· i.n. the 12 studied in atrial 

f'ib:rillation. 

VI~ FOLLOW-UP STUDlES 
·~-- -11 ill -·.:o.~Wlliill -!tt9"-

.A follow-up, extend:i:.:r::tg over £ro:m '.5 to 20 rn.or1ths haa 

beem m1der'ta.ken in all except 011e pat;iei1t of' the 131 brought 

into sinutsi r1.1,ythm. 

rhythm f'urther reducing tho mmber of patients ·to 125. 

1.. fl~N~ . .1!':LJ:iJlJl§_J.tHY'.JWetJEQ]JtJ~9W~Q..»ll~L~~~. ( .5.5) 

Table 42. 

40 patl.ento are e.1ive a:m:l well and 1.n s;i.nus rhythm .. 

Pa.tiezrt 111.:un;l,er 3fl d:1.ed. :Ln. s:tnus rhythm 2 months after 

oucceaaful synchroni.aed oapaci, tor d.i.soharga .• 
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100 ... 
~~q "f·~, 16 j '),A I . U: 

J.50 :,oo/ 6 ht 
150 -
£29. 
350 
230 -
4C('} 3()0/i.; hr .-.. ~ 

7 mo 
;l.8 me 
16 tit, 
7 JI,() 

5 mn 
15 ~o 
U mo 
14 mo 
14 1no 
l<i mo 
12 Cll1 

11 nm 
9 ll,_t) 

9 
9 mo 

.,... 
iJ ij 

~ t:v 
t~ ;:Sc 

7 ~c 
5 r;o 
9 tiQ 

3 Jl10 

1: f;;(~ 

;1:r t:o 
9 .lllO 
; (j(I 

6 !111) 

4 t;O 



TA13LS 42 ( continued) 

____ ._..,. _________ '"' __ _ 
-~·;c..__...._ .. __.......... ..... .._ .... ___ c ................ ·---......... 

••• •· II t.'\AXlij!J~ 
·:rc:r PA1rn;nT ,. u. ARR1:rt'.fll111''JA u.r:1tR'l' nnnuA.Sm J)URATION OF 

iV1lU~l"rffiJIA 
-~~SlZr,,.,,.,~1 . 

.,lfrt".,,J 11':'·•,'m i -.l.1·,,1.11 lll, ; .~ou.le.$ \,.C&'l/') _ .,1:";,l· ,l." '1. ·,, __ 1m, fc.-,.-: ·-_ iii~._: ............. _......:..--,;; --:-=-••w.W_.......,,..~.--..... 
·-... .;,o.-· ... ·---·--·-····-...-... - .... --·--·.---...._~.-... --.-~ t'tl_L n n 1"L111' r;;u. Po$t op. 1 wk 49 1 149 Cn.rC'iomyop. l yr 52 l 49 I.one 2 mo 

30 
77 
01 
0'. 

106 
113 
10'.) P. rr,tCH 

A:.. J, .>offt op. 1 yr 
l; .T.O 

3 no 
I - yr 
G yr 
7 mo 
~ wk 
9 d 
4 d 
3 hr 

44 N 
5 N 

61 2 
51 N 
52 l 
5'"' ~ t:. N' 
.57 N 
56 ,, .. 

•l 

43 N 
59 2 
9 lT 

I . •. L5~,.A 

··t.) ,.L.,... 

1~:io 
l'iO ,o 
J. 110 1,, 
1;:iD 
1.50 

l(i 
150 
1~:1 

(., 
t ,- r, 

..1. ,JU 

1 t·r. :; . ' 

192 

,.,_,..._~-···;,,,.· . ..............-... --..... ~- --·----.....i 
Q.Ul Ml'Dll,JI• 
nasAor: A'JJ'rrm 
oo. 

... 
}CU/fJ m·• 
;cc/6 hr 
300/f.i N.' 
:,co/6 hr 

... 

.... 
3ou/a hr 

-
150/D hr 
;~.Jj(; lu 

~. 

}(it}/ 6 hi· ,j .mo 

., 
F' 

3Et,a· 

·---- ........-·-~ 
~~o t10 

:; l!:O 

J.6 l'l 
20 ruo 
liJ ClO 

15 mn 
.14 
13 
ll 

9 J''( 

1( 
17 

; mo 
'15 ~(} 

4 mo 

42 
12t 

80 
14'"" 

V· 

A.Sn, Post cp. 
/I.Ch ltJ;Y(')C. inf. 
WVD, Wl.-l'.f/ 
Ca.rdiomyop. 
.UID, ctu·onic 

10 rl 
3 d 1~ :~-.,.. ___ ..,_,-~- ~-.......... ,.,:;,.--,::.~,~ ,............,........,.. ,l~~·-··-"'--............. ~ .... ~...,;. ................ -~,~.~·; .. ~.-----····-.. • ......-~ .............. - ............. 1 

I 

50 l, 

50 2 ............,_. ---·--"'--'--·----·--- ---·---·--------..-.----..-·oiJo.·~ 

G'nly ECG cha:nge:1 other tha.n :di.yth:n 01.· dif.it:aHa efi'e<Jt a:re linton. 

Rner{X}/ levels 1.mrlerlined, deltverod ush~g a.nterc-po$terio:r padC,les. 

'i'i:1hle 42• 55 patients tiho have r,~m'.lirwd i:tt 
sinus :r•}).J thn fl11lowinf; the first 
·t.Mntnent h:,· sy.nohr.or.it:e~ cn:naci tor 
d.ioc1K,Xge. 
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22 pa.tic:nts had had a cJ.000d mltral valvatomy tor 

2 :patie.rrta out of 4 who had had EU'l oJHE:ll operati.on for 

aortic vnlve_ disHase and who o;.1ma in:t;o si.r:i.us rhyth.m remained 

so throughout tht: i'ollow-..-up period .. 

3 patients of 6. with ulcoho11c cardiomyopathy rem.i:a.:l:n 

1 0£ 4 patients with ca1•diomyopa.tl~y of u.n}mo1m 

-aettology remains in_ sin.u(:1 rhythm. -
-. 

16 0£ 22 patients with J.one atrial fibrillatlon rfere 

·brought in.to si.r.me; rhythm; - 6 remain in sin.us rhythm.-

:, of 5 pati.-::mts with ch.:t•on.ic 1schaemic h.ea.rt .di.eease 

remain. in sinus rhytr.rr11 .. 

35 pnt;Lents still in oinus r.hythm had had atria.l 

f:l'brillation fo;r. · up to ·3 years befo;r,e the aleotri-cal 

oonv~ra::ton, and 5 for longex' pe:r.:i.od.e ( 1fable 43).. Ueverthelees; 

pati~nt n:wnber 124 who liad at:r·1al fi'.brille.ti.on. for 5 yea,rs, 

r( 



4 

4 

194 

2 4 4 i:'.: ,, 1(5,) 

l , .. ..,; '~ 
4,, 

1 :t ... l . .. 
... .. l .... 

1 a l l 1{12) 

.. l .. 2 

l ... J, 

1 ; 2 

40 pnt:!an.ta at:i11 :tn oJ.nua ::d~,t'hlu f ollow:i.J.1g 
t.i~ct),tj!t~'fi of atrial f'i'b:1:•i.l.la:Ucm. by' 11JJ7t,ohttold.0od 
C?tipao.ito-r oiao'ha.rge (:ttrat a.t'!ae~,pt) ·t~ show dtix>a.tion 
of ~lf.l.\Vthttiia b~fore treo.tme:ntl, 



and pat5.eztt numbor 67 w:i. th lone atrial fibrillation fox." 

12 ye.ars axe still in sinus rhythm. 

(iii) Heart Size, Table 44. 
. .....¥.+. ,:s-·4 .... tL.~ 

J.7 of the 40 patif)nto still in sinus rhythm. :bad no 

ra.dioe;raphic enlargement of the heart ( Ta.ble 44} arid in 22 

the card.iothoraoic ratio wr~o between 50 - 59% 

(b) Size of the Le.:ft .At:riunn 
IM ............ ~ .. -~ .... .,,;,11;_o.111i~I lllllla~~"'I'~-

19$ 

6 patients !13h,cwed no enlargement of th·<? left atritUii, 

22 had slighi; (1+) erllaJ:-g,cment and 12 modera.t;o (2_+) enlarge­

ment (Table 44). 

than. rhytlm d.istru:·ba.nce or digi'ta,lis e;ff.ect before trcatmer-1t 

( Table 42).. 4 pat1e.n1,a (numbers 82 11 121, 150 and tlO) showed 

B ATRIAL FLLJ'i.l?l'l;R: ( 10) 
..... . i ; .. - . l!Olj:j1IL - Jl "'"', ailoll!i@ 

Tabl~ 42..-

7 patients who. had a.tr.:tal flutte,:, in associatiori with 

an. ost1um aeoundum. atrial septal def.cot surg1oally c1osed; 
I 

main·tained ainu.s rhythm after oucaess.ful version, as did 

one pa. tien t who had hall a mi tr·al val vo tomy • or.1.e who had 



:&1., Post op. 

MlV!lt Pobt. ,op .• 

Ale" oeN!Qmt .. 

l'lartliom,op. 

1.on& 

Pcrnt t~tox .. 

IJlD .. U~nie 

196 

... '5 1 9 l ... 10 12 

.... l . ... l ... - 2 • 

J. 2 .... .... ... ,;., ' ... 

... 1 .. ~ .... ... l. ... 
·~ 9 2 l ""' 3 5 ... 
.L ... 

~ l 1 l ... l. 2 ...i, 

1 2 - .... ... 2 l ~· 

12 l 6 22 12 -

Tf.i.blo 44t 40 1,1at1ents otill in t:1:bll.tS- reythro. foilo-w-in,f 
·t:ttU;..ts-n~n't or atrial tib:d.llr.ition 'by eyneht'onlsed 
capi'tc'itor di~oh~l,'8 (fi:t·l'lt attan~t) to show 1:t,ui 
carfie ... thora.eie ,:,c.tlo and. d~~ of tbe lfll"t 
atrium b~ore treatm~nt, 
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ca.T.'diomyopathy nnd one pc'ttient in whom a.trial flutter was 

Atrial f'luttE1r· ht1d been prc$1:n1t for one :roar before 

treatment in ;; p1;;1,tien1.iD (nu.m.1;>ers 149, 6; and 81T and, ttrc 

6 years i:n. patient numb~Jl., 89, bu.t in th,e :;:·emainder (6) 

atriH.1 flutter hail 'been prEHH::nt .for relQti.v~ly short 

peri,o,ds of ·time .. 

patients and exceeded !'J5}; in a further 3. 

number 30 t the rGi.'tio was 61}: .• 

In pa. ti e:n t 

The radiographic size of th~. left atril..ua was not:omal, 

(N), in 6 of the 10 patients, watt; alig};H;ly oi-ila:rged, (l+), 

i11 3,. and mod.aratel;r eru.arged., ( 2+} • .in 1 .. 

the 7 patients wl19 had hr:ll.d a.n ostium aecundu.m. atx·ial septal 

defect surgically cloecde 

ovor the erur.fa.ce of the right ventricle and 1 ( pe,tient 

nurribe.r 77) had 1".ight ·bundlr:: branch. block .. 

~Publc 42. · 

, patients -of 8 successfully brought into sinua 

:rhythm r~me.ined alive an.d in sinus 1~1Jytrun at the end of 
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the 20 months of follow up .• Patient number 101,, died .in 

sinus .rhythm one wtH~l1: s,fter ou,cceasful synchronised capacitor 

discharge .. 

septal. defect surg:tca.lly closed. J.. tr.ial ·tachycardia vm,a 

present for 9 days before treatment, the cardiothoraoic ratio 

was not increased· and. the ·lef·t atrium ,vas not enlarged.,, 

Patien.'t number 42 had had a rocent GJ1terj_or rnyoca:n:lial 

infarction, atrial tachycardia had. been present for 4 daya 

b.efore trea:trnent and co.naidert:ible . enlargement of the hea:rt 

a11d le.ft atriu.m were shown radiographiaa.lly. 

Patient num.ber 126 had had e.triaJ. 1,it.chycardia for or1ly 

White Synd:r:ome in associe,t;i,.on with cor.i.t-;eitd tal aortio valve 

disease, th.e heart was not enlarged ra.d:.togr·aphically and the 

EOG allowed only cho.ngee of her aberran.t oondtwtion .. 

Two :pa'tlents (nm:1bcrs 80 rm.<i 145) :rern.ain illive and 

in sinus rhythm at the O?let of the 20 months (lf follow up. 
1:. 

auuoess.:f\1.l eynchrord .. sed CC(()Q.Gl to:r 8.iccharge. 
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Patie11t rm.mbe:r OOwl::o.lm Cf;l.rdiomyopa.t,h,y had ve.ntr:teular 

tachycardia - present for 10 ciays before treatment.; 

car•diothoracic ratio was :501~ au.d tho left a.1:r.ium wile not 

enlarged radJ.ographj,.cally. 

110 clintcal or eleotroct.:1.rdi.ogra:phic ev:i.d:e1u)e of recent 

myocardial infarction~ 

The 

for 3 days before tr-eatment; consid.erable overall enlargement 

Gf tht? heart was presen;,, (C~rR 58;;) ,. an.d moderf.rte, {2+), 

enlargement of the left· atrium ehown radio/iraphicall,y .. 

. . 
2. I'ATimtT~l IU WHOL. Tlill ,\TdZrrY~HMIA HAS RM1UE.HED ( 7()) Tal)lC 45 .. 
~-~ ... -~ ... --.. ~,,~~-~~~·~.-_......~~--"'"'~"-'~ 

70 patients ( 56:,~) of 125 available _for lot1e te.rm 
. 

follow-up studies have :rever-t;ect. to their -o:rigi11al arrhytlLJn.ia 

( ~rablei 45) -• 

Reve:r.•sion occur:re<l. imme<l.iE,te1y after the electrical. 

conversion, 'by tile en.d of' th.o .tirs't rn.on.th t)r later hi. the 

· follow up period .. 

( i) l!E!tJ!!d;a. t~~J:y __ ]'Q.llp!fJ.:!!g _§,Y!1.~}FOE~2~~k~i1.:SU~~-fil...~ll~1t·12 

(9) Table 4-6. 

sinus ;rhythm. was 

maintained o:ruy tem;i,ora,rily { 2 beats to 2 minutes) t'o11ow1n.g 

<;ii_ 
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TABLE 45 
- ' 'I 

' ~ 

PATlEC-1' lDlfRA'l'lOtt ()fi.1 
,. EOG , ac, ·.t~nm " "'nil·· 

NO. .. MUUtlTHHIA 1fr.1'J!T Dl 8r!A8R 
Atillli!'lliiHA. 

' 8 'f- ----~ ........ -"°-
__ ., 

... Jf. - -~~.,~ 
' l il' t.!$ Foa ·l. 011. '( 1;: t) f;O l 

4 16 p: 49 .l 
1 4 ,,. 47 1 

19 3 yr 55 2 
22 1:, .. - ;(temii/o hr 5 5 re.o 50 ~Vt l ~O 2, 9 Ill() 51 1; 1.50 3D('li'-f",/U hr 11 mo 
;; 10 ~p· 62 l l J 150 'f/JCmg/ 6 hr .for ·5 rno 4 
31 1 yr 55 21 tvJ F D $\" "' I". I(: h..t" .If> 1'"' 19 -:!t!i. .., •,., ,.rTig/ > .i. (}t' ( r.10 
52 3 y:r cO 21. I tYt ~;o ,oor:,c:/6 h.1:· 5 
54 19 mo 50 :z: liti·,Rv'+ 150 "IN · ip } f 't1 t/k 3 mo ,,..,.;.;t;J 1 11'.' or .. . . ., 
57 9 YT 54 2! l"Vt 3.50 300m~/a hr. 9 mo ~, 

l-?: }rr 19 10 YT 49 1: 'QVf • .RBiID .4uo - .., 
67 2 yr 6; 21 Inc ftlilJB 150 ... 1 mo 
88 24 d 47 1' lrib mum l' '/\ ... '7 r.:o ,J ..I 

96 1 yi· 56 2 . t~l+ l ~Q .. a !!lo 

98 14 mo 57 2 )5.(l ... l mo 
lOD ll 1)".(.) .55 ., 

t f+ 150 • 5 mo .. 
110 1 yr 52 l · '.150 - 6 t'l!J 

ll5 5 ur 52 ?. 150 ... 1 hr 
12; l :,r 61 2 ;50 .. 1 e. 
1:;; l yJ· 59 2 1 Rf.2. .. l 
137 4 mo .S9 l · ;jO ... 6 Tik 

69 
I 1er,~~/s 11:r: M+ Ji.Dill ,. f,c,43 t op• 6 y.r GG ,. r,v+ l~jC 2 'll10 
' 6 ,rk 90 AOvn, Pt10t OJ>• 2 mo 6, 2 LY+ 150 ... 

12n "( cl (4 2 • Ji\7t 100 ;crsu.1; 2 h:r ~--35 ·, MS 2 Jr 40 l ! :1:;o 12 ;roe, 

41 4 mo 41 11 ~~o "'fl. A('<·rrwJ 6 hr 3 d 
I 

.~.;;-~i,.il y- . .c. • 

45 
; 2 : LV4, -· 3C\"'»u5j(i hr 10 mo o rno 49 n J;:iO 

55 l'I H mo 60 2! l.,V4 2~;0 ,~ 1; !tr' 
59 4 mo ~ 2 1 )l)(i!,1 ]..)Q .. ')C' : tr; , 2 wk .;;t .,rt,$:r .1 .!lr 
32 MJ .. tfl Z :,r !,O 2 2!)() 'J;OOn11F· \)t' 1 no 

( 

6 c1 10; 5 llO 52 2 • 250 ... 
I l'f Wi .+~O\fll 8 mo 50 2 : 'l.Y1• 150 3~/4 ht' l mo 

24 2 mo 53 2 1 LY.:, 250 l F.iOmg/ 6 }11' 9 
4C ; rao 67 2 . LV+ ,RV-t· 150 300:n8/ 6 h.~ l mo 

116 2 yr 41 1: tV+ 150 2 .• ... ' u 
117 ,., 

57 1 1 L'fi•,Rtill ,150 - 2 min ..I .:r.o 
I 

2 Alo. Mrd1o.my. 15 'tll() 54. 2 I I! iv+ 2~ 3U1mri;/O hi" 4 !;,0 

10 I. yr 47 l i 25{) 31JCmfi,tu bt• 3 tM) 

76 14 yr 51 l l ,1GO ... l }ll" 

92 Ca.rditm'J,1()J.>i. ; mo 55 1 tY+ 1,0 ... 4 mo 
100 6 mo 50 l i i 150 - l mo 
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fABLE 45 {continued) 
........ 

....,_..._ .... _ _.,._ ........... ..;~------- _,, ~ ................ -....-.. ' · ' ----------· ....... ~-,-.. .. ....,.."'i"I!..., ...... ~ ......... __ .,.~ ......... -...... ·• ...J 

ARtflf(THMIA HF.ART DI:3EAGE 

Ec;:G 
H1ItAT10ll OF .....J.,.: . 

\}lNf\'1'1~A - CTR~ I&FtJ' . A'f:R-ilJM to. . PATIENT 
r.o. 

- ------· ---·~'• 
· . __ Ii-J ~. :·. :. IJI...._J ___ ........ _Joulou . ..._.___.._.,_...... _____________ . 

3 
5 

34 
48 
Gl 
63 
9l 

105 
120 
132 

9 
29 
95 

142 
53 
68 

146 
2(i 
H 

107 
4'1 
50 
66 
31 
70 

129 
143 

72 

l\I!' 

A PL\m1 

A '£1,'\(a{ 

V1l1 

.one 

ADl>, ;0~1 t op. 

nm, chroni<! 
Syst . hyp ., 1,­
Cor . Transp. 0 JH" 
011Rt:r. carcH.o 
tone 
ASU, ,µost op. 

SyRt. l\YP•' )fl 
IS'IJ, :.Pu.lm hyp. 
Dystr . Myoton. 
rs. ~r:iost op. 
Lone 
Ao.myoe .inf. 
Digj.talis 
nm, chronic 

3 yr 
, mo 

2 wk 
19 mo 

4 Yl' 
6 "Wk 
4 mo 

l} yr 
5 .no 
6 fiiO 

::; rno 
7 yr 

11 WO 

5 YT 
1 yr 
3 reo 
2 wk 

W y.r 
15 mo 

3 yr 
1 yr 
H ti 
3 ii.I) 

'f mo 
3 ruo 
3 a 

ll d 
J. d 

__ ... ---..,. ...... ·~--............. ------···--··--.,,,-.... --·--_)I, .... ,·- ....... --.-~--

5:i 
40 
50 
50 
44 
50 
49 
42 
41 
~':.I ;, ... 
53 
!;6 
62 
48 
61 
51 
54 
48 
.50 
54 
54 
64 
46 
64 
5" ,J 

57 
:;6 
50 

l·ioG - Qnly ohant,cfJ (lther than rllythn or dig:1.tolis effect ar.~ listed, 

t<:nergy levo1s nn<Jer.linod, aoliverad using antero-pooterio~ pad1.U'1& . 

l 
ti 
l 
lT 
ti 
l 
-.~ 
.1.'t 

N 

N 
N 
M 
l 
N 
2 
l 
l 
l 
l 
1 
2 
3 
.N 
2 
N 
2 
1 
2 

J 

r+ 

tnm 
'JJ\31! 

J.uq !ls.SB 
LVt 

,l"il ~ Lili EB 
Int.1.nr. 

2GO 
50 

250 
,150 
2!)0 
150 
?'.iC 
25·0 
150 
2.50 ., 5-n J. .1 

1:00 
r;{) 
?C ', t:;..':!h 
150 
~f;'(\ _,-Jv 

1~.Q. 
1,0 ,r..., 
' ! .;\ 

15,,; 
150 
l~O 
150 
J.~{) 

r;-~j ............. 

50 
52 ,;;,, :;> ,, 

3CO;;.g/S hr !e:- ·t m. 
... 

300:ng/0 hr 

-... 
-

;i0(1,,.v;/ 6 hi:-

... 

... 
7.N\... Ir 
,:>v....,1.1{~ ti hr -... 

... 
"!(){}.,.,t-,/ p '·1'>• 

'"~t.li ',;) ~ .-

10 

10 J!k, 

30 min 
1 yr 

15 hr 
2 d 
4 d 
l mo 
l I'!() 

5 11.tn 
lt; hr 

:3 !'10 
, wk 
6 (1 

6 hr 
15 mo 
4 mo 
3 wk 
3 mo 
1 yr 
8 mo 
9 t')O 

'* 9 mu 
14 .mo 

l wlt 
2 d 
4 hr 
3 hr 

_ . .,,,..-~ ..... -~ .. ,-.-~ ...... _... ............ -. .... ...... ,.., . ..,.,.,-................... _ .......... _. __ ....,...,..,.. __ ,,.,. __ -..i<i·111,..,.1"-·~......., .... ...._~*"""'·-~ ..... -·..J6.-~ 

'i'aelc 45 r 70 JJaticntn who haw1 :tt'V'cr·tcd to thci.r 

.:.rrlvtlrt..'iin .f'ollmrlnc r.uceossful t1•cetwont 

t1J OYJ'lt:hr-cmised c,'.tJ)U d ·t,o:i;, d.ioohare.e .. 
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!ABL'F. 46 

~·~~---······ ,,, .,. 1!911 ...... 

UF..Atrr 1xr:su: tiUllATlON OF 
AlWl.iY'PB'Jl! f.1 

!i. ) ! .,... ........ .....~ ·---~~- ~ 

:t.Ev""Et 
:J, J .... uiea 

u ,.·-c-;T1f ,I,. _,...4.., 

....,.__..,.._ ................ ~ .................... ~_,,,,_...-.----...,~- ..... ~·i~~,"lt.,,.,,.;i,,' ,.i, ................................. ...,,..~....-..,-""M,.--,. ~ • ,.___,~ ~ :-~--,-~. - ~,-~_ ..... _....,....._ .. .,. ......... ~.,,,, . .....,..,._.,,.,.,.., .... ~,~-~ ........ -----.... 

,., • F<Jet c>.P. 115 yr BR fc,· 

SH f·~r 90 t"dn 
---- -- .......... ~~~ ................ ~ ..... _,......;..;,,....,... ........ ----~~-· • ~:i'!:.., . .,._ ..... ____ _ ,---~-....--·~ ........ ·-~-·----··~.......,..~~ 

5 Al? T,one , mo ~ ... t ft,:r 5 be..;.to 

·~-~._._... .. ____ .-..., _ _.., .. ~ ........ ........ _ .. __ , ~Cf) <'.'Th fo 7.f\ -.1 

-· •• - • ·----~ . 'f',lt ... ~, . :r :;" ~n . •I! ... . ~ • , ...........,,_,. __ ......,,........,._~ ... --.... ~ -----
1 Al~ 

A-\ ··~ . .,-d p • 6 :rl' :;so SH :f o.r 20 tiec 

Fnil 
................ ~ .• - ...... ~ ~ .... ~ .. ~--- ................ ~ ......... _ ... _~-~~-.... ......,....._l,~"'·~.- .... ~-.,.....,.... _ _...., _ _ .,... .. _______ .,._..___ .... ......,.....,_,....,.~ ......... ,_:,~·-~ ~· ~···:: . .,( , iie1olia _, ; ~·- .,..,..,.<41._ __ ,t,_J_Y_,,,,......... ~ ,...,..._1"f>, ~~ ..... """"""' 

5'( &' r:s . 'f'ost op. '9 yr 

~~,_. ... _._............,.,!':,,,......_·~·..._,,.. __ ,.,wiio.;,._ ... _....~:·'-~,......_-~-.~~-~ ...... -~, 

5 
\ ;, 
t.u i;.::; . Po:lt op. 9 :/1· 

l"t:. 

---------· ....... '!- " ~., ..... .,.,.,. .............. ~~ t ......... -,,1~.~ ........... ~_.....--~_ .. _ • ., 11111.. .. ., : 

65 i-aci1y V;ll). VJr 9 d Yr,n 

l.Ji( f ,;;;x ;50 oe, to .u..l?lU:t. 

250 \. . 111ut 

3SO ;R r:,aJntMncd 9 mo 
.•. , ,, , lilli .. ...,,,,.-.~__,,, ...... ..;....;._..._....,.._,.. __ .""""''~• .. , . ..,.,.._~,.,.-... ___ ~~-,,. .• . _ _......,,.j 

~ ,311 for 2 beats _..,. .................... ___ ;............... ~~""........,.... _.,. ____ "' 
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synchronised capacitor d1$cha.rge (Table 46). All patients 

were be:Lng treated fox·· a.t:i:·ial fibrillation except f-or patien.t 

numr;er 65 wh,o hf.td at:rial tachyoardi.a. S:!.x pat1entm with 

atrial fibrillation .had had o. closed mitral vnlvotomy 

per.formed fo:r m:i. tre.1 stenosis and in two the o.rrhy'tJ1mia 

was una.ssoc.ie..ted vd. th clinical. evidence of hoa:r.t disease. 

:i:he pa'ti~p.t with r.ttrial ·ta-chy,Jardia had a haemod;rnam1c~l;r 

unim90.rtairt ventric:mlsr septul defect and ·the Wolff-Parkinson-. . 

White Syndrome. !l::ho ~,reraee duration of the arrhythmia weu-1 

81t yea1"a, exc1ud1nt; the 2 1nitients wi·th lone· atr;i.al 

fibrillation a11d the pattent with atrinl ta.ehyeard:i.a .. 

Quinidlne was used in 2 patients (numbers .57 an.d 65) 

immed.iately before synchronised cnpacj, tor• discha:rge. 

Tho energy level settings to aohiev'e sinus. rhythm 

varied .from 100 to 400 ,joules an,d. in 6 ;putien.ttl was 300 joules 

or more • 

. Patients nu.:mbero 57 an.d '79 v,r:~re u.nu.suo.J. in th.at s:i.nue 

rhythm was immed'iately foJ.lm,ed. by atrial flutter. Thio 

rhythm was followecl by ntrir1l fibrillation 1-g- hou,rf.J later in 

the c~ii:;e o:f patlen't number 79. J?atien t rru.mhcr · :i7 i$ the only 

p~. ti£m t in this group l:n whot1 oi.i:1.uH rhythm was rn.tdntained. tor 

a coneidcl;'able 1ez1t;th .of ttme ( 9 months) following a .further 

shock at a h.i.g:her energy ;Level aettit1g., 



n) f.J1..t.i..911t •. E.Yl!l~::;.'. •. ,.6;2_, u man o:t' 25 yeare, had a. 
ventricular ceptal uefect etn.d the Wo1f'f-Paz·kinson ..... 'flh.:t i;e 
Syndrome. He suffered attacks ot sup.ravontricular · 
·ta.chyc.artlia of itH::r<ta.ting t':t'EHfuen.cy rind r;evir~ri ty ov01" 
three yeo.:N1. The resu.11; of treating one attarJk \'ti th 
,~ynohron.ised capacitor discharge io ahm•m ix:i. Fig. 40., 

1_ ..... "-'""';'""''""'. 11·11.11111 

Ii 
\•' -, D.C • .aowAn.SEC. 

~ •:.. . 
' f-+ L 

1, 1 ! li'i ,-

' 

FIG 4.0: t\ynchronised capa.c:t tor discharge, 400 .1oul~:HJ ·, 

used in the t:reat.rner1t of supravE~ntriculnr 

·ta.chy.ca.rdia.. Pollowtng the direot cu:r.rcn t 
ahock sinus rhythm is .Pre.sent but is replaced 

204 

by a rotur.n of the rsupraven'trici11a:r tach.ycarcl,ie. .. 

l"G bec~.mo a matter of clinical urge.ney to control tho 
ar:d1ythmt~.; llYiJOtension and circulatory collapse we:r.e 
present. Synchronised capacitor discharge was repeated 

· following an. intruvenous tnfusi1;:n of 600 mg. quinid.ine 
given over }ij minutes~ CF'ig.41;. Sinus rhythm was 
mai.ri:tained for !, days only, <.teapi·te me.inten.an.ce qu.inidine,, 
Subsequent a.t·tc::nnpte to astabli.sh. sinus rhythm v-d. th 
r:1yncii.ronieed. cupstcl tor <.lischarge failed despite precGdi:Uf~ 
intravenous qtiinidi.ne •· 

' 



1.i'IG. 41: Synchronised eapa.ei tor ai•cbarge, 400 joulee, 
.1,>receued by 6vu mg. c;.,aiL.id.in.e in traver1oualy in 
50 .al. 5,::, de:rtro1:1e o..-er 3b minute&. On this 
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occasion sinus r.t1ythm was maintained !'or 5 days. 

b) Patient number 5, a girl of 21 year•, had atrial 
fl orillatiu.t& uuaot:tociated with clinical evidence of heart 
disease. Synchronised capacitor discharge resulted in .;inue 
:dl.Y thu1 o! short ~i.4.ra tion ai:t~r shoc.lu; of high energy level 
aetting. A sho1 .. t P-.H interval (Q.10 eea.) bat a normal "t,k.S 
corn.ple.x ,Hire uo Led. iu ailluti ri1.rthm. Au electroca.rdiograll., 
sta.ndnrd leads only, Ylhich had been reeorded at another 
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hospital at the age of 5, was ma.de available to me thanks 
to the kinchrnt1s of Dr. Dyne1,d-Kle:!n. A short l'-h interval 
( O .10 sec.) with normal .. ms complex was a.loo present at 
that ago (l'j.~.42). 

LEAD l. 

r-' 

I b.; 
1 . 

PIG. 42: 1aectrocardio~ra.m, leaa 1 

a) At 5 year3 old. 

b) .At Z1 yoai.·e old, i:nm.edia tel.) following 

synchronised ca.pao'i:tor discharge. 

130th records show a short P-R interval (0.,10 eec.) 
and normal ~rl.S. 
Sinus rhythm waa maintained for only ;o minutes 
after electrical conversion of atrial fibrillation. 
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( i 1.) G=!-.t....l'l.in tho Fiz:n_~ t 0!1_t1'. __ I'.9l):.0I~iJ1 :i.. l!Y..n_c_hrp!lJ.!\_ed_9..£lE!.!,.CJ:..~.?.!: 

.PJ:.!_:J_?!1_nJ'£,._C_ : ( 3 '7 ) • 

to occur ·i t;.1n t::.c t.irl t 4 · .. oe\u follu~;i.n,..; ._,uc:c.;caoful 

37 of the 

1 40 NUMBER OF PATIENTS 

! 
I 35 

I 
I 30 

I 25 

20 

15 

10 

2 3 4 5 6 7 8 9 10 11 12 13 u. 15 16 17 18 19 20 

MONTHS FOLLOWING SYNCHRONISED CAPACITOR DISCHARGE 
-~~~~~~~~~~-~~~~--

iIC·. ti ;i: 7' · - t · er t \ ·, · r' - · · ' \..,, ._Ji.... .J.. J. ,.J .... ..a.l.l ..... ,.. I .,. ,., ,. ' 

t:.rrJ1.ytJJI .. in. follo~·in. '.1~,cc-' ::"fl1.l '.',, · c'·ro,1.ioed 

ct.ye.cl toi· ui:::c'~o.r ... .J to ;.;.1.o-.·. ti,e 1 ... tL~.be.r of 

rcverciono p-;!· ::ontb over 2(; r.:01~tll.r-. 

j 
,' 

l 
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70 putio1:..to ( 53, ) ht a rcve:r.toa to t1Jt! or.i:3innl arrhythmia. 

by the e1;.d ol tho lire·~ month. .i.'urtherrnoro, trio hi&.iest 

ir,cidcnc .... • of reverLiion occurz·cd wi tHin the f lrot dny n1'ter 

the clectricc.l t1'CBti .. e1Lt {.h'i~.44); l? ;.>ution'to (21.:) 

reverted L.f Uw <"Hcl o.: t,lc fJ.rot cloy i..;.nu a further 8 by 

the or...d o.i: t~v ilri t t.cclt. 

,-----~~-----------------
,, 

NUMBER OF PATIENTS 

15 ._ 

10 

5 

0,__,_ ____ _._ ____ _,__ ____ --1-____ _L_ 

Old 1 . 2 3 4 weeks 

TIME FOLLOWING SYNCHRONISED CAPACITOR DISCHARGE 

;. l) • f:·4 ; iiW .L : c.; 1 .. :.1. .t·,, u.C.. ·- rL. \., IJ f ~ . : '-' -4.'iLj_.iL.l t..:...1.' .. ,:~ L~· tkr.ia 

ti:t.rin: t:v, ?irL t · ~01,t'l Lft~r t\, r,·cLro ... dcou cn..µnci tor 

<li a cl.1.u.r·.;o • 
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(;;3). 

From the second month of' ma:i.ntaine<l sinua rhythm a 

slower .reverr:3ion :t"ato occu.:rred oo that betw~~en 'the begirn1ing 

<>f the eeoond. and the end ol' the twelft.h month, ·the 

mouth. .Between tiH..: t.h1.rtecnth r.u1d tl-7e.utioth mo.nth of 

foJ.low up oiily 3 pHtients reverted .. 

in sinue:J rh;ythm during .file.ch month of the 20 mo.nth follow-up 

is shown graphically {Fig.45)., 

as remi.lim.Ht in. o:tm.u:~ rhythm ... 

59 pa.tiei:1te reverted to £itrial :flhrillation during 

the follow-up period., One pa ticnt ( n.uml;or 90) died. 

Eitrvc1"'al months afi;er reverting back to s:t:r:i.al fibri11atiorJ.,~ 

per1:ormed for mi tral s tenord.a. 2 patten.ts <nt1: of 4 w:ho 

had had. an ope11 opel"ation · .for aoriiio valve litimease reve.r-t;ecl 

back. to atr.1al fibrill$.tion. 



130 NUMBER OF PATIENTS 

120 x--x Sinus rhythlT) 

110 

100 

90 

80 

70 

60 

50 
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30 

20 

10 

o--o Reversion 

X X X X X X X 

O~-------------------------2 3 I. 5 6 7 B 9 10 11 12 13 14 15 16 17 16 19 20 

MONTHS FOLLOWING CAPACITOR DISCHARGE 

FIG. 45: ~'he nv..::._,bor of pat1cntc re:1m.n1n5 in Bi11uo 

rl1ythm c.nct the nut..:bcr in whom the o.rrhythmiri 
recurred durinc euch month of the follort-up 

poriod. 
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All 13 :pat,ients who hacl pos'l~ o_pcra:eive tnitral and 

rwrtic v~1lv0 dieeaoe i unopo.r.aterl. mi tra1 i1tcno1'JiS, m:i.t:r:·ti,l 

regurc.:t tt\t:i.011~ m:i. ·t;rvJ. r;tenosts a.ni:.l re,;u.:1:·gi ·t;a,t1.on or mi t.ral 

and aortic va.l ve d:ts¢ase reverted. to· atrial f:tbrille.ti.on. 

; of th.c G p;:;i.ticn:to ·who hud alcoholic oardj.o:m;yc;>pa,thy 

r<:vertod ·t;n a;t:rial !ib:eillc:d;ir,m .. ~ 

2 o:t 4 p.,1ti.ent6 vd th caruiomyopathy r11ve.rtod to 

at:tial fibrill~ition. 

10 of 16 pat:1.ents (63/~) with lor1e atrial i'ib;t':illatio:n 

reverted 'to the arrl,.yt;hmia. 

JUl 3 patients who hfad atrial f.i.bri.llation i11 

o.s::rnciatio:n with sursical closure of an os·ti.um oecunclu.m 

atrial sep·tru. defect reve1•tcHi ·to tho:tr .arxl1ythmiao 

l pnt:i.ent ou.t of 5, wtth chronic :toehaomio .heart 

dtoo~ae rovtn·ted to atrial :f:t br:U.ls.tion. 

J?a:tj_.Gnt number ~3. who had u;ystemic hypertension rui.d 

ml tral ret:;-,t,lrgi tri-t:i.on, patient nmnhcr 68 1.vt th cor:e(,Je1,ed 

tr.i:...ns;1of.Ji tion a11d reL;;urci tutiot1 of' the oyB·tem:tc · 1;.1.trio­

verrtr.j_c11Iar valve and p11tient number. 146 with o'bn"tr1J.ctive 

cax·d'."1.om~vopa:thy o.f tho ·J.ef't ventr:tcl<a ail rever:ted to atrial 

fi br..illa t:ion. 
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:,o patie.nts had. had at1"ial fib:r•;Lllation present tor 

periods in excess 0£ one yeo.r.\l' 14 !or more thru1 J years attd 

7 for more than 5 years ... in 4 of whom atrial i'ibrilla1tion 

· was present for lO years or .mo.re ( 1able 4'7) + 21 patiente 

had brien in atr:i.e.l .i'ibrillat.1011 f()r up to 6 months befoJ:-e 

treatment .. 

who had FEr,rerted to the duration 0£ n:tr:Leil fibrillation 

be:f.o.re treatment is shown :tn Flg,46. 

(iii) !!A~ S:::i:,z_~.: Table 48. 

a) Oardiothorac.ic lia:tlo: 
'., ...._.....~~~ 

44 patients in. whom at.rial fibrillation that was 

ass<>ciated with under.lying he.a,r·t diaease recu.rrecl b.ad a. 

oardiothoi~acio ;ratio of .more than 50,~ ( 'cable 48) and ll had 

oonsideral1le enlargement o.f. ·th0 heart, (oo.rdi,othoracic ratio 

in Gxoeee of 60~;,). 15 patie111te had no ra.diographie enlarge-

1r:ent of the heart 5 of whom had lone a.trial fibrillati.01111 

file .relationship or the percentage of patients who 

have reverted to tl1e oc-trdiothoracic ratio b.efore treatwent 

ia showr1 in F:tg.47 (excludin,g patients with lo.no atrial 

fibrillation). 
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TQJ,le 47 t 59 p!Jiti~tm who l't':Vt')TtelJ. w 'atna.,\ tilr.clllati<>n 
folJ.t;.1r.rlnt-r tho 1t1:£1t~bl.t0tm:0n.t .. t'tf olttua :r~'iibm b3· 
C\yt.tcbl'i')D,l~G(l ov.p.e.oj, tO't' :OiiitCha.r{iO to l:lhOW the: 
tlu;tt1;l.tio.n 0£ t1.:tl:-:ia.l t"'ib:iril1~;;io!l b9fore trea.tme.11t., 
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~rable 48: 59 p1:ttient~ who r~v(;rtetl i;(; &;tl:'i.al .fibrillation 
.foU.ol'f.1-n~. tho QiJitabliG~~nt or s'im.w :r'h;thtt lzy· 
r.1¥1.l~hron.5.a~tl oapr.«:.:ito:r dise~ge tc abow th~ 
cal'd..1.n-tb~raoio :t-a·tto &1'.1. vizs ~,r t!ua att attium 
bofo:r.e ttea:tment.~ 
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to r.tr1t.l fitn111G. ti vii rela·Lcd to the ca,:-clio­

thoracic ratio ~ .. before synchroLiHed cn.,"nc:t tor 
d;i.scha.rge (excludins patients with lone atrial 
{i L1"illa:~iul.1.) .. 
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10 pati~nts (:J:t1ble 4U) showed no enlarge.ment of the 

left atrium radiographica.lly, (!;).. .... of whom '7 h$d, lone 

a trial .f :ibrillati.on, slight enlar,~eimen t, ( l +) , was pre se11 t 

in 24, m.odar.u.te enlargemen.t, (2+), in 24 and. 001.'llil:iderable 

f.H:tlf.irg.emem.t, ( 3+), in l :pai;ient ( pa/ticnt numbe.r 69) .• 

31 patients show,Jd electx·ocardiog:raphic changes 

othe.r than rhythm d.;iatu:r.·banoe or digitalis. effect be.fore 

treatment ( Table 45) .. 20 patie11ts had evidence of 

hypertrophy of one ventricle 0,11d in a :further 2, bi.ventricular 

Evidence o:f right bundle bra.1:1.ch 

block or delayed activation over the surf.ace of the right 

ventricle was present,. :ln 10. 

b) Jl/.l:RIAL FLUTTER 
....... ... ~ . ::& .(j ......... .. ,ljl .... .M. 

(6) 

2 p.atients. bad had a.n ostium secundum atrial se11tal 

defect aurgi<Htlly cloaed. One patie.ut had atrial f.lu.t·tor 

une.ssociated with clinically detectable heart die,tilase, ,one 

had systemic hypertenoi.on and mi tra.l regurg.i ta.tion, one a 

ventricular aeptal defect .and pulmonary hypertension and. 

one dystrophia myotoniea* 
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Patient number 28 with 111.one« atrial flut.ttlr 1:tad 

had the arrhythmia. p1~e,sent for 18 years be.fore tret1.tment; 

patient numbe;r lO~l for 3 yea.rs, patient rmmber 18 for• 

15 mo1:1t11a &.YJ.d patient :m.:1.m.ber 4 7 f'or l year. Patient 

number 66 had had atrial flutter ,pramm.t £or 3 months, 

and patient m.unbf:r 50 who had a ventr1ou1ar se1rta.l defect 

and pulmonary hyperte21.aion for 8 de,ys .. 

The oardiothoracic ratio was less than .50/, in a 
(patients numbers 28 and 66), \1aa between 50 and 545' in 3 

(patients numbers 18., 47 o.nd 107) and ·was mo1:•e than 60!,{, 

in p.atie.nt n1..unuer 50 .. 

The re.diogra.phio size ot the left atrium wt1a n:ornml P 

(N), in patient number 66 a.t1d was slightly e.nl.arged 11 (l+), 

in :, (patients numbers 18, 28 and 107); moderate enlargeme11t, 

(2+); was present in patient nutnber 4'7 ~ and seve:·e 

enlargen1ent; . ( 3+); in pati.e.nt number so .• 

Left ven.tricular hype:r.·troph~t· was aho1tm on the 

eleotrooardiogro.m of patient nu1nber 47 am'.l biver1tr1aular 

h.ypertropl~y on the electrocardiog:ratn of p~1.tient number 50"" 

.Delayed activation over the ourt·a.ee Qf the right ventricle 

was present in paM.ents ntL11bers 66 and 107. 
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c) ATRIAL TAOHY'OARDIA 
--........ --a~--~P .. nN ;f • Wf 

(4) Table 45• 

Atrial tachycardj_a recurred in 4 of 8 patients. 

Patient numbcL21, had had nt:rial tachycardia £or 
7 months following mitra.1 valvotomy. Considerable cardiac 
enlargement was shown radiographically ( C~1R 64;~) a.n.d 
moderate, (2+), enlargement of the left atrium was present. 

Patient number O had e.tz.·ia.l tachycardia which 
was unassociated wit Clinically detectable heart disease 
present for 3 months. The heart was not radiographi.cally 
enlarged; delayed activation over the surface of the 
right v·entriole was present on the electrocardiogram. 

Patient, p.)1!1!,,:tJez: 2j, had atrial tachyoa.rdia for 
3 dayo in atrnociation with acute inferior myocardial 
infarction. The heart was enlarged, (C11R ;71;) and the 
left atrium was modera.t~ly, {2+), enlarged.. 

Patient..!!.,~.:. 1~~ was the only patient in whom 
digitalis overdosage was responsible for the arrhythmia. 
Atrial tachycardia was present for 11 d.ays before synchronised 
capacitor discharge, and the heart was enlarged (CTR 56%). 
Slight, (l+), enlargemarit of the left atrium was present 
and the electrocardiogram showed only changes of digitalis 
ef.fect and the arrhythmia.. 

d) VENTRICULAR TACHYCARDIA (1) ..... ,,,~----- . 
Table 45 • 

Patient number 72 had a recurrenea of the arrhythmia. 

Ventricular tachycardia. had been present for one day bef'ore 

trentment and was associated \"lith chronic ischaemio heart 

disease. ?lioderate ( 2+) enlargement of ·the .left atrium was 

present and the cardiothoracic ratio \.Vas 505~. 
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;,4 of the ~5 po.ti,ents ( 62~) in whom sinus rhythm was 

maintained .were brou.ght into sinus :r.hy't;hm with an energy 

level setting of. not more than 150 joules ... 

. 40 of the 70· pati@nto (58~) in whom the arrhythmia 

recurred came into sinus rny·thm. with an energy leve.l st;}tting 

of not mo1'e than 150 joules .. 

The difference between the two .grou.ps eaoa.pes being 
'x"2 . 

~i.gnifioant at the 5% level (J~ = .2 .. 17, n~ 1),. 

15 patients came into s;Lt1us rhythm with energy level 

settings of between :;oo and 400 joules (Table 49). Stnus 

rhythm has been. ma.intainea. in 6 (patie11ts numbers 12, 8.5, 

102., 138:, 140 and 150). 

.... __ _ 

The rema.irtiilg 9 patients reverted. to atrial fibrillation .. 

In 4 'this occurred Within lir hours after trea.tme.nt (patienttti 

numbers 5, 76, ~(9 and 132) • in patient number 123 by tliE) ,end 

of the first day and in patien't num.bei" 1,.1, Qfter 3 d.~fLh 

Patient number 29 reverted to a.trial fibrillation befor.o 

the end of the firs-t month; patient number 68 1:cvarte<i at 

4 months and patient number .57 at 9 months after treatment'° 
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fibrilla.ticn, a,:J.tl who wor12 ht"'ow,th:t into .,,1.nu:s .rhytmn 
follo,ri'ti.!t eynehroniaet'.i <.m:.r,F.J;C.1.'t',or tU.scrn,..;r-,ge W't;th 
· enct·1.Y le'V'01 eetting::i; of 300-4or1 ,101ues,. 
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Tableo 50 ., 51. 

55 patients were still in sinus rhythm fol.lowing the 

fir.at tr0a·tmen·t of whom 20 were taltil1.g me.inte11ano~ quit1idine 

(Table 50) • 70 paticnits had fail(§d to maintain sinus 

rhythm and of thoa~ :;:, (li1ig .. 48) had been on qu.inidil".1.e as 

maint{!}na.nce ( Tabla 51). . 14 ·patients who· rove.rited by· the 

end ot: the fourth week were , being maintained on quinidin.e 

The m.unber of patients 1n ainus rhythm and the 

number in ·whom the arrhythmia recurred is .ahovm ei;:ro.phioally 

in E1ig .• 50 with th0 numl:H9t'B in fHtch group lleing niai.n·tained 

o.n qu.inidine. 

A· f'urtllez• attempt at treatme.nt by synchronised 

capaoi tor die charge waa made in 20 pa. tienta ( 1:s,'blo 52) • 

. l 7 had. ~everted to tlle original arrhythmia f ollow;t.nn; 

,succees:ful tx•eatJ.aent 'bu:t in 3 the first attempt .had failed 

to establish sinue rhyth.m,. 
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capacitor discharge to show the numbers wh~ 
wers tllldr.1.g mintc.inattce q_uinidine at the end 
of the follow-up period .. 
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'.l'n.l1le 51= 70 patient~ "'ho rev~:r.t$d to thafr arrh,1rthm:lia. f'cllo~.ntt the 
establisl:.tment ot si11.us riwttrm by- :synchronised oa.pe.ottor discharge 
to db.ow the n:uittl<!r who reverted wh11it on ma.intenanee quin:t.tlinee 
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reverted to the arrhythmia over the i"ollow-up 
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.PIG. 49: '.I'he recurrence rate of the arrhythmia during 
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the first month following synchronised capacitor 
discharge to show the nUJ11ber of patiente who 
were being maintained on quinidine. 
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( i) ]!..,a ... 1tJ._E:E~1J.!3. _':!,l}o had. rex.~.:r.11.~it .!9 ~·~h~.~l", .~Yl!1. t~i.~, ( 17) .• 

12 of' 17 patients treated fp.r a seoond time had 

i.:ttri.al fibr:i.llatiou. · '£he recurrrJnce had occurred at 

time· intervals varying fr.on-. .le,ss than 1 da:g to 19 month$ 

after the first treatmer1t ( table 52). . In 5 · the relapse 

occurred by the end of the :Ci.rot month (patient numbers 

61, 63, 123 1 142 and 146). 

3 pa.·tients had a recur.ren.oe o! atrial fl.utter 

varying fr.om } weeks to 8 months ,sfte1• the first t.rea;tment., 

Patient numbt~r 129 developed atrial tachycardia in 

a:asocia.tion w.i th acute myocardial in!'a:r.otion. The tachy-

cardia 1·eturned ·two days after treatment arid wae r1ot 

assoaia ted wi tb any clinical or biochemical. evidence th.at · 

further oardiao infarction had ,o.ccurred,. 

Patient number 72 who had vontricmlar taoh;yoardta 

in association wi '.th chronic iscl1aet1ic .l1eart disease reverted 

to his arrhythmia three hours a:fter tJedng brought .into si.nus 

rhytlun. 

The aocond tt•ea.tment waa p:reeeded by quinidine in 1,,. 

All 17 pat1m:its were on.co more brought in.to sinus ·rhythm 

and ll x·equired a similar energy .level setting. Of these 

.11,, patients numbers 23 and 129 had both treatmenta preceded 



by quinidine, but· in. the remaining 9, quinicline not giver1 

before tlle first attempt did precede the second., or if 

used before the f':irst was with.held be.f'ore tile second .. 

4 patients requireo. larger energy level settings 
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to achieve sinus 1 .. .hytlun (pati.ents numbers 50, 61, 63 and 

142); quinid1no preceded the electrical tree.tmet1t i:n three. 
ft 

2 patients were brought into ain.ua rhythm.· with enersy level 

settings le$a than on the prev·ious O(:caeion (petierits 

numbers 68, and 107) s quini<.U.ne preceded the second.· but 

not the .t'irat -treatment .111 both. 

The follow-up of the.se 17 patien.ts has of n~CHS1asi ty 

been e:hortex· than on the 131 patients ,originally brought 

into ainu.e rhythm and extends from ;5 weeks to,l;S months 

arid is over one rnon th in all except mae • 12 of the 17 

. remain i11 sinus rhythm and of t11ese 9 are takin.s quinidine 

a.e rna.intenanoe. 

three months ai'ter tlle fir.st electrical conversion anti one 

week after stopping q.u.inidine io still .in ni:r.ius rhythm 

1:3 months after the eecond t:z·ea.tmerLt; no qui11.idine was 

given toll.owing the aecond treo.tment. 



Patient .number 12) in whom sinus rhythm persisted 

f'.or on11 l day after ·the ;first treatmen.t remained in sinus 

rhythm for only 2 hou:rs after the second; no quinidine 

preoecled or followed the first attempt bu·t was used both 

before a.iid r,ifter the second .• 

Patient number 43 ramained in. sinus rhytl:m1 for 
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J.O months on ma.in.tonance qu.inidine after the first treatment ... 

Atrial fibrillation recur.red whilst~ .mitral vulvotomy was 

being performed. su·bsequently si~us rhythm we,s t'e-estc;.bli·Eihed 

by synchronioed capacitor discharge. Dea pi te the fact t!ia/G 

the mi·tra.l valvotomy was technically satiafactoi"'Y, sinus 

rhythm persisted only for one month; quinidir.1.e wa.a t1ot 

Uf:'ed follov,ing the second treatment .. 

1'$,tient num.ber 61 who .had lone atr:ial fibrillation 

has remained in Si.nus rhythm :for ll month$ after the second 

treatment {2 days following ·!;he ;first). A:n. energy level 

setting oi' 400 joules was needed for the second trea.tmo11t 

( 250 ;JOules £ox· the first) and on .this oooasion qu.inidine 

is being used a.a maintenance the.rapy. 

Patient number 68 has reme,ined in sinus rhyt~>n for 

9 months after thf; se,cond treatment, this time 011 maj,ntenance 

quinidi.ne, (4 months nf'tar the first). :Patient number 28; 

who remained in s1,:nus rhythm and 011. qu.i1'lidine f:or '; months 



after the first attempt is still in air.tUfl rhythm 18 :months 

after the second follow.ing which no quinidine was used. 

The effect on the duration of sinus rl1ythm of 

prescribing or withholding quinidin.e a.£·tor the .Eecond 

treatment as.compared with giving or withholding quinidine 

after the fire·t, in 16 of the 17 patients ia shown in 

Table 53. .No statiertical difference ia demonstrated in 

the small aeries. 

first trea·tmen t; (;) • _ ... -......-.......... -- Table 52. 
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3 patients (numbers 39, 60 and 65) who failed to come 

into sinus rhythm af·ter n first treatrJ.ent attempt were 

treated on a second occasion (Tuble 52). 

All 3 patients failed to come into sinus rhythm after 

the second treatment. 

(iii.) .Q.gm.E?,,li_oations: 

Only one complication occurred in the twenty patients 

who were treated for ·the second time. Hypotenaiont (D.P. 

aoj40 mm. Hg.) ;followed the final shock of a.11 energy level 

setting of 350 joulet1 in patient number 123. This persisted 

for 2 hours and did not require therapy by a oymp~t'thomimet1c 

drug .. 
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fab1o ;, 1 The· ,1:1tfeet of ma.1nta~qe. quim:dine on the 
duration of ainus Jtl\vtts in 16 patients 
to1loring t.h,o etcCl'ld ·tt-eatme11t ·l>T 
a;,y'llcbronieed ea~,ci tot- tU.scht.¢'gQ eompare(l 
to the fir.st. (on~ patient in whom tbe_ 
:!ollow-i,.p ia ·too obort ha.a 'beel ~xe;u.d&a). 
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6. RESULTH OF TOT.AL FOLL()W-UP: 
.... _1 ·.I, ,t _,~, I -~----. ... ~~~.~ 

67 ·po.tients e.re in ninUf3 rhythm, 30 of ,,hom are being 

mai.n tuined on qv.itiidi:ne. 

whom were be:i.ng m}1inta.ined on quinia1ne at the time of 

19 patients could .not be 'brought into .sinus rhythm 

after a. f:.i.rst or second atte.nipt at trea.tmerit. 

6 patient~ have died d.Uring thrt · .follow-up period~ 

The follow-up is n.o t known .in l patient. 

Theee f ind.ing:a are summarised in ll1ig. 51, .. 

l. Patients numbers l - 50 were shown to have a d:rug 

resistant arrhythmia .. 

2. Toxic reactions to drugs ,,ere freque.1rt and. often necer:sai tated 

stopping the drug trial. 

:,. 8ynoht>eu1i.sed oa.paci tor discharge was ,successful in .re­

eata.blisbing sinus rhythm in. l;il o.f 150 pa.ti en ts who had 

atrial £i.br.J.11ation, atr.ia.l flutter, atrial tachycardia 

or ventricular tachycardia. .. 
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FIG. 51: Results or treatment and follow-up in 150 patien.ts. 

4. 43 of 50 patients completely reaistant to drU[J therapy 

were brought into sinuo rhythm VYith aynchronioed enpaci'tor 

discharge. 

5. 67 of 131 patients achieved s:tnuo rhythtl following the 

.first shock. 



6 .• The chances of successful version dirn.iniah.ed with the 

d,uration of atrial !ib:rilla,tion espooially wh-e11. thia 

e;x:tended over 5 years, wi.th a cardiothoracic ratio of 

moxoce than .6()~{ and w-i th more ·than modez•ate enlargement 

of the left· at.i-•.ium .. 
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7. Patients with n1onett atrial fibr:lllat.ioii were exceptional 

in that the.ir ,chance o.f successful version was less than 

in any other sirtgle group, ·i1"'respHcti ve of the dura:tion 

ot the arrhy1;h.m1fi, th.e car,..tio'thoraoic ratio or size .of 

·,tho le.ft atrium. 

6. A.trittl £lu.tter; atrial ta.chy-card.:la a.rid ven.trioula:r 

tachycardia ,Ye.re SUCCeasfully ·treated 111 98% O! oases 

(29 ou.t of 30 patients) and or1..1y .l.ower energy level 

set·tings were needed. 

9. Energy aettinfJO i'or. auco.er.H;ful treatment did not .x•ola.te · 

to th.e duration of 1,he e.rrhytl:uniF.., the oardtothorao;i.c 

ratio, the ai~e of t,he lef1i; atrium or the bod.y surface 

area. 

10.. Qu.inid111e immediately 'be.fore synchronised oapaci tor 

disch&.rge d.id not incre~f.tae the changes of success or 

lessen the energy level settings needed. 

ll. Using antero ... posterior paddles did not materially lessen 

energy level a·ettings needed for $Ut:oessful trea:tru.e:nt., 
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12. Synchronised capacitor di.scha:rge failed to brttng about 

sinus rhythm in 19 patients. 18 had atrial fibrillation, 

and one ha.d a trial to.ohycax·tlie.. 

13. Lo.ne atrial fibrillation had a _particularly high failure 

rate (.27~) .• 

14. S1g11ifice..n.t valvular h.oart dioea.ee, especially :mi tral 

regurgi t,3;t:ton, atrial fi1n.·illnticm. of more ·than ti years 

durntion, o. eardiothoracio ratio o.f 605t ,or over, :-~<sl 

more than uw<lerato e11lutge11cnt of t.he le.ft atritun ~.11 

inoreaned the chances of failuz·a. 

15. Quinidine before aynoru"Ot11sed ee.pac:l tor discharge did 

not affect tlle · :failur.a .rate 1> 

16. Intervening rhythms were rreg.11ent; of·ten tnul tiplef but 

all were transitory. They alao occurred in pa.tients 

not receiving digitalis o.r d.ittretio.o. 

17. Vcn.trioular ec·topic beat.a followed mo:re f.requen.tly in 

patients treated for tttria.1 ffbr.illai;io11 with h1gher 

energy level set.tings" 

18. 21 pa.ti0nts <leveloped compl:1.cntions other than transient 

rhythm ,change. 'There we.rf.1 11 epiaod.es of raised -levels 

of serum ertzymes·, 6 episodes of pulm<lna.ry oed.ema and 

enlargement of hea.1 .. t size, 7 epiaottes of: ht po tension, 
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3 of embolism, 2 of T wave changes on the electrocardio­

gram.; 2 patients develo1led t~allop rhythms and l 

prolongod multifooal ventI'icuJ.ar eotopio beats, 

Complications ware often multiple. 

19. 3 deaths were directly or indirectly related ·to the 

tl'.'eatu:.ent. 

20 •. Patj.ents with lone a:trial fibrillation and ischaemic 

heart disease were particularly prone to complications. 

21. Multiple ohocka• high energy levels used in association 

with the raised levels of serum enzymes which followed. 

pulmonary·oedema and hypotension suggested myocardial 

damage aa the cause of the complications in many. 

22. \Tentricu1ar fibrillation following synchronised capacitor 

discharge occurred j,mmediately after treatment or many 

hours later. If immediate fa:ilul'.·e of proper synchroni­

sation, overdigi tal:i.sation or possi'bJ.y myocardial dame.ge 

was the cause. If later, quinidine seemed to be the 

ca.use. 

23. Circulatory responses at rest and on effort in tbe steady 

state ,·11~1·e studied in 20 pa.'t.ients before and af·ter the 

eatabliahment of sinus rhytlun. by Bynchroniaed capacitor 

discho.rGe. In 6 pa. tien ts; heart 1•n:te and physical work 
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oapaci ty .al.one· were :monitored. The.se parametet:>s as 

well as the Flak card.i9.'c Qutput., stroke volume., pulmonary 

rmd brachia]. artery pressures wa~e measured at :rest and 

on effort in a fu:rther 14 patients .• 

24 .. Tbe heart rate was si.gnificaritly reduced in .sinus rh;ytmn 

dur:tng equivale1it work loads. 

25. lJ:he physical work CB,1),flCity et a hco.:rt rate of 170 beats 

per ritnute .was incJ:•ea~ed .in oinua rhythm. 

26.. (h::ygen uptake was similar durin.g the a.x-rhythtnia and ir.i. 

sirLus r:U~·tlmt 

27. Pulmonary artery a1id. brachia.l ar·tery preosures wera 

similar ,luring the az·rhy th.mi.a and in sinus rhythm • 

. 28. Mixed venous blood had a hia;her o.x:ygen contetit d.uring 

exercise in sinus rhyth.m rut1ll the arte:rio-venous o,cygell 

difference was J.ess 1n s:i.nue r}J..y·t.11;,i especially on 

exercise. 

29 •. Cardiac output was only slightly higher at 1"'est in sinus 

rhythm but the diff(~ronce i.ncreaoed p:r.ogressi vely with 

the Severity Of the ,GJteroiS$.e 

30 ~ Stroke volume a~ measurearl ai.tting on the bloycle was 

larger in sinus rhythm, especially on exercise., 



:,1. Stroke volumes at equivale.nt henrt rates were 

aign:i.:Cican.tly increased in sinus rhythm • 

. 32 .. 55 patients rema.i.nc,d in sinus ,rhytlun · over a 20 month 

. follow up period .. 
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33,. Fatier1ta lik~ly to ren1ain .in ainua rhythm "~,e:r:-e thoGe in 

whom the a.:r.rhythmit;,. wa.a present for a shorter lent~th. pf 

time, es1)r;:c:Lally less than 1 year; who had a ca.rdio­

tho:racic ratio of let1s tha..."1 555~~ only sJ.igh·t (l+) 

enla,rgemen t of the left atr.itu11 nn.d 110 elec'.t:,.:·ocardio­

graphic ab:normali ty other thro1 :rhythm change and 

dig;t ta,lis effect., 

:,4. Patients wl1Q had atria.'l fi brilJ.e.tio:n. in. a.saocia,tion w1 th 

t:reated thyrotoxioos:i.s had a particularly high incidence 

of main:tail'HHi ,einu.s rhythm, 

3!'5. Uevorsion to the arrhythmi.a wets particularly liable 

shortly rafter {.ll€ctrical c<mversion to sinu.s rb.ytb.m; 

airmu rhythm we.a ma,irttained only momen.tarily in 9 patients. 

36. 53~s who reverted did so by i,11e and. of the first month 

'11hia ooour.red especially in patients 

with lone fi l.>rilla.tiorJ. or those in whom the arrhythmia 

waa of long duratJ.or. ttnu. the heart considerably et1larged. 



.37 .. By 9t months of follow-ui.1 an eq1.ual number o:f patients 

had :reverted as r<:.Hna,it.HHl tn. sinus rhythm. 
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38. l?a.tients who ha.d atrlal fibrillation in association with 

chronic rheumatic hea:r..t d.isease or in whom the dur·a.tion 

of the o,r:r.hythwia cxceodecl 3 y(;:3.:tfJ before treatment were 

especially 11a·b1e to revert tci the ar:rh~ythmia following 

eucceaeful treatment. A ea.rdiothoracic ratio .in e.xcess 

of 55J~ and mod,erate enlargement (2·t-) of the le.ft atrium 

were alrio associEttecl w:L th ar1 .incroaeed ino.iclence of 

rev.e:i. ... sion a.a were eleet1:•ooardiog1"a.phic abnormist.li ties 

other than Z:'..hythm cha,nge ,or di£ti tali a e:f.fecte. 

}9. J?atients. \111'1 th lone atrial. :fi bri:Llatio11 were .less likely 

to maintain r:Jin:u.a rhythm eve11 .in the a.bsenc·c o.f pro.longc!!d 

duration of the arrhythmia be.fore treatm~nt,. rad.iog!"aphio 

.. enlargement of the heart· r::tr1d lef't a:t:rium and eleoM:-o­

ca.rdiographic abnor.mal.ities .. 

40, J.ia:ln'te11ance quinidine did not increase the ohanc:es of 

malntainin{:l; sin.us r.h'y thm over the follo\"I-up per.iod 0£ 

20 months, nor did quix1:icline 1r1creaae thll chances of 

r.10J.d.ing sinus rhythm over the first ruo:nth-

41 .. 3 patients wl'10 failed to a.chiev·e sinuo rl:i.ythm after. a £1rst 

treo.tm~rn.t b;y synchronised oapac.i tor discharge a.lao fatled 

aft(3r the .secortd ·treatrnent .. 
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42. ~ 7 patients who reverted to the a:r·rhythm:ia were b:rought 

·into si11us · rhythm following a second trea.·tment,, 6 have 

maintained si.rma il::hythm for. a. significantly 1~ per.iod 

or time. 

43 .. 6 of 15 p.a:tie:nts in whom o.inuii rhythm was achieved using 

rd.gher ene.r'gy level settings have· remained in. sin.us 

:t·hythm. 7 of. 9 in this g.roup \vho reverted to atrial 

fibrillr:.ttion diti.. so within the £ix·et month. of treatment .. 

44, 67 patients are alive at1cl S.n sinus rhythm Md 57 a.re 

alive but hs;ve revorted to the a:n·hyth.raia following 

·th.e first and. second treatment by synchronised c.a:paeJ.tor 

d.ische.rge .. 



Chapter 5 

D I S C U S S I O I 

Synch:rcndoed oapac:i. tor dit:chnrGe hu,s beer1 an 

entirely ni::iw av1>rot1ch to the mr1na.ge:m€'rd; of oo.rdiac 

Ini til:!l reports ·of i to t:use in. the Uni·teci .. 
Bte:tes ,of /,.m(t;rica (Low:n, Amarae:i.ngham. and .NeU..."Datl, 1962) 

demonstrated. tho feasibility of. ·the method. These 

workers were :tn u,greement with. the find.in.gs of (l-urv-icl~, 

and Yur1:tev ( 1947) wt,.o re ported results similar to those 
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of Prevost and Battelli (1899, 1900) on the eftioaoJ of 

c.:apaci. tor diocharge in terminating ,rentricula:r fl.brillatiou. 

con:tirmed by Guyton ru1d. Satte:'rfield (1951) 1or 'by .KouwePJ1oven 

and hlilno:r (1954). 

'1:he f:1.rst reports on the use of this techntque j_n 

were presented to 'the Autu.t-nn :lY.coting of the Dri tish Cardiac 

Society, 1963, by 0 1 IJrian, Res.n.ekov r£1.nd McDcmslcl (1964) and 

by 0:rain, Davj.e-s, We:tnbren ,'3.nd ~nggt1rt (,196.4,) .. 

Apa..r·t from its use. in thEi clinical ma.11age:ment of. 

ca.rdie.c arrhythmias however, dir~ct current shock ie a 

conven::i.en.t way of uJ. tering the. haemodyn.am:tc t1tate so that 



patients may be studied with and ;id.thout the benefit of 

atrial syst;ole und 'the physiology o:f atrial arrhy·thn1ias 

inV(~.stig.a:ted. 
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na:r.vey ( Hi28) d.eEicri bed the a.c·tio11 of the a.triun1 "as 

an active col1tra.c'tion, throwit1g blood. i.u:to the ventricle. 

Hende:rso11 {1906) however, concluded. tlurt the atrium wars 

mci:re important; t:tt3 · an ele.st,tc reservo:i.r in dogs. This 

view has recently bee:n put forv7ard once more bu.1; in r~r;,.peot 

of man l:iy Grf'Jltt Bunnell and <}reene (1964,). :bew:U.'l (1912) 

h1::i.d shown thui; at a g:i,.ven r.ap:Ui vent1"'icula.r r:atn a regular 

or irregu.le,r ventricular nontre.ction would lead to the 

sanm decrease in blood pr·ossure .. He felt that the changes 

in the ctrcule.tion recorded during atri.c~l :fibrillatior1. were 

eri.tirely :rate depe.nd.ent. · Gese11 (191.l), hotveve:r, .had 

. already shown that an approprj.ateJ.y tinted atr.ial systole 

wou.ld ~,w;;ument blood. presm.lre. Later Gesell ( 1916) was 

able to.show that the immediate affect of. atrial systole 

was to amplify the cardia(~ ou.tput by ;SO~o It :.Ls interesting 

to no 'te that an in:traventri culftr pJ:'eo i:nire tr.acing from a. 

horse ( ChauVet;tU and 1!uroy, lfi6.3) nhows p1"ecedirig atria.1 

contraction, as quoted by Gesell (1911). Ventrlculi,r 

plethysmogra1ihy waz used by Str:iub (.1910), Uirschfelder 

(1908) and by Wigger.s and 1"<atz (1921). All thes<~ 
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investigators ~onoludcd that ver1tricular fill.ing was 

augmented by atrial nystol.e and that this con1;rlbution 

no longer oceurrt::d in atrial fil>rilla.tion. Stewo .. rtt 

Crawford an~ Has ti111::bin ( 1926) t'lemonr:d~x·a·t;ed. tluit the cardiac 

ou:tput in doge decre,J.f:rnd by as much f.tS 601, during i:,.-'.;rial 

f.ibri11ation. 

Gilchrist (1928) that this resulted f:rom n marked decrease 

in the oxygen satur~t:ion of m.txe,d vencnrn blood~ 

A dJ.G_p:r.opo:e tiona. to increase ;i.n the ven·ti·icult1r 

rate on exe:r.:•cise is fom1d in patients with atz·ial f'ibri.llat:i.on 

ats shown l1y Blu.mgart (1924). Thi,s ~ls confirmed in the 20 

;'t)atientflJ stud.ieq during the oouroe of th:ls inver.d,igation · 

which .shows, m(n·eover ·that; even when dle;i taliS<:i!d to 

therapeutic lavrils ~ 'the rnto xe.sponse to 'the str.eSfJ of 

exereiae :ts excessive 5.11 o.trial fibrillatit>n; some rate 

benofi t does occur in the, digi:ta.lieed hear·b however, its 

suggested l:1y Modell; Gold ar.td Rothendlor (1941). 

T:he concept (>f the. _phy::iioal v1ork c~.3-pa.ci ty a.s fl 

measure of the work pe;i..,fori~ed per hEHlrt l}oat, was pu:t 

forwa1"'d by Sjoatra11cl (1947) and by Wahlund (1948). The 

Physical work Performed by the pationt pe<lall1n.g a bicycle 

er.gnm.ete:r.• at a, h.eart rate of 170/mirt ViiSS Obtained ill tht:? 

preacm.t investigatio.n from the 11:near relationship betwee.:n 



heart ru te a.nd work p~ :.rf'or.med .• The PWO l"J,O is.reduced 

in the pJ'.'crnence of heart discEtse (Holmgireri, Jo:1.1sson, 

Levander, Linderholrn, -!>;}ostrar1d. and Strom, 1957), ·b11t 

tn addition t;he present i11vcst!cai,ion has shown that the 

c~inbined effects of the loon of a.trial uyotole P..ald a more 

1--ap.id ventricular ra/te on. exerci.ae d.uri.ng the ai"rhythraia 

s:ign:i.fimmtly lowe:r.s ·the work . ca.paci ty. · 
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Body posture hns n profound effect on the circulation 

both t.it :t"e.ut a.nd on exercieie (Bovega:rd, liolmgre.n and 

,Jonsson, 1960).. Cardie.c output· a1t1d strol<:e volume are 

both aignii:'ic.antly less in the s:ttting position as cmn_pa:red 

wl '.th figures obtain~d wll~n sup:l.ne. The ea ch.a.nges ooci\r at 

re$t (Mci'i:ichael ~d Sharpey• .. Shafer, 1944; Donald, DisllOPi 

Cumming and Wade, 195:S) and are probably thte to a re-

distribution of blood .from tJ1e thoro.x to the legs.. Thi$ 

r~sulta in a decrease in the heart volume and consequently 

a decrease in tl1e· stroke volume (Sjostrand, 1953• Holmgren 

and .Ovenf.ors o- 1960) ,. · On sttil,rting (!Jx,erc:i.se in the sitting 

position there is a more profound inoreatne in stroke volu.me 

probably due to a red:1.str:l1.nrtion of blood from the leg 

veins to the thorax impr<:iving,tho diastolic filling of the 

\rentricle (Bovol:-:ard., !IolmL;ro:u a.nd Jonason, 196(J) ·~ 



The effec·t of position on -tlle circulation is 

therefore important and mi.:;ht be reopo1u:iible for some 

of the conflicting reports 1.n the literature ori ha.erno­

dynamic changes before and af'·~er con.version to sinus 

rhythm. All measurements in this study ,ve1·e made a.t 

rest or on effort sittint;; on the bicycle ergometer 

(Fig.8., P• 34). Ii'Urthermore quinidine was not being 

given to any of the 20 putie.nts investigated. 13aer, 

Weglarz and Killip (1964) demonatrated that the clum.ges, 
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in the circulation before and afto1 .. synchronised capaoi tor 

discharge a.re not due to the eleotr.:ical treatment alone. 

~'here have been eeve:i::·al studios reported on the 

changes in cardiac output before and after conversion 

of. atrial fibrillation to sinus rhythm. with quinidine. 

These results are often conflicting. Storotein and 

Tveten (1955) found a significant increase in cardiac 

output vhen in sinus rhythm but attributed this in pa.rt 

"to the e!fec·ts of t1uiuidino on the perlpheral circulation 

and on the myocardium; tlds concept vms later challenged 

by nroch and !Juller (1957) who fow1d no evidence that 

quiniuinc was beneficial in the way ougeested by Storstein 

nnd Tveten. Kory and ::;eneely ( 1951) failed to demonstrate 

an improvement in the cardiac output in sinus rhythm .• but 



lartter cardiac ,outputs in s.inus rhythm were sho\m by 

Ha1wen, Mcclendon o.nd Kinem1in. ( 1952) ~ 

The reeulta in the 14 patients Htudied all ohowod 

that in sinus rhytrua there was a .signif'1cant increase in 

1.;he caruinc output. 
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present at rest but could alw::iys lw provoked by exe:r.•cifje; 

fu.:i:·ther11iore the diff<?.r,cn1ce w,is accentuated a,s the exercise 

These findings are not 1.n agreemen.t 

with those of Graottl:r.1:t:,er, Ori:rleton. and Hue:r1ster { 1964) on 

supine exercise, but 01.·o i11 agreG:ment ns rega:r.~dt:1 ctc1rdinc 

output at rest in atrial fibrillation ar1d aixms rhythm .. 
. . 

The levels of oxyBen cori.sumptio1.1 o.n effort,. Jiowever, al?~ 

eonaidera.bly lots .in the investigat.ions·done by these 
. ::;i 

a.uthors and rarely e:xceeoed 300 rl'll/ml,n/m~ IH::i:A, vih.ereo,r. 

oxygen oorrnumption during 'the ma.:tin:n:un exr~rcis-e 11'0.d in 

the present ee:ries was usu0,lly three .times higher. l!l'l. 

approximation of the physical activity and ox.,vgen uptake 

at various work load settir1gs in the study iEiJ shown in 

Table 54., lt may vJell be therefore th.a:c more severe 

exercise would have demonstrated a11 incr,eaeed ca:rdia.o 

The series reporttJd b_y Oram, Davies, Weinbren, 

Taggart and Kitchen (1963) was unusual in that a mean 



I.J\lif!zl ·11 _ _ ts _·.,....; ' r,--· 

W~Jt !.OAD 
k::pm 

400 

600 

ltCTIVl'.ff . 

walking G:t moti,,,..:rate ~oe 

walking very brtsklJ, 

A{)O ;, . 

1J50 

1800 

'2200 

!able 54# Appr,g$1a.te phftd.ot!..l activity 
and <>~ton uptake a,~ va.t"'iiOM.fl! 
work load cott~. · 
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increase of 70rfo in the ca:t"'a.iac output .m,ee.aured at rest 

Vias founci j_n patiento ctudJ.ed in sinus rhythm up to 16 da.ye 

~rho p:l."e-conversion levels 

of the· cardiac ou.tput were cxccHrni,mly low in some of. these 

patients however. 

There wero 4 patients in whom the nrrhytl'unia ( 2 with 
' . . 

atrial fillrillo.tion, 2 with atrial flutter) was unassociateu 

vri th clinical ev:idcnce of heart disease ... All four patients 

showed oic;ntfica:nt haemodynarnic improvement :i.11 sinu.r. rhythm .. 

Indeed in 2 pat;ieni1s (M1• .. .P,.,;J. and Mr. M.M .. ), e.n extra worlt 

load ,of 200 kpm/min. was possible il'l sinua rhythm .r.ind 

exercise wae performed to a total worlt load of HOO kpm/min~ 

This :added worl-: load waa achieved, with heart rates in sinus 

rhythm s:i.mila.r to or less thc1..n the heart rate of 600 kpm/miJ:l 

· during 1,he arrhythmia .. Similar beneficial resultis :tn sinus 

rhythm were found in t;h.e cardiao output and stroke volnme 

measure:ments. In oon:tra.st, Baer., Vleglar.z and Killip (1964,) 

could .r,.nri no impl'o-vem.en t once sinus rhythm hnci. bee11 e.chieved 

in the "lone 11 group. 

The :Lmpr,1vem~nt in the ci.rculation with sinus rhythm 
. 

wafJ particuletrly aratif'ying in 1.Jir .. IJ.H .. who had had an 

operation u.nd.cr cardlo-pulmonary by-pa.ea for valvar aortic 

1n atr.ial t':tbrillo.t1on t11e inc1rnase in oa.rdiac 



output on exercise was entirely ra-te dependent and the 

stroke volume fell progressively as t;he exercise load 

increased .• Once t:dnus 1·hythrn. had been ach:leved, however, 

a more normal response to e.xercise occurred and the stroket 

volume was mainta:i.ned even at a heart :rate of 150 beats 

per minute. 

The patient who had obstructive eardiomyopathy oi' 

the left vcrntricle (Mrr:1. E .K .. ) demonstrated a significant 

ha.emodynamic beno.fi t, in sinus ·rhythm on the very modest 

exercise load she was capable of performing one hour after 

electrical conversion of atrial fibrillation. Eff'i.cient 

atrial systole is particularly im.por·tamt i:n conditions 

asso oia. ted with val var or s,1bval var o bo ·truo tion of the 

left V(?nt1·iclo and in diaeaaes causing a dimj.niahed 

compliance 01· tha;t cli..amber (l1ra:u.nvmlu and li'z·ahm, 1961) .. 

The occurrence of hnemoclynamic benefit in einuo 

rhythm on e:,rerc:i.ae was not clepondent on the 11a·ture of the 

underlying heart dioease in the 14 patients of this series 

which is in at1reeuent with 'the findi:nga of 1.:clntosh, Kong 

and A!orrie (1964) who re:viev:ed the literature on this 

subject.. ~?he patients who had ~1. virtually normo.l h.ea1•t 
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once sinus rhythm had been achieved (hrr. G.E.S., .!Yir. J.H., 

!fr. L.L. and Mr. M.1u..) however, did aho\11 ru1 increased benefit 

compa1·ed with those in \Vhom underl:,,ing heFu·t disease still 

occurred .. 
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1l:he E:1eriea reported by Ka:11.n, Wilson and Sl·ot:.n 

(1964J, in "\vhich 16 patientc were studied at r.est ru1d 011 

ex:c-;rcise before a.nd aftor convet·uion o:£ a.trial. fibrillation 

to si11us rhythm revealed a eurpri&ing 1nc:reaeo in the 

ca:z:·diac ou·tput ot 22~; ai; :rest and t.tn increase of f!'7% on 

e~:::ercir.3e in ainu0 rhythm. and .reflaci,o t,he. generi1.l ,trend. 

in the li"teraturc. As s·tu.dies _ by var;tout'.i teams o:f 

.investiga·tors vary accord:5.11.g t,o tnetho~. of measuring oardiac 

outpu."t, pooi tion of th~ pirtient and ·tht.'3 mnot.m:t; cf exe1•cis~· 

prirf-o;rmed grouping the res_1.tl ts of: different ;in:V'e~;·t;ig.e:tora 

is only of limtted. u.se in respect of dra:,1i.ng :firm eoncJ.usicm.::h 

The increflBe in oa.r.diac ou:tput in the l.4 pat;ientt1 

studied r.ef;.1;,l ted. f'r.om a_ decrease in tho a.;rter.io-venous 

oxygen diffeI'EH1¢e; the oxygen oori.au:mptj.on 1rt a.trial 

t'ibrilla:ti.on awi sinu.s :rhythm w·af3 1·mt sig.uificantly 

{.,,,l t~red. 

of Graettinger., Carleton a:rHl tuens.ter (1964) a.nd w:t th 

tllooe of l~ox·:tis, Entm,1.u., - Thompeo>.1., lfoJ;,··ui 2.116. .McIntosh 

(1963). In boi;h of these soriee a:rterio-venous o~ygcn 

clif"fe:r.·or.1ce was nlm;., measured dirootly. 

It couJ.d be .argued ·trrn.:t thu t!iroulatory benefit 

in sinu.s rhythm :ts entirely ratn d.e.pen.dcnt.. Knox (1949) 

and V,etlrn:rbEie, Brown ru'ld. Holzman (1952) both agreed with 



<~a.1 .. lie:r w-orkers that -the ma.jor disability oi' atr::ta.1 

fibrillation was the rapid ventricular rate especially 

on exercise. With the establishment of sin.us rhytl1m and 
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slowin.g n! the hear·t the increcised dias"tol:t:c filling time 

would 1.·~sul t in a. largei:• stroke 1rolume and eardiao output. 

The stroke volumes were larger in ai:nua rhythm thail 

in atrial fi brilla.tion at eqrii valen'C he:l::rt rates (Fig.~ 38) ., 

arid increased more i.:n ai:rms rhythm as the hear·t :r.a te l'f.n.n~ 

to 120/min. ,Tl th a further .:tncrease 5.n heart rate the 

otrol<:e voltiJrte vrn.a held CC'>.ns1;o.:nt in s.:i.nus r:hythm but begrin 

to fall off du.ring the n.r:rhyth.mia. These figureo a.re 

deduced from s."'11tHJi·GS in. which it is known that the oxygen 

upteJte is similar., and the wo1 .. k lead. :ts identical; as 

hea.1:-i; re,te ie alao s.im5-la.:r the ben.efic.ial reau.J.ta in :~inu.s. 

rhythm can.not be e:xpla:tned only or:. the ln:i.r.1ts of a:n im:rreused 

diaatol:i.c: filling time; but m11st t1J.e.o be due to the benefit 

of ~.tr:S.aJ. systole i11 sinus .i!'.'h;fthn. mh" . . . • .i. 
1 .. l:S :t.s J.in agreeman l.i 

with the con.clui:Jlci.ns of' gkinner, M..i tchell, Wa.llace ar.1.d 

fiarTw:i'f' (1964) who dem.ons1;rrJ.tcd in a.naestheti.sed dogs ·that 

the la.ck of· utrit:',l ssotol~ occtt:rrJ.ng with the onrH?t of 

a trial fibrillation when the V<,mfa:·i:oul.a.r ra·te was held 

com:stant caused a fall ir1. otroke volume an.d oardiac:r output .. 



It is pe:.r.l1aps perti.nent to conaid.er at this stage 

what haemodynamic b<H1ofi·\;s occur as a result o.f atr.ial 

systole .. ThiH subject has recently been. reviewed 'by 

Burohel.l (1964) n:nd 1:y Hraumvo.ld (1964).. A pro.f.H·1rly 
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timed atrial cont1~actiort will augment tho stro1rn voluJlle 

by 5. J. 57: us shown in acu ta axpe::r.imen ts on <fogs ·w;.t th 

denerva.ted hea:rtr; by Sc<Jll<H's, Donald and Wood {1962). 

These were acute experimeuts, however, ancl normtitlly after 

a change in th-G! haomodyno..r.1ic sta·te a period of re..;.ad;juo-tment 

octmrs .in wJ:d.ch ·the C;),r.rliac ciu.tput is reset to. o. new steady 

When the hear't is co:mplet€1Y normal in man, this 

period. of :readjustment is shorter (}Jerry, 11hompaon, M:i.lJ.er, 

ffcln.tosh, 1959).. Where the heart is ahnor:ma.l t.he atrial 

contribution to ve:nt:r.icula:r .filling is more impo1"""tan1i ru1:d 

this is found even at rest (l3raunwald and ]1Jr•el:1.m., 1961). 

The 4 patients without m1derlying heart disea.oe in thle 

PJ:'esent ser1e$ suggest thirt on exeraioe the o.trium does 

i'ru1ction 0,s ~ booster pump even in the absence of clinically 

detectal;l~ heart tlirJease. 

There is little confirmatory evidence in. msn that 

an ef.'ficient a trial s;1rstole pr·even ts a1;:r.j.o-vent:rtcul.ar 

.rea;u:rg1 tation afJ suggested by Little (1951) a.nd by Sarnoi'f 1 

Gilmore and .Mitchell (1962),. 
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Al thou6h thcJ atrl1.un doen func·tton as u. reservoir 

(I!onde.r.son, 1906; Grant, nunnell and Greene; 1964) th,e 

series of patients profJc.n·t;e<l t.ie.re demorisi,rates tl1r~t with 

\ihe stre.i:,:;s. of exercise, or .tn. the p1"ese11ce of' a d:taeased 

or obstructed. ·left ventr.icle, Jan efficient a:t,rto.1 systole 

becomes functiona.lly tn1porta.nt no a bo(.13ter tmmp in 

&ctively filling the ventricle. 

ifhils t p:r-elin:ti.nar;y reporte.1 .Etll dealt wi t.b. small 

r1mn.bers of patients treat,oa. by electrical co:rn.rersicin 

nub.seq.uent reporti.~ have justified the initial confi.dG!.nce 

in the ·teol'lr1.ig_uo.. Lowri., Perl:r·o·t.h., Kald :Bey., Abe a ... +:!.d 

Harken (1963) reported on the treatment of 50 patients 

(65 episo(1es) wit;h a.trial fibrillation t;tnd n~med 1.he 

techniqu.e ucardioversionn, untl J.4own, Kaid Bey, J:erlr.oth 

and. f,be (1963a) or1 n wide va.f·:tety of cardiac a..rrhythmia,r5 

including ventricular tn.t1hycard:i.a, at1""ia.l flutter, su;prftl,­

ventriculsr tG1chyce.r4ia, a.nd at.r.inl fj.brillntion .• 

and. Dav1.es ( 1964) repcn~ted <m the use of ey.ncltrorJ.ised 

cap.aci tor disctmrge in the mt1nar;emont of 1.00 <H:;i.aes of 

atrir1.l fi brillu tion and kc.Donald. ail . .d Rcr:;:nekov (1961~) cm 

the treatme.u:t of '75 pntiC:?r..to 1Nho h.ad a:tria1 :t'::i.brillation9 

atrial tachycardia, or atriaJ. fJ.:utte.r. Other laz•ge se;rie$ 

include :r.~port.s by Lown (1964.a. 1 1964b) wh<> prGsented ·the 



results of treatment in 240 patients (305 episodes) 

including 32 ep:L.:oder-; of vcntric:ulHr tachy-caj:·<tia, 2,27 

ep:i.sod(-:B oL ,.ttr3.al fibri.1.Ja.t:Lon, 36 episodes of at-riaJ. 

J.hccst, Paulk, J:::r·octor Bnd f:ichJ.n.:nt (1964) reportecl on "the 

tre::1.tt:1.ent of 149 pHtieri ts ( 1513 ·e pit;odes) w.i th atrial 

fi'brille.'ti0n and I·an:trJ.dgr: ana. Halmos (19C5) repc:ir·!,ed 

electrical e:on.ve:ctdon fo11owing the i'ailtn:·0 of drug 

therapy ·to ~er~inutc .their arrhythruin uu presented here 

haf.; neither LE-sen con:f:U'.'mect nor detd.ed in a:uy other report 

into einu~ r~ythm. 
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1,082 oaoes of atrial fitrillution nnd r8ported a conversion 
1 • 

,. ' ... 
Severe toxis reactions using 

quitd.dine 1.'o:i the conv-e:eE):ion o.f a.~crhy tlr:ni.as howeve,r, may be 
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may altm ocou1" !olJ.ow:'.i.n& eleetri~ul oonversiori. It is 

1H1rtinent1 th~x~storo to ccn1aicl.~r . th@ mod'8 of ection of 

quinidirJ.f:i sa compsr!.Hl, '11i th d:i.ree:t curren1~ · in tb.o t:r·~at1nen.1i 

of arrhy·thmio.s., 

11ie ~lkal.oid quiuia:.tn,e \1ecrune $.VaiJ.able !:ollow:tng 

:t tt, px•eparn tion .rr<:mr 01nc:hont1 by .Bas teU:r in 185 3 ( Conn and 

1.,uohi, 1964.)" 

or.rhytbm.lu;a :hi uauo.lly <htted :from 1912 when a. patient of 

Wc1n~k(l$bach demonstra..t~d he colJld control his own paroxymnal 

iltr1aJ. t:1b1~:il1'1 ti<Jl'l by t,A..tt:.i.ne; qui,.nine ( v,·enck(~ tHM'lh, 1914). 

'IJ'rGJy (l9lH) r.iru,wocl that the atltiar.t'l1;mio act:ton oi' qu:tnirte 

Su.<fi.Ut:t'y trea ten hia own cardiac i.rrogt.ila:d. ty in l8J.;;, 

using Citwhona card.:Lfoliu., a.B quo'.ted by Sr.tell {1965), 

ax\d. it ,seema therefore that 100 year$ befo:r·c 'f!enckehaeh, 

a oel·f-prtHH~i·.:t btnH phye1eian wae aware ot the t1one;f.'1.(?JilJ. 

notion of a crude oi.nohona t,Xtl!tlot 1n. t.r>Ottiting or:1.:rdi(,J,C 

i.tregula:ri:ties" .It is probm'bla thu't Dra1ro };r1ow of tho 

writing oi' b<nlt\o ( 17 49), t-iS quoted. by Willi:u s .n.nd K~ya 

( 1941), anvoeati11g quinir,e for ll(n,x·t pa:lpitationo associated 

with .!'.111.tulenqe. :i:b.e ac'blorl.f.r.i of qui.nidi:ne rnay he @um1ntil.r·1oerl 

ll~ fo.llovm :- (Conn· w1d J~uchi, 1964). 
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a .• Depress.ion of the rate of discharge of the ,pace­
maker. X.n man; however• the anti-adre:nergio 
action and vagal blockage oon!liot ao that unless 
hJtpo1"thyro.idism is present; there is little 
,overall change :i.n rute, (Rowe, Emr.~uel, Ma1:.wel1, 
l1rown, Castillo, Schuster, .ruurphy a.11.d Crumpton, 
1957). 

b. Depression o;f atrio- and iutraventricula:r conduction 
which progresses on the electrocardiogram from 
prolongation of the P-1:1 interval a.ml widening 
of the (-tRB corr.plex 1,o atrto-vontricular disf:.locia.tion 
and intraventrlcula:r block. 

a.. lnct·ea-oe in th(~ ,overall refrac·tor,y period of the 
heart huij er~peciall;y involving the 1·elative 
r~:.fractory period (l/illiamc, 19!:>8). · 

d. Depreas:i.on of myocardial contractility which ma.y 
be assooto.teu with h,ypotension and :reduoti,on ot· 
the cardiac output (Ferrer, Harvey, Werko, .Vreectale, 
Om.irna.na and Richards t 1948) .. · 

It has been sugt;ested tha:t. under normal ci:rcv.mstances 

ecftopic pacemaker tissue is more senoi ti ve t<> e. gi van 

oonoent1,ation 0£ qu:i.nidine tlian no.r.mal pa.cemaJtcr tissue 

and that t.h~ conduction syaten1 of the heart is r.iore af'feo'.ted 

by qulnidine than the muscular tissue (Hoff.man, 195'7). 

Opinion about the use of ·quin:t.clinc in atrial 

fi brillo.tion befo1·e the il1 troduction of electrJcal methods 

of conversion could. be summarised. on the one hand accord.in.µ,; 

to the view.s o.f Golc.l ( 1950) who :fel't;. that the use of 

quinidine had largely beon abawlonad, and on th.e o·l;her 

· hand a.ocordin~ -t;o the views of Mc!~illan nxtd Welfo.:re (1947) 



,vho £.el t that an attempt at conve.raion with quinidine 

should be made in praeti,eally all patients wi'th chronic: 

atrial £.:tbrillation. 

Toxic reactions to quinidinE~ va:ry from. vascular. 

collapse to hype:r:sensi ti vi ty reactions .. Although some 

reports indicate relatively fow toxic react,ions (Sol::ol.ow, 
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19.51) up to 67J of sudden loss of consciouc.;ness a11d circu.li1tory 

collapae requiring resuscitation has been repor,t:ad by 

RoksetJ:1 a."ld Storstcin (1963). Iurthermore, Selzer and 

?/ray (1964) r,epor·ted the ocoul"'rence of eyncor:e due to r1aroxyr:nna,l 

ventricular .fibrillation in 4% of a large series of patiertte 

with atrial fibrillation.. Experierrne in tho co~tleot1on of 

patien·ts l - 50 o:f.' the present series ia :tn agreement witli 

th.e poten.tia.l serious hazards of qt,ii.nidino therapy .. 

Estimation of the seru.m level of qu~nidinei vras 

strongly advocated by S0kolo1cv and Ball (1956) in an attemp1; 

to preve.nt dar1gerous episo<:tes of q;uiui<lizie toxi,oi ty., Using 

the fluorometric. measurement of L1nenthc~1, Ul.:Lclt and 

.Pa.tterson ( 1947) wh.ich v;m:i base a. on t.he quinine and 

quinidine estimation of Brodie and Uuenf:t•iend (1943), 

they demonstrated that serious toxicity was unusual with 

.se1"'um concent.ra.i,ions les~ than 6 f .. g./ml. :i.1ox.ic rt1aetions 

did oacu.r, however, wt th serum concentration level$ lower· 

·. 
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than this poo.sibly due to the f'act that tlte eGtimation 

also give,e the ab~H>.rption peak o.f less ~otive or in.active 

qu:tn1dine metaboli tee (llrodie• Daer and. Craig, 1951). 

Beveral long-noting p1'epar.atlon.s hnve been introduced 

in an attem1rt to m.a.intain a constant r.:erum level of' 

qu:lnitline and prevent dangerous IJea.Jcing related to the 

variablo aboorption rates. :Nie ae compound ti hav¢ usually 

,proved disap_po:l.nt.ing in their cll-1:i.ms (Modell, 1962 - 63) o 

1,1r,re recently a ta.blot in which quinidi:ne l>isu.lphate hns 

been ~mbedded in a. porous l11J:1.oluble plastic cwmpoun.d nae 

been described t.;y Sannoretodt· (1960). WhtH'l seTum q_u.inidi.ne 

1eV'els li\7ere measured a.coo:rding ·to 'the method of }Jalatre, 

Lefevre and lvlerlen, (1960) a sustained level of q,uinidine 

over 24 b.ottrs could be .a.chieveo. by a tablet ev(e:!ll'.'Y 12 hours 

(Crainlr, Varnauakae u:nd Werko, 1963)... It is disappointing 

therefore; that loss of consciousness oc-currcd iri 11 of 

200 patients be.ing ma:i:11tai~ed on th.is tablet despite 

satisfa,ctory blood levels· of q,uini<line (lloksoth, 1963)" 

It seems the1;,efore that even with ·the added safe~d 

o! slow-reloase p:repara:tion.s c>f .quinidint! controlled -by the 

eetini.ation of' tb.e soir·um levels of quin:tdi11e dangeroiis to:r..ic 

rt:.1rwtions may a till ocwur .. 
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'1:he :results in pat1e11ta numbers l - 50 imlicate 

that synchronised eapaci tor disch::.,.rge orul eatab.lish sinus 

rhythm even when qu.:tnidin,e r.u::is fa.tled 6. It has beon -tated1 

1~one ca.n predict with some certainty that the 

major complication following cardioversion will 

result 11o·t from the procedure; but from the drugs 

utilized to sustain sinuri rhythm 11 (Lown, 1964b) .. 

21 patients in the pr~se:nt ~erice { 14'.,;) w~:re 

conaidered to have complications directJ.y related to 

tbe electrical treatment. 

Cnpaci tor discharge can resu.1 t 111 myo,ca.r.dial da.mcage 

under cn.rtain. circu.ms ·ta,nces. " Peleska (1960) related 

, dama0e. of the heart muscle to an unmod.tf'ied oapaci tor 

impulse i.,G. with.01J.t an ;i.ron-eo1"'ed c.hoke in cj.rou,1't; 

to hil;ller vol tuge and enei"gy levela 1.t.t1ed and ·to unev~n 

distribution- of the electri.cal ene.rgy over the myocardtum -

the paddles muot be la1::gr1 enough to -diotributo thQ energy 

evenly. Ifoverthelesa, Kong (;md. 1?ro1.tdfj.t (1964) reported 

1.40 direc·t cur.rent shocks given to a patien·t 01rer a 69-hour 

period with .no evidence o.f' myocardial injury; all the 

aho·.cks however we:i:·e delivered at a.n. energy level setting 

of between Hm a.n.d 220 jou.l~is .. 



Episodes of pulm.onary oedcmo. and increaae in size 

of the heart follov,ing syrrnh:ro:nised capaci -tor d.tscharge 

have not bee.n repox-ted p::rior to the 001run1.imi.cation of 

Resn:ekov und .. fitcDouaJ.d (1965) but have subsequently been 

conft:r·med by Honey, Nicholl~ a.net '.rowers (1965).. It could 
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be argued that in the presence of atrial fib:t>.illutio:n and 

m.i tral valve obstructio;n a sudden increase in co.rdia<? 

outpat with the establishment. 0£ .sinus rhythm might result 

in. an iriorease ii-i left utrinl n:nd pulmona.:ry venou.s pretH~u.re 

au.d .$0 be responsible ror the ,pulmonary 00de.ma and increase 

in heart r3ize,. rt has been shown, howe,rer, that there 1a 

little change in the cardiac output in patien"ta.1 in st1•ial 

£ibrillati01:i and following version to t;';d1u.1s rhythm .measu.red 

at rest.~ 

!l:here were aix patients with pulmonary oeclema an~ 

art increase i.n size of the heurt • of whom three showed 

significant chru1~.::;es in the ae:rum levels .of enzyrneiJ and 

. three were alc::o hypotei:is1 ve for up to three 11,ours foll.owing 

synchi'onised. capacitor ctischar,Ge. Pour of the six 

patients we.re given flhocks with energy level sett:ln.gs of 

'.550 of 400 joules.. '.i!hree of the e1ix pa i,ie.nts hacl oJu•on1e 

ischaemic heart disease anc.i one cardiomyopathy, so that a 

disease prima.r1.ly a:L'feoting the left ventricle was pre1ae.nt 
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in .four. Furthermore in the case of patient number 68 

who had oor1"ected transpoei t.ion, a morphological right 

ventrtcle was subjected to th~ w~rk and pressur~ of ·tlte 

left ventricle. Acute :breathl~ssness occurred on.ly in 

o.ne pe:!iient so that i"t; ta possi'ble to be unawe,re of. this 

pa:rticulo..r complicati.o:n unless c~est radiographs a.re 

:r·out.1nely performed one d3J! following t:rcatnent. 

l!'ive of 22 1~atienta with lone atrial f:ibrilla't:ton.. 

developed complications after treatment ( 23:,·;) o.nd :f.i,te of 

12· patients with acute my(HHtrclial 1.n.f.aration ox· ohronitl 

ischse.r.rdc hi:.iart d.isea.se {42::). .&'ive of. 51 patients who 

had had a closed .mi t:ral val,rotomy a11d w·ere be:lr1g trea;t;et!l 

for atrird f.ibrillati.on ,:icvoloped co:np:U.ct~tions (10;".) ;: 

,A :t::aised oeT"u.m level of glu.tflmic o:x.aloacetlc 

tranoaminase will :reflect rn,yocardinl dtmtage (L°'due, 

"Wrobl~wski, and Kar1r1en, 1954.) but could £ilso indicate 

damt:i.ge t;o slrnletul um.fJcle .. 

lactic dehydrogenase however io even nmre .apeoit.ic of 

myoo.ardie.l damage (Mac.Donald.; Simpson and Nossal, 1957) .• 

Signi.ficant changes :Ln the serum enzyme levels 

occurred in 11 patients (13.5;). Of these, 9 recoiv~d 

· shookt3 with an energy level setting of }50 or 40U joules 

am.i 4 were hypotensive .for !:r.orn 1 - 3. hours aft,ar trot:1.tmen:t; 



2 dov,eloped lo11d le:t't ventricular third '.hear•t sounds" 

1•J1ere were no episodes of ;;;·:r ~.iegm.e.nt elev-ation 

followii1& synchronised caJ)UOi tor discharge as reported 

uy Sussman, Wolden.ber~ arid Cohen (1964), and by Kill;i.p 

(196;:S).. Two ep.isodes o:f flat o.r imrerted T waves were 

:recorded on the day following synchroni.sed eapaci tor 

disohai•ge. and in one patier1t this was associated with 

s1gniflcan·t elevation of tlte serum enzyme levels nnd 

with the development of r1;, left ventricular third heart 

,sound. 
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Only one episode of ventrioul.ar .fi'brilla:tioti occur.red 

irnmediately .following synchronised ca:paci tor d:tscharge. 

This we.El in a pa.tient already in ex·tremis and in uaardiae 

arreat" al thoue)1 the electrocardi.or;ram. revealed that 

vent:riou.la.r. tachycardia was still J>rese1rt- JNt1lure: of 

sy11ch.ron:tsati<ln, the shock falling during the vulnerable 

phase of ventrioular repolarj.sa.tior1 has been. impli,oated 

as the cause by Killip (1963), J;emberg, Caate.llm1os, 

Swenson 0,11cd Gosselin. (1964), Oram aml Davies (1964), 

Morris, E;ong, North aru1 M,ointosh.(1964); and by TowGrs., 

Gibson, Burn and Mo21:r.o (1965). However, ir! a r;econd 

episode of ventrj.cular fibrillation .following clireet 

curre11t shock in the same patient Ki11ip (196'.3} was uruable 
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. . 
to 1mplioate failure of syneb.ronisation as the ce.:u.se. 

Apa;r1: from eleH!"h"oni<: fai .. lur.e of synch:t•onia~tion particular 

attention must be paid to stt1bility of the base-line ot the 

eleotrocard.iogram to pr~ven-t the .aapaci tor bei.ng disohar·ged 

by an artefact in a vuJ.nr:!:rable phase o.f the cardiac cycle .• 

Over digi taJ.ir..:iation waa thought 1to be _i"esponsible for three 

· episodes of ventricular .fibrillat1011 corning on :t -., li minutes 

· after a ;proper:ty eynchron:ls~d shock a.s reported by Ra.bl,it10, 

lei th,n:,, e, fail'lxre of ~ynchroni-

sation nor digitalis was thought to be the ca.use in the case 

:reported by Willis (1964). JU.gi talis mitth t. well have beetJ. 

an a.aeoaiatia.tud factor in the pai,ien:t who developed 

ventricu,la1· fibr:i.llation after a sy11chronised shock or 
loo joules whioh had been precedod by ·the intraven.o,1s 

injection of 1 mg. Lanatosid,e C (Eos.s. 1964). 

The late onset of ven:triculnr fibrillation aa occurred 

in pat1e11t number 51 ( }6 hours after treatment) is tlnuaue.l 

al though a similar oase is reported by Sor:1.ple, Mu.rdoch attd 

6incle.i:r. (1965) in whom ventricu.lar fibz·illation also 

ocmtl'red 36 hours after synohz·on:il'Jed capacitor d.isoharge. 

'.Che.re was no ·evi.d.Euwe .of damage to the myocardimn or to the 

oortciuctint; system on post-mor·t<!!m examinai;ion of patient 

l;.s both patients were recelvin.g quin;idine 



f'ollowine eleot:rioal convers:ion it .is possil'ile that both 

- result from qu.irricJ1ne o:rreot.-

'l'entrici;;lar tachycardi.a :f(tlJ.ov11rtg direct current 

ahook bas been reported by Grnf and. 1::tk:tna (1964) v1ho 

aJ.ao qtwte oinrilnr ,compl..ta-ationa ·reported to tl-iom 03 

Wyman (1964) and by Ho£fn1M (1964). In thf;l opinion o:f 

Graf ar1.d Istk:i:na (1964) low tSnt::rgy $hocks ar~ more .l.1eble 

to cat.\ee v·ent:rioula;r arrhythmias {K.cn.twanho.ven and. 11ilnox•, 

195.4). but th.is iu contrary to tbH work o:r Pole~ka. (1963) 

and against th~ opinion o:t· Lown (l964b). !i:hreo ptttierits. 

de·veloped ventricular taohyoerditt' tallowing di:r.ec,t outs:t•en.t 

~hoelt· thought to be due to noratb .. r.w.nl.ine in one patient, 

an,1 to }lOtaseium d~plErtio11 in a oeeond1, (l«own l964b). 
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episodes ~courred amongf-Jt 1~8 e,piaodes of trrui·trnen.t 1n the 

sel'.'ies reported by liu.rn't; l?o.:ulk, Pr.oetcn;:- and Bohlant (1964) 

and. three patient$ dovc.lopod ~mboli nr.:mnga t 70 ( 94 a:ttem.pts 

at c.ouverFJion) ·treated by H<>rris, .K.01ig, ij'orth and l(clntoah 

(1964). 

t)Ccur:red amon.set the 100 po.ticnto trl";ated for e~triQl 

fibrillation b;y Oram au<l nav.iem (1964.); oru;; cor~bral 

em.boltie and one pulmo11ii1.ry omboJ.us in 65 pati.ents treutod 

wero l."epo.r·te<l ·~y Ra.bbino, J1iko£.1' e11(1 Dreifua (1964)• 
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The patient who developed ventricular tachycardia fol:Lowing 

ci.irect current shock: (Graf and Etk.ins, 1964) developed a 

poplitefi:1.1 embolu.s three days la.tor. From "the re po:rtti .in 

the literature and frmi; the analysis of the 150 patients 

of this series, it r-J,ppeart. that tho· incidence o.f emboli 

following vc:i:•sion by synchronised onpaci tor diccharge is 

the same as that reported following version by qttj.lti.dinG 

· (Goldman 1959 - 60)" Where there 1a a risk of. embolus 

or tiu•ombosis, for ex.ample following recent myocardial 

infarct.:Lon, or in mi t:ral c·tenoa:i.s unrelieved or partia,lly 

relieved b.v surgery or with a history of previoui, embolism, 

antiaoe.gulant th.11.u•apy using u COUlil~din derivative should be 

given and .satisfactory ao:n.trol maintained for. at least 

three weeks bo:fore electrico.l con:versio;i:1 unless treetment 

of the t·hythm ia urgently needed_ when heparin should be 

substituted. In contrast, .following successful mitral 

vnlvotomy or closure of an atrial $eptal de.feet, anti­

eoa.gula.nt thern.py need not l>E~ given. Patient m.unber 90 

in whom a cerebral em.bolus followed changing rhytlu·na si.x 

weeks after syncb:t·onir:H:Hl cu.pfici tor discharge undorlines 

the fa.ct that·thio form. of tre~tmcnt :ts best reatr:tcted 

to pa tie:n t;a in. whom prolonged sinus .rhythm can. :reasonably 

be expected .. As severe val vula:e heart disease was still 

present and (:onsid.erable enlargement of the .heart shotnt, 
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atrial .fibrillation w:i.th a ventricular :rate controlled by 

d.igi.talie would in retrospect h~ve been preferable to the 

rew short weeks of .sln.u:s :rJ:iytlim followed by changing rhythms 

arnl th.en a cerebral ernboluB. 

There were three deaths directly or indirectly 

related to synchronised capacitor discharge.. 2 dea.thi) 

were reportf;d by Towers, Gibson, Burn eJ:1.d Monro (1965} .• 

The first occurred in a patient in e2ti,:r.emif.:1 who had 

oa.rdiomyopa.thy and atrial f.ibr.illation; . the oeoond 1;;ra~; 

in a. pe;t:tent with atrlal tachycardia and acute myocard.:i.al 

.infarction. Fatal card:i.;i:;,c arrest duz•ip.ij induction of 

a11aeC:Jthesia for synchronised. oapac:i to.r discharge is reported 

t)y Semple, Murdoch a:n<l Sit1cltdr (1964). Ventricular 

fil>rillation follm1ing direct ourrent shonk lea.dine to 

death is .reported by Hoss (1964) and by Rabliino, Likd'f and -Dreifus 

(1964). Three deaths occurred .. amongst 100 patients 

.trea.ted by Oram aml Davies (1964) al thou@).!. in one pa;tient 

it is doubtful whether direct-current ahook was responsible .• 

The mode of action ,of ~lectr.ical reversion is to 

cause instantaneous d~pola1•isatio.n of all the myocardial 

t'i brea and. so allow tlle sir.to-a trial node to resume 1 ts 

.fw1ction aa pacemaker .. l t is of f'undan1.en tal importance 

th.at the shock: does not occu.i" du..rinc the so-called vu.ln.e:ro.ble 



period. An electrical otimulus of sufficient strength 

m~ cause ventricular fibrillation during a short period 

of rcpolarisation oJ: the ventricle which approximates to 
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the apex 01· the T wave • A diagrammatic representation or 
this phase io shown in Fig. 52. Repolarisation, however, 

r---

. I 
I 

DC SHOCK 

. . . . !" ~C. S~O~K 

VENTRICLE VULNERABLE 

ATRIUM VULNERABLE 

I ~; : ! . 
I I t . -· r 1-!- · •• 40 M.SEC • 

. PIG. 52 z Diagr&JU1atio re,preeen-tation o! the vulnerable atrial 

and ventrioular pha•e• o~ the cardiac cycle and their 
tem1>oral relationship to an al ternl\ting and direct 
current shock synohroniaed with the it-wave o! the 

electrocardio&ram. 



does not occur at the _same .fixed interval after de,poJ.ar1-

ea.t1on at all points in the ventricle (Hoffman.and 
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Cranefield, 1964). These authors are of the opinion that 

only if· a stimulus is made to .occur after _re:po.larisation 

is oomplete for thG entire heart, f,or ~xrunple between the 

T ... wave and the ·bet;innir.i.g of the P-wave, is there 11 ttl..e 

· danger of fibr:t11a.t1on of ·U1e atrium or ,1entricle.. It 

f'v.rther point of some· importance is that the thre,ih.old. to 

fibrillation varies during the vulne::r.n.bl.e phf:l,se, bein.g 

lower in the midd,le than n:t ei "ther end o:C this per.iod 

(t!of'fman, Suckling and Brooks, 1955)~ The threshold .may 

drop precipi toualy shortly after the a.dmin.istration o.f 

adrenaline or noi"'adt'f"lnaline (Sie.hens, Hoffman, Enso.n .. , 

l!1a.rrell, Brooks; 195 3) , a poi:n:t 0£ sonia importance .in 

patients being trea t~t'l f'o.1:- ci1•cula tor:t colla!)S.e w:t th 

sympathomimet:tc drugs whilst awaiting trea.t:men.t of the 

arrhythmia by sync:hron:li::.HJd. ca.pac:i. t,or discharge .• 

facts us outlirtcd above might help t,o ex.plain the occtU'."I'E.U''.I.Oe. 

of ventricular fibrillation following electr:Lcal reveroior1 

when a, failure of synehron.isation had not beer1 .responsible 

o.c..: typified by the experience. cf Killip (1963). 

S.imul taneout, depolarteation of all the fib1!.cs of 
'4>, 

the haar.1; muscle requj_rea a Gurr011.t of' betwea11. l - 5 aniperes 
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(Uoolter, Kouwenhoven and Laflb'1forthy, 19:;.s:,). The voltage 

needed. to pass this current t!irough the heart depends on 

the resistance of the heart muscle and varies with the 

nature, auratio.1..1. anu m~ni tude of the cur1·ent (.1.,.ac.1~ay, 

Mooslin &nd Lweds, 1951) blid with the size of the electrodes 

;.s shown by ,1 uy ton and ::.at terfield 

(1951), the resistance of the heart lies between 2u - 50 ohms. 

The wavet'oriil oi a capu.ci tor discharge can be varied 

wi<iel.,v as ret~ards magnitude and shape. 1'he waveform shown 

in Fi~.5) was obtained Lj diachar~ing a c~pacitoz without 

• II~ 

.l!'l'J. 53 a IJ.u .... nodifleo c.,paci tor discharge. 
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· a.ddi ti.o.nal inductance in the circU1 t. 

a.re an almost .instantaueous x•ise; and an abrupt .. :·peak.. 

which. is followed by an. exponenti11l decay.. The use of 

au.eh an unmodified ca_paci tor disoha.rge · tra.nsthoracica.lly 

in dogs reeu:vted in vo.n11ricular arrhytbm.i.as (Lown, lJt1u.man, 

Amarasingham and Ber1covi ts, 1962) .~ By the in t:rodu.c tio.u 

of e..n. inductance coil into the ci.rcui't, 110wever, 'the wave­

form is modified .from being critically damped us:i.~g a 

small inductance to being <nrerdan1ped i,11 th laree:c values . 

of in.duci,ance.. An .ove1·damped wavefor1n :.is characterised 

by a alo'\irer rate o.f rise and. a more g:radual pemJq t;hc-? 

}1Ulae is bro.ad er an·o. enda in a small fle. t peek of· opposite 

d.:i..rection (rin~ing). The voltage and current wavefol'm of 

the apparatus t.ts<Hl throuchou:t the study. on tl1e 150 patients 

is shO\'lil. in Fig, 54 obtained by .discharging the oapaei tor 

across a 50-ohm resistance. Thiti circ1:1i t which incorporates 

a. capa~j_'t,0r of 16-mior·ofo.rade and an ::l.nduc1,m1ce coil o.f 

100-millihenrys was found. to proclttce a clinically EHl.fe 

undem:mped ·waveform and to be m.ore ef.feoti ve ·th,.1z1 com.mereia.lly 

available .aJ.·ternat1.ng current defibrtll.ators in tho 

management of ventricular fibrillatj.orJ. in dog.a (L-own, 

Neuman. A.1narasin.gha.-n, Berkovi ts, 1962). The energy 

d.eli verad by discharging GI. aa.paoi tor is 1ne;;iaured 1·n joulee 

and io equal to 
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F'.1G. 54; Unnerdamped V(.11 ta6 e a.nci current waveform. 16 
ffiicrofarad capacitor with an inductance coil o! 
lL(, milliher..r.Y s in circuit (Lown 0ardioverter). 



'~ ov2 , wh.er~ 
C == charge in farads 

V ~ voltage~ 

Iu eontra.s·t the energy <H:l:i.ve1•ed by al terna,i;ing c:ur:re11t 

io cqu.iva~ent to 

measured. in joules. 

A11 exum.pJ.e of the wav.ei'orm ob Lained. from a coiru:m:;rcially 

avriilable al t.erncit.ting current def:JJn:-illator ts ahoVi>n i11 

' 
l'"'' F • 5·5 l.0," ....• !L'.he energy needed £or dofibril.lation with a, 

cape.ci tor dischariJe io less than with al terna,ti11g ,current 

(Lo,m, Ifeurnrut, .Ama.rasinghar:i and i3orlcovi ts, 1962) and the 

heat generated in a pa'Lie11t as a .r.em1l t io elso less 

( ~eesdea ch:t and White, 1954) .. li1u:r.thermore ventricula:t" 

function is less dirJturbed in dogs wi tb. ventricula.r 

fibrillation treated by diroct current shock ( Yar.'brough, 
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Ussery 11nd. Yefhi tley 1 1964). Enc:!l'.'iW is not the only faotor 

th.at deta:'t.ls of the circu:tt used w;t th par'ticultlr ref'oreno& 

to inductance and the rest1l tant waveform should always be 

statQd (Mnpleaon, 1965). 

Up to 7,000 vol ts is noe(.1.erl t<.) chare;e a ca1)a.Ci tor. 

of 16 nd.crot'a.rads to ,p:r.oduc.e an erior{{Y level of 400 joulesfl, 



i.'Hi. :::>5: ~i::1vefor1:1 recor,wd from an al ternatin~ current 

defibrilJt .. tor. bUu volts setting. (r·enley). 
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A eoliti dielectric capacitor capable of storing 401 joules 

weie>;he about 2!j kg. and apparatus usine: this form of 

capacitor ten.did to be L:ulky. the alternative electrolytic 

ca.J)aci to1' is more ef .:..'i.c:len t oJ. t lcs~ reliable nnd usually 

cannot be chargeu. to more than Gou volts (Norman, 1965}. 

by usin,~ o.n electrolytic cc:;.paci tor of about 3,u O microfarad& 

ohfU't<Hi to a fe-.v hu.wi.ced vol ta 111 association with a pulse 

trMrnfor·11er, ..Fele~lca, 1-orumka a.no blazek ( 1962), were able 



to design a more portable machine and ali,o one in ·which 

earthing problems were elj_mi.nated. 

From the clinical point of view desirable features 

of apparatus for synchronised capacitor discharge may be 

summarised as follows,-

( i) S?,f~ty_ ~t.9_,!;_h:: ..J2..t\tj.en~~-!..1!1.!L.2.P_e.;r;a~£l.: -

lioth paddles should be isolnted from the earth 
potential.. If one is enrth.ed, 'the o·~her. will 
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be live and the operatol' could receive u dangerous 
ehock by 'touching the electrode or the patient 
during defibrillation. .Pu.rthermore, tho putient 
could. roceive a. burn a.t the earth electrode and,· 
part of the energy del:1.ve.red vrnuld be dissj.pa.ted 
through the earthed eleotrocardiograph electrode 
or to any conducting material on which the patient 
was lying (Towers, Gibson, Bu1·r1.; Monro, 196 5) • 

{ ij.) ~Y.o;tq§!l_c_e_ o:L1.lll1._"{uln~~:§.}>le .• J2!1as~.~- .<2£ .. .:1ill.!L9.EF..9..'!-.!£ 
ovcle -
* ~'" ·- n•,r 

The shock ie usually synchroniE.rnd with ·the R or 
S wa.vo o:f the elcctrocardlogram. Provision for 
changing the ECG lead tc.> one in which BJ'.l unequivocal 
R or S wave is present is highly doi1irable. It 
would fur·ther be prcf"erable for the n:tgnal for 
oynchroniaa.tion to be the rate of rise of the R wave 
rather than its amplitude, to prevent oyncb.ron1aat1on 
with a baAe-line nrtefact or Budden mqvement of the 
patient. 

(iii) ~y~s1.o!!_. fp_;r· i~Eclia te !':.£,<!21:~ of.-1!.h..! 
-=:·~$?.:.t:,~_gcar~_o~ram -

Oscilloecopic monttoring of the J:~CG is frequently 
m111H::1.'tiafactory in determinir1g the rhythms after 
synchronised ca.paci tor d:l.oohnrge. To be r:n.tre 
whether simrn rhythm is presen·t a V lea.a., usually 
v1 or v2 :i..s often neod.ed. .A ono-o.hannel 



direct-writing pen recorded incorporated in the 
apparatus with provision for lead selection 
would bo desirable. 

(iv) 1'roy:!g,i9,,n _ _f.J2Ll.i!3.£:t11!r!J.n~.L!h.'LE~})ac;i;_to1; -

It is frequently :necessary to discharge the 
nt.pacitor other than across a pa.tient. Allowing 
the chargo 'to "leakn awny cou1d still lea-ve the 
paddles live wheri. next used unless su.ffi.cient 
time had elapsed. 

( V) lLPWl toh for_1:t?_-_£,.1-W.r£~i_ns. tl~!} C.Q:E~ill.9.t -

1·t should be noceesnry to set the capaoi tor to re­
chUl'{,:'.;C rather than .allowing automatic re-charging 
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to follow the discharge. Unlesl~ this i.s dono the 
paddleo a.re al\.'a.Jf:3 live from the time of being 
charged an.tl could cons ti tu·te a sou.rec of da.t1ger .. 

It might be considered that the ne,;;d :fo;r. a.:n an.a.csth.etic 

is a disadvantage of the technique of electrical conversion. 

stock (1963), and Lown (1963), have questioned whether an 
nna.EH,thetic io really necessary~ I•an tridge and Halmo~1 

(1965) use no anaesthetic with energy level sett:tnga of 

100 joules or lese. Patient number J.li.5 admitted in neve:re 

circulatory collapse with ventr:i.cular tachycardia. and 

:i.schue:mic heart cUoease wao tr<~ated wi thou.t an anaeethetic 

and had no recollection of the event. kauy patients are 

a.ppre.hensi ve, however, and where more than one 13,hook is 

needed, or when higher energy level aettinge are required 

a brief general anaesthetic seams prefez·able (Gilaton, 

I!'ordham and Resnekov, 1965) .. The combination of JJethidi.ne 



278 

as pre\'*med.ication., sodium thio,pentone {Shephard and 

Vandam 1965) o:r sodium 111~thohe~itone for in.dtwt:ton a11d 

thereafter .nitrous· oxide an.cl: oxygen by inhalation to 

which :lr.; add.ed 0.5~:~ halc·thnno :tf needed, i£i re.comtrended. 

The n.dminiotra..·tio11 of su::r.qmethonium to i:my patient race.i.ving 

intravenous qu.inidirie, should be avoided as the 1..nteraotion 

of these two drugs m.r:ty resu.1 t in prolonged muscle pa:rn.lysis 

0.11.d apnoea ( G;i::-ogo110, 1963),. 

The present serl.e~ of 15C pat:i.cm.ts who had atrial 

fibrillation, atrial flutter, a triG-1 tachyca.rdia ru.1.d 

ventricular tac.t1ycarc'ha with a sucoeso rate of" 87'1~ <:om.pares 

favourably \lf:t th other reports. In the .four sertes :reported 

by Lown (1964), Huri;;t, Pe.wk, Proc·~or and. Sohlant (l.964) 11 

Oram and Dav.ies {1964) and, Fantriclge and Halmes (1965) 

there were 6,4 e;pisodes of arrhythmias treated with @ 

ovora.11 immediate sucoess rate of 8'7. J%. In the series 

of 158 episodes of n·trial fil>rillati.on reported by liurat, 

PauJ1; Proctor o.nd ncl:ilant (1964) a 95% success rate .is 

revorted; the eJctremel;y hif.<h ouecf.H:1s rat€ it':l probabl;y 

due to the fac-:t that there were only 40 pati<.~nto · W1lo had· 

underlylng rheumatic heart uioeus,e in contrast to 71 of ·the 

120 patients with e,t:l'ial fibrilla-tton in 'lihe present seri<H'h 
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.At.rial f.ib:rillation in the absence ,of underlying 

he.a.rt disease was a less .rewarding grou.p for: treatmon.t by 

aynohr.ord .. sed ce,ps..ci to:r ctla<?harge; 73% of 22 patients were 

brought into sin.us rhythm.. . Oram and Davies (l9f>4) 

reported .sucmH;;sfu.l it1:w.ed1.a te results in 12 of 14 pa..tients 

with lone atrial fibrillation. 

Det;1!J:i.te the reports of' Lown (196~ and of Oram and 

Davies (J.964) the du.rat:,ton of at:rial fibr:.t.lJ..atior, was an 

impo:r.iiant fa.etor in ·the success or failure of ·the electrical 

treatment as confirmed by ;Pant~ridge and Halmos (1965). .In 

any patient in whot1. atrial :f:i.brillatJ.on had bae.n present 

f'o:r mo:x·e. th.an :.> years, tl!.e :tmmed:i.ato suc.ccrns l"'ate fell 

p:r-ogres::iive1y to about 50% when the arrhythmia had been 

present for 10 years. 

Siudlarly, contrary to ,earli11r rep,orts ( Oram and 

:Onvios, 1964), a card1.othoracio rP..tio -in excess of 60,:; was 

f.ou.nd to J.esi:;en the chances of sueceas ( other than .in 

patients with lorw atz·ial fibrillation). Selective 

enlarger.aen·l; of the lei't atrium also mi tig;ated age.inst 

euccoss.ful ·t:r:·eatment (lone t\trial .fibrillation c:x:cepted). 

The presence o:f' coaroe f wavern in lead GR waa found 

by Aber (1962) to be ~ good pro~nostic n:t~n tor th<: ease of 



the conversion of atrial .i'.1 b:rillatior.1. to sirius rhythm by 

quinidine" 

height of .f waves 11.1 lead V 1 , found no co;rrolation at the 

5~t tevel between higher fibrillation wave.e a.ncl the eat;,;e of 

conversion by aynohronioed oapa.citor discharge. 
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,11.s 'Ni th most othe:t' series patients with atrial flutter 

were particnlarly t;ratifying to treat; all we1"'c brough't 

into sinus rhythrn. J:n cont.rant to 1own (1964b) however, 

not eVfH'Y patj_ent i.'lO.£ii brough.t into sinus rhythm on the f'irst 

ehock .• Th.e y_oungesi; ptd;ient in 1;he series wtu3 a boy of 

2} years in whom st:nus rhythm was e,chieved. wa. th the m:Luimal 

energy level setting· used• namely l0 joules. Atrial 

fl.utter .follow.i.ne; surgical closure of an atrial eepta.l 

defe,ct .:is an a:rrhythmia. wh:i.ch in general is quite resistant 

to dru.g therapy. 

seve-.m of' eight patients ·w:t th a:trial . tachycardia we.re 
' 

brought succesr::i.fully 1.nto sinus rJ.1ythm which compares with 

7 Eue.cessful tre.-1tments in 10 episodes ( 8 patient;s) reported 

b;y Lown (1946b) .. 

£,or ouoces.sful ·troa.tment than. in .atrial fibrillc1.tion. 



All 5 · pati<3nta with ventr;t.cu.lar ta.ohyoardia were 

sucoessfully ·tt•eated, only one- patient l"equi:t"irtg more than 

o:ne ehock. J;;nergy level .t1ot tings vmre low throutytov.t .. 

31 aucceirnful troatw.ents of vr.rn.tr:lcular tnchyc:strdia are 

reported by Lown ( 1964b) . .in 32 e:pisode11;; ( 15 patir~:ntr~) 

281 

al though an avex•age of 2 6hoc1t:a por tre.atment; ikad to be ,1sed .. 

Details of oneray ieveld needed for the succesaful 

re-estttbl:tHhment o:f sit,u.a rhythm ,malysod. accordi.:ng to. 'tho 

clura.i;ion of 1;he arrhythmia and the radi.oi;:c·aph:lc o.tz·O o;f the 

heart or sel.ccrtive enla:rgemont of the left a.tr:tur.~ a:r-e not 

g:i.ven :in the J.lterat11:re. Mo correlation ,WfaS :rou.nd. in the 

preso:nt 1;rnri.es.. i;1of.:it j,.nverrd;igatora a.re in agreeme:rtt with. 

the i'i11din.g~J preae.nt¢d ti.ere ·that (~7j" 4>atients who a:r.e 

auccesat'ully . t.reate·d ac.l:d:.ovo silms J:·hyt;h11 :fol.lowing tlH~ 

first shock. 

level settit1,J of 4,(;C; joules had at:r.:la1 i'ibi•illatiori .. 

.ca:t·e WHO' alwa~1s taken to adopt a uniform method of prcparirig 

the skin b(~f.ore appl5.o-a·t;.to:n o:f the paddles so 'that the a}rin 

resistance was pro bahly unifo.rm 1n a.11 the 150 pa.tien-tr1. 

The con$ide.rable d:ifforence ::i.n <:meI'gy levels fox· aucc.essf'ul 

trea·tmeut might wel.1 depend on the dissipa.·~:ton of energy 

a.cros~ the skin rn.nd ttssuG:G und on di:t'ferenceo 1.n the tissue 

dep·tlJ between ·the heart· and the paddles n.nd was ahown :rioi; 

to be related to the body surface area~ 



Although Killip (1963), Lown (1964b) and Hurst, 

I;auJk, P1"octor and Schlan"t (1964) all advocated the use 

of quinidin.e before electricaJ. conversion <1uj_nidine in 

thic sericr.; d:1.d not r;,:C.cct; either the j_nL,,,ediate success 

rntc OJ.' tho ener;;J' levcJ.ti needed fo!.' succcsoful treatment. 

UB1r.:.i;; a pof:d;e:.d.or t)Ldd1e ir, conj vnc Lior. with one 

anteriorly placed was reported to dimiDish ener1y level 

nettingn for cucccnsfuJ. rc,·-':ntab1i::::hnent of i:;inw rhythm 

(Lown., Kleiger and Wolff, J.964), tho pat:1.wny between the 

paddles beinr:. r'3bortened n..nd thr: intr:~nni tJ of the electrical 

fiE>ld across ti:.o hoe.rt beint~ au.e;mrcmted. ;3.ir:d.lar findlngs 

were reported by Morris, Kong, North and Vclntosl1 (1964) 

and by Hurst, Paulk, f'roctor and Bcl,lant (1964). 

Coru:;pim;;.un;::,l;f 1eri, e.r~e:cgy settings were :not found 

in t.b.(~-- pc:::,tientu of this nc;rj_en suecesf,fullJ -treai,f·d usi:r,:1g 

i;hr.;: antero-post8rior pudcleB compared w:l i,h those i.n whom 

the wtterior paddles were used. 

'.the i11un{~dia te fai1ure rate was 12. fr;, ( 19 out of 

J.~(; patie.n ts) • 18 out of 120 patients trRated for atrial 

:t'i brilJ.a tion ( 15,.,) failHd to come into f;inuo rhyth.mb 
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Lown (1964b), failed to estublich sinus rhythm on 19 occasions 

(a:;1). An an.alysic of -tLe cauf. ef, of atrial fibri.J.lation was 

only given for 150 of the patiects. 63 episodes of atrial 
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fibrillation, treated b,y Morris, Kong, North arid McIntosh 

(1964) were unsuccessful in :L!\. (22?t).. "lowers, Gibson; 

was a 225; failure rtl.te am.onp;st the po.t:i.enta treated by 

Fantric1gc and Hct1.moa ( 1965)., Oram a.nd. Davies (1964) 

.reported a 16% fa.ilure ra:te i.n 10() cases (129 ep:U-mtlos) 

of atrial fibrillation. T.he series o!' 149 pa:tie11ts 

(158 episodes) of a.trial fibrillation reported. by lfurstli 

l:'aulk, :Proctor and SehlruTL (1964) had a. :fa:tluro xate of 

and Gosselin (1964)., 

There were no ftd.lur·es .amongst p~;tien.ts w.i th ai:.rioJ. 

flutter and ex.perie.rwe in tbe lit0rature bcw,rs out thJ,1;b 

:failures a:t·e unusut"iJ. v:hen t;cca:t,ing th:ts ur.rhytru.Jia (Lown 

1964b, Mo:r.rj_s, Kong a.nd Acintosh 1964.) ~ 

unly one patient wi "1,h atr:i..al tachycardia f ail.ed ·to 

come lnto si:mrn rhyi;hw .. 3 out of 10 patlen.te reported by 

Lo\m (1964) with ntri.eJ. or au.pr&;veu1;ricu.lai• tt'Lchyc:ax•dia 

failo<J to come into sinu.o l'."hytlun. 

There were no failures nrnongB t the 5 J}a.tientt1 with 

ventricular tachycar<lin whi.c:h oo:m.pa.ref» wi tt!, a· 3?i'> failure 

rat.e am.ongs.t ;i2 episodes (15 patients) treated by Lown (l9~i4b) .. 
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Patients in whom at:d.al fi'briJ.latiou. v.raa tu,asaociated 

with underlying diseaGe of '.the heart hud the higheat 1'ailu.re 

rate o! u13 group ( 27 .. ~) eve:n wh<~n 1,;he heart was not enlarge,1. 

Or,;un and Davies (19f.it}), however, 1 .. epor·l;eu a failure ra.te oi' 

only l4f> in. thi:s group .. 

uncl.erlying heart dh.::ease with ti:trial fibrillation i.rwr-·easo<l 

the li.ke.'.i.i.h.<rnd o.f fal1u:r.·e e~peciHlly when e:cn1i3id.erabla 

enlargement of the heart an.d o:f ·l;hEi l(l ft a:trium we;z~e presen.t, 

o.n.o. cimilar findin6e a.re c011.mo11ted on by Lown (1964b) ancl 

by Killip (1Y63). 

Ago o.f tlw pu:t~LQn-t did not Sd.i1E!:r.'\?,8.1y efft)Ct the 

CilUflCEJil oi' Si.le CO f.HJ i.uil:lkc the findings of Uram a,l:1.d lMt\f'ies 

ov-erdit;i ta1isatiou and n loworchl potac-isiu.m content of tb.e 

myocarcu .. ~.il cell p;codu<HHl. by _pr.·ol.ong~Hi diuJ::·<:tlc therapy. 
. ' 

Killip (1963) who reported u elow nodal r)1;,1 thm ;following 

( 19()4,) ~ 
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potassium content as the oause .. In th1e series i.nterven:i.ntt; 

rhythi11s also occurred in. patients wl10 had not received . 

diuretic therapy or dig:l tnJ.is .. All patlenta had. digitalis 

stopped for at least 24 houro before synchronised c~pacitor 

of more than 150 joulcr.; we.re used. in 23 of 36 pat:le11ts 

ectopic lJeatB and. :Ln 10 of· 31 pa:ticnts who dove loped :i:r,,tritLl 

prema:ture cvntractions,. 

2 X ::: 6 .• 1,n,1; f) ,, 0 .. 01) 

an.d sttggeots that higher energies are assoc.ia.ted w.i th a.n 

incr~a.Ded .i1.1cidence or Vf.:ln'trtcn..tlar eetopi.c br.H.1.:tr.~·-

'!il1e occurrence o:e a:r.i·hythrai.a.e folJ.owi.11.g ,:apaci tor 

. dischat'.ge ctepend on the V'Ol to.gr:.? u,~ed rn.thcir than tlla total 

ene.rgy deJ.ive:r·ed (Pele~ka, 1963) f;t..t1tl Gu:-e relo.-ted to 

:Ph~ ca,paci toz· io clrn.rgerl to 7, oun vol'te 

when the highest energy levcl.ri are tHHl<L 
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58.% of 121 patients. with ntr.ia.1 fibrillation have rermained 

in sinus rhythm following synchronised oa.pac1 tor d:i.schcu~ge, 

tut the follow-up period io aborter. 92t of 65 patients 

(49 were t:r·oa'L"Hl for atrial fibrillatj,on and '7 for at:i."ial 

flutter) h.~.we ro.mai.ucd :tn ci:nus rllyth:w over a follow .... up 

p~:r.iod nl1::10 mu.ch shor'l,tir, extend.int;,: from l to 9 months 

Killi.p (196'3) over 8 mon-tl'U3 of follow-up. )tiller ( 1964) , 

however, re:rorted that over ;:i :, mr:mth period. of follow-up 

50~.. of 28 po. ti.o.n to remained in c~inus .rhytl'..ui .• 4 "J ,.i.t "'"' J or-. e .. ,ri v..t. ~, \;.I 

patients rema:tned in sinus .rhythm up to 3 months foll.owing 

tr·o:.:i,tm.cut, (Towe:r.rJ, G·ibso.n, Durn e .. nd iwriro, 1965} and less 

tha.1:1 one th:i.rct. of the pai;ie1:1t~1 x·e:ported by Rul,biuo, J;;1ikoff 

5oy; of. 

pntienti;i, with lo:ngats.ndi.ng at:d.u.l fibrillation wi.ll remain 

in slrmc rhythm (Lown, 1964-b) .fo.llovd.ne; synchronised e~\paci tor 

e.1ocharge and ·t;h.:.ia i.s in. ~ccordant;o w:lth the .f'indinga of Oram 

and :Ja.v.ies ( 1964) ,1ho repor !;;ed t;hat 47., 5,',, of 84 po;"i;im1ts 
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24 pat:li.ents in whom atrial !1.b:r•illation was aesoo1ated 

with chronic rheum.fJ .. tic heart dis~ase have remaineet in s.!tnus 

1fi1ese J:'tnd.:i.ng~ are oi:cd.lur to thooe of. Lown (1946b) 

and it is signLL'ioa:r1.t that :tn the seriee of Hur~;t, Paulk, 

.Prootor arid tichlfant (1964) i-11 which 58:/, -hu.ve z·~nna.ined in 

sinus rhythm UJ.i to 9 mo:nth1:; after ·trea tmcnt, rheum.a t:tc heart 

disease was &$!'30ciat;ed in onl,y 40,~ .. 

It ,::q,poars there:fore tho.t peraistin.g unda:rlyi:ng heart 

f1iaease dGcrcaaes the l:Lke:lihood of sinuo rhythm being 

maintained afte:r'."' veroion r..i.n,d th:tr.: i.s eepcc~.:taJ.ly "(;:t:ue ot 

Pa:r.adoxioally only 30~,; o:r tho 

rhythm,. Post thyrotoxic o;t:rin.1 :fibril1ltt;lon as a. group 

main'tain.e<l filin.us rhythm wo:11. f'ollov1ing aynchroriised. cs.1,a.ci tor 

d5.fiwharge.;' 

Patic·m.te· .:tn whom atrial f'ib:ei11a.tion w::1,0 t,f short 

.rath.er than long dura~iori. and 'those in whom. radiogro,phic 

anlar0f:1ment of the heart wo.s le,as.t {ca.rc.t'.Lothoraci.c t.-..a.tio 

and size of i;lJe lef't a:~riurl) w-ez·e more likely to ma:I.11tairi 

si..1aufJ rhythm o li'urther:a;ore, electro cnrdiogra.:phio ab.no.rmaJ.i 1;ies 

wer0 pr,~sent in only 9 pntien1to .in whom r::inus rhythm· was 

me,in:tai:necL (ch.ruiges other than r.l:'1..ytllm or digitalis effect)., 
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file nu.mbert ot pa:tienta followed up who had. been 

treated for atrial flu.tter, atr.ieJ. taehyeardia and ventricular 

lfoverthelct.:;s sinus rhythm .has been 

maintained in 70~ or patients treated ~,ccesmfully £or 

atrial flutter. .. 

maintained sinu~ rhythm .. 

tachyc::.tt'(t:'i.o. have rer\ni.nect in. oiuus rhythm.. 

8 patients hae died, t~1milarly only 2 of 5 patients who 

had. ventricular tachycardia were in sir.ius rhythm at the end 

conduotion were reoponaibla. 

from the usu.al fo:r.m of the syn.dro.G"w der;cribed. by Wol:t'f, 

Pc.rk:i.nson and Wh;i. t£~ ( 193 v) .. l·atien.t rrnwber · ~ who was shown 

to have a cho:r1; r-R in:terval but a normal ,;,RS is tm example 

. of the t~Jtndxome dC!$Or:lbect by Lovm, G·nnong and Levine (1.952) 

who wti.re aule to show iihai~ only. lb~, of patien'ts pl'.'one 1;o 

:~tta<.:ks of' pa:ro:xysmal tp.ohycardia. ~1d :tn whom the .P-1{ 

1,1·,-.1• ff·. r,.., .,,..~"' .... ,..o-·n · 111 +,..,, r \,'W1dr·O"'''"' J'lv' ...... ~.._«..,r"'.l . ..1.Af::, -"h-"' . ..,·h'fi\.';;: ~~•'1·' "- ...r1.·~, ... 



arrhythmia in the grou._p with a noI'mal QR,S is similar to 

tlu1 :mech.anism :tn the Wol:ff-Pa:rkinson, .. Wh1 te syndrome • 

.r:hythm. beinr.I. ma:i.ntni.rwd only tcmpo:rm:-ily 1n thE:) oth~r 
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t.he moue of' act::to11 of i::iynchroni $('<1d capncl tor d;l achargc is 

once more au the pacemaker of the hea.rt .. 1i'o2.·· .... ~·r1",::- ,.,,,,y,·1·1·""'1! 
'" ·- 0 . ..4. ~, ... ;;, "'· '"' "' 4!= 

There is evidence that the 

.fraique:n.tly ~h<.nvs on.l;y n. CHtta.11 'a' in both atr.·ia whi.ah. may 

b(? o! li t'l..le funci;to11al signi:r::tcunco in 1:illlrit.1 the vent-:ri.ele 

(hraumvald, 1964). 

of oinus rhythm followin:._; d:trcet .cu.:erE-~n i. shook, cmpecJ.nlJ.y 

a trial premature contrnc ldo.1:is aC':ting an a tr:tggor meohan.ism 



'be responsible for :;;inus rhyth:m being mai1fta.ined only 

temporarily i11 9 pa.ticnts (Lenberg,. Oiia'!.iella.noa, · Swenson 

and Gosoelin, J,954). These inveotigators f'0el that the 

routtne use of (luinidine prooecU.ng electrical oonversio.n 

wc.n1.ld reduce th.e ino'idence t'>f (~otopic beats and wou.ld 

therefore .help to maintain. i:;!nua rhythm., al though ·the 

.tmmber of p~ti.enta analysed is too small on whio.r1 to base 

firm. concluslo11s. 
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Incomplete d.E?fJOla:risation of the atria, a result of.· 

the direct current enor6y 1.ev,el E:c:,tting being too small, waa 

con1:.1i.der.ed to be respOn$:l.hle for. atrial fl'brilltition be:i.r1g 

converted ·co atrial flutter; or a.trial flutter to o,trial 

ta.e:hy·cardia \l\rith a slower at.rial r~te (Lemberg, Castellanor.1, 

Swenson and Gosselin,. 1964) .. 

Recurrence of the arrhythrnin. is particularly liable 

to occur within the first .month lifter t.'.N~a-t.i:.nent and. especially 

during the first day. 15 of 70 pati.entn in whom the 

arrhythmia recu.rred.t relapsed v.ri thi1.1 the first 24 hours 

(ox.eluding 9 in whom sinus rhythm was on.ly temporary). 

10~~ of patients with at:d.8.1 fib:rillation are liable to 

:revert wt thin .hours or da.yo or euocessful tx·eatmer .. t by 

direct current (l,ovm 1964b) and the ln.rgeat nwnbei• o:t 

reversions oocu1·-::r:•ed within the ti.rat 2 weeks ot treritmont, 
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(Rabbino, Likoff• a.nd Dreifus, 1964). 

reported b,y Tower··s, Gibson, :eu.rn ar.1;d Monro. (i965) occurred 

within the first month followi.ng tr·eatment. 

The PRtients moE:1t likely to revert to atrial fj.brilla..tiori 
' 

wi thi.n th.e first <lay .of successful synch:r.·Qniseid cnpaoi tor 

,ih.rnharge we:r-c those in. whom atrial fibrillat:ton was na~oo:t.ated 

with olJ:.ronia rhtiu.n:ta.1~ic heart, d.:Lsease and especially whe:t'O 

fibrillation hn.s beel.L p:reaent for ·; year::. or mOI'O or where 

oonsider:..l"blt-3 :radio-.=,i·aph:i.c enlarge.uent of the .hE~art was 

e:n.largernen:t were bad pro.gnostic signo for rnaint,d.n1ng sinus 

r:t1ythm artd reversion wi iihin the fir~t day occurred when one 

or both were present ir1 pationta WJ. th ca:r.tlio.myopai;hy and 

:tschuomic hc.nr1; di.seasc. 

not unexpectedly reverted, ,vi thin a few hours ot: trcatmen:t .. 

l~ried.lie:r.g (1963) who reported the nuocenei'u.l t .. J.ectr:tcal 

treatment of a. patient w:i.th paroxyomal e.trial 'ta.chycr:1rdi,o. 

with bloc}; t.t1ou<;i;ht to bo <ligi taJ.is 5.nduc¢d and renis'la.\nt to 

d.ru.g therapy~ At3 ·irma 1;;;hown by Oram, r-te::m.ckov and l)avies 

(1960) the mechanism of thio a.rrhyt.h:miu is usually a lowered 

· potasoiwn content in. the :m;iroca.roinl cell ::1io the,t -treatment 



shouJ.d. be di:r.eoted first at corrsct:ing the metabolic 

abnorms.lit,y. 4 of t~e 10 patients tvitlt lone atr.ial 

f'tbrillatiou. reverted, within the first day; unlike th.e 

· other arou.pu these recurrenoerJ were n.ot :re~tr.icted to 

.Patients wi:th long standing atrial fibrtllation or severe 

enlar.gem.-ent of the hea:t't. 
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Once the flrat month of mai11tainc1d sinus rhythm had 

ptiSsed there was a much highe1" char1ce of sim.u; :rhythm ·being 

maintained in all t11e JXOUJ:i~J. Ifoverthelesa by 9'k'-· .:m.onths 

· after ;trf~a:tment 011e lrn.lf of the patien .. ts bej.ng followed up 

.had reverted to the arrhythmi.a. · 

53.5% of patients who reverted to atrial fibrillation 

showed elect1·ooa:rdiographi.o changes other th.an rhttli111. or 

digitalis effect. 

The incidence of complications 1"oae with hifJl'.tei" 

energy .level EH.i'ttings. 6 of' 15 patientc-:1 brought into sinus 

l"hythm with eriergy level settings of be'liv1een 300-400 joul.eti 

a.re still in sinus rhythm (40,~). 6 reverted by the en.d of' 

the third day M.d a fiu .. ·~her patient revert~ed by the end of 

the first month so tm.t.a decision to use the mt).Jci.mum energy 

level settin,gs mttt:3t be taken by weighing the possibility 

of the bene!.'itt3 of sinus rhythm likel; to be 0£ aho!'t 

<lurat;ion against the riolt of il1creaaed complications 

ret~ul tlng from the tres. tmon t. 
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. :5% of patients with ,established ntrie.l fibrillation· 

have no cli.n1oally detectable heart disease (Evans an<i 

Swann, 1954),; 

:fibr'lllatio.n ht1.ve no r.avidence of underlyi1'l.g heart d.:lsease 

(l!arltinson and Campbell• 19:30). '.11h,1re is usu~lJ.y .no 

ove.re.ll cardiac enlargement in both g.1¥oups unler.:1H cr:.Lrdia.c 

!atJ.ur.e has occurrE.~d and· ·the left a:t1 .. iu.m. iD only enla:r·ged 

to a d,eg.:i:ee consif..:stent with atrta.l fib1~illtt'l;ion being 

the.ref.or0 that these .Pc~t1entf1 would prove an ideal e;roup 

for trea;t:1nent by sy.nchro.nieed· cnpnci tor di.S(:hargc ~ 

Lone atrial fibrillation io frequently unassocla'ted 

with nny lind.tntion of functi.cm (Orgain., Wal.ff o.nd W".a.it,Jt 

1936) :,.1. view c}onfirrned. by Phil1lpa and Levirw (1949) a 

ffhe haetnod.ynf.trnic studies perfo:.i:·m~d ::i.n the pret~ent ~e:r·i{:).$ 

demonntratcrn .that i.:1iuur:1 xhythm is benef'ieif"J . .in this e;:rou.p 

ns well .. Congestive cardiac .fo.ilure may occur in patien"l.:s 

with loni:; a.tr1.al fibrillation (J3rj_ll., 1937) ~ The group of 

patients in. whom atrial f:lh:ril.tation is familial· (Wolff, 

1943) ia o.f co1'loid0rablo interost; ·the nm.le mem.ber.a of the . 

fami.ly are par.ticu1nrly affected.. Gould. (1957) who studiGd 

113 tnembers of a f'and.ly du.:r·i.ng the cou,rr:;e of 56 years, 

detected. 22 with atrial i.'H)rillation., Atr•ia.1 fibrillation 
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was fa.mitie.l in pe..t:ie:n:t number 99 wlio also had had thyro­

toxi.oosis; i;wo rnal.e relatives had d.eveloped. at.rial 

fibrillation. a.t n:n early age ·t,ut nei·ther had. thyrotoxioosis ~. 

'.l~he imm.editrte re:aul ts of t~tte:m;pts to . ·et~'ta.blish 

atnus 1.•hythm wi tll (_:p.1iu;i.t11tH? has be~m repori,ed to he ae 

h:lgh as 85~ (J?h:i.11:tps o.nd I,cvitie, 1949) ·• and up to 68:,~ 

in the ser:tes reported. by J}arkineon antl Campbell (192B - 29) .. 

.F1u:t:thermore, these lf~J:::it :lnvootigo:tora .felt that the pro1;no1Sie:; 

for ma.i.J'l.taining sinus rhyth.m .... ,ae -_particularly good in i;he 

e:r.•oup of patie11'ts with lone atria.l fibrillatio.r.1., 

leas. Pr:inzmeta-l, corday, Brill, Oblai;h u.nd. Kruger (1952) 

fial t that patien."ts with lone at;.rie1,1 f.i brillation in. whom 

the ventricular rat~ was oo:tis.factory are 11referably left 

v:i th r.w attempt m.r4de at conversion. 

!the resul to of treatment 1J;y synchronised capacitor 

diocharge in tho present r,rnri,es BUJnmt:tr:1.sed. i.n Table 55, 

W(1a far ft·om En1courag.in.g a.nd vms aosoo::tated. with a, tdgh 

incidence of complications. 

rnte once sinus rhythm was (!stahlished · was pa1"''ticuliitrly 

high. 

Davice (1964) who attempted eloctr.iea.l aonvorsion in 

16 patients with lone e.:trio.l fibrillation. 
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!fhere is eonsidera.ble disagreement on the need for 

maintenance quinidi:ne followi.ng direct eurren.t shook. 

In this aerj,e,s pci.tients selec1,ed iit random were ma.i.u.tairied 

on an. avern.ge oi' 1.0 U qninidine per day a$ experience with 

patiento rmm.bero 1 - 50 sugg(:sted that se:r.ipua sidc-e:ffecta; 

Orrun a.n.d Davies (1964) 

o.Lan<loned a. controlled triaJ usi.r1g 1. 5 G qui.n.idJ.ne p(:;r aa:v 

r1i'ter dire-et cu.rrezrt; shock because or episodes o:f a~1y:;;;toie 

and. ventr1t"~ular fi.brilla:tion ::m1ont~t:it 32 patients.. .26 of 

186 11ati.ents prescribed qui.r .. idine in a. ciose of 800 mg .. per 

dny ·d.eveloped to.xio sjr11ptoma s.eve:r.'e e11.ough to (tema.rffl 

wlthdre1waJ. of the drug (Huret t Pe;ulk 11 Proctor an.d :Jcilla,nt.;, 

1964) ar:i.d in a fl1rther l.0 pattcn1;s :mild.or symptoms oocmrr0d. 

Jfovert.heleaa, tb.e need for ma:i.ntenanoe qu.:tnidinc fol.low.:l.u.g 

and l?erloff (1950-61} or.ii b;y Gold.man (1959-60). 

groupn of investigatori;} ind.:tcat;e thflt 80 - 90/ of pat:i.ants 

·can be maln.ta:lned in siri:n.a rh.ytl1m .follovd.r1.[:; version oi' 

atrial f:tbr:U.lat:ton to sinun rhythm by qu:.tn:tdine, with e. 

ma:iJ.'ltenance d.oee ()f l i) 6 G pe1.' da.y .. 

s.:lfter wucceaa:fu1 electrical versio.n. 11y r.Jown (1946b) :?,nd by 

liu:rst, .Paulk, .lroci,or and. f,chlant (.1964 ) .. hill&l" (1964) 

reported ·t;ha:b. all patients in hi1:, ae.ri.es not receiving 

quiuidine after direct current shock revertcHl to the 
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arrhythm.ia, but patier1to :requtring more than 2.4 G per day 

of ma,;i.ntenan.ce quinidine ~1e1·e less likely to :remain in 

aiuus rhythm. 

In the ,prEH::ent aeries, 35 pa:tiento of ~he 55 who 

were sti.ll in a:tnuc rhythm. ha.fl. boe.n maintained on qutn.idine 

on quini.dine .. 

the result 
. "V 'c.•,. A = 3.25 (n = 1, P4. o.os) 

indicating that prescribing qu:tniclir10 doas not appear 'to 

1.m of overwheJ.m;i.ng benefit in maintnin:L:ng ninuo .rhy'thn1,;. 

Furtlrnr1nore :.l.f the ohi-oqu.are tee'~ in app1:ie<l ·to i:;he i$1."0U.I>S 

following ·the so.t~ond treatllH.)l'l't ( 67 in 1.5;!.nus rhyt;hnr, 37 of' 

whom are on maintenance quini.dine; .58 r~.nreroionEi, 29 .ot· 

whom .. \,ero 011 maintenance quinidin.0) tr1€ .re1:ml t is 

2 

\. m. l.J.7 

indicating that mutntonance ,g_uil'lidine is even .less statisti­

cnlly oignificant. 

Th.e ma,jor.i ty o:f po."tit1.nts who rove.r.t to the a1~rh.ythmia. 

following the ~stabliah.mant. Of -mirru.G ;rhythm do llQ Wi thiU. the 

first month .. At the end o.f. the :first month after ·treatment 

B8 patients were in sinus :rhythm of' whom 42 were mi ma.1ntenence 
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quinidine; 37 patie.nts had ,reverted of whom 14 were on 

maintenance cruinidin.e" 

these groups gives the reeult 

7t 2 ·-· 2.35 

suggesting that o:r:tce more qu.inidine j.s not atatis tically 

important :i.n niaintaining si.n.ut:i rhyt.hrn. .. A pilot t:r.ial to 

determl.ne whether .proprazi.olol would mair.rtain si1iue rhyth.m 

f'ollowinei; sync:hronise<l capacitor discharge was unde:rtake11 

by Ts,olakae 1 navies and Oram (1964) which. gave nege,tive 

results .. 

drive of the heart should be used wtth. Cti!.Ut:to.n on a long 

term basis ar1 it ls a 1nyocaru.ia.l d.ep:.rer.u'le.r.tt (1:famer, · 1965) 

and reduces the oard.iac outpu~t both at re5t and ot1 effort 

(Robinson, Kahler, Epo·tein, Hra1iinvu:Ild~ 1.965). 

A further attempt to ca1;ablish sinus rhythm was u1ade 

in 20 po.ttents, 17 of w.hon h,o..d. rnvert;ed to o.:i.nus rllyt!l,.sn 

and in 3 01· whom the ini ttal "b:r.oatmm1t had faiJ.ed.. 

of the 3 ini tiul i'a.iJ.uros wae t.nwceoafo.lly brought into 

sinus rhythm. Th,.:: follow u.p on these l 7 patients is 

shc,:r.tcr thr:1.n on the other pat:tonti:; and the numhers are 

small .. !Phe gi vj_ng 01· wi 1:hholdt:ng of quinicttne following 

the · second tr$atmcnt at1 .. empt, \thcreas tile opposi ts was done 

at the firat treatment attempt, d.id not aigni!io$ntly alter 
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the duration of maintained a.:i.nus rnythm. in the patinnta 

who reveI'ted within the first ,month of troatmeht. 6 

patients howeve:r, have 'beon i.n ai:nus rhythm for considerably 

longer· peri.od.s after the :.1econd attempt; than a.ftor 1;he first. 



,Chapter 6 

CON C 1 Us· ION 3 

techuiq_u.e or synehrm.d1;e1l cupac~J. Lor dischiirgo .:i.n ·the 

go.tiut; a crou.p oi' p.::\.tients b(:ii.'ore onct after conversion 

·the baemod,Ynamic changeis P!'Oduced by atrial fibrillt1tion 

ru1d flutter patientaJ hiive tc> . bo stu .... 1iod du.I'iug aeve.r·o 

exerc:i.s(1 as well nr:1 a:t· rest and that ·the _pooi tion of 

tlt.e patient during thetH:l measure:rn:epts is of oonc.iderable 

impori,ance • ~.'here is li ttlo fun¢1i10nal change at rest 
,. 

i.u a heart rwrrual ath.or ·Uuin ·fo:i,"' the arrhythmia, but 

ventricle io diseased. 

a normal 1..md an abnormal h.ear·t; the larger the exe:roia~ 

load the more ctofini i;e io the de.monatrri.t:ton .. A diapro-

portionate J.ncx:ease in heart rato occtu•s when pat.ients 
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a.re ,exerci:.led dur::tng tltrial f.:i.brillntion and fl11tt<:1r which 

is n.ot on t~irel;y- o.boliGhed by g:i.viug digi t~lis .. 

leads .in tur11 to a :i:·eHJ.uction or the physical work capacity. 

w<.)rk loads during the arrhythmia .. I:n contrs~st 01.10~ sin.us 

the phyt1:i.ca1 work 

capa.ci ty ts higher ti,nd cardiac outpu:t o.nd stroke volum~ 

a.re ~ignifica.ntly in.creased. d.ue to a na:r,rower nrtcrio-ven.ou.s 

<)Xygen d:tfferenoa .. Wllilot r!omt: of the disahili ty o.f 'tl1e 

therefor(~ to the dccrtH:.ised. di.aetolic f:U.lin.g time of t:!u1 

volume tit rest and on exercise du1::·1ng the art·hy"thmia and in 

e·v-en when the d.iastolic filling time io j.de1rt:tcaJ .• 

e~ .. ercise or in the prf.rn.enc e of a diaer:.urn,d ventricle tho 

. . 
ventricl,e :i.a of' o6nsiderable· haemod,vna.m:lc ·benet'i t .. 
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150 patients with atrial nnd ventricular arrhythmia.a 

wor~ treated by synchr.o:rJ.ised. ca1,aoi tor discharge and the 

overall .suc1:;c8s rate v1::1u 87~~- 50 of theoo pationte wore 

to !ilt:t.Ximu.;r tole.ranee yet electricoJ. oonvo:r.·n:i.on was a.u.ccessfttl 

atrial fihrllla.tion has bean present .for mor.e th~:1.n 3 years 

especially when. aosoc.iated wt th signif'i.cant mi t.ral ree:urgi­

t~~tion, when considerable ro.d..iographic enlnrt;Ernte:n·t of the 

heart ::Ls ,~hown, when more than moderate enlargemen·li ot' 'the 

left atriwn oacm.rH and elec·tro<:rn.rdiogra.,phio changes of 

l:'ai,ien.ta · w.i th a.tria.l 

flutter, o,trial tachycardia a.rid veJ1tri.cular ta,ch.ycardi-a have 

a 98% chence of bei.ng brought into sinus rhythm ;trreapective 

of unclerlyi.ng .heart di.sense ,01~ dura:tion of the at•:rhythr.-1:1~ •• 

Interven:Ln.g rhythms ,,,.ore f1:·equent and. oc,cit:rreo. 

immedia.tely a.f'ter the direc1; currer1t shock bo1;J'l. in patients 

treated aucces.~fully and. u.nsuccess.full;y. All were tra.nsi torjt 

and occui"'rcd also in pa'tie.nts who had not ·ooen treated with. 

' digitalis or diuretics. 

that; ·the development oi' Vf;lltricular ectopic beats :r.olatod 

to higher cne;t:\:.Y level irn t tings .. 



Complications were not infrequent ana. occurl'ed 

They- inolud.ed raised 

seru111 en~yme levels, emlmli 9 pulmonary oedema and enla1.•gement 

of th.e hear·t, sy.stomic hypo-tension and pe1"sisting multi.focal 

ven:tricu.lar octopic be,Ht,s. Complicutiono wer~ :f'1·equently 

nm.l-tiple a:n.d. were of'ten rola.ted to higher energy level 

settings .. 

in many. 

3 deaths oc(.H1r:r.'f!H1 which wero <iir.ectly or indi:reotly 

rela:tad to the elecctrical treatr.nent and. there were 3 fu:t'tller 

o_eaths during the fol.lovv-up period. 

Synch:roni ::HHi c:3.pact 'tor di soharge eaus es inf, tan tatHH:>ue 

dcpola.r.:isatio.n of all t.he myoct1.ril:ta.l fibres and so ri.llows 

. "11he ,i;;ino-a.'trj.al node ·to resume as the na,tu:ral pace:nakeJ."' «.,f 

1thilfl't very e:f':tective :tn allowing 1,;,lnus :chythtt! 

to resume~ it wi.11 not ca.use ainu.c rhythm to bG mt1i11tained .• 

tlecurrance of' the a:t."l"hythm:i.a. -was frequ.ent o.nd toolc pJ~ace 

fat 61: w:l thin. second fl of beJ.ng 1:.u.cceaefully . brov;,:,ht i11to 

SihUS rhythm. For td.nuJJ rh,y thru to 'be -nm.tnta:i.11ed the sino-

a'trial node mu£t not be cdsern;;ed_ or a-trophied_ and ~ccesso:L"Y 

pa·t;hrnaya of conduction munt be, n.bscnt. _ .At,:-iaJ. prem13-.tu,re 

contro..ctio1rn occurring aftor ,the direct <m.rren.t shoalt eouJ.d 

act ae a trigger raechani.sm and i1:1j:tiate a.trial arr11.ythmia.s 

shortly titter the eatablisl:unent of s:i.nus rhythm. 
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21% of patients who reverted. 'to the ar:rhytl:lmia did 

so by 'tho ond. o:f the fir.st day and. 531, .bY the e~d o:f tb .. e 

first month. 

p,resent for 3 y,ear:;:. or more associated with ch!'.onio 

rheumatic hear1; disease; the heart was enlarged radio·· 

gra.ph.ieally and. ventricular hype:r·trophy· Ehown on tl:l.e 

eleo·troco,rd:logram .. Conversely those· mor,t likely to rema:in 

in sinus rhythm had .ru1 arrhythmia present fox· ler:so thtm one 

year, the heart was only slightly enlarged and the elaetro­

ne.:i:•dj.ogram was nox•rrutl othe~ than for rhythm change }ULd. 

digitalia effect. 

did n.ot etat;J .. e 1,1.cftll;y increase the chan.cf:: of sinus rhythm 

being maintained. 

e:rt~hy thmia were l>:rou.ght t.nto rd.nus rhythm for a second time 

of whom 6 h.ave maintri.in.ed · this rhythm. lfo patient wl10 

failed to ach:teve sJ.11us rhythm f.ollow1n~ th,e fi..rat attempt, 

.achieitod :s:Lr.m:s x·hythm ori a t1ltbseqim11·t at tempt .• 

:Pati<:mta with lono ai;ria.l fibrillat:i.on v"lere shown to 

.be rnla:tively rea:i.stant to electrical conversion deSJ.lli te the 

absence of underlying het-ir"t d.ir.scn.so or enla:rgeme.nt of thf!ll 

heart. 

relapse rate wa.a high especially _ over the firt1t mon:th. 



A comr)arison was mado .of the mode of action of 

electr:i.ca1 em·nrarr:.ion frBqnen tly falls short cif the ;ideal 

operator .;!J'W to the pnt::len't. 

U.nder ideal c:1.rcumste.nces t:iyn.clu:ontaed ca.ptc:.<.d. tor 

disc;hargc is ot-ifer and moi·e ef i'ecti ve than quin:i.d.:tnc. 

It .h.e.s a very. real pluce in tb.e;.f mru113.cl'ement of a.cu.tea 

collapse. Theea desperately 111 patients usually respond 

a.nd the GU.dd.en improverr:er..t in the circulri.t:i.on wj.1;h the;; 

enta.blishme.11.t of .siJ:1us rhythm. is gratifyin1:..z lm'th to the 

patient c,,;nd to tho (loctor ... Conversely patients with a 

to achieve 0.:inus rhythm usually maintain this :rhyt,.hm 011ly 

for a disappointingly ahort apace of time. 
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pation.ts do achiave signi.fica.vit haemody111:,utic bonefi t in 

1:3i.r1us rhythm, comp1icatiom3 i'ollowing eloc:tricaJ. ,oonv.er:aion 

/ 

i.s doubt.t'ul therefore wlle th.ex• .an encH·c.Y level setting of 



pia.tien.'li, however, requ.irtHJ :tnd.i vidual a.sseissment to decide 

wh<;thc:r the hu.enwuynamic ben.ei'i.t of sj,nuo rh.ythm. likely 

to be for~ brief poriou io justified. 

Synchronised <m.pa.ci "tor u.ischt.1:r~e o;n, the wlwle is 

an trn.sy mt~ 1,!.wd ol. treu, tnien·L, both fox· the ,pati(~n·t and the 

p.hysician .• 

WG.,Y O CC Ur• 

'\.uose pu.tie.ntr; 1:d. th a (!L.roni c U'.i.'l'h,y ·t.t1:-1ia in whom nuin:t;;i:.ine<l 

E:d.nm:1 rhythn can roaaomtbly be expected 4 
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AP .PEMDIX A' . 

Heart Hate a.no Physi<'!a.l Work Capacity .. 

G Pa tien.tn .. 

!J:. DURING AH1UIYTHJ:UA. 

EOG leads attached (lRad en~) 

min aee - -~-
Coni;rol F\ 

\.1 30 

l ,0 

1 .}O 

2 v 

2 30 

J 0 

:1 . 30 

4 ' ,1 

4 .'30 , 0 

5 30 

l3egin lat 6 0 
work load 

He peat 0 

J3e~in. 2nd wcn:k load 

JiCJJ0a·l; {\ 
V 

BCG 

.GCG 

.. L:CG 

ECG 

i;C'G 

t:(;(; 

ECG 
1·, "1'f1 
J\IJ,.,. 

HOG 

J;CG 

EOG· 

1WG 

min 30 

" i 

min 3(} 

,.I 

n~gin expired alr cbllection 

.Encl air colleetion; reuu:.ive 
mouthpiece and nose-clip 

SO{.! to 6 min 0 cec 

.r .• • -

nt?C Lo G min 0 see. 

\ 
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Begin 3rd vmrk load. 

Repeat O min 30 aec to 6 min o sec 

"""1·'·"1· d. O· f:· j r·,,.;.,..L,"··, ·•t .. 1·1· ,..~,,,., ~,. ..... ".,;;;;;, I, ..... t:, I,.~. ",,, ... 
. / 



APPEND.IX B 
"«ilwtl .. Wilt ;;,:_·.._ '_Mo- .... .,'"!i' .. J< 

Cardj,ac ()u.tput Stttdy 

14. pa.:t;icn.ta 

A DURING Al{rlB.YTJU:UA 

J.'atient 11.os on (:atheter .room table. 

i~lJG leads u'ti,ached ( leuct Cli,-) 
? 

l'or-tEl'X tubing pa.sne.u pe:rou'taneoualy fro.m tU'm vein to 

1:ru.lmou1:i-r.Y as.·te:ry 

} .r·ossure l'E:::coru.ed fi:om pulmo.nary H.rtery ( 1!.AY) 

· Te1'lon ·Lu.bing p~ .• :rned i11to brachiul a:rtery t':j Seld.inge;r. 

Patient moves to sit on bicycle er~ometer 
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Cont:t·ol min. sec. -·- ~ 
0 30 JWG PJ,.1: l!AP 

1 0 r:ca J?Al? Jtftl> 

'1 )0 .ECG .PAP i:lAl' k 

2 0 BCG PAP 13.J\J? 

2 3(J EOG PAP :B.i\l' 

3 0 };CG f'AP ill\.}? 

3 30 1100 PAP JMJ1 IUSCj'.'t mouth .... 
f,J.eCE,, at1:i.~Ch 
11011e ... •Gl:i.p .. 

,4. 0 Eon 
4 30 EC(; 

) 
) 
) 

Bet1in E::~1>Cpire(R. 
a.Lr col le c t.ioJ:I 

}A Sqmple 
) 

5 0 .isCC ) 
) 

5 30 :em; ) 

Degin lot work load 6 0 PAP 

liepeat o min. 30 eec. to 6 min. O sec. 

Degin 2nd. work load 

Repeat O'mj_n. JO eec, to 6 u:tn .. (J rrnc~ 

Begin. 3rd work load 

Hepen.t O mine JO sec.. to 6 m1rL.. 0 sec~ 

.'!;nd· of 'InveotidJ.iiicn; .• 

. ! Hl~.PEAT !::. nr {;li{US RHYTHM 

2AP .End air collec­
tion. .Remtnte 
mou .. 'th-piece and 
nose-<.:l;i.p 



...- .. ~--··-n~ 

(}ardia.c Output Study and Synchronised 
J. pa:tient. 

A JJUHING ,\1UtHYTHMIA 

Patient lies on c~thoter-room table 

ECG leads attached 

Righ·t St-iphenous V'ein cut down 

311 

Courna..11d ca.r:·di.ac ca:tJrnter advarwed. to pulmonu.ry artery 

u.uaer. /. .. -xay control 

i'r·e:rnattre recorded. from puJ.1a1onary ~rtary (J:lA.P.) 

~otient moves to sit on bicycl~ crsometer 

( con t5.nu.ed on next pu.ge) 
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min • - . fJ!£.• 

Control 0 30 ROG PA,T! .A.'P 

l 0 ROG JlA.P .AP 

l ,o icG PAP lJ' 

2 (J :EOG PAP Al? 

2 30 1;ca PAP An . J: 

3 0 ~.CG PAP KP 

::s 30 ECG PAP AP Inserl; mouthp:tEHJt~, 
t1ttach· not.,e-c:lip 

4 () h.iCG ) Hofrtn exvired air 
) cc,11ect:ion 

4 30 LCG ) J:.'A r:ampJ.e 
) 

~ 
,) 0 ) .A t)J:' t :i C E:1ample 

) ,. 30 ECG 'l :, J 

:Bogin work 6 0 i.OG }1J\}.) J,.Jl 12:n(l air collectiOUc 
at 100 Uemove mout11piece m1{ft 
kpr,1/m.in. noae-clj.fi 

hepea~ 0 min. 30 sec. to 6 min~ o sec. 

General ana.esthet.tc - I.V. 8odiu.m methohexitone., l<JC nig. 

1'~nergy leV(:d for vers.io.n, 200 jouJ.ec (antero-f:ioate:r·ior 

recorded with HCCr i;hroughout. 
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C IM .HI!fuS IUiYTlifl'.i -

Hepea-t C().n trol and ·work loa.d at 100 kprn/1.1in. aa under A 



AC 

Al 

AOVD 

ADD 

Atrial pe 

A"if0
2 

d.i.ff' 

11 

151:i. 

JJSA 

Ch.r. 

c~o. 

A.f'.PE!l'DIX D 

- After 

- Ao:t:·tic regurgi tat.ton 

- Alcoholic 

A.uterior 

- .tm:ticoagula.n.t 

- Atrial septal dofeet 

- Before 

- l3rad;y cn:r-di a, 

- Body .surface area 

-· 0hroni.c 

- Cardiac output 
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Cor. Transp. Corrected transposition 

CTR% - Card~othoracic ratio% . 
d - Day.·, .. 

DC 

Dig. 

Dystrophia 
myoto:n 

ESR 

F 

CL and Gr 

hr 

:nm 
Inc. 

Inf. 

;Lnf. 

inf• I'(1i3(:C. 

lsch. seg. 

kpm 

L 

LBBB. 

·, .... 

- Direct current 

- Digitalis effect 

T'l,1 ; t· " v .. h .• '.1 V i• • ., ' .v., s l'. o ~- .... 1.i,.~ m.,1 o .011 .. 1. ca 

Gram 

~~ Hour 

Iacbacmi6 heart disease 

Inco.mple te 

- In.fe.ri.or 

- 1:n.farction 

- lnfunQibular resection 

- lechaernic segment 

Kilo_pond rnotre 

- LLtro 

- Left buudle branch b1ock 
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LDH. 

LVH 

mg 

ml 

nnn HiJ 

m.o 

i:i,.voo. inf .. 

(.J'brJ tr. 
cardioinyop 

,P·OUt 

J?ro<~. amide 

- Lett atrium 

- :Male 

- ltii t:ral. rc\i-:;ui·\i.i ta tion 

- 1nillil:i. t·re 

- ~yoaardinl infarction 

- iiormal 

- lluwber 

- Ob1:,tru.cttvc cardioruyop1:1.thy 

- .Pu.lincm.c-1r,y e.rte.ry 

J..loGterio:c 

- koet operative 

Procaine :in.io:e 

*' Fulrno.n£ir.Y vas·cu)_z.lr re si.s ·tax1.ce 
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RBil13 

· Rh. HD 

RVU 

SJlE 

SGO~~ 

Sten 

s.v. 

:L'hy:rotox. 

V8-lvot. 

VE 

VF 

VSD 

Severity 

Gr 

Gr 

Gr 

.... PhysJ.eal worlc capacit.y 

Quin1d:ine 

- Subacute bacterial endocnrditio 

Sorum {;luto.m.ic o:xaloaoettc trartsamirinsf:! 

- S t:t-o ke vol umc 

,~ rt:hyroto:x:1.cosis 

- Valvotomy 

- V'en1,rl.cular e,ctopic beat 

- Ventricular fibrillation 

• Ventricular septal defect 

-·Y.ea:r 

of symptoms and signs was graded: 

1 Slieht . ::, 

2 - Moderate 

3 - Severe 

317 
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)10.sition of Senior '.Hebist:ra:r.· :it the Nat:i.onal Heart Hospital 

a.nd was d.cJne under the go.noral m1pervlf;~ion of lJ:r. Lawson 

Surgeons of the Kational Hca1·'t Hospital who ref'err<?d 

patients for study a.ncl tr.-0-atment. 

the Institute of Cardioloey_ ~..r1d his staff in o b·taini.ng the 

I am grat<~ful to the m:i.1·.sing sta.ff of the 

Staff who wLU .. ingJ.y allowed pc.tients. to be treated at times 

that were often inconvenient. 

staf.f' or t;ho ..Pntholot;:,y lJepar·~!.:lent, 'l,he lfa.tiona.l lfoart 

Hospt 1:al, measu:red t11e scruru level1:i of lactic deb,ydroger;,ase 



and r;lutnniic o:i{o.lo;.-i.cetio ·tI·o..nsa.wirw.ce and the blood. 

i.rnd:imm-.1.t.ation ratc:H;;, and JH'lr:.f.tH':.ntHl the throml,otosta for 

the anticoagulant control-. 

319 

1!1 j.:nully 1 wonld 1:lke to re<!c):rd my f.,ra·t;i. iimle 

to my wife wiw w:.1.1.linDlY undertoolt wore than her r.hare of 

fnmily ,1uti(HJ to cuabJ.a me tc p1•oparf: th:l.Ei thcn1ir1. 



The cl1r.tica1 exaP1ina'l.ion oi' all (he patie11.tr1 

both before and rJ .. fter t:r.eatvient, 1,ho i:1.1.tei·pretat:lon. 

t.he oleci;r:icr.>J, co:r.nrorsJ.<.mo, the haemodynal!iic studies., 
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