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Dﬁring my bterm of Office as House Physician
to Addenbrooke's Hospital, Cambridge, I have had an
opportunity of studying and have paid special attention
to many interesting diseases of the heart.

A large numbher of these cases have been assoc—
iated with some irrepularity of Rhythm.

Thelr study has been rendered more valuable by
the fact that I have had access to tracings of each
heart as shown by the Finthoven String Galvanometer,

r of cases to tracings taken with

and in the majorit
Mackenzie's Polygraph.

During the last few months, I have examined
several cases exnibiting the features of Auricular
Fibriliation. The features of this disease have
recently been clearly defined by several observers,

notably Dr James Mackenzie and Dr Thomas Lewis, the
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ormer working with the Polygraph, the latter with the
String Galvanoneter.

The researches of these men have demonshrated
+
in the huwman heart, constituting as it does about 50
per cent of the arrhvthmias of the heart.

I nropose in this paper to describe fthe usual
characteriastics of these cases with special reference
%0 the String Galvanometer and the characteristic
tmacings obtainad by its use.

The study of the irregularities of the heart has

interested elinicians for many vears, but it is only

bhat aurienlar Fibrillation is quite a comnon oceurrence




asince the introduction of methods.of graphically
recording the cardiac mechaniem that any progress has
been made in this -direction. For many years the
Sphygmograph was the only instrument in use, but as
it recorded only the movements of the Radial pulse
and therefore indirectly the action of the left ven—
tricle, little advance wﬁs made.

Mackenzie, recognising the shorteomings of
this instrument, devised the Polygrapin, by which he
was able to record the movements of the Jjuguvlar pulee,
Carotid or radial artery, and alex beat simuiteneouely.
In thie way, he could study the action of the other
Cardiac chambers.

From a careful and systematic study of the arr-—
hythmie cases under his care, he was able to clasasify
them into certain well defined groups.

In one class of cage, namely, that usuvally
agsoeciated with an extreme disorder of rhythm,
occeurring particularly in old standing cases of Mitral
Stenosig, he noticed that all signs cof the noermel
anricular-activity were abesent.

In attempting to explain this absence he was
guiced b¥ the conditions found at autopey. He

i
e¥plains f‘) Trat in several cases where theae
Teatures nhad been obsefved during life,'the auricle
wag found at post mortem examination distended and
thin walled. He therefore concluded that the

absence of all signs of auricular systole wae due to




the auricle having become atrophied and paralysed.
This view was shortly arfterwards withdrawn owing to
the fact that similar cases showed that instead of
the auricle being thin walled it was hypertrophied.
In addition it was difficult to see how parelyeis of
the auricle accounted Tor the marked irregularity.
He then eupgpeasted that the gtimulius for contraction
arose at a eite lower down than uvsuval and that the

gbimmulus pacsaing vp to the auricle and down to the

l
ventricle caused a gimultenecus contraction of these
.chambers, Fixing on the auriculo—ventricuvler node

as the possible site, he named the condition "Nodel
Rhythm" .

It is now known that neither of these ex—
plenatione is the true one. The true solution oi the
problem only became apparent with the introduction of
the StringGalvanometer.

The study of the Flec¢trocardiogram ie not new
to physiologists as A.De Waller in 1887 studied the
changes of electric potential that cccurred in the
heart during ite contractione. He even constructed e
diagram showing the lines of diffusion of these ehénges

of petential on the surface of the body. (Fige 1)
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These changes of potential are, however, very

small measuring only anvthing up to. « 5 miliivolt.

(2) 1 1
Hirschfelder gives them as 10,000 to¢ 3B0CC cof a
volt. The capillary electrometer used by Valler

at this time though sensitive was not cuvick ernouvgh in
response to record these changes satiefactorily. In
1906, Finthoven aucceeded in making a galvandmeter
snfficiently sensitive to record accurately the
changes of potential of the heart. The records
obtained by this new instrument are .very accurate, but
it 1s sowmewnat complicated and recuires no little
skill for its manipulation. The records used to
iilustrate this paper have been taken by Dr Shillington
'Scaleﬂ, Physician in Charge of the RElectrical Depart—
ment at Addenbrooke's Hospital, who hag kindly allowed

me 1o use them for this purpose.




IThe principle of the String Galvanometer ie
simple. It depends upon the fact that a magnetic
needle is deflected when an electric current is
passed through a wire in its vieinity (Howel].)(Z)
The needle will be deflected to the right or to the
left according as the current passes in one direction
or the other. The efiect of the current uvpon the
needle increasses witn the nugber of turns of wire and
with the current. A similar result is obtained if
2 wire be sguspended between the poles of an electro—
magnet on the prineiple of the D'Arsonval Calvancometer
the mOVing coil in thie case being represented by the
suaspended Wire.

In order tc make the instrunent as sensitive
as pogsible, Einthoven suspended a very fine cuartz
fibre, silvered to make it a conductor, between the
poles of a powerful electromagnet . The cuartz fibre
ia 80 fine as scarcely to be visible t¢ the naked eye

(4)
and measures about 2.5 mierons (James and Williams)
The fibre moves at right angles to the "field" and
will wvary in direction according to the direction of

the current.(Fig. 2)
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The poles of the magnet are perforated, the one con-
taining a condensing systém, the obther a projection
syshen. A powerful arc light acting in conjunction
with these and tnrough a cylindrical lens causes bhe
shadeow of the string to be magnified and focuased upen
a sensitive photographic plate which moves in a

vertical direction and so photographs the movements of

the string. (Fig. 3)

Ry means of a micrometer screw, the tension of the
string may be altered so as o vary the sensitiveness
of the galvanometer. The string is in connsction
witﬁ two therminals to which the wires are abthached
which convey the current generated in the patient to
the galvanometer. Figure 4 represents a photograph of

the galvanometer.
: o < e
THE EINTHOVEN STRING GALVANOMETER.

These wires are coinected to the Patient by means of

FRlectrodes, The latter may consist of vesdgels




containing solution inte whieh the limbe are immersed
and which act as non polariéable_aiectrodes.

The electrodes which we have used at Adden—
brooke's Hospital coneiet of thin, flexible sheets
of Aluminimun covered with thin rfelt. These are
thoroughly soaked in normal saline soluticon and tied

about the extremities with tapes. In this way

T, &' —The eleatrodes in use.

e uese this method becauvse tﬂe Wardes of Addenbrocke's
Hoepital are some considerable distance from the
laboratories, and the electrodes are connected te the
galvanometer by overhead wires. Certein cthex
appliances are nececeary to complete the apparatus.

™The resistance oi the body oi trhe Patient
and of the electrodes hag to be equaiizeﬂ. Thie ie
accomplished by means of resistances and adjusted by
a telephone in connection with 2 snell feradic

battery, or by meansg of a Wheatstone's Bridge.

In addition, we recuire some "Null" apparatu

to compensate for the dei'lection of the string which

oceurs as the result of the skin current,; Generally

a




assumed to be produced by the activities of the
various skin glands e&bc. -
Lastly, in order that records ftaken in this
wAav may be easily compared, we requireto have the
gshtring at a known dsgree of Heﬁniti"ity. That
origzinally proposed by WintHOﬂén and #1111 followed
is, that the string should 1;nove one centimetrs when

diffaerencs of potential of one miliiivelit is

0

applied to the terminals. To attain this standard,
some appliance for regulating the voltage or aumpsrage
1q necessary. '
When all these points have been attended to
the Patient is ready for the photograph. The

ient must be warned to Kesp still as sudden
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misenlar movements by produeing great changes of
pohential might. break ths delicate fibre as well
as prejudically affect the tracing.

The wiiole process of actually recording
‘usually takes from three to five minutes in erxpert
hands.

In svery case it is advisable to take
photographs or electro cardiograms from three
difr'erent "leads" or “"derivations".

Those conumonly used and known as Leads
I. ¥T. TITT. are respectively:—

. Right arm and left aram.

IT. Right arm and left leg.

117, Left arm and left leg.




The electro cardiograms from these leads diirfer
s1dohtly from each other in ceertain important characters
and are useful in forming a diagncsis. The records
from Leads I, and II. usually give the best tracings.
In interpreting the electro cardiogramﬁ,
cartain faets must be borne in mind.
| The surface of that portion of a muscele which
is active hecomes’hegativg to the parts at rest. As
the contraction sprecdas along the muscle, each part
as it enters into contraction becouies electro negative
to the parta at rest.
This wave of '"negativity" or as it is better
expressed, this change of elactr;c potential is knovn

ag the Action eurrent.

Pig. 6.

If we take a strip of muscle A.B. apply electrodes at
(a) and (bh) and eonnect with a galvanometef, the
contraction starting at A. will cause a deflection of
bhe needle in a definite direction. As the contrac—
tion passes along the strip, the needle will feturn

to ite original position and when the contraction

reaches B. fthe needle will deviate in the opposite




direction. The effect is therefore a diphagic cne

and may be represented diagramatically thus. (Fig.7)

Sel of & diphasi iation accompanying n simple muscle co:

By ohotographing this deflection we can state where
the contraction began.

The heart, however, is not a simple muscle
strip like the exairple Just chosen and in order to
tracae tne patn of the contraction wave through the
heart, 1t is neecessary to look at its developument.

In an eariy stage of developrent, the heart
apnears as a simple tnbe. The posterior end of

thig tube recelvea the veins from the body into a

pouch called the Sinus Venosus. This end of the tube

appears to be the nost exciteble a4s the contraction
commences here and passes along the whole length of
the tube. As developuent proceeds this tube
becomes hent upon itself and pouches aﬁyear upon it
wnich ultimately becoume the auricles and ventricles.
Still later the sinug venoslils and the parts of the
original ftube which connect the auricles and
ventricles become incorporated with the latter
structures and lose their power of contraction.

These portions which cease to exist as a tube are

- 10,



helieved to form a connecting band between the
auricles.ahd ventricies and in addition to piay an
important part in initiéting the stimulus of con-—
hractions . .

Recent observations have shown that
remnants of theae rudimentary-ﬂtructuren still e»-

ist in the munan heart.

Sevaeral definite nodes and bands nave been
diacoverad, some of which have very important
funetions and renuire mention. The most important
of these are:-

3 The Sino—-Auricular Node.

This node of tigsue i1is found at the
month of the Superior vena cava. It was first

deascribed by Kelth and Flack and is often known by

thelr names, This node congista of fine, delicate
fibres faintly striated and is supposed toc represent

the remains of the original Sinus venosus.

2 The Avriculo—-Ventricular lNode.

This nede is found near the mouth of
the Coronary Sinus in the right auricle and was
firast described by Tawara. it is simiiar in.
structure to the Sino-Auricuiar ncde. From tnis'

node arises the third important structure namely,

3. The Auriculo—Ventricular Rundle.
Afising from the auriculo-ventricular
nods this band passed to the upper end of the
interventricuiar septiun and here divides into two

main branches, one branch passes 10 each ventricle




and eventually breaks up into an extensive and
complex subendo cardial network of swollen, faintly
striated cells known as the Fibres of Purkinje

(5)
(Lewis).

This bundle in the upper part of its course
consists of cellis oi undifferentiated protoplasm
with a large nucleus and slightly striated at the
circuniference. This bundle was first demonstrated
by Stanley Kent and experiments by Kent His and
others tend to show that it conveys the stimulus
from auriclie to ventricls.

The achtual sﬁarting point ¢i the heari's
contraction is stiili unesrtain, but the Sino-
auriculiar Node probably initiates the contraction.
Obhner ramnants of the Sinus wvenosus may be found,
but the Sino Aurjcular Node is the only definite
one knowm at nrasent. From this node, the contract—
ion ia supposed to spread o the auricle and then
passes by the anriculo ventricular node and bundle
to the ventricle,

‘ (6) and (7)

Axperinents by Gotenh  tend to show that
the contraction through the ventricles folliows the
direction of the original tube. He has demon—
gtrated hHhhat an'area at the root cf the aorta is the
last part of the heart to contract and represents
the homologue of the Rulbusg Arteriosus in the lower
animals. These facts are of Jimportance as they
form perhaps the most satisfactory way of explaining
the characters of the electro cardiogram, as will

he aesen latar.




with these facts made clear, I shall now
proceed to discuss the changes in and clinical

features of Auricular Fibriilation.




The condition of fibrillation refers
to tnat condition where the muscle fibres instead of
contracting co-ordinately contract inco-ordinately

and independently of one anothier.

=3

hese cenditions may be produced experimen—

tally by sending a rapid serieg of electric stimmli

Shrough the heart. The changes which oceur are
(8)
reported by Jushny and by Cushny and
(2).
Pdimmds. They found that ii the ventricie waa

aent into fibriliation, death rapiﬂ.l},f ensued from
failure of the circulation. On the other ha d,
when the auricele was axperimenbted upon the circulation
continued. They Tound that when Auricular fib-—
rillation was produced in the dog, it was invariably
associated witn a rapid aﬁd very irregular aterial
rlse, similar to that which nad long been a recog-—
nised feature in the human being of old standing
cases of Mitral Stenosis. It was thereiore suggested
by them that this was the cauge of thie irregularity
in these cases. Several people were incredulcus,
the main objecticn being tiat auricular fibrillation
could not go on for a long period of years as these
cases of Mitral irrvegularity were known to do.

Tne String Galvanometer was then utilised
and it was discovered that in each case, tiiere was
no trace of the normal auricular complex, but that
there were muserous fine oscilliations wnich were

undoubtedly proineed by the fibrillating miscle.

|_I
i



(10-11)
Lewie also proved that these osciliations were

maximal when one electrode was placed over the right
auricle.

Such a condition has never of course been
actually seen in the human being, hu;\a similar con-—
dition oceurs in the horse. Lewiglﬁés nad the
opportunity of seeing an auricle in fibrillation in a
horse which had just been killed. The auricle was
found distended and ballooned and no complete systcle

was aceoupliished, yet the wall of' the chamber appeared

to bhe in a constant state of movenent. "YRapid,, minute

and constant twitehings or undulatory movements are
obgerved in a multitude o1 small areas uvpen its sur-

f'ace" ( Levis ) .

»

There is no resscon why thie condition shouvld
not occur and persist for some time in the hwnan
heart. The auricles are really reservoiras which
supply the ventricles and are not really essential to
the c¢ircenliation.

Iﬁ addition, this condition fully explaine
the sxtrome disorder of rhythm which'ensues.

Fach of these vibrating areas would appear to
be ecapable of originating & stimulus and exeiting the
ventricle to contract. Hephazard and irregular
impulses pasg toe the ventricle as repidly as they
can be conducted along the auriculo ventricular
bundie. ' The rate will depend upon the power or
the bundle to contract and individuval cages vary

from 30 to 200 per minute.




Thie condition ie now krown to bhe a very
common affection. It is the usual cause of the
irregularity in Mitral Stenosis and in Senile cases

with Cardio Sclerceis., Ag regards the eticlogy it

occurs moast freduently after an old standing
(13) .
rheumatic affection of the hesart. Lea  found that

a history of Rhewnatism or Chorea could be obtained
in 56.6% of cases of Auricular Fibrillation. This
faet will be empnasised in thie special cases.

Although most comnon with Mitral Stenosis,
it often occurs without valvular disease. The
actual valvular diséﬂge is not the serious factor.
It is the changes that are set up in the muscular wall
that lead to fibrillation. The actuval nature of
these changes is not yet detefmined, In the
majority of cases examined, changes of a chronic
inflammatory nature were found with an inceresse of
fibrous tiscune and of nucleated cells. It im
apparent, however, that Fibroeis iteelf is not the
only cause a8 c¢Aases ahowing obviouvs fibrosis have
frequently occurred wibthout the occurrence of fib-—
riliation.,

' Whatever be the real cause, it is a pro-
gressive one and leads sooner or later to heart
failure., The heart is usually dilated, due no
doubt to exhaustion, tne result of the rapid and

lrregular stimulation.

16 .



Before discuseing the clinical featuvree which
inelude the ceharacteristic philebograns arnd electro-
cardiogram, I shall review the normal records.

The Venousg Pulee ig eufiiciently well knrnown not

+t0 remuire a detailed explanation. On it are found

ageveral distinet waves of whichh the first one callied
1

(a) is dne to the auricular asvatole. About, 5
gsecond after (A) comes anohther wave due to transmitted

pileation from the carotid artery (¢). This is
foliowed by a depression (x) occurring during ven-—

tricular svstole and then another wave (v) often
1 - 2
marked off into two distincet waves (v.) and (v ).
1 2
The noteh hetwaen (v ) and (v ) marks the end of ven—

tricular syvstole (see diagranm ) i

In cases of auricular fibriliation, as we have seen .
the notable feabture is the total absence of the (a)

wave dite Lo auricular svatole.

3

his type of pulse

hag bheen designated by Mackenzie-“vantricular" in
conhbradistinetion %0 the normal or "auricular® tvpe.
The extrems irregnlarity will also.be apparent and if
the heart is acting slowly, a series of fine
osciliations ia saomehbimes seen in the diastolic period.

These are produced hy the fibrillating auricle.

17 .



Bxampl
be shicwn later.

The no
require more atte

The no
of three waves in
waves in a downwa
barely evident.

indieate a relati

as of this tyvpe of venous pulse will

rinal and abnorual electro cardiograms

ntion.

rmal electro cardiogram consiets

an upward direction andéd two smaller

rd direction these latter sometimes
Those directed uprarde seenm to

ve negativity of the base to the apex;

those with a dovnward direction have the opvosite

gignificance.’
Figure

characters of the

Y

S shows diagramatically the

norinal electroe cardiogram:-—

“q-"‘s%nma _--!_lfi_'_-'_n_l_i_imal clectroenrdiogram,

The waves are labelled for convenience P.Q.R.S.T. oOf

whiceh F.R.T. are directed upwards while Q.and S.are

directed downwards. 0f thege veves P. ig due to the

contbraction of the auricle. This has been proved

both by actual observation and by its dissociation

from the rest in c¢ases of Heart Rlock. Thé other

waves 0.R.S5.T. are produced hy the ventricle. of

these R. and T. are the moat constant and nmost

18 .



important . Q. and S« are not always presgent and theln

4

significance is not auite understood.
P. is a2 smell, rounded elevation. Between P.
and Q. the string remains at zero and during thie

period, the stimlus is passing from auricle to

ventricle through the auriculo ventricular bundle.
Re i the tallest of the ceries and isg 'elean cut and
well defined. It corresponds to the initial con—

traction ol the Lare of the heart and continues to
rise ti11 the contrection reaches the apex. FRetween
Se and T. the string again remains at zero. This
has been explained 2s belng duve to the faét that
during this period the whole ventricle is contracting
and a1l parte of the ruscle are of eaual potential.
T. 1s a2 broad and comewhat prolonged wave and represent
the contrection of that part of the ventricle at the
base of the sorta whieh the experiments of Goteh
have suggesed ie the last part teo contract.

Figure 10 shows the record in all these leads from

a norm=al individual.

19.



The characters of the electro cardiogram in auricular

fibrilliation show marked differences wnich are

illustrated by the next figure.

(To be read from right to left)

Scattered throughout the tracing wes see the clearly
defiﬁed R. waves of the ventricular complexes. They
oceur at irrepgular intervals and hear no definite
relation in height to the length of the preceding
pause. The T. waves are also sanlly recognised but
are aomewhat obscured by the presence of fine oseill-
ations upon thisil. The reversal of T. in this case
is held to indiecate some myvocardial changes.

The mosat striking feature as in the phle—
bogran is the ahsence of the P. variation. Replacing
P. 18 found a number of fine oscillations oeccurring
throughout the whole cycle. These are the character-
istic and pathognomoni¢ ogeillations referred to
earlier in the paper. They occur in no other patho-
logiecal condition and are only produced by the changes
of potential occurring in a Tibriiiating auricie.
The characters of the oscilliations vary in

Aiffsrent tracings. In some they are very prominent
and may be as large as a norumal P. variation, in
Others they are less marked. They deform the T.
wave but never aifect the R. wave owing to the

rapidity of the 1atter movement.

.20



Also they bear nc relationship to the extent

of the myocarditis, for patients may have gross and
ohvious myocardial digease and yet not give these
cgeilliations.

The presence of the oscillations throughout

the whole cyele indieates the continuous activity of

the anricle.

The following examples more fully illustrate
tﬁe elinical features. of cases oI Auricular Fibrilla-
tion.

Case I. R.B. aged 38, labourer.

Was admitted to Addenbrocke's Hospital on
July 20th 1911 with double Mitral Disease and Double
Aortic disease, the reﬁﬁlt of Rheumatic Fever éeveral
veara hefore. |

He complained of fluﬁtering of the heart,
was very short of breath and unfit for work. He had.
a troublesome dry cough, was somewnhat cyanosed and lay
propped up with piliows.

His urine was scanty and free from albunen.
The veins of the neck were greatly distended. His
pulse was very rapid, very irregular and imposaiblie to
count . - His heart was sligitly enlarged and also
very irregnlar.

At the apex systolic and early diastolic
bruits were heard, and over the aortic cartilage was
a svafolic and diastolic murmur.

The venous pulse was of the ventricular form

21l



and showsd all the typical features.
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Note the complete irregularity, absence of the (a)
waves and the waves in diasteole due to the fibrilla-—
ting auricle marked (f).

| The electro cardiograus show the characters
already deseribed in the three leads.

Note the reversal of T. in lead IIl. which
is sunposed to indicate some change in the distribu-
tion of the condueting apparatus. It often occurs
with mvocarditis, There is also a slight tendency
to Right Ventricular Hypertrophy as indicated by the

height of R. in lead III.

heap T




Treatment;' On admission, the patient was given
Tinctvrelof Digitalis 15 mininms evéry 4 houre for three
dava. . Marked improvement tcck place, the pulse
became slower, more regular and stronger. . The urine
was increased and the patient became more comfortable.
The Tihcture of Digitelis was then reduced and the
effect continued under 10 miniine three times 8 day.

Patient was discharged in ccrparatively
good Iealth on Auguet 15th. but wae re-admitted on
October 17th. with symptoms of heart failvre brouvght
on by hard labouring work.

On this occasion he received 10 mirime of
the Tineture every 4 houre at firet but wae later

5

ordered NDigitelin CGranulee (Nativelle) twice a day with
gimilar good resulte.

He was diecherged again on December 23rd.
free Trom ayumptoms. Since then the patient hae
had another attack of Heart failure which proved
fatal.
Case II. J.F. aged 48, Rallway labourer.

Was admitted to Addenbrooke's Hospital on
August 4th léll with Migral Incompetence. He had had
three attacks of what he called Influenza but which
were probably attacks of Subacute Rheumatism. He was
admitted with all the signs of heart failure, nomely,
shortness of breatn, cyanosis, cough ocedema of the legs,

enlarged liver and scanty urine containing albumen and

casha. There was aorme emphvsema of the lungs and
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cedema of the lung bhases. _
The pulse was rapid and continuous Y irregular,
being difficult to count. .
The Heart was enlarged and very irregulay in
action. There was a harshsystolic bruit at the apex.

The electro cardiograms show the tvpical

characters namely, complete irregularity, absence of

P. wave and the typical osciliations. The heart's

. R
M 0%-!?-'_

action is feeble.

feap I,

Note the reversal of the R. wave in lead III. which

3

nivies a tendency to lef't ventricular hypertrophy.

i

¢

Tregtment., Patient was put under the infiuence of
Tineture of Digitalis immediately. I began with 15
minims every four hours untii the eifTect was pro-

aneed and then reduced it gradually until I found that




the patient could be kept free from symptoms by taking
5 mininms of the Tincture three times a day.
Marked slowing of the pulse occurred, the .urine.
was inereased and the patient was better in every way.
He was discharged on September 23rd. but con-

tinued to treat -himself by taking Digitalin Granules.

<2

ase I1TI. exhibits another featuwre which is of some

@D

importance.

In the early stages of Mitral Stencsis the
presence of a presystolic bruit at the apex is usually
detectad, As the stenosis proceeds, another bruit
becomes apparent occurring early in diastole iiwediately
after the second sound.® When auricular fibriliation
setg in, a change is noticed, The preasystolic bruit
disappears while the diastolic remains.

The explanation of this is obvious. The pre—

systolice bruit is produced by the systole of the

avricle driving the blood through the contracted

orifice. During fibrillation normal systole does not

ocecur. The diastolic bruit persists as it is produced

4

by the suetion power of the ventricle during the
diastole.
A diastolic bruit occurring in Mitral Stenosis

nenAally indicates some considerable degree of contract-—

Case III. J+«S. age 42.

Was adiitted to Addenbrooke's Hospital on
Febrmiary 87th 1912 with Mitral Stenosis and Incompetencegy
following Rheumatic Fever 14 vears azo.
She had heen an Outpatient for some vears and

her notaes record in addition to the irregularity the

25.



frequent presence of a presystolic murmur.

She was admitted with symptoms of heart railure.

The pulse rate was 100 and the rhythm was irregular.

and disorderly.

The Heart was greatly enlarged, the apex beat
being iﬁ the Anterior Axillary line. At the apex-
there was heard a systolic and an early diastolic
bruit . No presystolic murmur was present. Thezre
wag also a syatolic pruit over the aortic cartilage.

The venous pulse is of' fhe ventricular form.

.-nn..”'..::r;.
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The electro cardiograms show the usu2l features of

aurieular fibrillation.
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Treatment . Marked improvement with digitalin

granules.

These three cases serve to show the usual
features of Auricular Fibrillation.

The chief points are the marked alteraticn in
rate and rhythin, the increased size of the heart, and
the reaction to digitalis.

The pulse itselr is usually sufficient to
diagnose the condition. The irregularity is of
very digorderly kind, no twoe beata being of the gome
strength.

There is a constant intermingiing of’ atrong and
weak beatg and many beats do not reach the wrist..
Hering gave the name of Puleus Irregularis Perpetuus
to this form of pulse but this term has fallen into
disune.

Dilation of the heart occurs gooner or iater
due ﬁo doubt to exhaustion from the rapid and
irregular atimulation of the ventricle and 1eade to
symptome of heart failure.

Although Auricular Fibrillation usually gives
rige to0 this extreme irregularity of zhtvium, it i=
oceagionally the cause of attacks of Paroxysonal
Tachyecardia, a feature well iliustrated by (2ase IV..
Case IV, A.W,. age 18.

Tas firat admitted to Addenbrooke's Hos—
pital in December 1905 with Mitral Stencsis and In—
competence following Chorea. She was treated with

small doses of Tinceture of Digitalis and was




discharged ir good health in Mareh 1906.

She was again an In—patient during July and
August 1907. She gave a history of subacute
rheumatism and freovent sore throat.

Her condition then showed signe of heart
failure, shortness of breath, cyancoegis, cough, and
cedema of the legs bheing noted.

Presystolic and systolice murmurs were evident
at the apex and the heart wae considerably dilated.

The pulse was refular. The treatient again
consisted of small doses of Tineture of Digitalis
which gave relier.

Sincee then she has been.a frecuent In-patient,
svmphoms of heart failure coming on as soon as the

P
Digitalis was stopped.

Her laat Notes record:-— e Patisent is a thin
pale, delicate looking girl with a slight malar
fiusha She sguffers from considerable orthopnoea
and is liable to severe attacks of palpitation and
fainging. The pulse appears regular to the finger
but sphymographic tracings detect slight irregularitve.
The rate varies between 72 and 112 and the pulre is of
the Water Hamwmier tvpe.

There is marked bulging and pulsation over the
prasgcordia. The heart is greatly dilated.

At the apex can be heard a systolic and an early
diastolic bruit. At the aortic cartilage well
marked systolic and diastolic bruits are apparent.

Tnere is great pulsation in the neck and

eapillary pulsation can be obtained.-




The Jugular veins are prominent and pulsate.

The Patient is liable to attacks of Tachy-—
cardia. These attacks come on suddenly, last a
minute or two and pasgss off as quickly ag they camne
One During the attack the pulse develops 2
regular rate-of about 200 per minute.

Ditering the attack the Patient complains of
a thumping sensation in the chegt and gasps for
breatn. p

The elsctro cardiograms show some variation
in the strength of the ventricular couplexes (lead
EEEw

There is some Hvpertrophy of the Right

Ventricle as shown by the increased height of R. in

lead III. Reversal of T. indicates scue Kyocardial

change .,
The R. wave in lead I. is bifid, probably

indieati g sonme myocardial change.




Treatiment by Digitalis in this patient acted miracu-—
lously.

I found that the Digitalin Granuvles of
Mativelle gave the best results.

The pulse was sglowed, the gymptoms were relieved
and ahesolute fresdow From the distressing attacks
of Tachyveardia was attained.

ATter her discherge, she successiully treated
herself with the granules, but sueccumbed eventually

to a sharp attack oi Lobar Pneumonia.

These cases have this in common, they all
react well to Digitalis.

It is in cases of Auvricular Fibrillation,
especially those occurring alter Rhevmatism or Choresn
in comparatively young persons, that digitalie
prodiwces the hest resultse. In those cames occurring
in elderly patients with Cardio Sclerosis,. the results
are more uncertaine. .

Ite action 18 twofold, partly on the auriculo
ventricular bundle and partly on the vagus.

The result is that a certain degree of Heart
Riogck is produced which blocks the passage ¢i many
of the irregnlar stimuli to the ventricle and allows
the latter {0 regulate its pace; )

I have folliwed the lines of treatment laid
down hy Mackenzie and found them highly satisfactory.

He advises that the administration should in




the_first instance be pushed until we get evidence

of the phvsiological ac?ion of the drug. In adults

it is advisable to begin treatment with 15 minims of

the Tineture every 4 hours. If this should produce

nausea and sickness, the granules of Digitalin may be

used instead. Fach granule is eanal to about 15
(14)

minins of the tincture (Mackenzie)

Thease largze doses are continued until the pulee
rate is aphout 70 per minute. The drug should then
be stopped for a Tfew davs and as the rate begins to
inerease again, smaller doses will be found to answer.

15
Price (_J)recommends that the dose bhe reduced until |
we find the "optimun" dose. This is one that uvsually
keeps the heart rate about 70 per minute, but the best
gnide to this is the mensations of the patient.

"Patients are readily taught to treat themselves
with $he drug and keep themselves in a comparatively
fit condition.

The nexh case ig one occurring in an elderly
woman where digitalis faiied to produce relief.
Case V. J.N. age 69.

Was admitted to Addenbrooke's Hospital on

December 13th. 1911 suffering from Chronic Rronchitis,
Emphysema and Mitral Incompetence. Her previous
illnesses include Influenza 20 years ago and slight
Rheumatic attacks.

When admitted she had great dyspnoea, cyanosis
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freauent cough and had extensive oedema of the legs,
hack and Ascifes,
The nrine was secanty and contained albiuisil.

er liver was eniarged, The veins of the

X

neck were engorged and nrominent.
The pilse was of slow rate and frequenbly
irrgpnlar,

The Heart was diiated with a long svstholic

mizir abt the apex.

The electro cardiograims show only a alight

endsney fo aurienlar fibrillation, the oscilliations

ot

3

heing most marked in iead III1.

In all the records, the beats are very suall
owing to the feebls action of the venbricie, and
hhere is conplehbe absance of P, |

Note the long diastolic pause which probably
means a certain degres of Heart RlockK.

There is a itendency to left ventricular hyper—

trophy aa ahewn by the dovnvard direchtion of R.IIT.

The "aplintering"of R. in lead III. is believed by
(16

e S

gsome to indicate a mvocardial lesion (Barker)




Treatment. Thig Patient was treated on the usual
lines with expectorants and digitalis but without
effect. She pursued a downward course and died

about € weeks later.

Sone cases of Auricular Fibrillation are

noet always so easy of recognition.

Case Vi. ia that of an elderly man suffering from
Chronic Bronehitia and Emphysema witﬁ Arterio Sclerosis
and a dilated Heart. There was no valvular disease
apparent. - During the two months he was an In-patient,
the rhvthm on the whole was regular. On one or two
occasions some arrhythmia was noticed.

Cacse VI. M.H. age 71, a labourer.

Tras admitted to Addenbrooke's Hospital
on October 26th. 1911 with Chrcnic Bronehitis and
Enphysema and Chronic Nephritis. He was suifering
Trom extanaive oedema of the legs, back, scrotum etec.
There wag general anasarca of the body and free fiuid
in the peritoneal cavity.

He gave a history of several slight attacke of
Rhewnatisn.,

His pulse rate averagéd 80 and. excent on one or
two occasions was regular. The coats were thickened.

The Heart was slightly enlarged and very feeble.
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No bruits were audible.

The veins of the neck were distended. The
urine contained albxz@n-%ﬂd casts.

"I show the electro cérdioérﬁms from this case.
They exhibit the usual features and show typical
osciilations but there is no marked irreguvlarity.
T, is not well marked.

Revergal of R. in lead III. indicateg Lelt

Ventricnlar Hypertrophy.

The following tracings are frcln a private patient
who exhibited all the f'eatures of Auvricular fibrilia-
tion. :

The Patient was a rheuvmatic subject with Mitral

Nigease and sulffered from synptons of heart failure

=

with an extremely irregular pulse.

The venous pulse was oi the ventricular type and




the electro cardiograms show the usuval characteristics.
. This Patient wag treated with Tincture of

Digitalis in 15 minim doses twice or three times

daily, but later on he was givén Nativelle's Granulies

whieh were more pleagsnt to hioe

ol PRS- T

(To be read from right t¢ left)

In forming a prognosis in Auricular Fibriliation,
it muat be reuvenbered that the degenerative conditions
produeing it are progressive and that the best we cen
do is t0o relieve eymptoms.

Tne prognosis will vary in each case according
to the manner in which the heart reacts to the altered
rhythi. Soine c¢ases show auriculaer fibrillation
without troublesome symptome, and heve been known to
go on Tor vears.

If the heart dilates greatly and the rate ie
rapid, fheﬁ the prognosis is grave. 1E; howéver,
there is not mueh dilation and the rate not above 90,
or if over 90 but can be reduced by treatment, then

the prognosis is favourahle.

W
L)



The Patient mayv go on for an indefinite nwcber
of years, sometimes in good health; often checuered
by more or less gsevere attacks of temporary heart
failure. _ ;

The length of time between the Fhevymfie
infection and the onset of fibrillation with the

intervening history of the patient are important

points in forming an opinion. The manner in which
the patients are affected by work and sexertion gives

an important idea of the reserve power of the heart.

Senile canses are leas favourable than cases

=

ocenrring in vounger persons.

Lastly, the reaction to treatment by Digitaiis
gives valuable information. Patients by keeping
themaelves under the influence of the drug can main-
tain a fair standard of health and can even undertake
some 1ight work.

I have attempted to show that the vrognosis
cannot be definitely stated on one point alone. It
depends on many factors, including thé duration of
the condltion, the extent of the changes, the age of
the Patient; the reserve power of the heart and the
reaction to treatment.

I have not attempted to give a complete account
of the Teatures of Auricular_Fibriilation in this
pﬁper. I have endeavoured to demonstrate the
comaoner features of the disease and egpecially the
gtepa that 1ead to ite discovery. I have egpecially

mantioned the characters of the string Galvanometer




and the ftracings obtained by it as on account of the
accuracy of the electro cardiograms, this method of
analysing the Cardiac Mechanism is tending rapidly

to supersede all other graphnic methode.
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SUMMARY.

1. A desceription of thne String CGalvanomneter.
Invented by Finthoven in 1906, it records the changes
of electric potentiﬂl which occur in the heart during
ites contraction and has been the means of proving the
fremient oceurrence of Auricular Fibriliation in the

human ne=sart.

s Anrienlar Fibrilliation refers to that condition
of the auricle where the nmuscle fibres contract inco-—
ordinately and normal systole is never accomplished.

It occurs particularliy in two groups of cases,

(a) Associated with old standing
Rheumatic disease.

(b) The senile cases with Cardio Sclerosis.
It oceurs most comnonly with Mitral Stenosis and is
characterised in this disease with the disappearances
of a presvahbolic bruit.

The ¢ linical features are those described
previonusly by lackenzie under tie term "Nodal Rhythm".

Of a1l cases examined after deatn, the only

Feature common to all wag a fibrosis of the muscle.

3. The main clinical features are,
“(a) A continuous irregularity of the heart.

(b) Absence of all signs of normal auricular
activity.

In some cases it gives rise to attacks of Paroxysonal

Tachreardia.,




Sphygmographic Records.

1. Rate nusually increased.

2 Complete irregularity with beats of all
shapes and sizes.

35 No fixed »elanion bhetween the strength
of a heat and the preceding pause.

Polvaranh Records.

1, Abassnes of the (a) wave due to auricular
avstole — the venbricular bHyps.

2. Presence during diastole when ithe heart

ig slow of mapid mndulations of
VEnols Dressire.

Electrocardiograpn Records.

1. Absence of auricular svetolic variation P.

P Venbricular peaks R. and T. occur but T.
is often deformed by the presence of
fine oscillations.

2 Occeurrence of continuous o¢seillations
generated in the auricle and occurring
bthroughout the tracing.

4, Absence of fixed relationshin beftween the
height of peak R. and the length of
the preceding heart pause. :

Simiiar records are ohtained from animals in which
fibrillation of the auricle has bhsen produced experi-

mentalliv,

4. The prognosis in Auricular Fibrillation depends

on a study of several factors in each case.

5 The reaction of these cases to digitalis is
sometimes very remarkable. In certain forus,
asp2eially those of Rheumatic origin, one can regulate
the rate at will by inereasing or diminishing the amount

of digitalis.
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