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INTRODUCTTIO N,

Since the war a large amount of work has
been done on the vital capacity of the lungs both
in heelth and in disease. 1In America especially the
subject has had wide publicity and strong claims
have been made for it as an aid to diasgnosis, and
prognosis in cardiac cases.

The dyspnoea so commonly associated with
ceses of obesity interested me. Very little seemed
to be known as to the cause of this excessive breath=-
lessness "Fatty Heart" was nearly always suggested but
could after all only be suspected.

In the hope that vital ceapacity observa-
tions on the obese person might throw some'light on
the question I set out to study'from the point of
view of the vital capacity a series of obese patients.

While working on vital capacity in general
geveral other problems presented themselves. I have
ineluded in this thesis a study of the cases of g
large series of coal miners from whom vital capacity
readings had been taken.

With & view to observing how closely the
vital capascity reading corresponded to the Clinical
condition of the patient I have taken dsily readings
from/ -
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from a series of cases showing heart failure.

Throughout'a critical attitude has been
adopted. The question a«s to how much help the
clinician cen expect from vital capacity readings
has slways been before me.

I wish to thank PROFESSOR MURRAY LYON
for his kindness in allowing me to use the cases
under his care in the wards and in the Dietetic
Department, and in permitting me to work in the

Clinicel Medicine Laboratory.



THE HISTORY of the STUDY of VITAL CAPACITY.

As far as can be ascertained the First
attempt to estimate the amount of sir in the lungs
 was made by BORELLI in 1679. TURIN working at
the same subject some years later, found that the
. greztest volume of air that could be forced from
| the lungs after the deepest possible breath, (the
: vital capacity) was 220 cu.ins. HALES also found
| that the vital capacity was about 220 cu.ins. GOOD-
WYN found it to be in the neighbourhood of 200cu.ins.

Other workers showed variations from 1.00-
250 ‘cus.ins, For the most part their methods were

T

crude and the results merely of historical interes
HUMPHREY DAVY in 1799 found his own vital copacity

to be 213 cu.ing. Following on his work, the most
important contribution is that of HUTCHINSON. In
1846 he published his paper, "On the Capacity of
the lungs, and on the Respiratory Functions with a
view to establishing a precise and easy method of
detecting disease by the spirometer'.

It was HUTCHINSON(l)who introduced the

ferm vital capacity, as being the greatest voluntary |

expiration/
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He invented = simple form ¢f spircometfer of
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curzte measurement of the tidzl air; the supplemen-
=21 zir, and the cormplementzl air snd to the cal-
culation of the residusl air.

It was HUTCHINSON who first drew attention
to the fzet that =z man's vital capacity is constant
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¥ in men; women and

(2)
1854 WINTRICH exsmined the vital

capgcity in 3500 individuals. He found that for

each centimeter in height 2 man exhales 22-24 ces-



12-14 years 13=-15 cc. per cm. of atanding height.

He stated that age had a great influence on

| the vital capzcity. The largest readings he obtained

fwere between the zges of 20 and 40. There was 2

glight decrease between 40 and 50. Between the ages
of 50 and 60 he found a great variation in the vital

capecities. A well developed subject of 64 might

| have a vital capacity as good as those whose ages

éranged from 44-45. After 75 there was a marked

decline, approaching that of the childhood ages.

During the present century BOHR - made
further gtudies on lung volume and showed its im-
portance "in the understanding of the disturked
physiological processes in many pathologicsl condi=
tiong", particularly, heart disesse.

During the wzr the vital cspacity test was
used as a test of physical fiiness, especially in
the examination of candidates for the flying corps.

A definite minimum standard of vital czpacity was

fixed more or less arbitrarily. & number of success-

| ful pilotdé were examined and the lowest vital capac~

ity (3400 cc) was laid down as = minimum. No regard
(21)

. was taken of the size of tke man.

DREYER hezrd of this method and it stimula-

ted him to investigate further the subject of vital

| capacity,



capecity. Others in Kmerica notzbly PREABODY,
WENTWORTH, WEST, IYERS, were working on the same

subject by 1920,

SUMMARY/ -



SUMMARY.

Not until 1679 did anybody investigate
the vital,capacity‘of the lungs, after that the
subject was studied by severazl scientists; but it
was not until 1846 that a really scientific invest-
igation was made. In that year HUTCHINSON publ=-
ished his paper on the vital capacity of man.,

Since then the subject of vital capacity
has been worked cn both in Turope and America: but
even up to the end of the war there were no definite
normal standards set up, although large numbers of
men women gnd children had been examined.

By 1920 there were numercus investigators
at work chiefly in Americas and since then the

subject hasg bad wide publiecity.



THE PHYSIOLOGY OF RESPIRATICN.

From the point of view of the Pnysiclogy
of respiration the important portions of the lung
are the terminal Bronchiocli and their ramifications,
These have been described by MILLER(?)aB consisting
of s=

(1) Bronchioli

(2) Bronchioli respiratorii
(3) Ductus alveolares

(4) Atria

(5) Sacculi alveolares

(6) Alvolares pulmonis.

The Bronchioli are the terminal portions
of the bronchizsl tree which still have smooth walls.
They divide into two or more bronchiocli respiratorii
their walls are ifregular, becauge of the presence
of shallow azlveoli. And so they show the first
evidence of haemo-respiratory function.

The Bronchiocli respiratorii divide into
Ductuli alveolares which have on their walls a
larger number of deeper alveocli. Vhere the ductuli
open into the atria the muscle fibres of the
bronchizl tree terminate abruptly in a sphincter-
like ring.

The Atria which are also lined with alveo-

1i serve as mixing chambers for the air which is

distributed/



adistributed to thie principal respiratory elements,
the sacculi alveolares, with their numercus alveoli
pulmoniss

HMILLER has limited the term "lobuile" . to
mean the ductus alveolaris, with its atria, sacculi
alveolares and alveoli pulmonis and their blood
vessels, lymph-vessels, and nerves.

The alveoli, whenever they are found are
lined by a single layer of epithelium, and may be
considered as the glands of the pulmonary system.

The alveoli of adjacent sacculi and lobules are 5
very intimately associated, and in these thin |

-

vhe capillaries of the pulmonary artery

According to MILLER'S investigations the
branches of the pulmonary artery on reaching =
bronchiolus diwide into three terminal branches.

egs one around the alvecli

Fete

They ramify into capillar
of the bronchiolus respirﬁtgriua snother round the
alveoli of the atria, and the third about the
alveoli of the sacculis toward the periphery of
the alveoll the capillaries unite when they form:
the radicals of the pulmonary veins. é
The ztris sacculi alveolares and alveoli é

pulmones are considered as a whole and called the .

infundibulum/



infundibulum, in thesge, the expansion of the lungs,
the mzjor part of the mixing of gases,. and their
transference to and from the blcod, takes place.

KEITH has shown that the infundibula ‘are
larger iﬁ the basal parts snd in the subpleural
regions than elsewhere, On inspiration the base
expands_more easily and more extensively than does
the spex and the subpleural part more than the root
ZONnea

KBITH has pointed out the importance of the;
sphincter like rusculature of the terminal bronchio-F
li, He thinks that the more the calibre of the
bronchioli is diminished during inspiration the
more will be the negative tension in the infundibulas
This bronchial musculature by diminishing or in-
creasing the access to the infundibuls in various
parts of the lung may regulate the distribution of
the indrawn air.

By regulating the intra alveolar pressure
it may influence the distribution of the blood
throughout the lung and sc take the place of the
Yaso-motor mechanism which has not been proved to
exist in the lung. : |
According to KEITH( )the lungs expand like |

the/
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the opening of a Japenese fan and not like s rubber
bags The part nearest the diaphragm and costal
surface expand first and is followed by the apex
énd then the intermediate and root zones.

As we have seen the infundibula arc larger
in the basal parts than in the apex, and in the
subpleural areas than the root zones.

In emphysema these large infundibula are
the first to become distended and it is common
knowledge that emphysema starts along the margins

of the lower lobe particularly towards the diaphra- |

|
|

gmatic surface.

The diaphragm moves downwards and forwards
and acts as a true piston. HASSE states that the
spinal part elongates the thoracie csvity from above
] 2 dewnwards while the stermo costal part increases
the sntero posterior diameter of the lower .thorax.

Diagresphmatic movement is the chief factor
in ingpiration 13 cm of movement represents about
400 cc of inspired air; thus there may be no relation
as to the amount the chest can expand ard the amount |

of gir it can tske in.

The costal series can be divided as follows:i-

1)/



12.

(1) First rib Apices

(2) 2nd - Sth ribs Upper lobes

(3) 6th = 10th ribs Lower lobes apart of
the diaphragmatic

mechanism.

(4) TFloating ribs Functionally part of
the abdominal wall.

The movement of the diaphragm is dependent
to a large extent on the musclesof the zbdominal
wall which are its antagonists. If the abdominal
muscles have good tone the lower margin of the
Thorax moves towards the domes of the diaphragm. If:
the ribs aré fixed and the abdomen relaxed . the |
donmes of the diaphragm move tcocwards the lower aper-
ture of the Thorax. KEITH suggests that in vicer-
optosis the diaphragm has no fulcrum and as a result
the respiration is largely thoracic.

In 1868 HERRING and BREUER(9)found that

dilating the lungs of an animal promoted ex~
piration. Aspiration from the lungs on the other
hand csused inspirztion.

They propounded the theory of sutomatic
regulation of respiration they assumed that the
respiratory movements comprised a respiratory
mechanism in themselves regulated by the centripetalf
fibres of the pulmonary vagi since these excite the

inspiratory/
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inspiratory centres when the lungs are expanded,

From their experiments it may be inferred
that the vagi consist of two sets of fibres one of
which when & certain phase of expiration is reached
convey afferent iimpulses to the respiratory centre,
and thus start inspiration, the other at a certain
phese stimulates expiration.

The HERRING BREUER reflex therefore
forms 5 means whereby the rate and depth of bresth-
ing is normally{ggntrolled.

HALDANE )Working with MAVMROGORDATO show- !
ed that the degree of response of the respiratory
centre to the HERRING BREUER stimuli is deter-
mined by chemical factors. A very slight increase

of free Co2 caused the TFespiratory centre to send

o
o
Q
o3
D
=
D
63}
i}

out more powerful efferent impulses. And
sensitive to the normal HERRING-BREUER inhibition
and as a result there is increased depth of breath-
ing.

The reverse is seen cafter wvoluntary forced

.

breathing when an excessive amount of Cop is washed |
cout from the blood and tissues and temporary apnocal

resultsa

. . : |
There is o degree of inertia of the respira-|
I

tory centre, otherwise spezaking swallowing)singing’

playing/
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playing wind instruments would be interfered with,

or at any rate attended by embarrassment, as it is

they zre compensated for by a period of hyperpnpea

which gets rid of the swmall accumulation of carbon-
dioxide.

In cases of dyspngea where the centre ig
already reacting to an excessive stimulus interrupt-
ions in breathing may cause great distress.

Thus T have noted that cardiac cases who
show dyspnoea on slight exertion are unable to hold |
their breath long enough to use the small spirometer,
PEABODY states that cardiac cases are able to hold 5
their breath just as long 28 morms) people but it isf

-

robable that he refers to cases in which compensa-

ks

tion is established.

THE/ : |



THE LUNG. AND ITS SUBDIVISIONS,

The total lung velume is medeup by 5 poriions.

(1) THE RBSIDUAL AIR. That which remains in
the chest after the greategt possible
expiration.

(2) THE RESERVE AIR. That portion of air which
can be expelled after a normal expiration

(3) THE TIDAL AIR. (The breathing air of
HUTCHINSON). The volume of air inspired
and expired during normal vespiration.

(4) THE COMPLEMENTARY AIR. The largest amount
of air which can still be inspired after
normal inspiration.

(5) THE VITAL CAPACITY. The sum of th
tidal and complementary air. That
say the maximum amount of air whic
be ingpired ot the end of forced e
piration or cenversely the maximum amount
of air which can be expired at the end
of the largest possible inspiration.

These are the definitions given by HUTHCIN-

SON and are used by the majority of Physiologists.

ecent workers have used the terms reserve and

pas

complementary air in a slightly different sense and
some confusion has arisens
A (3) :
PANUM and BOHR  introduce 2 middle capa-

city. If one stops breathing at a point midway

e

between normal inspiration and expiration the amount

of air left in the respiratory tract is called the |

middle/
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middle capacity.

The maximum amount of air which can still
be inspired is referred to as the complementary
air, while all that can be expired is called the
reserve air.

From the diagram it can be seen that the
complementary air and reserve air of PANUM and BOHR
are each greater than those of HUTCHINSON by half
the tidal air.

MEAKINS and DAVIES(s)prefer the inclusicn
of the mid position. The average amount of tidal
air varies greatly in different individuals and in
a given individual at different times and under
Gdifferent conditions of rest and work, They think
thet the rather arbitary mid position is somewhat
lesgs variable,

(6)
BINGER and BROW have introduced another

subdivision the functional residual air, the total

amount of air left in the lung after normzl expira-
tion. They found the normal expiratory position

to be very constant in a given individual and they
congidered the functionmal residual air more constant
quantity than the total capacity and vital capacity
which to a certain extent represent "abnormal gymna-

stic achievements",.

They/
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They pecint out that the functional residual
air can readily be sscertained without discomfort to
the patient in gases such as pneumonia and pleurigy
where it is undeésirable to ask the patient to make
forcible respiratory efforts. | '

So far as . BINGER 2and BROW were able to
determine the functional residual air was not corre-

lated with any other body measurements,



18.

THE CHOICE OF A STANDARD.

The ideal standard would be the individualé
own,recorded in time of good health. 1In the vast
majority of cases such is not available so we have
to resort to a theoretical normal standard.

HU‘I‘CHINSON(l in 1846 waa the first to try
and-correl&te vital capacity and other measurements
of the body. He considered the relationship of
vital capacity to height, weightj,age and disease.

He found that height bore the mogt marked
relationship to the wvital ¢apstity. "I find if I

be 21lowed to take a2 man's heiszsh

~

o
o+

I can tell what
quantity of air hne should bresthe to constitute
him 2 healthy individual".

HUTCHINSON feound that for every inch in
neight (from 5 ft to 6 ft) 8 cu.ins. of air at 60°
are given out by a forced expiration.

Since HUTCHINSON'S work many British snd
American workers have investigated the subject but
up to the end of the war HUTCHINSON'S height

standard had not been improved on.

HUTCHINSON bhad given a normal standard

i t/
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but how close an individual had to approximate to
these averages, in order to be classed as "fit" was
not knowna
(12)
In 1919 DRYER published formulae for
obtaining the normal vital capscity. He chose 16

men, & boys who were selected on account of their

physical fitness and covered a wide range in height

(D]

and weight etc,
A criticism which was at onece brought up
was how did Professor DRYER assess physical fitness.
From data obtained from these 16 subjects
DRYER ©brought forward four relationghips.
I. The vital capacity igs a function of the
weight. This can be exXpresged in the

n
Formule W

v e
of the body in grammes. V.C. iz the vital

= X, where W is the nett wt.,

capacity in cu. cms. and the power n is
approximately 2/3 or 72 and X, is a con-
stant. As it has 2lready been established
that W1 = Ko where W = Nett wt. 8 = body
surface and the power n = 72 it follows
that the V.C. is z simple fraction of the
body surfacea.

In other words the smaller and light=|

exr/



II.

ITI.

IV.

20.

lighter individual with his relatively lorger

surface hag a greater vital capacity per
unit of body weight than the larger individ-
ugls
The relationship between V.C. and stem
length can be correctly expressed by the
formula AR = K3 where A = stem length in

v C
cms. V.Ca = Vital Capacity in cu. cms. The
power n is approximafely 2 and K3 is a
constant,
The stem length is measured with the legs
drawn up so that the individual rests on the
ischisltuberosities. The sitting height of
other observers is ahout 3% greater owing to
the thickneas of the gluteal musclesa

The relation between the vital capacity and

chest can he ex-

1

the circumference of the

-

pressed by the formula _ch” = K, where ch =
ve

chest circumference expressed in cms. V.C.=

vital capacity expressed in cu. cmse. The

power n is approximately 2 and Ka is a

constant,

Finally_X ch = K5 where A = stem length
Ve

in ems. c¢chh = chest circumference in cms

V.C. the vital capacity in cu. ocms. and Kg

is 2 constant.

CRIPPS/
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(13)
CRIPPS GREENWOOD and NEWBOLD examianed

1000 Air Force Cadets together with other published
datas. They found that "the substitution of stem
length for height does not improve the accurscy of
the prediction and in genersl HUTCHINSON'S method

igs as good asyoor better than recent modificaticnsg".

(14)

ROGERS found the standing height standard
quite satisfactory.
(15)
WEST examined data from 129 individuels

Harwvar@ medical students and nurses from the Peter

|
Bent. Bringham @ Hospital, Bostons 85 of his males
gave results which approximated clogely with those

alculated from DREYER'S weight formuls.

0

WBST =alse %took up = suggestion of PEABODY
and WENTWORTH who had found g Tew observa-
tions that there was a eglose correlation bebween the
vital capacity snd the surface area of the body.

WEST used the height,weight formula of
DU BOIS.

He found that the wvitzl capscity expressed
in litres was 2¢5 times the body surface area

(sq- metres) in men and twice the bhody surface area

HEYERS found that in women the ratio was
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o

1-8? litres per sq. meter of body surface.

WEST using hia surface area standard feound

[N
a1}

that in & comparstively homogeneous series of
subjects the individual limits of veriation are
wide and he concludes that too much weight should
not be given to a single determinstion unless a
variation of more than 15% from the chosen standard
is observed.

WEST showed that 71% of his subjeets had
[

vital capacities within 70% of normsl 5«5 were below

90%. He also found that the vital capacity in c.cs.

o
(o]
%]

5 timeg the height in cms., in men and twenty

times in womernte In this casge 63/ were within 109

of normsl.
(16)
Further work by IYERS lzd him to produce
two empiriecal formulae for determining the approxi-

mate normal vital capacity for men and womens.

17+6 X body wts + 900

V.C. for women.

212 X body wt. +1168

i

V.C« for mena

In 1280 men sged from 17-32 years 117 had |

vital capscitiesbvelow 859 =nd in 1058 women aged

from 17-23, 27+1 had vital cazpacities below 857 of

the normals

(17)
HEWLETT and JACKSON examined 400

heglthy/
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hezalthy young men aznd on a basis of their own
results with those of SCHUSTER, who examined 959
Oxford undergraduates and WEST examining Harvard
students deduced the Tollowing formuls 3.

VsBa

56 H - 4400
1IQC¢

i

2900 S.A. =~ 1000,
where V.C» = wvital cepacity in cc®
H. = height in cms.
S.A. = Burfsce area in sqg. meters using the
DU BOIS formuila.

Using their own figures together with WEST'SE
they deduced another formula including both height
and weight.

V.C. =27 W + 314 H =~ 3000.
W being the weight in Kilogrammes.

Comparing the observed vital capacities and
those deduced from this forwula they found 209
were below 90% of the calculated value,11% below
95%,5% below 80% and 2% below 75%-

They sey that a reduction below 70% of the
calculated normal is almost slways patkological.

The correlation of vital capacity with
height and vital capacity with weight were approxi- |
mately equal while the correlation with height and |

weight/
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'{‘FSi‘if t together is sli htly bDetter than with eithe
separately.

Since DRYRERYS presented his formulda in 19

(e,1i]

It would seem that standard tables hssed
surfzce zres weight or standing height are the best.

I8 emaciated czses it -ig best to use the
patients normal weight.

In obese cases it may be best to use the

stending height standard.
t

(4]

In practice WEST'S formuls is the simple
and mwoet convenient method of estimating what the

normal vital capacity of any individual should be.

SUMIIARY/ I
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SUMMYARY.

The difficulty of deciding on some standard
is one reason why measurements of vital capacity
have not been used more widely.

Three methods have been found gatisfactory.

(1) BStanding height.

(2) sSurface area.

(2) Average of chest mezsurement and stem
length (DRYER)

WEST conluded that the most accurste

stardard was the use of the DU BOIS  surfzece area

with an allowance of each sg. meter of 2500 ce« for

men and 200 cc. for women and children. This lest
ure has been modified to 1920 cc. by MUMYBERS.
Thege figures represent an average based on reports
of WEST- LELON & IOERSCH and IYERS.

PEABODY & WENTWORTH wused the sianding

1

height standard snd many observers have found this
quite staisfactory for quick clinical work though
the results were admittedly rather more variasble.

Chest measurements and stem length zare

considerably less accurate and weight alone es-
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misleading.

Of the three satisfactory methods surface
area 1is the most reliable. Height is the simplest
an& is used extensively by somes

A criticism that has been lewelled sgbinst
the surface srea standard is that, as the patient
leoses: weight and vital cepacity as a result of his
illness, the loss of weight will,itself lower the
calculated surface ares,;thus minimising or perhaps
hiding the real loss of wvital capacity. This isg
perfectly true but in practice it can be got over by
using the patient’s usual weight while in health.

In my series I have used the surface area
standard using UIYER'S taﬁlea.

In the obese cases the height standard has

been employed.

-



SOME FACTORS WHICH INFLUENCE THE NORIAL
VITAL  CAPACITY.

It has been pointed out by many observers
that physiecal training or hard manual labour goes
hand in hand with a high vital capacity. Singers,
players of wind instruments, or glass blowers are
expected to have larpge vital czpacities.

But now and then cases are met with large
capacities snd no history of having ever played
~games seriously, individuals with long chests and
low placed diagrephms, The hyposthemnic or asthemnic
type described by UNILLS fall into this class.

In my series-of normals it will be seen
thet many show capacities in excess of 100%. The
majority of subjects are medical students OF NUrsSes
and;QOﬁsequently have at cne time or another played
games.

The class showing a normal vital capacity
of well over 1004 is not only a very big one but isl
also very important.

DREYER =and others have stated that a 15%

decrease/
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decrease from the expected normal, probably indicates

the presence of some health depressing factor.

DREYER believes that occupation has a
great influence on vital capacity and he groups all

people into three c¢lasses.

He believes that an individual who spends
a considerable time in the open air playing games
ete, may bring himself into class A regardless of

his occupation,

FOSTER/
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(18)
FOSTER =nd HSIEH foeund that occupation

4L

influenced vital capacity to some exten
net in proportion to the degree of physical activity.

SEX» FABIUS and later SCHNEEVOGL and then
WINTRICH pointed out that there was a difference in
the vital capacity of men and women.

MYERS states that WINTRICH found the sex
variation very slight during early years,but becomes
mere marked after the fifteenth year when boys show
a larger capacity. About 6% according to WILSON
and EDWARDS.

The differences due to sex sre such that
after young adult life separate normal standards

ACT. HUTCHINSON stated that an individual reached
his maximum vital capacity =2bout the 30th year.

Recent observation by numercus workers in-
dicate that the maximum vital capacity is reached at
about 20 in boys and & little earlier in girls.
(Stewart)

(19)

BOWEN and PLATT found that up to the

age of 50 years the average vital capacity was 95;8%5

of tre normal. Then it graduszlly reached 507 at the|



being between the ages of 50 and 60 years.

OEESITY. HUTCHINSON stated that 77 overweight in-
terferes with the vital capacity. More recent in-
vestigation has shown that only extreme cbesity is
capsble of reducing the reading. The subject will
be discussed more fully later on.

POSTURE. It has been found that a subject lying
down records a smaller vital capacity than when
gtanding or sitting.
(20)

RABINOWITCH investigated the problem and

found that the obtained wital capacity in the re-

o
|

cumbent position has to be multiplied by 1+075 the
product being very nesr the normal capacity. the
patient would present,had the reading been taken
standing.
(21)
CHRISTIE ond BEAIS report on 5e5%

reduction of vital capacity when the reading is

taken with the patient lying down. This figure has|

been generally accepted and I have used this correctr

ion in the cases I report when for any reason it
was impossible to have the patient sitting or stand-
ing.

Naturally any cramped or awkward

position/
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position such as bending forward owing to too short
a tube leading to the gpirometer will cause a low
reading. Tight clothing whether it be stays or an
unduly tight waistcoat or trouser top will reduce
the vital capacity.

The observer must always satisfy himgelf
that there is nothing constricting the chest and
abdomen.

RACE, It has been pointed out by American writers
that coloured races have a lower vital capacity than

the Western (MYERS).

LACK OF CO-OPERATION AND WILL POWER.,

I have found that there is guite a large
class of patients who are quite'unahle to take the
deepedt possible breath and then: expire to the great-
est possible extent. Several cases which I started
to investigate from the point of view of their vital
capacity, I have had to give up owing to their in-
ability to record reasonably regular readings. All
such cases have used the spirometer every day for a
week and if,at the end of that time,they have not
shown a marked improvement, I have given up the un-
egual strugzle, :

Women/



Women of the hospital class are the worst
offenders. Some of them seem quite incapable of
taking a deep breath or of empiying the chest as far
as possible. The majority are of the highly strung
type who would, in any case, be incapable of doing
anything to order which required a little concen-
tration and effort,

I speak of course, of the comparatively
fit patient,one can understand the dyspnoeic cardiac
case not c@oﬁerating as well as she might, though
my experience iq that these cases really do try

especially/



especially when they see the readings improving day
by day.

I do not think I exaggerate when I say that
the majority of women of the hospital type over 40
years of age, are unable to cooperate to the fullest
extent of their powers. But when a long serieg of
daily readings are taken. one is able to set up a
standerd for that particular patient,; and provided
the same observer takes eszch reading the series will
be comparsble.

The spirit of competition has to be encour=
aged,almoet any healthy young adult male will blow
two or more hundred cc. than his previous best if a
competition be gtarted. 1In the case of women the
results are not always so satisfactory.

Malingering is so easily detected that it

calls for no special description.

SUMMARY/
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The following two examples of LACK OF COOPERATION
and WILL POWER are of interest,

MRS J. L.

The patient was suffering from a primary
Carcinoma of the left lung.

The chart shows a gradual increase in vital
capacity until 15/11/29.

This increase was quite contrary to the
clinical aspect of the case, and may be explained by
the feet that the patient took 10 daye to learn to |
insepire and expire to the fullest extent of her
powers.

- All the readings from 5/11/29 -~ 15/11/29

are gquite valueless.
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The Patient was admitted as an asthmatic,
but the diagnogis was revised to that of Neurosis.
Daily vital capacity readings were taken and only
after 4 weeks were anything like reliable readings

cbhtained,
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SUMNIULARY.

The vital capacity of normal hezlthy people
may be influenced by several factors.

Physical training and certzin occupstions
may result in an over development of the wvital
capacity, while dther occupations may decrease ite.

Sex effects the vital cepacity to such a
degree that it is necessary to have separate
standards for men and women. There is z fall in
vital capacity after the age of 50. 1In dealing with

obege versgons it must be remembered The

down is 557 less than if the su
=

Some patients are quite unable
the gbserver. It is essentizl that the observer
iould encourage the patient to do better on the

second attempt. ,

DISEASES/
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DISEASES WHICH INFLUENCE THE VITAL CAPACITY,

Diseases beslides those of the lungs and in
particular: those of the heart caen cause a reduction

in vital capacity, o0ld standing Pleural adhesions.

1t has been shown that cases having old standing

G

pleural adhesions from one cause or another mgy
show & decreasze in vital capacity.

MYERS states that in 54 cases of thickened
pleura as revealed by X rays, the average vital
capacity was 9419 while 26 cases of healed empyems
had an average vital capacity of 91%7. 014 deformit-

f the Thorax and ossification of the cogtal

cartilages and costo-wvertebral joints reduce the
vital capacity to some extenta.

The chest capascity is increased by the sle-
he ribs and sternum snd the descent of
the disphrggm. Any condition which prevents the
ugual movements of the Thorax will dscreasse the
vital capacity.

'y

Pactors of c¢linical sigsnificance which

decrease vital cspacity.

Cardiac disease, Hyperthyroidism, asthma,

smphysema, bronchitis, pleuresy; pneumonis, pulmonary

w -~

sheess, bronchisctasis,; new growths of the lungs and

medisstinun/
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medizstinim. Aneurism pneumonia, an
(22)
Tuberculosis. MYERS.

d pulmonary
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The photograph shows the two types of
Spirometer used.
On the left is the very portable Pneuma-

meter, on the right the Standard Sanborn Spirometers




39.

THE CHOICE OF A SPIROMETER.

Unquesticnably the most accurate type of |
Spirometer are those of the wet type. The dry type

is easily transported, but needs constant checking

| egeinst an instrument which is known to be accurate.

The Modern i Sarlormn Spirometer is the one
in general use, and is every way reliable. It has

the great digadvantage, however, of being very ‘t:aul]q,r.-I

| It standes about 3 ft. high and contains a gallon or

more of water.

Bven the most enthuasiastic worker would
find the instrument very cumbersome to carry from
ward tc ward every day. It is not of course meant

for such work,

The writer looked around for z more
convenient instrument, and found bne!mmbbg‘theTEuectr;
e &Wanufacturing Company of London. It is called

the OLIVER-PELL Pneumemeter.

This Spirometer is of the water type but
is only 11 ivs.high. ZEach instrument bears a certi-
ficate of accuracy from the National Physical Labo-

ratory. |

I found it invalusble for taking normal

readings and alsc for cases in the wards.

merﬂ/ Il



There is no question that it is perfect-
ly accurate. It has, however, its disadvantages.

(1) A certain amount of skill is needed in con-
trelling the rate of blowing. This dicd not
prove a great draw back, the vast majority of
patierts mestering the instructions after one
or two attempts.

(2) The instrument is unreliable in cases which
show extreme dyspnoea. They are unable to
hold their breath long enough tc record a
proper reading. In any doubtful cases the
reading was checked, and if necessary dise-
regarded, againet the OCAIBORY Spirometer.

Using the Pneumaméter about 15 seconds
are necessary to record a vital capacity of 5000 cc.
and a practical minimum of 5 seconds to record the
vital capacity of a cardiac (1500 cc.)

It is quite impossibtle to get a wrong
reading if the following instructions are carried out.

As I believe that this is the first
ingtrument cf its type to be used in EDINBURGH I
have written out the instructions in full.

In order to put water into the instrument
the inner cylinder should be removed. This is done
by taking the pointer between the finger and thumb
and raising it until the cylinder is lifted right
out.

The water should be poured into the outer

cylinder tc a point indicated by the ring on the air

inlet/



inlet tube which is about 14" below the rim of the
outer cylinder,

When replacing the inner cylinder the
double spoke seen at its base, should be directed
away from the inlet tube.

After gently pulling up the ivory scale to
the zero mark, according to natural yielding (no
quick force should be exercised) the user should
first, by way of practice keep the rising cylinder
poised in the space between the uprights by means of
gentle blowing. When this can be easily managed the
scale should be reset to zero, and a full expiration

can be measured by keeping the cylinder posed or

playing within the limits of the uprignts so long

a8 expiration lasts. At the end of expiration the

cylinder will fall, the scale is automatically fixed

and can then be read,

If the guiding levers go above the uprights
or touch the bottom of the slots during the observa-
tion then the scale must be returned to zero, and
the user begin again.

Three glass mouth pieces are provided and
are placed in disinfectant or washed after use. A
fresh one being provided for each patient.

TECHNIQUE/
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TECHNIQUE AND CALCULATIONS.

In taking the vital capacity, the subject
Iia instructed to take the deepest possible inspira-
tion and exhale as much as possible into the mouth
piece,

Three trials are allowed and the highest
reading is recorded as the vital capacity . It is
just as well to point out to the patient how much he
has blown, and to encourage him to try and beat that
at the next attempt. A patient blows far better if
he watches the scale. A figure a little beyond his
powers is mentioned as being about the average for
his size, and in this way the observer can hope to
obtain the patientd full cooperation which is so
essential to success. Malingering is so easily de-
tected, that it is quite safe to "give away" the
figure one expects the patient to resach.

The reading is taken with the patient
standing in front of the instrument which is placed
on a table or shelf so that it is level with his
mouth. All tight clothing is loosened.

Patients in bed should whenever possible
sit up. If this is impossible the reading is taken
thém lying down, a correction S{ 5.5% being added to
the result. (CHRISTIE & BEAME )

The standing height is taken and also the

weight/
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| weight, suitable allowance being made for clothes.

L

i From Life Assurance Tables the percentage of the
theoretical normal which the actual weight represents
can be worked out.

To find the Surface Area, a graphic chart
completed by BOOTHBY & SANDIFORD after the work
of DU BOIS & DU BOIS was used.

As great difficulty was experienced in
obtaining such a chart the reproduction in MYER'S
book on vital capacity was photographed and enlarged
to 12" X 10" and so accurate readings were assured.

By the aid of this chart one may obtain the
body surface area of an individuval when only weight
and standing height are known. No mathematical
calculations are necessary.

At first I worked out the % of the theore-
tical rormal vital capacity of the patient, but as
soon as I began to realize that it was unnecessary
to be accurate to 5%, the tables given by MNYERS
were used, hence all my results are in round figures.
The f ollowing examples will make the method quite
clear,

MR A. AGE 26. WEIGHT 162 1bs. HEIGHT 5'&"
v.c. 4500.

Surface/



44,

| Surface area 1.85 (From BOOTHBY& SANDIFORD'S chart).

From WEST'S work we know that a man should blow
2.5 litres for each sq. meter of body surface so
the theoretical normal in this case would be :-

1.85 X 2.5 = 4625 ce.

- The actual amount he blew was 4500 or 97% of the

theoretical normal.

MRS B. AGE 30. WEIGHT 140 1bs. _HEIGHT 5'9"
v.c. 3500, '
Surface area = 1.75

From the fact that LEMON & MOERSCH and |

. MYERS found that women blow 1.92 litres of air per

8q. meter of body surface the theoretical normal
would be s~

1.7 X 1l.92 = 3325 cec.
The actual amount blown was 3500 or 1047% of the
theoretical normal.

In using the standing height standard the
patient's height is converted to centimetres and in
the case of a man WEST found that 25 cc. of air
were blown, for every c®m.. in height and 20 cc. per
centimeter in the case of women.

In the case of MR A,

HEIGHT 5'8" = 173 cms. v.c. = 173 X 25 = 4325 ccy
He blew 4500 or 104% of the theorstical normal. '

In/



g In the case of MRS B.
HEIGHT 5.9 = 175 cms. v.c. 175 X 20 = 3500 cec.

1007 of the theoretical normal,
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VITAL CAPACITY READINGS ON NORMAL SUBJECTS.

In order to test the various standards
which I proposed to employ, a series of 70 normal
gubjects were examined.

The majority were medical students, porters
or patients in the wards. GSeveral nurses were in-
cluded. None of them had any history of past res-
piratory disease. In six of the medical students,
minor cardiac abnormalities were found. As these
appeared to have no clinical significance, those
subjects have been included.

The medical students were all taking an
active part in some form of athletics. This I think
accounts for the rather high readings in the younger

age groups.

AGE/



caNCLUSIONS,

It will be seen that the height and weight
standard tend to give slightly higher readings. The
height standdrd approximates more closely to the
surface area than the weight standard. The average
error for allages being + 2.45 v.c. in the case of
the height standard and + 3.5% v.c. for the weight
standard over the S.,A. standard. i

The average V.C. by the surface area stan- |

dard for all age groups was 96.6%.
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VITAL GAPACITY READINGS FROM 140 COAL MINERS,

A statement by MYERS "not enough work
has been done to determine the effect of pneunonoeo-
niosis on the vital capacity" intéerested me.

I found that Dr. A, RAE GILCHRIST had
examined a large group of miners who were candidates
for the “Réscue Gangs" in the various mines concern-~
ed.,

Dr.GILCHRIST had taken vital capacity
readings on these men but the readings had never
been worked out. He very kindly gave me peruission
to use the case records.

I have worked out the percentages in 140
cases from the point of view of the surface area
height, and weight standards.

In the majority of cases two vital
capacity resdings had been taken at the interval of

1/
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1l year., As a very careful clinical examination was
carried out on each patient.l I think an analysis of
these readings should be of value,

Al). the men have worked as miners from
their youth up, with the exception of some who were
away during the war,

All were engaged in Bituminous c¢oal mines,
around Edinburgh and the vast majority work under-

ground,
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PNEUMOKONIQOSIS or dust disease of the

lung comprises all the pathological changes induced
in the bronchi lungs, and pleura by the inhalation
of dust particles. It is one of the occupational
diseases and is practically limited to men. Usually

it develops between 25 and 40 years of age.

lany forms of dust will cause pneumokonio=-
8is both organic and inorgénic. The harder and
more gritty the particles, the greater is the change
produced in the chest. As a rule organic forms .
cause bronchitic changes, while inorganic dust leads
to fibrosié of the lung.

Anthracosis is the variety due to coal

dust,

Siderosis or "grinders rot" is due to

P e .

netalic dust.

Silicosis/
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Silicosis is found in quartz workers,
workers in slate quarries, and gold mines, etc,

Byssinogis is rare, and is found in

cotton and felt workers. A type due to Asbestos

dust has recently been described.

PATHOLOGY . The lung of the country dweller i3 near-
ly free from deposits of pigment. Town dwellers al-

ways show a certain amount of c arbon which gives the

lungs a dark grey motiled appearance, but no fibrosis
of the lungs is produced.

In coal mines the lungs are guite black
but even here little fibrosis occurs, unless the men
are working in s team coal (anthracite) mines where
the coal is very hard.

In Siderosis and S8ilicosis fine sharp
particles are deposited in the lungs.

Particles of dust are conveyed to the
bronchi and alveoli by inhalation., This is the zenes
rally accepted theory, but Calmette and others have
suggested that éhe dust is swallowed and the parti-
tles reach the lungs through the mesenteric and
bronchial glands. A good deal of experimental work
has been done to prove tinis, but the results seem
80 contradictory, that I do not think we should

gain anything by quoting then.
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Even if a small amount is absorbed from
j the stomach, it would be a very small gquantity com-
Ipared to what is inhaled.
| The natural protection against particles
of dust reaching the lungs is very efficient., MNost
of the dust is detained in the nose, but in mouth
breathers it will readily gain access to the trachea
.and bronchi. Even then the ciliated epithelium will
tend to waft the coarser particles up again, and they
- will be discharged with the expectoration.

It has been proved, however, that re-
peated inhalation of dust laden air, produces irrita=-
tion in the bronchi. Some of the epithelidm de-
squimates and absorption of the particles takes place,
As a further consequence of this initial bronchitis,
the finer particles may reach the alveoli and passing
between the epithelial cells, reach the tissue spaces
or they may be taken up by the special "dust cells".

Particles of dust become deposited in
the connective tissue and chronic peribronchial and
perialveolar fibrosis develops..

The bronchial glands become enlarged
and pigmented by particles carried by the Lymphatics.

Enphysema, pleural adhesion and bronchiecs

tasis develop.

The/



The question of predisposition to tuber-
culosis has been much discussed. It has heen shown
that coal miners are remarkably free. In fact they
gsuffer less from the disease than any other male
comnunity in this country.

Silica on the other hand definitely seems

'to predispose to Tuberculosis, gold miners are es-

pecially liable.

HALDANE & IMAVROGORDATO have shown that
coal particles are obsorbed by the "dust cells" whose
movemeﬁts are thereby stimulated with a result that
they sppear in the expectoration. "Black spit" is
therefore a healthy sign.

Silica is also taken up by these cells
but they are not stimulated and consequently remain
in situ.

POST 1JLORTEM. the lungs are firm and pigmented, the

pleura is generally adherent, especially the bases,

On section the lungs are firm and often gritty fi-

' broid changes are especially marked in Silicosis.

The bronchi are inflamed and sometimes dilated. Some
degree of emphysema miy be present.
Microscopically in silicosis the alveo-

lar walls are thickened and the connective tissue in-

Creased/
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increased’“Dust cells" may be seen in the connective

| tissue.or in the alveoli, and particles of silica

 are found widely deposite?4;? the cells of the connec-

| tive tissue. R.A. YOUNG and G.E. BEAUMONT,
WILLJS(46)has done some experimental

work with soft coal dust on animals. He finds that

after 1 yeafa exposure, there is some lymphoid tissue

proliferation in response to the dust but no develop-

ment of fibrous tissue.

SUMMARY/
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SUMMARY,.

It would seem that anthracosis cause

; very little if any harm to the lungs. The work of
. HALDAWE & MAVROGORDATC and WILLIS tends to con-

firm clincal experience on this point.

Silicosis on the other hand is a serious
disease, causing gross damage to the lungs.

From this we should expect to find very
little,if any change,in vital ccapacity readings
from bituminous coal miners who presumably suffer

from some degree of znthracosis.
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On searching through the papers on vital
| capacity the only work I could find was by MYERS(4)
' who examined 80 Bituminous coal miners in 1924,
' In this series no clinical examination
' was made., IIYERS found that the average vital capa-
city for all ages was 91.4%. There was no decrease
'in capacity up to the age of 46 years, the lowering
- of the capacities after that could quite well be
explained by advancing age.
Only after 24 years work in the mines
' was any decrease in the readings noted and here a-
gain the age factor would quite well explain the
reduction.,

I have divided up the 140 miners into

. age groups as follows:-

TABLE/



\iC.7 |

o f

ORMALS,

ORMALS

v < PLATT)

MineRs

Qo

go

. 5t
| : G045

ez It X i v i i ) 35'3?
20-24 25-29 Jo-34.

Ace GRouPs.



T
~J

The three curves in the graph represent.
(1) My series of 70 normal people (Red)
(2) The series of 140 miners. (Green)
(3) BOWEN & PLATTS curve for 100 normal
people., (Black)

The ordinate represents percentage vital capacity

taken by the surface area standard,

The Abeissa is divided into the different age groups.

The low reading in the 20-24 age group
in the green curve, may be due to thefact that the
average is taken on only 7 cases,

I have put in BOWEN & PLATT'S curve
which was the result of an analysis of 100 normal
people, between the ages of 20 and 50,

The miners 'curve is nowhere more than
2.79% v.c. below BOWEN & ©PLATT'S average and I
think it is quite fair to conclude from the series
that ANTHRAGOSISICAUSES NO DECREASE IN VITAL CAPACHY
other than that which can be explained by advancing

age,
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In 41 cases some abnormality was found

in the heart, not necessarily of course, of clinieal
|

|significance, I have, however, separated this group,

REDUPLICATED 1lst MITRAL,

10 cases Highest V.C. 102% Lowest 76% Average 90%

s’ L4

ACCENTUATED 1st MITRAL.

:2 cases Highest V.C. 867 Lowest 86% Average 86%

ACCENTUATED 2nd MITRAL.

' 1 case V.C. 87%

SYSTOLIC IN MITRAL AREA.

16 cases Highest V.C. 1047 Lowest 707 Average 917%.

ACCENTUATED 2nd AORTIC.

3 cases Highest V.C. 106% Lowest 89% Average 957

SYSTOLIC MURMUR AT THE BASE,

| 4 cases Highest V.C. 110% Lowest 844 Average 99%
| ENLARGED HEART bth sp.

3 cases Highest V.C. 105% Lowest 874 Average 95%
EXTRA SYSTOLES,

lccase V.0, 957

RAPID HEART.

1l case V.2, 927

These figures for what they are worth all
bear out the fact that a low r eading is only obtain- |

ed when there is some degree of decompensation,

In/
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In all cases the vital capacity was work-

ed out in relation to three standards. Surfsce

ares,

Height, and weight.

If in the series we compare the height

gstandard to the surface ares standard we find that:-

87.1% of the cases were above the S5,A., standard
by an average of 4.3% v.c.

6.45% of the cases were equal with the surface
area standard

6.54% of the cases were below the S.A. standard
by an average of 2%

In comparing the weight standard and the

gurface Area Standard:-

80.5% of the cases were above the S5.A. standard
by an average of 4%.

8.67 of the cases were equal with the 8.A.
standard.

10.9% of the cases were below the S.4A. standard
by an average of 2%.

All the pioneersin their work on vital

capacity are unanimous in the opinion that the sur-

face

area standard is the most accurate.

WEST and others have found that for quick

clinical work the Height Standard is quite satis-

factory,

HEWLETT & JACKSON examining college

students came to the conclusion that a combination

of the height and weight standard (i.e. the Surface

aresa

tely,

standard) is little better than either separa-

1t/
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It is interesting, therefore, to lock
at the above results taken in a series of absolutely

| "fit" men.

We see that the Height standard gives in
general a slightly higher reading than the Surface
area standard by 4.3% in 87.1% of the cases.

The weight standard gives a 4% increasse
in 80.5%. TFor all practical purposes the two stan~
daerds would appear to be equal, if anything the
weight standard is slightly more accurate.

We must not forget, however, that these
men were picked for special woxk, and all were fine
examples of normal healthy marhoed. In very few
cases were their weights very far from the normal,
for their height and age as shown by life insurance
tables, While the weight stanrdard is quite satis-
factory in normazl people, I will show in a study of
a series of obesities, that the weight standard is
breaks down completely, while the height standard
ig s8till satisfactory.

Of the 140 miners 87 had second V.C.
readings taken 1 year after the first examination.

In no case was their any marked change
on physical examination, yet we find variations in

the readings of these 87 cases:-

42/
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42 cases (48.3%) showed a 5% increase or decrease
over their previous reading. Of these 42 cases 22

showed an increase and 20 a decrease.

13.8% showed a 5% - 10% increase from the first read-

ing.
12.6% showed a 5% - 107 decrease = = = = = = =
5.75% showed 11%Z - 13% increase - = = = = - - =

8.05% showed 1ll% - 20% decrease, '
11.5% gave a similar reading to the first, on the
second examination.

If we look at these figures it would .
seen that the law of chance had taken a hand. They |
are %o all intents and purposes, mimor images of
gach othef.

It would seem,therefore, that the factor
of experimental error is a large one and I would
emphasise again the necessity of the observer en-
couraging the subject to give his whole hearted co-
operation when a reading is being taken.

In the second examination of these men

an exercise tolerance test was used.

For this test the men wore their mine
rescue apparatus, which weighed about 20 1lbs. They
Wwore respirators and were supplied with oxygen dur-

ing the test. |

With/
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With this apparatus fitted and the OXV =
gen flowing,each man had to walk at four miles per
hour for twenty minutes. At the end of this period
the pulse rate over 4 minute was taken every minute,
until 5 readings had been obtained. |

I have included these readings in my
records, but it is,of course,very difficult to cor-
relate them, Not until a further large series has
been done will it be possible to assess their value.

After 21l the men had been examined for
the second time,five were failed .

Below is a short summary of their cases.
JAMES D. aet.37 vital capacity 97%.

Auscultation revealed a systoldc murmur
which was heard all over the heart. The man was of
& nervous and excitable type ‘and not fitted for
mine rescue work., I=Exercise Tolerance Test 33.30.30.
29.30.31.

GEORGE McL. aet 26 vital capacity 104%.

The apex beat was thrusting and there
vies a2 systolic murmur in the mitral area. Exercise |

Tolerance Test 20.19.19.18.19.

This man had marked miners'nystagmus
and was on this account excluded.
JAUES M, zet 46 vital capacity 70%.

The/
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The 1st sound was not pure and the pa=

tient was overweight. Exercise Tolerance Test 21.17.

18.18.21;
WILLIAM D. aet-36 vital capacity 90%.
The apex beat was in the 6th space. The

sounds were thudding B.P. 154 Ixercise Tolerance

Q0

Test 22.20.19.18,18%,
W. CUMMING aet.37. vital capacity 90%Z. The heart
wes rapid. Exercise Tolerance Test. 39.33.30.29.29%

29.

DREYER states that a patient with a :
vital capac¢ity of 857 and under, would be practically
certain "to be suffering from some health depressing
condition".

In examining the 140 miners, I find that
20 cases had vital capacities of 857 and under, and
yet after a searching clinical examination they are
passed as fit to undertake arduous work in mine
rescue gangs.

Once again we are faced with the fact
that vital capacity is in no sense an indication of |

physical fitness, and unless it is supported by

clinical findings, a low reading is of no account.
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EAERDIALE PAILITRE

As T have exanined from the point of wview
of their vital czpacity a series of cases showing
cardiac failure, it will be necessary to censider

the varicus factors invoelwsd. .

Failure in the function of contractibility
is the essentigl factor in cardizc failure. Bigns

of fgilure will only appear when the contraction

of the heart is not sufficiently strong to main- |
I

tain an adequate circulation.

The force of cardiac contraction depends on
the degree of stretching of the individual muscle |
fibres at the beginning of systole. (STARLING'S
LAW). Tais devends on the volume of blood in the

The force of contracts

e+
ok
w
(4]
i}
on
=)
=h
[}
e
[45]
3}
f-*.
o
fod
(5}

heart a
ion ié,therefore,rmwulatnd by the volume of blood
received from the venous system during diastole-
The greater the wolume of bleod in the heart, the
greater will be the contraction up to the maximume
If the point of optum’ stretch is passed
the contraction begins to weaken. his pathological

dilatetion mey result in permanent stretching of

the muscle fibres and the chambers be permanently

enlarged/
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HENDBERSON & PRICHE 3 have shown that there
is a mechanism whereby each veniricle expels the
same quantity of blood durin
mechanism is obviocusly necegsary.otherwise the
blood would accumlate in one gr other of the cir-
culations depending on which ventricle was contract-
ing the weaker,

They found that when the Right Ventriele is
pumping more blood than the left, the rise in pres-
sure in_ the pulmonary veins stimulates the left |

to contract more forecibly,and the output of the two

e

sides is kept constsnt.

Ventricle is controlled by the right, when the

=

heart suddenly fails, tke blood tends to accumﬁlatej
in the systemic veins.

In recent years many investigators have |
tried to find out what happens to the circulatory .%
rate when the heart fails. ' j

The @iréulatory rate may be defined as the i
time taken for the blood to move from point to

oint in the body. It is of course not a constant

I
faotog/ ‘
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Prevent the emanations reaching the detector except |

€6.

factor since owing to the widening of the total
stream bed the velocity decresses from the aorta
to the periphery. £, however, corresponding points

are taken in different indiv
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be comparsble.
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Several methods have been devised but that
(36) (37)

of BLUMGART & YENS znd WEISS seems to have
given the most valuable resultg. As the question
of pulmonary congestion is so important in the
etiology 3f the decrease in vital ecapacitysin cardisec
failure,I will quote their work in some detail,

A solution of sodium chloride which hasg been|
exposed to radium emanations is injected into the
medizn basilic vein of one arms The arm is kept st |

the same level as the Right Auricle. At a corres-

ponding position on the other arm o radium detector

r

is placed. The detector shows the vresence of
radium emansations as soon ag they reach the Er;eries|

at the bend of the elbow. |

e
w

eries of lead screens suitsbly arranged

o

by means of the blood stream. The time taken for
the emsnations to travel from arm to arm is measured

by a 8top wetch and expressed in seconds.

In/
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In a number of normal subjects the arm to

arm times, vag found to vary between fifteen and

twenty seconds.

pressure made v

Hormal varistions in the blood

o difference in the wvelocity.

Acceleration of the heart to shove 100°produced

only & slight rise. Low ventricular rates did not

retard it,

A series of cases showing cardiac lesions

were examined =nd in cardisc failure alone were the

times greatly increased,

They were normal in groups of cases showing

valvular legions where cardiasc failure was absent.

In suricular fibrillation the velocity

wes always diminished. In cases of extensive heart

disease wheve Tibrillation was added, the rate was

very slow. In high blood pressure the T

te was

]

noted to be either slow or normal, it was never

In -the
time taken was

0ovogsed to the

and the length

cases showing cardiac failure the
from fifty to seventy seconds as
normal of fifteen or twenty seconds

of time taken was directly proport-

ional to the amomnt of failure ss shown by dyspnoea

and oedemas

1v4

|
|




A modifaction of their method enabled them
to estimate the time taken by the blood stream to
pass through the pulmonary circuit.

The detector is plsced over the skin corr-
esponding to the position of the Right Auricle. By
this means they obtained the time taken for the blood
to pass through the veins from the ante cuhital fossa
to the Right Auricle. This they called the "arm to
heart time" and it was a register of the velocity of
the blood in the veins. The time spent by the blood
in the pulmonary circulation was estimated by the
following calculation.

In travelling from the Right Auricle to the
arteries of the forearm, the blood has to pass
through the Right side of the heart then through the
lungs to the left side of the heart and from the left
ventricle to the arteries. They had previously cal=-
culated that the time spent in the heart was one
second and estimated that the velocity in the arter-
ies was double that in the veins. In normal subjects
the average arm to heart time was seven seconds.

Therefore it follows that the time in the

arteries was three and z half seconds. As we have

seen the total afm to arm time varied from fifteen to

twenty/
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. twenty seconds. Taking the average to be eighteen

seconds and subtracting from this the arm to heart

| time seven seconds, and the three and a half seconds

| for the time in the arteries,and one second for that

in the heart, the average pulmonary circulation time
is six and a half seconds.

It was found that an increase in the ven-
tricular rate showed a slight but definite increase
in the rate of the pulmonary circulation.

Varizticns in systemic pressure did not
effect it., Patients with emphysema were found to
have normal velocities. In aortic regurgitation
(syphilitic) the pulmonary times increased although
the arm to heart times might be normal.

They suggest that in this condition it is
the left ventricle that is failiwng.so the pulmonary
circulation is slowed,although the venous return to
the right side of the heart is still efficiently dealt
with,

This statement is important since it im-
Plies that an inefficient left ventricle is associated
with pulmonary congestion. The left ventricle fails
to deal with the blood coming to it so the pressure

Is increased behind it.

They/
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They also examined cases of myocardial

. degeneration with normal rhytim. Even when there had
been no history of failure the pulmonary circulation
times were found to be increased up to 50%, but the
. arm to heart times were normal.

Where there was a history of failure the
pulmonary circulation times were doubled, and the
arm to arm times increased by 80%.

In the cases where heart failure was
actually present at the time of investigation both
the pulmonary and arm tc heart times were increased
 400%, so the blood stream was only travelling at a
quarter the normal speed.

From their work it is seen that in con-
ditions in which the chief strain falls on the left
ventricle, the pulmonary times exceed the arm to
heart times,until the stage of cardiac failure is

reached,

SUMMARY/



SUMMARY,

From the work of BLUMHART, YENS & WEISS,
we see that in cardiac failure the circulation rate
is slowed. This slowing is present both in the
- pulmonary and systemic circulations. The speed of
circulation is unaltered in other conditions causing
dyspneea such as emphysena.

In those conditions where the left ventricle
is likely to fail first,the stream is slowed more

in the pulmonary than in the systemic circulation.



The primary factor in cardiac failure is
the heart muscles only when it ceases to perform its
work efficiently do - the signs of cardiac failure
become apparant.

Heart failure is usually more or less
sudden either some exertion is attempted beyond the
power of the heart or an abnormal rhyfhm such as
fibrillation is set up. The heart suddenly becomes
inefficient ahd fails to deal with the volume of
blood being returned tec it.

The muscle fibres are stretched beyond the
optimum point. The heart dilates and the pressure
behind it rises. ‘

On account of HENDERSON'S ILsw of the
Coordination of cardiac contraction the.venous
System will be engorged and the liver enlarged.

When one or other side of the heart is
primarily affected it will be the circulation immed-
iately behind that side which will first show signs
of engorgement.

In left heart failure as in cases of aoftic
regurgitation or of incressed peripheral resistance

the pulmonary circulation is slowed while the

systemic/
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systemic remains normal. Congestion of the lung
bases. Acute pulmonary oedema will occur in left
heart failure depending on suddeness of the onset.
In Mitral Stenosis there is an obstruction

to the pulmonary outlet, the pulmonary pressure is

' raised and the flow retarded. The pulmonary con-
gestion in mitral stenosis is not connected with
left heart failure.

Right heart failure owing to HENDERSON'S Law of

Coordination of contraction in any sudden failure
the blood will accumulate behind the right side.

A primary right sided failure is seen in pulmonary
embolism,and a chronic lung condition such as
emphysema. The venous system will be engorged,as
shown by an enlarged liver or pulsating distended

external jugulars.

CAUSES OF DYSPNGEA .

Dyspnoea is the most constant and early
sign of cardiac failure. At first it may only be
present on exertion, but later as the condition
brogresses, it becomes constant until the patient is
forced to adopt the upright position when orthopnoea
is said to pe present.

Slowing of the blood flow is the prineipal

cause/
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cause of cardiac dyspnoea. It follows that in any
given time less blood is oxygenated and when the
flow to the tissues is decreased their supply of
oxygen will be diminished. The respiratory centre
along with the rest of the body receiving a ' dim-
inished supply of oxygen.

Several factors in the quality of the
blood effect the respiratory centre.

Reduction in oxygen pressure, an increase
in carbon dioxide pressure or an alteration in the
hydrogen ion concentration towards the acid side
will cause dyspnoea. Any alteration in the carbon
dioxide presaure will disturb: the acid base balance
80 the last two faczors are closely related.

FRASER[‘a)examined these factors in
cases which had heart failure and dyspnoea. He
féund that in general the oxygen saturation was
normal. Cardiac dyspnoea is therefore not due to
deficiency in oxygen saturation of the blood.

He determined the carbon dioxide satu-
ration, and found that the pressures were hnormal
except in cases which had pulmonary lesions. Only
in patients who were near death did he find any

change in the hydrogen.ion concentration.

He/
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He concludes that the increased respira-
tory activity seen in all cases of cardiac failure
must be independent of the quality of the blood
supplied to the respiratory centre. The oxygen
saturation is normal. The carbon dioxide pressure
is normal or more often below the usual level in
cases where there are no marked pulmonary complica-
tions. The hydrogen: ichconcentration is nearly al-
ways normal. _

EAST & BAINBQJ ‘suggest that although
the quality of the blood is normal the diminished
quantity leads to a smaller supply of oxygen to the
respiratory centre, and the tissues each minute.
They think it probable that "this lowered supply of
oxygen is the constant stimulus ﬁo the respiratory
centre in cardiac dyspnoea". Vhere there are pul-
monary lesions in addition carbon dioxide retention
will act as another stimulus to the centre. In
terminal stages of cardiac vascular disease acid
products may be retained probably through a concomi-
tant renal failure. They will act in the same di-
rection through an alteration in the hydrogen.ion
concentration,

We have seen that the Dyspnoea of car-
diac cases is anoxaemic in origin and not due to

any/



any variation in the PH of the blood.

"In those forms of Tenal disease which &re sc
frequently associated with disease of the heart,thsrs
is a defective elimination of acids and a2 conseguent
diminution in the alkali reserve. The incidence of
the dyspnoea is often paroxysmal and nocturnal and
is not related to exertion. Thus the dyspnoea of
acidosis can be differentiated fro?ét?e more CoOmIONM
dyspnoea of cardiac origin." (COWAN 4 & RITCHIE)

ORTHAPNOEA is due probably to the increased

resistance thrown on the diaphragm when lying down.
In the upright position, the weight of the liver and
other abdominal organs tend to assistthe descent of

the diaphragm. X rays taken of recumbent cases

tend to favour this view, in that the position of

-

the diaphragm appears to be raised. (HALDANE ).

THE/



THE QUANTITATIVE RELATION COF VITAL CAPACITY

TO DYSPNOEA IN CARDIAC FAILURE,

e .

(23)
PEABODY & WENTWORTH and many other

werkers in Europe and America have shown that there
is a decrease in vital capacity in ecases ofcardisc
disease with dysprioea. They found that the decrease
was not due tc mechanical factors such as pleural
exudate.

In comparing casesg with pleural effusion
to those cardiac cases with pleural transudate, it
was seen that the vital capacity in the cardiac
cases was much less, although the amount of collap-
sed lung might be smaller.

The more severe thecardiac conditiocn the
greater was the diminution in vital capacity, and
the degree of dyspnoea increased as the vital capa-
city became less.

They suggested that this decrease in
vital capacity might be due to some disturbance of
the HERRING & BREUER Reflex, but concluded that
this could not be the case, as they found that
cérdiac cases could hold their breath as long as or
nearly go as normal people.

Other/
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Other cbservers were unable to confirm
| this statement IEAKINS & DAVIES found there was
a decrease in the time during which the breath could
be held in cardiac cases where there were symptons
on exertion. Cases with no dyspnoea or where there
wes an increase in the bicarbonate reserve as is
cften found in association with emphysema were able
to hold their breath mearly as long as normal people.

As T have remarked elsewhere I found
that the small spirometer was useless in cardiac
cases, who showed very marked dyspnoea as they were
unable to hold their breath long enough to record
a reading.

In considering the question of a change
in the HERRING & BREUER Reflex, several experi-
ments are of interest.

(42)

DURIN produced multiple pulmonary
emboli in goaté, by introducing a starch solution
into the venous blood stream thereby producing a
pronounced degree of rzpid shallow breathing. The
breathing was restored to normal by section of the
vagi.

BRINGER BROW(4£) BRANCH carried out &
further series of the same type of experiment,

MEAKINS & DAVIES after having care-
fully/



carefully considered the subject state that "Small
vascular and alveolar lesicns may set up a restricg-
tion of the HERRING BREUXR Reflex". 1In a number of
these cases the dyspnoea set up was very similar to
that found in cardiac cases.

In cases of irritable heart or "effort
syndreme" there may be extreme dysprnoea on exertion
and yet no reduction in vital capacity.

WINTRICH & RATHANSON(Zg]point out that
in a series of patients who appeared tc have marked
syumptoms of cardizc disease,had normal vital capa-
cities and clinical examinaticn proved the absence
of disease, "

ADAMS & STURGIS(jO)found that in 100
cases of "effort Syndrome" the vital capacity was
within normal limits.

MEAKINS & DAVIES(s)have proved that
lewering the carbon dioxide content or oxyhaemo-
glebin saturation of the blood,did not decrease the
vital capacity.

After breathing an atmosphere contain-
ing only 5% oxygen until cyanssis and hyperpnoea
were marked ,the vital capacity reading was found
10 be normal.

It may be said then that lowering of
the/
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the carbon dicxide content or the oxygen partial
pressure in the alveolar air does not reduce the
vital capacity in the normalﬂperson.

DRINKER PEABODY(84) & BLUMGART carried
out some experiments in animels to demonstrate that
pulmonary congestion and oedema of the lungs, reduces
the vital capacity by mechanical interference with
the- intra alveolar space.

The pulmonary veins of a dog were inter-
mnittently compressed as they entered the left auricle

It was found that as a result of this procedure the
volume of air per minute entering the lungs by
mechanical propulsion was greatly diminished. They
pointed out that in such lesions as mitral stenosis,
there might be a very acute increase in pulmonary
blood pressure, with resulting pulmonary oedema and
claimed that their experiments were comparable.

Many years ago VON BASCH suggested
thet congestion of the pulmenary blood vessels might
reduce the elasticity of the lung.

LIEBECK suggests that the primary cause
of dysprnoea is due to engorgement of the capillaries
of the lung alveoli, which in turn cause a disten-
silon of the alveolar walls, and eventually an in-
crezgse in fibrous tissue. Pathological examination:

of/



of the lung in passive congestion bears this out,
He thinks therefore, that the dyspnoea is due pri-
narily to alveolar insufficiency. He points out
that this irsufficlency may vary in different persons
with the same amount of alveclar tensionm and the
same amount of alveolar insufficiency, just as an
increase in arterial tensicn does not effect zll
hearts in the same way.

MBEAKINS & DAVIES are of the opinion
that the reduction in vital capacity in heart di-
3ease ;s due to some structural change in the lungs.
JONES(Zé)favours this view owing to the slow altera=-
tion in readings which he got with changes in com-
pensation, and from the fact that the diminutiorn in
vital capacity was greatest in cases of mitral
stenosis when associsted with auricular fibrilla-
tiorya lesion which is extremely likely to produce

permanent lung changes,

THE/
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THE CAUSE OF THE REDUCTICN OF THE VITAL

CAPACITY 1IN CARDIAC FAILURE,

SUMMARY,

When we consider all the facts at our
disposal it would appear that the decrease in the
vital capacity of the lungs in cases of organic
heart disease,is probably due to a decrease in the
capacity of the alveolar spaces, owing to the en-
croachment of the dilated capillaries coupled with a
general loss of elasticity through vascular engorge-
ment,

We have seer that the venous flow through
the lung is slowed, when thialslowing reaches &
certain point leakage occurs,recognisable as pulmo-
nary oedema.

Experimentally produced pulmonary col-
gestion caused a definite decrease in the amount cf
air entering the lung per minute, Although this
experiment was not gtrictly comparable to vital
capacity weasurements, DRINKER PEABODY & BLUM-
GART'S results azre very suggestive that some such
mechanism is operative in certain camiiec conditions.

The suggestion of VON BASCH that
vascular congestion "rendered the lung ‘inelastic

through/
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through vascular turgesence" is to my mind very
important.

It is difficult to imagine a simple
congestion causing a large reduction in vital capa-
city, unless it were of a very extreme degree. But
add the fact that there is also a loss of elasticity
one can at once realise that the vital capacity
would be greatly reduced.

Long continued congestion may cause a
fibrosis and that in its turn help to reduce the
cepacity in those cases of chronic heart failure.

When the stage of marked exudestion is
reached and we recognise a clinical pulmonary 6edema
the mere mechenical blocking of the 8lveoli will with-
out a doubt reduce the vitasl capacity. The difficulty
is to explain the reduction in the early csse, and for
myself, I favour the theory of congestion causing
loss of elasticity.

I am not able to agree with JONES when
he says that the vital capacity changes only slowly
with ehahges in compensation. Se%eral of may cases
show an immediate rise or fall in vital capsacity as
compensation changes for better or for worse. This
18 especially striking in cases 6f auricular fibril-

lation/
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fibrillation. This would favour my view that the
primary cause of a decrease in vital capacity in
cardiac cases is congesticn, and lcss of elasticity
of the lurg. It would hardly be possible for a
structural change to take place in a few hours and
to disappear again after the administration of a
drug such ag digitalis which restorescompensaticn
in a few days.

I have no doubt that in old standing
cardiac cases,who show varying degrees of dyspnoea
on exertion, that there ies some structural change
such as fibrosis suggested by LEIBICK and certain-
ly a pericd of rest and medication in theﬁe cases
only produces a gradual rise in capacity extending

over weeks or months.
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A REVIEW OF THE MORE IMPORTANT WORK DONE
WITH RELATION TO VITAL CAPACITY AND HEART DISEASE.

BRINGER investigated heart disease from

the point of view of lung volume.. He found z dimi-

nuticn in the reserve and complementary air and there-

fore of the vital capacity at the time when oedema
was most marked and when the difference between ra-
dial pulse rate was greatest.

His results may be summarised as follows:-

(1) In patientg with heart disease the vital
capacity forms a porticn of the lung volume
relatively smaller than in normal individuals
and the mid capacity and residual air form
relatively larger porticns,

(2) Vhen the absclute lung volumes determined
from patients are compared with those cal-
culated from normal individuales with the same
surface area and chest measurement the follow
ing differences are found.

(2) The vital capacities are always small-
(b) gﬁ; residual zir is always larger.
(3) When decompensaticn occurs the absolute lung

volume changes as follows.

(a)/
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(2) Vital capacity mid cepacity and total
capacity decrease in volume.

(k) The residual air mey either decrease
or increase accerding to the seve-
r}ty of the state of decomposition.

ZISKIN(Eg)agree with PEABODY & WENT-
WORTH when they say that the vital capacity tends
to be lewer in Mitral disease than in Acrtic but
that in general the severity of the lesion rather
than the type determines the decrease in capacity.
ZISKIN stategs further that there is no definite
relationship between the vital capscity and cardiac
efficiency in ambulant cases who have no dyspnoea.

It has been the aim of investigators for|
many years to devise some simple test to-estimate
the functional capacity of the hearts,

The simplest in use consists of taking
the pulse rate before a fixed amount of exercise,
after exercise has ended and after an interval of
s few minutes.

The Ministry of Pensgions use an exerciseé
tolerance test in assessing cardiac disability,

A test such as this; however; seems more;
a measure of the excitability of the sino-auricular |
node than an indicaticn of the capacity of the heart;
and depends on many other factors quite independent

of cardiac reserve pover. !

WALLACE JONES/
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(26)
WALLACE JONES concludes after investi-

gating a series of cardiac cases that:-

(1) The vital capacity is & valuable numerical
expresgion of the amount cf dyspnoea in
organic cardiac cases.

(2) It is a useful indicaticn as t o the general
progresg of treatment though the changes in
reading follow slowly the varying degrees of
compensation,

(3) The vital capacity is most diminished in
cases of mitral stenosis especiclly when
associated with auriculaXr- fibrillation.

(4) Vital capacity readings are of little value
in early disgnosis of cardiazc conditions
owing to the variability of normal standards,

MAURICE CAMPBEEL(40)working in the car-
diographic department of Guy's Hospital has used |
vital capacity readings as a guide to prognosis and
treatment. He has followed the changes in vital
capacity in some Rheumatic cases for a period of
three years, and found readings helped greatly, in
prognosis and in deciding on the patients capacity
for work., Should the vital capacity in an adult

remain stationary for months or years, it ig good

evidence that progress is satisfactory.

Wher/
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Vhen the vital capacity was above 70% he
found that the patient was generally able to earn
higs own living, and was hardly short of breath on
exerticn,

When, however, it was below 40% the
petient was breathless on walking, or even at rest,
and wag rarely able tc do anything. Unless the
breathlessness was due to some remediable cause the
prognoeis was bad,

CAMPBELL. found that of z2ll lesions auri-
cular: fibrillation produced the lowest readings.

The work of LIBRIC‘H(zg)&; NATHANSON and |
ADAMS and STURGES(30)is important in that it proves
that 2 vital capacity reading is of great value in
digtinguishing true from felse dyspnoea.

The belief that vital capacity is a good
indicaticn of physical fitness, has of course been
exploded.

PEABODY & STURGES(Sl)took the vital
capacity readings from 12 cases suffering from
anaema. All gave a history of weakness and some in
an e xtreme form. Their average vital capacity was
88.7% such a figure would have no significance in

organic heart cisease.

They f cund that even in extreme weakness

i/



89.

in cases recovering from enteric fever that the
vital capacity was rarely below 75% and in those
cases which did give low readings, the reduction
could be explained on other bases, such as develop-
ment of pleurisy or pneumoniz. It is interesting to
read of one case they report.

"Test made on 36th day of Typhoid Fever,
second day of normal temperature. Could not regis-
ter grip testing apparatus with either hand, had a
vital capacity of 86% of the normal".

Obvicusly in these cases the vital cape-
city does not indicate the true physical fitness of
the patients. PEABODY & STURGES also cleared up
the point azs tc whether the taking of vital capacity
readings did not ¢ause z low reading to be recorded
through fatigue of the patients. They took vital
capacity readings on cardiac and pernicicus ansemia
cases every 15 seconds for 10 minutes. At the end
of the expeériwment the vital capacity readings were

ags great as at the beginning.

THE/
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THE VITAL CAPACITY in CASES of CARDIAC FAILURE,

While looking through s ome articles on

| vital capacity in heart disease, I was struck by the

gcomparatively few readings which were taken during

the weeks or months that the patient had been ill.

The wajority seemed satisfied with a reading every

' two to four weeks.,

I thought it would be interesting to see

?how the vital capacity varied from day to day in

| cardiac cases. Six cases had I found, had daily

readings teken, while in the Royal Infirmary. Look-

| ing 2t the charts gave one little indication as to

. how the vital capacity varied. I worked these read-

. irgs out on the Surface area standard and plotted the

' % result as a graph.

: =
The results were so s triking that I carried|

out & series of daily readings on cardiac cases while

in hospital. In order to appreciate the daily
changes, graphic representation seemed essential.

In all the charts the ordinate represents

the % vital capacity calculated on the surface area

standard.

The vital capacity is represented by a

dotted/
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dotted green line The Abcissa represents the days.
The Rignt hand ordinate, unless otherwise

stated, gives the pulse rate represented by a dotted

red line, Druge and the drntsf they were given are

zlso included.
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A SERIES of CARDIAC CASES FROM WHOM DAY to

DAY VITAL CAPACITY READINGS HAVE BEEN TAKEN,

CASE I.
PETER H. aet. 50

For 7 years the patient has had constant
pein over thé heart. X ray examination revealed
what was considered to be an Aneurism of the Heart
Wall.

From the chart the vital capacity (green)
ig seen tobe falling gradually. This fall was com-
parable with the patient's clinical conditicn. He
made no progress and at the end of his stay in hos-

pital &aid he "felt more tired than ever".
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<2

ASE I

e

FLORENCE K. aet. 24 Admitted 1/8/28. |

|
Patient was in hospital 1 year ago with |

advanced mitral stenosis following on Rheumatic Feven
Since then she has been able to walk about quite com;
fortably. During the lzst 3 weeks she became very
breathless. The auricles were found to be fibrillat-
ing, there wereé crepitatioms at both bases. Heart
failure was advanced, Strophenthin was given, but
there was no great improvement shown until a massive|

dose of Digitalis was administered. The chest then

cleared rapidly.

On 20/10/28 the patient did not feel so

well, the vital capacity (green) was falling, and 5

the heart rate (red) began to rise again,so a further
magsive dose of Digitalis was given. The result waal
very satisfactory, the effect was prolonged and the
patient was discharged much improved.

Through her stay in hospital the vital
gcapacity readings went parallel with the patient's
clinical condition. From the chart it can be seen
thet a rise in heart rate corresponds with a fall in:
vital capacity. The steady rise in vital capacity |

after the second dose of digitalis is striking.
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CASE 111, |

94 .

WILLIAM B, set. 21 admitted 28/11/25. |

The patient gave a history of three years |
shortness of breath, which was found to be due to a
Mitral Incompetence and Stencsis.

Rest and Digitalis improved his condition
and the vital capacity rose from 82% - 90%.

On 2/1/26, the patient reported and was
given digitalis and a week later he felt so nmuch
better that he returned to work, his vital capacity
being now S1%. He was still keeping well on 12/3/26.

In October 1926 he returned to hospital having had a

brigk Haemoptysis. His vital capacity remained be-
tween 70Z and 78% from 22/10/27 - 12/2/28.

He was again readmitted on 14/9/28 with

haemoptysis. He improved until 10/10/28, when he
started to get breathless again, and the chart show-
ed the vital capacity falling to 54%, on 13/10/28.
Further injections of strophanthin caused a slight
improvement in the vital capacity which, however,

gradually began to fall again.
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| dine has again given good results. The vital capa-

CASE IV, :
JAMES W. aet. 39 Admitted 7/3/28. i

A history of previous admissions for auri-i
cular fibrillation was obtained. Up to now quiuiain?
. had always restored the rhythm, |
From the chart it can be seen that guini-
city (green) is seen tc rise a8 soon as normal
| rhythn ie established.
- Red line = Apex beat rate

Black line = Pulse rate,
on 10/1/29, patient was admitted again

with acute heart failure, quinidine failed to con-
trol the heart rate so a massive &ose of Digitalis
was given followed by guinidine again. The vital f

capacity rises as the hea¥t rate falls,
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CASE V,

ANDREW T, aet. 50

The patient was admitted with a history of
shortness of breath for 1 year. Breathlessness was
getting progressively worse.

Cyanosis and orthopnoes were marked. The
legs were oedematous, and there was also some ocede-
ma of the lung bases.

The heart was enlarged and a rough mitral‘
systolic murmur was present, -

A disgnosis of coronary Sclerosis was

made., On admissicn the patient was very gravely ill

A masgive dose of digitalis caused great improve-
ment in the general condition, and the amount of
urine (Red line) increased enormously. i

By 16/11/28 the amount of ocedema wasgreat-
ly lessened, and there were only a few crepitaticns

at the lung bases. A second dose of Digitalis was

given with another increase in the output of urine.
As the output of urine increased and the
condition of the myocardium improved, the vital

capacity (green) is seen to rise steadily.
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| CASE VI.
ROBERT H. aet. 40

The patient gave & long history of increase

ing breathlessness, Aortic Stenosis, and Incompetence

| were found.

Numerous crepitations were present at both |

lung bases on admission. On 2/10/28 the bases were

clearer and there is a rise in vital capacity (greenﬂ

which continues till 5/10/28 when all signs of pul- !

monary oedems had gone.
On 11/10/29 Cheyre Stokes breathing com-

merced, and there is a corresponding drop in vital

¢spacity.
On 16th a small Right sided pulmonary

infarct was discovered, and the vital capacity re-

mained at a low level.

The patient died suddenly on 2/11/28.




Mrs. K.
NMCR

/oo

Yo

T;lu-cf.' JJ;JL*Q.'E;S
Anxv 7-D.8.

5o
N
7o
)
n
(R}
4
ey
60 it
.O".'.-.b. ; ". I
. @ b .
LI . s
L] .. # .
[} . /s %
. o it o . e "
LI . ® ¥ r . L
. A P [y : < PR
\ ) v . =t
fo ne? ' ;‘ ..". tae tevizs o l-:l-.....ltcnt-..--..-‘
A . g Rt R TR
v i s o e
v A LN R
o : e B ek
- LY
: " Y
- -
= .
40 o -
-
S * *.
s % .' .
-ty : ." -.. .'a
."v . : -.. - ... :
- % s ¢ % s
Jo | s O : =
% W c"
.... - |. .:.. 1 - . I.' ."'
= . L .t .
| oL - s “ea o *
bevgenie : 3 %
{ fragurty o .
20 he''} .t'l.l'.
.
02 3 &4 5 6 7 & 7 /04 12 [3 (4 t65 7B (7 /% 7 20 20 20 23 24 25
FER. 1930

(7 & & o 22 23 2‘#4.‘;2.‘ 7 Z’Z?.b.f!

Tan. (950

FPuLsE

Leoo
(G0
/§o
-]
/6o
/5D
f&o
/8o
/20
fre

fow

o

7o

Lo .



Fo.l.-‘if
2o
/9¢
5o
fro

C.

-8 Fms

g o
am. -3~
v

W

J.acpnﬂb-
Q30 pm.

-DL?(C& t:s
§-

7o)

5 7
L' d

b £
(oral
&

\sc-roﬁahn.ﬂ.fkiu

I-2

Mas. K

Tencl Dcsn Lalis
%f’of:.

;.mng.qlw(g,

VCZ
/oo
o
o

760

70

9 9 q
§ ¢ & 3
1]
%
-
A
‘.
Y
3
L]
4
]
L]
\
x
4
¢
\
43
']
.
1]
[ ]
)
!
]
a
C
[ ]
(1
‘u
"‘_’a
[]
!
[ ]
5
L]
[}
]
1)
]
>
]
s
(]
.
'l
(]
st
-
u lvo
[}
[]
-
W
L)
L ]
L)
L)
'.
§
']
..cu-.cna-touono.oq

o._-n-
a

40
I

fre

B

g ° ) 2 g
;o; (= cm _7.. | o
I'
:
3
3
..
3
ot
..
.
-
-
i abst®
o
o
’-
I..
.,
. -
'..
e,
e
-5
L]
s
-
e
oo-
2
.
L3
Y
.I..
-
H
l‘
I‘.
"es,
e
- .-."
-
L]
-
L3
-
.
.I.
-
.
H
..I
..
.
L3
H
L]
L3

L)
gasddanas s ponal Feerrrer e T LN TEL R B

-

L]
.
.
.
s
caea®
s saat®
penne 080
L1
eau..
S aegal
..,
H
.
.
-.-c
*
o
o
Leansseees”®
ov--
-

an
“an
e EpRinpn el
>
A2 du
-
-
)
.
.
.
>
"
..
H
.
.

.
-\ e
. S
. P
. o
.l o
) .
L4 L g
) -
L]
Ll
.
*
.
.
»
L]
.
-,
-
s,

“Go

;?rsﬁ20'2::1152413‘%:)25:?30! 237 4 5 4

e

o f1 A /3

7

E

2 7 4

i

7 2o 2r 29 3 14 A5 15 27 I8 27 2o Ff

iy IS & ¥ 19

/3

o (2

7 3 9

JRN. /930

DEc (719

Nov. 193¢



98.

CASE VII
MRS, K.aet, 43
The patient complained of shortness of
breath for the last 6 months, and gave a history of

Rhevmatic Fever in childhood. ;
|
Course of the Xllness. The patient was admitted

with heart failure. The heart was fibrillating, |

Rest and Digitalis caused improvement in the general
|

condition of the patient, and from the chart we see |
that the vital capacity (green) has r isen. The !
heart rate, however, did not settle. On 15/12/29
it is seen to be rigsing.. On 19th the patient was ]
very breathless, and cyanosed. The vital capacity
fell sharply. A massive dose of digitalis brought |
about an immediate fall in pulse rate, and a rise
in vital capacity. i
During the last 5 weeks of her stay in
hospital, the patient was up and able to walk aboutJ
the ward. During the last two weeks, the heart
rate rose again. Although the rise was considerable

the patient felt in her usual health, and there was

no drop in vital capacity.

During this rise of pulse rate there was

no decompensation and consequently no fall in vital

capacity./
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capacity.
Throughout the patients stay in hospital
the vital capacity readings followed very closely

on the patient's clinical condition,
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CASE VIII.
VRS - L.

" The chart is taken from the case of &

woman aet. 59, who suffered from a slow_Fibr;;lation;

ghe gave a histoxry of beiné breathless for two years.

The Heart was not enlarged. Both scunds were closedﬁ

From the chart it can be seen that there was a phlsef
deficit of about 10-14 beats (Apex beat Red. Pulse
Black) With Rest and Digitalis the pulse rate came ‘
down about 15 beats and there was a corresponding
improvement in the patient's Breathlessness.

The vital capacity (green) fell slightly
in the first three days, while the pulse rate rose.
On 5th day the vital capacity began tc rise and
continued to do sc until the patient's discharge,

when it had reached 507%.
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CASE IX.
ROBERT W, aet. 59

This man was admitted with Acute heart
Failure afterwards found to be due tc Right Bundle
Branch Block. He gave a history of increasing
breathlessness over a period of 10 days.

On admission he was orthopnoeie and at
times delirious.

From the graph the pulse rate (red) is }

gseen to have fallen from 90 - 52, i

The vital capacity (green) rises from 227

to 75%.
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102. i

CASE X.
R.P. aet. 22

He was admitted with a history of Rheumatic
pains over the last month., The heart was not enlar-
ged, but there was a faint mitral systolic. Patient.
was very breathless on exertion.

Rest in bed improved his breathlessness to
a marked extent, but the stiffness and pain in the
Jjoints persisted.

The chart shows the rise in vital capacity

from 70 to 101%, which was in keeping with his im-

preved cardiac condition.
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CASE XI.

———

J.¥. aet. 19

He was admitted 28/1/30 with Rheumatic
Fever 1st attack., There was a localised area of
pericardial friction round the apex beat. By 5th
February he had improved greatly, and the rub was
only heard with difficulty. Precardiesl pain which
was never marked had disappeared. The patient made
an uninterrupted recovery.

The rise in vital capacity (green) is
abrupt as soon as the Sod. Sal took effect, and the

pericarditis cleared.
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CASE XII.
JAMES S. aet. 45

This case seemed of sufficient interest
to be included. He was admitted with a history
strongly suggestive of myocardizl infarct,

On admission his vital capacity was 157,
two days later it had improved teo 27%, and the pa=-
tient seemed much more comfortable. : |

He died suddenly that night and post mor-
tem showed an inferct of the posterior wall of the |

Right Ventricle about the size of half a crown,

WILLIAM P. aet. 9
This little boy had complete dextrocardia:
There was evidence of pulmonary stenosis, and patent)
|

intra ventricular Septum. _
i

He was just ebleto walk 30 yards before
i

having to stop and rest. ;

With this very marked cardiac disa.bility,i

he still had a vital capacity of 71%. f
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CASE 14. MRS F. aet. 44.
| The patient was admitted with acute

nephritiz a Mitral incompetence was present following
on Rheumatic fever in childhood.

No symptoms referable to the circulatory
gsystem were complained of.

The graph shows that the vitel capacity
(green) remains at about 50% until 28/12/29 when
the pstient developed an escute Bronchitis as well
as an exacerbation of the kidney condition. There
is an immediate fall in vital capacity and a rise
in pulse rste. As the temperature fell and the
chest cleared of réles and the vital capacity rose

‘againe.
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CONCLUSIONS TO BE ARRIVED AT AFTER TAKING DAILY VITAL |

CAPACITY READINGS ON 4 SERIES OF CASES SHOWING CARDI- |
AC FAILURE. :

I. Changes in vital capacity fellow very close-
1y on the clinical condition of the pat-

ient.

II. Owing to the uncertainty as to whether on
a given day the patient is co-operating

properly, 2 sudden unexpectedly low read-

ing should be regarded with suspicion

unless a reason is found on clinical ex~-

arinaticne.
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SOME ASBPECTS OF OBESITY.

The associstion of dyspnoea and obesity led
me to study the vital capacity in obese persons in
the hope that it might be possible to throw some
light on the cause of breathlessness.

Clinical examination of the heart in the
obese is very difficult, the excessive amount of fat
interferes with the exasmination of the size of the
heart and the position &nd condition of the apex
beat. The thick chest wall makes it difficult to
estimate the quality of the first sound in the mifral
ares. The sound is fainter thasn ususl and consequent-
1y it is difficult to distinguish a distinction of
intensity of the first sound from weakening associated
with tic-tac rhythm, for the even spacing of the
sounds is not altered in the latter condition.

Breathlessness and obesity so frequently
go hand in hasnd that one is often tempted to diagnose
"fatty heart".

Phree main types of so-called "fatty heart"
are generally described:-

(1) Patty loading along the blood vessels.
(2) Patty infiltration.
(3) Patty degeneration.

Clinically/
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Clinically it is impossible to differentiaste them.
Ventricular Hypertrophy is common in obese people
and is probably the result of extrs strain. The
enlarged heart has no corresponding increase in its
own blood supply and &s in other hypertrophied organs
premature senility may result. There is not suffi-
cient evidence to suggest that in the early case of
obesity the heart is necessarily wesk.

0f the secondary changes which are likely
to occur, coronary sclerosis is regarded by some as
the most common. High blood pressure and obesity
are frequently met with. The excessive accumulation
of fat in the pericardium may,in itself,lead to
atrophic changes in the heart muscle and consequently
to inefficiency of the latter.

BAST AND BAIH(ngare doubtful whether a fatty (i.e.
obese) heert exists as & pathological entity.

Thé activities of the obese are necessarily
curtailed and it may be thet part at any rate of the
dyspnoea produced on exertion depends on their being
in "bad training". They slso have a heavy load of
fat to carry,so a vicious circle limiting exertion is
set up. The fatter the patient is the less he can do,
he takes less and less exercise the more his fat
increases.

In/
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In young end especially musculsr persons
it may require & long time for secondsry changes to
be brought about during which time the obese person
may enjoy good health as far a&s his cardio-respiratory
apparatus is concerned.

(46)

DU BRAY believes that the effect of any
pathological change in the heart in the obese subject
is intensified by the presence of & high diaphragnm
which is & common finding in the obese type of body
build.

EAST AND BAIN have observed that if there
be no heart disease, exertion produces marked quicken-
ing of the respiratory rate rather than prolonged ac-
celeration of the hesrt rsate.

In studying the vital capecity of obese
patients any reduction recorded must in all probabili-
ty be due to one or other or both of the following
causes: -

(1) Limitation of the free movement of the chest
or disphragm. '

(2) Reduction in the size of the alveoli owing
to vescular congestion secondary to & weak
or embarrassed heart muscle.

When & normal individual over 21 yeers of

age starts to put on weight the incresase is brought

about/
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about to a large extent by subcutasneous and visceral
fat deposits. The lung receives none of the sddition-
el weight and consequently one would expect the vital
capscity to remain unchanged, when the body weight

increases.

THE/
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THE ‘CHOICE OF A VITAL CAPACITY STANDARD

IN CASES OF OBESITY.

(19)
BOWEN & PLATT investigating 32 over-

weight and obese subjects found the height standard
the most satisfactory. If the Surfsce sres stenderd
were used they found it necessary to add 20% to the
observed vital capacity.

(52)

WARREN BELL has studied the effect of
pregnancy on vital capacity. He found, that mecheni-
cal factors play & very small part. Ifeany diminution
in vitel cepacity wes found in & pregnant women, it
was present also after delivery and was recovered
from during convelescence. In his opinion results
based on weight standards are illogicel during preg-
nancye

(83)

IIYERS hes shown that in the normal grow-
ing person, the vital capacity tends to follow the
increase in height, rather than the incresase in
weight.

He suggests ‘that this is probably due to
the fact that lung growth accompanies the growth of
the body in height.

In dealing with the obese subject the lungs

have/
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have not grown as the weight increased, so the ususl
correlstion of vital capacity weight and surfece sres
is lost.

It would seem that the height stsndard

ghould be used. I can see no contraeindicestion to

using the surface area standard obtaining the surfsace

area from the patient's correct weight obtained from

Insurence tables.
In the series of obese subjects I have
examined, the vital capacity has been worked out using

(1) The Surfsce Aree standsrd, and the patient's
actuel weight.

(2) The Surface Ares Standard and the patient's
correct weight.

(3) The Height Standard.

CHRISTIE & BEAMS found that in the re-
cumbent position the vital capacity of &n obese
patient wss reduced by 15%, as opposed to a 5.5% re-
duction in the normel person. This correction has

been made where necessary
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THE VITAL CAPACITY 1IN OBESE
AND OVERWEIGHT SUBJECTS.

Between November 1929 end March 1930 50
obese and overweight females were exsmined from the
point of view of their vital cepscity, in the hope
of throwing some light on the cause of the dyspnoea
80 commonly met with in obese subjects.

As I have salready stated great difficulty
was experienced in getting reliable readings from
women. Unfortunately, it was impossible to get suf-
ficient material to use mele patients.

In all 64 obese and overweight women were
exemined. But I heve hed to discard 14 as they were
incspable of recording accurate readings.

All the cases had vital cepacity readings
taken on two or more occasions.

On examining the figures of the completed
series I found that in meny cases the first few reed-
ings were inaccurate, or that the patient at subse-
quent exesminations wes unable to resd her previous
figure, although no cause could be found.

i 8 éuote the cases of 6 obese persons who

lost weight and recorded a considersble rise in vitel

capacity/
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capacity. I am reesonebly certain that these patierts
were giving their best,and on each,from 6-20 separate
readings on different days were taken,and all were
comparable.

0f the 50 cases, 32 lost 5 or more lbss in
weight, but the majority of the readings in their
series were pelpably inasccurate and I am unsble to
include them.

This failure to obtain a large number of
relisble readings is diseppointing. I believe,
however, the readings of the 50 cases I quote to be
accurate. Prom over 350 sepaerate readings, I heve
selected the height reasding for esch patient irrespec-
tive of a loss or gein in weight.

In view of this, I feel justified in draw-

ing conclusions from this group.
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A COMPARISON BETWEEN THE RESULTS GIVEN BY
THE VARICUS ©STAXDARDS USED IN A SERIES OF
40 CASES OF OBESITY.

I have considered all cases 257 of over-

weight znd up as_being obese., This I admit is quite:

an arbitrary standard.

A detailed comparison between the three
standards I have emplcyed has been made the Height
gstandard and capacity.

The Height Standard gave a higher reading
than the Surface area standard using the patients
actual weight in every case. T¥rom the table we see
that the difference increases with the degree of.
obesity.

BOWEN and PLATT examining 32 obese and
overweight people state that if the surface area

standard be used 20% should be added to the result.

From this table I conclude that their figure of 207 |

ig too high, I__SUGGEST THAT 134 BE THE MAXI-

MUM FIGURE TO BE ADDED.
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If we compare the Height Standard and the

Surf

)

ce area Btandard when the patients correct
weight is used (I have called' this for convenience
the Normal Surface area Standard N.S8,A.) we fing:-

In 6 cases 254497 cverweight.. The N.S.A.
Standard was higher than the Height
Standard by %1%

In 11 cases 25:49% overweight:. The
Height Standard was higher than the
N.8.A, Standard by 227

In oné case the' two Btandards corresponded,

In 4 cases 50%-74% overweight. The ¥,8.A,

Btandard was higher than the Height
Standard by 37%

In & cases 50%-74% overweight. The
Height Standard was higher than the
N.S8.A. Standard by 1+5%

In twe cases the twe Standards corresponded.

In 3 cases 75%-91% overvieight., The N,S.A,
Standard was higher than the Height :
Standard by ; 1:3%

In 3 cases 75%-91% overweight. The Height
Standard was higher than the N,S.A,
Standard by 4%

tandards correspended.

L4} ]

In two caseg the

I think this analysis prooves my Ccon-

tention that in dealing with cases of obesity if
ig permissable to use The Surface area Standard

where the Surface ares ig obtained form the

patients height ard his CORRECT weight.
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% Overuzight «125%=49% t 50%=-69% | 70%-90%
Number of Cases 18 il 11

Area of the Surface
average Vital Capae! 8i% 68« 3% 63%
city Height Standerd.

From this table we see that there is a
reduction in Vital capacity as the weight increases.

The average vital capacity for all the obese Cases

is 70e 7%.
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THE EFFECT OF A REDUCTION IN WEIGHT ON THE
VITAL CAPACITY.

Five patients were found to be able to
record consistent readings and each of these lost
20 1lbss or more during the time they were under
observation.

In the following cases the Height standard |
is useds The numbers refer to the lMain Table.

CASE 4.,

MRS. S. aet. 45 obese for 11 years.

WEIGHT OVERWEIGHT  VITAL CAPACITY

19/11/29 190 Lbs 32% 56%
26/2/30  164.1bs 12% 73%

Her weight was reduced by 26 1bs. and her
vital capacity rose 17%. i
CASE 6.
. MRS. J:B. aet. 49 obese for 20 years.
WEIGHT QOVERWEIGHT VITAL CAPACITY
19/11/29 260 Lbs 75% 72%
19/2/30 238 Lbs 517 817

Her weight was reduced 22 1Dbs. and her

vital capacity rose 11%.

CASE 10.
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CASE 10,

IIRS. U« aets 41 obese for 20 Vearss
WEIGHT QOVERWEIGHT VITAL CAPACITY

22/11/29 225 1bg. 619 864
24/1/30 203 1lbs. 529 894
19/2/30 180 1bs. 404 93%
2/3/30 166 1bs, 37% 105%

The patient lost 59 1bss and her V.C.
increased by 19%.
CASE 2575,
MRS.M. aet. 57 obese for 8 years.
WEIGHT OVERWEIGHT VITAL CAPACITY
4/12/29 228 1bs, 39% 727
5/3/30 201 1bs. 249 967
The patient lost 27 1lbs. and her V.C.
increased by 24%.
CASE 31.
MISS M. aet. 36 years obese for 5 years.
WEIGHT OVERWEIGHT VITAL CAPACITY

24/1/30 210 1bs. 524 587
10/2/30 196 1bs, 459 657
3/3/30 187 1bs. 39% 65%

The totzl loss in weight in this case is

23 1bs. and a rise of 7% is recorded in vital

capacity.
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CASE NO, % LOSS IN WBIGHT % RISE IN V,C.
10 24% 19%
4 _..20% _17%
6 : 167 117
25 15% 247,
cnil 13% 7%

Table showing how a reduction in weight

produces a rise in vital capacity.




SUMMARY.

After exemining these 5 cases it would
seem that & decrease in weight in the obese subject

is followed by a rise in vital capsacity.
The table shows if we except case 25, the

rige in capeacity is in accordance with the amount of

weight lost.

In those cesses who were overweight, I found
no constant fluctustion in the vitael cepacity as

weight was gained or lost.
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DISCUSSION AS TO THE CAUSE OF THE REDUCTIO:
OF VITAL CAPACITY 1IN OBESITY.

We have seen that the asverage vital cepacity
in the 40 obese subjects was 70.7%. Even when due
regard is given to the effect of advancing age, this
figure is low.

I have proved that, as the weight in-
creases, the vital capacity tends to fell and to rise
sgain when the weight is reduced.

This suggests very strongly that some me-
chenical factor is at work csusing a reduction of the
vital capecity. It is conceivable that lerge fsat
deposits coupled perhsps with abdominal distension (a
common finding in obese subjects) hinder the movements
of the diaphragm. Yet, on the other hend it hes been
shown that pregnancy does not reduce the vital capacity
to any great extent, and what slight reduction there
may be, is also found after the birth of the child,
and is recovered from during convaelescense.

It is & well known fact that in patients
with visceroptosis respiration is lsargely thoracic
eand XBITH has suggested that this is due to poor
abdominal musculature.

The/



The muscles of the sbdominal wall provide
a full run for the movements of the diaphrasgm. If
the abdominal muscles are weak diaphragmatic move-
ment is impaired.

It is conceivable that in obese people the
abdominal muscles sre week (their tendency to develop

Herniae would bear this out) By limiting the movement
of the diaphragm the vital capscity would be decreased.

In the recumbent position the normal per-
son's vital capacity is reduced by 5.5%. In the obese
person, however, it is reduced by 15%.

The reduction in vital capacity when lying
down ,is probably dué to the fact that the diaphrsagm
hes to push down the liver and other abdominal orgsans.
In the healthy normel person, this is feirly efficient-
ly done, but in the obese person with, we have &ssu-
med, weak abdominal muscles, the diaphragm is ungble
to push down the viscers and consequently in the re-
cumbent position the vital capscity is greatly re-
duced.

A reduction in weight in the obese subject
results in incressed sctivity. The general condition
of 811 the muscles including those of the abdominel
wall improve, and the vital capacify rises again.

ot/



Of the other possible causes of the reduc-
tion in vital capacity noted in obese subjects,factors
which embarass the working of the heart, must be con-
sidered. Increase in the amount of fat in the peri-
cardium, or the definite cardisc changes salready de-
gcribed as being met with in obesity,might presumably

reduce the vital capacity.

| CONGLUSIONS/
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CONCLUSIONS THAT MAY BE ARRIVED AT AFTER

| STUDYING THE VITAL CAPACITY IN OBESE SUBJECTS.

(i) In working with obese subjects the Height stan-
dard, or the Surface area standard using the
patient's correct weight, are equally satis-
factory.

(ii) If the Surface area standard using the patient's
observed weight be used, I suggest BOWEN &
PLATT'S correction of 20% be reduced to 13%.

(iii) As has been found before, great difficulty wsas
experienced in obtaining reliable readings
from female patients.

(iv) Obese subjects tend to record a low vital capa-
city 70.7% being the average vital capacity |
of 40 obese patients.

(v) A reduction of weight in the obese causes &
corresponding rise in vital capacity.

(vi) I suggest impaired movement of the diaphragm &as
| the chief cause in the reduction of vital
capacity observed.

(vii) Breathlessness in the obese may in part at any

rate/
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rate be due to the very fact that the vital
cepacity is reduced.

(viii) Vital capacity readings afford no help in

diagnosing myocardial changes in the indi-

vidual obese Subject. As a class the vital

capecity falls as the weight increases. I
can find no definite f&ll in vital capacity
as the age of the patients increase, nor
does the length of time the patient has
been obese, affect the vital capacity pre-
diction.

(iv) No consistent changes were observed in the
vital cspacity of the 10 overweight persons

when their weight'was reduced.
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A PFURTHER ATTEMPT TO INVESTIGATE
THE PROBLEM OF THE "FATTY HEART".

CORRELATION OF VITAL CAPACITY READINGS &

| ELECTRO CARDIOGRARHIC RECORDS in 32 COBESE SUBJECTS

I have had to admit failure to throw any

light on the condition of the myocardium in the in-

' dividual obese subject by using vital capacity read-
| ings. While as a class the obese people have a low

. vital capacity, and their capacity tends to fall with

increasing weight individuals show wide variations.

It occurred to me that, the electro cardio-

- gram might give help. A search through the litera-

ture failed to reveal any work on the findings to be
expected in obese patients.

An obese patient in whom,clinically one

| would suspect myocardial changes,and whose vital capa-

city was low, was chosen as the first subject. De-
finite changes in the cardiogram were observed.
The next patient though obese felt well and |

wes not unduly breathless. Her vital capacity was

' high. A normal electro csrdiogram was returned.

This encouraging start led me to tske a

' series of electro cardiograms. In all 32 of the obese

' patients/
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patients were studied from the point of their vital

capacity and Electro cardiogram.
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VITAL CAFACITY AND ELECTRO CARDICGRAFH

(b)

(a)

(b)
(e)
(a)

(e)

(a)
()

FINDINGS 1IN 32 OBESE SUBJECTS.

INDEX OF TERMS TO BE EMPLOYED

IN ELECTRO CARDICGRAPHIC DIAGNOSIS.

R.5.8. = Regular Sinus Rhythm.

8,T. = Sinus tachycardiz (not paroxysmal 100
per minute and over)

P.C. = Premature Contracticns

V.P.C.R. = Right Ventricular premature con=-
traction.

"P" Wave P.

Pneg = Inverted P.

Pwd = Wide P.

Q.R.8. = Ventricular Complex.
Q.R.S. = small decreased potential (.5 cms.or
sm  less)
Q.R. 8. = Q.R.S8., varying in shape.
Y

V.P.L. = left ventricular preponderence.

Q.R.S. = splitting, notching, or distortion
8p of the main deflections

Q.R. 8. = Q.R.S., split in lead IX and IIT

sp 23
Q Prominent Q waves.

* The T wave

+++ All positive

++- Negative in lead III.
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TYPICAL BLECTRO CARDIOGRAMS FOUND DURING

THE EXAIINATION OF OBESE PATIENTS.
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CHANGES OBSERVED IN THE ELECTRO CARDIOGRAPHING

OF 32 OBESE SUBJXECTS.

After examining the 32 electrc cardiograms
two main types can be defineds-

1. Left ventricular preponderence and an invert-

: ed T wave in lead III. |

II1. A gplit in the Q.R.B. combined with left
ventricular preponderence and inverted T

in lead IIT.

Variations of these deviations which are
generally accepted as coming within the bounds of
normality were also f ound.

Although, V.P.L. is often found in nor-

22 out of

=
o
e
o
{m]
I_l
=
f
n

cple, the fact that it appears

| 32 (70%) cbhese subjects is worthy of note,

i In 18 cases (56%) the V.P.L. was associat- |

| ¢ with a negative T in lead IIX in 2 cases T was
| abgent. In 16 cases (504) Q.R.5. was split.
| Q.R.S.sp2 2 cases

| Q.R. 8, 8 cases

sp3
G:B.8.8p 1case
2
i Q.R.S.8pD 3 cases
i 123
C.R.8.8p 2 cases

23
In 13 cases (40%) = split Q.R.S. is asso-

ciated with V.P,L.

A negative or absent T wave occurs in 24 |

cases (75%).
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Other changes in the electro cardiogram

were observed:-

Q.R.S.vy3 4 cases
Q.R. 8. 5 cases
SM. 3 !
Pneg3 2 cases
P 2 cases |
s13 |
P i
e 1 case .

In only 4 cases (12.5%) out of 32 is the |

electro cardiegram normal and -in two of these Q,.R.S.I

is definitely diminished in size in lead III, ‘

The electro cardiographic findings seem to

hsve no relation to the observed vital capacity of
- LY O

the patienis.

Such factors as the 7 overweight, the age;
the time the patient has been obese ,or the degree oﬁ
breathlessness,donot in this series enable one to i
predict the type of abnormality to be expected in |

the cardiogram, or indeed whether any abnormality

will be found at all. .
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32 CASES FROM WHOM ELECTRO CARDIOGRAPHIC
RECORDS WERE TAKEN,

| MISS M. aet. 41, 20 years obese, slightly breathless.
24/1/30 55% overweight v.c. 89%.

Electro cardiogram R.S.R. Q.R.S. ++4+ |
am3

normal.

| MRS B. aet 49, 20 years .obese, very breathless. i
' |
19/2/30 51% overweight, V.C. 81%.

Electro cardiogram S.T. V.P.L. @Q.R.S. %

ek o]
SP 5 ‘

+ 4 0, : ‘

| MRS E. aet. 60, 7 years obese, slightly breathless.

5/3/30, 43% overweight v.c. 58%.
Electro cardiogram. R.S.R. V.P.L. 4+ + =

' MRS D. aet. 49, 15 years obese, very breathless. [
5/3/30, 58% overweight, v.c. 71%

Electro cardiocogram R.S.R, V.P.L. Q.R.S. £
Sp3

+ + +
| MRS H. aet. 42, always obese, breathless,
5/2/30, 70% overweight, v.c. 87%.

Electro cardicgram 11/12/29, R.S.R. Q'RE§33
e

>.T.3 + + = 5/2/30, R.8.R. Q.R.8.

P3
V.PbL- + + o

B
{o3]
o]
R
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MRS Y. aet. 41, 15 years obese, very breathless.
27/11/29, 68% overweight, v.e. 33%.

Electro cardicgram R.S.R. Prnegy Q.R.G5.
sp 3

+ 4+ 0

MISS L. aet. 30, always obese, breathless

29/1/30, 487 overweight, v.c. 79%.

Electro cardiogram 4/12/29, R.S.R. Q.R.S.

2
Q.R.8. vyy + + - 29/1/30, R.S.R. e
Q.R. S, SP3 Q.R.8S. vy3 + 4+ =
MRS M. aet. 35, 10 years obese, breathless.
27/11/29, 83% overweight, v.c. 43%.
Blectro cardiogram R.S.R. Psmg Q.R. 8, Spla ;
3

+ + 4
MISS W. aet., 49, 10 years obese, very breathless,
4/12/29, 91% overweight, v.c. 62%.

Electro cardiogram R.S.R. V.P.L. Q.R.S8. sp

4|

+ 4+ =

| MRS M. aet. 57, 8 years obese, very breathless.
5/3/30, 24% overweight, v.c. 96%
Eleciro cardiogram R.S8.R. Pwd2 i ol Q..‘g}asﬁ2

+ ot -

| MRS E. aet. 50, 16 years obese, not breathless. |
4/12/29, 47% overweight, v.c.88% é
£l ectro oardiogram R.S.B: VaP.L. G:R,S.802A
+ + - R

S M.

E_
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S M. =2et 41, 10 years obese, very breathless.
5/3/30, 64% overweight, v.c. 617

Blectro cardiogram NORMAL.

s L. aet. 40, 1 year obese, slightly breathless,
5/3/30, 38% overweight, v.c. 65%.

Blectro Jardiogram R.S.R. + + =

5

S _N.

aet 44, 4 years obese, breathless.

11/12/29, 58% overweight, v.c. 77%.
Blectro cardiogram R.S.R. V.P.L. + + =

MRS W. aet. 36, 5 years obese, very breathless.

11/12/29, 41% overweight, v. c. 567

Blectro cardiogram R.3.R. va3 Q.R.8.vy

3

VQP-LQ + + =

MIgS 1.

5
w
2

=
2
Q

MRS W./

aet 36, § years obese, very bresthless.

24/1/30, 52% overweight, v. c¢. 58%

Electro cardiogram R.S.R. Pneg3 Valuls  +F

aet. 41, 4 years obese, very bresthless.

29/1/30, 42% overweight, v.c. 68%.

Electro cardiogram R.S.R. V.P.L. Q.B.sané
G.Rn S.V - + + -

o y-)

aet. 58, 10 years obese, breathless.

5/2/30, 40% overweight v.c. 70%

Electro cardiogram S.T. Q.R.S.vy3 Q3 e g
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MRS W. aet. 61, 35 years obese, slightly breathless.
5/2/30, 607 overweight, v.c. 71%.

Electro cardiogram R.S.R., V.P.L 4 + =

MRS S. 20 years obese, very breathless.

5/2/30, 90% overweight, v.c. 56%.

Kleotro cardiogram R.S.R. V.P.L. + 4 «

MRS M.8. aet 56, 25 years obess, very bresthless
12/2/30, 42% overweight, v.c. 71%.
Electro cardiogram NORMAL,

MRS R. aet. 28, 7 years obese, very breathless.

5/3/30, 77% overweight, v.c. 87%.

Blectro cardiogram §.T. V.P,L. Q.R.S.sp,
2

+ o+ o+

B

S I.B. aet 60, 5 years obese, very breathless.

T —

26/2/30, 24% overweight, v.c. 62%.

Electro cardiogram R.S5.R. V.P.L. Q.R.8.8D |

123
+ + =

H, éet. 3¢, 1 year obese, very breathless.

3/3/30, 56% overweight, v.c. 57%.
Electro cardiogram Q.R.S.sm3 NORMAT.,

aet, 55, 195 years obese, very breathless

=
=
o)
=

5/3/30, 39% overweight, v.c. 81%.

Electro cardiogram R.3.R. V.P.L. + + 0

MRS B. aet. 28, 3 years obese, very breathless.

74
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5/3/30, 77% overweight, v.c. 87,

BElectro cardiogram R.S.R. V.P.L. Q.R.S.vy

+ ot -

| MRS H. aet. 29, 3 years obese, slightly breathless.

5/3/30, 76% overweight, v.c. 55%.

Blectro cardiogram S.T. V,P.C.R. Q.R.S.sp

3

+ o+ =

| MRS X. aet. 26, 2 years obese, very breathless

5/3/30, 29% overweight, v.c. 77%

Electro cardiogram S.T. Psm3 Q.R.S.sp2

VBl % £ -

2
o

aet. 36, 6 years obese, very breathless.

5/3/30, 47% overweight, v.c. 98%.

Electro cardiogram S.T., V.P.L. Q.R.S.am3

q-R. Sa SP3 + + -
MRS M. aet. 49, 12 years obese, breathless

5/2/30, 33% overweight, v.c. 73%.
Blegctro cardiogram R.S8.R. V.P.L. Q.R.S.am3 _

+ + -

f MRS B. aet. 60 5 years obese.
5/3/30, 33% overweight, v.c. 62%.

Blectro cardiogram R.S8.R. V,.P.L. Q.R.S.gg 3!

«Ra 8o + + -
Q Bmg

| MRS McK. aet. 44, 10 years obese.
5/3/30, 49% overweight, v.c. 787

Electro cardiogram R.S.R. Psm3 vV.P.L.

QnR- Sa sz Fo 4 -
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DISCUSBION ON THE ZELECTRC CARDICGRAFHIC FINDINGS
IN A SERIES OF 32 OBESE SUBJEHCTS.

We have seen that in the main the changes
cbserved all occur in lead III. The chief change
seems to be a left ventricular prepconderence (in
70% of the cases) split G.R.8.(50%) and an absent
or inverted T in lead II1 which is shown in 75%
of the cases.

In lead III the directions of the curves |
Q.R.8. are opposite to lead I. The left ventricle |
tries to cause a downward deflection and the Right
an upward. Normally lead III is more favourable
to the right ventricle and the deflection is usuallﬁ
upwards. 5
The cbese subject has a greatly increased!
body weight to carry and it is possible that hyper- |
trophy of the left ventricle results. The pre- ‘
ponderence might be determined by hypertension ' f
which is such a common finding is cases of obesity.

MARKEL AND PARDIQ(49)examined post mortem}
two cases who during life showed no electroﬁaardia~l
graphic evidence of myocardial disease but who had

marked left axis deviation. In each case micro-

scopic examination revealed the muscle fibres to f

be/ |
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be fairly normal with no increase in connective tissue
In both cases the coronaries were slightly thickened,
but there was no narrowing or occlusion of the vessels
although each of these cases had coronary changes,

there was no abnormality of the myocardium on micro=- |

gcopic examination., In neither case was the hesrt

enlarged in spite of the marked left axis deviation |
of 9Q.R.8. in the electro cardiogram,
(50) |
HERMAN & WILSON also commented on thisg
inconsistency.
1 A 51) iy |
MASTER & PARDIE examining a series of |
similar cases, came to the conclusion that the find- |

ing of a normal ventricular complex, was an indica-

tion that the ventricular muscle was normal or affec?
ed in only =2 slight degree. The two cases quoted byg
MARKEL & PARDEE(49)wou1d seem to support this view;
From their work it would seem that it is possible to.

have a left sided preponderence without ventricular |

hypertrophy; i

In the obese subject, fat is laid down

along the blood vessels on the heart wall. It may

be that the presence of the fat may determine the i

preponderence. It would seem unlikely that this

|
i
|
should be so, but the possibility must be taken into|

congideration.

Normally/ :
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Normally there is a certain mass relation
between each ventricle. 1In cases showing hypertro-
phy usually there is an increase in weight of both
ventricles, unilateral hypertrophy as a manifesta-
tion of disease at any rate being rare. LEWIS.(éoJ
Even though there be bilateral hypertrophy one ven-
tricle is usually involved to a greater extent than
the other, and the normal weight ratio between the
ventricles is lost.

The pathologists tell us that both in the
normgl and the obese heart the Right ventricle seems !
to have the heaviest load of fat.

During starvation the fat in the sub-peri-|
cardial tissues is the last fatity deposgit in the
body to waste,

Fatty infiltration is found to start most
gommonly in the Right ventricle,

Thegse facts would apparently tell against
the argument that the fat can take a psrt in deter-
mining the direction of the ventricular complex, for
if it can affect the cardiogram, we should expect a
Right sided preponderence instead of the left, I

have observed, it may be then that it is the hyper-

trophy of the Left ventricle due to the demand for

increased work, or owing to a rise in Blood pressure

which determines after all the left axis deviation.

1t/
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It has been shown that a change in the

axis of the heart mayv cause a prevonderence of one

or other ventricle, WIGGERS has established a

rule "that progressive diminution in the amplitude
of R leading finally to inversion in lead I or III
is accompanied by a proportional diminution or even
inversion of T in the same lead when occasioned by
changes in the anatomic axis of the heart".

(46)

DU BRAY has pointed out that the posi-
tion of the diaphragm is often high in the obese
subject,so it would seem that a change in the axis
in the heart might be present in these cases,and
some of the abnormalities I nave described may be
due to this factor.

It would, I should imagine,; be pogsible to
clear this point up with the aid of X ray examination
to determine whether or not there is a change in
axis, Then, if the patient had another electro-
gardiograph taken after a large reduction in weight,
a normal second cardiogram and a normal axis as
determined from ancther X ray examination, would be
almost conclusive evidence. To be guite certain,
however, it would seem that prcof would have to be

obtained,that the fatty loading takes no part in

the formation of the veatricular complex.

Thisg theory of change in axis of the heart

seems/
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seems to me guite a possible explanation of the

el
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neted, but against it is the fact,5
patients between 647 and 83% overweight, do not
show any preponderence,

The splitting of Q.R.3. observed in.so%
of the obese patients is described by LEWIS as "not
uncormmon", in normal subjects, but I have failed to |
obtain further information on this point.

WIGGERS states that a negative or abgent
T in lead III is found in 25% of normal people. In
1106 electro cardiograms of normal subjects HEARD
& -HEIN found a negative T in lead III in 5.6%.

Only a slight deviation from the normal is
needed to determine a negative T in lead III in that
the Right upper zone remains ele¢iro negative,
(WILLIUS).

(47)

HEPBURN & GRAHAM investigated the
electro cardiographic findings in 123 diabetics.
Presumably some of these patients must have been
obese. They, however, umake no mention of the find-
ings. I have described,and they discard as being
normal those cases which showed a negative T in leadﬁ

111, and a left sided preponderence. .

SUMMARY/
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o UMMARY.

A thorough search through the work on
Electro cardiograms has failed to reveal any mention
of such changes as I have observed in relation to
obesity, and as far as I am aware this is the first
time that these changes have been described.

Thers scems to be no correlation between
the electro cardiographic findings and the vital
capacity, the age, the Z increase in weight or the
number of years the patient has been obese. :

A change in the axis of the heart if such |

be present may afford a solution.

A larger series would, however, have to be;
examined and electro cardiograms taken as the weight
changed, such a procedure coupled with X-ray and if
pogsible post mortem examination would probably throﬁ
some light on the problem, i

The fact that 87.5 of my obese cases Show~§
ed some electro ¢cardiographic abnormality is in é

itself justification for further work.
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GENERAL

SUNINMARY,

OF THE WORK DONE

A survey hes been made of the more import-

' ant literature on the Subject of the Vital Capacity

' of the Lungs. It has been shown that while there is

é a considerable body of opinion whieh takes the view

that the vital capacity reading is an important

| elinical adjuvant in diseases of the heart and 1ungs,§

. there is yet a minority of opinion who are inclined

' to be sceptical of its value as a prognostic and

diagnestic signs The possible factors at work in

f bringing about a2 low vital capacity reading in such

cases has been discussed.
The vital capacity of seventy persons who
could be pronounced healthy as far as it is possible

to make such a pronouncement,K have been examined in

. order to establish a control series of readings,

The vital capacity records of 140 bitu=- !
minous coal miners who had been subjected to a
searching clincal examination By Dr GILCHRIST have |
been investigated with a wview to observing the
effect of anthracosis on the vital capacity.

Eleven/ o
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Eleven cases of cardiac failure have been
carefully studied. Daily readings of their vital
i capacitygextending over weeks of months,have been
taken and an attempt has been mede to correlate
such observations with the clinical condition of the
patientsa

A series of 50 obese subjects have been
investigated with a view to determining whether the
vital capacity was reduced in such cases,and if so
j whether a corresponding increase occurred =28 the
. body weight fell.

In addition this series was carefully ex-
amined, in order to find out whether vital capacity
observatior, in such cases,might aid in the diagnosis
of the so called fatty-heart. And on 32 of these
obese patients electrocardiograms were taken with a
view to correlating any abnormal appearances with

the vital capacity readings.
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GENERAL

CONCLUSTIODUNS.

After taeking meny hundreds of observa-

tions of vital lung capacity, the following con-

clusions &are arrived sat:-

(1)

(2)

(4)

Individual variastions present one of the
greatest drawbacks to the value of vital capa-
city readings.

It is necessary to know the individuals
own standard while in health, before anything
like complete reliance can be placed on an
observation taken from & patient suffering

from disease of the heart or lungs.

The normal standards at present in use tend to
be unreliable as a very large class of people
do not conform to the so called normal body

build.

Standards based on surfece area are probably
the most accurate, but for quick clinical

work the Height Standard is satisfactory.

Lack of co-operation on the part of the pat-
jent is the chief factor militating against

reliable readings.



(5)

(6)

(8)

(9)

(10)
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Vital cepacity readings must in no sense be
used as a short cut to diasgnosis. An obser=-
vation not in accordance with clinical find-

ings should be looked on wi th suspicion.

Anthracosis appears to have no effect on the

vital capacity.

Vitel capacity readings give no indication
of physical fitness except in so far as the

heart and lungs are concerned.

In acute heart failure the vital capacity
follows very closely on the daily changes in
the patient's clinical condition but in gen-
eral it may be said that no undue weight
should be attached to & sudden unexpectedly
low reading unless it can be confirmed by

c¢linical findings.

As a class obese subjects have low vital cap-
acities but considerable individus]l variat ion
is met with.

In the obese person the vital capa-

ecity increases as the weight is reduced.

In working with obese patients the Height

Standard/



(11)

(12)

Stendard, or the Surface ares standard using
the patients correct weight, may be used.

If the Surface area standerd and
the patient's observed weight be employed it is
suggested thet 13% be added to the observed
vitel capacity instead of 20% advocated by

BOWEN & PLATT.

It would appear thet more then one factor is
at work in causing a reduction of vital capa-
city in the obese subject.

Vitel capascity readings are of
questionable velue in diagnosing myoeardial

changes in the obese.

Definite Electro cardiographic changes were
observed in obese subjects. A satisfactory
explanation has not been found but these
changes seem to be of sufficient importance to

warrant further investigation.



2

10.

Lls

| 12,

BIBLIOGRAPHY.

HUTCHINSON, JOHN, ®©n the capacity of the Lungs
and on the Respiratory func-
tions with a view to establish-
ing a precise and easy method
of detecting disease by the
Spirometer. MNMedico-Chirurgi-
cal Transactions, 29,137.1346,

WINTRICH, l.A., Krank d.Respirationsorgane B.V,
erste Abth.von Virchow's Hand-
buch der speciellen Pathologie
und Therapie., Erlangen, 1854
Quoted in 'Vital Capacity!
Meyers,

BOHR (239,337,341,355) Deutsch.Archiv.f.Klin.Med.
Lxxxviii. 1906-7, p.385.Quoted
in 'Vital Capacity' Meyers.

PANUM (239-337) Archiv,Ges.Physiol.l, 1868, p.

125. Quoted in ‘Vitdl Capacity!
Meyvers.

MEAKINS & DAVIES, Respiratory TFunctionm in Dis-
ease, 1925, Quoted in 'Vital
Capacity' Meyers,

BINGER & BROW, (239,337, 362) Journ,of Exper,
Med.xxxix, 1924, n.677

MILLER, W.S., (10) Journ., of Norpﬁol xxiv, 1913,
p.459.

KEITH, (13) in Hill's Further Advances in Phy-
giology, London, 1909, p.182.

HERRING & BREUER, (21,66) 1tzungsber d.Wiener
Akadamie,Lvii, 1 868y . De e
Quoted by Heyers in tVital Capa~
city. |

HALDANE & MAVROGORDATO (67) Journ. of Physiol.
(Proceedings of the Physiol.Soc.)

L 1916. p.xli

MEDICAL RESEARCH COUNCIL (343) The Medical
. Problems of Flying. Special
Report Series Nos.28, 37, & 53.
Quoted in!Vital Capaclty '
lMeyers.

DREYER, Lancet, 11, 1919.0.227.



15.

14.

15-
16.

17.

18.

19.

20

21,

22.

23,

24.

25.

26,

7.

II.

CRIPP3, LUCY, D., GREEKRWOOD, 1IAJOR, & NEWBOLD,
ETHEL, lI., A Biometric Study of the
Inter-relations of 'Vital Capacity’',
Stature, Stem Length and Weight in =
Semple of Heelthy lMale Adults.
Biometrica, 14.316, 1923. Quoted by
Meakins & Davies.

ROGERS, W.L., The Correlation of Vital Capsascity
with Stem Height. Arch. Int. Med.,
31, 342, 1923.

WEST, Arch. Int. Med. xxv. 1920, p. 306.

MYERS, Amer. Rev. Tub. vii. 1923. Pe 6l.

HEWLETT & JACKSON, Arch. Int. Med. xxix. 1922,
pP. 575,

FOSTERy JOHN, H., & HSIEH, P.L., The Vital Capa-

city of the Chinese. An Occupational
study- Arch. Int. Med-, 32, 335,
1923. Quoted by lMeakins and Davies.

BOWEN, B.D., & PLATT, DOROTHY L., The relation
of Age & Obesity to Vital Capacity.
Arch. Int. Mbd,, 31.579. 1923.

RAVINOWITCH, I.M., The Vital Capacity in Hyper-
thyroidism, with & 3tudy of the in-
fluence on Posture. A preliminary
Report. Arch.Int. Med. 31. 910. 1923,

JHRISTIE, CHESTER, D., & BEALMS, ARGYL, J., The
Estimation of normal Vital Capacity
with special reference to the effect
on Posture. Arch. Int. Med.30.34.
1922.

MINERS. Vital Capacity of the Lungs. Baltimore
1925.

PEABODY & WENTWORTH, Arch. Int. Med. xx. 1917,
pe 443,

DRINKER, PEABODY & BLUMGART. (320} Journ. of
Exper. Med.xxv. 1922, p.77. Quoted in
'Vital Capacity' Myers.

BINGER, (321) Journ. of Exper. Med.xxxviii.l923.
p.445. Quoted in 'Vital Capacity' Myers.

JONES, A.W., Brit. Med. Jour. I. 795-798,May 12th
1928.

COWAN & RITCHIE , Heart Disease. 1922.



28.

29,

30.

31,

32.

33.

34,

35.

38.
39.

40,

41.

113,

HALDANE, Respiration. Yale University Press
1922,

ULRICH, H.L., & NATHANSON, WORRIS, H., The
Vital Capacity of the Lungs in Cardiac
Digease. Minn.Med, 4.721, 1921. Quot-
ed by Meakins & Davies,

ADAMS, F.D. & STURGIS, C.C., Note on the Vital
Capacity of the Lungs and the Carbon
Dioxide combining Capacity of the Blood
in Cases of 'Effort Syndrome'!. Amer,
Jour,Med.Sc.,158, 816, 1919. Quoted by
Meakins & Davies.

PEABODY, F.W.,, & STURGIS, C.C., Clinical Stu-
dies of the Respiration VIII, The ef-
fect of General Weakness & Fatigue on

the Vital Capacity of the Lungs. Arch.
Int.Med.28,501,1921,

ZISKIN, T., Vital Capacity as a Fundamental
Test in Heart Disease, Arch,Int,Med.35
259-265, Feb.1925,

MYERS, J.A., & MEADER, L.M.,A., V.C. of 419
Firemen., Arch,Int.Med. 35. 184-203.
Feb,1925.

MYERS, J.A., The Effect of Bitumenous Coal Nin~-
ing on the V,C. Amer.,Rev, Tub.9.49.1924

HENDERSON, V., & PRICE, A.L., Heart. 1914,
Na 2Y % Quoted by Mevers 'Vital capa-
city'.

BLUMGART, H.L., & YENS, C0.C., Journ.Clin,.Inves,
1927, IV. 1.

" L & WEISS 8., Ibid. 1927, IV.15)
149,173,199, 399, 555. Quoted in 'Vital
Capacity! 1Uyers,

FRASER, F.R., Lancet, 1927.i.529,589,643.

BAST, C.F.T., & BAIN, C.W., Recent Advances
in Cardiology, London, 1929, Quoted in
'Vital Capacity' Meyers,

GAMPBELL, M., The Vital Capacity in Heart
Disease. Guy's Hosp.Rep. 79. 70-85,
Jan, 1929

VON BASCH, Allgemeine Pnysiologie und Pathol-
cgie des Kreiglaufs. Vienna. 1892,
Quoted in 'Vital Japacity' Uleyers.



42,

43.

44,

45.

46,

47.

48,

49,

50.

51.

52.

53.

IV.

DUNN, Quart.Journ.Med., XIII., 1920p.129. GQuot-
ed in 'Vital Capacity' Meyers.

BINGER, BROW & BRANCH, Jcurn,of Clin.Investn.
1924, pp. 127,155. Quoted in 'Vital
Capacity!'! Mevers.

YOUNG, R.A., & BEAUMDNT, G.HB., Price's Textbook
of the Practice of Medicine. Oxford
Univ.Press.

WILLIS, KYERS, J.A., The effect of Bitumenous
Coal Mining cn the Vital Capacity.
Amer.Rev, Tub. 9.4‘9019240

DU BRAY, ERNEST S., Comments on Body Weight
and Cbesity. Amer.Journ, of the Med.
Sciences. 643, p.564, 1925,

HEPBURN, J., & GRAHAM, DUNCAN, An Ilectrc
Cardiographic Study of 123 Cases of
Diabetes Mellitus. Amer.Journ., of
the Med.Sciences. 681, p.782, 1928,

WILLIUS, F.A., Clinicel and Pathological Data
in Cases exhibiting T.wave negativi-
4y in Electro-cardiograms. Amer.Jouxi
of the Med.Sciences. 674,p.630,1528

MARKEL, A.G., & PARDEE, H.E., The correlation
of Blectro=cardicgraphic and necrop-
gy findinge. Amer.Jour,of the Med.
Sciences. 679, p.479, 1928.

HERMA¥N, G.R., & WILSCN, F.N., Ventricular
Hypertrephy. A comparison of Elec=-
tre~cardiographic and post mortem
cbservations. Heart. 1922, 9.91.

MASTER, A.M., & PARDEE, H.E., The Effect of
Feart muscle disease on the Electro-
cardiocgram. Arch,Int,Med., 1926, 37,
42, :

BELL. WARREN, J.,, Vital Capacity in Pregnancy
Journal - Lancet 44. 424, 1G24,

HERD & HEIN, The role & the Electro-cardio=-
gram in Prognosis. A study limited|
tc Hearts under Sinus contrel and '
contracting approximately at normel
rate. Amer.Jour.of Med.Sciences, CLX

§28.



54.

550

56.

57.

58.

59

60.

WILLIUS, T., Wave Negativity. Amer.Journ. of
the Med.Sciences. CLX.844.

CARTER & GREEN, The Electreo-cardiogram and
Ventricular Preponderence,

COHN, ALFRED ZE., On the relation of the posi=-
tion of the Enlarged Heart to the
Eleciro~-cardiogram., Heart IX, 1921-
22, De331.

HEPBURN & JAMIESON. The Prognostic signifi-
cance of several common Electro-
cardiographic Abnormalities., Heart
I. 1925-26. P. 623,

PARDEE & MASTER, Electro-cardiograms and
Heart Muscle Disease. Journ, of the
" Amer.Med.Assoc. LXXX p.98.

WIGGERS., Principles and Practice of Electro-
cardiography. London, 1929,

LEWIS, Clinical Electro-cardiography.




