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PREFACE TO THE THIRTEENTH EDITION

Wrrn this edition Sir Robert Hutcluson retires from actne par
tietpation 1n a book whuch he wrote with the late Dr Harry Ramyv
and has since guided through twelve editions 1n fifty rune years
To mark this event which must be almost unique 1n medical
publishing we have altered the title of the thurteenth editton ta
Hutchison s Climcal Methods We have done this to assure Sie
Robert, 1n the country fastness to which he has retired that what
he had called fus  baby  shall not die if we can help it and as
long asit survives whatever names come and go that of Hutchison
shall continue with st

‘The present edition 13 nearly twenty pages shorter than the last
We are confident nevertheless that 1t contams a gaod account of
thoss established methods of eluical wnvestigation which are Iikely
to be most useful to students and practitioners  For more highly
speciatized methods and less well established ones larger works
must be consulted We hope too that the book still embodies
the wise outlook which Sir Robert Hutchison has always upheld
and taught. In these days enormous developments 1n the field of
diagnosis have put a stran upon the judgment of the practitioner
Now more than ever before he mu t averd thinking that the labora
tory and X ray room can save him from takmg a careful history
and making a thorough clical exanunation of his patient

‘We are 1ndebted to many of our colleagues for their assistance
Dr Ronpald Henson has been responsible for a detasled revision of
the chapter on neurological exarmnation  Mr Charles keogh has
rewnitien the exammation of the throat nose and ear and has
tumself drawn new illustrations for this section Dr Malcolm
Towers has been mainly responsible for the revision of the chapter
on the cardiovascular system and for an entirely new section on
electrocardiography  We are indebted to Dr Wiliam Evans for
allowmng us 10 reproduce electrocardiograms taken 1n the Cardiac
Department of the London Hospital We are abo grateful to
Dr Kenneth Tallerman (exarmnation of chidreny Mr J E M
Ayoub (examuwation of the eyes) Dr J § Pegum (examunation
of the skin) and Dr John Glover (respuratory system) for ad“«‘}
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Vi PREFACE TO THE THIRTEENTH EDITION

on the subjects mdicated  One of us 15 particularly indebted to
hus late house physician Dr Geoffrey Mathews for valuable help
m the whole of the revision

We also extend our thanks to Sir Gordnn Holmes and to Messrs
E &S Living for duce Figs 57-9 and 60
from Introduction to Chincal Neuralo 2 to Messts TLea & Febiger
and Henry Kmpton for Figs 3941 from Burchs A Primer of
Cardiology and to Dr Peter Boulden for further onginal drawings
Sources of other new tlustrations are acknowledged 1nt the text
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PREFACE TO THE ORIGINAL EDITION

THE tule Chinical Methods probably describes the scope of this book
better than any other It 1s not intended as a treatise upon medical
diagnosis  On that subject there 1s already 2 sufficiency of good
works 1n existence It aums rather at describing those methods of
cltnical 10vestigation by the proper application of which a correct
diagnosis can alone be arnved at  To every student when he first
begws work 1n a medical ward the question presents tself How
shall I wnvestigate this case 7 To that question the present work s
mtended to provide an answer  The first chapter deals therefore
with the methods of case taking 1n general and wcludes a general
scheme for the mvestigation of medical cases The rest of the
book 15 really an expansion of that scheme each system being taken
gp separately and the methods of investigating 1t described m
etail

A special chapter has been devoted to the clinical methods of
examining children as these differ 10 many respects from those
employed 1 the case of adults ~ Chapters have also been added on
the exarmation of Pathological Fluds and on Clinscal Bacteriology
subjects which are daily growmg in importance The methods

iployed 1n the of surgical g or obstetric
cases do not fall within the scope of the work

No effort has been spared to make the book thoroughly up to
date anditishoped therefore that st will be found useful by those
practitioners who may wish to make themselves acquainted with
the latest methods of climcal mvestigation ' While the whole book
has passed through the hands of both of us yet each has made
tumself specially responsmble for certan parts  Thus Dr Ramy
has written Chapters 1T IV VI and XIV the sections on the
electrical examination of muscle and nerves on the parasites of
the almentary tract and on the microscopical examnation of the
urme  The rest of the work 15 from the pen of Dr Hutchison

In order to avord burdening the text but few references have
been given to authorities and origmal source  We should ltke
however to take this opportumty of acknowledging the help which
we have received from vanous friends  Amon,st these are Drs

-



vit PREFACE TO THE ORIGINAL EDITION

Alex Bruce R W Phiip G Lovell Gulland and John Thomson
who have helped us with enticism and advice 1n the preparation of
Chapters IV and IX VI V and XII respectively We bave also
to thank Dr Patrick Manson Dr Byrom Bramwell Dr J Purves
Stewart and Prof gton for the use of sp and dlustra
tions and Dr T F Milroy for assistance 1n the revision of proofs
To Dr R I M Buchanan we are specially indebted for preparing

the d g the pical e of the
blood
R H
HR
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CHAPTER 1

CASE-TARING

THERE can be no question of the value of accurate and systematic
case taking It trains the beginner 1n habits of thoroughness and
exactaess at the bedside and ensures that no powmnt of importance
mn a case 1s missed  About the method to be pursued 1a taking a
case there 15 much difference of opuon and almost every climical
teacher has hus own spectal plan  And 1t 1s not of much smportance
what particular method one adopts provided one adheres to 1t
Every good method of case taking should be both comprehensive
and concise It should be comprehensive so as to be capable of
being apphed to every case and of covering all the pounts m 1t 1t
should be concise so as to present all the important features of a
case 1n as small 2 compass as possible  The question of conciseness
15 of greut umportance Nothmg 15 more annoying than to be
obliged to wade through a mass of verbiage m order to get at the
chief facts of a case  The student should practise the art of pre
senting the Jeading features of a case 1 a few sentences and the
wnting of resumes of cases will be found a useful exercise He
should avoid lengthy verbal descriptions  Simple outline drawags
can often convey information that would otherwise requre many
sentences

There 15 appended to this chapter a scheme of case takig whick
meets all ordinary requirements At the same time 1t must be
used with judgment and elasticity  All the porats mentioned need
not be mmquired 1nto m each dual case For example if a

atient 15 suffening from advanced cardiac diseasé. TReTe is no use
i5 The kind of error into which beginners fall  Some experience 13
required to assess what special inquiries are important i particular
cases and mustakes often happen at first  but the applicaten of
common sense will ensure the avoidance of gross blunders

The taling of a case consists of two parts—

1 The mterrogation of the patient
1l The physwal examination
1




2 CASE TAKING

Chiueal clerks will find 1t best to make rough notes of both of
these and afterwards to wnte out the whole case in detul

I THE INTERROGATION OF THE PATIENT

The object of mterrogation 15 to elicit mformation regarding
the patient s present wlness the state of hus previous health and that
of his family The wnterrogation must be pattently carried out
the patient being allowed as far as possible to tell his story 1n fus
own words One patient 15 a _good witness and another poor
One grves an excellent tustory  Another has to have b€ history of
hus 1llness dragged out of lum by methods of slow extortion and
even then a great deal of what he says may prove urelevant  Some
panents seem quite unable to give any precise account of what
they feel to be wrong This may be due to stupidity or to the
effects of disease on their mental faculttes Some however fail to
apprecate the peed for accurate mformation and feel that if only
they can impress the doctor with the urgency of their distress (which
1 such cases often turns out to be emotional 1 nature) he will be
able as 1f by magic to relieve them of 1t It1s important to recognize
the reason for the evasiveness of such patients and not to allow
oneself to become annoyed with them  The manner of questioming
may make all the difference 1n the world to a nervous or suspicious
patient  One may defeat one s own ends by wounding the seats
ments or conscience of the patient long before the physical examina
uon begiys It 1s also tmportant to avod asking the same question
twice because this conveys to the patient the impression of taking
but a langwd nterest 1 his case

All symptoms are not of equal diagnostic importance  There

15 usually one symptom whch troubles the patient more than any
other and which can be described as the presenting symptom
Spectal attentron should always be gver to it Itisa good rule
not to ask leading questions when takiag the history but once 2
tentative dragnosts has been made on the presenting symptom 1t 1s
well to ash for corroborating symptoms which the pattent may not
have spectally observed or which he may have omitted to mentton
‘The experienced doctor shows great skill 1a the choice and wording
of lis Jeading questions  The methodical student will learn this
art by experience
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1 The general interrogation —Begin by ascertaming the patient's
name age occupation and whether he 1s marned or single  Ttis
also important to note lus exact postal address

Two mmportant questions then follow—(1) Of what does he
complain ? It1s a mustake to ask  What is the matter 7 as this
lays one open to the retort that that 15 what the patient came to
find out (2) How long have the symptoms been present? The
patent usually dates the start of fus illness from some 1mpressive
event or from the onsct of some severe symptom  Questioning will
somehumes reveal eatbier symptoms which belong to the hastory of
the present illness The real date of onset can often be more
accurately defined by asking such questions as  When were you
last qute well?  Sometimes 1t 15 useful to 2sk  Did you ever
bave a pam like this before?  Having thus defined fus com
plant and its duration proceed to ascertain the chuef facts in his
hastory
The most logical plan s to take the familv hstory first, but
1n practice it 1s perhaps more conventent to begin with the history
of the present illness to pass from that to an inqury mnto the
patient s previous health and thence to the family history It s
usually suffictent to mquire regarding the state of health or cause
of death of the immediate relatives only—the parents broth=rs and
sisters and 1f the patient 1s marnied of huis own chiddren if any
These facts may tell us whether he 1s predisposed by heredity to
any particular disease or whether he has reason to be anxtous about
a particular disease because he has seen a relative suffer and per
haps die from 1t

Next comes the soeal history whuch includes the patent s mental
attitude to his Ife and hus work Here 1t 1s well to begin with
whatmay be grouped togetheras the patient s physical and emotional
environment fns surroundings both at home and at work, and his
habits  One should endeavour to visualize the life of one s patient,
sharing tus emotions and viewing step by step his daily habits hus
dret and tus work. It will often be found advantageous to ask the
patient to gve a brief account of a typical da

Inquire 1nto (@) the exact nature of huis occupation (oot merely
the name of his trade but what precisely his work involves) and
whether or not 1t exposes lum to mjurious influences  former
occupations should also be noted  Sometimes one should inquire
1nto a patient s busmess affairs his ambitions anxieties quarrels



4 CASE TAKING

and 1n general hus attitude to lus work  (8) His home surround
1gs their samtary conditions and the posstble existence of over
g (o) His 1 hips his fecltngs about the

other members of his famuly fus own psychological make up his
mterests his hobbies fus hopes his fears the holidays he gets and
whether he enjoys them the amount of exercise he takes the games
he plays and 1 general the sort of hfe he leads and the sort of
person he 15 (d) The nature of his food and the extent of his
indulgence 1o such articles as alcohol and tobacco () Whether
or not he has lived abroad and if so n what part of the world and
whether he was dl there

One should take up next the question of the patient s previous
health  Ascertamn what 1llnesses he has had when he had them
and their duratton  Be careful not to accept uncritically a diagnosts
of a prevtous tllness find out by whom the diagnosis was made and
confirm this if possible by a few questions as to the symptoms
experienced  In all cases the patient should be questioned specific
ally for a history of rheumatic fever chorea scarlet fever tonsillitis
pneumonia and exposure to tropical disease  Adult males should
be asked whether they have had a venereal disease and 1f necessary
whether they bave run the sk of 1t Jn the ¢ase of female patients
nformation regarding venereal disease should as far as possible
be obtained indirectly and 1n these circumstances questions should
be put as delicately as possible  Fertale patients should also be
asked about menstruation  In the majonty of cases meostruation
oceurs every 28 days but the 1atervals may be longer or shorter
according to the patient s habit  If menstruation has ceased one
must mqutre how long 1t has been absent  Normally the cessation
of menstruation or menopause should not occur uaty about the
45th year or later It 1s also necessary to inquire whether the
patient 1s losing more or less blood than usual  The menstrual
flow 1s to be regarded as abnormal if 1t lasts for less than two or
more than eight days The presence or absence of pain at the
gFeriods must also be noted

We arc now ready to obtain the history of the present disorder
Ask how and when 1t began getting dates of the chief events 1f
possible and wheth=r suddenly or gradually ~what was the fisst
thing the patient noticed wrong what has been the order of
appearance of his symptoms and which are those that chiefly
trouble lum at the present ttme  The use of medical or pseudo
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medical terms should be gently but firmly discouraged A patient,
forinstance whosays uscomplamtis catarrh or rheumatism
should be asked to describe what exactly 1t 1s that he feels wrong
Ascertain whether or not he has already been under treatment and
1f so what has been done for hum

Thus completes the general interrogation and includes the ctuef
facts that have to be wquired 1nto 1 every case

2 The special interrogation must be modified according to the
particular organ which 1s thought to be affected and the nature of
the disease of which 1t 13 suspected to be the seat It 15 only by
expertence that one can tell what 1t 15 esseatal to ask 1n each
rdividual case In order to help the beginner there follows a
scheme of mterrogation which he can pursue when he has reason
to suppose that the patient s general symptoms poat to an affection
of any particular system or organ  Such a scheme 15 necessartly
v 1y far from complete and may require to be supplemented 1
individual cases  One 1s not able tn such a work as thus to explun
why such and such questions should be put 1n affections of thus or
that organ or system ‘The reasons for the questions the student
will find out for himself  Our present object is to help hum 1a the
nterrogation of his cases so that he may not miss any important
facts

1 Almentary system and abdomen

(@) Symptoms point to an affection of the upper alimentary tract
Inquure regarding—

Pain —What 1s its seventy and exact site 7 Is 1t Jocalized or diffuse ?
Does 2t raduate 1n any particular direction ?  For how long has he been
subject to 1t 2 Has he had intervals of complete freedom ? If so for
how long ? What 1s its relation to meals (f any)? Does 1t wake hun
at wght? What thin,s ageravate 1t? What affords relief eg food,
alkaline powders vomiting ?

Appetite —Is 1t excessive or dumurushed 7 If duminushed, 1s hus appet
really bad, or 1s he affaid to eat on account of pan

Meals —Arran, ement of these the nature of the food. Is tie det
adequate 10 amount and 1n esseatial constituents ?

Sensations referred 1o stomack —Thexr nature and where evactly they
are felt Their relation to the taking of food are they produced or
relieved by 117 How long after food do they come cn? Are they
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specaally 1afluenced by different kinds of food 7 Distingussh especially
between pamn  and mere sense of discomfort or  fullness

Yomting —Frequency by day or by mght 1in the morming or 1n
the everung  Tts relation to food' 15 1t only after food or does it occur
at other tunes? Iis relation to pain  does 1t relieve pain or not 7

General characters of vormuted matter —Its amount and colour Is
there ever “coffee grounds  vormting 1s 1t ever sour and frothy 7
Does 1t contam residues of food taken days before ?

Flarulence —Relation to particular articles of food Does the flatus
tend to escape downwards or upwards ? Does either form rcheve the
symptoms ?

Water brash —Does he ever expenence excessive secretion of saliva
nto the mouth with regurgitation of mouthfuls of clear tasteless flud 7

Heartburn —Does he suffer from a burniag sensation behind the lower
end of the sternom ?

(b) Symptoms posmt to an affection of the wsestnes  Inquire
regarding—

Diarrhea ~—Number and time of occurrence of motions during the
day  thetr relation to meals or to special articles of food Colour of
the motions  are they formed unformed pornidye hike frothy or frankly
watery 7 Has he ever passed any blood or sime 2 Is there any strain
i, uring ? 1Is there pamn or pain
at the anus dunng defecation ? Does the patient use purgatives or
doaes he take anything else eg beer Iikely to produce loose motions 2

Constipation —What 15 hus usual habit? Are the bowels opened
regularly and if so how often ? Has there been recent change in bowel
habit 7 How long since the last motion 7 Has he ever notwed a
grooving or flattening of the mottons 7 Does the constipation alternate
with diartheza 7 If so can this be explamned by the taking of purgatives ?
Has he any gnping pan? Has he had any vomiting 7

Pain—Site  radiation and character 7 Persistent or ntermuttent ?
Where 15 1t felt worst 7 Is it relieved by defacation or by the passage
of flatus ?

(<) Symptoms powt 1o an affection of the hver or gall bladder—
eg patient 1s jaundced or has pain m the region of the Iner
Inquire regarding—

Pain—1Itssite  Has he ever had any attacks of very severe pawn coming
on suddenly and lasting for a few hours ? Ifso did the pain radiate and
1 what direction 7 Was there vomiting with 1t 2 Was he yellow after
it subsided 7 Has he ever had pain 1n the tip of the shoulder ?

Has he noticed any change in the colour of the unine or ficces ?
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Inqure also regarding his digestion on the lives of the interrogation
already laid down for affections of the stomach &

2. The svmptoms pount to an affection of the circulatory system
Inquire regarding—

A Bustory of rheumatic fever chorea scarlet fever or diphthersa  (If
a child ask also about sore throats and * growng pams )

The following subjective sensations —

Dyspnea —When does 1t come on? s 1t present at rest or only on
exertion 7 What degtee of exertion 18 necessary to produce 167 Does
he have attacks of breathlessness at ry_ht? Has he to sit up 1 bed,
or can he sleep lying down ?  Precordeal pan or distress  1ts exact site
and character  doesit radiateornot? Ifso m whatdirection 7 Vhat
precipriates it and what if anythng relieves 1t? Palptanon  what
briags 1t en and how long does 1t last 7 Does the beart give an occa
sional thump now and then ”

Ask for signs of general venous congestion—c g do the feet ever
swell 7 Has be any cough? What 1y the state of the diestion ?

3 The symptoms and appearances pomt to an affection of the
blood Inqure regarding—

Family history of bleeders Has he bad any loss of blood ? Are
the stools ever black? Has he blecding pies? (If a woman—is
menstruation excessive of dununished ¥ What kiod of a diet does he
eat? What drugs has he been taking and to what chemucal substances
15 be exposed 10 hus work or home ?

Such subjective sensations as breathlessness on exertion  headache
gddiness  palpitation.

Do the feet ever snell 7

4 The symptoms pornt to an affection of the respiratory organs
Inqure regarding—

Family history of phthisis  The patient s occupation  does it expose
him to the inhalation of wntating fumes or particles? How 13 huis
appetite ? Does be sweat at arht? Is he gettmg thuner? How
much does he smoke 7

Cou, b —Its character and frequency when 15 1t werst? Does 1t
cause pam or not ?

Expectoration —Its amount and general characters  ever blood 1t ?
If so bow much

Pain 1n chest-—\Where 15 1t seated? Is it aggravated by taking
a breath? Is 1t constant or not?

Dysprzra —When 13 1t felt 7 If spasmodic ask hum to describe an
attack
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5 The symptoms pownt to an affection of the hudneys—eg

d urnary passag g pamn m Inquire
regarding—

History of scarlet fever tonsillitis or previous repal disease

Has he any pain 1n the lumbar region ot any attacks of acute pain
shooting down mnto the groin or testicles ?

The tollowing remote symptoms —

Headache vomutng drowsiness paralysis or fits dimness of vision
dyspncea

Docs the face ever look puffy i the morntng 7 Are the ankles swollea 7

What 1s the state of the bowels ?

Inquire regarding mucturition as follows —

Urine —Is it altered n 2mount 7 Has he to nise in the night to pass 1t ?

Is 1t altered 1 colour? Is it clear or turbid when passed ? Ever
any blood m 1t ? It so at what peniod of mucturttion Is 1t present ?

Is there any increased frequency of micturition ? Is the increase by
day or by mght? Is there an crease i volume passed ?

Is there any pam duning mictuntion 2 Js 1t before during or after
the act ? What 15 tts character and where 15 1¢ feft ? s 1t aggravated
by movement ?

6 In skin diseases

Inquire carefully into the patients personal habits as regards diet
clothmg and washing What 15 huis occupation ? Does he handle
chemucal substances or other wntants 7 Ask if he has been taking any
drugs recently It may be nec ssary fo mnquire carefully regarding
syphihis  Does the eruption itch ? If so when 1s the itching worst 7
Dud the eruption appear all at once or m crops? Does he suffer from
asthma hay fever or any other allergic conditions ?

7 The symptoms pomt to an affection of the nervous system
Inquire regardmg—

A family hustory of mental discase paralysis or fits

The nature of the patient s work 15 he exposed to any poisons—e g
lead, mercury manganese carbon isulphide or other volatle sub-
stances 2 Syphuilis and alcohol should be nquired about with special
care  Has he been exposed to tropical infestations ?

In cerebral cases 1t 18 important to inquire regarding discharge from
the ear

Should he plain of fits the following g should be
asked —
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Age at first fit? Any assigned cau e ? Describe the first it When
did the second occur 7 What has been shortest and Jongest 1nterval
between the fits? Are they more or less frequent now ? Do they
occur 1n sleep or not? Has he any premomition or aura? What s
its character 7 How long before the Joss of consciousness does 1t occur ?
Ts the onset sudden or gradusl? Are convulsions present? Are they
general or local 7 Where do they begin and end ? Doeshefall?  Has
he ever hurt hunself ? Does he bite lus tongue muctarate or defecate
during the fit 7 Are there any after symptoms such as sleep headache
automatism or paralysis 7 Is there any subsequent mental disturbance 7
Because these patients are seldom clear as to the exact nature of their
fits 1t 15 essential to nterview separately a relable person who has seen
the patientn a fit The word fit 15 undesirable at a first questioning
and attack 15 preferable

If he complams of paralysis inquire regarding—

Symptoms of heart disease hypertension or diabetes {see Circulatory
and Unnary Systems) Had he any premonttory symptoms before the
onset? How did the paralysis come on? Suddenly or gradually ?
Has he any beadache or vomsting ? Where 1s the headache situated ?
Has he any giddiness or difficulty m walkin, 7 (The method of elcitmg
other subjective symptoms of nervous disease 15 considered along with
the smvestigation of the cranil nerves s Chap IX p 278)

8 The followmng spectal scheme for cases presenting mental
symptoms will often be found useful —

The mental condition of the patient 1s assessed by (1) what we observe
of s behaviour (2} by the way he responds to our questions
(3) by the mformation which 18 given us by his relatives and friends
Points about the behaviour of the patient are alone mentioned here
Qur picture of lum rests not only on how he behaves but on how
he tells bus own stor

Is he reasonably cl.an and neat or ankempt of hair nals and un
shaven 7

Is he reacting 1 the expected way to his complaints or s he over
talkative or almost mute ? Does he display unwarranted hilanity
fussiness or resentment ? Is he placid orexcited ?  Are both his
conversation and fus movement slower or quicker than one would
expect ? Does he comprehend where he 15 or is his consctousness
clouded—shghtly senously (state of stupor) or 1s he unconscious
{coma)? Is he mcontinent of fzces or umne ?

Is he dle actne co-operative of not? Can his attention be held
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or does 1t wander 7 Does he answer questions directly or slowly
or make unexpected replies?

Does 1t appear that he 18 intelligent or dull witted ? Is the story which
be tells to the pomt or discursive and vague and 8 this due to
some temporary clouding or permaneatly poor mentality 2

Any other information suggesting a disturbed mental state should be
ncluded 10 the chmcal note  The detailed way 1n which a fuller

15 to be will be found on p 270

9 The symptoms pomt to an affection of the bones or jounts

Inquire specially in the famuly history for tuberculous disease and
1 the personal history for tuberculous disease previous mamfestations
of gout or theumatism for syphilis or gonorrheea and for any remote
or recent injury (and ta a woman for leucorrheea)

IF there 1s pain referred to a bone ask whether it 1s worse during the
day or dunng the might If the pan 1s 1n 2 jont ask whether it 15
present constantly or only when the joint 1s moved Does the pan
shift from one joint to z2nother ?

10 The following notes on taking of an occupational history will
be found helpful

In clinical practice the occupational history s often valuable and
there are few surer and quicker means of gaing a patient s confidence
than the display of an intelligent knowled,e of hus Job Xt 13 a wise
rule to take the occupational history from the time the patient left school
Record the dates and stems of all subsequent jobs  He may be exposed
10 a nowous substance responsible for hus il health in his present occupa
tion but this should not be assumed A man describing himself as an
wce<ream vendor may have cancer of the skin of the hand due to work
1n the pitch beds of a gas works 20 years before  Ask the patient the
name of his trade the processes employed the tools used and the sub
stances handled The name of an occupation may be msleading for
differcnt names are used for the same process in different parts of Great
Britain

It often happens that workmen and foremen refer to chemrcal sub-
stances by thew popular names and not by their chermucal names  Ex
amples of such names are lunar caustic for silver mitrate chrome yellow
for iead chromate wood spint for methyl alcohot and on of aurbane
for mtrobenzene  The man may be ignorant of the nature of a substance
he uses and know 1t only by a trade name  In such cases 1t 15 best to
commumicate with his works mana er and ask what 1s the nature of
the substance 1n question

Question fum as to the general conditions at his place of work If
vecessary ask hum to sketch on paper a plan of his workshop and of
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the apparatus he uses  Is the Job dusty and if so what tools make the
dust? Are there fumes or vapours and if so what are the chenucal
substances involved ?  Most of the toxic substances encountered 1n the
dangerous trades enter the body by mhafation Ask whether a hood
1s installed over lus bench and whether 1t 1 connected to a suction
system. _Ask about the provision of protective clothung at his place of
work  Does he wear a spectal suit gloves of 50, JJes and why ?  Fuaally
ask whether any sumilar illaess has befallen a fellow workman

‘Whenever senous doubts and difficulties anse 1t 1s advisable to visit
the factory 1 order to ascertam the conditions of work on the spot
In difficult cases the practitioner should enlist the help and advice of
the Factory Department through HM Semior Medical Inspector of
Factories Minstry of Labour aud National Service 8 St James s Square
London SW1

Other aspects of the history are no less important A particular
1liness may render a man temporanly or permanently unfit to do ks
work  The doctor should know that conditions peculiar to certain
trades may cause discase whi b predisposes to infection  Thus silicosis
leads to an excessive mortality from pulmonary tuberculosis and also
from pneumoma Diseases other than infections may be mvolved
For example 3 heavy mortality from currhosis of the liver as well as
from tuberculosis exists among publicans barmen brewers draymen
and others who have ready access to alcohol

The doctor should have regard for his patient s work even when he
1s suffering from a disease which 1s pon occupational  one must know
whether a man does a job which makes tum a danger to others A
dairyman with open tuberculosis can contamuizate milk with tubercle
bacilli by coughung mto 1t and those who handle food can tmtiate out
breaks of typhoid fever dysentery and cysticercosts by acung as carners

11 If the patient 15 a young child the following special questions
should be put ta the mother or other respensible person —

How many other children arc there 7 Any dead and of what 7 Where
does patient come in the famuly? Have there been any muscarria es 7
If so when ? Health of father s and mother s famuly ? Mother s health
during pregnancy

Was this a full time chuld 7 Was the labour normal 2 Was the child
breast fed 1f so howlong? Ifnot how wasitfed ? When did mixed
feeding begin ? What food does 1t get now? Had 1t any rash after
birth or any snuffles 7 When did st begin to get ats teeth to walk and
to taik ?

‘What is the usual state of the di estion and bowels >

Tnquire regarding previous illnesses Infectious diseases and ages at
which they occurred (meastes whoopingcough chicken pox s arlet
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fever etc) Fits (oumber and dates) attacks of diarrheea vomuting
sore throat or bronchstis  Has there been any runming from the ears ?
Have there been severe persistent mb or jomnt pams? If the child
has a cough inquire whether 1t has ever whooped when the attacks
are worst and whether the cough 15 ever followed by vonuting

The interrogation of the patient bewng completed proceed to—

I THE PHYSICAL EXAMINATION

Investigate first the patients general state  This ncludes the
general condition of his nutnition the presence of any obviously
morbid appearances and other pownts constdered n detail 10
Chap II After that proceed to an examnation geographically
from above downwards afterwards wnting down the findings
under the varous systems The results yielded by nspection

and should always be stated 1o

that order

One more point regarding case taking remains to be emphasized
and that 15 to note negative as well as positive facts It 15 often
quite as essentral for example to state that such a symptom as
dyspncea 15 absent as to record the fact of its presence This1s a
point which may not be fully appreciated by the begiumner

It need hardly be siid that the examination should be carried out
as gently as posstble all umnecessary exposure exhaustion or
chilling of the patient bemng carefully avoided If the patient 1s
suffering from severe or acute disease 1t my be advisable to
postpone all physical examination other than that which s absol
utely necessary for the diagnosts of hus condition or for gurdance in
treatment  Remember that when a patient 13 much exhausted or
suffering from serrous disease of the lungs or heart sery dangerons
and even fatal results may ensue If he 13 thoughtlessly made to sit
up 1n bed 1n order to have hts chest exanuned

CASE TARING SCHEME
I INTERROGATION

Name Age Occupation Marmed or smyle  Address  Date of
coming under observation

Presenting complaint
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Duration

Fanuly history
Inquxre regarding parents brothers and sisters and patknts own
hildren  Note state of therr health  or the case of their death
th a.e at which they died

Personal lustory

Social hustory —Environment nature of work and its surroundings
Hygrenic conditioos at home  Mental attitude 1nterests hobbres
fears and ambitions

Previous dinesses or aceidents (f any) with their time of occurrence
duration and results

Habits as to exercise food alcohol and tobacco

Present iiness —Tame and mode of its ongin the order 1 which
symptoms appeared and the chief symptoms which trouble patient
ow  treatment (:f any) already employed

X PHYSICAL EXAMINATION
General

While takimg the history and 1 the course of the examumation the
followmng pomnts should be observed —

General aspect of the patient appearance of illness
wntelligence

Temperature and pulse ate

Skin colour cyanosis 2n@mia  jaundice  pigmentation
Skin eruptions

(Edema ~ wastin,,  obesity

Body har

Deformities  swellin,s

The main exanupation begins with the head and neck and proresses
down the body
The Head and Neck
Skull shape percussion and auscuftation
Hair

Eyes Exophthalmos ptosss cdema of hds
Conjunctive  anxmua jasndice nflammation
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Pupils size equalty regulamty reaction to hght and accom
modation

Eye
F{mdl
Acuity of vision and visual fields

Ears  Inspection of drums and simple tests of heating

Face Function of motor and sensory parts of fitth nerve
Function of seventh nerve

Mouth gnd pharynx (2 tongue depressor and torch should be used)

reath

Lips  colour and eruptions

Tongue protruston and appearance

Teeth and gums

Buceal mucous colour and pigs

Pharynx movement of soft palate state of tonsils
Neck Lymphatic glands

Venous distension and palpation of carotid vessels

Thyroid
Movements and muscle power

Upper Limbs

General examunation of arms and hands

Finger nails  clubbing  kotlonychia

Pulse rate shythm volume  character thickness of arteral
wall of raduls and brachals

Axillz  lymphatic glands

Blood pressure

Nutriion power muscle tone  tendon reflexes  co-ordination
and sensation

Jomts

Thorax
1 Anterlorly and laterally
Note the type of chest and any asymmetry
Rate depth and character of resptration
Pulsations
Dilsted vessels
Define the position of the trachea by palpation
Look for the apex beat
Palpate apex beat
Palpate over precordium for thrilfs and over any visible pulsations
Define the area of cardiac dullness by percussion
Auscultate the heart sounds
Palpate respiratory movements
Esumate tactile vocal fremitus
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Percuss the lungs
Auscultate the breath sounds
Estimate vocal resonance

~

Posteriorly (patient sittin,)

Inspect and palpate chest expansion—apices and bases

Estimate vocal fremitus

Percussion of chest

Auscultation  breath sounds  vocal resonance

Note and palpate _deformuties of spine  spinal movements and
the presence or absence of tenderness  cedema of lumbar pads

Palpate from behind  cervical glands  thyroid

Abdomen

Inspection size shape distension  symmetry movement of
abdominal wall difated vessels scars umbibicus  wvisible
penistalsis  pulsations  pubic hair  hermal onifices
Palpation  tenderness nigdity  hyperesthesia  splashing 10
creased resistance to palpation masses flud throll hver
spleen  kudneys abnormal masses

Percussion  when necessary

Auscultation  when ne essa

Hernal onifices patency mpulse on coughing

Inguinal glands

Gemtalla  perss  scrotum  spermatic cord and testicles
Abdomnal reflexes

Rectal examination

Vaginal examnation of indicated

Lower Limbs
General exammation of legs and feet
(Edema—pitting of skun over ankles and thihs
Nutntion power muscle tone iendon reflexes  co-ordination
and sensation
Jomts  Pulsation an dorsalis pedis and posterior tibial artenes

Examination of Excreta
1 Urne

2 Sputum
3 Stools }naked eye deseription includin,, amount
4 Vomtus,

In addition o the above scheme a full neurological and/or psycho-
fogical examnation may be necessary Neuroloical exammation 1s
described i Chap IX and a brief outime of psychological exammation
15 1ncluded 1n this chapter



16 CASE TARING

Wnitng out the physical exsmunztion

The date must be given  Whatever the ordet 1n which the examination
was performed st should be described systematically  Relevant negative
findings are 2as 1Mportant as positive ones

General —Begm with 3 descnption 1n ope o two senten-es of the
general appearance and mentality

Record the temperature
Record the state of —
Mucous membranes
Skin
Afouth
Nails
Hair
Thyroid gland
Lymphauc glands
Bones and jouts
Note the presence or absence of aneaua Cyanous janhdice frdema
clubbing of the fingers and the condition of tongue fauces tonsils
and teeth
Cardiovaseular System

Pulse

Condttion of other arteries

Venous engo t

Pylsations and thewr character

Heart —position of apex beat and us character  presence or
absence of thrills character and mtensity of hedrt sounds
murmur® and their propagation

Blood pressure

Respiragory System
Rate and character of respiration
Position of trachea
Shape of chest  symmetry
Results of tnspection palpation percussion and auscultation noting
areas affectsd 1f any abnosmahity s found
Sputamt  quantity and character

Abdomen
Inspection  shape  distensson (genera] ot local)  movements with
respuations  venous distension  umbilicus  pulsation visible
istal.is
Talpatson and p ngdty  hyp
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16 CASE TARING

Wnting out the physical exanunation

The date must be gnen  Whatever the order in which the examination
was performed 1t should be described systematically  Relevant negatine
findings are as important as posiive ones

General —Begin with a description tn one or two sentences of the
geperal appearance and mentality

Record the temperature
Record the state of —
Mucous membranes
Skin
Mouth
Nails
Hair
Thyroid gland
Lymphatic glands
Bones and jounts
Note the presence or absence of anemia cyanosis jaundice cedema
clubbing of the fingers and the condition of tongue fauces tonsds
and teeth
Cardiovascular System
Pulse

Condition of other arteries

Venous engorgement

Pulsations and therr character

Heart —position of apex beat and its character  preseace or
absence of thrills character and intensity of heart sounds
murmurs and thewr propagation

Blood pressure

Respiratory System
Rate and character of respiration
Positton of trachea
Shape of chest  symmets
Results of tns ympalguon p and
areas affected, 1f 2ny abnormality 18 found
Sputum  quantity and character

Abdomen

Inspection  shape  distension {general of local)  movements with
respirations  venous distension  umbilicus  pulsation  vistble
ristalsis

Palpation and § ngidity

noting




PHYSICAL EXAMINATION 17

fiver  spleen  kidneys any other abdominal masses  ascites
heral onfices

Auscultation  penstaltic sounds

Spine

In men gemtaba rectal exarmunation

In women vamal and fectal examunation as mndicated

Nervous System

General Mental state intellectual functrons emotional state
speech and articulation  gart

Cramal nesves  In any neurological case a full descrnption of the
examination of the cramal nerves taken t thewr order should
be given

Upper bmbs

Trunk

Lower limbs

Physical signs should be described n the following order —
‘Wasting and fasciculation  power tone co oidination reflexes
sensationt

Urine
Colour  reaction  specific gravity sugar albumin  blood
deposit (mucroscopic examimation)

Stools Sputurn ani ¥ omt should be descrnbed

Duagnosis

(Prognosis)
Nates of Treatment and Progress

(Darly notes 1y acute cases i others make a note of progress every
three days)
State on dismussal

If patient died add notes of post mortem (f held)

cM—3B



CHAPTER It

GENERAL CONDITION AND APPEARANCES

Ir should hardly be necessary to say that a proper phystcal examina
tton demands the absence of nose and an adequately warmed room
Good daylight 15 essential for the perception of colour changes
such as those present in anzrua and cyanosis while shght degrees
of Jaundice cannot be seen at all in artificial ight  For a complete
physical examunation the patient should be stupped completely
and covered with a blanket or dressing gown though only the part
or parts actually betng examined need be uncovered at any one time
Even so 1f the examinatton 1s attempted 11 a cold room the patient
usually shivers  This 15 distressing to him and makes most forms
of exammation useless  In particular 1t 15 tmposstble to auscultate
the chest as strange noises are produced 1n the stethoscope by
shivering muscle  Ideally another woman should be present when
a male doctor 1s making any examination of a female patient and
thus 15 essential i the case of rectal and vaginal exammations
both to reassure the patient and to protect the doctor from sub-
sequent accusations of impropriety

Physical exammnation proceeds by the time honoured methods of
nspection palpation percusston and auscultation apphed with
appropriate modifications to the different systems and parts of the
body It may be said however that the experienced doctor begins
hus examination as soon as the patient enters the room just as he
continues taking a hustory ull the patient leaves 1t Examunation
of systems may provide information about the state of organs and
functions but it 1s also tmportant to try and view the patent as a
whole

Thus from the moment of meeting the patient and while taking
the history the expenrenced doctor will be making observations
The pattent s gait as he walks into the room his posture when
sitting or standing his dress spcech demeanour manner of
answenng q level of nd 1 state may
all yield valuable mformation  What kind of a person 15 this?
What 1s his background ? What 1s he thinking? What 1s he

18
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feeling 7 Is he 1n general a happy person of an unhappy one ?
He 15 probably anxious  Is s anxiety propartionate to the sign
of disease present and reasonable or disproportionate and un
reasonable 7 ‘What s the real reason for hus commng to see 2 doctor
at this particular ume ? Doctors vary 1 their ability to answer
questions of this kind zod the skill to do $o can n any case only
come with actual practice Students should realize that an
important function of their periods of clerking in wards and out
patient departments 1s to give them an early opportumty to acquire
something of this ability which cannot be gamed from any textbook
or lecture

One of the first things to observe about 2 patient 1n bed 15 hus
attitude  In health a person lies 1 any manner in which he feels
comfortable He changes hus position without much difficulty from
time to time 2nd has no hesitation 10 altening hus attitude 1f be ships
from hus pillows or feels otherwise uncomfortable  But the tress
of disease will often confine his activity 1n narrow bounds  When
fever has run high or when some other cause has reduced the
patent to extreme weakness and dulled his consciousness he no
longer makes any effort to secure a position of comfort but passiely
slips downwards from hus pillows and lies listless flacaid and silent
even when the resulting atttude 15 such as to render the act of
breathing unnecessanly exhausting

Patients with heart failure and congestion of the lungs are often
unable to Lie 1n a honzontal position and must sit more or less
upright 10 a chair or propped up with pillows  This difficulty
breathing when lying flat is referred to as orthopneea

In abdonunal disease the aspect of the patient 1s often character
1sic  When pentortis 15 present, he lies on his back sull and

{ quiet breattung very shallowly to allay the pan that movement

produces  Sometumes one or both legs are drawn up depending
upon the extent of the inflammation

In colic there 1s often great restlessness which contrasts vividly
with the fixed attitude of pentomtis 10 renal eohe the patient rotls
about and tries one position after another 1n futide search for a
posture free from pamn

Pattents who are attacked by acute rheumabism have a
aspect of helplessness the limbs Jymng motionless the jomnts beng
swollen suff and painful

Vanous diseases of the nervous system produce charactenstic
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atitudes  peculiarly important 15 that of mentgitis where in the
severest cases the neck 15 bent backwards so that the head seems to
bore 1nto the pillow

When possible the phystcian should not only study his patient
n bed but should also see hrm up and walking  Many very
charactenstic attitudes which are of the greatest value 1n forming
a diagnosis can only be observed when the patient is 1n the erect
posture  Thus the forward stoop and festmant gait of paralysis
agitans are as characteristic as the mask like factes tremor and pill
rolling movements

‘When the patient ss standing observe (1) the pose of the head
(2) the set of the shoulders  (3) the inchnation at which the trunk
1s carnied on the pelvis—thrown back m hypertrophic muscular
dystrophy 1n pregnancy and i massive abdommal tumour—often
bent forward when abdomunal pamn 1s present  (4) the positton of
the arms and hands  (5) the outline of the lower hmbs

When the patient walks any peculanty n his gat must be
observed The more important types of gait are described mn
Chap XI but 1t should be remembered not only that alterations
may be due to diseases of the muscular and nervous systems but
that Jocal conditions 1n toes heels or i any of the jounts of the
ITower imbs may produce charactenistic effects

Notice should be taken of the dress  Apart from masanity where
the patient s clothung 15 freq dishevelled or g que one
may discover indications of a local or general change 1n s bulk
c; tus boots may wear unevenly m consequence of some abnormality
of gait.

The general development and nutrition of the patient should be
compared with the exammners opinion of the normal for the
patients age sex and physical type  In medical exarunations for
nsurance purposes it 1s usual to record the chest measurement
dunng wnspiration and expiration at the level of the mpples (in
male subjects) and also the waist measurement  If the latter exceeds
the former either the subject 1s unduly fat or the abdomen 15 en
larged by disease usually by the presence of flmid (ascites)  Wide
variattoos 1n build are compatible with good health  The following
tables show 1deal weights for different heights and builds

In assessing nutnition one notes whether the pattent 15 too stout
1swell nounshed oris emacrated  In health these 1s a fair quantity



IDEAL WEIGHTS FOR MEN (AGES 25 AND OVER)

Hogne
it fhoe )

Woght nPound { ordn dyde en)

l Sm tt M dum L g
F o Fram Fuo
‘l\ m.
52 116-125 124133 13(-141
53 119-128 127-136  133-144
]5 4 122-136 130140 137-149
|$3 126-136  134-143 141153
56 129-139 137-147 145-157
57 133143 141151 149-162
5 8 136-147 145-156  153-166
59 140-151 149-160 | 1574170
510 144155 153-164 161175
Rt 148-159 | 157-168 165180
6 0 152-164 161173 169-185
6 1 157-169  166-178  174-150
6 2 163175 171-184 179196
63 163-180 176-189 184202
IDFAL WEICHYS FOR WOMEN (AGES 25 AND OVER)
{ Woghtw P onds{ od nlydres ed)
‘Helghe —_ —_ -
b ho ! Seoalt M dum
| F me Fm
oy b
a1 104-111 110118
50 | 105 113 | 112-120
151 107-115 114-1.2
52 110-118 117-125
53 113121 120-128
5 4 116-125  124-132
s 5 | 119-178 | 121-135
56 123132 | 1304140
57 ( 126-136 | 134144
58 129139 137147
59 133-143 141-151
510 136-147  145-155
511 139950 148-158

|

{(Metropolitan I:fe Insurance Company Stanstical Bureau 1943 )

It wall be noticed that modem tables of this kand make no allowan

for so<alled middle aged spread
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of subcutaneous fat the muscles are of moderate size and firm
texture whilst those which have been called nto special exerctse
the ordinary P of the under may
be unusually well developed  The skin 1s elastic and neither very
mosstnorverydry  When nutrition 1s disordered esther the muscles
become flabby and the subcutaneous fat 15 increased so as eventu
ally to become to1ts p or setsin
Emaciation occurs m the late stages of many discases especially
g growths  pul y tubercul y osis and

drabetes meliitus

To the trammed observer the expression of the patient yields
information of the very highest importance and amongst the factors
which determune expression the eye holds the foremost place
Some patients cannot look their doctor in the face and this tendency
to avoid catching hus eye 15 important possibly imndicating that the
mformation they are about to give lacks truthfulness It may
however simply be due to self consciousness  Sometimes the eyes
are restless g ever, of the d: as often
occurs n phtlusis  at other times they stare vacantly regardless
of all that 1s passing around them—a condition well seen when the
consciousness 13 growmng dull  In exophthalmos the eyes are
prominent often showing a ring of sclerotic above the cornea
or the prominence may be due to a high degree of myopia In
wasting disease or 1n profound collapse such as 1s found 1n cholera
the sunken eyes and half-closed eyehds cannot fail to command
attention

The lower eyelids are puffy and cedematous e pecaally mn the
morning when the patient 1s suffenng from acute nephnitis  and a
like appearance 1s often to be noted in patients who are suffering
from severe paroxysms of cough It 1s charactenstically present
n chuldren affected with whooping-cough

The nose has a sunken bridge 10 congenital syphilts  the tip 1s
red mn some cases of mutral stenosts n some females with chromc
indigestion and occasionally 1 purely local conditions  Undue
mobility of the ale past may be due fo neurosis or may ndicate
obstruction 10 nspiration and 1s 1n ths yespect very important to
look for ininfants Young persons who suffer from adenoids and
to a lesser extent those afllicted with enlarged tonstls or chronre
bronchitis have pinched noses and open fishy mouths  The mouth
1s kept open to reduce resistance o the entry of air whilst the
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pmnching of the nose 1s due to falling 1n of the al® nasi where they
lose the support of the nasal bones which do not develop properly
under these circumstances

The lips ate pale in an®emia  lvid and bloe 1n congestive heart
falure  The vesicles of herpes febrilis on the Iip are very often

with of the resp y tract and their

presence should lead to a close search for pneumonia

The ears are often 1l developed 1n 1dtots and sometimes hema
tomata develop sn the wnsane  Of greater frequency 15 the occur
rence of topht m persons of gouty habit

The checks give valuable information regarding the patients
health  In anemia and aortic regurgttateon they are pale  1n some
cases of mutral stenosis there 1s 2 bright crreumseribed flush over
the malar bones 1 many persons who lead an open air bfe they
are ruddy and high-coloured 10 congeswve heart failure they
are also high<coloured but the colour 13 of a bluish tunt which
cannot be mustaken for the rubicund cheeks of weather beaten

ople
Pche form of the cramum may also ndicate some powts of
mportance to which reference 1s made 1 Chap XI

In addition to the appearance of individual features the general
expression of the patrent must be poted  Is it ammated apatheuc
or has it the absolute vacancy of unconsciousness? Are there
wiinkles on the face ot 1s 1t smooth  of 1s one side smaoth and
the other wrinkled as one sees i1t m unilateral paralysts of the
seventh perve 7 Is the mouth drawn over to one side and 1s there
any other lack of symmetty between the two halves 2 The expres
ston may be charactenstic of pam or may show a placidity garn
saying assertions of severe agony An anxious aspect often
presages severe illness at @ time prior to the appearance of any
other signs and symptoms Twitching of the face sometimes
results from a nervous habit at other times 1t 15 a symptom of
defintte disease of which chorea affords a good example ~ (Plates

2)

When pam 1s present facial featurcs are often differently affected
according to its situation  Pam the head whether stmple head
ache or of orgamc onigin causes the sufferer to frown  pam n the
chest and abdomen tends rather to affect the expression of the lower
the face  These signs are of peculiar importance m the case

part of
ren who cannot describe their suffermgs

of chuld;
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The physiognomy of msamity 1s often characteristic but descrip-
trons of 1t must be obtained from special fextbooks In sertous
1llness the nose 1s often pinched the eyes sunken and lustreless and
the chmn and malar bones sharp and promment

The state of the skin where 1t 15 exposed must be carefully m
vestigated  In the face we notice especually the complexion  This
15 dependent on two factors-—the colour and the transparency of
the skin  The most important at are pallor
pigmentation and cyanosts Pallor occurs 1 anemic states and
also in famting or severe nausea  Anzmua however 15 to be judged
by the colour of the blood rather than that of the patient and the
colour of the skin may be most musleading  That of the mucous
membranes of the mouth and conjunctivze gives a better indicatton
Yellowness may be due to hzmolytic jaundice when the tint 1s
pale lemon yellow  or to obstructive jaundice when 1t may be of 2
dark yellow or orange colour In obstructive jaundice there may
be excorations from the scratching that results from the mtense
itchung which the bie salts evoke Pigmentation 1s found 10
Addison s disease where 1t affects both the skin and the buccal
mucosa Other forms of pigmentation are described in Chap
VIIT  The cyanosis of embarrassed breathing and of heart failure
does not demand further notice here

It 15 also important to search for entaneous eruptions some of
which—measles and syphilitic rashes for example-—frequently
appear first about the roots of the hair whilst others have equally
distinctive situations  Ulcers and scars should be sought  The
colour and nutrition of the hair and the dryness or mosture of the
skin must be noted  and 1f perspiration 1s present 1ts amount and
situatton  The perspming hands of a rheumatic subject are very
characteristic

‘When an excess of fluid 15 present 1n the subcutaneous tissue the
condition 15 Anown as edema  Thus m acute nephritis an early
symptom 1s cedema of the face especially below the eyes which
comes and goes being most noticable when the patient nises in the
morning  In dependant cedema however which 1s typically
preseat m congestive heart farlure and in conditrons assoctated with
a low plasma protein level the swelling first appears at the ankles
and over the dorsum of the foot and only gradually mounts to
the legs thighs and trunk In Jocal venous obstructron the
cdema 1s confined to the parts from which the return of blood 1s
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impeded In this way one finds cederna of an arm when cancerous
axilary glands constrict the axillary vern or cedema of a leg m
thrombosts of the popliteal or femoral vein  (Edema of the whole
upper part of the body may result from mtrathoracic tumours or
more rarely from compression of the superor vena cava by an
apeurysm  (Edema may be recogmized by the pallid and giossy
appearance of the skin over the swollen part by its doughy feel
and by the fact that 1t pits on finger pressure
Localized edema may be due to local changes 1n capillary per
meability as 1n angto neurotic cedema and grant urticana
18 but if present can be
readily recognezed by the crackhng sensation which 1s detected on
pinching the part affected
‘The hands of the patient merit careful observation (Plate 4)
Notice the strength of gop as he shakes hands  this often indicates
improvement or detenorafion with considerable accuracy Their
general shape should be noted along with the state of the Joints
the character of the nails and the presence or absence of finger
clubbing  In osteo arthnitis the finger jomnts are often mmplicated
and nodules known as Heberden s nodes are formed at the terminal
Jowts  In nerve disease the skin of the hand may undergo trophic
changes becommng thin and glossy or the vessels may be m
fluenced by vaso motor disorders leading to redness or to a palld
and dead looking state of the fingers ~ Characteristic movements or
attitudes of the hand may also be seen in athetosis tetany and lead
palsy Tremor of the hands may occasionally be congemttal  In
other cases 1t 1s due to nervousness senility Parkinsonism  thyro-
toucosis alcoholism dissemunated sclerosis urzmia hepatic faillure
or mercurial possoning  The methods of studymg thrs symptom
are detmled at p 322 In ulnar paralysis the hand becomes
d by of the first phalang buted with
excessive flexion of the rest so that a claw like attitude 15 produced
This 1s known as the mam en gnffe ‘When the muscles of the
thenar and hyp have atrophy the
hand becomes flattened and thus somewhat siman  Jn acromegaly
the hands are massive the fingers bewg spatulate with square tips
the knuckles enlarged and the skin thickened In clubbing of the
fingers the tissues at the base of the nail are thickened and the angle
between the base of the nail and the adjacent skin of the finger 15
oblterated  The nail itself loses 1ts longitudinal ridges and becomes

s
v




26 GENERAL CONDITION AND APPEARANCES

convex from above down as well as from side to side  In extreme
cases the termunal segment of the finger ts bulbous hike the end of 2
drumstick  The condition may be congenital ot acquired ~ Gross
degrees of clubbmg are found in association with severe chronic
cyanosis as in congenital heart disease and 1 association with
chronic suppuration withit the chest as 1n bronchiectasis and
empyema  Minor degrees may be found 1n pulmonary tuberculoss
and 1n chromic abdomunal condittons such as steatorrheea and
ulcerative colitts  In hypertrophic pulmonary osteo arthropathy there
15 besides clubbing of the fingers thickening of the pertostenm of
radws ulna tibia and fibula  This gives rise to swelling above the
wrist and ankle  In rare cases these joints themselves are swollen
A transverse furrow 1n the nail 1s the record of some former inter
ference with 1ts nutation and 1n the absence of a Jocal cause may
ndicate some severe 1llness 1n the recent past  hodonychia occurs
n 1diopathic hypochromic anemia  The nails are soft thin and
brttle  The normal convexity 15 entirely Jost and replaced by
hollowing so great that n some cases eight drops of water can be
un mto the concavity of the nail without overflowin, In wfants
the movements or position of the hands and fingers will often direct
an acute observer to the seat of disease

The neck should always be mnspected and special note taken of
any of the d bed in the paragraphs that follow

1 The state of the lymphatic glands  In secondary syphilis the
glands under the upper part of the trapezius are often palpable
In infected conditions of the tonsils the glands at the angles of the
Jaw are enlarged and those below the jaw in cases of malignant
disease n the mouth  Glands draimng an mflammatory focus are
usually tender  Enlarged tuberculous glands may occur 1 groups
or 1a long chawns beside the sterno mastosd and scars will mark
the ponts of past suppuration  In Hodgkin s Disease and other
reticuloses the glands are enlarged and discrete  In lymphatic
leukzmia there may be great enlargement of the glands on both
sides  If enlarged glands are found esther m the neck or elsewhere
1t 15 1mportant to observe whether they are firm and distinct fused
together or whether fluctuation can be elicited

2 The thyrord gland  Inspect the neck for any general or local
enlargement of the gland and observe its movement with the larynx
as the patient swallows  Then stand behund the patient and palpate
the gland with one hand on each side of the neck  Determine if any
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swelling exssts and 1f so whether 1t 15 uniform or nodular hard or
soft such £:{ exercise Ppressure
on the trachea and occasionally extend mto the thorax behing the
sternum  at other tunes p if the disease 15 mal: the
recurrent laryngeal nervés may become implicated  In cases where
there 1s difficulty 1n determinung whether a tumour 1s connected with
the thyroid 1t1s helpful to remember that the gland and any tumour
connected with 1t moves up and down dunng deglutition

3 Pulsations in the vessels of the neck must be recorded  Any
artenal pulsation 1s both seen and felt as a distinct thrust shereas
venous pulsation 1s seen but 1s not felt as a thrust 1f 1t 1s felt at all
In aortic incompetence the carotd artenes are seen to pulsate
forcibly Women patients with hypertension sometumes show
kioking of the nght common carotid artery which simulates
aneurysm  The jugular veins may be distended in congestive heart
failure  In superior medastinal obstruction due to retro-sternal
gottre or P m the ded veins
may be seenall overtheneck  cyanosis and cederca may accompany
tus sign

4 Bouls and carbuncles are very frequently situated on the back
of the neck As they are not infrequently present 1n cases of
diabetes the urme should be tested for sugar

The character of a patient s respiration 1s often of preat service
m diagno 15 and prognosis When the respiratory passages are
obstructed the normal quiet respiratory sound 13 replaced by more
or less noisy breathing When the obstruction occurs 1n the nose
the breathung 1s sniffing or bubbling i character When the soft
palate 15 relaxed and especially if parafysed 2 snoring
sound s produced  When the ruma glottidts 1s obstructed from any
cause such as spasm or paralysis of the vocal cords or edema of
thelarynx stndorresults  If a2 polypus or other tumour lies between
the cords there may either be stndor or simply noisy breathing
The trachea may have 1ts airway narrowed by pressure from the
outside as m cases of tumour and especially of aneurysm Wwhen the
breathing becomes growling  or mucus may obstruct the lumen
producing a rattbng sound The deathrattle which occurs
when weakness and insensitiveness combine to prevent any effort at
expectoration 1s a typical example of the condition  Obstruction
1n the bronchi sometimes gives nise to audible wheezing and crackling
sounds A division of dyspoceic conditions may be made according
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as the difficulty 1n resprration 1s felt during the isprratory or the
expiratory perjod  Most cases of obstruction of the large air
passages are characterized by inspiratory dyspnea whilst many of
the pulmonary causes of dyspneea produce expiratory difficulty
Common examples of the Iatter are the prolonged expiratron 1n
bronchitis with emph and n attacks  The breath
1ng may be characteristic of diseases quite distinct from those of the
respiratory system  Examples of this are the stertorous breathing
of apoplexy the hissing expiration of urzmua and the wur hunger
of diabetic coma which affects both inspiration and expiratton

If cough 1s present 1ts character must be carcfully noted It 1s
important to observe whether the cough consists of independent

p F or 1s paroxy The former occurs in
early pulmonary tuberculosis 1n pharyngitis and in some forms of
nervous wmitatron  the latter 1s often found 1n severe bronchitis
and 1s typrcal of pertussts  In bronchins the cough 15 at first short
and dry but as the quantity of secretion mncreases 1t becomes more
paroxysmal and continues unt!! the mucus 1s expectorated  When
due 1o early tuberculosis the cough 1s frequent short and sharp
Tt1s described as dry because there 1s no rattling of mucus associated
with 1t Later when the caseous masses are breaking down
secretton 15 more copious and the cough becomes moist and
paroxysmal In severe cases actual vomiting may be induced A
nervous cough generally has the character of single short dry
explostons repeated at ntervals  Local condstons tn the throar
may be the cause of most and p gl an
the observer should look for pharyngitis when the patient complatas
of constant hawking

In pleurisy and preumoma (associated as it often 1s with pleunsy)
the cough consists of solitary dry hacking expulsive efforts
suppressed as much as possible to prevent unnecessary pain but
repeated frequently  In Jaryngitis and croup the cough may be
sumply notsy but more often 1s erther husky or stridulous  When
the lumen of the trachea 1s encroached upon by a mediastinal
tumour oF an ancurysm there 15 generally a very resonant brassy
cough aptly compared to a ganders cry When once heard thus
1s almost sufficient to clinch the diagnosis without further
examunpation

In Jypstersa the cough 1s often loud and barking and gives the
mpression of being produced to attract attention  Such a cough
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13 sometimes associated with hystencal aphonta  Pertussis when
(ully developed s distinguished by a most charactenstic cough
There ss first 2 Jong-dra vr afmost stnduloss spspiratios thes a
serses of short sharp exprratory coughs which follow each other
with extreme rapidiey  The face turns dark and the vens grow
promunent the chuld chags firmly to any support it can find 5o as
to gave full play to the accessory muscles of respiration and when
at last the fit of coughing ends tt 1s followed by a long drawa
whooping 1mospiration The seventy of the paroxysm tnduces
vorting and sometimes causes evacuation of the bladder and
bowel

Hiccough  which results from spwmodic contraction of the
diaphragm 15 a common disorder It 1s usually due to trnial
causes 1t also may occur w affections of the brawm stem the
stomach the perttoneurn and in some general chsorders the most
comman of which 15 uremia  Int these condittons the huccough s
usually persistent

The voice as well as the cough should be studied  The chief
potats to observe are its strength its clanty and whether aphoma
exssts  The vowe may be nasal either through babit or i con
sequence of obstruction 1 the upper airways

Temperature —When takeg the temperature the following practical
points must be attended to —

1 The thermometer must be accurate and of good qualty

2 The thermomeater must be kept in positton Jong enough to
aliow the mercury to reach the body temperature It 15 well to
exceed the pertod which the instrument professes to requre  The
ardwary  half minute  thermometer should be left in position for
one 10 two mmutes

3 In adults the temperature 1s taken in the mouth or in the
aulla 1 young children the thermomeier should be placed in
the fold of the grow and the thigh fleved o the abdomen  or 1t
may be mserted mto the rectum  The temperature of the routh
and rectum s generally at Jeast half a degree gher than that of
the grow ot axilla  When the temperature 18 tiken m the mouth
the patient must breathe thraugh the nose and keep the Iips firmly
closed dunng the observation

4 Before msertng the thermometer make 1t an mvanable rule
1o wash 1t 18 lation or i cold water and see that the mercury is

e
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well shaken down Wash 1t again before replacing 1t 1n its case
In Great Britain the Fahrenheit scale 1s used on the Continent the

Centigrade *
Normal 98 99 F or366-372 C
Subnormal Below 98 F or below 366 C
Collapse 9 5 C
Febrile Above 99 F or above 372 C
Hyperpyrewa 107 F nec

In many conditions notably acute fevers there 1s a disturbance
of heat regulation which may be looked on as the setting of the

thermostatic  mechantsm controlling heat gan and loss at a
higher level than normal While the temperature 1s nising to this
new leve! heat 15 bemng conserved the shan vesscls are constricted so
that the body surface feels cold and the patient may even shiver
violently This shivering 1s referred to as a rigor When the
Igher temperature 15 reached heat loss again becomes apparent
the skin vessels dilatc and the body surface feels warm  This 1s
the state of affars present i sustamed fever or pyrexia

There are three principal types of fever—the continued the
remuttent and the ntermittent When fever does not fluctuate
more than about a degree and a half (Fahtenheit) duriag the
twenty four hours but at no time touches the normal 1t 15 described
as continued  When the daily fluctuations exceed two degrees 1t 1s
known as renuttent (Fig 1)  and when fever 1s only present for
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Fi, 1 —Remittent fever (hectic}) Case of pulmonary tuberculosis
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Fig 2 —Intermttent fevers

several hours during the dav 1t 15 called watermuttent  In remittent
fever the evening tcmpcrature 15 mua]ly higher than the morning
one but i some cases not mp
this type is imerted and the requssion  occurs 1n the evening
whilst there 1s @ morning  exacerbation  When a paroxysm of
intermittent fever occurs daily the type s quotidian when on
alternate days  fertan when two days intervene between
consecutive attacks  quartan

‘When the fever ends rapidly 1t 1s said to resolve by cnisis (Fig 3)
when gradually by lysis (Fig 4)
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Fig 3—Cnsis  Case of lobar Fig 4—Lysis  Case of
pnetmona broncho-pnevmonia
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In the study of any case of fever the pomnts which require to be
observed are the height of the temperature and what s course
has been  what are the rate and character of the pulse  whether
the sk 1s mosst or dry or exhibits any eruption  and which of
the wiscera or secretions are charactenstially affected The
explanation of these points may be found m works on medicine
but therr true significance can only be Jearned at the bedside



CHAPTER §51

THE ALIMENTARY SYSTFM AND ABDOMEN

1 THE MOUTH THROAT AND (ESOPBAGUS

THE MOUTH AND THROAT

The mouth —For the exammation of the mouth the patient should
be placed facing o good bght  If artifivcal ight 15 used it should
be thrown mto the mouth by means of a reflector or a pocket
torch

The hps —Note the colour of the lips  They are blue i cyanoss
pale i aneTia Note the presence of any crusts fissutes or
sleers  The bps should be everted to examge thewr wner surfaces
Herpes febribs of the lips 15 often seen 1n mfammatory conditions
of the air passages angd lungs especially 1a fobar poeumous

Thie teeth —The temporary teeth are cut 1 the following order

First —The two lower central tantsors Sixih 10 eghth month

Second ~ The four upper sussors eighth to teath moath

Thrd —The fower istesal incisors and all the front mala 5 twelfith
ta faurteenth morth

Fourth —The cannes (upper fiyst) eighteenth to twentieth month.

Fifth —Posienor molars at two 10 two and 3 hulf vears

The permasent teeth appear as follows —

Furst molars at six years

Centra 1ncusors at seven years

Lateral nct.ors at eht years

Bieuspid (anterior) at mine years

Bicuspid {posterior) at fen years

Canmies at cleven to twelve years

Becond molars at twehe to thuteen years
Third molars at seventen to twenty Aive years

3
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The followmng table shows the numbers of the permanent and
the temporary teeth —

M €c ot 1 c© M
Upper 2 1 2 2 1 2
TEMPORARY Ppe 20
Lower 2 1 2 2 1 2
M B C 1 1 ¢ Bt m
Upper 3 2 1 2 2 1

PERMANENT { 23 } 2
Lower 3 2 1 2 21 23

Observe the presence of any irregulanty or defect or carious
discase mthe teeth  The absence of a sufficient number of opposing
and efficient molars may lead to mmproper mastication and so to
digestive disorders  Notice whether there 1s any exposure of the
roots or whether they are surrounded with tartar Grinding of the
teeth leads to bevelling of therr edges  this s especially found in
nervous children  The presence of Hutchinson's tceth  affords
(Plate 7) evidence of congenital syptulis  In this condttion the two
central upper permanent inisors are rounded in section and slope
mnwards below  they are broader nearer the gum than at the crown
50 as to be peg shaped and they present a semilunar notch at their
biung edges They are usually discoloured as well In the same
condition the first permanent molars tend to be dome shaped
Enlargement of the lower jaw in acromegaly leads to alteration of
the bite so that the lower teeth close outside the upper ones

The gums —Thetr colour should be noted In patients exposed
to lead compounds a blue line can often be observed runming along
the edge of the gum especially opposite those tecth showing
pyortheea  This line must be distinguished from similar discolora
tion due to a black layer of tartar on the teeth  If a wedge shaped
shp of white paper 15 inserted between the gum and the tooth the
stippled Iine of lead poisoning will be rendered more distinct
whereas discoloration due to tartar on the teeth will disappear A
sumitar but more diffuse line may be seen after a course of mtra
muscular bismuth preparations ~ The gums may be swollen and
spongy i scurvy (Plate 7). Hypertrophy of the gums may occur 1n
pregnancy and i epileptics treated for long periods with sodium
phenytoin (Epanutin) Hzmorrhages may be observed i the
buccal mucous membrane 1n thrombopen:c purpura and acute
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leakemia  In gingnuns the edges of the gums are red and bleed
casily In pyorrhea the gums are retracted and frequently bleed
easily Pus may be observed exuding from between the gums and
the teeth or may be squeezed up by pressure on the gums

The tongue —Ask the patient to protrude it Slight deviation from
the mud hine 1s not uncommon and may be due to asymmetry of the
pws In plegta, deviation towards the p sude may be
found while 1n lesions of the hypoglossal nerve or its nucleus there
may be fibrillation of the affected side  Later this side may be
wasted and deeply grooved—lingual hematrophy (Plate 7) Tremor
of the tongue may be due to nervousness thyrotoxicoss delirmum
tremens or dementia paralytica

Next examine the surface of the tongue and note (1) its colour
Is 1t pale red or discoloured ? Pallor 1s seen 1n severe anzmia
A fiery sore tongue usually mdicates a nicoumce acid deficiency A
shightly swollen magenta coloured tongue 1s found m nboflavin
deficiency  (2) Is 1t dry or moist ? The state of the tongue 15 a
valuable mdication of the state of hydration of the body A dry
and shnvelled tongue usually ndicates a need for an increased
admimstration of flud A dry brown tongue may be found in the
later stages of any severe illness but 1s found particularly m uremta
and acute ntestinal obstruction  (3) The presence or absence of
fur  Furring of the tongue 1s due chuefly to lack of saliva and a
dry tongue 1s usually furred A furred tongue may be found 1 the
early morning i otherwise healthy persons 1n heavy smokers and in
mouth breathers It may also be assoctated with digestive dis
turbances fevers or any long illness The tongue of scarlet fever
at first shows briht red papille standing out of a thick white fur
Later the white coat disappears leaving enlarged papille on a
briht red surface—the strawberry tongue A brown fur on the
tongue 1s due to a fungus infection of the papillz and 13 of no special
significance  The amount of information to be gawned from the
presence or absence of fur on the tongue has been much exaggerated
(4) Thecharacter of the papill2 ~ Generalized atrophy of the papiliz
produces a smooth or bald tongue which 1s charactenstic of perny
clous anemsa but may also be found 1 1ron Y
anzma sprue  other gastro intestmal disorders and defictency
states especially pellagra In severe cases smoothness may be
associated with wrinkhing of the mucous membrane which has then
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to be distinguished from fissuning of the tongue seen 1 chrome
superficial glossitts due to syphilis and congemtal fissuring of the
tongue which 15 of no pathological significance  In chronic super

ficial glossitis areas of leukoplakia—whitish opaque areas of
hickened ep p by intervening smooth and
scarred areas and no normal papille are seen Io congemtal
fissuring (Plate 7) the paptllz are normal but the surface 1s mter

rupted by numerous trregular but more or less symmetrical furrows

(5) The under surface of the tongue—a small ulcer on the frznum
15 seen 1n p ghing and particularly 1n whoop

mg-cough  Lastly (6) observe the edges of the tongue  Look for
ulcers 1ndentations of the teeth areas of leukoplakia and smooth
patches (Plate 7)

Inspect the mucous membrane on the inside of the cheeks In
the catarrhal stage of measles before the appearance of the rash
small blnsh white spots surrounded by a red areola may be seen
oppostte the molar teeth These are known as kopliks spots
In the same situation wcregular areas of slaty grey pigmentation are
seen 1 Addisons disease

Thrush may sometimes be seen on the surface of the buccal
mucous menibrane especially in children It presents the appear
ance of small white ponts or patches ratsed somewhat above the
surrounding surface which ts sometimes redder than normal
Patches of thrush are apt to be mustaken for small mulk curds but
curds can be eastly detached while thrush patches can only be
removed with difficulty and when removed tend to leave behund a
raw surface To scarch for the fungus (Saccharomyces albicans) 2
small pece of the patch should be scraped off and examuned 1n a
drop of glycerin A quantity of epithelial debns along with
bacteria and leucocytes will be seen and muixed up with these the
filaments of the fungus ~ These consist of long but unequal segments
usually possesstng a refractle nucleus at each end

The palate fauces and pharynx —Introduce a tongue depressor and
note first the general colour of the soft palate fauces and pharynx

observe any abnormal degree of pallor or redness  Remember that
great smsenstuvity of the palate and pharynx 1s common 1n hysterical
patients  Again look for any ulcers or mucous patches on the
palate fauces or tonsils  Mucous patches are shghtly rassed round
or oval areas covered by pearly grey membrane  They are found
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1n secondary syphihs as are also superficial curcinate  snail track
ulcers  Deep clean cut ulcers with sharp edges occur 1 Vincent s
angina  Large ragged ulcers or sloughs are seen i agranulocytosis
and leukemia  Instruct the patient to make the sound
thus raising the soft palate and increasing visibility  Look carefully
at the tonsils noung any ealargement  Yellowish or greyish pomts
or patches may sometimes be seen on their surface  See 1if these
can be wiped off leaving a sound surface as 1s the case with accumu
lated follicular secretion or whether removal leaves a raw surface
as happens with the false membrane of diphtheria  Note always if
the soft palate and uvula show any sumlar spots or patches The
b of dip 1s found on the mucous
membrane of the fauces as well as on the tonsils  Bacterrological
exammation of a throat swab (p 407) 13 essential when there 1s 2
suspicion of diphtheria  Next look at the pharynx  The presence
upon 1ts surface of 2 number of flat adenoid swellings somewhat
like sago grains 1s so common as to be almost a normal appearance
In chronic pharyngitis these are much increased A few dilated
venules can also be frequently observed  Notice any pus or excess
of mucus on the surface and the ewstence of any ulceration In
retropharyngeal abscess the posterior wall of the pharynx 1s
bulged inwards  Sometimes this can be more easily made out by
palpatton

‘The breath —Bad teeth gum or mucous membrane ulceration and
retention and decomposition of secretion 1n the follicles of enlarged
tonsils are the commonest sources of offensiveness m the mouth
In gangrene of the lung the breath often has a putrid smell resemb
ling that of the sputum  In bronchiectasis also 1t sometimes hasa
peculiarly offenstve odour that has been compared to sweet apple
blossom with an arriére gout of stale feces Fetor due to pul
monary conditions 15 elicited by asking the patient to cough
Slighter degrees of offensiveness may be due to gastric disorder

In urzmua the breath may have a fishy or ammonsacal smell
In diabetic coma the odour of acetone may be present Varous
drugs—e g paraldehyde—impart charactenstic odours to the
breath while patients who are taking bismuth sometumes produce
a gatlicky odour  JTodides produce a pecular fetor
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THE (ESOPHAGUS

Special anatomy —The cesophagus 1s from 9 m to 10 1 long
It begins opposite the cricord cartilage and ends opposite the 9th
thoracic spine It 1s crossed by the left bronchus between the 4th
and 5th thoracic vertebra

In cases of difficulty in swallowing the radiologist must be asked
to screen the pattent and to report upon the course down the
aesophagus of radio opaque emulsion

II THE ABDOMEN

Anatomy —The natural lines on the surface of the abdomen are
(1) the Iinea alba  (2) the line= semelunares  (3) the linex trans
vers®

The structures lying behind the linea alba from above down
wards are () the left lobe of the lser extending to about three
fingers breadth below the ensiform  (5) part of the stomach unless
empty (c) the transverse colon  (d) colls of intestine covered
by omentum  (¢) the bladder when distended and the uterus
when pregnant

The linea semilunaris corresponds to the lateral border of the
rectus abdomunis muscle

The linex transversz are the three fibrous intersections 1n the
upper part of the rectus abdonums muscle

The abdomen has been artificially divided into regions by means
of vertical and honzontal limes  The vertical Limes are drawn
upwards from the mud pont of the inguinal hgament on each
side The transverse Lines are (1) the subcostal or mfracostal
drawn across horizontally at the level of the lowest pomnts of the
10th costal arches and (2) the intertubercular or by iltac between
the tubercles marking the most prominent powmnts of each ihac
crest Nine regtons are thus marked off in three vertical rows
Those 1n the muddle row are from above downwards the ept
gastic umbilical and hypogastric and 1n each lateral row we have
the (nght or left) hypochondnac lumbar and ihiac regions

The umbilicus lies opposite the upper part of the 4th lumbar
vertebra  Its position 1s far too variable for 1t to be a trustworthy
landmark

The aorta bifurcates about 3 m below and shightly to the left
of the umbilicus the fhae arteries runming 1 a hae drawn from
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that pomt to a pont midway between the anterior superior spme
and the symphysis pubis

The eeliac axis anses at a pont 43 m to 5 m above the um
bilicus and the renal arferies about an inch lower than the celiac
axis

‘The transpylorie plane 18 often used as a guide m the examination
of the abdomen It 15 defined as lying mudway between the supra
sternal notch and the upper border of the symphysis pubis It
usually hies about halfway between the xiplusternal junction and
the umbilicus and 1¢ corresponds posteriorly with the fower border
of the 1st lumbar vertebra

GENERAL EXAMINATION OF THE ABDOMEN

The patient should be lymg flat on tus back 1n a good ight  The
abdomen s exposed by turning down all the bedclothes except
the inner sheet The clothing should then be drawn up and
lastly the sheet folded down a little above the level of the pubes
These detals are of special importance in examuning female patients
Before begmning the examination of the abdomen ensure that the
bladder 15 empty Flexion of the hips 1s rarely of help Better
relaxation 1s sometimes obtained 1n a semi recumbent position
but access to the abdomen 1s naturally less sice the costal margua
15 then made to approximate to the pelvis Nearly always the
abdomen 13 best examined wath the patient fully recumbent

Inspection of abdomen —First look at the general contour of the
abdomen  Is 1t of normal fullness 1s 1t swollen or protuberant
or 1s 1t sunken or retracted ? If there 1s any bulgmg note if st 1s
general or local A remark was once made that general fullness
may be due to  fat fliid fatus or feces  to which aphorism may
be added feetus 1n the ¢ase of women A new growth may also
be a4 cause of general abdomunal tumidity In general bulging it
should be noted whether the distension ts most marked 1 the
antero posterior or 1n the transverse diameter  In cases of general
abdominal swelling measurement should be made at either the
umbilical level or at the pont of maxunum distension  Observe
m which sone local bulging 1s situated  Lastly note if there 1s any
movement to be seen 1 the sweling, either along with or 1nde
pendently of respiration

Pulsation m the epigastnc region may be noticed on abdominal
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wnspection  The causes of 1t are mn order of frequency —(I) Aortic
pulsation which may be visible 1n any shghtly built patient with a
thin wall (2 Ti d pul from a tumour
(often a carcinoma of the stomach) overlying the aorta  (3) Dis
tension of the right ventricle  (4) Venous pulsatton of the liver
(5) Aneurysmal  the pulsation 1n this case 15 expansile

‘The movements of the abdomunal walls should be studied  Norm
ally they bulge duning nsprration and fall in during expiratton
Paralysts of the diaphragm produces the opposite picture  some
times the paralysts 1s umlateral m which case one side of the
abdomen will move naturally Absence of movement of the
abdominal walls 1s a valvable sign of peratomtis

Sometimes peristaltic waves are visible through the abdorminal wall
Thus 1s often the case 1n chronic mtestnal obstruction  The coils
of intestine above the constricted part stand out promunently A
defimte pattern  of abdominal tumidity results depending on the
site of the obstruction  If there 15 2 constrction at the ileo-cxcal
valve the distended cotls of small intestine tend to stand out 1
the centre of the abdomen one above the other so as to form a

ladder pattern  If the obstruction ts low down say m the
sigmoid flexure the penphery of the abdomen 1s chiefly affected A
dilated stomach may also stand out as a prominent tumour 1 which
penstaltic waves are visible  Penstaltic waves in the stomach run
from left to right

Small intestinal peristalsts 1s sometimes seen 1o elderly people
with thin abdominal walls especially 1n the presence of divarica
tion of the rectus abdominis muscles 1n the absence of any abdominal
disease  With this exception 1t ts almost always a sign of intestinal
obstruction of some kind It 1s thus an important sign and 1n
order not to muss 1t 1t may be necessary to sit and observe
the abdomen carefully for several minutes In the case of con
genstal pylonc stenosis of nfants visible perntalsis may be
the only diagnostic sign and the minutes thus spent are never
wasted

Attentton should next be paid to the surface of the abdomen
In great distension the surface 1s smooth and glossy Stz (white
or lilac Iines 1n the epidermus) should be sought ~they indicate a
recent change i the size of the abdomen and thus are found 10
obesity pregnancy asctes and wasting discases  Conspicuous
purplish strie are ct tic of Cushing s basophtl
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Note any distenswn of the surfoce veins and endeavour to ascerzain
s what directron thewr blood 15 flowing  In obstructon of the
tnfendr vepa cava the wfenor epgastnc vewns are full from the
fash of & collateral In such cages atso a farge
lateral vein tan be seen runamng up abont the mudawllasy hipe
bshtog the tnb of the supertor
venacava  In portal obstruction a aumber of distended vens may
rarely be seen radiatiag from the umbilicus  They may be brought
out only on conghwg To this appearance the térm  caput
Medusz  bas been applied It 1s due 1o establishment of a ¢on
rewon between the portal and parietal vesns by means of the round
ligament £ of the walj 15
wnportant  Along the nuddle hing 1t forms the linea mgra—one of
the signs of pregnancy Note the app of the umb
Is 1t depressed jevel with the surface bulging or everted 8814 gross
ascttes 7 Lastly one should never omut to Jook 2t the usual sites
for any evdence of berma

Palpation of the atdomen —The patient should ke 8at on bss back
e should be 1old to keep the mouth open and to breathe quetly

us attention may be diverted by conversation  The observer musy
sit or kneel beside the patient in arder to get hus hand mto the
horizontal positon Ordmary paipatioa ss performed with ope
hand only The hand must be warm  In order to gamn the con

fidence of the patient the hand should be allowed to rest for a
moment on the surface of the abdomen before palpaton is actually
begunt  Each region should be palpated systematically  Poking
with the finger tips should be avouded the best movement beung a
gentle one from the metacarpo phalangeal jonts Dunng expusa

teon the recedmg abdomunal wall should be followed by the fingers

and a gentle rotatory mokwon of the finger tips may then be carvied
out  This often enables one to feel the deeper structures better
than by suwple pressure  To examune lateral regions of the
abdomen bimanual palpation 1s carmed out  The physician sus
or kneels by the bedside  One hand 13 placed posteriorly 15 the
1nterspace Between the last nb and the crest of the thum  The
other 1s placed over the abdomunal wall 1 frons  The postersor
wall 1s then pushed up agunst the hand m front S0 thai any
structure lymg between the twa hands can be distmctly felt  The
seceet of the Toethod conststs m keepag the front hand 2 sl as
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possible  This procedure 1s of spectal value n the examination of
the kidneys

First notice the degree of tension of the walls and resistance
experienced  Begin always by a systematic very light palpation of
the whole abdomen noting any local or general resistance or any
marked tenderness  In this way the patient s confidence 15 gained
and the later deep palpation rendered easier Normally the
abdomen has an elastic or doughy feeling only to be learnt by
experience  In disease the resistance may be increased It should
be observed whether thts mcrease 1s general or local General
peritonitis produces a great increase tn the resistance from a reflex
contractton of the muscles of the abdominal wall  Local increase
resistance s frequently due to localized peritonttis and 1s of great
diagnostic value Palpation of the normal abdomen 1s pamiess
If tenderness 1s elicited its exact extent and pount of maximum
ntensity should be noted Tumours should be carefully felt for
and care taken that 2 bulging rectus muscle does not cause confuston
The outhne of the rectus muscle will become obvious 1f the pattent
15 asked to raise hus head agamst resistance

If a tumour 1s really present, determtne whether 1t 1s situated
inside the abdomen or in the abdominal wall Try to move the
abdominal wall from side to side over the tumour If the growth
15 ntra abdomunal this can usually be done without difhculty
unless 1t has become adherent to the parsetal pertoneum Try
also to grasp the tumour and to make the fingers meet as 1t were
under st This can usually be accomplished 1n the case of tumours
situated wholly in the abdominal wal®

If the tumour 1s intra abdomemal 1t must be decided where 1t 18
growing from and especially whether 1t 1s coming up out of the
pelvis or 1s truly abdominal  To dectde this place the hand about
one 1nch below the and push backwards and di d:
m the direction of the sacral promontory Oae can then feel
whether the tumour 1s passing down into the pelvis or not The
size and shape of the tumour should be noted and the nature of its
surface—whether smooth or nodular  The presence or absence of
fluctuation should then be mvestigated

The mobility of a tumour 15 a most important pont The
directions m which a tumour can be mroved should be noted and
whether d by resy ‘This 1s a pomnt of
special value  Tumours connected with the liver and spleen move
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freely with respiration and so may those of the stomach  Tumours
of the kidney may be shightly movable Those connected with the
other abdominal organs do not move with resprration at all unless
they have contracted adhestons

Percussion of the abdomen —This should be carried out 1 the
ame manner as will be described for the chest but particular care
should be taken to percuss /ighdy Percussion of the normal
bd telds a tymp note hout except i the regions
of Iiver and spleruc duflness or over a full bladder  Enfargement
of these organs may by p The
Tiver dullness 1s absent when there 1s gas or air 1 the penitoneal
cavity  Such absence 1s a sign of perforation of a viscus usually
of perforation of a gastric or duodenal ulcer but may be due to a
therapeutic preumo peritoneum

Free flud 1n the peritoneum (ascites) 1s distinguished by the fact
that 1t shufts 1ts position with that of the patient  If he'ss turned
over on tus side and tune given for the mtestines to float up the
uppermost flank becomes resonant while the hetght of the dullness
on the lower side nises  This phenomenon 1s known as  shufting
dullness

The flad thridl 15 another physical sign of flud i the pen
toneum  To elicit thus sign the patient 1s Jaid on his back one
hand 15 placed over the lumbar region on one side and the opposite
side 1s flicked or tapped with the fingers of the other hand A
distinet impact will be felt to pass from one hand to the other
A simular impulse can be transmitted through a fat abdotninal wall
and 50 1t 1s necessary for an assistant to place the edge of lus hand
firmly i the muddle hne of the abdomen while the tappug 13
performed  This damps down vibrations transnutted by the wall
On the whote the results of simple percussion afford the best
evidence of the presence of ascites A flwd thnll can only be
expected when the amount of flud 1s large and under tension

Fat 1s distinguished by taking the abdominal wall between the
hands and pinching it up  gas by the results of percusston  Of
new growths ovaran cyst 1s probably the most biable to be mistaken
for ascites An ovaran tumour however causes an antero-
posterior bulging of the abdomen while 1n ascites the bulging 15
marnly lateral In ovanan tumours the dullness 1s central and
does not change with the position of the patient 1n ascites the
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chuef dullness 1s 1n the flanks and 1t stufts  when the pattent 15
moved 1n ascites the umbihicus 1s flat or bulges out while 1n
ovarian tumours it isdrawn upwards andthe sht i theumbilicus
1s usually transverse mn ascites and vertical n ovarian tumour

Auscultation of the abdomen —Normally on auscultation of the
abdomen numerous borborygmi are audible  However 1n cases of
general perttonutss or of mtestnal tleus these sounds may be entirely
absent and the sient abdomen 15 a valuable physical sign

III THE ABDOMINAL VISCERA
THE STOMACH

Special anatomy (Plates 8 11) —The normal stomach in the iving
subject 1s shaped ltke the letter J  The cardiac onifice usually hes
on the left side of the 11th thoracic vertebra and 4 1 behund the
Tth left costal cartilage 11n from the Ieft border of the sternum
The position of the pylorus 1s at or just to the right of the mid line
and midway between the notch and the It
18 pormally under cover of the liver  The fundus of the stomach
may reach as hugh as the 5th nterspace mn the mudclavicular hne
and nise a Little above and belund the apex beat of the heart  Only
a small part of the body of the stomach and of the pyloric region
13 1n contact with the antenor abdominal wall  The exact position
of the greater curvature varies greatly according to the degree of
distenston of the stomach and the posture of the patient radio

graphic examination has shown that it may be found anywhere
from the regron of the ef and left hyp d to well
below the brim of the pelvis and so the outhne of the stomach mn the
cadaver shown o Plate 8 must therefore be regarded as dragrammatic

Inspection of the stomach region 1s included in the general examina
tion of the abdomen (p 39)

Palpation of the stomach —Note any renderness and define the
pomt of its greatest wtensity Examne for sumours  The com
monest tumour 15 a carcinoma of the pylorus  Lastly try for
splashing  To elicit thus sit at the left side of the patient with one
hand over the left ower nibs behund  with the other placed over the



THE LIVER 45

front of the stomach make short sudden dippmg movements

Splashing 15 partly heard and partly felt

Distinct splashing elicited three hours after a meal especially
below the level of the umbilicus 13 suggestive of a difated stomach
but a splash may be elicited over a normal stomach shortly after a
meal g much fluid espi y if the abd wall 18 than
Care should be taken not to mustake a splash produced m the
transverse colon for a stomach splash

THE LIVER

Special anatomy (Plates 8 10) —The Lver lies cluefly i the nght
hypochondnum  Its Ieft lobe extends across the epigastric region
but does not pass more than 210 to the left of the sternum  Above
the Liver reaches almost to the mpple below 1t extends to the
costal margin  The Iower border passes obhiquely upwards from
the 9th right to the Bth left costal cartilage crossug the mid hne
somewhat above the mud point between the base of the xiphod
and the umbilicus

The gall bladder 15 situated Just internally to the 9th night costal
cartilage and immedately to the outer side of the right rectus
muscle

Inspection of the liver 15 of little value Any wvisible swelling
fullness pulsation or cedema of the overlying sk should be noted
The edge of the liver can sometimes be seen when the organ 1s
enlarged Tt forms a sharp line which moves with respiration

Palpation of the liver —Feel for the lower edge  To do this place
the hand flat on the abdomen 1ts edge towards the costal margin and
to the outer side of the rectus muscle thus ayoiding the upper
septum of the rectus sheath which may be mustaken for the lower
edge of the liver Depress the edge of the hand shightly so0 as to
push up a fold of skin and ask the patient to take a long breath
If the edge of the hiver 15 palpable 1t will be felt to ride under the
edge of the hand  Trial must be made at duifferent Jevels before it 15
decided that the edge cannot be felt The edge of the hver can
only rarely be felt ta health It moves down with nspiration  The
character of the edge should be noted—whether 1t 1s smooth or
regular thickened or sharp
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The surface of the hiver m the epigastrium should then be £l
1n the usual way  Any tendemess should be noted and whether
1t 15 localized or general The character of the surface should be
made out  whether 1t 15 soft smooth and tender as i heart failure
firm and finely nodular as 1 portal eierhosts  or hard and coarsely
irregular as in secondary carcinoma  Be careful not to confound
Little wrregulanties which are frequently present in the upper pars
of the recti wath iregulanties on the surface of the Irver |
Percussion of the hver —The patient should be Iymg down for
percussion of the anterior and Iateral aspects  sitting up or standia,
for the posterior aspect

Use fairly heavy percussion Begma high up at about the 2ad
nib to get a good lung note and percuss down until impatrment 5
detected The upper hmut of liver dullness forms an almosl
honzontal Iine around the chest To define the lower edge of tht
liver wse very light percussion and pass upwards

The gall bladder 1s d by palp p It
cannot be fult unless distended when 1t may form a smooth pear
shaped swelling situated just to the outer edge of the right rectus
muscle It can be moved freely from side to side round a pouf]
opposite to the 9th costal cartilage It moves with respiration

If present tendcrness of the gall bladder can be elicited by|
placing the hand beneath the costal margin 1n the nght hypo
chondnum  ‘The patient 1s told to take a deep breath and at the|
same time the hand 18 moved upwards underneath the costal margin
As the daphragm descends the gall bladder 1s dnven against the
fingers and 1f 1t 1s tender the breath 1s at once arrested with a
gasp This 15 spoken of as Murphy s sign

On pereussion a distended gall bladder forms a dull area pro |
Jecting from the Inver dullness towards the umbibicus but usually
contianous with 1t

THE SPLEEN
Special anatomy (Plates 8 10) —The spleen hies m the left hypo-
chondnum It 1s bounded above and Jaterally by lung medally
by stomach and intesting _Its lower end rests upon the phrenico
colic fold of peritoneum Tt lies along the 9th 10th and 11th nbs
being partially separated from them by the diaphragm and lower
cdge of the left lung  Tts upper end is oppostte the 9th thoracie
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e andisabout 13 fnmther A0 The Tl e nd = s
2 far forward as the mudasillan 1~

Ixspection of the sploen —If ach e1 vre L 1% ron § T
Viible fumour 1n the left ude of the AT RRRE T vewh
Fespiration,

Palpation of the spleen —Ths s T € Strporart ontnd of
Mieshigatng the spleen 3f p t didavarad a palmabh N s
s pever safe 1y d oS¢
Calargement of the splecn unt~s 1t 25
Ppalpable
Feel for the spleen by ¢ g to (he
nght side of the paucnt Plae the
fat of the left hand over the ed~e of the
costal margin at the left flank and firmiy
briog the hibs and Jateral abdominal
medially a5 the paueat beath 1
Then start palpating with the nght hand
¥ell down towards the right thac fossa
and worl. up towards the costal margit
EE spleens are mussed by starting
f2ipation 100 near the costal margm) ig § —D agram to show
felzc dge of the enlarged organ will be  direction of entargement of
Agnst the fingers of the nighthand  the spieen
2Temes 1 the case of minor degrees
of 5P‘=“°megaly the organ 1s best feltf the patient rolls over haif
O 10 his pght side towards the exanner
©edge of the spdeen bs sharpay L usually guite smooth Notehes
can oftenbe feit fn B | 4 b innistly It 1s impostant to note
that the spleen enlame s WIN $hdy 4nd to the right towards the
Tighthiac fossa (1 b, %) o0 1AL ABterior border of an ealirged
Sploen ag alwaye drrvcte b 1 WIN Bt dn ) dnnairds

Auscultation pver It o Teel 1A 5 flecin § 1o detect the eustence
of friction  This ¢ttt i {2l 1 ity an{ over the surface of
splemc mfarcis

FUCNTINANY

Special anatomy (Hined @ 11 Taho ity 1es partly 1 the
epigastric partly i tf e byt KBt region’ 'rh:':gm fadney
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Les partly in the lumbar regron as well  The kidneys are higher 1n
relatton to the antertor abdorninal wall than is sometimes thought
The lower end of the night kidney 1s 1 1 above the umbilicus_the
left about 4 sn hugher ~ The lower end of each 1s about 3 1 from
the muddle lme

Posteriorly about one third of each kidney hes above the Jast
nb  The upper end of the right kidpey 1s at the level of the 11th
thoracic spine whilst 1ts lower end 15 about 1 1 above the shiac
crest  The kit kidney 1s about 3 m hgher

i
Palpation of the ladneys —The patient must be on fus back  The
lumbar regton must be flat and not arched forward  Sit or kneel
beside the patient Place one hand upon and below the last nb
behind the other unmediately below the costal margint i front
The postenor hand should press the lom forwards while the other!
hand pushes the antenior abdominal wall backwards upwards and!
mwards  The kidney will then be felt between the two hands 1f 1t
1s at all enlarged or displaced  Even in health (If the patient 1s not:
tao fat) the lower part of the organ can often be felt |
If the kidney 15 not felt 1n this way ask the patient to take a long
sighing aspiration  If the front hand moves upwards and mwards
as the patient 1nspires the kidney may be caught between the two
hands I
The kidney moves shghtly with respiration Exaggerated
mobility tndicates morable kidney  Ease of palpation of the kid |
neys varies greatly with the build of the pattent In health they
lower pole of the Tight kidney 15 frequently palpable m persons of
spare build the left seldom so ¥
A movable right kidney 15 apt to be mustaken for a distended
gall bladder and vice versa  The shape size and consistence of¢
the tumour may be apparently :dentical m the two cases Oo¢
pont of distinction 1s that a distended gall bladder can be tem R
poranly pushed back from the abdomunal wall but always tends to%
spring forward aghie 1t s therefore always 1n evidence Al
Roating kidney however often disappears for a ime and can onlyr
with difficulty be grasped agan  Another point of distinction st
that 2 kidney can be pushed down towards the pelvis and held thereh,
dunng even forcible expiration whilst the gait bladder moves up-i
wards agan dunng the expiratory act n
An enlarged left kidney may be mustaken for the spleen  Theth
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soints of distinction are (1) The spleen has a sharp edge 1n which
inotch can often befelt  The edge of the kidney 1s a/way s rounded
tnd has no notch  (2) The fingers can usually be passed between
he upper end of a kidney tumour and the ribs but not between
he nbs and a splouc tumour  (3) The colomc resonance may be
letected passing 1n front of a renal tumour but not so 1n the case
f a splenic tumour  (4) A renal tumour 1s usually  bimanually
salpable  that 1s can be moved backwards and forwards between
e hand 1 the lown behind and the other on the antertor abdominal
sall  An enfarged spleen 1s not  bimanually palpable

An enlarged kidney tends to bulge forwards Permephnc
bscesses etc  bulge backwards

THE INTESTINES

ipecial anatomy —The 1leum jons the colon at a point 210 nternal
> and somewhat above the mght anterior supertor thac spme
“he apex of the cxcum corresponds to a pomt a little to the inner
wde of the muddle of the ingunal ligament The base of the
ermiform appendix usually hes opposite 2 pomnt 13 to 21n from
1¢ anterior supenor spine along a line drawn from that spine to the
mbilicus  This 18 sometimes called McBurney s pomt because
e showed that 1n the majonity of cases of appendicitis 1t1s the pomnt
f maximum tenderness
The splentc flexure of the colon hes behind the stomach the
epatic lies under cover of the hver  The former 15 at a hugher level
1an the latter The transverse colon passes across the abdomen
1a curved direction  Radiography has shown that 1ts position s
ery varable

lI:Zyxavmmatmn of the intestines by ispection and palpation has been
escribed under the general examuation of the abdomen

xamination —Place the patient mn a good light and m a
:::n:)rfme position—i e Testing on the left bms; r,',"h “;: nght
ugh and knee well drawn up the inner aspec]t(so dc nght ke
wsting on the couch Draw aside the buttocks and inspect the
s g f the anus poting the presence of any eruption of external
sgion t}] ds etc Fit a finger stall to the nght forefinger and
:mon’! ;’uh etroleum jelly _ 1f no finger stall 1s available £l the
niarl:h soapPan d smeat the finger with petroleum jelly  Massa,

:e‘ ::ms for a moment with the finger and then pass 1t gently

cM—C
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through the anus directing 1t slightly forwards at first Note the
degree of reststance offired by the sphincter  this shows whether
the latter 15 normal spasmodic or relaxed

Once the anal canal 15 passed drrect the finger shightly backwards
and vpwards asking the patient to bear down a httle at the same
tme  The finger can then be swept round and the whole inner
surface of the rectum explored

In the male the prostate will be felt projecting mto the rectum
and above 1t the trigone of the bladder flanked by the seminal
vesicles  below 1s the membraneous urethra  In the female the
cervix will be felt projecting back i the form of @ firm rounded
swelling  Feel the mucous membrane for polypr ulcers and
malignant neoplasm

Remember that hemorrhoids are not palpable unless they are
thrombosed  The presence of scybala or foreign bodies can be
determined  If the lymphatic glands which lie m the hollow of the
sacrum are enlarged they may be felt If secondary malignant
deposits or an abscess be present i the recto vesical pouch the mass
will be palpable through the wall of the rectum  On withdrawing
the finger exanune the finger stall for the presence of mucus blood
or melzna

F and d —If rectal 1S negative
and there 1s reason to suspect abnormality near the anus the anal
canal and lower three mches of the rectum should be examuned with
the proctoscope  Place the patient n the position described for
rectal evamunation and pass the warmed lubricated mstrument
carefully to its full depth  Remove the obturator and mspect the
mucous membrane as the mstrument 1s slowly withdrawn  In this
manner hemorrhoids may be secn or the nature of a palpable
abnormality directly ascertained

It 15 often necessary to examme the rectum and colon more
fully than 1s posstble by proctoscopy and mn such cases the sigmordo
scope 15 employed  Sigmoidoscopy requires skill and expenence
In accomplished hands the mnstrument can be passed for at least
20 cm and a further 4 cm or 0 of the colon 1s vistble beyond this
The procedure causes very Iitle discomfort and anvesthesia 15
unnecessary and undesirable

Sigmotdoscopy 1s particularly useful in the differential diagnosis
of dartheea of colomic ongin It serves to distinguish carcmoma
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of the colon the ulcerated bleeding mucosa of ulcerative colitis
the polypi in polyposis coli and the red granular surface in granular
proctis  In suspected amaebic dysentery the mucous membrane
may be wmspected and portions of mucus or scrapmgs from ulcers
may be removed mounted 1n saline on shdes and exarmined mucro-
scopically for ameebz and cysts  When the sigmoidoscape 15 used
for ths purpose 1t should be lubricated with a non greasy prepara
tion such as mucilage or droplets of oif will wnterfere with the
microscopical examnmation

IV SPECIAL INVESTIGATIONS OF THE
ALIMENTARY AND BILIARY TRACTS

Under this heading methods of examming the stomach gall
bladder and intestine by intubation and radiology will be described

1 THE FRACTIONAL TEST MEAL
The apparatus required 15 a narrow bore stomach tube a 20 mt
Record syninge and a rack of twelve numbered test tubes The
most suitable stomach tube 1s that devised by Ryle (Fig 6) It
15 of thin rubber of about 8 mm external curcumference and 1s
marked by one transverse line of 40 cm  to indicate the teeth-cardiac

=z

Fig 6 —Ryles stomach tube

onfice distance and by three transverse lines at 57 cm to 1npdicate the
teeth pylorus distance It has a mall bind bulbous extrermity
weighted with metal and at a distance 2 cm from the tip 15 per
forated by a number of small holes 2 mm 1in diameter The
resihient edges of these perforations obviate the risk of damage to
the gastric mucosa when strong suction 15 exerted on an almost
empty stomach
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The test breakfast consists of thin gruel made by adding a quart
of water to two tablespoonfuls of fine oatmeal botltag down stowly
to a pmnt and stramng through mushn  The patient 1s given a
light supper all drugs are suspended and he 1s starved from mid
mght At 9 am the tube 1s boded and placed 1n warm water
whilst the patient sits up n bed or m an armcharr a towel being
arranged across his chest  The tube ts not lubricated but 1s placed
on the back of the patient s tongue and he 1s asked to close hus
mouth and to swallow the bulbous end just ke a pill  Swallowing
1s continued unti! the pyloric mark almost reaches the teeth the
patient meanwhile being reassured and told to breathe gently
through his nose

A sample of about 15 ml of the fasting stomach contents 1$
withdrawn by gentle aspiration with the syrnge though sometimes
the whole of the resting flurd is withdrawn and measured  Without
withdrawing the tube the patient drinks the prat of warm gruet
after which at fifteen minute mtervals samples of stomach content
(10-15 ml) are asptrated the tube remainng tn situ for three hours

After the withdrawal of each specimen air 1s mjected to empty
the tube and a small stopper used to close the end of the tube thus
preventing leakage Blocking of the tube is easily ovetcome by
arr pressure  In most cases there 1s no difficulty m obtaining
twelve specimens each of 15 m!  With marked hyposecretion
difficulty may be d in the withdrawal of sy and
each may measure only 3 ml  If dufficulty 1s expenenced mn with
drawing the spectmens  the tube should be withdrawn or swallowed
a few centimetres or the patient may be tited well towards the left
At the end of three hours the tube 1s gently withdrawn the patient
betng asked to swallow as 1t passes the level of the ericord

In the laboratory the naked-eye apy of each ¢
and the amount and colour of both sediment and supernatant flutd
are noted A rough estimate of the amount of each specrmen is
made and the presence or absence of bie blood and mucus s
noted  Every spectmen 1s then examined for free HCI and total
acidity by the method described below  The emptyng trme of
the stomach 1s estimated by the addetron of a few drops of lodine
solution 10 each tube the presence of starch being shown by an
1ntense blue coloration  The curves of free HCI and total acidity
are then plotted as shown in Figs 7 and 8 the first reading being
that of the fasting gastric content  The rate of emptymng of the
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stomach and the presence of bile blood and mucus are plotted
horizontally as black lnes

Estimation of total acidity and free HCI —Take 10 ml of the filtered
gastric contents (in a beaker) add a few drops of Topfer s reagent, and
cautiously run m decmnormal caustc soda solution until u{é“p}ﬁ ofour
1s dischuged  Read the burette (first reiding)  Now add a few drops
of an aluoholic solutton of pheno! phthalen” Again run m the soda
solution this time until the least trace of persistent pink colour appears
1n the beaker This can best be apprectated by holding aguwst a white
surface  Read the burette (second reading) ~ The first reading grves
the amount of the free 2aadity  the second reading shows both the

total and the combined “acidity the total by the number of
cubz centimetres run wm from the beginming of the titratton the com
bined by the number added after the first reading was made The
term combined as u ed here includes acid combined with protemns
with enzymes and with mrneral bases n the form of acid salts ~ Acidity
due to free orgame acids will also be mcluded 1n the second reading of
the burette

Should there be no free acid, the deficit ™ may be determined 1e
1%‘HCI 1s added to 10 m! of the filtered contents untd free acid 1s present
Then after adding pheno! phthalen the acidity 1s determined with
l%NAOH In this case th~  total acadity 1s obvionsly the number of

cubic centemetres of alkalt used minus the number of cubic centimetres

of l% acid previously added

The results of these titrations may be stated 1 onc of two ways
1) Dyrectly from the number of cubic centimetres of 75NaOH required
o neutralize 100 ml of the stomach contents e g if to neutratize the
10 m] of contents 5 cc of %haoH were pecessary then for 100 ml

f contents 50 ml of sada would be tequiced and the  total  acidity
vould be 50 If of this 5 ml of soda 3 m! were required to neutralize
he free acid and 2 ml to neutrahize the combined aced the * free
nd combined  acidities would be respectively 30 and 20 Normally
he total acidity vanes {rom 40 to 70
(2) Todirectly mn teems of HCl Thus one litre of decinormal soda
s required to neutralize 365 grm of HCI If thercfore 100 ml of
tomach contents require SO ml of soda to neutralize them then the
cidity of the 100 ml 15 equal to that of 0 18 grm HCl~that 13 to say
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the acidity 15 018 per cent  The normal total acidity 1n terms of HCl
15 about 02 per cent The necessity for calculaton may be avoided
1f one remembers that provided 10 ml of contents have been taken
and that decinormal soda s used for titration the number of ml of
soda required X 0365 — HCl per 1000 parts 1In ordr to get the
percentage of HCI one has merely to shift the decimal pomt one place
to the left  For example if 10 ml of decinotmal soda solution were
required to neutrahze 10 m! of gastnc contents the amount of HCl
present 15 3 65 per 1000 or 0365 p r cent

The fractional test meal 1s employed to assist 1n the diagnosis
of peptic ulcer gastnus pylonc obstruction carcinoma of the
stomach and pernicious anzmma  The findings should be noted
under the following headings

(1) The amount and character of the resting flud

(2) The presence 1n the spectmens of fresh or altered blood
excessive mucus or food tzken on the previous day

(3) The rate of emptying, as indicated by the persistence of starch
n the samples and the occurtence of regurguation from the
duodenum as indicated by the presence of bile

(4) The presence or absence of free HCl and the character of the
curves for total aadity and free HCl

Fig 7 shows the limuts of normal free HCl 1n 80 per cent of 100
healthy males (young medical students) The incidence of achlor
hydna 1a otherwise normal persons 1ocreases constderably with age

The normal amount of resting flud vartes from 10 to 150 m!
A very large excess contaming remarns of food from the previous
day indicates_pyloric_obstruction  ThE presence of mucus 1n
excessive amounts suggests gastritis A little fresh blood may be
due to trauma but the presénce of altered blood or the persistence
of blood 1n many specimens suggests ulcer or carcinoma  usually
the latter (Fig 9) ~ A resting flud of large volume with altered
blood and a foul smelfl strongly suggests carcmoma  The usual
emptymg tune T> Troni T3 fo 23 hours Rapid emptying indscates
hypermotility  Slow emptymg With a cimbing acid curve indicates
pylorospasm or pyloric obstruction A hugh acid curve 1s common
1 duodenal or pyloric ulcers (Fig 8) but may be found n ther
absence  Achlorhydna 1s constantly found i true permcious
anznmia (Fig 10) and 1s charactenstic of gastne carcinoma (Fig 9)
but may be found 1n a proportion of healthy persons i vanous
other diseases and occasionally in patients with gastric ulcers




8

Starch

Fugus M us

g 8 4 = 3

B ¥

o

Aciddy of I00ce. tost owal  tarms of cx b HCH

Free HCT Absent Thoowhant
R Ba 0= Sm v B Som m T B iom v
Tima 10 Hours & munites
Fig 9 —Fractional fest meal carumoma of stomach

Specmn wihdrw wthe  All dity and t tbd . 4oy staed b bt d
i Blood ™ Bmds 5 "be peosom ars | Flostg of od 1 most
Peczm ns

Aty of 100.c. test sl s Yerms of o T HCY

£ Be m e B Ba 30w Sn Dv G dm the
Tome n Hours & munutes
Fig 10 ~Fractiona) fest meal  pernicious anzmsa

Specuaens wihd dwn with Freat d Miculty mo ¢_fir mbemgo lySmt Moch mucus,
gev bletooabo Thodry Lrbdf d



TEST MEALS 57

Conversely though achlorhydna is charactenistic of carqmoma this
disease 15 occasionally found 1 the presence of free HCI

The fractional test meal therefore though of some confirmatory
value has not proved as useful as was at first hoped 1In the
opmion of many physicians its prncipal value 1s 1n confirming the
diagnosis of pernicions anemia and for that purpose the histanune
test meal should be used

2 THE HISTAMINE TEST MEAL

There 15 no standard method of catrymg out ths test but for
most purposes 1t 15 convenuent to combine 1t with the fractional
test meal  This 1s dome 1z the following manner

The patient 1 prepared for and given a gruel meal after swallow ing
2 Ryles stomach tube as described previously Specimens are
withdrawn at fifteen minute 1ntervals up to one hour ~ At this stage
the specimen withdrawn 1s tested by means of Congo red paper
which turns blue if free acid 1s present  If 1t 1s not present an
wjection of 05 mg of acd p 15

and further sp are with for a further
two hours  The blood pressure should be taken beforehand and if
low the dose of histamine should be reduced to 0 25 mg  Analysis
of the specimens 15 carried out 1 a manner silar to that already
described for the gruel test meal Following the 1njection of
fustamine most patieats expenience slight palpitation flushing of the
skin and headache but these symptoms are transitory
Histamune fast achlothydra 15 usually assoctated with an
absence or greatly dimimished production of pepsin and of 1ntrinsic
factor This 18 found m true [
anzmiz and 15 known as achylia gastrica  If the Congo red test
15 positive for hydrochloric acid at one hour 1n the course of the
fractional test meal then the absence of achyla 1s conclusively
demonstrated and there 1s httle object 1n administering histamune

3 DUODENAL INTUBATION
Samples of bile can be collected by duodenal mntubation A
Ryle s tube 1s introduced 1mto the stomach in the mancer already
described and the stomach contents are withdrawn The patient
then hes on the night side wath his pelvis elevated on pillows
Usually within an hour the bulb passes into the duodenum as
indicated by the fact that the flud withdrawn 1s alkaline to tmus
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or consists of frank bile  The position of the bulb 15 better con
firmed radiologically A stmulant to the bihary reflex 15 then
mnjected through the tube This may be 30 m! of 33 per cent
magnestum sulphate 20 ml of 10 per cent peptone or 30 ml of
olive o1l warmed to body temperature before mjection  Aris then
blown through the tube to empty 1t and the end clipped  After a
few muautes dark bile can usually be withdrawn readily If the
bile 1s wanted for histological g1 sulphate
must not be used as 1t has been shown to promote a desquamation
of epithelral cells that may easily be mustaken for pus cells

4 THE BARIUM MEAL FOLLOW THROUGH MEAL
BARIUM ENEMA AND CHOLECYSTOGRAM
These radsological methods are often of the greatest value but
for details of thewr performance the student must consult special
textbooks
For the banium meal the patient swallows a paste of suspension
of radiopaque barium sulphate while the radiclogst observes its
passage on the fluorescent screen  Films may be taken to provide a
permanent record of any abnormality discovered but as i all
barum evamnations of the alimentary tract 1t 15 the results of
screenung which are important  The banum meal 15 prinipally
used 1 the diagnosts of gastnc and duodenal ulcer and of gastric
carcioma
In gastric ulcer the radiologist may demonstrate—
() an ulcer crater as indicated by a projection of barium or by a
charactenishic distortton of the mucosal pattern
() a localzed spasm of the stomach oppostte the nlcer known
as an  masura
(ui} changes indicating the gastritis which accompanies an ulcer
including—
{a) an increase 1n the rugosity of the mucosal pattern
(b) changes in gastnc moulity such as hyperpenistalsis and
rapid emptying
In duedenal ulcer—
() an ulcer crater
(1) deformities of the duodenal cap due to spasm or scarnng—
(a) generalized spasm (trefor! deformuty)
(6) localized spasm (Akertund deformity)
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(ui} other changes associated with duodenal ulcer such as an
mcred.e 1n the zmount of resting gastric juice rapid emptying of
the stomach or evidence of pyloric obstruction

In gastric carcinoma a portion of the stomach may be found
which cannot by any marspulation te filled with banum and which
remamns constant m outlne It 15 known as a  filing defect.

Evtdence may also be found of complications such as hour glass
constriction of the stomach due to ulcer or pylonc obstruction due
to ulcer or carcinoma

For some purposes the progress of the bartam 1s followed through
the small and large mtestimes  Ths corstrtutes the follow rhrough
meal

In the barumns enema the suspension 1s mtroduced into the rectum
2s an enema and mampulated round the colon to the cecum
By this means obstruction to the colon neoplasm diverticulosis and
other abnormalities can be recognuzed

Cholecystography depends on the fact that certam substances
such as sodwm Ip (Opacol or Sh:
and derivatives of phenyl propiontc acid (Phentodol) are excreted
by the Liver mto the bie and so render the galt bladder opaque
After a prelimmary radiograph has been taken to see if radiopaque
gall stones are present, a dose of the preparation surtable for the
pattent s weight 15 given by mouth after the patient s evening meal
which should be hght and free from fat  Several radiographs are
taken on the following day If 2 normal gall bladder 1s seen the
patient 1s gwen a fatty meal and its emptying 15 observed

Failure to demonstrate the gall bladder may be due to the fact
that the dye was vomuted or not absorbed on account of diarrheea
or other cause that hepatic function 15 mmpaired—1t 15 generally
useless to attempt chol phy 10 a ) patient. that
disease of the gall bladder 1s present Deformuties of the gall
bladder shadow due to structural changes and calculi whether
opaque or not to X rays may thus be demonstrated

5 GASTROSCOPY
G Py 1S 3 SP method of g £
considerable expencnce The techmical procedure will not be
described here By means of this mstrument 1n a large majority
of cases almost the whole of the stomach from cardia to pylorus
may be mspected The procedure 15 safe provided that no
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eesophageal abnormality 15 present It 15 carried out under local
anasthesta w:(haut _any great disturbance to the - patient  Thus
doubtful may be d or refuted and
1t may be possnblc to e(press an opiton as to the malignancy or
otherwise of a gastric ulcer seen on X ray exammnation  The stages
of healing of a stmple gastric ulcer may be followed and 1t 15 usually
found that an ulcer crater can be seen gastroscopically for a con
siderable time after radiological criteria have pronounced the ulcer
healed An important contribution of the gastroscope to gastnc
diagnosis lies m the recogmition of the various types of gastritis
and a diagnosis of gastrtss 18 almost smposstble without the aid of
this 1nstrument

6 LIVER FUNCTION TESTS
The liver 1s remarkable for thc number and vaoety of its functions
tests of wnd have been used  No sungle
test can give a composite picture of lver function The more
important tests are —

(1) Tests depending on failure to excrete bilirubmn
(a) Plasma bilirubin  Sec p 169
(9) Urobilinogen in urine See p 227
(2) Tests depending on metabolism of protem

{a) Plasma protens The Liver 15 mamly 1f not wholly
responsible for the production of serum albumen
whereas globulin s mainly produced elsewhere In
advanced liver disease particularly tn cirrhosis there
1s a constderable reductton i plasma albumen
(normal 40 to 55 grm per 100 m!) without a cor
responding fall 1n globulin (normal 14 to 30 grm
per 100 ml) which may even be mncreased and thus
there 15 a fall in the albumen globulin rauc

(&) Thymol turbidity test

Although the plasma globulins undergo no great

quantitative change tn Iiver disease there are changes
m the different globulin fractions which alter therr
electrophoretic pattern and these are thought to be
the basts of the flocculatson tests  Posittve resultsare
found 1n many cases of active lrver disease  Sumilar
tests which are not used so frequently are the
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Takata Ara_ collodal gold and the cephalin
cholesterol flocculation tests
(c) Plasma prothrombm  Since prothrombin 13 formed 1
the liver from vitamin X' the prothrombin index
(p 158) ts reduced 1 obstructve jaundice when
vitamin K 1s not absorbed and m advanced Iwver
disease when prothrombin 1s not formed 1n the liver
A low p ndex p after
of synthetic vitamin k (menaphthone) suggests severe
mmparment of liver functions
(3) Test depending on excretory functions
Alkaline phosphatases These are enzymes which form
morganic phosphates from phosphoric acid esters  It1s
thought they are formed w bone  They are excreted by
the liver  Their concentratton 1n the blood s mcreased
m bone diseases such as osteitis fibrosa hyperpara
thyrowdism bone neoplasms and mickets and also 1
Jaundice particularly obstructive jaundice  The normal
serum concentration 1s from 1 5 to 4 umits i adults and
3-13 units 1n chuldren -
pai

Liver function tests are employed (1) fo assist in the differential
diagnosts between  medical  jaundice (hepannisy and  surgical
taundice (obsiructive)  The diagnosis 15 primanly made upon con
sideration of the history and physical signs but complementary
tests are valuable  Absence of urobtlmogen from the urine (p 227)
idicates complete obstruction  This rarely persists for long
hepatitis and 1s usually 1ntermittent m gall stones Thus per
sistent complete obstruction demonstrated by repeated negative
urinary urobilinogen tests favours obstructive jaundice due to
growth The Van den Bergh reaction gives no assistance

In jaundice due to extra hepatic obstruction liver function s
normal at ficst and fals gradually In acute hepatitis hver
dysfunction 15 maumum at first and usually lessens Thus
chronic jaundice repeated hver function tests showing detertoration
m function suggest obstructive jaundice while tests showing 1m
provement of function suggest hepatitis

The non specific flocculation tests—thymol turbidity etc —are
positive early 1n hepatttis but not 1n obstructive jaundice whereas
the alkaline phosphatase 1s raised eatly 1n obstructive jaundice but
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not tn hepatitis Thus alkahine phosphatase levels above 40 unts
with negative or weakly positive flocculation tests indicate obstruc
tion while phosphatase levels below 15 with positive flocculation
tests indicate hepatiis

() To detect liver failure esther to confirm a chnmical diagnoss of
hep or to estimate prog whenop 15 plated
For thus purpose several tests should be performed In advanced
cirrhosis and in hepatic fatlure from other causes typrcal findings
are 2 Jow plasma albumen {less than 4 0 grm per 100 ml) a low
prothrombin index raised plasma biluubm and a raised alkaline
phosphatase level

(3) To detect active disease of the hver  In active disease of the
Iiver 1¢ any form of hepatitis the non specific flocculation tests
are usually positive  Reliance must not be placed exclusively upon
the results of hiver function tests Chmcal assessment s stll the
primary diagnostic method

V EXAMINATION OF VOMIT

The character of the vomit vanes with the nature of the food
ingested and the absence or presence of bile  In pyloric stenosis the
vomt 1s apt to be copious sour smelling and exhibits a froth on
the surface after standing  The presence of much mucus gives to
the vomit a wviscid consistence  The appearance of the vomit
hzmatemes:s varies  If the bleeding 15 coprous the vomit may
present the appearance of pure blood and containclots  Such bleed
ing may come from a gastric ulcer or from the cesophageal varices of
portal obstruction  More commonly the blood 15 altered in colour
by being 1 contact with the gastric juice 1t may be blackish in
colour or dack brown The latter appearance 1s due to the con
verston of hemoglobin 1ato hematin ~ The altered blood gives to
the vomit an appearance often compared (o that of coffee grounds
The taking of prepatations of trou or red wines may produce a
sumular appearance 1n the vomit  Vomut which contams datk green
bile may resemble vormt which contamns blood  Oa diluting with
water however the green colour of the bile becomes more apparent
while blood remains dark  If there 1s any doubt the tests for blood
descibed under the examunmation of frces may be applied
Remember that blood 1n vormit may have come from the nose or
Jungs and have been swallowed  Faeal vomir charactenisic of
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mtestinal obstruction 1s brow mish black 10 colour and may resemble
altered blood but has 2 typically facal odour

VI EXAMINATION OF FZCES

Examination of the fzces 1s an nvestigation of great importance
too frequently omitted No patient with bowel disturbance has
been properly exammed untd the stools have been wspected  The
white surface of a bedpan makes an 1deal background for the
detection of bload pus and mucus

1 Naked eye mnspection —The following posnts should be noted

(@) Amount of the daily stools

(®) Their colour

(©) Therr odour

(d) Ther consistence and form

(¢) The presence of any abnormal consttuents

Regarding amount 1t 1s sufficient to state whether the stools are
coprous or scanty  The average daily amouat of fieces in health 1s
120-180 gem (about 4 oz)

The colour of normal fzces 15 partly due to stercabilm partly
to chlorophyll and other pigments  Black stools may be produced
by the ingestion of iron or bismuth  In hzmorrhage occurnng
high up 1n the intestine the altered blood makes the stools dark
tarry looking and very offensive and the guarac and benzidine tests
are strongly posttive

Pallor of the stools may be due to Jack of entrance of bile nto
the intestme as 1n obstructive jaundice  to dilution and raprd
passage of the stool through the intestine as in diarrheea  or to an
abnormally high fat content as m sprue

The odour of the fizces 1s due to the presence of indol and skatol
The absence of bie favours putrefaction  hence the stools m
Jaundiceare often very offensive  Cholera stools on the other hand
contamn very little organic matter and are almost free from odour
The stools of acute bacillary dysentery are almost odourless while
those of ameebic dysentery have a characteristic odour something
like that of semen

The form and consistence of the stools 1s of importance In
obstinate constipation they may be much drier and harder than
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normal and even friable  In all forms of diarrheea they are more
fluid than normal and may even be watery  Shmy stools are due
to the presence of an excess of mucus

Note whether the stools are formed or flid  and if formed 1f
there exists any abnormality in the shape  The stools of constipa
tion have often the form of round balls which are frequently
coated with mucus  In obstruction 1n the Jarge 1atestine the stools
may be nbbon Iike  The presence of a rectal growth may produce
a groove or furrow along the fxcal mass

To detect abnormal ingredients the stool should be placed on a
fine sieve and a large quantity of water added The whole 15
shaken and stured up ull the soluble parts are all washed away
The residue 15 then examined  Gall stones are eastly recognized
Observe whether they are faceted ornot  1f they are then the stones
are multiple Particles of undigested food fruit stones foreign
bodres g those prod by and para
sites should all be sought

Full consideration of the parasites which may be found i the
stools ts undertaken later but 1t i1s convenient here to describe the
method of searching stools for the head of a tapeworm Add to
the stool a considerable quantity of water contarmng a hittle carbolic
acid and shake the mixture gently for a few moments ~ Then allow
to stand for about ten minutes ~The parasite smks to the bottom
the supernatant flud 1s poured off and more water added and
poured off after standing till the residue 1s nearly colourless The
parasite will then be found  The head 15 about as large as that of a
large pin and the neck about as thick as a stout thread

Watery stools are found 1a all cases of profuse durrhea and
after the of OB To the stools
of cholera the special name of rice water stools 1s applied  Such
a stool 15 colourless almost devord of odour alkaline n reaction
and contans a number of small flocculi consisting of shreds of
epithelium and particles of mucus  The name 1s appled to 1t
from 1ts resemblance to the water 1n which rice has been borled
Purulent or pus-containing stools are found m severe dysentery or
ulcerative colitis or in cases where an abscess has found its way
into the intestines  Shimy stools are due to the presence of an excess
of mucus and point to an affection of the large bowel  The mucus
may envelop the fecal masses or may be mtimately mixed with
them Bloody stools vary in appearance according to the site of
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the hemorrhage If the bleeding takes place hugh up the stools
look like tar  In an intussusception they may look Iike red-currant
Jelly  If the hezmorrhage 15 from the large 1ntestine the blood 1s
less mtimately mited with the fecal matter and may even be of a
bnght colour In hzmorthage from the rectum or anus 1t may
merely streak the fecal masses  The stools of bacillary dysentery
consist at first of fzcal matersal mixed with blood and pus later of
blood and pus without fzzcal material ~ Those of ameebic dysentery
charactenistically consist of flud fcal material mucus and smail
amounts of blood The stools of sprue are very large pale and
putty like and sometimes frothy  Those of pancreatic steatorthcea
are said to set Lke butter 1n the bedpan

In muco membranous colitis the motions contain easts of the
bowel which are mainly composed of mucin  The mdividual casts
vary msize bemng from 1 m to 61 long
but 1n exceptional cases attaiung a Jength of 1 ft or more  These
casts when small may on casual observation be mustaken for
segments of tapeworm

2 Chemical exammation —Test for occult hzmorrhage B nzidin
test (Gregersen) —This test 1s the simplest and most suitable for
routne use It 1s carred out as follows —

Powders are made up containng 02 grm of barm peroude and
0025 gim of pure benzidin  of put up 1 wax papers they will keep
indefintely  Just before the test one powder 1s dissolved m 5 ml of
freshly prepared SO-per-cent acetc acid solution A button  of
fzces 18 taken by means of a glass rod from the centre of the stool and
smeared on to a clean glass slde A smear on filter paper from a fin,er
stall may equally well be made A few drops of the solution are then
run on to the smear A blue or bluegreen colour deselops within a
minute 1f the test 1s positive and the reaction 15 graded according to the
depth of the colour and the time 1t takes to develop as follows —

Positive—a deep blue colour appearing within 15 seconds

Weakly positve—a greenish blue colour appearing wathin 30 seconds

Negative—no colour appearng wathin 30 seconds

Food containing large amounts of blood 1€ black sausage and
liver should be excluded for a few days before test  Iron-contaning
drugs and ordinary meat do not affect the results

Fats 1n fzces —Fat 1s present 1n food as neutral fat or tniglycenide



66 THE ALIMFNTARY SYSTEM

It 15 split to greater or lesser degree by lipases mamly of the
pancreas 1nto glycerol and fatty acids  Some of the fatty acids 1f
unabsorbed combine with bases to formsoaps  Fatmay therefore
be found 1n the fzces as neutral fat fatty acids and soaps

For methods of esimating fats m the faces textbooks of bio~
chemustry must be consulted  The examtnation of a single stool 13
useless If the stools collected over twenty four hours contam
more than 25 per cent of dry matter as fat steatorrheea can be
diagnosed  but variations 1n the amount of non fatty residues and
phasic variations m fat absorpion make thes an uncertamn method
In normal circumstances about 20 per cent of the fat 1n the stools
1s neutral fat and 80 per cent sphit fat of which about half 1s present
as fatty actds and half as soaps In steatorrhea a preponderance
of neutral fat has been said to indicate pancreatic steatorrheea and
a prepond f split fat rheea due to defects of absorption
This 15 an unrehable method of distinguishing the two types

A fat balance test 1s the only reliable means of diagnosing
steatortheea  The patient 1s given a fixed diet of say Ch 250 grm
Pr 75grm F 50grm  and the fat s estimated 1n the stools collected
over several days Normal persons retain more than 90 per cent
of the fat and 90 per cent of the mitrogen ingested  The distinetion
between pancreatic steatorrhea and steatorrheea due to defects of
fat absorption can best be made by combining a nitrogen balance
test with the fat balance test  Patients with pancreatic steatorrhcea
retain less than 90 per cent. of fat and mitrogen whereas in those with
disorders of fat absorptton eg  sprue and sdiopathic steatorrheea
90 per cent or more of the mtrogen ingested 1s retamned

3 Microscopical examunation —It 1s best to use a low power
objective preferably about 13 1

Prepare a film as follows Remove 1 portion of the facs bout the
size of a split pea_with the end of a match  Emulsidy 1t on a slide with
a drop or two of saline and apply a cover slip

Muscle fibres are easuly recognized by their cross-striation  If present
1n large numbers they indwate defective intestinal digestion

Starch granules are readily detected if a drop of jodine solutson 1S
added They are pres at 1n excess in the syndrome known as  intestinal
carbohydrate dyspepsta 11 which the patient digests starch partcularly
that of potatoes poorly

Neutral fat occurs as colourless highly refractde droplets or as bile
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staned irre ular masses which stain with Sudan 111 and are soluble
ether

Fatty acids occur as sheaves of colourless acicular crystals which
dissolve on warmmng or in ether

Soaps occur 25 greasy looking amorphous masses or as needles which
are shorter and tincker than those of fatty acids They dissolve on
warming but not 1 ether  On heating the shde with a drop of acetic
aad erystals of fatty aaid will be seen to scparate out

A simple way of distngunhing fats from mucus or vegetable matenal
13 to press down the cover shp ~ If the material be fat the shp remains
down if veyetable detratus or mucus 3t sprin,s back when the pressure
15 released and arw comes 1 from all around

Normally fat in the fces 1s almost entitely 1n the form of amorphous
masses of soap  less often as crystals  Neutral fat should be practically
absent

Mucus occurs as transparent blobs or shreds sometimes bile staned
It may contan numerous leucocytes or epithelial cells

For protozoa in fxces see p 7.

VII INTESTINAL PARASITES

The parasites which occur 1n the mtestinal tract include worms
and protozoa  Some of the nematode and cestode worms will be
descnibed

A NEMATODA
1 Perhaps the commonest of all internal parasites 1s the thread
worm Oxyuns vermucularis whose presence 1s associated with
considerable 1tching about the anus 1t inhabits the lacge wntestines
czcum and appendix and female specimens can often be seen
wrigghng about i the recently passed motion of ther host To
the naked eye they look like small white threads 05 to 1 em m
length  Under the microscope the female may be distinguished by
her much larger size by the large uterus filled with ova and the
pointed posterior end whence 1ts name 15 dertved  For appearance
of ovum see Plate 12 15

2 Ascaris lumbricoides or round worm has a general resemblance
to an earth worm It usually measures from 6 to 8 1n_but may be
upto13mn long The ova which can occastonally be found 1n the
dejecta have brownish yellow granular contents and 1n many cases
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Prate 12
Intestinal parasites

hustoly 1 Fully ped 4-nucleated cyst
chromatoid bodies as seen 1 saline preparations (x 1 500)

Entameba hls!aI)nca Four nucleated cyst as seen m todinc prepara
ton (x 1

Entamaeba Im-ml)ma Active form containg included red blood
cells as seen In salne preparations (X 1 500)

Jodamaba butschlii Cyst as seen in saline preparations Note
unstained glycogen vacuole (x 1500

Entameba coh” Fully developed § nucleated cyst as seen mn saline
preparation (% 1 500)

Entameba coli  Eight nucleated cyst stamed by Lugols iodine
solution (X 1500}

Entamabacoli  Active form as scen m saline preparations {x 1 500)

lodameba_butsehlii  Cyst stamed by Lugols todine solution

(x1
Guardia lamblia  Cyst form stamed by Heidenhain s hxmatoxyln
(x 1500}

Giardia lambha  Active form stamed by Heidenhamn s hzmatoxylin
(x 1500)

Trichomonas korums  Staned by Giemsa s method (x 1 500)

Isospora belli (I homimis)  Undeveloped oocyst as passed n haman
fxces (x 500)

Ealanudmm colt Active form staned by Herdunhain s hematoxylin
(x 3

Ova of Ankylnxlama duodenale (Hookworm) (x 500)

Ova (Th ) (% 500)

Ova of Tzma solhum and saginata (Tapeworms) (X 500}

Ova of Trichurss trichura (Whipworm) (x 650)

Ova of Ascaris lumbricordes (Roundworm) (X 500)

Ova of Bilharpa hematobum (x 300}

Ova of Bilkar.sa faponicum (X 300)

Ova of Bilhar 13 mansom (x 300)

Almgms tn ppomt

Drawnby M W Cooper
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the shell 1s surrounded by an wrregular albummous sheath (Plate
12 18)

3 Ankylost denale or hook Is an important cause of
an®nua and debility 1n the tropics where heavy thfestations may
occur It 1s no longer indigenous 1n Great Britain It lives for
the most part in the upper part of the jejunum and 1ts presence there
1s probable when in an infested district severe an@mia otherwise
inexplicable sets i The dagnosis 1s confirmed by the discovery
of ova 1n the motions (Plate 12 14) They exlubit a segmented
yolk enclosed i a thin shell and are sufficiently numerous to be
readily detected  The adult worm which 15 but rarely seen before
therapeutic agents have been employed 1s about half an ich long
and the mouth 15 provided with four claw like teeth

4 Troclna spiralis gains access to the body as the result of eating
mfested pork  Trichimasis 1s rare when pork 1s eaten cooked but
small outbreaks and sporadic cases have been reported m Great
Britain and mn the US A When man ingests the muscle trichuellz
of the pig larve are set frec 1n the small intestine gaving ise to the
symptoms of the first stage of the illness—abdominal pun vormiting
and diartheea  The adult female 3 mm long penetrates the
intestinal wall and discharges embryos nto lymph spaces whence
they migrate mto muscles  In thes second stage of the illness the
patient has fever and the muscles swell and become hard and tender
Death may occur at the height of the myositis Otherwise the
embryo undergoes no further development and its capsule becomes
calaified  Unbte cysticerc: described below calcfied trichimille
are not usually visible m X rays
B CESTODA

Many different kinds of tapeworm have been found as parasttes
1 man but the most important are Tema sagmata T soluon and
T echinococcus  Besides its occurrence m the fully developed state
T solum may be present 1n the tissues mn the form of a cysticercus
T saginata 1s never found 1n this condition 1 man ~ whilst 77
echnococeus always occurs m the cystic stage and has never been
found mn the mature condition 1n the human mtestinal tract

The presence of an adult tapeworm 1 the bowel 15 generally
revealed by the passage of ripe proglotudes 1n the stools and after
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the admimstratson of anthelmmntics the head may be detected by the
methods previously described (p 64)

1 Tzma sagmata (mediocanellata) 1s the beef tapeworm  Infesta

tion occurs as a result of consumung wmsufficiently cooked beef
infested with the embryo of the worm  The adult parasite reaches
a length of 4 to 8 metres and consists of about 2 000 segments

The npe proglottides measure 16 by ISmm  The head 15 quadrate
measures 2 mm 1n diameter has four suckers but 1s devoid of
hookfets The terminal gravid segments of the worm from time
to time become  separated and the ova are then mgested by the ox

1n the muscles of which the larva develops It becomes a bladder
worm Cysticercus bovis measunng 10 by 6 mm and contaming an
invagmated head which posses es 10 mintature the characteristics of
the adult scolex  Cysticercus bovis 1s never found 1 human muscle
tissue or bran  For appearance of ovum see Plate 12 16

2 T=mma solum the pork tapeworm 1s not encountered 1n Britatn
but 1s endemic wherever infested pork 1S eaten raw or msufficrently
coohed It measures 2 to 4 metres 1n length & ripe proglotus 1s
10by 6mm  The head measures 1 mm. i diameter and 1n addition
to four suckers has a rostellum with 32 hooklets  The ova in the
termunal proglotudes are ingested by the pig tn the muscles of
‘which the bladder worm Cysticercus cellulose develops  Occasion
ally soldiers serving 1 India become infested with Cysticercus
cellulose from eatng food contaminated with the ova of the
parasite  The muscles of the human host are then mfested by
cysticerct which are palpable through the skin as tense ovod
swellings 10 by S mm and of almost cartilaginoos hardness  About
four years after nfestation they become calcified and may then
be demonstrated radiologically  The thigh muscles are those 1n
which cysticerct are most easily demonstrated

3 T=ma echinococcus —The adult worm which consists of a head
and three segments and whose length 13 only 3 to 8 mm need
not be fully described smce 1t 1s not found i man  The ¢ystie
stage 15 very 1mportant as 1t gtves rise to serious disease tn man in
many of the viscera and especually 1n the liver  The cysts of this
zma are not simple but produce from their inner surface one or
two generations of secondary vesicles on which the brood-capsules
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containing the cestode heads are formed Durmg the pertod
which this process 1s gomg on the pumary vesicle duates to accom
modate 1ts increastng contents and may eventually reach the size
of a coconut  The vesicles may rupture spontaneously and their
contents may escape by the lungs by the bowel or by the urinary
passages  Spectmens may be obtaned by aspiration or after
surgical interference

The duagnosis of suspected hydatid disease may rest upon the revont
tion of the nature of flud withdrawn of hoeklets or scolices or in the
appearance of parts of the ectocyst which are sometimes cou,hed up
from the luns

The fluid 1s clear alkahne devoid of albumin and contains abundance
of sodm chlond, and traces of glucose Its density 15 low beng
generally under 1010 The scofex 1f 1t 15 obtained 1n a perfect condition
1s about 1 to 15 mm in dumeter and a number of them often spring
1n a group from one brood<apsule They have four suckers and a
crown of hooklets Portions of the ecfocyst appear as whitish yellow
shreds whi h can be reco,nized under the microscope by thewr lamuna
tion and by the pectinate markins on the lamunz

4 D latom (D tatus) the fish tape
worm 1s encountered 1 Sweden Finland and m Mictugan  The
adult worm measures from 3 to 10 metres or more and has a total
of 3000 segments The scolex 1s small spatula shaped and
possesses two deep suctorial grooves The first larval host 1s a
water flea and the second the pike perch or salmon trout Human
nfestation takes place from eating raw or under-cooked fish

€ TREMATODES
Schistosomes or blood flukes are the most important trematode
parasites of man  They are found m three vaneties and produce
the disease known as schistosomiasis or bilharziasis  Bilhar.a
taponicum and Bilharzia mansoni \nhabit the portal blood stream
and the ova (Plate 12 20 21) are passed m the feces  Bilhar.a
hematobum charactenstically mhabits the vesical plexus so that
the ova (Plate 12 19) are passed 1n the urme (p 242) They may
occasionally also be found m the feces  Biharaa manson: 1s found
1 Africa and South America  Bilhar.ia hematobum m Afnica and
the Near Fast particularly m Egypt  and Bidhar @ japoricum m
the Orient.
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D PROTOZOA

A number of protozoa many of them non pathogemc have been
found 1 the feces Of these the most mmportant chnically 1s
Entameaba histolytica (Plate 12 1 2 and 3) which causes amaebte
dysentery (as opposed to bacillary dysentery) and sometimes tropical
abscess of the iver  Entameaba col: (Plate 12 5 6 and 7) 15 non
pathogenic

Entameba lustolytrea 1s found 1n the stools n two forms In
acute attacks vegetative amaebre can generally be found whlst in the
more quiescent stages cysts are passed

If amabic dysentery 15 suspected a stool should be passed into a
clean bedpan which must be free from antiseptics and the stool must not
be mixed with unne It should be taken rmmeduztely to the laboratory
50 that 1t 13 exanuned whilst warm

With a platinum loop select a piece of blood stained mucus or fatln,,
this a sall particle of feces  emulsify 1t with a drop of warmed normal
saline and apply a cover shp

The diagrosts of vegetative Entamaeba lustolyneca depends for practical
purposes on the demonstration of actively motile ameebe which contam
red cclls  The shde must be examined on a heated stage or if this
1s not available 1t may be kept warm by applying haifpenmies that
have been heated 1n a Bunsen flame on each side of the cover shp
Care must be taken not to overheat it  Motile ameebe are readily seen
under the low power and can be studied further under the * objective
Todine will kill the ameebz and must not be used

Cysts can be seen under the low power as small round refractile bodies
They are seen even better 1f the stool 13 emulsified 1n 1 per cent aqueous
cosin when provided the stool is fresh they show as white bodies
agamst 2 pink back The bodies of
E histolytica are well shown by this method  Globules of oil or fat
which may be present 1n patients who have been given oil as an apenient
may resemble them and if numerous may make any attempt at further
examunation useless Ol droplets vary 1n size are structureless and
their edges cannot be sharply focused  If eysts are prosent 1odine should
be used for their further identification Make a further preparation
using 1 per cent Lugols sodine  Find a suspected cyst under the low
power _Apply the § objective and centre the cyst in the muddle of the
field Rack up the mucroscope tube apply 2 small drop of ol to the
cover shp without moving it and carciully lower the ol immersion
objectne mto the drop ~The main differences between E histolynca
and cofi and their cysts are shown In the table opposite

Besides £ coli there are three other non pitho eni amebe which
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must not be mustaken for £ histolynca They are Endolymax nana
ITodamaba butschin and Dientameba fragibs Tn the diagnosis of the
ve etative forms this mistake will be”avoided if it 1s remembered that
E ustolytica alone 1s actively motile and contains red cells  The cysts
of lodameba butschly (Plate 12 4 8) contan a sigle small auclius
a large compact mass of glycogen but no chromatoid bodies

Grardia lamblia 1s a flagellate protozoon which nhabits the duodenum
and may be found 1n the stools of patients with drarrheea 1n both cystic
and vegetative form (Plate 12 9 10)  There 1s some doubt whether
or nat it 1s pathogenic  The fact that a course of mepacrine will eradt
cate 1t sometimes with relef of the diarrheea suggests that it 15

Trichomonas homims (Plate 12 11} 1s another flagellate protozoon
which may be scen 1 the stools m diartheea 1t 15 probably non patho
genc  Sioular if not 1dentical tnchomonas may be found in the vagina
1n leucorrheea and 1n the mouth 1n oral sepsis

Isospora bellt (I homims) (Plate 12 12) one of a group of parasites
which may produce coccidiosis 1n man ammal and birds has occasion
ally been described as the cause of acute diarrheea m man particulary
n the Eastern Mediterrancan

Balantidium cob (Plate 12 13) 1s a large cilate protozoon which 15
found m the ntestine of pigs It occastonally infects man and may
rarely canse severe diarrheea or frank dysentery



CHAPTER IV

THE CIRCULATORY SYSTEM

I  ANATOMY

THE heart lies obliquely 1 the thorax being inclied from above
downwards forwards and to the left {see plate facing p 44)
Two-thurds of 1t Lie to the left of the mtddle line  The part which
reaches fughestin the thoratus the leftauncle  Itis usually opposite
the 2nd interspace or lower border of the 2nd cartdage The
greater portion however of the left auncle lies posteriorly and
constrtutes the hindmost cavity of the heart

The night auricle 1s the chamber that lies most to the nght It
extends somewhat beyond the right margin of the sternum and 1ts
border may be traced by a curved line Jotning the 3rd and 7th right
sterno-costal artsculations and reaching about 11n to the night of
the steraurm

The night ventricle occuples the great portion of the front of the
heait  Its mfertor margin extends from the 7th right sterno costal
articulation to the apex and constitutes the lower border of the
heart

The Ieft ventricle only appears 1n front as a narrow strip scarcely
41n broad and its outline completes that of the heart on the left
where 1ts border forms a curved line ascendimg from the apex to
the lower margin of the 20d left wterspace at a porat just internal
to the p: line  The topographical anatomy of the valves
of the heart and of the great vessels will be discussed 1n connection
with auscultation as 1t 15 1n this department that a knowledge of
their situation 15 most necessary (pp 85 88)

The most tmportant organs which come mto relation with the
heart are the lungs on erther side the liver below and the great
vessels above A small portion of the anterior surface 15 only
separated from the thoracic wall by the antertor mediastinum
whilst behind the heart 1 1n relation with the structures that occupy
the posterior medmstimum

That portion of the anterior aspect of the chest which overlies

75
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the heart 15 known clinically as the priecordium It 13 an area of
11l defined extent

It 15 often necessary to define the exact situatton of a pomt on
the front of the thorax and certamn landmarks some natural and
some artificial are commonly made use of for this purpose

‘The ribs and saterspaces on either side form convenient honizontal
landmarks In order to count them feel for the nidge which marks
the junction of the manubrium with the body of the sternum known
as the angle of Lowss or sternal angle  When thus has been found
run the finger outwards until 1t feaches the 2nd costal cartilage
which articulates with the sternum at this level The space m
mediately above this 1s the Ist mtercostal space The spaces
should then be counted downwards well away from the sternum
where they are more easily felt

In order to define the distance of any given point from the mestal
sagittal plane of the body a senes of tertical ines may be drawn
on the chest These are the mudsternal and Lateral sternal lLines,
down the middle and each border of the stemum , the midclavicular
Ime defined as the vertical line dropped from the centre of the
clavicle or what amounts to the same thing the hne mudway
between the muddle of the suprasternal notch and the up of the
acromion  theanterror mud and posterior axillary ines descending
from the anterior border the centre and the posterior border
respectively of the axilla  and the scapular hne  whuch 15 defined
as the vertical hine drawn through the inferior angle of the scapula
when the arm hangs by the side

The methods 1 the of the
heart are mnsp palp P and These
will be taken up consecutnely although in practice inspection and

are often geousl, d

11 INSPECTION

For 1nspection of the chest the patient should be stupped to
the waist set in a good Light and examuned first standing or sittng
up and then lymg on lus back The observer should directly
face him  Sometimes 1t 15 better to take up a position at the top
of the bed and lower one s head and so look along the chest tangentt
ally By this manceuvre vanous pulsations may be studied with

greater easc
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The follo ving po nts must then be noted systematically —

1 The shape of the precord um

2 Pulsatons n the pracord um

3 Bulgng or pulsat on outs de the precord um e ther at the
root of the neck or the front of the chest or the ep gastrum

4 The presence or absence of d stended ve ns on the chest wall
or m the neck

1 The shape of the precordm —Ia health the chest 1s b laterally
symumetr cal and there sno greater prom nence oa the left s de than
on the correspond ng area of the rght

Should prom nence be observed note whether the rbs are
mvolved or whether the ntercostal spaces alone bulge _The latter
cond t on occurs rarely n percard ts wth effuson  Promunence
of the precordom 1n adults s usually due to deformuty of the
thorac ¢ cage assoc ated w th scol oss  In children t may be pro
duced by great enlargement of the heart or by a per card al effus on

2 Pulsations  the precordium —Bes des the movement of resp ra
ton whch affects the przcord um w th the rest of the chest an
impul e which occurs three or four t mes to each respraton s
generally to be seen n the lowest and outermost part of that regton
Th s pulsation 1s called the apex beat

The apex beat may be abnormal o force 1n pos tion or 1n extent
Even n perfect heaith 1f the chest wall 1s thick or if the apex kes
behind arb it may be qute nvis ble  In emphysema the heart 1s
partly scparated from the chest wall by the lungs which are m
creased mn volume Absence therefore of the apex beat 1s not
to be regarded as necessar Iy ind cat ve of d sease On the other
hand the apex beat may appear to be more fo ¢ ble than usual n
cases where the heart 13 overactive as a result of nervousness or
exerc se or where the left ventr cle s hypertrophed  Such changes
are more accurately ob erved by palpat on and w il be d scussed
under that head

The pos tion of the apex beat may be altered 1n three classes of
cases  The cause may be (4) congen al where the heart s reversed
so that the apex [es to the r ght (destrocard a) or n those rare
congen tal heart d seases wh h g ve 1 se to left ventr cular enlarge
ment D splacement due to (b) ext ns c causes vhere the heart s
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displaced by diseased conditions of surrounding viscera which

push or pull itfromits usual site  Tnstances of pushing
are found 1n pleural effuston and pneumothorax and of ~ pulling
mn pulmonary fibrosts and collapse of the Iung,  Scoliosis should
be remembered as a common cause of outward displacement of the
apex beat

Again the displacement of the apet beat may result from
(c) disease of the heart as m hypertenston «ortic 1ncompetence and
aoruc stenosts

1t should also be remembered that the positton of the apex beat
vanes considerably with the patient 5 age and build 1 c/uldren
1t 15 usually as hugh as the 4th interspace 1 persons wath long narrow
chests 3t may descend as Jow as the 6th

Pulsation 1s also seen at times 1n the 2nd left 1ntercostal space
It may an ¢ elther 1n the pulmonary arterv which lies half under
cover of the left side of the sternum and half under the inner end of
this 1nterspace or 1t may also be due to aneurysm

3 Pulsations outside the precordum —In addition to the pulsa
tions alreadv described movements should be looked for at the
root of the neck _the-front of the chest and the epigastrtum

Tn the suprasternal notch the pulsation 1s usually systolic 1n time
and when well marked may be an indication of raised aortic arch 1n
hypertension or coarctation of the aorta  or of aneurysm of the
arch of the aorta

Outside the sternomastord vanous pulsations may be observed
These may be either arteral or venous The carotids pulsate
visibly on exertion  from mental excitement  1n diseases whuch
cause overaction of the heart such as exophthalmic goitre 10
cases of aortic incompetence hypertension and aneurysm of the
aorta In hypertension especrally in women and in assocration
witha high aorticarch the nght carotid sometimes showszbnormal
pulsation due to kinking which must not be mistahen for aneurysm

The jugular vems normally show slight pulsation but »f 1t 15
excessive and the vens are distended overfilling of the night auncle
may be assumed or rarely actual regurgitation through an
mcompetent tricusprd valve Tt will be discussed under the head of
Venous Pulse (p 1

Sir Thomas Lewis showed that observation of the cervical veins
could be used to estimate directly the hydrostatic venous pressure
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and thus form a valuable early sign of congestive heart failure
‘When the external jugular vetns are carefully inspected 1 a normal
person the column of blood filling them has a definite upper level
This level indicates the position 10 which the pressure withm the
ven 1s equal to that of the atmosphere and its actual perpendicular
height above the right aurrcle 1s an mdication of the nght auncular
venous pressure  In a mormal person 1n the upright position the
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column 1s usually invisible  With the subject reclining at an angle
of 45 the column of blood may extend abaut one quarter of the
distance from the clavicle to the angle of the Jaw while with the
subject comp the vem s filled th 1ts course
n the neck  In fact 1n normal persons the verncal height of the
column 1s about the same as that of the manubrium sterm whatever
the positton of the subject (Fig 11 ML)
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In the presence of venous congestion the hydrostatic pressure
1s ncreased so that the vertical herght of the column is higher than
that of the In cases of mod 1< the level
of filling of the vein may be seen halfway up the course of the
external jugular with the pattent recumbent at an angle of 45
(Fig 11 ZL) and 1n severe cases 1t may be distended throughout
1ts length with the patient upright  Another method of detecting
venous congestion 1s to apply light pressure over the nght hypo
chondnum ~ In the normal person this produces Litle change 1n
the neck vemns  In the presence of venous congestion pressure over
an engorged Irver produces a nise 1n the Jevel of the venous column
10 the neck (the hepato Jugular reflux)

Two precautions are necessary in using these methods  Furst,
the presence of any mechanical obstruction to the venous return
must be excluded Secondly one must demonstrate that the
edternal jugular hies superficially enough to be wisible throughout
1ts course 1n the neck when filled with a column of blood = The
vewn should therefore be compressed with the finger just above
the clavicle when 1t will be seen to fill throughout its length to the
angle of the jaw if 1ts course 1s superfictal If however the vein
runs decply 1 any part of its course it will not be visible and this
fact must be allowed for in interpreting the observations on the
height of 1ts filing described above Dmntension of the veins of
the neck may also be due to mechanical interference with the venous
return to the night auricle as 1n superior mediastinal obstructton
or ve p when pul of the veins 15 also
likely to be reduced or absent  Dustenston of one external jugular
vein 15 occasionally seen in health as a congenital anomaly

In the thorax an occastonal source of pulsation in unusual parts
1s aneurysm of the aorta Such aneurysmal pulsations always
manifest themselves at first above the fevel of the 4thnb thoughata
later period they may effect a constderable portion of the chest wall
The position of the impulse varies according to the part of the aorta
which1s diseased  If the ascending aorta s affected the pulsation s
chrefly to the night of the stermum whulst the fransverse gorta gives
nise o less distinct pulsatton under the manubrium stern: and the
descending aorta stll more to the left  The time of this pulsation 15
systolic following immediately on the apex beat and it may be
observed to be expansile i character

In of the aorta a artenial develops
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and pulsation may be detected 1n superficial arteries 1n the chest
wall  Thus may best be seen over the back with the patient bending
forward to touch his toes

Pulsation in the epigastrium 15 most commonly due to nervousness
or excitement 1n a thin person  Less commonly 1t 15 due to an
hypertrophied night ventricle or to transmussion of the aoruc

ulsation by a tumour such as a carcmoma of the stomach
Occasionally 1t 1s due to distensile pulsation of the liver 1n heart
failure with tncuspid incompetence  and very rarely to an aneurysm
of the abdomunal aorta which may be palpable as an expansile
swelling

4 Conspicuons vems —The vems of the thoracic wall may be
unduly conspicuous  This occurs (a) when the patients sk 1s
unusually transparent (5) when an intrathoracic growth or
aneurysm obstructs the return of blood to the heart (c) when 1

qu of portal or of the mferior
vena caval system the blood returning from the abdominal viscera or
lower Iimbs 1s forced to find s way through collateral channels

11 PALPATION

Before proceeding to the exammation of the heart the observer
should feel the pulse (p 99) and should confirm the nature of
any pulsation seen i the neck  Visible pulsatton in the neck may
be ether arterial or venous On palpation arterial pulsation 1s
easily felt and produces a thrusting sensation beneath the fingers
V enous pulsation on the other hand isbarely palpable or indeed not
felt at all  In some cases both types of pulsation may of course
be present

In cases of aortic aneurysm the pulsation of the aneurysm may
be to the trachea producing a fracheal fuz  In order
to ehait this the observer should stand behind the patient place
the tips of his index fingers beneath the cricord cartrlage and kLft
the farynx and trachea upwards towards the head A distinct tug
with every heart beat wall be felt 1f the sign 1s positive  Sometimes
this sign can be elicited better 1 the followmng manner  The
patient 1s asked to swallow and when the cncord cartilage has moved
upwards 1n the act of deglutitton 1t 1s caught between the fiogers
and held 1n the elevated position By this means the larynt and

cM—D
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trachea are pulled upwards farther than by the previous method and
any tracheal tug that 1s present will easily be felt  Care must be
taken that the local pulsation of the thyroid arteries 1s not nustaken
for tracheal tug

For palpation of the przcordm the patient should be 1n an
attitude which s easy to mantain since the exertion which a con
strained position demands 1s certam to increase the observers
difficulties  When a patient 1s lymng down he should keep on hus
back becduse shufts to right or left of the apex beat are eastly caused
by similar movements of the body

‘The posttion of the observer 1s as important as that of the patient
He should stand or sit on the right hand side and then place hus
right hand which must be thoroughly warm on the patient s chest
To begin with the whole paim of the hand should be m coatact
with the chest wall  The finger tips should not be dug unnecessanly
into the intercostal spaces as thus causes discomfort and may so
unterfere with sub equent observations When however pulsation
13 detected over any part of the region under examtnation 1ts exact
position 1s best determined by the pulp of the fingers

The first pulsatton o attract attention 1s that of the apex beat
Often the fingers wiil determune that this s farther from the middle
line than 1aspection would have led one to suppose In such a
case the apex beat 1s taken as the lowest and outermost point at
which the finger 1s distinctly forced up with each beat of the heart
The extent and character of the impulse must then be studied It
lies m health in the 5th space about half an inch mside the mid
clavicular line (p 77)  In addition the apex beat may be found to
differ from the normal 1n possessing a forcible or  heaving
character or a feeble :mpulse  The pulsation of the apex 1s some
times so feeble as to be imperceptible when the patient 1s lying down
but often becomes distinct 1f he sits up and sull more so 1f he leans
forward If however these postures are uncomfortable for a
patient who s sertously 11l 1t 1s better to forgo such advanta.cs
than to tire hum  The chuef causes of impalpable apex beat are
() obesity or a thick chest wall () emphysema of the lungs and
less often (c) a feeble heart

An unduly foresble apex beat may be due to nervousness excite
ment exertion or thyrotoxicosis but m these cases it does not have
the sustained  thrust or heave which s felt in left ventncular
“hypertrophy due to hypertension aortic stenosis or incompetence
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Similarly when the nght ventncle 1s hypertrophied as 1n severe
nutral stenosss and m advanced pulmonary heart disease systohc
pulsation may be felt 1n the 2ad and 3rd left intercostal spaces over
the mfundibulum of the nght ventncle and pulmonary artery
This phenomenon has been referred to as night ventricutar thrust
The apex beat tn mutral stenosis may be tapping 1n character

In addition to pulsation vibrations may sometimes be felt over
the precordiim  Such vibrations are termed thrlls A thnill has
been aptly compared to the sensation produced when the hand 1s
placed on the back of a purning cat  Stngle shocks which are really
palpable heart sounds do not comstitute a thnll The ume of
occurrence of thrills 1n relation to the apex beat or to the carotid
mustbed termied When they commence with the apex beat and
continue during the period of ventnicular contraction they are
termed systobe  1f they are felt whilst the ventricles are relaxed
they are termed duastobic  if they occur near the close of diastole
they are termed presystolic ,‘\_dﬁs_@g_ or presystolic thr]l felt at
the, apex ndicates mutral stendsis A thnll 1n the pulmonary area
15 mvartably systoliC in time and indicates either pulmonary stenosis
or pajent ductus arteniosus A thnll 1n the aoftic area is also
systolic 1n time SIgMfYIGE aortic stenosis N

IV PERCUSSION

Percussion of the heart as a means of detecting shght changes
1n the stze of that organ or of its chambers has been shown to give
false results For these purposes X ray methods are now used
(p 127) The student-must—however learn to percuss the cardiac
duliness 1n order to detect the presence of large pericardial effustons
and aortic aneurysms and the absence of the cardiac dullness 1
hypertrophic emphysema

By percussing 1 the 4th nterspace from the Jeft lung towards
the heart 1t 1s possible to define the left border more or less precisely
It 1s found about half an inch nternal to the nmudclavicutar line
The night border of the heart 13 just to the right of the night lateral
sternal hne at the level of the fourth nb 1t 15 difficult to define
since the sternum acts as a sounding board

In aortic aneurysm a dull area can often be mapped out Itis
contmuous below with that of the heart, above 1t bulges outwards
to the might of the sternum at the level of the 2nd interspace and
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adjacent nibs  whilst the sound produced by percussion of the
manubrium ternt 1s also rendered less resonant or even absolutely
dull when the aneurysm 15 large

In pericarditis with effusion the dullness vartes with the amount of
flmd which 1s present but in well marked cases 15 pear shaped
with the broader end downwards and the upper end hugher and
broader than the ordinary upper it of dullness

In hypertropluc emphysema the area of cardsac dullnes 1s reduced

V  AUSCULTATION OF THE HEART AND VESSELS

The A though sometumes performed with
advantage by the direct application of the ear to the chest wall 1s
generally conducted by means of a stethoscope

Stetho copes are of two types single and binautal the former
being for most purposes obsolete

In the choie of a binaural stethoscope the ear preces should
recerve close attention  They should fit comfortably and excluds
extraneous sound aimost completely Bell and diaphragm chest
pieces are available The latter are larger and therefore pick up
meresound  The diaphragm does not transmit low pttched sounds
and hence thts chest piece 13 most helpful m fisterung for soft hugh
pitched sounds e g the diastolic murmur of aortic incompetence
The bell transmuts low pitched sounds well eg heart sounds
especially the third sound and the diastolic murmurs of mutral
valve disease It 15 converuent to have the bell and diaphragm
combined 10 a single chest prece and selected by a tap  Both bell
and duaphragm should be large enough to be really useful and the
tap should gwe as direct a connhection as posstble  Thick and
short rubber tubes give the least loss of conduction of high pitched
sounds

‘The cardiac cycle and surface anatomy of the valves and vessels —
In order to understand the various sounds which can be heard by
listerung to the heart a clear conception of the events which occur
dunng a cardiac cycle 15 essential

After the completion of a beat the auricles and ventricles are both
relaxed Thereafter the auncles contract forcing blood through
the cuspid valves 1to the ventricles and filing them  The ventricles
then contract 1 turn expelling the blood into the vessels whilst
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the avricles begin to relax and become refilled with blood  finally
the ventricles relax also and so the cycle 1s completed  There 15
thus 1n rapid succession auncular systole ventricular systole and
ventricular drastole  auncular diastole commencing during ventn
cular systole and ventricular diastole continuing through auricular
systole

The begumng of ventricular systole 1s marked by the closure
of the mitral and tricuspid valves Which had remamed open during
the systole of the auricles and by the occurrence of the apex beat
the beginmng of ventrcolar diastole 1s marked by the closure of the
aortic and pulmonury valves which remain closed until the begin
niog of the following ventnicular systole The carotid pulse occurs a
short time after the commencement of ventricular systole m the
radal artery 1t 1s decidedly later and therefore the radial pulse must
never be used to tume events 1n the cardiac cycle  The carond putse
or the apex beat should be used for thus purpose

Fig 12 shows the details of the cardiac cycle and their exact
timung with relation to an electrocardiographic tracing and to
the heart sounds recorded by phonocardiography It will also be
found of value when the student arrives at the consideration of the
venous pulse (p 106)

In chimcal language the words systolic and diastolic are used with
reference to the ventricles events which take place dunng the
aurcular contractron being descnibed as diastolic (or presystolic)
Chnueally the systolic phase of the cycle begins with the apex beat
and commencement of the first sound It termunates mmediately
before the second sound whose beginming marks the begimning of
the diastolic perod

In addition to a knowled,e of the cardiac cycle auscultation assumes
knowled,e of the situativn of the valves of the heart and of the course
of the principal artenies as well as of the areas where sounds produced
at the valve are best heard  For full particulars the student must con
sult works on regional anatomy  The following ummary recapstulates
the umportant facts —

The pulimonary valve lies horizontally at the level of the upper border
of the 3rd left costal cartilage  the 1t ht half of the valve hes under
cover of the sternum the remander passes outw.ards behund the costal
cartila e (Fig 13)

The aortx; vaive lies farther from the surface and at a slijhtly lower
level Its situation may be mdicated on the front of the chest by a Iine
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drawn obliquely across the left half of the sternum on the level of the
lower border of the 3rd costal cartlage

The mitral valve les stightly obliquely behind the mner end of the
4th left costal cartilage and adjorung part of the sternum  The tricuspid

W EGTS RS
VENT EXCIY STARTS

55’7‘

Fig 12 —The candiac cycle in
relsllon to the pressure in the
vevTRiciE| arteries vemns snd chambers of
the heart and fo the clectro-

o I
g :‘" s g3 cardiographic curve
s 18 avRice
™ 4 ) - (Fs Le M K1 th H 1
_+/ 1 2 Grom Lew 3¢ 5 im /

/K/ JUGULAR
=

'l
A
o

L~
Y
w
l SOLNM
TYRIE 3T,
I &5 ‘.
Toetlmes twh beh | ot aweebes 1onl 4l areren s edby

w11 " he movem o ofih° | 10 represcated n & unilar w y
The scale of vscr s 18 1 mm = 0018 sec

St a¥ 'S Tovroand pe Gof reteenad | reecy b
AV SOk $€ Z O 0™ WO umies T e lvpsl ty Other
Gl b co ement po LS € omel ma ked

ad wular € roud  d veno st s w8
tated f“’ aytero ;hs-nu,[onann

tectrocardiogr ph ¢ Cus o reuls ayat) o k3 amocuted with
‘h:nz e P i th Fesl st feof  eic U dytol



AUSCULTATION 87

valve 15 placed much more obliquely 1ts upper end 1s opposite the 4th
cartila e or interspace and its lower near the lower border of the 5th
nht sterno-costat articulation It marks the line of junction between
the 11 ht aurcle and right ventricle

‘The pulmonary artery 1s situated at the mner edye of the 2nd left
terspace and behind the adjacent part of the sternum At the
lower border of the 2nd cartilage it divides into its branches to the
night and left Jungs The ductus arteriosus passes upwards from
the left branch to jom the aorta

Fig 13 —Position of the cardiac valves and auscultatery areas

The aorta anses behuind and s htly lower down than the pul
monary artery and passing upwards and to the night approaches
the surface of the chest most closely at the mnner end of the 2nd
night costal cartilage arching backwards and to the left from that

omt

A stethoscope placed over the valves of the heart would fail to
distinguish from which a given sound orsginates because they lie so
near each other that the sounds from all of them would reach the
chest piece  Hence one Distens to the mutral valve at the cardiac
apex to the tracuspid at the Jower end of the sterprm ¢4 tha anrhe
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over the aorta at the 2nd nght costal carttlage and to the pul
monary over the artery in the 2nd left intercostal space It 1s found
that m these regions the sounds of the respective valves are heard
most clearly They are therefore called the putral tricuspd
aorfic and pulmonary areas Auscultation should be performed
systematically over these areas In ordinary cases begit with the
mitral area making certamn of the time at which the sounds heard
occur 1n the cardiac cycle by feeling the carotid pulse or the apex
beat Then pass to the tricuspid area thereafter to the aortic and
Iastly to the pulmonary  Auscultation may also be performed along
a diagonal Line joinng the mutral and aortic areas  This 1s often
useful as for nstance when a mutral systolic murmur 1s associated
with an aortic one

In health two sounds are heard over each of these arcas the first
corresponding with the beg) of systole the second
with the commencement of ventricular diastole  The first sound
depends on the closure of the mutral and tricuspid valves and on
the contraction of the ventricular muscle The second sound 1s
due to the closure of the acrtic and pulmonary valves and also
but subordinately to tension of the wvessel walls  This sound w»
sharper and shorter than the first In health the pulmonary com
ponent of the second sound 1s audible only mn the pulmonary area
where 1t can give rise to - sphitting of the second sound  (see p 89)

DEVIATIONS FROM THE NORMAL IN DISEASE

In disease the following deviations from the normal may occur ~—

1 The sounds may have a different intensity both absolutely
and relatvely to each other from that possessed 1n bealth

2 The sounds may be spht

3 A tnple rhythm may be present

4 Adventitrous sounds may be heard either replacing or occur
nng along with the heart sounds

1 ALTERATIONS IN INTENSITY

In patients with thuck chest walls and in those with 2 serious
degree of emphysema the heart sounds may scarcely be audible
though there 15 no heart disease  Conversely m the presence of
serious heart disease the sounds may appear quite normal  Thus
alterations 1n the intensity of the heart sounds are only sigaificant
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when considered m relation to all the other features of the case
The heart sounds are distant or maudible i pericardial effusion
Accentuation of the first sound 1s often present in mutral stenosts and
may be heard 1n hypertrophy of the left ventricle and in tachycardia
from any cause

Normaily 1n youth the second sound heard in the pulmonary
area 1s Jouder than that heard in the aortic area  In old age the
second sound heard 1n the aortic area 15 Jouder (The second
sound heard 1n the pulmonary area 15 due to closure of both the
aortic and pulmonary valves and when closure of these svalves 15
not quite synchronous  spliting  of the second sound can be
heard  In heatth pulmonary valve closute can be heard only n the
pulmonary area and s heard most easily 1 the young) Anm
absolute accentuation of the sound of aortic or pulmonary valve
closure may be found in disease when there 13 an wncrease
pressure or mass of the column of blood which brings about
closure of the valve concerned  Thus accentation of the sound of
aortic valhe closure 1s found mm systemic hypertenston and
aneurysm of the aorta near the aortic valve  Accentuation of the
sound of pulmonary valve closure 13 found 1 conditions which
raise the pressure of blood i the pulmonary circulation e g mutral
stenosis emphysema progressmg to the stage of right beart failure
and primary pulmonary hypertension and may give nse to a loud
second sound heard 1n the pulmonary area or splitting of the second
sound 1n which the second (pulmonary) component 1s louder

2 SPLITTING

Splnting of the first sound 1s sometimes heard 1 the mitral area
It 1 often heard m health and 1s desunib d 1n bundle branch block
In atself therefore 1t 15 of no pathogentc significance It must be
distingmished from triple rhythm to be described below and must
not be mistaken as 1t often 1s for a short presystolic murmur

Splttig of the second sound 15 frequently heard 1z the pulmonary
area It results from asynchrony of closure of the aottic and
pulmonary valves It 1s usually audible 1n children and young
persons and the sphitting 1s widest during inspgration and narrowest
during exptration  Wide spliting of the second sound 1s often
heard m bundle branch block
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3 TRIPLE RHYTHM

Electrical recording of heart sounds (phonocardiography) has
confirmed that n addition to the two generally recogmized a thard
and also an auncufar heart sound are wsually present These
sounds are usually inconspicuous but can often be detected by
careful When p they are ble for
the cadence of sounds known as triple rhythm

The third heart sound follows the aortic component of the second
sound by about 0 15 sec It 1s usnally best heard in the mitral area
and 15 lower pitched than the second sound which it follows It
1s believed to be due to rapid ventricular fillng  Tnple rthythm
from a third sound 1s common 1n young person. and can occur
11 health up to the age of 40 It 15 also heard n heart fagure from
any cause and sometimes shortly after a cardiac infarct

The auricular sound (previously referred to as the fourth heart
sound) occurs before the first heart sound and 1s associated with
auricular systole  When it 1s loud there 15 often a prominent venous

a wave mn the neck and a largg P wave 1o the electro
cardiogram  The auricular sound 1s not heard 1a health by ordinary
auscultation  Triple rhythm from an auricular sound occurs mn
some cases of systermic hypertension and pulmonary heart disease
It 1s not a sign of heart fatlure and 15 never heard in auncular
fibrillation

4 ADVENTITIOUS SOUNDS

Adventitious sounds may be of two kinds  endocardial or
exocardia]l  Abnormal endocardial sound are called murmurs
Organic murmurs are due to disease esther of or close to the valve
where they occur Murmurs unassociated with any structural
disease m the heart are referred to as functional Thev mav be
due to alteration m the viscosity of the blood or to other causes
They include hemmic and  cacdio respiratory  murmurs  An
organic murmur may result either from obstruction to the onward
flow of the blood or from leakage backwards thron h a closed but
incompetent valve  The former are known as obstructive murmurs
the latter as regurgitant In examining a murmur the following
points must be noted —

(a) Its time of occurrence
(b) Tts pont of maximum intensity
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(¢) Its direction of selective propagation beyond the pracordial

area
(d) Its character

The characteristics of some common murmurs are shown diz
grammatically in Fig 14

The tume of 1ts occurrence is noted with reference to the sounds
of the heart and these by comparison with the time of occurrence
of the apex beat

The maxumum loudness of a murmur which has been produced at
agiven valve usually occurs at the pomt where the valve sound would
be best heard in health To this rule however there are some
evceptions

Valvular murmurs are not equally well heard at all pomts of the
chest wall which are equidistant from the pomt of their greatest
mtensity but each 13 much more distinctly audible at a distance in
some directions than tn others  1e such murmurs have directions
of selective propagation

‘The character of the murmur also helps to dectde a doubtful case
Obstructive murmurs are usually rough  regurgitant murmurs
softer and blowing The duration of a murmur may also be
mnportant  For example some murmurs seem to fill systole and
may even mask the first and second sounds whule others seem to be
separated by silent intervals from these sounds  The loudness of a
murmur has no relation to 1ts importance A very loud murmur
may be less serious than one so soft as to be nearly inaudible

Murmurs due to disease of postnatal origin proceed from the
valves of the left side of the heart more often than from those of the
nght and i adult Ife murmurs at the pulmonary area due to
dusease of this valve are rare A description of the more rmportant
murmurs and exocardial sounds follows

(1) Mutral Murmurs
Mitral murmurs may be either (a) diastol. or (5) systolic (Fig 15)

(a) Dastolic murmurs are for practical purposes always orgamc

“They are of two types  The mud-diastolic murmur 1 separated from
the second sound by a bref nterval The presystolic murur begins
with aunicular contraction  Mutral diastolie murmurs are due to the
onward rush of blood throuch the deformed of narrowed r--*=~" ==+~
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1nto the wider cavity of the left ventricle At the beginning of drastole
(1 1mmediately after the second sound) the pressure i the left ventncle
1s approxumately equal to the distolic blood pressure  As the ventncle
relaxes the pressure within falls almost to zero untif st is less than the
pressure 1n the left auncle and the mitral valve opens  Often the open
1ng of 2 damaged acd thickened mitral valve produces an audible sound
the operung snap  Obviousty there must be an appreciable pause
between the second sound and the opening snap to enable the pressure
changes in the left ventnicle to take place  Openmg of the m tral valve
15 followed by a muemur due to passive filling of the lef vaetricle through
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the narrowed mutral valve The flow of blood dinnnishes towards the
end of diastole and the murmur 13 therefore mrd-diastolc 10 time
Shortly before the first sound the auricle contracts and remforces the
flow through the mutral valve gving a presystolic murmur

Obviously the presystolic murmur will be absent when there is no
co-ordnated auricular contraction as in auricular fibllation  Sumilarly
2 thrd sound which 1s due to rapid filling of the ventricles (and especially
the left ventricle) will seldom be heard in pure mutral stenosis

Mitral diastolic murmurs are usually best heard at the apex or
Just medual to 1t and are often sharply localized They have no
direction of selective propagation They are harsh low pitched
and rumbhng and sometumes associated with a thnll  The first
sound 1n mutral stenoss 1s usually loud and abrupt

rd
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An  opeming snap 1s usually present with mutral diastolic
rourmurs ¥t 1s 2 high pitched sound occurring about 01 sec
after the second sound and best heard at the lower end of the
sternum It may be confused with the second component of a
split second sound but can be distingwished because 1t 15 tn fixed
felation to the aoruc component of the second sound (1 ¢ the second
sound heard in all areas except the pulmonary) throughout the
respiratory cycle  Agam the opening snap 1s usually best heard at
the lower end of the sternum while splitting of the second sound 1s
confined to the pulmonary area A soft murmur 1n carly or mid
systole 15 often heard at the apex 1 assoctation with mutral diastolic
murmurs  Such a murmur does not ndicate mutral competence

The recogmtion of the murmurs of mutral stenosis 1s of great
mmportance and 1t 1s especrally necessary that splitting of the fiest
sound which 15 often present 1n health should not be mistaken fora
presystolic murmur  In cases of doubt the pattent should be
exercised unti he has 1 moderate tachycardia and should then he
onhisleft side  Under these circumstances the presystolic murmur
of mutral stenosts will be rendered more promment while splitting
will be or will Ths should be
employed 1n every case 1n which the dmgnosns of mutral stenosis 1s
1 doubt

(b) Systolic murmurs 1n the mutral arez may be due to mutral
mcompetence and regurgitation but are usually due to other
causes The systolic murmur of mtral incompetence begins with
the apex beat and may replace more or less completely the first
sound m the mutral area ~ The phonocatdiogram shows that the
murmur fills systole and may increase 1n tensity wn late systole so
that chaorcally it may obscure the second sound Its paint of
maximum intensity 1s at the apex and its direction of sclective
propagation 15 outward towards the awlla and the aagle of the left
scapula  The murnmur is relatnely harsh and may rarely be
accompanied by a thnll

Other systolic murmurs heard i the mutral area for example
functional murmurs and those due to hypertension and anzmia
can be distingshed because they are more or less localized to the
mitral area and do not have the direction of selective propagation
of the murmur of rmiral incompetence  they are never loud and
never accompanied by a thull  they never seem to fill systole and
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are usually confined to rmd systole  Further any murmur which
disappears with a change m the patients position or which dis
appears if the breath 15 held in 1nsp can usually be

as of no pathologreal significance

(2) Aortc Murmurs (Fig 16)
(a) Systolic murmurs are due either to stenosts of the aortic valves
or to deformuty of the valve cusps  They are rough 1n character
The phonocardiogram shows that they are loudest 1n mud systole
starting well after the first sound and fimishing well before the
second sound This gives a typical grunting  character to the
murmur  Acrtic systolic murmurs have their are: of greatest
intensity at the 2nd night costal cartilage near the sternum but may
be almost as well heard 1n the mitral area  They are propagated
with the bloodstream into the artenies and may 1n most instances
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Fig 16 —Aortic murmurs

be readily heard over the carotids  Aorticst nosis can be diagnosed
for certain when an aortic systolic murmur 15 accompanted by a
thrill felt at the aortic area  Often a thnll can be brought out in
the aortic area by having the patient lean forward hotding hrs
breath 1n full expiration The character of the pulse (plateau
pulse) and the posttion and character of the apex beat are also
helpful 1n makng the diagnosis of aottic stenosts

(b) Duastolic murmurs may replace 1n part or completely the normal
second sound 1n the affected region  They are always organic and
adrcate aoric incompetence and regurgitation  They may be
heard 1n the aortic area  not infrequently however they are better
heard over the left half of the sternum at the level of the 3rd b
and interspace and Jower  Their direction of selective propagation
13 towards the lower end of the sternum though occasionally they
are almost equally well heard near the apex (Fig 14)  their char
acter 1s soft and high pitched with an echoing dimmuendo quality

-
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When there 1s any doubt about the presence of this murmur the
patient should lean forward and hold his breath with the chest 1o
the posttion of full expiration The observer should then Lsten
with the diaphragm again  Sometimes thus murmur 15 heard best
if the ear 1s applied directly to the chest wall

In many nstances one finds that a double murmur 15 present at
the aortic onfice the systolic element of which 15 not caused by
real stenosis of the ostwirn but by roughemng and deformation of
the valve segments the diastolic murmur berng due to the backward
leakage through the musshapen cusps In these circumstances
aortic stenosts can only be diagnosed 1n addition to imncompetence in
the presence of a systolic thrll in the aortic area or of charactenstic
change 1 the radil pulse

A mutral diastolic murmur tndistinguishable from that due to
mitral stenosis may occasionally be heard in aortic incompetence 1n
the absence of any disease of the mutral valve Thus 15 known as
the Austn Flint murmur but 15 a great ranty

(3) Trcuspid Murmurs
These are rare

{(a) Dmstolic murmurs have their maximum intensity at the lower
end of the sternum  Thev have no selective propagation  They
are similar 1 character and fining to mutral drastolic murmurs
but mcrease markedly on wspiration

(b) Systolic murmurs have a similar character to the systohe murmur
of mtral regurgitation  They are best heard n the tncuspid area
and are due to tncuspid regurgitation They are markedly
mereased on inspiratton which draws more blood 1nto the night
heart They are associated with considerable systolic venous
pulsation i the neck and with expansile pubation of the liver

(4) Pulmonary murmars

These are best heard in the pulmonary area The systolic
murmurs do not fill systole but are longer than aortic systolic
murmurs  Orgame systolic murmurs are uncommon and may be
accompanied by a thnll and often by a promment a  waven

the neck.
Functional systolic murmurs are common and are due to
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increased flow 1n the pulmonary artery in anzmia hyperthyroidism
or atnal septal defect or to chest deformity

Pulmonary dumstolic murmurs are rare A diastolic murmur
heard occastonally 1n the pulmonary area i mutral stenosis 1s
known as the Graham Steel murmur

(5) Congenstal Murmurs

(a) In a child with congenstal heart disease a harsh systolic
murmur (often with thrll) 1n the 2nd left interspace with famt or
absent pulmonary second sound indicates congemtal pulmenary
stenosis A combrnation of pulmonary stenosts ventricular septal
defect enlarged nght ventricle and dextroposition of the aorta 1s
known as the tetralogy of Fallot It 1s probably the commonest
form of congemtal heart disease with great cyanosis seen after
early Life

(® In a chid or adult without cyanosis and even wrthout
symptoms a peculiar loud continuous murmur (systoltc diastolic)
1n the 2nd left interspace often transmutted towards the neck 15
charactenstic of a patent ductus arteniosus A thnill 1s often assoct
ated and the p 'y second sound

©) A loud blowing systolic murmur heard best at the 3rd left
iterspace and accomparnied by a systolic thnll often mdtcates a
ventricular septal defect

(d) Aharsh systolic murmur at the base of the heart with enlarge
ment of the ascending aorta large artenal pulsation m the upper
Limb and the opposite in the lower and a collateral circulation may
be produced by coarctation of the aorta

A patent foramen ovale like certain other dev.lopmental defects
need not gwe nse to a murmur

The history cyanosis when present site of the murmur nearer
the base than the apex and tts usually harsh character 1n general
distinguish congemtal from acqured lesions  Radioscopy and
electrocardiography will help to make a dragnosis

(6) Cardio Respiratory Murmurs
Cardio-respiratory murmurs eccus 1n cardiac systole  They generally
begun about the middle or near the end of that penod  They are short
10 duration and are best heard durin,, mspiration but a very full anspira
tion may render them faint or maudible
Their commonest situation ts just outside the apex beat  In a smaller

e
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number of cases they are only heard at the base of the heart at or near
the 2nd left intercostal space  Changes 1o the posture of the patient
often cause them to disappear entirely They ar. of no patholoical
sigmificance

(7) Hemc and Vascular Murmurs

In anemia hemic murmurs frequently occur over the heart and
vessels  They are usually heard m the 2nd left 1ntercostal space
over or just external to the pulmonary area but they are also heard
at timnes 10 the mtral and Troch 1ess frequently m Ahe tompid and
aortic areas the last being uncommon  In all cases such murmurs
are systolhic i time and usually become less disunet or even wmaudible
when the patient assumes an upnght posture

Sounds and murmurs are occasionally heard over peripheral
arteries  Thus aortic systolic murmars are often conducted up
the arteries of the neck A murmur mav be heard over the thyroid
gland m thyrotoucosis Murmurs may be heard over aneurysms
and arterio venous aneurysms I any situation may be accomp mted
by conttnuous murmurs of & humming qualty usually louder during
svstole  Inchildren a continuous  venous hum  may occasionally
be heard i the neck and may be conducted down 1nto the upper
chest It 15 abolished by shght change of posture In free aortic
regurgitation a systolic sound may often be heard over large artertes
It 1s usually best heard over the femorals and has been ref~rred to as
the pistol shot sound

‘When there 15 an ancurysmal dilatatron of the aorta murmurs
are usually absent, except 1n the presence of aortic incompetence
when an aortic diastolic murmur is heard  In aneurysm of the
ascending aorta a systolic murmur and thnil may occastonally
be present as may also a diastolic tap or shock

(8) Exocardial Sounds

Exocardial sounds may be due either to pencardeal friction or to
a localized pleunsy near the heart

When penicardial friction occurs over an area uncosered by
tung 1t ha a remarkably superficial character and thus can often
be readily recognized

Unlike the murmurs already described pencardial friction does
not correspond defimutely with the events of the cardac cycle  ft
1s generally more distinct n systole than m diastole but tends to
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exhibit a to and fro character the first element occurring during
systole and the second during dastole but not necessanly com
mencing at the beginning of either phase Sometimes the sound
occupies the latter part of systole and the early part of diastole
without any pause between 1ts first and second elements  some
times 1t remans audible dunng the whole of the cardiac cycle
Further 1ts posstion of greatest intensity does not correspond with
any of the areas 1n which valvular murmurs are best heard and 1t1s
not propagated but remamns confined within narrow lmits  Its
positron may vary from day to day The imnteasity 1s often con
siderably modified by the posture of the patient and by the pressure
with which the stethoscope 1s applied

When sufficcent flutd ts present the fricoon sound disappears and
the cardiac sounds become famt and distant

To distinguish between the rub of pericarditis and that of pleurtsy
over a neighbouring portion of lung the patient should hold hus
breath  Pencardial friction 1s unchanged by this but if the friction
15 of pleural origin 1t will exther be much reduced 1n ntensity or wall
cease  On the other hand deep resprration will mcrease the pleural
sound but will not wmflvence the pericardial  Pleurttic and pen
cardial friction fmay occur together

VI THE PULSE

The pulse gives direct information regarding the condition of the
vessel walls and the amount and vanations of pressure of the
contained blood By these observations valuable information
regarding the state of the heart and circulation as well as of the
general state of the patient can be obtamed

The patient should not have been making any effort for some
httle time beforehand The pulse 1s best felt when the patient s
forearm 1s pronated and the wrist slightly flexed  In cases of aortic
regurgitation the pecuhar character of the pulse 1s more distinctly
brought out when the patients arm 1s elevated

The following observations should be systematically made —

1 Rate of palse
. Rhythm
3 Character

4 Volume

5 Condition of vessel wall
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Estimates of the tenston  of the pulse that 1s of the blood pressure
withn the vessel by palpation are quite unrelable  The blood pressure
should be d with the sph

1 The rate of the pulse 1s stated as so many beats a munute
It 15 counted not when the fingers are first kud upon the pulse but
when any quickening due to netvousness of the patient has subsided
and the pulse has resumed 1ts normal rate  Count the beats for not
Iess than half a munute  Ia cases of auncular fibrillation the pulse
rate counted at the wrist may not indicate the true rate of ventnicular
contractions  In all such cases the rate of the heart beat should be
counted by auscultation at the apex and the difference between
this rate and the pulse rate at the wrist should be recorded  Tius
difference 1s referred to as the pulse deficit

2 Decde next whether the shythm is regular or irregular  If 1t
18 arregular decide if 1t 1s completely irregular whether the irregu
lanty has a recurnng pattern or whether an otherwise repular
thythm 15 occasionally nterrupted by some shight iwregulanty
Agam 1f 1t 15 wregular decide whether the beats are unequal in
volume as well as wregular 1 tume  The significance of these
observations will be clearer when graphic methods of recording
the pulse have been considered

3 Study the character or form of the mdividual pulse wave
Variations will be described under pulse tracings but some partt
cularly the collapsing pulse of aortic mcompetence in which there s a
sudden nse m pressure followed by an equally sudden fall can
readily be recognized by palpation

4 Estimate the volume of the pulse beat that1s the amphtude
of movement of the vessel wall during the passage of the pulse wave
A pulse of large volume 1s found after exertion and 1n acute fevers
and a pulse of small volume after hzmorrhage

5 Ttre condition of the vessel wall  For this purpose sufficient
pressure should be exerted to empty the vessel of blood and 1t
should then be rofled beneath the fingers agamst the underlymg
bone In young persons the artenies cannot be felt or are soft
In older persons they are more eastly palpable In arteriosclerosis
they may feel hard Iike whipcord and may be tortuous ¥t 1s 2 good
practice to feel both radials and both brachuals

The typical pulse of a healthy adult man should be described m
such terms as the following  The rate 1s 70 per minute  The beats
are regular in rhythm and equal i volume The pulse 1s of
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moderate volume and 1s not collapsing in character the arterial
wall is just palpable but 15 neither thuickened nor tortuous

The blood pressure ts taken with a sphygmomanometer The
patient should be sitting or lyng at ease The manometer 15
placed so as to be at the same level as the observers eye Fix
the empty armlet closely to the upper arm which should be
thoroughly relaxed  The estimation my now be made by one of
two methods or by one and then the other

(1) Palpatory method for systolic pressure  Steadily inflate the
armlet until the pulse 1s no longer felt at the wrist By means of the
valve allow the air to escape very gradually so that the pressure
falls watching the manometer but concentrating attention upon
the return of the pulse at the wnst  Immediately the pulse returns
read the scale  thes reading s the systolic blood pressure 1o mull
metres of mercu

(u) Auditory method for systobc and diastolic pressures Rause
the pressure by pumping to 30 mm or so above the systolic blood
pressure as determined by the palpation method If the auditory
method 1s used exclusively the mercury should be blown up to the
top of the sphygmomanometer tube = Place the chest prece of a
binaural stethoscope on the arm immeduately below the armlet and
auscultate the brachial artery Open the valve and so reduce the
compression gradually until the famnt tapping sounds produced by
successive pulse waves are first heard and immediately take a
readmg  Ths 1s the systolic blood pressure  Continue to hsten
while the mercury falls  the sounds persist and become gradually
louder untl quite suddenly they become soft and perhaps inaudible
Take a reading at this pornt also 1t 18 the diastolic pressure

The figures for systolic pressure as obtaned by the palpatory
and the auditory method are much the same by the latter method
the reading 1s usually a tnifle higher (5-10mm Hg)  The auditory
method 15 recommended for general use

Several types of sphygmomanometer are obtamable with an
aneroid manometer bearing a dial m place of a column of mercury
These are compact and convenient but the mechanism 1s Iable to
five false readmgs especaally with the lapse of ime It 15 therefore
smportant to connect 1t with a mercurral manometer occastopally
to make sure that 1t 15 accurate

A o

Precautions —Arterial pressure shows temporary varations with

a8 -
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change of posture after meals on exertion and notably a nse on
excitement  Hence 1t should be observed only after the patient
has been reassured and when he 15 queetly resting free from
excitement and with the arm relaxed  In nervous patients the first
reading 1s often too high and should be rejected  a second readig
will more closely represent the true pressure  The pulse rate at the
time should be noted for blood pressure varies to some extent with
the rate of the heart It 15 essential to work as quckly as 1s com
patible with accuracy for compression of a imb itself induces a
rise n blood pressure  To reduce this source of error when succes
stve estimations are to be made the air pressure m the armlet
should always be allowed to fall to zero as soon as each reading has
been taken

Occastonally the sounds disappear at a point below 200 mm for
a period and then reappear finally disappeaning at the pomt of
diastolic pressure Thus the sounds may first appear when the
mercury falls to 210 (systohc pressure} disappear from 180 to 160
(stlent gap) reappear and finalty disappear at 120 (diastoltc pressure)
This phenomenon of a silent gap 15 found In certain pattents with
hypertension its signtficance 1s unknown  but its occurrence makes
1t important that the armlet pressure should always be well ratsed
at the beginming of an estimation of blood pressure

It sometimes happens that the sounds become indistinct or
maudble 1n the course of the examunatton In this event onc
should remove the cuff and replace 1t on the oppostie arm or on
the same arm after a short pause  If there 15 gross cedema of the
arm or if the muscles are held contracted the readings are so
maccurate as to be valueless

Occastonally 1t becomes necessary to compare the systolic blood
pressure in the arm with that wn theleg  The patient lies face down
watds and the cufl 15 applied above the knee and auscultation carned
out over the popliteal artery  In health it 1s found that the systolic
pressure 1 arm and Jeg 1s approvimately the same provided that the
subject 15 horizontal ~ Under the same conditions patients with
aoriic icompetence may show a systolic pressure 1 the Jeg higher
than that 1n the arm whale 1n coarctation of the aorta the systohc
blood pressure 1s low 1n the leg

Normal blood pressure —The average systolic pressure mn healthy
adults s 100-140 mm Hg the average diastolic pressure 60-90 mm
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In children 1t approumates to the fower figure 1a cach case and in
the eclderly 1t reaches or even excesds the higher figue The

between the Lcand thed P e pube
pressure—is 10-60 mm.

Apnormal blood pressure —An abnornally fugh pressure (nper
tension) 1s found 1n chronc nephritis and 1 2 large group of pauents
1 whom hypertension may be the leadmg sign (essennial hvper
tension) Too great mportance need not be attached to a smgle
reading which does not greatly exceed the mormal hmuts On
the other hand a hugh systolic pressure such as 200 especially if
persistent and accompanted by a high dustoln. pressure such 2s 130
1s always significant. A diastolic pressure persistently of or above
100 15 d for life puarposes

An 1ly low pressure (fiip 1s oot nearly so com-
monty encountered It may be found temporanly as m hzmor
thage shock, or penpherzl arculatory failure from am cause or
persiscently as 1o Addisen s disease It must be rmembered that
a low pressure 15 natural to some persons and 1S not necessanly
s1gn of disease

VI EXERCISE TOLERANCE TEST

The best test of the effictency of the beart 15 the effect of everase
In 1ts sumplest and safest form the test 1s appli~d by the pauents
walking briskly up a flight of 40 steps or he m.v hop 20 umes on
each foot, raistng the shoulders 6m. at each hop  The test may also
ke camed out by his stepping on and off an 18-m stool tenty
umes

As a result of such a test, there should if the heart 15 bealthy
be Dttle disturbance or respiration and the pulse-beat should not
nise by more than 10 to 20 beats per munute and should reach the
rormal agam after 2bout one mmute It 15 howeser important
to mote that p.tients with effort syndrome or functional symptoms
referred to the heart, often show more distress 1n performung ths
test than do those with organre heart disease

VIO CARDIOGRAPHIC METHODS

The precise measunng and recording techmiques of phvsics have
‘been applied very 1o card Speaal
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have brought new advances The most mmportant of the early
instruments was the polygraph though it 15 seldom used nowadays
The cardiographic methods m routine used at the present ttme are

and Other graphic methods
sometimes used for research and the mvestigation of special
problems such as congenital heart disease include cardiac catheteriza
tion and angiocardiography

A THE POLYGRAPH

The polygraph consists of two or more tambours recording on
paper which 1s moved by a clockwork mechamsm A timing trace
recordng fifths of a second 15 also provided  Usually the venous
pulse 1n the neck (Phlebogram) and the radial pulse (Sphygmogram)
are recorded simultaneously

The sphygmogram —In a pulse tracmng nse of blood pressure will be
represented by an upstroke and fall by a downstroke The pressure
nises faurly rapudly ~therefore the upstroke when the paper 1s driven
forward at the usual speed 15 nearly but not qute perpendicular  The
percussion wave 1s quickly followed by what 1s known as the tidal wave

these are not separately distinguishable by the finger 1n health and the

e

[
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Fig 17 —Normal sphygmogram
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second wave (the tidal) represents the natural summit rather than the
first (the percussion wave) which 13 largely due to instrumental fling
Thereafter the pressure begins to fall off but at the moment when the
aortic valves close the decrease of pressure 15 arrested and 2 posstive
(dicrotic} wave is propagated 1nto the vessels this event s recorded
as a small break in the downstroke of the tracing  The foot of the
notch immediately before the dicrotic upstroke or wave indicates the
it of ume when the aortic valves close (aortic notch)  After the
dicrotic wave the line agun curves downwards until a new upstroke
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marks the arnival of the next pulse wave  Ordinanly the blood pressure
uires much Jonger to fall than to nse hence the downstroke 15 much
less vertical than the upstroke

Certamn cond:tions often present characteristic tracings and the
same features are recognizable on feeling the pulse  Thus although
the polygraph s seldom used at the present ttme careful examunation
of the radial pulse may confirm or suggest a diagnosis

3
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Fig 18 —Sphygmograms showing typlcal form of pulse wave 1n (A) aortic

senoss (B) aortic incompetence and (C) pulsus alternans

(a) Aortic stenosis —Small amplitude sloping upstroke (plateau
pulse)  tidal wave well developed and often higher than the

rcussion wave (anacrotic pulse) (Fig 18 a)

(b) Acrtic incompetence —Great amplitude abrupt upstroke rapid
fall lttle or no dicrotic wave  This 15 known as the water
hammer collapsing or Comgan pulse (Fig 18 1)

(c) Mtral stenosis —Small amplitude if the lesion 1s advanced
Complete wrregulanty (auncular fibnifation) is often present
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(d) Aneurysm of the arch of the aorta occasionally leads to a
dimmution 1n amplitude in the pulse on one side usually
the might according to the part of the aorta implheated
Other signs of aneurysm would be present and st must be
remembered that 1o health there may be a natural difference
between the pulse on one side and on the other

(e) Pulsus paradoxus —The pulse becomes smaller or even dis
appears at the end of wspiration when the patient breathes
deeply This sign 1s found 1n pencardial effusion and
constrictive pericarditis

{f) Pulsus alternans (Fig 18 ¢) —When the ventricle beats strongly
then weakly 1n successive beats of normal rhythm alterna
tion 1s present  In the radial tracing are seen alternate large
and small beats whichare however eguidistant  The poly
gram and the electrocardiogram are of normal form  The
cond:tton 15 often discovered when the systolic blood pressure
15 taken and the rate of sounds suddenly doubles as the pres
sure 1n the cuff falls

When this condition 1s discovered provided the heart rate
15 moderate and no abrormal rhythm 1s present 1t may be
inferred that the heart muscle 18 severely damaged

THE VENOUS PULSE (PHLEBOGRAM)

Pulsation in the jugular vewn 1s physiological and a Jugular tracing
15 obtamable from most people 1 health as well as in disease
Visibility of the pulsation in health varies i different indwviduals
1t may not be seen at all when the neck is fat or when the person 15
stand:n,

Venous pulsation at the root of the neck 1s best observed when
the patient 18 lying down with the head only shightly if at all
raised on a pllow  In some cases as i aorti¢ incompetence the
pulsation 1 the neck seems exclusively artenal (carotid)  Guven
the necessary conditions of which the chief 13 an interference with
retum of the blood to the nght auncle the jugular vems become

ded and p The venous p then becomes
obvious and occasionally 1t 1s practicable to make direct observa
tions on its character ~ In complete heart block for instance
wasves may be scen while the ventricle 15 i dastole from which it
mav be inferred that they are aunicular waves dissociated from the
far less frequent ventncular waves  Where functional tnicuspid
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incompetence occurs m advanced stages of heart disease the
distended Jugular vein may show pulsation of great amphtude

If the venous tracing obtained from a polygraph (Fig 19) be analysed
st will be seen that there are threc main waves a ¢ and v The first
wave @ 15 due to auncular systole 1n part directly from an impulse
sent back to the ven and 1n part from swellin, of the ven whil the
contracting auncle holds back the blood in the nick  The second wave
¢ so-alled the carotid pulse 15 due to closure of the auricular valves
and therefore indicates the benning of ventnicular systole  Immeduately
after the carotid wave there 1s a fall 1n pressure due to the descent of
the aunculo ventricular septum (mud ventricular contraction) which 15
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Fig 19 —Disgram of venous pulse
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soon followed by the third wave v The » or  venous stasis  wave
15 due to filling of the auncle which s still closed below by the auriculo-
ventriular valves Immeduately ventricular systole ends and the ven
tricle relaxes the blood from the auricle rushes into 1t hence the v wave
falls and a final depression 1n the curve 1s seen Waves ¢ and v are
together spoken of as the ventricular complex
Normally a precedes ¢ by not more than & sec for this represcnts
the ume taken for an impulse from the 2uricle to reach and affect the
ventricle (a ¢ interval)
“The commonest alterations m the venous pulse 2s the resuit of
disease are—
(1) Absence of the auricular wave a—charactenstic of auricu
lar fibrillatton and associated with complete rregularity of
the ¢ wave and of the corresponding radial pulse
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(u) Prolongation of the a-c interval 1e heart block If the

lock 15 more severe @ waves wll occur without a con

secutive carotid wave ¢ (dropped beat) if the block 1s
complete @ and ¢ waves are dissociated entirely

B THE ELECTROCARDIOGRAPH

The action of the excitable tissues of the body ts assoctated with

electrical activity  Changes 1n electrical potential associated with

the contraction of the heart can be recorded from the body surface

but as they are small (about 1 mullivolt) special equipment ts
required
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Fig 20 —Normal polygram showing three heart-cycles
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The basis of thus equipment 1s the stning galvanometer This
conststs of a quartz fibre coated with a conducting matersal which 1s
suspended between the poles of a strong magnet  Electric currents
denved from the heart flow through the fibre and the powerful
magnetic field causes 1t to move A light source and lens system
magnify these movements about a thousand tumes and they are
recorded on photographic film  Valve amp can be used to
magmufy the small currents so that they wi

1l operate smaller and
more robust galsanometers  Some of these record on photographic
film and others use a heated stylus recording on specially treated
paper so that a permanent secord 15 available at once—the  direct
writer Al instruments provide timing marks on the record at
01 or 02 second ttenals

There must be two points of contact with the body to lead the
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clectrical activity of the heart to the galvanometer These con
nections are termed electrocardiographic leads  The leads 10
common use are—

The humb leads (standard or bipolar hmb leads)
Lead I nght arm—Yeft arm
Lead II nght arm—left leg
Lead III left arm—Ieft leg
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Fig 21 —The pos tion of the explormng electrode for chest leads

The bipolar chest leads use an exploning chest electrode (C) and an
different electrodu on the ri ht arm (R) or the left log (F for foot) The
various posttions of the exploring chest electrode are indicated 1n Fig 21
Often only three positions are used eg CRI CR4 and CR7 The
indifferent electrade 10 the CR leads 1s placed on the night arm  Lead
CRI uses 2 chest electrode at the junction between the 4th mtercostal
space and the right sternal border ~ CR#4 the 5th wtercostal space at its
ntersection with the Jeft midclavicular hne  CR7 the lefi posterror
awllary Iine at the same level as CR4.

The V (umpolar) chest leads ~-In the CR leads the electrocardiogram
records the volta_e difference between the chest electrode and the right
arm electrode  The latter 13 not truly ndifferent  and the CR leads



110 THP CIRCULATORY SYSTFM

do not therefore give an exact record of the potentials at the chest wall
I such a record is required advantage is taken of the fact that a connection
between the night arm the left arm and the left leg 1s elewtrically neutral
and a truly mdifferent electrode  The exploring chest electrode 15
placed as m the corresponding CR lead, the other terminal 15 connected
to a ware jomning the imb electrodes exther directly ar throu h resistances
of 5000 ohms Such leads are termed V (voltage) leads

The Vv (umpolar) hmb leads use the same indifferent electrode as the
unipolar chest leads the other terminal being connected to the ught arm
(VR) the left arm (VL) and the left leg (VF) m tutn

The deflections or waves of the electro

R cardiogram are designated by the letters
p T PQRST as shown (Fig 22¢) ThePwave
a 5 with auricular
as the QRS with ventricular contraction and
R the T wave with ventricular recovery
The Q wave 15 an itial downward
b deflection 1n the QRS complex (Fig 225)
as If a downward deflecuon follows an
R Ry mtial upward deflection (R) 1t 1s called
an $ wave and a further upward deflec
€ tion an R (Fig 22¢)
55 THE ELECTROCARDIOGRAM [N DISORDERS
Frg 22 —Termumology of OF CARDIAC RHYTHM
the By p g, together a record of
aunicular excitation (P waves) and ven
tnicular (QRS p! he el d has

advanced our understanding of the cardiac arrythmuas P waves
are usually best seen in Lead I or in the night sided chest
feads (V1 or CR1) and these leads are therefore most valuable m
the disorders of cardiac rthythm

1In health the heartbeat 1s intiated in the sinoauncular node (pace
maker) which lies near the entry of the supenior vena cava mto
the nght auncle  The impulse spreads through both auricles and
thence to the auriculo-ventricular node lying mn the inter aurcular
septum  The AV node 1s contmuous with the Bundle of His and
1ts branches The commonest disorders are —

1 Smus tachycardia (Fig 23a) —The cardiac impulse anses nor
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mally and the elet!rocardwgmm 15 normal 1a form The pulse
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Fig 232 —Sinus tachycarda
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rate Is increased above 90 or 100 (adults) Sinus tachycardia may
result from emotion exercise fever hyperthyroidism and anemia

Fig 23b —Sims bradycardia
Pulsa ra ¢ 35

2 Swws bradycardia (Fig 23b) —Again the electrocardiogram 15
normal in form but the heart rate 15 less than 60 per minute  Sinus
bradycardsa occurs 1n athletes and 1n patients with increased intra
cranial pressure myxcedema apd jaundice

e

Fig .4 —Simus arrhythmia

3 Sinus arrhythma (Fig 24) —The cardiac impulse anses normally
in the simoauricular node the rhytmiciy of which vanes | the
heart rate increases with p

The electrocardiogram ss normal apan from vanation n the R P
intervals  Thus arrhythmia 1s a normal finding 1n young people

1t 1s increased by deep breathung and abolshed by exerctse

4 Txtrasystoles {Fig 252 and b) anse from umnitable foct tn the
auricles or ventricles which stimulate the heart before the next beat
1s due  In ventricular extrasystoles P waves are absent and the
QRS complexes are ke those of bundle branch block the T wave
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pomting 1n the opposite direction to the major deflection of the
Q An extrasystole ansing 1n the nght ventrcle produces

Fig 252 —Amncular estrasystoles

Ntth gboml(ert dPwae R-R nterval  lo g 1 foliow ng the extra
¥ tle than 1 the 1 xt normal cyel

Fig 25b —Ventricular extrasystoles

Nt that (b re s mo P wav before the second wtrasystole nd there s a aba ol
Pws pstbefo the firste ta ystol

2 QRS complex Itke that of left bundle branch block and vice versa
The rhythm of the sinogurtcular node 1s not disturbed  The extra
systole comes prematurely and 1s followed by a pause (the compen
satory pause) so that the mterval between the preceding normal
QRS and the following normal QRS 1s twice the length of the
normal cardiac cycle

The electrocardiogram of an auncular extrasystole shows the P
wale to be abnormal mn form but the QRS which follows it is
usually normal The pause which follows the estrasystole is
longer than normal

Extrasystoles are thus premature beats followed by an abnormally
long pause and can be recogruzed by auscultation or from palpatton
of the radiat pulse  Extrasystoles occtr both 1n norm! patients and
1 those with heart disease If an extrasystole follows after each
normal beat as in Fig 25b the puise 1s said to be coupled (pubus
bigemunus)  Digitalis often causes coupling

5 Paroxysmal auncular tachycardia (Fig 26) 1s duc to the presence
of an srrtable focus 1n the auncle which beats regularly at a rate of
150-220/min  The P waves are abnormal e shape especially
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when compared with normal P waves between attacks The QRS
complexes are usyally normat

26 ~—Auriculzr tachycardia
D mg tt k—pleta 5 AR 1 k—su ¢ hycard —pul t 130

Cluucally this arrhythmia 1s characterized by s paroxysmal
character and by the regular rate which 1s fh
by exercise and respiration  Paroxysms can often be termmated
by pressure on the carotid smnus

Frg 27a —Auncular fietter 2 1 block
An ! ot bot30 Nt two pkdfu w toesh ac! ol

6 Auncular futter (Fig 27a) has a simlar mechanism but the
auricular rate 15 now more rapid at 200-380/min and there 1s an
aunculo ventrcul+r block of 2 1 3 1 or4 1 The pulse 1s
regular and uninfluenced by exercne or respiration although
uregulariies may anse from change in the degree of auriculo
ventricular block eg from 3 to 1 to 2 to 1 and back again

Auncular flutter and tachycardia may occur 1n hearts which are
otherwise normal 1t thyrotoxicosis and mn rheumatic or 1schemic
heart disease

7 Auricular fibrilation (Fig 27b)—The irntable focus in the
auricle now gives umpulses at a rate of 400-600/mm  and there 1s no
effective and co ordinated contraction of the auricle Because of
the rapid auricular rate a physiological auriculo ventricular block
develops and only occasional umpulses reach the ventricle  The

gram shows { (fib Waves rep the
aurrular activity instead of P waves especrally in leads CR1 or VI
The QRS complexes are normal but are wregularly spaced

cM—e
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Fhnll 18

Auncular

necally b
'y by g
lanty of the pulse both in rate and volume The latter occurs

because with the wrregular ventricular rate diastole may sometimes
Some

be too short to allow complete filling of the ventrcles

Dig 27b —Auricular fibrillation
Nt r w d arreg 1 ot ulr bythm

there 15 a deficit between the heart rate measured by auscultation
at the apex and the pulse rate at the wnst (the  pulse defiert )
Sometimes 1t 15 difficult to distinguish between slow auncular
fibnillatton and stnus rhythm or a pulse which 1s irregular from
extrasystoles  If the patient 15 well enough exercise makes the

ulse of auricular fibrillatton more arregular whereas extrasys
toles tend to disapp heart disease heart
disease and thy are the causes of

I'ig 28a —Parti! heart block
P Rantrv 1= 042 sec

g 280 —Complete heart block
Ancul rt 35 Vet tarm 39

8 Heart block (Fig 28a and b) —This may be partial or complete
In the former the P-R interval exceeds 022 sec  Sometimes the



HEART BLOCh 15

ventricle responds only to every second third or fourth auricular
stmulus  In complete heart block the auricles and ventrcles beat
dependently  The ventricular rate 1s slow and regular (usually
2040, ) and 15 11 Y a | m the aunicalo
ventricular node or Bundle of His  The electrocardiogram shows
P waves and QRS complexes which occur regularly but quite
independently  There 15 no constant P-R 1nterval If the pace
maker 1s 1n the aurnculo ventricular node the QRS complexes are
normal 1n form whereas they show bundle branch block pattern 1f
the pacemaker ts m a bundle branch

Complete aunculo ventricular block 15 characterized by a slow
regular pulse rate  The a waves I the venous pulse 1n the neck
occur independently of ventricular actrvty seen in the carotid pulse

When the auricle contracts agamst closed aunculo ventricular
valves venous cannon waves are seen  Auscultation shows
variations 1n the 1atensity of the first heart sound and in some
patients auricular sounds may be heard The heart rate 1s httle
nfluenced by exercise

Partial heart block occurs m active theumatie fever diphtheria
and digrtalis overdosage  Complete heart block oceurs in 1schaemic
heart disease and rarely 1n syphilis and rheumatic fever It may
also be congenital when the ventricular rate 1s usually more raptd

9 Ventncular fibrilation arses from an irmtable focus in the
ventricle  The electrocardiogram shows grossly deformed QRS
complexes occurring at a rapid rate It 1s usually a terminal event

THE ELECTROCARDIOGRAM IN OTHER CONDITIONS
The electrocardiogram can give valuable mformation m condt
tions other than the arrythmias The following account is not
ntended to be exhaustive and contains many simphfications  Con
siderable experience 1s required even to be familar with the hauts
of normal It will be noted that many electrocardiographtc abnor
malities can anse from a variety of causes  The interpretatron of
an abnormal electrocardiogram depends on the recoguition of one
of the bastc abnormal patterns to be described below and 1ts cor
relation with the chimeal findings
For routine purposes the standard leads and three chest leads
eg V1 V4 and V6 are recorded  CR leads are sometimes used
imstead of V leads and the tracings are sumular except that the former
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Fiz 29 —Normal electrocards

Stnda d lead (VIEED V{ nipolar) 1mb fead ¥ funipol £} chest le ds VI V7



THE NORMAL ELECTROCARD OGRAM m

are more postve 1¢ the P R and T waves are taller Ths s
because the voltage of 2 CR lead equals that of the correspond ng V.
lead mnus the voltage of un polar lead VR As the latter s
predom nantly pegat ve CR leads are more pos tive than \ leads

NORMAL PATTERNS

A normal electrocard ogram 1s shown n Fg 29 The follow ng
remarks apply to the standard Limb Jeads and to the V chest leads

The P wave n a normal tractng 15 always upr ght except in Lead
T and occas onally in Leads VI V2and V3 The P R nterval
measured from the beg nn ng of the P wave to the beg nning of the
QRS complex 15 01-0 27 sec  The Q wa e never exceeds 2 mm
in depth except m Lead IX where 1t may be consp cuous and i
lead VI snchIldren The Twa e s always upr ght except n Lead
I and Leads V1 V? and V3 1 young
subjects The Q-T nterval measured
between the beguaming of the QRS
complex and the end of the T wa e
represents the tme of ventr cular ex
ctaton and recovery and s tn ersely
proport onal to the heart rate In
certan condtons the Q T nterval s
prolonged and tables have been pe
pared show ng the max mum no mal
Q T nterval at a g ven heart rate A
mathematcal formula has been de
duced to correct the Q-T taterval for o 30 —The conduct on
the heart rate and the corrected nterval system of the heart
s then called the Q Te SAe=m od AV =

The general fo m of the QRS com wlo- de REB
plex & the chest leads whih can WE & a0 7
be cons dered as facng towards the 1 6 b g
rght ventrele (VI V2 and V3) and
those fa ng the left ventr cle (V5 V6 and V7) can be worked out
smply The ventrcles are act ated from the Bundle of Hs and
1ts branches which run close under the endocard um (F g 30) The
intervent cular septum 1s act vated from branches derived from the
left bundle  The chest leads are so connected that a wave of elec
tr cal activ ty com ng towards the evplorng chest electrade pro
duces an upward {pos t ve) deflect on 1 the electrocard ogram and
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a wave of actvity going away from the chest electrode produces
a downward {negative) deflection  When the wave of activity has

Electrode

v ?—.,

i
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C S
s

SN

amne -J\/.
Fig 31 —To show the spread of
stmulus through normal ventr
cular muscle

Thetracmgs £ ch t1 &fcngthe
ndof chet] &fcng
rght macle 11, 3 fang
areas

s show the direct o) which the
Hios " preads throvgh the musd

passed the trace returns to the
base line again  Activity occur
ring directly under the electrode
produces a greater deflection than
that occurring further away
Below are shown diagram
matically the ventncular muscle
and the position of the unipolar
electrodes facing towards the nght
ventricle and towards the left
ventricle  The ventricular muscle
1s stimulated through the Bundle
of His and 1ts branches and the
septum 1s activated first and from
itsleftside  When for example
an electrode facing the nght
veatnicle (V1 2 and 3) 1s con
sidered theimtial wave of activity
sweeps across the septum from
keft to nght 1e towards the
electrode and there 1s an upward
deflection m the electrocardio-
gram (Fig 31 a) The main
muscle mass of both ventriclesis
excited from the endocardium
towards the surface Thus the
wave of actvity m the nght
ventricle approaches the electrode
while that in the left ventride
recedes from 1t Although the
night ventricle 15 closer to the
electrode the left ventricle 15 2
much Jarger muscle mass and
the electrocardiogram records a
dawnward deflection (Fig 31 8)
which returns to the base lne
as the activity fades (Fig 31 )

Sinlarly 1n the case of electrodes facing the left ventricle (V5 6
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and 7) actatron of the septum produces an iutial downward
deflectron (Fig 31 A)  Thiss small, because the septum 15 at some
distance from the electrode  Activation of the mamn muscle mass
of the ventricle now produces a large upward deflection (Fig 31 5)
which returns to the base Line as the activity fades (Fig 31 ©)

ELECT APHIC ABNORMALITIE

1 Ventricular hypertrophy) —Ia ventnic
ulas preponderance the wave of actvity takes longer to penetrate
the hypertrophied ventricle and the efectrscal changes produced
are greater

Leftsentricular preponderance (Fig 32A) ~-As would be expected
the S wave 1s larger 1n leads facing the nght ventricle and the R wave
15 larger m the leads facing the left ventncle In addition there 1s
inversion of the T waves and depression of the ST segments 10 hmb
lead I (and often IT) and in the chest leads facing the left veatricle

Rightventricular preponderance (Fig 32B) —The electrical changes
produced by the night ventricle may now equal those produced by
the left  The R wave 1s tall in the leads facing the nght ventrcle
Because of the delay mn exciation of the nght ventricle and the
Targer electacal changes produced there 18 3R S wave w the leads
facing the left ventncle  In addition there 1s T wave mversion and
ST depression 1 imb Leads 11 and IIT and 1n the chest leads factng
the night ventncle

Often niht and left axs deviation which are indicated i the tmb
leads are associated with right or left ventricular preponderance
In left aus deviation there 15 a tall R mn lead T and a deep S 10
Lead III In nght aus deviation there 1s a deep S 1n lead I and
a tall R 1n lead II  Aws deviation occurs with change 1 the
posttion of the heart (for example the electrocardiogram 11 @ short
obese 1ndivideal m whom the heart tends to lie horizontally often
shows Jeft aus deviation) and does not necessanly indicat¢ ventrt
cular hypertrophy as do the changes of ventricular preponderance

2 Bundle branch block (Fig 33) —In this condition the affected
heart muscle 15 excited by transmussion throuyh the muscle stself
and not through a breach of the Bundle of His Conduction
through muscle 1s much slower than through the specialired con
ducting tissues and hence the QRS complex 1s wider than normal
(te greater than 012 sec) in bundle branch block
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Fig 33

Rught bundle branch block
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Left bundle branch block
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Left bundle branch block —The septum 1s now activated from its
right side and not the left as happens pormally Thus there is
ally 2 Q wave 1n leads facing the nght ventricle and an R wave
1n Jeads facing the left ventricle (Fig 34 o) Next the right ven
ticle 15 excited through sts undamaged bundle branch and pro-
duces an R wave in Jeads faung the rght ventrcle and a smallee
S wave 1 the more distant leads facing the left ventricle (Fig 34 8)
Before this can develop fully the left ventricle 1s evested and causes
an S wave i Jeads facing the right ventricle and an R? sn those
facung the left ventncle (Fig 34 <)

Right bundle branck block —The septum 15 excited normally
gving an R wave i leads facing the right ventncle and a small
Q wave 1n feads facing the Ieft veatricle (Fig 35 o) Excitaton
of the left ventricle produces an S wave m leads facing the nght
ventricle and an R wave m those faung the left ventricle (Fig
35 B} Exatation of the right ventrice now gives an R! wave in
leads facing the night ventricle and an S i those facing the left
ventricle (Fig 35 <) The T wave usually points 1 2 drrection
opposite to the major deflection of the QRS In the himb feads
the major deflection of the QRS 1s usually upright in Lead I and
downward in Lead IH sn left bundle branch block In sight
bundle branch block there 1s usually a deep wide 5 1 Lead I and
a tall wids R? 1 Lead IIT  Established left bundle branch block
is ysually due to ischieouc heart disease  Rught bundie branch
block occurs i some normal patients 1 patents with atral sepial
defect (a form of congemtal heart disease) and mschemic heart

disease

3 Cardrac nfarchion may alter the electrocardiogram by the
production of abrormal Q waves or abnormahties 1 the S-T
sepments and T waves or both  If an area of muscle 1s dead it
acts as an  electieal window  and the actvity of the muscle on
the oppo tte wall of the ventnicle 1s  scen by the clectrode and
causes 2 Q wave m the electrocardiogram (Fig 36) S-T and T
wave changes are attnbuted to muscle injury  Withun a few hours
of infarction the S-T segment becomes elevated in the leads nvolved
(Pardee s sign) (Fig 37 B) Inafew days the T waves become in
serted often steeply so (Fig 37 @) The S-T segment gradually
returns to the base hne taking several weeks to do so T wave
mversion may eventually return to normal (Fag 37 b) but soms
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Fig 34—Dugrams to show the Fig 35 —Dugrams to show the

spread of the stimulus through the  spread of the stumulos throwoh the

ventricular muscle 1n @ case of left  ventricular musele i a case of right
bundle branch block bundte branch block
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Ve Lectrode TS gy dmuscle
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Pig 36 —Diagram to dlustrate the concept of the  electrical window *
and the production of Q waves in cardac infarction

A

TRt

Fiz 37 —Duagram to show the evolution of changes 1 the QRS
complex S-T segment and T ware after cardiac Infacctwon

A Norm 1p gtem,
B AT whoosaft Tnfarcton AQwa ety sent  TheS-T segment s elevated

(P rdec 3 ugn)
S AT tme the ST scament tums 10 the bace [na 2 & the T w ve becomes
auecply o

A afurth £ pemod th T w ¢ becomes fes mve td fat nd fin Ny ugeghe
Note that th Q w ¢ persisti
mversion usually persists  Abpormal Q@ waves are permanent.
The Jeads showmg Q waves or $-T and T wave change are deter
mined by the site of snfarct  The electrocardiograms tllustratiag
classical anterior and posterior mfarction (Fig 382 and b) are
tracings taken several weeks after the infarction



Fig 38

b Posterior cardiac
wfarction

cardiac

wfarction

a  Anterior
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dnterior infarction causes Q waves or S~T segment and T ware
changes or both 1a kmb lead T and i the chest leads facing the
nght ventricle

Posterior infarction causes Q waves of ST segment and T wave
changes or both 1o bmb Jead I¥ and vsually Jead M as well

The changes of classical anterior and posterior wnfarction are not
always praduced for tnstance changes sn the leads facng the left
ventricle as well as those of postertor wifarction weuld indicate
postero lateral farction  In addition close famthant, with the
hmats of the normat electrocardtogram may atlow the duagnosis of
cardiac nfarction to be made on less evigence than that described
above

4 P wave changes —In right auncular Bypertraphy due for ex
ample to chromc cor pulmonale or pulmonary stenosts the P wave
1s tall and sharp  In left auricular hypertrophy espectally in mutcal
stenosts the P wave 1s bifid  Bifid P waves are sometimes seen
1 the normal electrocardiogram

5 S-T segment and T wave changes accur in many conditions
1 Dimtalts depresses the S-T segment 1 all keads especrally m

tmb leads ¥ and I and 1n the chest leads facing the left
veatricle

2 Flat or mvert d T waves occur i1 myxcedema and are associ
ated with Jow voltage QRS complexes and bradycardia

3 Hypokalzmia canses depression of the S-T segments and
merston of the T waves while hyperkakema causes tall
sharp T waves

4 Pencardihis causes the S~T segment to be elevated 1n some
leads especially it Lead 1 The segment retains its normal
concavity Thss change ss due to epicardial damage and 18
strongly suggestive of acute penicarditis  In chronic peri
carditts there 1y T wase imersion

& Prolongation of the Q~T Interval occurs sn most cascs of active
theumatie feser  Often the P-R intenal 1s also prolonged  Digt
talis shortens the Q-T mterval
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IX. XRAY EXAMINATION OF THE HEART AND
AORTA

The methods 1n routwe use are

1 Cardioscopy or screemtng which 1s the best stogle method for
clinical purposes  The patient 1s placed between the X ray tube
and the screen and 1s usually exammned 10 three positions

(a) The anterio-posterior position 10 which the pauent stands
facing the observer with the shoulders parallel to the screen
(Fig 39)
(5) The nght oblique position (first oblique) 1n which the patient
15 half turned to the left with the right shoulder nearest the
screen (Fig 40)
() The left oblique position (second oblique) in which the patient
15 half turned 1o the mght with the left shoulder nearest
the screen (Fig 41)
The chuef potats to note are (1) the position of the heart 1n the chest
(2) the shape of the heart (3) its size and (4) the pulsation of the
heart and aorta and any abnormal pulsation.

has the disad that owing to the
nearness of the tube to the patient the image seen on the screen
{or photographed) 15 enlarged and even distorted owng to the
divergence of the X rays as they traverse the chest To overcome
this difficulty X ray films are taken with the tube 6 ft away as at
tlus distance the rays are nearly parallel The radiogram so
obtained geves an accurate record of the stze and shape of the beart
Some typical cardiac outhnes are shown in Fig 42

THE NORMAL CARDIAC OUTLENE (Fig 39)

The heart 1s seen as a flask shaped shadow Iyng between the
translucent lungs about one third of its area to the right and
two thurds to the left of the mud ne  The apex of the heart 1s
mternal to the mudclavicular lme

The right border of the cardiac shadow 1s formed from above
downwards by two cunes —

() A slightly curved portion the outer edge of the supertor
vena cava with the ascending arch of the 2orta

v
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Fig 39 —The cardiac sithouette in the antero-postenor position

P ot bty efal i srudving the gulow fom 1R entrcle th plmo cyatey od
the o tc knuckle

PULM CONUS

R AURICLE
R VENTRICLE

L VERTRICLE

Fig 40 —The cardiac sihouette ln the night obligue position

Thipest n pric! ly seflmstdy gth kR tn m p Imonary conus fist
D tof W a4 bac mflled oephags
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VENTRICLE - vENTRICLE

Fig 41 —The carduc silhonette In the Jeft oblque posit.on

P ric Lty oseful fo studymgthel i 1l thea rcarchs dth desce doge ma
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(u) A more convex portion the outer border of the night aurcle
which ends at the diaphragm
On the left border are four step-like convextties of which the
second and third may be difficult to distinguish

Fig 42 —Some typical cardiac outlmes
A Nommal B Per ardil £ n C Mmlst s D Aot mpet

(1) Above the promunent knuckle produced by the arch of the
aorta as 1t passes backwards slightly to the left then

downwards
(u) The straighter line of the pulmonary artery
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(1) The conus of the night ventrcle
(v) Below the wide sweep of the feft ventnicle ending at the
apex where 1t rests on the diaphragm

COMMON ALTERATIONS IN DISEASE

1 Position of the heart fn the chest —Displacement of the heart
as a whole 1 well seen 1n pleural effusion pneumothorax and m
fibrowd lung  In distension of the stomach and obesity the heart
1s rarsed with the diaphragm and the apex tilted upwards The
common type of scoliosis (convexity of the curve to the night)
1s a frequent cause of displacement of the heart to the left  In
narrow chests the heart often hangs mesially and seems small and
slender

2 Shape and size of the heart —(a) Prominence and undue con
vexty of the left ventricle 1s best seen mm aortic incompetence
aortic stenosis and cases with high blood pressure  In 1ts typical
form the outline may be described as boot shaped (Fig 42p)  An
enlarged left ventncle 15 well seen 1n the left oblique view when it
extends bachwards to cover partly the shadow of the spute

(b) The left aurcle 15 promunent 1a mutral stenosis and 1 mitral
incompetence It shows n the antero-posterior view as a strarght
ening or conveuty 1n the normally concave left border of the heart

Watching the progress of a thick barium paste down the cesopha.
gus s a valuable aid m the diagnosis of disease of the heart and
greater vessels  In 1s thoracic course the eesophagus 1s impressed
by four structures namely the aortic arch left bronchus feft
aurcle and descending aorta and abnormabty of these causes
alteration of the natural impressions In rutral stenosis with
enlargement of the left auricle the depression 13 deepened and
displaced to the right  This 15 best seen tn the nght oblique view

(¢) The outhine 1s large and often globular when all the chambers
of the heart are enlarged  Itis seen therefore i advanced mutral
stenosis with auricular fibnllation and 1n combined aortic and

mutral discase

3 Shape and size of the norta and superior vena cava —Aortic
enlargement occurs ia syphilitic aoruis with ancunysm - Unfolding
of the aorta 1s seen n pectalfy when hyp 1
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assoctated  The shadow of the supenor vena cava 15 widened 1
congestive heart farlure

4 Pulsation of the heart and aorta —An abnormal degree of aortic
pulsation 1s a feature 1n the cardioscopic examunation of cases of
aortic p In mtral P the shadow of an
enlarged left auncle 1s seen 1n the antero posterior view to expand
markedly duning ventricular systole A saccular aneurysm of the
aorta appears as a rounded outgrowth from some part of the aorta
which 1tself will often be dilated  Tts relation to the course of the
aorta and 1ts pulsation help to distingwish it from an wntra thoracic
tumour

5 'The hilar shadows and lung fields —The hilar shadows are heavy
and 11l defined 1n cases of mutral stenosis especially tn heart failure
and 1n cases of left ventricular fatture from any cause  The vascular
markings 1n the lung fields are conspicuous m Fallot s tetralogy
‘where much of the night ventricular output by passes the pulmonary
circulation  Evidence of widespread pulmonary fibrosis or m

filtration lends support to a diagnosis of cor pulmonale

CARDIAC CATHETERIZATION

A flexible radio opaque catheter 15 introduced 1nto an antecubital
vein and followed under flucroscop:c control anto the right auncle
1t may be pushed further into the right ventricle and the pulmonary
artery  The catheter can be used 1 the following ways

1 'Blood samples can be taken from vartous sites for gas analysis
For example—a much higher blood exygen 1n a sample taken from
the night auricle compared with one taken from the supertor vena
cava would suggest a shunt of blood from the left auncle to the
nght aurcle

2 Pressures can be recorded at various sites For example—there
1s a sudden drop 1n pressure as the catheter 1s passed from the right
ventricle through a stenosed p y valve into the p y
artery
3 'The catheter nself can be X rayed Iis positron within the
heart or great vessels and 1ts relation to other structures can be

or p) th 2 Jarge p effusion the tip
of the catheter in the right heart cannot be brought near the edge
of the cardiac silhouette
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ANGIOCARDIOGRAPHY

By the intravenous injection of a contrast medium combined with
rapid senal radiography 1t 1s possible to study the heart chambers
and great vessels dunng life  Advances 1n cardiac surgery have

ded precise diagy before op g graph

help to determune the site and extent of a coarctation of the aorta
and hence the practicabulity of uts resection  The investigation 1s
also used 1n selecting those cases of congenital cyanotic heart disease
which are suitable for operation,
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CIINICAT 1XAMINAIION O T BIOOD

1 INUMIRATION Of RED NI OOD CORIUSCLIS

Tue snstruments necessary copsist of a geaduted mivag pipette
(Fig 43) end a counting shde  Cleanse the Jobe of the pitient s
carwithetherand dry st Make a puncture on the lower border of
the Jobe with an ordinry surgeeal needle  The Jobe should be
pricked with a sudden stab and the blood must
flow frecly On no account must the blood be
squee ed out asat 1s then nlw:’ys diluted by tissue
fluld  Slowly suck up blood with the “pipuite
il the mark 0 5 15 reached  If one should go
Iittle beyond the 6 5 mark (he pomt of the pipetic
should be dabbed once or twice on the finger 1!
the blood 13 back at the 05 mark  Remove any
surplus blood from the point faking care that the
column within the pipette docs not move and
plunge 1t at once sto the difuting fluid (Appen
dix '10) which should be stinding ready in a
small wide necked bottle  Suck up the diluting
fluld as far as the mark 101 While thrs is being,
done the pipette should be gently rotated to start
the mioing,  Grip the pipetic firmly by jts end
between the forefinger and thumb and shake
thoroughly for at lewst one minute  This ensures
a thorough mixing of the blood with the fluid
The column of diluting flusd which occupres the
capillary part of the pipette does not enter into
the misture  Hence 1f blood s sucked upto 0 5
the solution produced 15 in the proportion of 1 in
200 The diluting fluld i the capillary tube

L

should now be blown out Fyg 41—~
The counting chamber consists of a thick Hamocytometer
glass shide with a transverse bar at its centee pipelte

133



13 CUNICAL EXAMINATION OF THE BLOOD

the surface of which 5 sumk 8y =L below that of the stie,
The bar 15 seperaed from the emandes of the slde b o
tRnsverse groosss g parslA to of, one o3 sach sd- 2nd
15 dmdsd 2y nis centre by 2 fonber groove, so Ot 90 P2
pons may be set op at the care Lz The smfcs of e b
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Fizg 48 —Hemocytometsr shde  eubmoer mling
ik oyt S oy e e ek B ATTER
et 4 ¥ oy sy < 2o R
couzed. Tha cazber of edd B rind by 10000 seslls O SR of frd oo
The largs orste shows G vew o0t Le §rd @ wote sl T ooeatng v Sk
o .38 prevent 2 0 Lot L Squars (each £xade £ of 16 Sraer wimaes) 11 108
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15 nuled wath tvo sets Of #nif squares, exch sralf squire hawrg
an ares of ~35 5@ mm. A spoclly gromd tuck coversglass
{ordimary cover-4ips mast rot be wsed) 1s applied to the glass
shide over the bar 3 the shde and cover-glass are ¢fean and

y 2pphed concentne colour (ewronuan) rugs can be seen
whes 002 15 Jookieg almost homeontally alorng the surface of the
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cover-glass  The space left between the under surface of the cover
glass and the upper surface of the bar 1s then ewactly 2 mm.

Wh-n the h=mocytometer prpetie bas been thoroughly shaken
afew drops of the contents of the bulb are blown out and discarded.
The pipette 15 then held at an ang'e of about 45 degrees 1o the
surface of the counting chamber ard jts pownt applied to the
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Fig 45 —Pnice Jones curve 1 3 pormal woman

sht between the tounting chamber and the cover-shp
nﬁ:md runs under the cover-shp by capillary attraction.  This
maneuyre requires $ome Practice Bubbles must be avoided and
the 0.:d must exactly fill the space between the bar and the cover
sbp  If any flud overflows into the grooves the counting chamber
and cover-ship must be cleaned and the whole operation reneat.d.
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When the counting chamber has been successfully filled the
preparation 1s set aside for two minutes orso for the corpuscles to
settle Tt1s then examined with the low power to see whether any air
bubbles or foreign bodies are present “and whether the corpuscles
are distibuted with fair umformity throughout the field after
which the tagh power (No 2 eye piece and 3an objectne) s
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Fig 46 —Price-Jones curve in a case of permicious anema

used for counting  The microscope must be vertral and should
be provided with a condenser and a diaphragm  The light should
be graduaily cut off until the red cells become clearly visible  Undet
the 3 1n objective the little squares wall be seen to be marked off
1nto sets of sixteen by double rulimg  (Shoutd the Lines marking off’
the squares be only dmnly secn it may be necessary to mensily
them Ths 1s best done by tubbing the surface of the platform
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with a little finely powdered graphite [the scrapings from a very
soft Jead pencil) and then polishing 1t with soft chamors leather )

At least four sets of sixteen squares should be counted under
the £1n objectne  The squares mn each set should be gone over
systematically in horizontal rows of four at a tme Ot the cor
puscles which lie zpon the lines bounding the row only those on the
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upper and the left hand htes should be counted  The number of
corpuscles 1n each of the four sets should be approvimately equal

Calcalation —Count the corpuscks each of the four horizontal
rows from above downwards ‘The total 1s the number of cor
Puscles 1o sisteen squares  Count 1 thus way five sets of sixteen
and divade the total by e1hty which gives the average of corpuscles
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1 ope squarc  But the dimenstons of this square are 3z X &
=355 cmm Therefore 1if there be x corpuscles 1n this dimen
sion there will be 4000x 1n { cmm  But the blood was diluted
200 umes Therefore 1n [ cmm of blood there will be 4 000x
x 200 corpuscles

Suppose for example that one finds a total of 480 corpuscles
10 the eighty squares  This gives an average of six corpuscles per
squate or 6 X 4000 1e 24000 per cmm of difuted blood or
4800000 per cmm of pure blood if the dilution was L 1n 200
Thus 1f 2 counting chamber with the Neubauer ruling (Fig 44)
13 used and five sets of srcteen small squares (or eighty small squares)
are counted the addition of four noughts to the figure for the
number of red cells 1n eighty small squares will give the number of
red cells per cmm  of blood

The normal number of red varses within
Jimats At burth 1t 15 from 6 000000 to 7 000 000 per cmm  and
falls during the first week of Life to between 4 000 000 and 5 000 000
per cam In adult ltfe it varies n the two sexes  In men the
average figure 1s 5300000 per cmm  The range 1n health s
from about $000000 to 6500000 per cmm In women the
average figure 15 4 800 000 per ¢ mm and the himit 1n health about
4,000 000 to 5 500 000 per cmm  For estimating the colour index
the number five milhon 15 adopted for the sake of convemence  As
the error 1n routine single red counts 1s up to 500 000 differences
of less than this between two counts should be ignored  and
preferably all counts should be expressed to the nearest half mutlion

2 ENUMERATION OF LEUCOCYTES

A special pipette 1s supplied for thus purpose with the Thoma
Zerss wostrument It 15 used 1n the same way as the red-corpuscle
pipette but the blood 1s less didute  The best difuting fluid is one
contaiung 1 m! of glacial acenc acd 10 100 m! of water to which
enough of a watery sofution of methyl green or gentian vialet has
been added 1o gve the misture a decided colour  This mixture
dissolyes all the red cplls while 1t stains the nucler of the white

A large drop of blood should be allowed to exude before the
ppette 35 flled  The blood sbould be sucked up to the mark 05
the end of the pipette Wiped and diluting flud taken up to the

mark [
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Owing to the relatively large calibre of the pipette the blood 13
apt to run out of it and so the pipette should be kept in a horizontal
position as soon as 1t 1s filled with blood.

The blood and fluid are mued as already described  This pro
duces a dilution of 110 20 A drop 1s then placed on the counting
slide with the same precautions as m the case of the red cells

The lencocytes 1n the whole of the cross ruled area of the Thoma
counting chamber which contams 400 small squares or 1 sq mm
should be counted  Once one has learned to distinguish Jeucocytes
from other objects ttus can be done under the $un objective
Several preparations should be made and the total counts averaged
unless one has a spectal counting chamber (¢ g Neubaver ruling
Fig 44) which provides several blocks of 1 sg mm  The caleula
tion 1s made as follows  The number of white cells counted 12 one
5¢ mm 1s that present i % ¢ mm of the diluted flud  Thus figure
multiplied by 200 gives the white cells per cmm of blood

In leukzmia where a very large excess of leucocytes 1s present
one can easily count the red and the white cells 1n the same drop
For this purpose a 3 per cent solutton of sodium citrate just coloured
with gentian violet 15 to be preferred for diluting the blood ~ Thus
stams the nuclet of the whites and at the same time preserves the
reds  Tomson s solution (Appendrx 15} may be used simlarly
The dilution and calculation are the same as for the red cells

After use the diluting pipettes should be thoroughly cleaned
They should be washed out (1) with distlled water (2) with absolute
alcohol and (3) with ether A stream of air should then be blown
through till the glass ball 1n the chamber motes freely without
tending to adhere to the sides A few drops of antt formun sucked
into the prpette quickly disintegrate any organic matter left behind
Coagulated blood may be removed from the capillary tube with
a horse harr  If the blood adheres firmly to the pipette 1t may be
removed by repeated rinsing with strong atkali or acid or if neces
sary digested away with pepsin

The number of lencocytes i normal blood 15 about 7000 per
cmm 1n the adult The number vaties within considerable Jimts
even 1n health and counts of from 3 000 to 12 000 are not necessanly
abnormal  In early childhood much higher numbers are reached
(see p 388)

An absolute 1ncrease 1n polymorphonuclear leucocytes 1s referred
to as tosis and of P as lymph Apart
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from which will be d later important causes
of feucocy tosis are septicermia and pyxmia the presence of pus or
an abscess anywhere 1n the body any ifection with pus formng

fi such as p T gihis and tonsiflits
Leucocytosts may also be found after acute hxnorrhage 1n ameebic
hepatitts two or three days after a coronary thrombosis and occa
stonally 1n the presence of malignant neoplasms particularly of the
hver An absolute [ymphocytosis apart from Jeukema 1s a much
rarer finding Tt occurs particularly in glandular fever or infectious
mononucleoss and after whoopiag cough

3 ENUMERATION OF PLATELETS

The blood platclets or  thrombocytes  are elliptical or circular
bodies with basic cvtoplasm and azurophul granules  The normal
platelet-count 15 250000 to 500000 per cmm and the normal

platelet ratio  that 1s the ratio of platelets to red cells 1s 11 18
Thrombocytopema or diminution of the platelets 15 associated
with bleeding mto the skin and from the mucous membranes It
occurs 1 certan forms of purpura  Thrombocythamua or increase
of the blood platelets may be p d by vascular b
Tt after spl

To count the platelets the skin of the ear 13 cleaned with ether and
on the clean surface 15 deposited a large drop of diluent (3 per cent
sodwum citrate i normal saline)  The skin 1s then stabbed with a sharp
stenle necdle so that the blood oozes directly into the diluent  Thus
prevents clumping of the platelets  With a platinum loop of 3 mm
diameter some of the diluted blood 1s transferred ta a slide and carefully
covered with a cover shp  The amount taken should be sufficient to
spread out evenly between the shde and cover-shp without causing the
latter to float  The preparation s ninged with petroleum jelly  Using
a mucroscope fitted with moving stage_square eye piece and fi-in ol
smmersion objective the number of platelets and red cells 15 counted
mn several fields thus determining the ratio of platelets to red cells
Knowing the red cell count the actual number of platelets per ¢ mm
18 calculated

4 ESTIMATION OF HAMOGLOBIN

Accurate hzmoglobimometry 1s now carned out by photo
clectnic methods which elimunate ertors due to matchung colours
with the eye  Their accuracy 1s of the order + 2 per cent  For




HAMOGLOBINOMETRY 141

ordinary climieal purpo.es Haldane s and Sablts modifications of
the ongmal Gowers dilution and colour matching method are
convement

1 Haldane s hzmoglobmometer —This method uses as a standard
of companson a glass tube contaming carboxy hzmoglobia
Recent work has shown that 100 per cent_on the scale corresponds
to 143 grm. of hemoglobin per 100ml  The colour of the standard
18 fairly permanent 1f 1t 15 kept 1 the dark

‘The method 15 as follows —

04 per cent ammona solution (4 ml Liqu ammon sp gr
03880 1n a Iitre of distled water) 1s placed m the diluting tube up
to the 20 mark  Water may be used 1f no ammonta 1s avalable
and if the patient 13 very an@msc the tube should be filled only
to the 5 or 10 mark An adequate puncture 15 then made 1n the
finger or the lobe of an ear and the capulary prpette provided filled
o the 20 cmm mark without delay The sk and the pipette
must be perfectly clean and dry The pipette should be held
bhonizontally the pomt dabbed on the observess finger ull the
column of blood 15 exactly at the 20 mark and then wiped clean
of any surplus blood The blood s then gently blown mto the
diluung fube where 1t should sink without miXing appreciably
with the fluid 1n the tube  the pipette 15 washed out several times
with ths fuid and withdrawn  The solution 1 then saturated with
carbon monowde with a capillary pipette or jumbar puncture
needle connected by rubber tubiog to the gas maws The
may be bubbled through the solution or passed Over 1t while the
tube 15 slanted to espose the greatest flund surface to the gas
Distifled water 1s now added drop by drop from a drop bottle or
pipette  After each addiion the diluting tube 15 hield between the
thumb and forefinger and 1averted to ensure thorough muang
Any fluid Jeft on the thumb must be wiped back into the tube
Water 1s added 1n this manner until the tnt m the diluting and
standard tubes appears wdentical The tubes should be matched
m daybght (but not direct sunlight) agawnst a northern sky or
against white paper at an angle of 45 or against an electric bulb
viewed through an opal glass screen It 1s absolutely necessary to
transfer the two tubes Tepeatedly while they are being matched

or avoidable error will be made
The level on the graduated tube 1s read one minute after the last
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drop ot distilfed water was added The obsersation 15 repeated
after the addition of another drop and 1f necessary another untl
the pomt 15 reached when the tunts are agam Just unequal and the
average of the two readings 15 accepted as the final Tesult

Even among skilled observers the errar of this method may be
considerable ~ Given careful attention to the details of techmque
and a good eye for matching tints the error should not exceed
5 per cent  In practice a difference of 5 per cent. between two
observations by the same observer wall usually indicate a real
change 1n the patient rather than an error in the method and a
difference of 10 per cent will nearly always do so  Differences
of less than 5 per cent between two observations by the same
observer and of Iess than 10 per cent between two observations
by different observers should be disregarded

2 Sahh s hemoglobimometer —~This method employs as a standard
of p a glass tube g acid hematin the hemo-
globin 1n the difuting tube betng converted to the same sub tance
by the addition of hydrochloric acid  In some models a perma
nent coloured glass standard 1s employed The method can be
used 1n places where no coal gas 1s avatable

can be obtained calibrated so that 100 per cent 15 equiva
tentto 14 grm hieme, Jobin per 100 ml when the reading 1s made S munutes
after the addition ot the blood to the acid i the diluting tube

The method 1s as follows —

The diluting tube 1s filled to the 10 or 20 mark with decinormal
hydrochlonc acid 20 cmm of blood are taken up with a ppette
as described above and blown gently 1nto the tube the pipette
being ninsed out several times with the acid solution  The tube 1s
atlowed to stand for exactly fise minutes Then adding water and
matching the unts 15 carried out as with the Haldane mstrument
except that the fluid in the tube 15 stirred with a small glass rod after
each addition of water nstead of the tube bemng smverted

The error of tfus method s not less than that of the Haldanc
and the same precautions should be used 1n interpreting the results
recorded  The difference between the Haldane scale (100 per cent ~
148 grm) and the scale of the Sahli instruments (100 per cent -

140 grm) may be neglected It goes without saying however
that any report on hemoglobin percentage should state what i
meant by 100 per cent m terms of grm per 100 mL
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The normal k lobin vaties within ble Jimits and
differs 10 the two sexes and at different ages  The mean hzmo-
globin of healthy men may be taken as 156 grm per 100 ml
equivalent to $13 per cent”in the Haldane scale and the normal
ran e from about 100 to 120 per cent The mean figure for
healthy women may be taken as 13 7 grm per 100 m! equnalent
1o 99 per cent_on the Haldane scile and the normal range from
about 90 to 110 per cent At birth the hzmoglobin may be 140
to 150 per cent 1t falls dunng the first few weeks to a Jevel of
70 per cent. or 80 per cent and tocreases slowly dunng infancy
and chidbood

From the red cell count and the percentage of hzmoglobmn the
colour ndex can be calculated  This expresses the mean hazmo~
globin content of a single cell as compared with that of an arbitrary
normal cell It 1s obtained by dviding the hzmoglobin expressed
as a percentage of normal ({00 per cent =145 g of hzmo-
globm) by the red cell count expressed as a percentage of normal
(assumed for convemence to be 5000000}  Thus if the hzmo-
globin 13 40 per cent and the red cell count 1s 4 000 000 the colour

mndex 15
4 44 x5
“0”(5“"")—%“’5

More sunply 1t 15 calculated by doubling the first two figures
of the red cell count and dwiding the product into the figure for
the percentage of hemoglobin  The normal eolour index by defim
tons 1 0 but figures from 0 85 to 1 15 are not necessanly abnormal
The colour index 15 useful as 1t dvides anmmias approvmately
into three classes those with a high colour index including per
tious 208 SImnar apzmas  those with a colour index about
umity such as angmia following a recent large hemorrhage and
those with a low colour mdex such as the wron deficiency anzmias
For accurate hematological diagnosis the colour 1ndex has
howeyer the disadvantaes that it s based on arbitrary standards
of normal and that 1t takes no account of cell size  For this reason
certaip absolute values are often emplojed

1 ';hl;‘sum of packed cells (VP C or Hzmatocrit)

33 determuined by centnfuging uncoagulated blood m a
graduated tube until the corpuscles are pzckedgduwn 1o a constant
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volume The volume of packed cells 1s then expressed as a per
centage of the onginal column of blood 5 ml of blood from a
vem 15 placed 1 a tube containg 4 mg solid potassium oxalate
and 6 mg solid ammonium oxalate (with this salt mixture there 15
no shrinkage of cells) A Wintrobe s hematocnit tube (which can
also be used for determuming the sedimentation rate p 159) 15
then filled to the 100 mark with this blood with a capiliary pipette
and centnfuged at 2 500 revolutions per minute for 30 minutes
The onginal column of blood 1a the tube being 100 mm long the
volume of packed cells can be read directly as a percentage  Guen
the red cell count 1n mullions perc mm the hemoglobin expressed
tn grm per 100 ml and the volume of packed cells the fotlowing
additional absolute values can then be calculated

2 Mean corpuscutar volume (M C V)
MCV _ Yolume of packed cells :1n mi per ! 600 IELOf bkw»d
wmeub " Red cells 1n millions per ¢ mm

3 Mean corpuscufar hemogloby N CH )
MCH m micro- _ Hbm grm per 1 000 ml of blood
mscrograms {yy) Red cells m millions per ¢ mm
4 Mean MCHC)
MCHC %

- Hb i grm per 100 ml of blood 100
Volume packed red celis 1 cmm  per 100 ¢ mm
of blood
The mean normal and range of normal of these values are as
follows —

Mean normai  Range of normal
MCV mmcub p 8t 78-93
MCH i yy 295 27-32
MCHC. / 34 32-38
Of these values the most useful are the MCV and MCHC
1f the M C.V 15 above 94 cub p the anxmua 1s macrocylic i type
of 1t 15 between 78 and 94 the anzimia 15 normocyuc and if 1t it
below 78 cub 4 the anemiaismicrocytic The M C H C expresses
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the amount of hzmoglobin per 100 ml of cells rather than the
amount per 100 ml of blood and 1s therefore the true measure of
the degree of saturation of the cells with hemoglobin It cannot
be mcreased for red cells cannot hold a greater concentration of
hemoglobmn than the normal  When 1t 1s reduced below 32 per
cent 1t1s an indication that the patient should be treated with iron

If the mean corpuscular diameter M CD 15 also determmed
the mean red cell thickness can be calculated  This 1s important
w acholunic jaundice 1 which the MCT 1s mcreased The
MCD can be determuned by the use of an halometer or more
accurately by the method of Price Jones

RED CTLU DIAMETER DISYRIBUTION CURVE {PRICE JONES)

‘Vanations 1z the diameters of red blood cells are observed and measured
in dned films  These are dried in air wathout heat fixed and stamned
wath Jenner stamn for two munutes and after washing with distilled water
and drymg are super stamed with a weah aqueous solution of eosin
for two minutes

A projection apparatus adjusted for a magmification of I 000 diameters.
13 then amanged to project the microscope field on to a sheet of paper
Five hundred red cells are then outlned i pencil Two diameters
maumum and minimum of each of these cells are then measured to
05 mm with a glass milhmetre scale and c2a e expressed dyectly
terms of ¢ The average of these two measurements 1s taken as the
mean dizmeter of the cell expressed to the nearest 025 4 When 500
cells have been measured a diameter distribution curve 1s plotted shown,,
the number of red cells of a given mean diameter at ntervals of 0 25
and the mean corpuscular diameter (M CD ) the standard deviation (o)
and the coefficient of vanability () are calculated

Fig 45 shows the normal mean dumeter of 500 red cells m & healthy
woman tobe 724 To the .t of thus 15 the 1deal curve for the largest
mean diameter within normal limits (7 7 g} to the left the 1deal curve
for the smallest mean diameter withio normal hmuts (67 @) A mean
diameter outside these limits 15 abnormal By counting the cells that
fall outside these lirmts 1t 13 possible to cal-ulate the de ree of macro-
cytosis or microcytosis The healthy range of the coefficient of var
ability which gives to the degtee of
present 1s from 53 per cent to 73 per cent with a mean of 63 per
cent (Price Jones )

In permicious anemua the avera,e mean dameter 1s hih (83 )  So
also 15 the average coefficient of \anabiity (130 per cent)  Price Jones
concludes that a hih vanability 1s almost more constant though less
charactensstic than a hih mean diameter  In the case illustrated here

CM—F
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the mean dieter 1s 845 ¢ and the co ficient of vanabilty 13 132
per cent  The lugh vanabibity 13 to be seen 1n the wide base of the
curve (Fig 46) 1t 1s a mathematical expression of a high degree of
amsocytosss  The megalocytosis 15 10 be seen 1n the fact that the peak
of the curve falfs outside the nht hand boundary of the calculated
cunve

In idiopathic hypo hromic anzmia the mean duaw ter way be lesy
than normal but ‘often falls within normal Lmits  In a series of eight
cases Price Jones found the mean diameter ranged from 62 10 67 p
In alf there was 2 microcytosis 6 to 37 per cent of the celis iying outside
the feft hand boundary of the caieutated curve  In the case silustrated
here (Fig 47) the mean duameter 15 65 5

5 MICROSCOPICAL EXAMINATION OF THE BIOOD

Filmsareusuallymadconslides  Theshdes should be of colourless
plass thim and with ground edyes  they should be enticely free
from grease  To ensure this they should be dropped one by one
into au enamelied ron dish containing 1¢ per cent chromuc acd
and boiled for 20 mmmutes  They should then be tipped mto a
shallow bastn and water allowed to run on them till the washings
are colourless  After this they are covered with spint and finally
transferred with forceps to 2 wide necked stoppered bottle con
taning absolute alcohol  When required they should be picked
out with forceps excess af alcohol draned and the shde dried off
with a clean cloth  They should finally be rubbed with a clean
handkerchief  Shdes may also be satisfactonly cleaned by polish
ing them with the finest emerv papet and then leaving 1 absolute
alcoho! untl requured

1f slides have 1o be cleaned n a hurry glacial acetic actd foliowed
by water and alcohel gives good results

How to make films —Apply one end of a shide to a drop of blood
and place the slide on a level surface holding 1t with the thumb and
1ndex finger of the left hand  The narrow edge of a seond shde
15 placed 1n the drop and heid there tll the bload has spread across
3t it 1s then drawn slowly over the whole length of the first shde
The wehination of the second shide to the first should be 45 and
there should be no pressure whatever between the two surfaces
The maore slowly one shde 15 drawn over the other the thinner 13
the resulting filn  Smooth spreading of the fifm 15 aided by
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warming the first shide 1n the flame of a spint lamp before applying
1t to the drop of blood  After the blood 1s spread it should be
dnied by being waved rapidly 1n the air to prevent undue shrinkage
of the cells

How to stain the film —Either of the two following methods gives
evcellent results —

1 Jenner s stan —(The stain consists of a 0 5 per cent solution
of a spectally prepared crystalune compound of methylene blue
and eosin 1 pure methyl alcohol) Films are made in the usual
way As soon as they are dry a few drops of the solutron are
poured on and they are covered with watch glasses to prevent
evaporation and precipitation of the stan  Pour off 1n one to four
mnutes Runse m distilled water nll pink (five to ten seconds)
Dry rapidly high over a flame or by waving 1n the air  Mount
m Xylol balsam  In a successful film the red corpuscles ate brown
ishred nucler are blue platelets mauve the granules of poly
nuclear cells and myelocytes red basophuls dark violet bacteria
filartal and malara’parasites blue

2 Leshman s st —This 1s a simplification of the method of
staimng first introduced by Romanowsky The dry film 1s well
covered with the stan wluch should be evenly distributed over the
entire shde or cover glass At .he end of onc minute double
the quantity of distitled water 1s carefully added and muixed with the
stam At the end of seven munutes the mixture 15 peured off and
the film covered with distilled water for two mnutes  The water 1s
then washed off with fresh distitled water and the film gently blotted
dry with clean blottmg paper  When dry 1t can be mounted 1p
xylol balsam or examuned durectly under the o1l aimmersion lens

Exammation of the film —In a good film the cells are evenly spread
and there are no rouleaux After a general examunation of the
film fo sec whether red cells white cells and platelets are present
1n about normal proportions to observe the shape size and staining
properties of the red cells and to see whether prmitive or 2bnormal
red or white cells are present @  differentral count 13 made to
ascertain the relative numbers of the different vaneties of leucocyte
200-500 cells must be counted

It 15 often necessary also to calculate the absolute number of
each kind of white cell per cmm of blood as otherwise a relatrve
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ncrease or diminution of one kind may be mistaken for an absolute
increase or reduction  Throughout adilt life the absolute number
of polynuclears per cmm 15 about 4000 whilst that of the lym
phoctytes 1s about 2000

The folfowing are the vaneties of Ieucocytes found i normal
blood (Plate {3) with their relatne proportions —

1 Neutrophl polymorphonuclar —~Cells with multiobed nucieus
and fine nentrophil or family oxyphil granules  60-65 per cent

2 L ophul polymory fears ~—Cells with nucieus
and coarse strongly oxyphil granules  2-3 per cent

3 Basophil polymorphonuclears (or mast celis) —Cells with very
pale cytoplasm a nucleus usually biobed and coarse basophil
granufes  0-05 per cent

4 AMonocyres —Cells with a charactenstic notched or kidney
shaped nucleus and a sfightly basophilic faintly reticular cytoplasm
3-8 per cent

S Large hmphocytes with round nucleus and clear basophilic

toplasm  5-10 per cent

6 Small lymphocites with round deeply stamng nuclens which
almost fills the cell leaving a nim of strongly basophilic cytoptasm
20-25 per cent

“The changes wn the relative proportion of these cells in leucocytosis
have been mentioned (p 139)

In the lvmphatic form of leukzmia there 1s an enormous increase
1n the number of the lymphocytes (Plate 16)

In the chromic mycloid form of the disease the neutrophils

phils an phils are all d and n addwion bone
marrow cells—myclocytes—appear m the blood  These are often
of large size with a stngle round nuclew and contamn granules
which may be either neutrophilic ot cosinophilic 1 reaction
(Plate 16)

A refative diminution of the leucocytes 1s spoken of as leucopenia
As a rufe 1n leucopenia the dimimution affects chiefly the granu
locytes hence the name granulocytopema  There 1s of course a
relative lymphocytosts  Leucopema occtrs 11 —

(1) Infections such as typhoud feser undulant fever and mesles

(2) Exhaustion of the bone marrow as i aplastic antmia

(3) Cronding out of the leucopotetic tissues by abnormal ery
thropoiesis s 1 permicious anemia and acholune jaundice
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(4) Sensitevity to many drugs eg sulphonanudes thiouracil

2rmdopyrine troxidone

The red cells may present various alterations in disease (Plates
14 and 15) The alterattons may affect—

(@) Thar sie and shape Instead of the normal sized erythro
cytes small cells may appear devord of the usual central ndenta
tron (mucrocytes) or unusually large forms may be met with

p ly 1 p anema  Instead of bemg
rounded the corpuscles may become oval pear shaped etc  These
changes are spoken of collectively as poikilocytonis

() The starung power of the cells may be altered Thus
nstead of taking up eosin mn the normal manner they may stamn
with the basic dye and have a violet or even bluish tinge = This
15 spoken of as pofychromatophiia It 15 seen 1n various kinds of
anxzma

The cells may also take up the basic stain 1 a stppled manner
This 1 known as punctate basophilia  Shght degrees occur 1n
anemias and a considerable degree may be found m persons
exposed to lead

(¢} Nucleated forms may appear Normoblasts can be distn
guished from lymphocytes (for which at the first glance they are
apt to be mustaken) by (1) the more homogeneous and intense stain
1ng of the nucleus (2) the presence round the nucleus of a celt
body which stains red (3) their smoother contour

e d red corpu They have 2
relatively small and charactenstically stippled nucleus and a large
celt body which always exhubits polychromatophiba  Megalo
blasts are a characteristic but rare feature of the blood i pernicious
anzmia

red or can be
by supravital staming that 1s by the application to fresh blood of 2
specizl dye before the use of a fixatne The renculocytes are
the youngest red cells i the cuculation and 1n the normal blood
rarely exceed 2 per cent of the total red cells In circumstances
demanding active regeneration of blood they may reach 15 to 30
per cent ~ The reticulocyte 15 of shghtly larger diameter than the
red cell and contains a delicate ¢ytoplasmuc metwork which later
disintegrates and disappears as the ceil matares 1ato a red blood
corpuscle

&



150 CLINICAL EXAMINATION OF THE BLOOD

The best dye to wse for supravital stamng of the blood s brilliant cresvi
blu.  Saturate 685 per cent sodmm chionde solution with the dye
filter through a double filter paper and centrifugalize  Pour off the
supernatant dye solution and keep 1t 1n a stock bottle  For use ditute a
small quantity with four volures of 2 per cent sodm ¢itrate 1 phvsio-
logical'saline”  Puncture the eat and draw a lasge drop of blood nto a
Wriht s pipette  Folfow up the blood by an equal volume of dye  Blow
outontoashde mux thotoughly take up agaun into the Wi It s papette
seal off and mcubate at body temperature for 20 runutes  Then make
films by the same technigue as for blood films and stain them with Jenner
or Leishman in the usual manner The reticulocytes present among at
least 500 red cells should be counted

Parasites in the blood —These may be looked for 1a fresh biood
under a cover shp 1m which some of them eg microfilanze and
trypanosomes may be secn alive and moving  or i fixed and
stamned hims which may bu thick or thin  The making of thin
films has already been described (p 146)

Fresh films —The slides and cover slips must be clean and free
from grease and should be held by the edges so that the fingers
do not touch therr surfaces  Prick the finger or lobe of the ear
and wipe away the first drop of blocd  When a second has accu
mulated yust touch it with the centre of a cover slip and lower the
latter carefully oo to the centre of a shde  The blood spreads
outmto a film  If a drop of blood of the rght size has been used
the centre of ts film 15 almost colourless I the centre 15 red
apply a Lttle pressure  The film should be examined with the
Iight well cut down 1n turn under the s 4 and 1f necessary
objectnes

Thick films —The thick film method enables a much larger amount
of blood to be examined 11 a given time than 1s posuble with thin
fitms and 1s therefore valuable for the detection of parasites when
these are present 1 small numbers  Take a drop of blood on to
the centre of a shde and spread 1t with a tnangular needle until
punt can be clearly seen through it while 1t 15 still wet  Allow
the film to dry thorou,hly by leaving 1t protected from dust for a
pummum of two hours and if possible overrght If speed 13
essentnal 1t may be dned by warming very cautiously When the
film 18 thorou_hly dry 1t must be dehzmoglobinized by immersing
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the shde gently m an upnght position 1 a beaker of clean and
preferably distiled water and allowing the hemoglobin to dissolve
out. Gentle movement helps but if the slide 1s handled roughly
the film may become detached In about five minutes when the
film 15 colourless and opaque 1t 1s removed from the water and
allowed to dry Thereafter it can be stained with Jenners or
Lershman s stam 1 the same manner as a thin film

Another method uses a dilute watery solution of Giernsa s stain
which deh@moglobimzes and stams the film m one operation  The
shde with the flm faciog downwards 15 pl.ced across to thin
glass rods n a flat glass dish and a freshly prepared d:lute watery
solution of Giemsa s stamn (1 drop of stamn to each m! of water)
1s run vnder the shide and left for 15 to 20 munutes The shde 15
then washed gently m a dish of water and allowed to dry m a sem
vertical posinon  Thick fitms should be mspected rapidly under
the 3-n objecttve and then examined systematically under the oit
immersion

Recogmtion of parasites —The important parasites of the blood
are the parasites of malana microfilane of several vaneues try
panosomes  Leishman Donovan bodics and the sprrochaies of
relapsing fever

For the diagnosis of malana theck films should be used for the
detection of parasites and thin films for their dentification  Films
should preferably be taken when the patient s temperature is rassed.
Thuck films staned as described should be exarmined systematically
for 10 to 15 munutes before 1t 1s concluded that no parasites are
present  The recogmtion of parasites 1n thick films requires prac
tice  Whte cells platelets bactena, the remams of reticulocytes
and muscellaneous durt can be nustaken for parasites Parasttes
have defimte T gical and stamning prop and objects
which do not show these are not parasites

For details of the 1dentification of the different types of parasites
1 thin films larger works must be consulted The mam disin
guishing pomts are as follows (Plate 17) In mfection with plas-
modum falcrparim  which produces mabgnant terttan malana
schizogony generally takes place in the tissues so that except
rare cases 1n montbund patients ring forms and a few crescent
shaped gametocytes only are seen 1n the penipheral red blood cells
Rung forms of any sp of 2 nmof cytop which stamns
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blue and a small nucleus or chromatin dot which stamns red  The
nings of plasmodium falciparum are usually though not wvarsably
small and deheate and the red cells are not enlarged  More than
one ring may appear in a single red cell and some rings may have
two chromatin dots  Marginal forms or  formes appliquees
with the parasite lying along the edge of the cell may be seen

few crescent shaped gametocytes which are easly recognized
(Plate 17 13 14) may be seen m films from untreated patients
but 1l ab.ent at this time they may appear particularly m patients
treated with mepacrine some seven to ten days after the beginning
of treatment

In the remaining three species schizogony takes place 1n the
penipheral blood so that ning forms large trophozortes and
schizonts will be present togethtr i films

In infections with plasmodium vinax which produces berugn
tertian malatia the nings arc large and stout and often measure
onc thurd of the diameter of the red cell  The red cells may be
enlarged and if properly stained may show well marked Schuffner s
dots (Plate 17 1 2) Large wregular trophozoites contaming
brown pigment and mature schizonts with 16 or more merozoites
may be scen (Plate 17 3)

In tnfections with plasmodium malariz which produces quartan
malana the riag forms are also large and stout but the larger
trophozottes are more compact and densc looking and frequently
take a characteristic band form (Plate 17 6 7)  Mature schizonts
contain some ight merozoites arranged 1n a rosette form around
a mass of pigment Further Schufiner s dots are not seen and
the red cells are not enlarged

In nfection with plasmodium evale which is much the rarest of
the four spectes the parasites have some of the charactenstics of
plasmodium vivax (e g large and promunent Schuffner s dots) and
others of plasmodium malanie (e g compact large trophozoites
and occasional band forms) The most characteristic feature 13
the distortion n shape of the red cells which become oval or
fimbriated and the schizonts only contain 8 to 10 mirozoites
(Plate 17 9 10)

In some cases muved infections may be present

In the diag of try of the blood
13 generally less efficient than the examination of flud obtated
by gland puncure  An enlarged gland usually in the postertor
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Prate 13
Blood ¢ells norma and abnormal
The left hand column represents cells produced 1 the bone mamrow
and present 1 the blood in disease only — The central column represents
normal and abnormal vaneties of red cells  The mcht hand column
Mustrates the normal leucocytes of the blood
@ bman o)
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Prate 13
Blood cells novma snd abnormal
The left hand column represents cells produced m the bone marrow
and present 1n the blood in disease only  The central column sepresents
normal and abnormal vaneties of red cells  The nght hand columa
tllustrates the normal leucocytes of the blood
{Le hmans stae)



Prate 14
a The bload in fron-deficiency {hypochromuc
mugrocytic) anxmia
Note 1 The red cells are small (microcytic) and poorly stamed (hypo
chromc)
2 There 15 some anisocytosts (undue inequality in size) and porkilo-
cyloms (rregulanty i shape)
lm also shows one polymorphonuclear leucocyte one small
lymphocyl: and three groups of platelets

b The blood in addisonian or permcious anzmua

Note 1 The red cells are large (macrocytic) and some are unusually
dueply staed (yperchrome)
2 There 1s and s
3 The film ako shows one small lymphocyte ome normbiast and a
group of platelets
The red cells in Plate 15b may be taken as normal for purposes of
comparison

@ wnbyl Kem )
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the cytoplasm of large mononuclear cells  When direct microscopic
examnation fails culture methods for which larger works must
are ]!

The parasites may be seen m thick or thin stained blood films
which should be searched systematically under the o1l immersion
objective  The parasttes are seen as round or oval bodies from
Z10 5 pm diameter containung a large round or ovaf solid looking
nucleus «nd a smaller more deeply staned and usually rod shaped
kinetoplast  In Leishman stained films the cytoplasm 1s blue and
the nucleus and kinetoplast are red (Plate 17 '16)

Whle the term Leishman Donovan bodies strictly applies to the
Indian form of kala azar exactly simular Leishmama may be found
1 the blood or tissues 1n cases of Meduterranean kala azar  from
fluid obtained by puncture at the margin of the lesion tn the vanous
forms of cutaneous leishmantasis or  tropical sore  and from
the mucous membranes of the mouth nose or throat 1n espundia
or South Amenican leishmamasts

Aduit filanal worms or macrofilanie are parasites of the lvm
phatic system or connective tissues  Their presence 1s dragnosed
by the finding of thewr lan® or mucrofifarize n the blood stream
Three main varieties of microfilatiz are found n the blood of man
These are (1) Filana bancrofts which 1s found 1n the blood stream
1n any numbets only at mght  and which causes filaniasis charac
tenized by wrregular fever Iymphangiis and vartous forms of ele
phantiasis  (2) Filana loa loa which 15 found 1n the blood stream
only by day and causes Joiasts charactenized by transient red
pamful sweilings known as Calabar swellings and (3) Filana
perstans which 1s non peniodic appeaning equally by day and night
and has no recogmized pathogemc effects

1f filanasis 1s su pected blood should be examined say at 8 am
noon and4pm andaganat8pm midmghtand4am Yresh
unstamed fifms shoufd be used for the detection of the filanx and
stained ones thick if the larve are scanty and thin f they are
plenuful for their rdentification

In fresh unstained films microfilare are easily seen under the
3 objective as actvely moving linear objects In stuned films
they are seen as wormlike objects with a round head and a pomted
tay) from 5 to 8 4 broad (e_about the diameter of a red ccll)
and from 100 to 300 p Tong (Plate 17 19) The mamn diffren
tating features of the three species apart from thewr penodicity
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are as follows  Fileria bancrofti and F loa loa have a delicate
sheath which can be seen where 1t projects beyond the rounded
head and pointed tail of the larva whereas F perstans 1s unsheathed
All Jarvee have a central column of nuclet extending from the head
more or less to the tail In F Joaloa and perstans the nucler
extend to the extreme tip of the tal whereas n F bancrofts the
column ends short of the tip

Microfilanz do not stain well by Leishman s stan and a better
staiming method 1s as follows Thick films should be dehzma
globintzed as described under malana and allowed to dry  There
after the method ts the same for thick or thin opes  The films are
fixed for five mimutes with methyl alcohol and ninsed 1 water
The sltdes are then flooded with hzmatoxylin—preferably Ehrlich s
mixture though Mayer s hamalum can’ also be used—which ts
gently warmed until steam nises and an oceastonal bubble 15 seen
The heat 15 withdrawn for a few nunutes and then reapphed the
process being repeated several tumes 1 a penod of fifteen munutes
If the siide shows signs of drymng additronal stain must be added
‘When cool, the shde 15 immersed 1n water to wash off the stain and
then atlowed to stand m runmng tap water uatl a blue colour
appears geaerally m about quarter of an hour When quite dry
1t should be mounted 11 Canadz balsam  Microfilarie are readily
recognized by the wmtense stamnng of their nucler and the sheath 1f
present, 1s castly seen

The Treponema recurrentis of relapstog fever should be sought
under the ¢ objective in fresh unstained films of blood and n thin
films stained by Leishman s method under the ol immersion

Fresh unstamed films should be examined with the Light well
cut down. Agitation of the red cells usually calls attention to
the presence of parasites which may otherwsse be difficult to
detect

In thin staned films the spirochxte 1s seen as a laear object
with tapering ends 04 4 i breadth and 10 to 30 s length  The
spiral shape which st possesses in Iife 15 lost and the body Les 1
wregular curves  In searchung for the organism 1t 15 mportant
to direct the eyes dehiberately to the spaces between the red cells
rather than to the red cells or the parasite mav be mussed
(Plate 17 18)
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6 SPECTROSCOPIC EXAMINATION

The diagnoss of su pected carbon monoude poisoning may be

hed by sp P Some blood 1s obtained
by pricking the thumb and squeezing two or three drops into
several ml of distilled water The solution has a cherry red
colour  Place some 1n a thin flat glass tube and examune with a
hand spectroscape  Direct the mstrument as 1n alt such examma
tions towards a white cloud and not towards the sun  Two
bands (Plate 18) are seen (bands of carboxyhzmoglobin) occupying
very much the same position as the oxyhemoglobin bands  They
are distingiished from the latter by the fact that the addition of a
few drops of sulphude p no in them

7 LESTIMATION OF COAGULATION TIME

The coagulability of the blood can be estimated with a fair
degree of accuracy by means of Wnghts coagulometer The
nstrument consists of a senes of fine tubes of equal calibre which
are kept immersed in water at body temperature  Blood 1s drawn
nto each of the tubes at definite intenvals and after the lapse of
varying peniods of ime one blows down the tubes 1n succession
1 the blood can no longer be blown out coagulation has occurred
The 1nterval between the filing of the tube and the occurrence of
coagulation 15 known as the coagulation time

At a temperature of 37 C the coagulation time of a healthy
mdnidual 33 about four runutes 1t 15 increased 1 haemophilia
but normal in thrombocytopeme purpura It 15 also increased
duning the admumstration of anticoa julants

ESTIMATION OF THE BLEEDING TIME

The bleeding time 1s determined by stabbing the ear with a sharp
stenle needie and blotung off the drop of blood every 30 seconds
until 1t ceases to coze from the puncture  The blots are recorded
1n series along a stnp of blotung paper and subsequently counted
The normal bleeding tume 15 4 10 5 minutes It 35 increased 1n
thrombocytopenie purpura but normal 1in hremophil.a

ESTIMATION OF PROTHROMBIN INDEX

“The concentration of prothrombin in the plasma 15 cstimated

by measunng the tength of wme taken for the plasma fo clot in
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the presence of an excess of thrombokinase and of calcium rons
Blood 1s withdrawn 1nto an oxalate solution which prevents it
clotting by removing free calcium 1ons and centnfuged To the
plasma thromboplastin—Russell viper venom or an extract of
bramn tissue—ss added to provide an excess of thrombokinase
Calcum chlonide 1s then added and the time taken for the plasma
to clot measured with a stop watch This 1s normally 25 to 30
seconds  Several determunations on normal subjects are made at
the same time  The prothrombin wndex equals

Average normal time ¥ 100

Observed clotting time of specimen tested

The prothrombin mdex 1s reduced when msufficient vitanun K
1s absorbed 1n liver disease in new born infants with melzna
neonatorum and dunng the admunstration of synthetic antt
coagulant substances which mterfere with the formation of pro
thrombin

8 SEDIMENTATION RATE

In health the red cells of the blood agglutinate very httle on
standing the resultant clumps of corpuscles are small and sedi
ment slowly On the other hand 1n certain diseases the red cells
agglutimate mto larger clumps which sediment more rapidly  As
asick person improves the clumps become smaller and the sedimen
tation rate slower There 13 no standard method for esttmating
the erythrocyte rate  The gren method 15
simplest and the one most generally m use 02 m! of 38 per
cent sodmm citrate 13 sucked tato a 1 ml synnge and blood 15
then drawn by vencpuncture up to the 1 ml mark The mixture
15 shaken so that 1t ts evenly mixed  The blood 15 then sucked 1nto
a pipette 2 5 mm 10 diameter and graduated to .00 mm  This 15
fixed 1n a stand and scaled by bemng clipped on to a cork at the
bottom The distance settled 1n mullimetres 1 one hour 15 the
sedimentation rate  The normal 1s 1 to 7 mm  the sl htly abnor
mal range 15 8 to 15 mm and the grossly abnermal 15 to 110 mm
or even higher

In the Wintrobe method a hzmatocnit tube (as used for deter
mining the volume of packed cells p 144) 1s filled to the 100 mark
with oxalated blood and allowed to stand vertically for one hour

e
r




Prate 15
a The blood 1 acholuric jaundice

Note 1 The red cells are about normal m swe

2 Some of them have a diffuse blwsh coloration (polychromatophiha)
others are shightly smaller 1n dsameter than normal and unusually densely
stamed (spherocvies)

3 The film also shows a polymorp feucocyte a
and three groups of platelets

The red cells on Plate 15b below may be taken as normat for purposes
of compartson

b The blood fn acute feubzmia

Note T The nd cells are normal 1 appearance
2 The film shows five b and two

(Drawn by I Kr m 1)
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PLATE 16
2 The blood in chronic myelod leuhemz
Note I The red cells show shi,ht anisocytosis and potkilocytosis

2 The white cells shown tnclude one mycloblast three meutrophd
leucocytes  of

and four phul p
which two are immature with only two lobes each  The remaining white
cell 15 a smalt lymphocyte

b The blood wn chrome lymphatic leulsenua
(smallcell type)
Note 1 The red cells show some amisocytosts and porkilocytosis
2 The white cells present consist of eight small and one large lympho
cyte some with nucler of shhtly prmine appearauce
3 Three smudye celis are also shown
Mrawn dy T k. m )
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By this method the normal sedimentation for men after one hour
15 0 to 9 mm and for women 0 to 20 mm  The advantage of thus
method 15 that the 1t tube can subsequently be centri
fuged to determne the volume of packed cells and the sedimen
tation rate corrected for the degree of anzmua present  Thus can
be done by means of a chart specrally prepared for the purpose
(Gvde American Journal of Medical Scrence Vol 189 1935 p 102)

The sedimentation rate 1s reduced 1 polycythemia and in con
gestive heart failure and increased 1n anzmia mn all but the muidest
toxic and mfective condittons and in many cases of cancer espe
cally m It 15 also d 1n preg; normal
or abnormal It rarely has any spectfic diagnostic value but
indicates the presence of a disease process of some sort which
may be anvthing from a cold to a carcinerna It 15 excessnvely
high multiple myel and d Tupus
erythematosis It 1s of some use in distnguishing between organic
and functional disorders for i the presence of a raised sedimenta
tion rate a diagnosts of a functional disorder should never be made
until all possible mvestigations to exclude an organic cause have
been undertaken  Conversely a low edimentation rate does rot
necessanly exclude organic disease

The sedimentation rate 15 also useful in following the progress
of patients suffering from chrome diseases It 18 especially useful
1n chronie p y i! T d arthnitis and acute
rheumatism  As long as the sedimentation rate 1s rased there
15 an active disease process and this 1s frequently found a consider
able nme after the temperature has returned to normal It 15
convenient to esttmate the sedimentation rate at weckly intervals
A trend towards acceleration of the rate 15 an tndication that the
disease process 1s active  whereas a trend towards stowimg of the
rate indicates that 1t 15 subsiding

9 FRAGILITY OF THE RED CORPUSCLES

The fragiity of the red blood<orpuscles 15 shown by ther
mability 1o resist hemolysis mn dimmshing strengths of salt solu
ton Normal salt solution 1s usually taken as 085 per cent
of NaCl but normal red cells do not hemalyse unti a dilution of
about 0 4 per cent. 15 reached  In most forms of chronse Jaundice
the red cells are less fragile than normal cells and do not hemolyse
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1n a salt solution appreciably less than 0 4 per cent In acholuric
jaundice the fragibity of the red cells 1s greatly increased and
hzmolysis takes place 1 strengths of salt approachmg that of
normal saline  Not uncommonly hamolysis begins at 0 6 per cent
of salt or even higher The undue fragility of the red cells 15 the
most constant 2nd charactenistic sign of this disorder and such
wide deviation from the normal 1s found 1a no other condition

The estmation of the fragiity of the red blood~.orpuscles 15
sumpfe  Two sertes of test tubes each containg about 5 ml of a
range of dilutions of NaCl i water are put up and to each of one
series added 2 drop of blood from the patient under mvestigation
and a drop of normal blaod 1o each of the other series 1t 15 not
necessary to wash and centnfuge the red cells the whole blood
may be taken  The normal control senes should never be omutted
The range of dilutions should extend from 0 § per cent to 02 per
cent and there should be a difference of not less than 005 per
cent between each dilutton  The solutions can be rapudly made
by placing i one burette distilled water and in a second burette
a 1 per cent solution of NaCl in water Into the first tube run
4 ml of the salt solution and 1 ml of water giving 0 8 per cent
NaCl 1nto the followng test tube put 3 ml less of salt solution
and 4 ml more of water and so on unul a strength of 0 2 per cent
NaCl 1s reached  Each tube should be thoroughly shaken after
the dilution 1s made and agamn after the blood bas been added
Finally the tubes are allowed to stand at room temperature until
all the imntact corpuscles have settled to the bottom The first
tube showing hzmolysis 1s recognized by the famtly pinkish colour
of the supernatant flurd

10 STERNAL PUNCTURE

Sternal puncture 15 employed t0 examine the marrow 1 anamuas
and Jeukzmuas to detect certain parasites e g Lenshman Donovan
bodies 1n kala azar and 1 the dragnosis of carcinomatosis myelo
matosts and disorders of lpod storage such as Gaucher s disease
For most purposes the examination of smears of marrow aspirated
through a needle 1s quite adequate  For certain purposes the
sternum needs to be trephuned and a small piece of marrow excised
for histological sectton  This 1s essentsal for an accurate diagnosis
of the degree of hypoplasia present n aplastic anzmuas and
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to establish the diagnosis in rare cases of osteosclerosis with
anma

The apparatus used for puncturing the sternum 1s a stout trochar
and carnula fitted with an adjustable stop and so made that a
hypodermic syringe fits into the top of the cannula  The skin and
tissues down to the periosteum of the sternum are ansthetized
with 2 per cent novocame without adremalin - A small mciston
1s made 1n the skin with a tenotome slightly lateral to the mud point
of the manubrium or over the middle of the sternum opposite the
2nd or 3rd intercostal space  The stop on the trochar 1s unscrewed
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Proleucocytes 290 100480 |
Potymorphonuclear leucocytes 120 90-340
Total rayeloid cells 665 }
Proerythroblasts 0s 00-20
Normoblasts basophtlic 20 03-30

polychromatic 120 50-150

orthochromatic 50 10-70
Total erythroid cells 195 1
1 ymphocytes 100 25-240
Monocytes 20 00- 50 )
Plasma cells 05 00-20
Megakarvocytes 025 00- 20
Cells 1n mutosis 025 [} ;: g;
Smudge cells ]
b 341 g§1t021

Myelowd-erytheod ratio

Modified from Recent Advances in Chmeal Patholomy Churchill
London 1947
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and adjusted according to the buld of the patient  the adjustment
may well be L em at fiest  The corticalis of the sternum s prerced
with a boring motion the stop bemg unscrewed to kengthen the
projecting portion of the trochar if necessary  Some force may be
required but it 1s easy to recognize the entry of the tip of the trochar
nto the marrow cavity  The Salah needle commonly used i this
manner was actually designed to be tapped thiough the corticalis
of the sternum with a small malet When the cawity of the ster
pum has been entered the trochar 1» withdrawn the hypodermuc
syringe inserted and as few drops as possible of red flud aspirated
Without disconnecting the synnge the cannula 1s removed and a
swab put over the mcision  The plunger of the syringe 1s pushed
and as quickly as possible films are made on slides from the flud
expressed from the cannula  If marrow has been successfully
aspirated the films will contain fat and appear messy and uneven
They may be staned with Jenner s or Letshman's stam

For the nterpretation of marrow films larger works must be
consulted The normal cell count or myelogram  may be taken
as m the table on p 164

11 BLOOD GROUPING

Agg] 15 due to the of an gen {or
antrgen) present in red cells with an agglutimn (or antrbody) present
in plasma  Many different agglutmogens are present mn human
red cells but 1n blood transfusion the unportant ones are the A
and B aggluttogens of Landstemer since these are the only ones
for which the corresponding agglutinins « (ant1 A) and 8 (antt B)
are normally present i human plasma It 1sevident that a person's
plasma cannot contain the ag, lutimin for an ag lutinogen present
1n his own red cefls but with rare exceptions « or 8 {or both)
agglutmins are present in the plasma whenever the red cells do
not contan the corresponding agglutnogen  On the basis of the
agglutinogens present m thew red cells human beings are divided
mnto four groups—AB A Band O %

The acglutimogens and agglutins present 1n the four groups

Th grop AB A B dOcorrep d pet 1 togr plIIIL dIVofth
Moss lassificaio 4 Iv I Bl d fth J ky 1 6cat In sew € B
dange ou Dustak whohmy msef mo ©  betwee thsetw 1d  mencal
Isstcat  tey h Mbe b 4 d fthimmiw 1ABAB 40
Tat o
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together with the approximate percentage of individuals found tn
each group in England are shown i the following table —

I 2 rcen geor
nd

G p Corp scles Pam d 1o
group
AB Agglutinogens AB | Ag,lutinns o J 3
A A B ] 42
B | B [3 g
o (¢} af 46

When a transfuston 1s given the danger 1s that the agglutinins
of the recipient s plasma will agglutinate the donors red cells
How this may come about 1s shown 1a the next table where +

mdicates aggl: and — no
/ D oo g0 pand awl o g0
Repnt gop d ggltnns
p sentumpl m - |
4z 4 » o
— |
AB Ag lutinm o - - - - ;
A Aglutnmn 8 + - + —
B Aggluteun o« + + ~ -
O Az lutmin af + + + -

From this table 1t will be seen that the group of any blood can
be determuned with the aid of a supply of sutable group A and B
sera  For the corpuscles of the blood under test will be agglu
tinated by both sera if 1t 15 of group AB by group B serum only
if 1t 15 of group A by group A serum only if 1t 15 of group B and
by neither serum 1f 1t 1s of group O This method of grouping is
known as the mdirect test  In the direct test the donor s red cells
are tested with the recipient s serum 2 procedure which 1s also
often referred to as  cross matching

From this table 5t will also appear that blood may be given
safely to any recipient from a dowor of the same {or homologous)
group or to any reciprent from a donor of Group O (the so-catled

universal donor )
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This 1s true 1n the great majonty of cases but neglects several
complications which occasionally give nse to severe and even
fatal reactions 1

1 Groups A; A, A;B and A,B—Group A 15 strietly divisible
mto A, accounting for 4 of group A pecsons and A, accounting
for{ Group AB s similarly dvisible nto A,B and A,B  The
practical importance of this fact 18 that A, cells react more weakly
than A, cells with group B testing sera Hence 1f a low fitre
testing serum 1s used group A, may be mustaken for group O
and group A,B for B Thus wall be avoided 1f high titre B serum 15
used and if typing 1s carefully performed

2 Ant1 O agglutiun 15 present spontancously but rarely m A; B
and AB sera Tt reacts with all O cells and also with 95 per cent
of Ay cells for which reason it 1s often called  alpha, agglutinm

The extra with these sub: ps are usually
present mn small amounts unless stumulated by a previous trans
fusion  Hence a single transfusion of group O blood ta recipients
of other groups 1s usually quite safe and 1n practice reactrons due
to repeated transfusions are rate Ope danger of repeated trans
fustons of O blood to recipients of other groups 15 however that
the of antt O may be

3 The Rh factor —If red cells from a rhesus monkey are trans
fused 1nto a rabbit the rabbits serum will subsequently cause
agglutination 1 85 per cent of human bloodts and no agglutimation
in the remaming 15 per cent 85 per cent of human bloods are
therefore described as rhesus posiive 1n hat they have an Rh
agglutinogen 12 their red cells and 15 per cent as rhesus negative
1 that they have no such agglutinogen Under normal circum
stances Rh negative persons have no Rh agglutimn i their plasma
but the formation of this aggletimn may be stimulated exther by a
transfusion of Rh positive blood or m the case of Rh negative
women by the presence of an Rh positive feetus 1z utero 1n some
cases 1n which the father 1s Rh posinve  If Rh positive blood 15
given to an Rh negative person 1 whom the formation of Rh aggla
tinins has been stimulated 1n one of these ways—a severe or cven
fatal transfuston reaction may be produced It follows that trans
fusion reactions 1n repeated transfusions may be due to thus cause
’
g
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rather than to the mcompatbihities mentioned above and that
Rh negative pregnant and puerpural women can only safely be
transfused with Rh negative blood of correct A B O group

METHODS

Blood groupmg —If a transfusion is to be guen enough blood
should be vollected from the recipient to provide 3 sample of red
cells for the indurect test and a sample of plasma for cross matching
with the donor s red cells

The rectpient s finger or ear 1s pricked and one drop of blood
allowed to drop mto a small tube contamning 1 m! of a 3 per cent
sodium citrate solutzon  Blood from the same puncture 1s then
allowed to run into a prece of capillary tubing about I mm diameter
aod 2n long  Oneend of this tubmg 1s sealed and the tube then
centrifuged to separate the serum or simply left standing when
enough serum for cross mtchmg purposes will usnally separate out

Tube method —Into two small tubes appro< 2 by  m clearly
marked A and B place respectively one volume of group A typing
serum and one volume of group B typing serum with the ad of
capillary prpettes making sure that the same pipette 1s never used
for both sera  One volume of safme 13 added to each fube and
then ope volume of the red-cell suspension prepared as stated above
The tubes are inverted to ensure thorough mixing and then left at
room temperature for two hours They are then gently fhcked
with the finger when the presence or absence of agglutination 1s
usually quite obvious I there 15 any doubt the conmtents of the
tube can be taken up in a Pastur pipette fransferred to a shde
and exanuged under the $ objecuve  Group AB cells are aggly
unated by both A and B sera” Group A cells are agglutinated by
oup B erum but not by group A serum  Group B cells are
agglutinated by group A serum but not by group B serum and
group O cells are not agglutinated by exther group A or group Bsera

Tile method —Thts is less accurate than the tube method, but 1s
quicher and requires less apparatus

Large drops of group A and group B typing sera are placed
on a white porcelatn tile and charly marked A and B To cach
a very small drop of the patent s whole plood 13 added and the
e geotly rocked  Usually agglutinition is clearly wsible to the



CROSS MATCHING 169

naked eye before the fluid dries on the tile  This method should
only be used by persons with constderable experience of blood
grouping but it 1s useful m an emergency

Cross matching ~This shiould never be ormitted  The best method
15 to place one volume of the rectprent s serum (removed by means
of a fine pipette from the capillary tube prepared as describea
above) one volume of saline and one volume of a 5 per cent
suspension of the donor s biood 1n 3 per cent citrate (obtained as
described under blood groupmng) mnto a small tube  The tube 1s
then mverted left at room temperature for two hours and examined
for agglutination exactly as described under bleod grouping  In
emergency a large drop of the patient s serum may be muxed on a
shde with a drop of a 5 per cent suspension of the donor s red
cells obtamed as above The shde should then be left for ten
munutes with occasional rocking and examined under the § objective

For further detan's of blood groups and methods reference must
be made 10 larger works or to the Medical Research Council War
M No 9 The of Blood Groups published
by HM Stationery Office

12 SPECIAL CHEMICAL METHODS OF BLOOD
INVESTIGATION

1 Serum pilirubit —An excess of bilirubin 1n the blood may result
from an mcreased rate of destruction of red cells (hemolysis) or
from interference with excretion due to biver damage {intra hepatic
obstruction) or obstruction to the bile ducts (extra hepatic obstruc
tion) In both these forms of obstruction bile which has passed
through the hver cells may be reabsarbed into the blood stream
The Van den Bergh reaction was formerly used to distnguish
between hemobilitubin (bihirubin derived from excessive hamolysis)
and cholebilirubin (bibirubin reabsorbed from liver canaliculi or
bile ducts) and so to between h: lytic and

Jaundice  In pracuce this distinction 15 rarely difficult and the
Teal difficulty lies i distinguishung between intra and extra hepatic
obstruction ta which the Van den Bergh reaction 1s of no help
Estmations of the serum bibrubin {normal up to 05 mg per
100 ml) are used however to detect subclinical jaundice (05 to
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20 mg per 100 ml) when no abnormal coloration may be visible
and to follow the progress of cases of jaundice

2 Estination of urea m blood —The reqgents requred are —

06 per cent acid potassium phosphate
Coarse ground soyl:i bean PP
Capryhe alcohol

Anhydrous potassum carbonate

T~ normal hydrechlonic zad

14— normal sodium hydroude

M thods —In tube B (Fig 43) place 2 ml of blood 2 ml of the acd
potassiim phosphate solution a knife pomt of the soya bean powder
ground to an emulsion with about 1 ml of water and 3 drops of caprylic
alohol Incubate this tube for 20 minutes at about 40 C

Into tube C place 10 ml % hydrochloric acd

Tube A contains about 20 ml of dilute sulphuric acid

\When the incubation of B 1s complcte connect the tubes as shown and
connect the outlct tube of C to a strong water pump  Start the current
of an gently and pour about 4 grm anhydrous potassium earbonate into
B renserting the stopper at once  Run a gentle current for about 10
mnutes and then run for 50 minutes as fast as possible without frothung
over The urea m the blood is converted mto ammonium salts by an
enzvme m the soya bean  this ammonia docs not escape as the solution
15 kept acid by the phosphate  When the flurd 1n B 1s made strongly
alkaline the ammona 1s set free and carried by the asr-current to be caught
by the acid n € The acid 1n A traps any ammonia mn the air  After
the current of air has run for an hour i all disconnect from the pump
wash down the entry tube of C with distitled water mside and out and

titrate the remauung acid with 1%0 sodium hydrowide using methyl red as

ndicator
Ifaml of alkal are used (10 — o) m! of acid have been neutralized

Since 1 mt 0[%0 acid 1s nentralized by 0 14 mg of ammonia mitrogen
and 030 mg of urea contamn 014 mg of mitrogen
then 2 ml of blood used con amn (10 — o) 030 mg of urea
100 ml (10 — @) 15 mg of urca
1t 13 preferable that the ends of the entry tubes should be blown into
bulbs perforated with about 6 holes of the size that would be reade by

a needie
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If 1t 15 suspected that the blood contains excessive amounts of urea

1 ml only should be used
This method may be used for the estmation of uréa n urme 1t 15 more
accurate than the hypobromite method 05 or 10 m! of unne is used

$ml of ad phosphate solution and 5 acid and alkali mstead orl%

Normal blood contans from 20 to 40 mg of urea per 100 ml
With moderate reduction of renal efficincy normal values are
usually found  With more severe degrees of reduction the blood
urea begins 10 mse and may reach 600 mg per 100 ml before

—T0 Pk

= 5 <
Fig 48 —Apparatus for estimation of urea in blood
* T t 1)

death  Patents with blood urea above 100 mg per 100ml ot due
t0 a temporary condition which can be reheved rarely live more
than a year For methods of estimating the renal efficiency see
P 230

3 Estimation of sugar it blood (1) MacLeans method —This
method 15 cluded because 1t does not require a colorimeter
The solutions reqmred are —

(a) Sodum sulphate 15 percent  Tothisadd 0 1 m! of acetic aed per

100 ml diately before use
©® D,QTy"s’éﬁ 13331 That supphed by the Brtsh Drug Houses 15

satisfactor

(c) Copper solution  Dissolve 12 gem of potassium bicarbonate sth

.
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gentle heat in 70 ml of distlled water  add 8 grm of anhydrous potas
sim carbonate  Dissolve 035 grm of copper sulphate crystals in a few
ml of water 1n another vessel and add to t1e bicarbonate solution Without
waiting for the potassum carbonate to dissolse completely When
effervescence has fimished complete the solution of the carbonate by heat
g Add 005 grm of potassum todate and 05 grm of potassum
todide shake make up to 100 ml filter This solution should not be
used for two days after this it keeps indefinstely It must be standardized
by taking 2 ml m 10 cc of acid sodium sulphate solutron and adding
2m? of 75 per cent hydrochlonc acid  One nunute after effervescence has

subsided shake and titrate with ZT}JT) sodwum thosulphate as described later

2 ml should require about 11 cc of thiosulphate Thes standardization
should be repcated from time to tme

@ 4%% sodium thiosulphate solution made by dilutn,
thiosulphate to 200 m!  The thiosulphate solution should be kept in blue
bottles in the dark and the ILZ solution standardized from time to time

(e) 1 per cent solution of soluble starch

(f) 75 per cent hydrochlonc aad solution (75 ml concentrated hydro-
chlorie acid diluted to 100 ml)

Rubber tubing 15 wound round the patient s finger to produce conges
tion a little powdered potassium oxalate 1s spread on the place to be
punctured and a needle stab made in the middle of the oxatate patch just
above the root of the nall 02 ml of blood are allowed to run into a
02ml pipette which s placed w contact with the side. of the drop and
held honzontally  If too much tlood is obtained it may be brought down
to the mark by tappin,, on the fin,er nal - When the blood reaches the
mark, any that remains on the pownt 1s wiped away *  The blood 13 added
10 238 ml of acid sodium sulphate solulion which has becn run from a
burette 1nto a Duro glass flask and the pipette washed out by suchin, up
and blowing out the solution  The muxture 15 heated until 1t begins to
boil the flask being fitted with a rubber stopper throu h which passes a
glass tube gradually drawn out to a capillary point _ This allows the escape
of ar and practically prevents the Joss of flid  The flask 1s cooled under
the 1ap_and 1 mt of dialysed iron 13 added wath constant shaking  The
fuid s filtered and O ml of filtrate used for su,ar estimation or ifahs h
blood sugar 1s expected 10 ml of filtrate made up to 20 m! with acd

sodium sulphate

N
Smloof 5

import ntthat th prett sho W be tmiyf fomgrase It ho i
heraies b med out 3\ B peam’ w habtm i reofs iphne 4 nd
potss m bxhom 1 Afe  po  t th m LT il w bedotm b duC i
B liow dby 1 hob 4 ther dthendnedwinan adofa bl pipe and grarl
L
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Twoml of olution No 3 areadded to the filtrate taken and it s heated
over 2 flame which will bring the mixture to brisk borling m 100 secs  In
orde 1o ensure a flame of the 5 ht heiht the arrangement 1n Fig 49 13
used By previous trials 1t 1s found what pressure of gas as shown by the
manometer will brng, 20 ml of acid sulphate solution to a brisk boil in
100 secs and tn subsequent work the screw clip 15 adjusted until the mano
meter records this pressure  the same flask gavze tripod and burner
must always be vsed

Sty

Fig 49 —Apparatus for estunation of sugar m blood

tiaued for 6 minutes after the liquid begins to boil vigor
The fask 1s cooled andes a tap 2ml of 75 per cent HCI
d 1t 1s shaken gemily vt effervescence has finished and at

Boilin,, 15 conl
ously all over
are added an

intervals for a minute after
sulphate until the yellowish colour of todine has almost disappeared 2 or
3 drops of soluble starch solution added and the titration continued until
the blue colcur disappears

The number of ml Pof thiosulphate used 1s subtracted from the number
used by 2 m! of solution 3 alone and the percentage of sugar it the blood
15 cal nlated from the table Thus if the figure obtained on titration was
898 ml and . m! of solution 3 alone required 1105 mi the difference
207 ml represents the sugar present  From the table below 207 ml

of thiosulphate = 0 18 mg of sugar

fsugar therefore 100 ml of blood contam 0 112 grm
i :l‘l?nleit:ggs%f biood suar esumation the filter papers must be free
from carbohydrate Whatmans No I are suitable

N
The flud 15 titrated with 75 sodwm thio

therefore 7 % 02 ml of blood
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TABLE SHOWING AMOUNT OF GLUCOSE {(IN MG } AND ITS PERCENTAGE
EQUIVATENT TO ﬁ SODPIUM THIOSULPHATE SOLUTION

WHIN 20 ML OF BLOOD FILTRATE ARE USED

{
iy Thos Iph te ml, m‘i‘““’“ j At osph ¢ m m(;luws

— —_ S o
012 003 =0018 261 ‘ 022=0137
025 004 = 0025 274 023 <0143
038 005 = 0031 286 024 ~ 0150
0350 006 = 0037 299 025 = 0156
062 007 = 0043 3n 026=0162
073 408 — 0050 324 827 0168
086 009 =0056} 336 028=0175
099 010 = 0062 349 029 = 0181
113 011 = 0068 361 0300187
126 012 — 0075 374 0310193
139 013 <008l | 387 | 032 = 0200
153 014 = 0086 399 033 =0.06
167 015 = 0093 412 i D3 =0212
180 016 = 0100 424 035=0218
194 017 = 0106 437 036~ 0225
207 018=0112 449 037=0231
22 019=0118 462 038= 0237
235 020 ~0125 474 039=0243
249 021=0131 487 040 - 0250 !

v o
(2) Method of Folin and Wu —This 1s the simplest and most
raprd methad if a colonimeter s avatlable  The solutions required
are -—

10 per cent sodium tungstate

copper solution —
Dussolve 40 grm  of anhydrous sodism carbonate in 400 m! of

water Add75grm of artancaod and dissolve  then add 4 5 grm
of copper sulphate weighed accurately and dissolve  The sotution
of each solid should be complete before the addition of the next
Make up to 1000 ml  Test for absence of cuprous salts by mxing
2ml with 2m! phosphomolybdic actd reagent ~ the decp blde colour
should almost vansh
osphomolybdic acid reagent —

Fhow Dnssolyve 35 grm of rgnolybdlc acid and 5 grm of sodium tungstate

wmalarge flask 2dd 200 mi of 10 per cent sodim hydroxide 200 mf

3 normat sulphuric acd  Alkaline
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of water and boil until ammonta po lon er comes off Cool difute
to 350 ml and add 125 ml of 85 per cent phosphoncacid  Make
up to 500 m!
Stock glucose solution —
1 per cent pure glucose dissolved 1 2 5 per cent benzoic acud
Weak glucose standard —
Make 1 ml of the stock glucose Up to 100 ml with 2 5 per cent
benzoic acd solution  Contains 1 mg of glucose i 10 mt
Strong glucose standard —
Make 2 m! of the stock glucose up to 100 ml with benzoic acid
sofution  Contams 2 mg of glucose n 10 ml

Precyptation of proteins —Place 2 m! of blood which has been pre
vented from clattin, by the addition of a small amount of potassium
oxalate in 2 small flask  Add 14 ml of distilled water shake gently to
cause hemolysis Then add 2 ml of sodmum tungstate solution and 2 m}
of 3 normal sulphuric aad shaking durtng the additon  Cork the flask
and shake violently After 15 secs filter

Reduction of the copper solution —In 2 tube which has a bulb holding
Just under 4 ml at s end and above this a neck about 3 1n m diameter
Place 2 ml of the filtrate and 2ml of the copper solution  In two other
tubes () and (IT) place 2 ml of the weak (T) and stron,, (I) glucose solu
tons  add 2 ml of copper solution to cach  Place the tubes 10 a boing
water bath for 6 minutes cuprous oxide 13 formed

Reduction of the phosphomalybdic acid reagent by the cuprous oxide and
comparung the depths o/:'nlour produced —Cool the tubes i water for two
munutes  Add to all three 2 m! of the phosphomolybdic acid reagent
Stand two minutes for the solution of the cuprous oxde to be completed
a deep blue colour develops Dilute to 25 ml (it 1s convensent to have
the tobes graduated at 25 ml) Mux well and compare the depths of
colour tn the tube contaimng the blood filtrate with that in tube (I) or
(D whi h it most nearly resembles in depth  If tube (I) 15 used as stan
dard and the reading of the standard 1 the colonimeter 1s 20 and 1if the
uaknownsa  Smee the depth of colour 15 proportional to the amount of
glucose present

20 2
2 mi of filtrate contain = x 7 mg

0
20 ml Tx2mg
2
2ml of blood Cx2mg
20
100 ml 5 % 100 mg
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Prate 17
Parasites of the blood

Plasmodim nax Ring stage
Ameabod form
Fully developed schizont
Male gametoeyte
Female gametocyte
Plasmodium malaruz Compact  form
Band  form
Fully developed schizont
Plasmodinm ovale Female gametocyte
Fully deseloped schizont
P dim faticp Red bloos P multiple
nfections of various types of young nngs
Old ning showuwng altered staming re-
action and Maurer s dots
Male gametocyte or crescent
Female gametocyte or crescent
Pigment un pelymorphonuckar leucocyte
Leishmama donoram Some Iymng free others within the cyto-
(from a spleen smear)  plasm of an endothelial celt
Trypanosoma cru s Adult form as scen occasionally in the blood
of patients suffering from Chagas disease

Treponema recurrentis
o 1-18 magnification X 2000 approx)

M filara loa loa X 600 approx
Tr)panosoma rhofestense As seen m a thick blood film of patents
suffering from trypanosomsasis > |
approx
eswn by W Cooper )
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PLATE 17
Parasites of the blood
Plasmodium sivax Ring stage
Amcbod form
Fully developed schizont
Male gametocyte
Female gametocyte

Plasmodium malarie Compact  form
Band  form
Fully developed schizont
Hasmodwm ovale Fernale pametocyie
Fully developed schizont
) fep Red blood multsple

Infections of various types of young rings
Old nng showing altered stamng re
action and Maurers dots
Male gametocyte or crescent
Female gametocyte or crescent
Pigment 1n polymorphonuclear leucocyte
Leishmama donosani Some lymg free others wathin the cyto
(from n spleen smear)  plasm ot an endothelial celt
Trypanosoma eru ¢ Adult form as seen oceasionally 1o the blood
of patients suffering from Cbagas disease
Treponema recurrentis
s 1-18 magnification X 2000 approx }
M filaria los loa % 600 upprox
Trypanosoms rhodestense As seen 1 a thick blood film of patients
suffering from trypanosomasis ¥ (000
approx
(Drawn by W Coope )
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Spectra of hazmoglobin and its denvatives compared
with solar spectrum

1 Solar spectrum
2 Spectrum of dilute solution of exyhemoglobin
emo lobin
carboxy hemoglobmn
acid h@matin m ethereal solutron
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I
=3
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and hamatoporphyrin
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ij("tube {I1) was used for the companison 100 ml of blood contain
7 X100 mg

The precipitation of the blood should be done withun a few minutes after
1t s drawn as the glucose 1s destroyed on standing

The blood of normal persons taken when they have fasted for
some hours contatns 80 to 120 mg of glucose per 100 mi  After
a meal contaning carbohydrate this may nse to 150 mg  Usually
only traces of glucose appear 1n the urine when the blood sugar 13
below 180 mg per 100 ¢c the remal threshold

In diabetes mellitus the blood may contain much larger quan
thies of glucose up to 600 mg or more

The glucose folerance test —To determine a patents ability to
metabolize carbohydrate he 1s given a test dose of 50 grm of
glucose after which the blood sugar 1s estumated and the uane
l':md for the presence of sugar at intervals for the next two or three
ours

The usual method 15 as follows The patent who has been
allowed no food since the previous evenung has blood taken for
a fasting blood sugar and empties his bladder He then dninks
50 grm of glucose dissolved tn 100 mi of water  Further speaimens
of blood are withdrawn and further samples of unne collected
at the end of 3 hour and two hours

Under normal conditions the fasting blood sugar 1s between
80 and 120 mg per 100 ml The blood sugar 3 hour after the
glucose 1s taken has risen to 140 to 170 mg per 100 ml and at
the end of two hours 1t has fallen to its fasting level  The corre
spondmg specumens of unne contan no sugar since sugar does not
pass 1nto the urnine n detectable quantities 1n normal persons tult
the blood sugar reaches 180 mg per 100 ml —the so-called
threshold

In resal glycosunia or lowered renal threshold  the blood
sugar curve 15 normal but sugar 1s found in one or more of the
corresponding spectmens of urine

The test 15 also emplosed 1a the diagnosis of diabetes mellitus
For this purpose 1t 15 essential that the patient should have been
eating a normal amount of carbohydrate during the previous week

persons on a low carbohydrate dict may show abnormal

Normal
blood sugar levels after a test dose of glucose and hence be mis

renal
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diagnosed as cases of mild dubetes if this precaution 1s not
observed  Definute cases of diabetes mellitus can generally be recog
mzed by the history and examination of the urnine but if the glucose
tolerance test 1s performed the fasting blood sugar 1s usually well
above 120 mg per 100 ml and may be 200 or 300 mg  After the
test dose of glucose the blood sugar nses and does not return to
normal levels at the end of two hours

The sigmficance of moderately raised blood sugar curves without
symptoms of diabetes 15 not known Persons who have them
sometimes progress to 2 true diabetes mellitus  If 2 single blood
sugar determmation 1s used to confirm a diagnosis of drabetes
mellitus one taken an hour after a carbohydrate meal should be
employed rather than a fastng one  In troe drabetes melbtus
the blood sugar at tlus time wil be found to be 250 mg per 100 ml
or more



CHAPTER VI

THE RESPIRATORY SYSTEM

I ANATOMICAL LANDMARKS
(Plates 8 9 10 11)

1 Lobes of the lungs —It 1s 1mportant to know the liruts of the
individual Jobes of the lungs A line from the 2nd thoracic spine
1o the 6th rib m the mammary hine corresponds to the upper border
of the lower lobe {the major imterlobar fissure) A honzontal
tine on the nght side from the sternum at the level of the 4th costat
cartifage drawn to meet the first marks the boundary between the
upper and middle lobes (the munor inter Jobar fissure)”  The greater
part of each lung as seen from behind 15 composed of the lower
lobe only the apex belonging to the upper Jobe  while the middle
and upper lobes on the night side and the upper lobe on the left
oecupy most of the area in front  In the allary regions parts of
all the lobes are accessible

The bifurcation of the trachea corresponds m front with the
lower border of the manubrium sterns that 1s with the angle of
Lowss  behind with the disc between the 4th and Sth thoracic
vertebre  The median angle of the seapula 1s generally on a level
with the disc between the 1st and 2nd thoracic vertebre and sts
inferior angle with the body of the 8th thoracic vertcbra  The
median angle of the scapula just covers the 2nd nib  the infertor
angle reaches as low as the 7th nterspace or 8th ub

The 12th nb cannot always be felt and so 1t 1s not wise to count
the ribs from below upwards  These are best counted downwards
from the second costal cartlage This cartilage artculates with
the sternum at the extremutics of the angle of Lours a transverse
bony ndge at the yunction of the body and the manubnum whieh
15 eastly felt beneath the shn  This angle 1s a useful landmark for
1n addition 1t 1ndicates the level at which the trachea bifurcates
the upper point at which the antenor borders of the lung meet
1 the mud lne and the level of the upper border of the cardiac

ticles
aund 120
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Anatomy of the bronchs —The two main bronchi each give off four
main branches on the right one to the upper lobe one to the
muddle lobe one to the dorsal lobe (the upper and postertor part
of the Jower lobe) and one to the remamnder of the lower lobe

and on the left ope to the upper lobe proper one to the lingular
process of the upper lobe (which represents the middle lobe on the
left side) and a dorsal and lower lobe bronchus as on the night side
These maimn bronchi then divide into segmental broncht which
supply individual segments of Jung It 1s mmportant to have a
working knowledge of these segments because it 1s often possible
from the signs and X ray appearance present to determe which
segment and which segmental bronchus 1s affected by disease
The accompanying diagrams (Figs 50-2) give a simphfied scheme
of present knowledge of the anatomy of the segmental bronch: and
mdicate the respiratory districts  supphed by them

Il INSPECTION *~
A FORM OF THE CHEST

This depends partly on the curvatare and obhquity of the ribs
partly on the curves of the spinal column  The curvature of the
sternum results from the relations of these factors

The 1deal healthy chest conforms to the following description
It 15 bilaterally symmetrical its contours are smooth 1t has no deep
hollows and at most shows only & slight recession below the
clavicles In cross section it 1s an ¢llipse; broader from side to
side than from front to bach m the proportion of about 7t0 5 1ts
general shape 1s ellipsoidal with the longest axis vEfiical In
chuldren the cross section 1s more neatly circular  In practice 1t 15
rare to find a chest which s perfectly symmetrical

To wmspect the chest the examner should first look from the
front then from the side thereafter from the back and finally
over the shoulders from belund and above 10 see the profile of a
hortzontal section of the thorax The last method 1s useful in
detecting lack of symmetry or unequal expansion on the two sides
The set of the neck on the chest and the epigastnium should be
inspected at the same tume as the thorax  In examuning the chest
from betund note whether kyphosis atd scoliosts are present

The shape of the chest varies with the build of the mdividua!
often bemng short broad and deep in the thick set and long flat
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Fig 50 —Right lmg showing diagram of scgmental bronchi

and narrow in the tali and spare  There 1s also wide variation
the thickness of the muscles and the slope of the shoulders i
healthy people

Estimates of the significance of varations i the shape of the
chest must therefore take into account the build of the indis idual
In the past rickets has been a common cruse of chest deformity
the combination of softness of the bones and obstruction to res-
piration due to adenoids and chronic or recurrent upper res
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Fig 51 —Left lung showmng dugram of segmental broncht

prratory tract infection leading to the deformities known as pigeon
chest and Harnison s sulcus

The pigeon breast —Here the sternum becomes unduly pronunent and
progects beyond the plane of the front of the abdomen so that there 1s a
sharp an,lé at its Jower end At the same time the cross section of the
chest ceases to be ellipticat and approaches a tnangular form the angles
bein,, situated at the stenum m front and at the costal amyles behund

Harrison s sulcus —This 15 a transverse constnction which beginming at
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the fevel of the xiphisternum passes outwards and sh iy downwards
It scldom reaches as fat as the mudawiiary hne

The presence of these deformubies indicates that the patient has
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suffered from rickets and they are becoming rarer as the nutntion
of young children 1mproves

The commonest causes of chest deformity not due to disease of
the thoracic viscera are scohosis and kyphosis

Scoliosts because of curvature of the spine and rotation of the
vertebree leads to undue promnence of the front of the chest on
that side with flattening on the other side  Because of the rotation
of the vertebrz the actual curvature 1s greater than appears from
mspection of the postertor vertebral spmes The most obvious
signs of scoliosis are usually an undue prommence of the scapula
on the side of the convety and undue prominence of the hip on
the opposite side  Rarely scoliosis may be 1nduced by fibrosis
of the lung m a young subject

Kyphosis leads to shortening of the chest and undue prominence
of the stemum and when there 15 a gibbus or angulauion of the
spine as from healed tuberculous canes the deformity may be
extreme A kyphotic chest may simulate an emphysematous one

In the barrel shaped chest the ribs are less obliquely set than
usual the antero postertor diameter of the chest s mcreased the
spme becomes unduly concave forwards and the sternum 1s more
arched than under normal condittons while the angle of Lows
becomes more promunent  The chest thus becomes fixed 1n what
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1s normally the pasttion of full inspiration  Since fucther mspira
ton can only be effected by movements of the chest as a whole
the accessory muscles of respiration have to take the place of the

Is thercby 74 p and respua
tian becomies mostly abdomumal — The barse! shaped chestas usually
associdted with chronic hypertroptuc emphysema

Unidateral enlargement 1 faund very rarely in large pleucal effosions
Gross cardiomegaly i children may produce Jocal promunence of
the chest wall

Dimntation of vofume of one side tesults from shrinkage of the lung
This may be caused by fibrosis or 1t may be the result of adhestons
Collapse of a tung from obstruction of the bronch may produce
a sumitar result  Before connecting these changes with disease of
the jungs or pleura the observer must ascertasn that no seoliosss
eusts

Locat bulging — In emphysema the apces may produce an unusua?
fullness above the clavicles and m pleural effusion especsafiy 1
porulent the imterspaces which fiean the 2sea of effusion may bulge
considerably though tus s a rare finding

Tumours of vanous kinds abicesses af the ckest wall and great
enlargement of the heart or perrcasdial effustons in chufdren may
rarely be the canse of Jocalzed bulging

Local shrnking —In phthusis onte or both aprces are often con
tracted and a hoilowing 13 produced above or brlow the cfavicles

To detect esther bulging or Slattenmg (as well as dimmshed

p i 13 amp 0 loak ity along the chest
either from above the shoulders or upwatds feom below  Both
 phtbusis and n other wasting diseases the interspaces are very
stnken and the nibs p m \ of the 1
of the mustles and subcutancous ussues

A funnel shaped depression 15 sometumes found 1 the fower part
of the middie ine of the thoraxyn front  Somefimes st1s congenital
of 1t may be developed i snfancy with or without any gbstniction
10 Tespsration being present It extends ta some cases a3 hrhoas

1 the 3sd nb
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B MOVEMENTS OF THE CHEST

The movements of the chest durning respuration also demand
attention and the rate of movemnent 1ts rhythm 1ts type and 1ts
amount, must be noted

1 The rate for an adult 1 health 15 about I8 oe24 respirations
per munute but there 1s a wide margm on either side of these
figures  Incrensed rate may Tesult from exertion rervous excite
ment fever or anoxzma which may be due pnmanly to cardiac
pulmonary bronchial or laryngeal causes to alieration i the
oxygen-carrying power of the blood or to mterference with the
pormal reflex conrol of respiration {the_Henng Breuer_eflex) by
structural changes in the Tzags It may also anse from the associa
tron of pamn with breathing as 1 pleunsy and pentomtis when the
breathing becomes shallow and must therefore be more frequent
to make up for the shighter expansion

The ratio between respiration and the polse in health 15 about
1to 4 n severe pneumonsa respiration may occur almost as
frequently as the pulse 1n certam cases of narcotic posoning the
TAto may become Lto §or T

2 The rhythm varies very considerably even mn health and of the
act 1s performed consciously 1t may become very uregular  Study
1t therefore when the patient 1s off hus guard as oaly then can
accurate observations be made  Either mnspiration or expiration
may be unduly prolonged  the former being commonly assoclated
with laryngeal or tracheal the latter with bronctual or pulmonary
diseases A peculiar type where successive respirations gradually
get deeper and deeper till a maximum 1s attained and then fall off
agam unti] 2 pause of complete apneea occurs to be followed by
another wase of gradually deepening and then dunumstung respira

tion, 15 known as Cheyne Stokes breathunz  The pause may last
for fully half a mmute though 1t 15 often shorter and the whole
cycle 1 usually completed n less than two mmnutes It 15 most
conspicuous when the patient who exhibits 1t 15 asleep or uncon

scious  but may be overlooked 1f the patient 15 awake and par

ucularly if he is talking Cheyne Stokes breathing occurs most
commonly in cardiac and renal fatlure severe preumona, sncreased
mtra-cramal pressure and narcotc drug posonng  Another rate

P
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form of respiration iregulac in thythm and i depth with wrregular
pauses and occastonal sighs but not periodic 1s sometimes observed
1n cases of memngutts and 1s known as the Brot type of respiration

3 Type —Breathing may be more evidently performed by the upper
part of the thorax ttus 1s known as the thoracic type of respiration
It 15 found to a certam degree 1n women and mn hysterical or
anxious subjects but 1n its full development 1s erther associated
with paralysis of the diaphragm or else 1s a result of ncreased
abdominal pressure as mn ascites

In men and young chuldren the diaphragm and abdominal muscles
play the most important part 1n respiration  and 1n cases where
some pamnful condition ewsts 1n the thorax the breathing may be
wholly abdomunal in type

In paralysis of the diaphragm there 1s 1n additton increased
honzontal expansion of the lower part of the chest and widenmg
of the subcostal angle with recession 1n place of the normal expan
sion of the epig and hypochondria 1n nsp In
paralysis of the intercostal muscles there 1s a2 dimmution in the
size and expansion of the chest, with natrowing of the subcostal
angle and phragy t

The presence of pamn or breathlessness should always be asked
for and its exact nature noted (see Chap II p 7)

4 Reg: during resp the powmts to be
noted are 1ts amount whether 1t 1s expansive n character and
whether it 1s simular or different on the two sides and over cor
responding areas  Amount of movement and expansion are by
no means terms 1n emph: the chest may
move considerably but there 15 hittle expansion

Diminished or absent expansion may be due to pleunsy with
effusion pneumothorax  consolidation collapse fibrosis or the
presence of a neoplasm It 15 also found m tuberculosts and lobar
pneumoma the former especially at the apices the latter at the apex
or base according to the situation of the discase

Sometimes one part of the chest wall Jags behind the rest dunng
inspiration,  Any such laggimg 1s suggestive of discase The eust
ence of any ind of the 1 spaces during insp
or of any bulging duning expiration must be noted Both may

lly when the are present over the

occur P g
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who!e chest and are not very conspxcuous they m:.\y sesult from

are
found 11t obstruction of the larynx (gcneral) or1n blackmg of some
of the smaller broncht (local} ~One of the best instances of localized
exprratory bulging 1s seen at the apices of the lungs n advanced
emphysema and thus may be associated with mdrawing of the
lower nbs in mspration

HI PALPATION

Palpation takes note of the form and movements of the thorax
and the position of the apex beat and trachea of wibrations or
tremors which are communicated to thehand  and of the behaviour
under pressure of any pain of which the patient complams ~ Under
the first head mspection 15 supplememed uader the second one
m:xy learn of the 1p g friction or

huch mtemlpt the of the resp fy move
ments and also of vocal fremutus which serves to mdicate the
condition of the conducting media. The third enables one to
detect the cause of many thoracic pains

Before making a systematc exanunation 1t 15 well to lay the
hand on any p:m of the chest which presents an obvious swelling
or where the patient complains of pair  Look at the face rather
than the part under examination so as to avoid causing unnecessary
pam  Pam may be due to recent imyury to the chest wall or to

to muscular pain where
as a rule spocm].ly pawnful spots can be discovered on pressure
to herpes zoster before the appearance of the eruption or to
pleunsy In the case of pleurisy pressure may considerably
1ncrease the pain  Pam may also be due to cardtac causes such
as coronary thrombosts and pericarditis At the same tume the
nature of any swelling should be investigated  Fluctuation occurs
when an abscess has formed 1 the chest wall  Such an abscess
may be due to disease of the bones or soft parts forming the thoracic
wail or rarely to pus which has broken through from the pleural
cavity (empyema necessitans) In the latter case the pus may be
dniven back by gentle pressure 1o reappear when the panent coughs

The observer should then measure the expansion of the chest
with a tape measure  In a well formed adult male the guth of the
chest at ‘the level of the mipples should be 34 m at the end of

-
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expiration and should measure at least 2 1n more when a deep
Inspiration has been taken Height age and buld modify these
measurements different races vary considerably 1n chest guth
The positions of apex beat and trachea should then be deter
muned  Feel for the trachea in the suprasternal notch and decide
whether 1t 15 placed centrally or deviated to one or other stde by
1ts relation to the suprasternal notch and the msertton of the sterno
mastoids  Displacement of the apex beat alone may be due to
scohiosts the commoner form with its convexity to the night causing
a displacement of the apex beat to the left and vice versa to funnel
depression of the sternum or to enlargement of the left ventricle
parucularly 1n aortic incompetence and hypertension In the
absence of these a sig p of the apex
beat or trachea or of both together suggests that the positton of
the mediastinum has been altered by disease of the lungs or pleura
The mam conditions which push the medastinum away from the
affected side are pleurisy with effusion and pneumothorax and the
main conditions which draw 1t towards the affected side are fibrosis
of the lung mn tuberculosis or after broncho pneumoma and
collapse of one or more lobes
The nature of the respiratory movements must next be studied
Tt 15 ymportant to make certamn that the two sides of the chest
move to approuimately the same extent This 1s done by fixing
the finger tips of either hand at the patient s sides and making the
tips of the thumbs just meet 1 the middle line 1n front of the chest
The patient 15 directed to take a full inspiration when the distance
of departure of the thumbs from the muddle line indicates the
extent of expansion of erther half of the chest The causes of
dimsnished expansion have been menttoned under inspection
Sometimes one half of the thorax lags behund the other this
15 detected by the hands no longer moving synchronously
The movements at the apices may be simularly observed
this case the physician stands behind the patent and fixing his
thumbs on the vertebre lets his fingers lie over the right and left
lung apices reaching towards the clavicles whilst the patient breathes
deepl!
\F:Tz)mnons may be detected by palpation For tlus purpose the
palm or ulnar border of the hand should be apphed flat on the chest
and since the sensitivencss of the two hands s often unequal
the same one should be employed on both sifes  In addition to the

In
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vibrations already referred to m Chap IV (p 83) fremitus may be
due to pleural friction or to catarrhal changes 1 the mucosa of
the bronctr leading to local constnctions that 15 to palpable
thoncht  After the presence or absence of these forms of fremutus
has been determined the observer should study the vocal fremitus

or vibrations which the voice communicates to the chest wall

These are conducted from the larynx by the trachea and bronchi
to the smaller tubes within the lungs and thence through the hing
uissues to the surface Anything which affects the conducting
power of the air passages or lung tissue or the interposion of
additional matenals through which the vibration must pass to
reach the palpating hand will affect the intensity of the fremutus

To test the vocal fremitus the patient 1s told to repeat one one

one or mmnetynme 1naclear voce The hand placed on the
thorax detects distinct vibratton whlst this 1s done and it must be
determmined whether the vibrattons s corresponding areas on the
two sides of the chest are app. ly equal 1o mtensity t,
however forgetting that where the heart encroaches on the left lung
the frenutus 1s necessarily much dimunished—and also whether they
correspond to what former expenence has led the observer to
recognuze as normal for the region under exammnation for a sumlar
chest and like pitch and loudness of voie Vocal fremitus 1s

increased when the lung s dated as in lobar p
or contamns a large cavity near the surface Vocal fremitus 1s
when the bronchi are or

totally absent when the lung 15 separated from the chest wall by
pleural effusion or hydrothorax The cause i this case 1s not
that fluid 1s a bad of sound or of vibrats the reverse
15 the case—but that the relaxed lung stself fails to convey the vocal
fremitus and so the vibrations never reach the flurd " In young
persons and 1n female subjects the vocal resonance 15 different both
1n character and imtensity from that which occurs i male adults
The resistance of the chest to compression 13 best estmated by
plactng the hand over the sternum whlst the pauent 1s Iying down
and attempung to press 1t backwards towards the vertebral column
The ngidity increases with advancmg 2ge and also n certan dis-
eases (e g m tuberculosis and in emphysema)
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IV PERCUSSION

Methods of ~—When p was first
the tap was delivered directly on the patients skin without the
interposttion of any substance over the pomt struck  This method
known as direct percussion 15 now scldom used except on the
clavicles which m examunation of the lungs are bghtly tapped
by the observer s finger tip

The ordmary or ndirect, method of percussion 1s conducted
m the followmng manner The mddle finger of the left hand 15
placed firmly on the part which 1s to be percussed and 1s adapted
to any mequalittes of surface so that no air space Is interposed
between 1t and the skin  The back of its muddle phalanx 1s then
struck with the tip of the middle finger of the right hand The
stroke should be delivered from the wnst and finger jomts not
from the elbow and the percussing finger should be so bent that
when the blow 1s delivered its termmal phalanx is at nght angles
to the metacarpal bones and strikes the pleximeter finger per
pendicularly  As soon as the blow has been given the stnking
finger must be raised lest 1t should tmpair the vibrations 1t has
excited yust as the hammers of a piano fall back from the wires
as soon as these have been struck  The blow should be no heavier
than 15 necessary to elicit the resonance of the part being examined
and the wrist jomt must move loosely Good percussion 15 a
knack whech requires much practice

Three cardinal rules should always be remembered when per
cussion 15 bewng carried out The first 1s that in defimng the
boundaries between contiguous organs the percussion should
1nvartably be performed from the resonant towards the less reso
nant  The second 1s that the longer axis of the pleximeter finger
should be parallel to the edge of the organ whose delimitation 13
being attempted and the line of percussion should be at nght
angles to that edge  The thurd 1s that the plessmeter finger must
be kept m fimn contact with the chest wall

1t 1s seldom necessary to deliver more than two or three strokes
at any one situation _repeated blows cause much discomfort to
a sensitive patient. The pornts to be noted on percussion are
the volume and pitch of the resonance elicited and the sensc of

istance expenenced by the hnger
”{I’hc cluraglcer of the sound produced varies quantitatively and
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qualtatiely the g P on the force
of the blow delnnered and on the capacity of the part struck to
resound to the blow The quality of the sound depends on the
particular vibrations whuch are elicited and on the selective remn
forcement of some of them by the resonance of the chest wall
and of the organs mvohed

When the air tn a cavity of sufficient size and appropnate shape
18 5¢t into vibratiops which are not modified by excessive tension
of the contamng walls of the space the sound heard has a tym
pamutic character such a note 15 heard on percussion over an
air-contarmuing viscus such as the stomach  but when the cavity
1s sub-divided mto 2 number of small loculs by pumerous septa
more or Jess tense a ch: no longer tymp
15 produced. Such conditions prevail in the healthy lung, and
the observer must learn by practuce to recogmze its distinctive
quality  In general terms thuis pulmonary resonance 15 low m
pitch and clear 1 character

Ia percussion over the lung we endeavour to ascertam three sets
of facts  first, the hmuts of the lung resonance second, the state
of the Iungs 1 regard to the quannty of air contamed iz their
various parts  and third whether they are unusually remote from
the surface of the chest, the separation being due to thickened pleura
or to flud or gas 1 the pleural cavity

Beganng 1n front, the examuner should tap lightly on the most
promunent pomt of each clavicle—bewrg sure that the pomnts
examined correspond exactly with each other—and should observe
the quality of the sound, and particularly whether the effects on the
two sides are identical  Thereafier the other corresponding areas
on either side should be carefully compared many pomts bemg
systemancally percussed 1 each area  The presence of the heart
will interfere 1 parts of the left side with the development of a
sound resembling that from the corresponding pont on the night.

When the front bas been fully examined the obsenver should
percuss in both awldlary and infra axillary regrons—the patent
boldmg his hands jotned above tus head fastly the various areas
postertorly should be worked out the patient, if able to sit up
being wstructed 1o fold hus arms and bend shihtly forwards

It 15 esseptial 1n all parts of the exammation that the patents
atutude 1s a comfortable one and that tus arms and shoulders
are placed symmetneally whether he 13 sitting vp or lying down.
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Hhis muscles must be relaxed percussion over tense muscles tending
to produce a deceptively dull and short Ived note  The head must
not be inchred to etther side When in the ease of a very ill pauent
113 anly possible to examune the back by rofing him on'to Tus side
the comparison of the two sides by percusston 15 senously interfered
with and only gross differences in the note on the o sides are
sigraficant i possible the patient should b. exammed fymg first
on atie side and then an the other  Should the patient s chest be
asymmetrical from scoliosss or other cause equal resenance on the
o sides 13 hot o be expected and again only gross differesices
between the two sides are sigasficant

The observer should have two objects 1n mund  first to make a
comparsson of the percussion note in comparable ateas on the two
sides and second 1o map out the fimuts of Jung resonance par
ucalarly at the apees the bases and the anea of carduc dudlness

The noroal degree of resonance sanes from mdmvidugl to wd
vidna) and i different parts of the chest in the same 1ndvsdunl
being most resonant below the clavicles and seapule where the
muscles are relatively thin and least resonant over the scapule
Long practice only wilf enable the student to estumate normal
resonance and what degrec of fitmness of perclission 15 necessary to
ehait ot

The resonant arcas at the front and the back of the chest are
connected by a band of resonance which passes over the shoulder
between the duliness due on the nner side to the structures of
the neck and on the outer side to those of the shoulder jont
This band knowa as hromg § ssthmus s normalfy some 4 to 6 om
wide  Its narrowest pomt s at the apex of the shoulder from which
1t wadens out to merge with the miraclavicular resonance antenorly
and with that below the spine of the scapula postertorly  Narrowing
or obluteration of this band 15 2 sign of disease usually tuberculous
8t the apex

The tower limuts of lung resonatice shoold be determuned by
percussing from sbove downwards  The fower border of the right
tung Jes over the Iner and is thun  therefore is exact siiustion 15
best made out by hght percussion Postersorly howeser the
mufling dus to the thick muscles and fat of the back makes 1t
necessary o percuss more firmly  When the paticnt 15 obese very
feavy percussion sith severst fingers may be necessary 1n order 10
penetrate the parietes and bring the fung ussue withun mffuence
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of the blow In quet respration and on lIight percussion the
lower border 1s found to e 1n the mammary hine at the 6th nb
1 the mudaxiliary line at the 8th b 1n the scapular Line at the
10th ib and nearer the vertebral column as low as the 10th space
On heavier percusston some loss of resonance due to the under
Iyng Liver and draphragm s found at hugher levels and 1n the
mammary hine can be detected from the 4th interspace downwards

On the left side the lower border overlaps the stomach and so
the transition 1s not from lung resonance to dullness but to tym
pamstic stomach resonance  Posteriorly however the splemc dull
ness and the dullness of the vanious sohd structures which lie below
the lung near the spine are mterposed so that the conditions
resemble those found on the nght The position of the lower
border corresponds pretty closely with that on the night side 1t
may however be found a tnfle farther down

Percusston of the area of cardiac dullness has already been
discussed (p 83)

The hmits de<cribed are exceeded 1n very deep inspiration, and
m emphysema where the volume of the aw-contatamng lung 15
mcreased and where the cardiac dullness may be much diminished
or absent In pneumothorax the lower border of resonance is
often considerably below the lmuts assigned and the character
of the sound 1s different (see below)

Swce n health the borders of the lungs have a considerable
range of movement during deep respiration whilst in the presence
of disease the range 1s often much restricted 1t may be useful to
percuss the lower borders of the lungs durng both expiration and

ull A unilateral or absence of movement
at the base may be an carly sign of fixation of the diaphragm  Itis
found for mstance 1n subphremic abscess and i Liver abscess
encroaching on the diaphragm

In disease the resonance may be affected (1) quantitatively and
(2) qualitatively

1 Quantitative —Resonance 15 creased when the pleural cavity
contans air and the lung 15 more or less collapsed towards the
hlum The note vanes from one that is hyper resonant to onc
that 1s distsnctly tympanitic according to the amount of air 1n the
pleural cavit;

A charactenistic form of hugh pitched tympamtic resonance the
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brut dawratn  (@wrain = brass)  bell sound or comn sound
may also sometimes be heard 1n pneumothorax by percussion over
the front of the chest with a couple of coms—one being used as a
plexor and the other as a pleximeter-——whilst the observer Iistens
with the stethoscope at the back of the patient In very marked
cases the sound 15 soft and musical and has been compared with
the stroke of the hammer on an anvil when heard a long way off
Failure to ehert the  brmit d aram  does no¢ mean that a pneumo
thoray 1s mot present Large cawties within the range of the
percussion stroke may Iikewise produce a hyper resonant or tym
panitic note under certam conditrons but many cavittes do not
do so
Resonance 15 increased to some degree in most cases of emphy
sema but the character and pitch of the note obtamed may be so
altered by the increased ngidity of the chest wall, as almost to
suggest dullness 1n some cases  Resonance may also be increased
on percussion over the lung above the level of the pleural effusion
or m the upper portion of a lung whose Jower lobe 1s affected by
This 1s known as skodaic

resonance
Resonance 15 dimunshed when the pleura is thickened when the

underlymg lung 1s more solid than usual for any reason and when
the pleural cavity contamns flud Thus there may be shght
tmpasrment of resonance usually at one or other apex in a case of
pulmonary tuberculosis when by reason of varying degrees of
wfiltration and fibrosis the lung tssue 15 less well aerated than
notmal  Constderable impairment may be found oser areas of
lung affected by a pulmonary neoplasm a lung abscess fibrosts or
collapse In lobar p P over a p con
L Tobe pi a 1y dull note whilst absolute dull
ness along with a peculiar of 1 the
finger so-called stony dullness 13 the charactenistic finding over
a pleural effusion of any stze  In heart futlure impaired resonance
or dullness may be found at the bases of both lungs indicating
cdema of the bases or bilateral effustons

2 Quahtative —Two peculiar sounds which are produced by percussion
10 pathological condstions reman 10 be noted

cked pot sound —THus 1s due 10 a sudden expulsion of air throu h a
mlncls onfice It occurs i cases where percussion s practised over
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a large cavity which communicates with 2 bronchus of moderate size and
18 most distinct when the mouth ts opened It 1s a rare finding  If
healthy chuldren are percussed while they are cryng 2 simitar cracked
pot sound 1s often produced

Amphorre resonance —This phenomenon ts due to the selective remfarce
ment of certamn vibrattons by a Jar,¢ cavity by thus means the overtones
are accentuated and die out more slowly It 1s 2 low pitched hollow
sound which may occasionally be heard on percussing over a pneumo-
thorax ar large cavity

Myotatie :mitability —In certain conditions the muscles on the front of
the thorax are unduly 1ritable and a byt tap over the sternum produces
contractions at some distance off 1n the pectoral muscles  Thus pheno-
menon occurs 1n any wasting disease and often mn tuberculosis and 15
known as myotauc tritability or myodema

V AUSCULTATION

Three observations must be made at each pomnt auscultated
first the character of the breath sounds second the character of
the vocal resonance and thurd the presence or absence of other
sounds

For good ausculation a patient 1n bed should lie on his back and
be completely relaxed To examune the back, the patient should
situp but if he 1s unable to do this he should be rolled round first
to one side then to the other  In serious cases injury may be done
to a pattent by prolonged examination  Take care that the chest
plece 13 accurately appled that 1t 1s not allowed to move on_!
surface of the skin and that no undue pressure 1s exerted The
patient should breathe with hus mouth open regularly and fairly
deeply but not nomly It 15 quite useless to attempt auscula
tion of a patient who 15 shiverning

A CHARACTER Of RESPIRATORY SOUNDS

There are two typscal varieties of breath sounds both of which
are audible 1n health at certain parts of the chest and these must be
carefully studied The first 15 known as vescular breathing the
second "as bronchial Vesicular breath sounds are produced by
the passage of air 1 and out of normal lung tissue and are heard
all over the chest under normal conditions Bronchial breath
sounds are produced by the passage of air through the trachea and
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large bronchi  Under normal conditions they can be heard by
hstemng over the trachea but are not heard over normal lung
uissue (except where they may modify the sounds heard over normal
tissue situated near the trachea and large bronchr as will be men
tioned Jater)  In disease however conditions may become favour
able to the conduction of these sounds from the bronchi to the
chest wall as for instance when a whole lobe 15 consolidated by
pneumonta  Under these circumstances no air enters or leaves the
alveoh and no vesicular breath sounds can be heard  Provided
however that the broncht are patent so that bronchial sounds are
produced and conducted through them and provided that sufficient
lung 15 consolidated to comvey these sounds to the chest wall
bronchial breathing will be heard over the area affected by these
changes

In vesieular breathing which can be heard typieally in the axiflary
and infrascapular regions of a healthy individual the followng
facts pertan —

The inspiratory sound 1s fairly intense and 15 audible during the
whole of theact  The pitch 15 low and the quality 1s charictenstic
bemng somewhat rusting  The exptratory sound follows that of
nspiration without a distinct pause—unless as often happens the
patient holds fus breath for a second at the end of mspiranon It
only remains audible during the earlier part of the expiratory phase
and under normal conditions the mspiratory sound 18 heard for at
least twice as long as the expiratory

To learn to recognuze bronchial breathing the student should
hsten over the trachea though he must not expect to hear so mntense
a type of hial resy when he subsequently examnes a
diseased lung  The inspiratory sound s moderately intense It
becomes naudible shottly before the end of mnspiranon Its
quality 13 blowag or hollow with a guttural or aspirate intonation
The expiratorv sound 1s generally more intense than the imnspiratory
the pitch 1s often higher  the duratton extends through the greater
part of expiration being as long as or even longer than the 1
spiratory sound which often follows without any pause  In quality
1 exactly resembles the mspiratory sound bemng aspirate or guttural
n character  Although vesicular breathung s charactensticatly
rustling and bronchial asptrate or guttural the essential duffer

ence between the two 1s the difference in rhythm that has been

deseribed
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1 The prncipal varations which can be detected 1n vesicular
breathing are as follows —

1 Puenle —The sounds are harsher than 1a the adult but have a
simular duration

1 Jerky interrupted or cog wheel mspranion —Here the sound
18 not continuoys  but occurs 1n waves or sharp jerks  Although
sometunes present 1n early tuberculosis it may result simply from
nervousness and 5o carnes little weight as a physical sign

w The breath sounds may be reduced m intensity or absent and
this may affect the whole chest or be confined to one or more
areas  In persons breathing quietly in health the breath sounds
may be z2lmost inaudible This has no pathological sigmuficance
and the sounds become audible if the subject 1s ashed to breathe
more deeply

Local dimmution or absence of the breath sounds i» one or
fmore areas may however be an important sign of disease  Itis
found m the presence of greatly thuckened pleura pleural effusions
and pneumothoray It 1s also found 1 any condition causing &
dimtnshed arr entry to the underlying lung when the conditions
necessary for the appearance of bronchual breath sounds are not
present ~ It may be found for example i pulmonary tuberculosis
—usually at one apex 1n Jobar pneumonia before consohdatton
18 established—usually at one base 1n heart falure usually at
both bases  or over areas of lung affected by neoplasm fibrosis
or collapse from any cause

Over 2 pleural effusion breath sounds of any kind are absent as
a rule probably because though fluid itself 1.4 good conductor of
sound a combunation of partly cu]]apsed Iung and ﬂmd does not
form a unifo pid
happens that when a quantity of ﬂ\udh
the breath sounds mstead of disappearing become loud and
possess a marked bronchual character In such cases the vocal
resonance also 1s Joud but 1s usually more or less ;:gophomc
This state 15 most observed p
the lower lobe of the lung 1n children and may be duetoa ccmp]cte
collapse of part of the lung enabling the wibrations which are
present m a bronchus to be transmutted to the flud with less loss
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of wmtensity than 1f they had first required to pass through air
contayung lung and thus providing a more umform souad
conducting medium

Some prolongation of the expiratory sound 1s characteristic of
asthma and emphysema aad this must not be mstaken for
bronchial breathing It 15 due to the fact that in these diseases
the act of expiration 1s itself performed more slowly than 1 health

2 Bronchial breathung is subdivisible mto three varettes accord
ing as the t h P y sound 18 yed to the ear
throuph consolidated lung from the larger medium or small aic
passages each of which by reinforcing certain elements gues it a
distinctive pitch and character

In the first case we have low pitched bronchral breathung 1n the
second case the pitch 1s medium  1n the last 1t 1s high  Low
pitched bronchial by g 18 heard over moderately large cavities
n the lungs and 1s hence sometimes called carernons  high
pitched bronchial breathung 1s heard when consohdation has
occurred round the smaller tubes as in pneumonia where the most
perfect examples of bronchual breathing mav often be found  Here
the character 1s aspirate rather than guttural  This vanety 1S often
known as tubular breathing

A fourth and specral vaniety of bronchial breathing 13 known as

It les the sound prodh by blowing

across the mouth of a bottle and consists of one or more low
pitched fundamental tones and a number of high pitched overtones,,
Itssch 1stic of a direct between the bronchus)
and esther a considerable cavity with fauly smooth walls or a pnen
mothorax  The latter condition yields the best examples |

When breath sounds 1n a superficial bronchus can be heard
through normal lung the sound of the breathing combines both
vesicular and bronchial elements one or other type predonunating
according to the exact relations i each case  Ths vanety of
breath sound 1s known as broncho-vesicular and 1t 15 usually the
exprratory sound which has more of a bronchial character It
occurs 1n health near the roots of the Jungs behind 1n the upper
portions near the middle line 1 front and especially at the rght
apex for a few centimetres below the clavicle in front and above the
level of the spine of the scapula near the mid line belund  In the
same areas vocal fremutus and resonance may be sncreased and
some degree of whuspenng pectoriloquy may be heard These
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ndings which sometimes lead to a mustaken diagnosis of disease
t the right apex are due to the fact that the trachea Les tn 1mme
tate contact with the apex of the lung on the right side whereas
15 separated from 1t on the left by the aorta the 1nternal carotid
rtery and the cesophagus

The breath sounds must be auscultated 1n the vanious regions
hat have already been examuned by percussion thew character
t each noted and stmilar re lons on the two sides of the chest
ompared care being taken that the points examuned correspond
ccurately to one another

If the student understands how vesicular and bronchial breath
ounds are produced he should have no difficulty 1n explaining the
ypical findings 1 disease  Vesicular breath sounds may be present
ut reduced 1n intensity 1n any condition 1n which the entry of awr
o that part of the lung 1s dimumshed as for wstance 1n fibro
aseous tuberculosis where some alveol are affected and others not
3reath sounds of any kird may be dmmumished or absent where
luckened pleura pleural effusion or pneumothorax interferes with
r prevents the conductton of these sounds to the chest wall  They
nay also be absent 1 any condition such as collapse or fibrosis
n which no air eaters or leaves alveoll but at the same tume the
onditions necessary for the conduction of bronchsal breath sounds
o the chest wall are not fulfilled Fmally bronchial breath
ounds of various kinds may be heard whenever patent bronchy
re connected to the chest wall by a sufficiently undform sound
onducting medium  This occurs classically 1a the consoltdatien of
obar pneumonia occasionally 1n the presence of 4 very large bron
haat and i P

B VOCAL RESONANCE
The second series of observations 1s directed to the ntensity
ind character of the vocal resonance It vanes in mtensity even 1n
reafth on the two sides and over different areas of the fung being
nightly louder on the right side and more mtense the nearer the
tethoscope 15 to the larger broncht  When the patent repeats
he words one one one or ninety mne the ear receives
rom the chest no distinct rmpression of the syllables pronounced
ut only & buzzing sound whose intensity depends on the loudness
ind depth of the patrent s voice and on the conductivity of hus Inngs
Fach potnt examned on one stde of the chest should be ~*
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compared with the corresponding pont on the other ssde  Vocal
resonance of normal mtensity generally conveys the impression of
being produced yust at the chest ptece of the stethoscope If 1t
seems to be nearer the ear than this the resonance 1s increased
When 1t appears 0 be near the ear piece of the stethoscope the
merease 15 marked and the condition 15 often described as
bronchophony

1f the words become clear and scem to be spoken night mto the
auscultator s ear 1t will generally be found that whispered words
are distinctly heard  This condition 1s called whispering pectony
Joquy Increased resonance occurs when the lung substance con
ducts the sound waves set up by the voice more clearly than usual
from the broncht Consolidation 1s the commonest cause of

1 =3 d ¢l h rL and 3

toriloquy occur when a large 15
by a layer of solid lung reaching to the chest wall as 1 lobar
pneumonta Whispening pectoriloguy 1s also fairly charactenstic
of a cavity of some size communicating with a bronchus and may
be heard above the level of a pleural effusion  In some cases a
certan degree of pectonloquy 1s heard in health m the proxmaty
of the trachea and large bronchi and particularly at the nght apex

For reasons already explained vocal resonance 15 either entirely
abolished or much dimintshed where a layer of fluid separates the
lung from the chest wall (except when loud bronchial breathung s
heard—see p 199) and 1 p h It 15 also d
i cases of thickened plenra and of emphysema

In certam condittons the quality of the vocal resonance undergoes
modification  Above the level of a pleural effusion or 1n some
cases over an area of consolidation a nasal or bleating character
may be iunparted to the voice This bleating tone 1s observed
much more frequently at the back near the lower angle of the
scapula or between that point and the axillary line than it 1s
over other regions of the thorax It 1s known as xgophony and
1t 15 probable that the peculiar quality of the voice 1s due to the
fund: 1 tone being pted to a much greater degree than
the overtones

C ADDED SOUNDS
These may anse 1n the lung or in the pleura  Sounds resembling
pleural friction may be p d by t of the T
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on the patient s skin or of the observer s hands or clothes against
the stethoscope  Sounds anising 10 the patients muscles may
resemble adventitious sounds and m partrcular the shrvening of a
cold patient makes any attempt at auscultation useless  The appl
cation of the stethoscope to hairy skin may produce sounds mndis
unguishable from crepitations These can be suppressed by
moistening the sk or removed by shaving 1t Sounds resembling
coarse crepitations may also be heard over a broken nb

Dry sounds known also as rhonchy and produced 1n the arr
passages are continuous  snoring  souands and are due to partial
obstruction of their lumen either by swelling of the mucosa or
by the presence of tough secretion  The mechamism of theur pro-
duction 1s comparable with that of cardiac murmars ~ They vary
n pich the vanations being largely due to the size of the tubes
where they take ongin  The smaller tubes produce high pitched
or sibilant rhonchi which are most abundant duning the latter part
of inspration  the medium sized tubes yield medtum pitched
thonchi and the larger bronchi produce the deep toned or sonorous
rhonclu winch are heard early in 1nspiration and may be almost
conttnrous Dry sounds are charactensic of broachitis but
are also found m other diseases such as cases of tuberculosis
when the bronchal tubes get plugged Rhonchu are often heard
throughout expuration especially 1n asthma and in bronctutis with
bronchospasm

Moist sounds (crepitations) are discontinmous — cracklng
sounds produced erther 1 the alveol or in the bronchioles and
bronchi They sound hke the bursting of small awr bubbles and
mdicate the presence of fluid secretions in the aircells or tubes
They are classified as fine medum and coarse  The term  crept
tation  1s sometimes restricted to the first vaniety the others betng
called moust rales

Fume crepitations are probably caused by the opentng up of
collapsed alveols whose walls have been agglutinated by the exuda
ton of a little fluid secretion  The separation of the walls 1s accom
pamied by a chcking sound and when this condition oceurs 1 a
number of alveol the combined effect 1s to produce a sound of fine
crepitation which can be imttated by rollsog a few hairs between
the finger and thumb 1 front of the ear It occurs only near the
end of mspiration, and indzcates the presence of exudation n the
alveols of the affected part of the lung Fine crepitations are
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charactenistically present during the first stage of pneumoniz at
the apices 1n tuberculosts and at the bases m heart failure

Medium crepitations occur chuefly in the smaller bronchi and
are audible at the end of 1nsp and the beg) of exp
They are caused by the air bubbling through fiwd secretion which
has been poured out into the lumen of the broncht

Coarse bubbling creptations occur 1n the larger divistons of the
broncht and may be heard at almost any phase of respiration
they may be quite continuous  Medium and coarse crepitations
are heard particularly 1n bronchitis and may also engmate 1
pulmonary cavities

When a patient has been lying quiet for a time without breathing
deeply a few crepitations may be heard in health particularly at the
lower borders of the lungs ~ These are abolished if the patient 18
asked to cough and are of no sigmificance  In other cases crepita
tions are intensified after a cough or may only then make thewr
appearance  After auscultation has been carried out in the normal
manner the patient should be asked repeatedly to give a smaill
cough and follow 1t by taking a breath while the observer listens
for crepitations in different areas  These crepitations brought out
by coughing are known as post tussive crepitations  They are an
important sign of tuberculous mfiltration and may also be heard
over cavities

The most common adsentiious sound ansing 1n the plenral
eavity 15 a friction sound or pleural rub charactenstic of pleunsy
4t the stage when exudation 1s not abundant enough to separate
the inflamed and roughencd surfaces It has a creaking or rubbing
h: often quite but rather hard to
distingwish from erepitaion The fnction sound may be fine
medium of coarse  In some instances 1t 1s palpable but since
coarse crepitations may be so too this does not distinguish them
The chief features of difference are that friction sounds occur during
that part of inspiration when the roughened surfaces are rubbing
agunst each other to reappear at a corresponding period of
expiration  They are moreover unchanged after the patient has
coughed whilst crepitations may aiter under these conditions be
cause of changes n the disposition of the secretion which causes
them Friction 1s sometimes more Jocalized than crepitations
Sametimes friction Js intensified by pressing hard with the stetho-
scope  This causes the roughencd surfaces to rub aganst each
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other more firmly Pressure does not affect the intensity of
erepitations  The situation of the doubtful sound the presence
of pamn or some pomnt 1n the history of the case mav help m
arriving at the diagnosis

The presence of one form of accomparment does not exclude
the others  Any two or three may be found coexisting 1n one case
‘When pleurstic friction 15 developed along the anterior edge of the
left lung and especially when that part of it which 18 1 relaton
to the apical segment of the heart 1s affected the friction sounds
often assume the thvthm of the heartbeat rather than that of the
respiratory movements  Hence the sound 1s iable to be mustaken

P 1 friction  To I between thus so-called

Ppleuro perscardial friction and that of true pencarditis ask the
patient to hold hus breath.  Tus usually abolishes pleuro pericardial
friction while a pencardial rub s unaltered

Hippocratic succussion 15 a splashing sound which can be heard
when a patient who has both gas and fluid (usually pus) in the
pleural cawity 1s shaken or moves suddenly

Post tussive suction 15 a sucking noise resembling that produced
by an 1ndia rubber ball that has been compressed and 15 springing
open again whach 15 somettmes heard immediately after a cough
Tt occurs over a cavity 1 the [ung when its walls are not too ngid
and 1s caused by the re-entry of the air  When distinctly heard
1t 15 of considerable diagnostic value as 1t can only occur when a
cawity 1s present

VI THE SPUTUM

Naked-eye Inspection  The following are the principal ponts to
be observed wath the naked eye —

1 Quantity

2 Conastency

3 Whether homogeneous or 1n layers of different appearance

4 Colour and transparency

5 Odour

“These qualiies depend on the character of the materat which
15 coughed up The mam varieties are mucous sputum  serous
sputum purulent sputum and bloody sputum  There 1s often a
mixture of two or more types o~

-
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Mucous sputum 1s charactenstically present in eatly bronchitis
Itisclear tough and sticky  As a rule the amount 1s not great
At a later stage of bronchitis the mucus 15 mixed with pus cells
The sputum 15 then kss tough more copious and has a greenish
yellow colour

Muco-purulent sputum occurs in many diseases of the lung  In

with cavity there 15 often found small
ragged fumps of muco pus surrounded by mucus which are heavier
than the other constituents since they are amless They sink to
the bottom and become more or less flat and button hke  This
constitutes the  pummular’  sputum of phthisis  If there 15
serous or watery flurd mixed with such sputum 1t gradually settles
mto three lagers the lowest being purulent the next serous and
the uppermost frothy mucus Such sputum mav be seen
bronchuecta 15

Sputum of pus alone comes from an abscess or an empyema
which has ruptured nto the air passages

Serous sputum occurs apart from mucous expectoration as a
this watery flmd generally blood stained It indicates cedema of
the lung Pulmonary cdema without extravasation of blood
yields a white frothy sputum lke soapy water

Blood may be coughed up alone or the sputum may be more
or less blood staned Tt must be distimguished from blood brought
mto the mouth from epistaxis gastriv hxmorthage or bleeding
from varicose veins 1n the walls of the cesophagus  Its brighter
colour and its frothy appearance usually make 1ts ongin obvious
Further patents who have had a hremoptvsis commonly bring up
blood stained sputum for a day or two  while bleeding from the
upper tract s followed by melzna
Hxmoptysis may be due 10 pulmonary causes including tubercy
losts bronchiecta 1s puimonary embolus and carcinoma  to cardiac
causes ncluding mitral stenosis  and to aneurysm of the aorta

Several diseases cause a characteristic coloration of the sputum
In pneurnonia it may be rusty and so viscid that 1t often will not
fall out of an inverted spittoon st 18 boght yellow or green when a
liner abscess has ruptured 1nto the Jung and the latter colaur also
appears 1 some cases of pnevmoma  When an amebic hepatc
abscess has discharged by the lung the sputum has the appearance
of anchovy sauce  Black sputom 1s common with coal muners
whilst red streaked sputum 15 suggestine of tuberculosis
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Plate 19 ASBESTOSIS DODIES FROM THE LUNG
JUICE IN A CASE OF CIIRONIC INDUSTRIAL
ASBESTOS PNEUMONOKONIOSIS (% 600)
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The quantity of sputum coughed up i twenty four hours 3
munportant  and especrally whether change of position produce:
alarge quantity or whether the sputum 1s produced 1n small amount:
in any position

Occastonally small easts of bronchs are to be found i the sputum
but these are best seen with a muscroscope

The odour of the sputum 1 seldom very charactenstc  Ordiarily
ithas a  stale  smell but in cases of gangrene of the lung of
fetid bronchitis and of bronchiectasis it may develop an exceedingly
penetrating putrid odour  An unpleasant odour may also be
acquired during Jts transit through the mouth

MICROSCOPICAL EXAMINATION OF SPUTUM

An unstaned and fresh speaimen should be exammned first
Thereafter special methods are used for the recognition of bacteria
(see p 406) Mixed with mucous exudation which is the basis of
the sputum may be seen vartous organized structures as follows —

1 Cellular structures —1 Pus cells m various stages of granular
degeneration

u Epithelum from the mouth air passages and alveolr ‘The
latter may exhubit a very characterisuc iron contaiung pigment
whtch 15 unusually abundant m cases of heart disease with pul
monary congestion

11 Red blood cells —A few are of no importance

v Tosmophil ¢ells occur in asthma

2 Elastic fibres indicate destruction of lung tissue whether from
phthists pangrene or abscess

3 Parasites —In hydatid disease the sputum may contain hook
lets more often 1t may contan fragments of the laminated
ectocyst

4 Asbestosis bodies —Workers 1n asbestos may suffer from asbestos
p n this conds the sputum contains charac
teristic golden yellow bodies (Plate 19) They vary in size and
shape but charactenistically have bulbous enlargements at the

with a seg body dumb-bells  The
segments vary m size and the bodies vary In length from 20 to
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over 200 microns  An asbestos fibre forms the core and can fre
quently be detected  They are best scen with an o1l immersion lens
and show up clearly without stamung as golden yellow structures
They can be stained by hematoxyln Further the golden yellow
material covering each fibre contains an iron substance which
gives the Prussian blue reaction when potassium ferrocyamde and
hydrochlonic acid are used

VII X RAY EXAMINATION

The ymportance of X ray examination of the chest 1s very great
In the early d of tuberculosis and risp

Sertal X rays form an ntegral part of the estimation of progress in
many chest diseases A brief outline of the standard methods will
be given here

1 Radiography (Postero antenior and lateral films)
2 Screenmng

3 Bronchography

4 Tomography

1 The ordnary standard X ray film of the chest 1s a postero-
antertor view that 1s to say one taken with the film agamnst the
front of the patient s chest and the X ray tube two metres behind
the patient It 15 examuned systematically or a viewing box m
every case  The following 1s 2 simple plan of exammation

(1) The bony sheleton —Is the chest symmetrical ? s any scolio
sis present? Are the ribs unduly crowded or widely spated m
any area? Are cervical nibs present? Are the nibs etoded or
do they appear the site of malignant deposits ?

(2) 'The position of the patient —Ts the patient strarght or rotated 7
If strarght the inner ends of the clavicles will be disposed sym
metrically with reference to the vertebral column

(3) The position of the trachea —Tlus 1s Seen as a dark Line
representing the air within the trachea  The cartilagenous nings
are not vistble  Is 1t centrally placed or deviated to one or other
side 7
(4) The outline of the heart and meduastimum ~—Is thts normal 10
size shape and position ?

(5) The daphragm —Can the outline of the duphragm be seen
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on each side and 15 1t normal 1 shape and position ? Are the
cardiophreru and costo phrenic angles clearly scen ?

(6) The lung fields —For radiological purposes these are divided
mto three zones —

Zone 1 (Upper Zone) extends from the apex to a line drawn through
the lower borders of the anterior ends of the 2nd costal cartilages

Zone u (Mid Zone) extends from thus line to one drawn through
the fower bordess of the 4th costat cartilages and contains the hila
of the lungs

Zone w (Lower Zone) extends from this line to the bases of the
Iungs

Each zone 15 systematically examuned on the two sides and any
area which appears abnormal 1s carefully compared with the cor
responding area on the opposite side The munor mterlobar
fissure which separates the nght upper and middie lobes may
sometimes be seen runmng horizontally in the 3rd and 4th mter
space on the nght side  The major interlobar fissure which
separates the lower lobes from the remamder of the Jungs 1s not
seen 1n a normal postero anterior film

Lateral views show whether an accumulation of fluid 1s sttuated
1n the antenior or postertor part of the chest and where a needle
should be inserted to tap it They also show that lesrons wiuch
2ppear at or near the hulum n the postero-antertor view are
fact situated posteniorly mn the upper part of the Jower lobe

The following 15 a simple plan of exammation —

(1) The bony skeleton

(2) The position of the trachea  Thus 1s scen again as a dark
Lne runnmg downwards and slightly backwards m front of the
upper dorsal vertebrz towards the hila of the lungs

(3) The diaphragm ——As the level differs on the two sides a double
outline may be seen that of the side nearer the film being the clearer

(4) The tumg fields —These are obscured by two relatively opaque
areas one above and behind due to the shoulder joint and one
below and in-front due to the heart whuch rests on the antertor part
of the diaphragm  There are thus left two relatisely clear areas—
one above apnd 1n front behind the upper part of the sternum and
one below and behind mcluding the angle between the diaphragm
and the spine

In the lateral vtews the mterlobar fissures are more often seen
Thesr normal positions have already been described (p 180)  Therr

cM—R
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frecogrutron 15 vseful both 1 localizng lesions and wn detect
shrinkage of  lobe or fobes from fibrosis or coliapse

2 Screeming —Thus pracedure is useful to detect abnormalities o
of heart and dwap The patient cant be easts
moved in any direction

3 Bronchography —For thus purpase a radiopague todized ol
(Laprodot or Neahydriol) 1s miroduced wnto the trachea and alioned
to run mfo the “bronchi~ X ray pictures are taken and the cor
responding broncht are clearly owtled By means of sustable
manipulations the whole of the bronchial tree can be outhined
but more than one sitting may be required

The ol may be wirodused

(3} by passurg @ spectal needle through the enco thyrord mem
brane after smtable antsthetszation of the needie track and the
muceus membrane of the frachea  Thus method 13 the one mest
usually adopted nowadays

(2) by means of a catheter passed through the nasal cavity mto
the trachea

(3) directly into the larynx over the back of the tengue

{4) through a bronchoscope  This method 15 used only ocea
sionally and for special purposes

A sumple and safe method which 15 usually quite successful s
filhng the lower lobes and can sometimes be used to filf the upper
one 15 a3 follows —

The pavent 1s given 10 gramns of potassiwm rodide 1n water td's
for three days and a subeutancous mection of 2 munims of 5 per
cent cocamne solution W fest s sensitivily 10 these substances
On the following day the fances and phacyox are thoroughly anzs
thetized by spraying and swabbing with 2 per cent cocawne of
2 percent  Buiyn  Tins 15 continued until the patient cannot
swallow 1f he tries  When this has been achuered 1t will be found
that ol Sropped bhndly over the back of the tongue runs into the
Tarynx

?thl: the ol (10 to 20 ¢ ¢ prefesably of Neohydmol Viscaus )
1s bemng imsroduced the patient should sit 1a a char with hus body
mclined towards the side which st 18 desized 1o outhae  Imme
duately the oil has been 1ntroduced he should bie on this side I
one deswes 1o outltne the bronch of the upper fobe his head
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should be lowered and feet raised At the same time the patient
should be rolled for a few muautes so that he lies first with brs face
and then with hus back to the couch  When 1t 15 judged that the
o1l has entered the bronchi films are taken 1n the postero anterior
and lateral positions  The patient must be warned not to cough
from the tume the ol 1s all the 18 pleted

If the bronchi on both sides are to be outlined at one situng
the side thought to be abrormal should be filled first and postero-
anterior and lateral views taken The oppostte stde can then be
filled and a further postero antertor view taken The Ppatient
should be warned not to attempt to swallow food or drnk tll the
effect of the cocane has worn off

4 Tomography —An ordinary X ray picture consists of shadows
at all depths 1n the chest superimposed on one another It has
the disadvantage that not more than some 40 per cent of the lung
tissue 15 shown without 1ts being obscured by shadows of the bony
thorax or of mediastinal contents The tomograph 15 a device
whereby a pictare 1s obtained of a section of the thorax at any giver
depth ~ The tube and plate are moved m the arc of a circle as the
exposure 15 made mn such a maaner that the structures 1 one
section only remain 1n focus and anything ont of the plane of this
section 1s blurred out  Sections can be taken at different depths
1n the chest as desired and so the appearances n chest X rays can
often be greatly simplified

VIII BRONCHOSCOPY AND THORACOSCOPY

By means of the bropchoscope the mam bronchi and their
branches can be directly inspected small portions of tissue can be
removed for biopsy and therapeutic procedures carried out  After
an artificial pneumothorax has been induced the pleura can be
mypected with the aid of a thoracoscope and further assistance
m diagnosis may be obtamed These are specralized surgical
techniques



CHAPTER VI1

THE URINE

Collection of samples —For most purposes a specimen of urine
as passed nto a clean glass vessel 1 sufficrent If however
albumin pus or blood 15 found 1 the urine of a female patient
1t s essential that a specimen withdrawn by catheter should be
exammed to exclude contamination from vagmal discharges
When unine 15 required for bacteriological purposes a catheter
specimen 1s essential 1n the case of women and 1n the case of
men a specimen should be taken with stenile precautions after the
glans pems and urethral orifice have been carefully cleaned with
an antiseptic solutton  If orthostatic albuminuria 1s suspected the
patient should empty the bladder immeduately before getting 1nto
bed at night and pass another specimen 1mmediately on rising
n the morning

Any suspended matters soon settle to the bottom of the glass
and the examinatton of the sample may then be conducted (1) phy
sically (2) chemicatly (3) microscoprcally

I PHYSICAL EXAMINATION

Attention should be paid to the following points viz (1) quan
tiy (2) colour and transparency (3) specific gravity (4) naked-eye
characters of the deposit

1 Quantity —A healthy adult male passes on an average 50 oz.
{1 450m1) of urine n twenty four hours women a few ounces less

Normally very much more urine 1s secreted duning the day than
dunng the night the average volume of the night unne 1n a healthy
adult beng less than 15 oz, with a speaific gravity of about 1032
The normal proportion of day unine to mght urine 15 100 25-60
Approumation of the night quantity to that of the day 15 atways
abnormal and 1s especially apt to occur 1n renal faduse of which
1t may constitute one of the earliest signs Thus nocturnal fre-
quency of urine—2 symptom M’;xc; 1s now often referred to by the

I
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unfortunate term  noctuna  —may be the first symptom of failure
of the concentrating power of the hidney and may induate com
mencing renal fallure

An increased secretion of unine occurs physiologically after in
creased censumption of food or drink and after exposure to cold
Conversely dumimished secretion occurs when hittle food or drink
has been taken and after exposure to heat—especially 1f followed
by sweating

A pathological ncrease 1n the urine occurs when loss of concen
tratmg power results from any form of renal disease  Polyuria s
also a feature of both types of diabetes and accompantes the ehmna
tion of cedema flwd Abrormal diminution of unne follows sudden
lowering of artertal pressure as it shock but 1s mare commonly due
to reduction of glomerular blood flow by mflammation as 1n acu.»
nephritts or by dehydration as 1 fever drarthea vomuting 204
terminal heart failure ~ With severe dnsturbance of renal airculatiog
anura may result

2 Colour and transparency —Normal unme 15 said to hase 1
colour of amber or pale sherry The exact unt fluctuates wige
even 1n health depending upon the degree of dilutton and wpye -«
reaction Anactd urine 15 always darker than one which ss al . xw
even when they are equally concentrated

Small quantities of blaod give the urme a smoky 2pia -
and larger quantiies make 1t browmsh or red Hzmoss
large quantities as i blackwater fever grve it a dark sed (o 5. v
colour to one that 1s browmish black or almost black  The g vy
of bile gives 1t a greennh yellow to dark brown colour ~.» - -
15 abnormally pale when it 1s very dilute 1e with gpe-d, o~ ,
of 1002 or 1003 and n renal failure when the norrp*
matter (urochrome) 1s greatly dummshed or absent

The table on p 214 shows the chief varieties of 2 «
colour of the urine with therr causes

Normally when freshly passed urme 15 quite 17, .,
1t may be opalescent from the presence of varioy ——
suspension  If the opalescence persists after filt.a, .~ ,
to the presence of bacteniz  Urine that has coofe 5
from the presence of urates  In thus case it will b
when warmed

Alkaptonunia —This 15 a very rare condition 1 W, . o

v
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ALTERATION IN COLOUR OF URINE

C s Cond tion o rematks

1 Large amount of unine  Much dnnking  Nervous

excreted conditions  diabetes
sipidus ete

1 Diminution of pigment - Renal failure

1 Small amount of con  Hard muscular work
centrated vrine evers

u Increased pigment Fevers

m Occasionally bile pig Jaundice

ment
Admimstrationof thubar  (These turn yellow with |
senna chrysophamc acid  acid red with alkal
a normal colour gomng
ted with alkal = phenol

phthaletn)
Phenylindanedione
indevan
ile Jaundice
Methzmoglobin (p 222)

D 222)
1 Blood ® 221
1 Aniline dyes in swects |
w Excessive consumption

of beetroot  Antho-

cyanuni '
Porphyria (230
3 Melamn Melanotic sarcoma

(Darkens on standing
does not reduce Fehling s
solution gives greemish ]
brown precipitate  with
ferne chloride blackens

with HNO,)

1 Much hemoglobin (Yields chocolate deposit)

m Alkaptonuria (@ 213)

1 Hydroqumone carbo- |
e acd salol gun i
acol resorcin naph

thalin etc
u Bile In old standing cases of
obstructive jaundice |
1 Bue laundie {p 227)
u Santomn (Turns red wath atkali)
i Pus (p 227 1

Fat Zhylura
Adminustration of me  (Violet with atkali  cuts
thylene blue off red and yellow 1o
spectrum} )
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normal when passed but when exposed to the ar becomes pr Jually
darker from the surface downwards ulumately 1t may be dark brown
or black It 15 due to the presence i the urine of dibydroxyphenyl
acetic (homogentisic) actd

The additton of an alkali causes the urine to become dark at once
Such unne reduces atkalne sofution of cupric and ~ With Mlion s re-
agent st gives a yellow precipitate and the addition of dilute ferne chloride
drop by drop causes a passing deep blue colour  The unne moreaver
will not ferment with yeast nor turn the plane of polarized i ht nor form
an osazone

‘The condition 13 a rare anomaly attended by no symptoms beyond
sometimes a slight dysuria and frequency at night Tt s due to an inborn
etrar affecting the breaking down of the tyrosn lnkage 1n the provess
of protemn metabolism

3 Specific granty —The specific gravity of urne 1s measured by
a urmometer  An ordinary unnometer 15 graduated for a tem
perature of 15 € and wrll record variations 1 a specific gravity
from 1000 up to 1060

How to use the urinometer —The unmne should be allowed to cool and
should be placed 1n a tall Jar wide enou,h to allow the urinometer to
float freely without touctung the sides  All bubbles must be removed
from the surface by means of a filter paper The unnometer should be
wiped clean and placed floating in the centre of the jar  The eye 15 then
placed level with the surface of the urme and the dwiston of the scale
to which the latter reaches read off Care must be taken to read the
level of the true surface of the unine not the edge of the im which heaps
up around the shaft of the unnometer

1f anly a small specimen of the urie is abtainable it may be necessary
esther t0 use  specific gravity beads  or else to add water to 1t m order
o get enou,h flud to float the unnometer  The specific gravity found
1s then multiplied by the necessary figure accosding to the degree of
duution

Normal urine has a specific gravity varying from 1015 to 1025
If very concentrated the specific gravity may rise to 1035 even in
health

The specific gravity 1s greatly mcreased by coolng If for
example 1t 15 1020 when passed 1t will nse to about 1025 when
cooled to the temperature of the room  This examunation should
therefore be made when the unine has cooled to room temperature

In normal urine the specific gravity 1s 1 direct proporton to
the amount of urea and chlondes present  An abundant urne of
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high specific gravity 1s charactenstic of diabetes mellitus  In the
latter condition the specific gravity may reach 1075 1n most cases
however 1t 1s between 1040 and 1045 In diabetes isipidus on
the other hand the specific gravity may fall to nearly that of dis
tlled water and this may also happen’in hystena  The presence
of albumin 1n the urine also affects its specific gravity 1 per cent
increasing the specific gravity by three points

Senal examinations of the specific gravity constitute the sumplest
and one of the most valuable methods of observing renal function
With normal kidneys the concentration of the urine varies 1o a
considerable extent  As renal faure develops the power of the
kidneys to do this 1s lost and the specific gravity approumates
more closely to 1010 (or 1006 1f the urine 1s tested while still warm)
With complete loss of concentrating power the specific gravity
becomes fixed at 1010 the unine then being 1sotonic with the plasma
The specimen passed on nsing should always be tested for this
purpose as 1t 1s normally the most concentrated that 1s passed 1n
the day

4 Nahed eye characters of the deposit —When voided normat
unne ts perfectly clear and transpareat  After 1t has stood for
some tune there appears 10 1t a deposit of ¢ mucus  This forms
a woolly looking cloud which usually settles to the bottom of the
glass but 1f the unne 15 of high speaific gravity may be in the
mddle of the glass or even at the top If traces of blood are
present 1n the unne the cloud of mucus  has often a brownsh
tint

The normal uninary ingredients which may separate out 1n the
form of a deposit visible to the naked eye are phosphates urates
and unc acad

Phosphates —The phosphates of caluum and ma,nesium separate out
1f the urine 15 neatral or atkaline  They form a colourless deposit soluble
n acetic acrd A depostt of pus is apt to be mustaken for one of phos

hates but the former 1s not dissohved by aceti ad  Deposits of pus
and phosphates often occur together and the certain recogntion of pus
is ofien of the greatest importance  Such recognition cant onfy be made
under the microscope

Urates —The vnates of sodium potasuum and ammonium may form &
depostt 1f the unne is concentrated or hibly acid  They may appear
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even 1n health when the unine cools Owing to therr affimty for the
unnary pigments the deposit 13 usually coloured being commonly red
or liké terra<otta formung what 15 known as the  brick dust  depostr
If the unnary pigment 1s scanty however the deposit may be merely
yellowssh or even colourless  Deposits of urates can always be recog
mzed because they disappear rapidly on heating the urtne “The heating
ought to be done gradually bevause the unne may ako contan albumun
which 1f the unine s rapidly heated may be coaculated before the deposit
of urates has had tume to disappear and confusion may anse  Acetic
acid does not dissolve a deposit of urates On the other hand strong
mineral acids_such as utric acid dissolve the deposit at once wsth the
production of effervescence

Une acid —This may form a scaoty depostt visible to the naked eye
The deposit occurs 1 the form of erystallne grawns of a darkish brown
colour and 1s therefore known as the  cayenne pegper  deposit When
mn doubt use the microscope

Amongst abnormal deposits the most important are the sulphona
nudes which may appear i the urine as a whte crystalline deposit
when they are present n high concentration

II CHEMICAL EXAMINATION OF THE URINE
1 REACTION

Thus 15 tested with htmus paper  The unne 15 usvally acid 10
reaction but 1t may be normally alkaline after meals  This 1s
sometimes known as the afkaline ude It reaches its height three
hours after the taking of a meal Alkahnuty of the urine may be
due to ammonta formed by the bacterial decomposition of urea
when the urine has stood for some time or when urea splitting
organisms are present in large numbers  This can be detected by
its smell also by the fact that if the red litmus paper which has
been turned blue 1s heated the red colour s restored owing to the
ammonua bewng doven off

2 EXAMINATION OF THE URINE FOR CHLORIDES

Sodum chloride 15 the chief morganic constituent of normal
vrme  Small quantities of the potassium salt also occur  The
followmng 1s a sumple test for measuring the approumate
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concenaation of sodwm chlonde in the wnne The solutions
required are —

20 per cent of potassium chromate solution
29 per cent siver mitrate solution

Method —Ten drops of unne are measured with a pipette or
fountain pen filler 1to a small test tube  The pipette 1s nnsed
and one drop of the potassium chromate solution 15 added The
pipette 15 then rinsed again and the stlver mitrate solution 1s added
drop by drop the test tube being shaken after each addition until
the colour changes suddenly from yellow to brown The number
of drops of silver nitrate used to reach the end pomnt gunes the
concentration of chlorides in the urnine expressed as grammes of
sodium chlonde per litre of urne A control test with distilled
water should be performed to make sure that the chromate solution
18 not contanunated with chloride

The amount of sodium chlonde per litre depends on the concen
tration of the unine  The average amount excreted 1s about 12 grm
tn the 24 hours  With unine of speafic gravity of 1020 or more
less than 3 grm of sodwm chlonde per htre suggests salt depletion
Thus test 13 of great usefulness 1n the tropics when salt depletion
from extreme sweating 1s common  particularly m the diagnosis of
heat exhaustion from other causes of collapse In temperate
chmates 1t can be employed 1n medical and surgical cases complt
cated by continued excessive sweating diartheea or vomiting to
detect salt defiaency and during intravenous saline admimstra
ton to ndicate when a deficiency of salt has been restored but
blood e 1 are to be p when available
because the kidneys may under certain circumstances lose their
ability to excrete salt so that the uninary findings may be misteading

3 ABNORMAL CHEMICAL CONSTITUENTS OF LRINE
(1) Proteins

Before proceeding to apply tests for albamin st 15 essental that
the unine should be ab olutely clear It may therefore be necessary
to filter it If after filtening more than once the urne remains
turbid bactena are probably present and can be removed by fong
centnfugation or by shaking up the unine with powdered banum
carbonate and filtermg  If the turbidity 15 due to urates i will
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disappear when the urine 15 heated The followmg tests should
then be proceeded with ~

(1) Boiing test —Thus 15 the most satisfactory test for albumn
but needs to be carmed out with care

Fill a small test tube two thirds full of unne If the unne s
alkaline add a small prece of Jitmus paper to the urine and add
10 per cent acetic acid drop by drop muung thoroughly after
each drop until the litmus paper ss just red  Incime at an angle
boul the top tnch over a flame holding the bottom of the tube and
examune agamst a dark background A cloudiness indiates the
presence of either albumun or phosphates  Add 10 per cent acetic
acid drop by drop and boit if the cloud disappears 1t consists of
phosphates 1if 1t persists albymin 1s present Actd should be
added drop by drop 111l no further precipitation of albumun occurs
If there 1s more than a hght cloud add a few more drops of 10 per
cent acetic acid mux Well and holding the test tube 1n a holder bo!
the whole volume  The test tube 1s put aside for 4 hour or more
for the albumin to settle  Thes test 15 not very relable if the urine
18 of extremely low <pecific gravity

(2) Sulpho salicylic acid test —Thus test for albumin 1s very rehable
and does pot require heat 1In a test tube place about 'S cc of
unne  Fulter if cloudy add 6 drops of .0 per cent sulpho salicylic
acid  The formation of a cloud indicates the presence of albumn
The cloud 15 seen best when looked for agamnst a black background

Quantitative estunation of afbumun —This can be done with sufficient
accuracy for clical purposes by means of Esbachs albumummeter
The principle of the method consists 1n measurin,, the depth of the coagu
fum produced 1n the urne by the addiion of pienc acd  The mstiu
meat consists of a th k glass test tube with graduations on 1t from
Qupto?

Method —Filter the unine of not already clear and if alkalne render
sh.htly acid with acetic acid  If the specific gravity be 1010 or more
dilute the urine suffi 1ently to bring the density below that level (to 1008)
Thus 13 1mportant and 1s often overlooked Fill the tube with the urtne
up 1o the mark U Pour in the rea,ent (Appendix 10} up to the mark R
Close the tube with a rubber stopper and gently mnvert it 3 few tunes to
allow the fluids to mix  Set aside for twenty four hours At the end
of that time tead off the level of the surface prectpitate  The f
on the scale represent grammes of dred albumn per litre of urine
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Duvide by 10 to iget the percentage  If the urine requures to be diluted
the result must of course be multiphied the requisite number of times

The method yields only approwitmate results sice the preciprates
obtained n different unines vary in compactness and 1 the length of time
they (ake to settle

Very small quantities of albunun cannot be e timated by Esbachs
method as the mnstrument dogs not record less than 01 per cent I
after the first trial the level of the precipitate 1s found to be above the
mork 4 the unne must be diduted and 2 fesh estiration made

For ordinary purposes it 1s often sufficient to express the amount
of albumin present as a famt trace a trace a cloud a beavy cloud
or 1f there 1s enough to form a precipitate to express the hesght of
the precipitate as a fractron of the height of the whole column of
urme when the whole tube has been boikd 2nd the precipitate
allowed to settle  1f the fraction 15 one half the unne contams
about 1 per cent of albumun and of one erghth about 0 2 per cent
A cloud of albumm represents only about 002 per cent

Albumnuria may be found in disease of the kidneys or any other
part of the renal tract  For 1ts sigmificance textbooks of medicine
must be consulted but a few relevant pots may be mentioned here
Albummnurea 1s of no siguficance m the femnale unless a catheter
spectmen has beenexarmned  If kidmey disease 1s suspected but
albumin 15 absent on repeated chermcal exammations and blood
pus or casts are not found on repeated Microscopical examinations
there 13 no renal damage and elaborate renal efficiency tests are
superfinons  If albumin is present in the unie 1n the absence of
other signs of disease 1 the uninary tractst may be dusto  bensgn

postoral  or  erthostane  albummnura In (s condition
albumn 1 sccreted in the upright but not 1n the horizontal position
The patient should therefore empty the bladder immedtately before
he gets 1nto bed and a speamen should be passed as soon as he
rises ia the mormag  If there 1 no albumin 1a thus specumen the
presence of alburmin i ather specimens passed durng the day s
of no pathological signdficance
Bence Jones profein and allied proteins are usually but not 1avanably
found Jn the unre of patients with muftipse myelomatosrs 1 fatal d scase
iwolving the hamatogenous elements of the bone marrow  This pro-
tewn 18 also found sery rarely n the unne of patients with leukzmn
It coagulates at 3 lower temperature (55 C and ander) than the usual
coagulable protes of uanc  Typical Beroe Jones proten has also the
rematkable poperty of gong o sofution agamn af about 100 € of
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as 1s usually the case the concentration of salts an the urine 1s switable
Typical Bence Jones proten may be detected even in the presence of
considerable albumin by bolhng the unine which has been made stightly
acid with acettc acid and filtering hot using a funnel with a hot water
Jacket 1€ typical Bence Jones protein 1s present the filtrate will becorne
cloudy as 1t cools

(2) Blood and 1s Dernatnes i Urine

Blood may appear in the unne as a whole (hematuria) or blood
pigment may appear without corpuscles (hemoglobinurta)  These
two can only be b 1g the deposits
for blood cells  The detection of small numbers of red cells such
as may be found for several days after an attack of renal colic
can only be achieved by microscopic exanunation (see p 240)

If unne contains only a small amount of blood or blood pigment
1t has a peculiar opaque appearance to which the term  smoky
1sapplied  Large quantities of blood give to the unine a red colour
varying i intensity with the amount of blood present  The blood
corpuscles are apt to settle at the bottom producing a flocculent
depostt wihuch 1s brown or red according to the amount of the
blood and the degree of its alteration

The following tests depend upon the presence of blood prgment
and therefore give a positive reaction both 1 hematuria and
hzmoglobinuna —

1 The spectroscoptc test —The followng directions should be followed
m all spectroscopic examinations of the urme —

Use a small direct vision spectroscope

Examune the urine 1n a 6-0z conical Jass  This permuts of the
1nspection of layers of different thickness

Hold the slit 1 from the glass and move 1t up and don the
entire len_th of the cone

Eather dayliht or artifi l bht may be employed

IF 1n doubt as to the bands shake up 400 m! of the unne with 50
or 60 ml pure amyl alcohol and a few drops of acetic acid  Col
lect the layer which floats  Clear it if need be by the addition
of a httle ethyl al oho! filter and exarnine

na W N

The urine tf very dark 1n colour should first be diluted and 1t should
always be filtered It should then be examned in a layer of 5 em thick
The spectrum of oxyhxmo,lobin 1s readily detected The spectroscopic
18 a certamn test for hemoglobin 1f positve but unless that substance 15

o,
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present 1 fair amount 1t may not be possible to 1dentify the spectrum
with the ordinary direct vision spectroscope (Plate 18)

1 Guaac test —Take 11n of unine 10 @ test tube add to 1t two drops of
uncture of guaac A white precipitate forms owing to partial precipita
tion of guaiac resn Now add 1 in of ozome ether without shaking
If blood pigment 1s present a blue colour appears at the fine of junction
of the fluds The tincture of guaiac must be fresh and the ozonic ether
should give off bubbles of gas when poured nto the test tube  If these
ponts are not attended to the test may fail Samtas 1s a very good
substitute for ozomic ether 1n the above test and 1s less expensive

The blue colour s due to oxidation of the guaic by oxygen
denived from the ozomic ether the blood pigment acting as the
carrier  Qzonic ether 1s a solution of hydrogen perovude 1n ether

Fallacies —If 10dides are present in the unine a blue colour 1s
produced on applying the test It 15 disunguished from that due
to blood by the fact that 1t appears much more slowly and by 1ts
appearing simultaneously all through the flud not at the junction
of the ether and the unne

Pus 1n considerable quantities gives a greenssh ring between the
ozonic ether and the unne but microscopical examination of the
urinary deposit 15 the only reliable method of detecting pus

may be formed from hremo,lobin
1n any acid unne containg blood after 1t has stood for some ime  Not
q 15 present in the urine when passed
It has been'said to indicate that the hxmorrhage has its origin in the kidney
The charactenstic smoky tint of the unne i hematuns of repal ongin1s
largely due to methzmoglobia and the pigment present v parovysmal
hemoglobmuna  consists mainly of 1t also  Spectroscopic examination
18 the only satisfactory test for methemo,tobin It gives a band wisible
m the red 1n addition to two bands nearly in the position of those due
10 oxyhemo lobin (see Plate 18 facng p 177

Porpbyrinuria —~Porphyrins occur pormally in the urne i vey small
amount and may be considerably increased without affecting 1ts colour
‘When present 1n Jarge quantties the unne has a dark port wine cotour
Such a unne does not give the guaac reaction  If examuned with the
3| 0scope 12 A thin layer 1t may possibly show the chamctenstc spec

trum of so-called alkahne hzmatoporphynn that being the form met with
evenmaadunnes  Often however no distinct spectrum can be obtatned
on direct examimnation of the unne  In such a case the pigment an be
extracted by shaking up the unine with a bttle amyt alcohof or acetic ether
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after the addition of a few drops of acetic acid  The extract 50 obtamed
shows the bands of alkalne hzmatoporphyrin viz four bands one at
the Junction of the red and yellow a second in the yellow a third 1n the
green and a fourth (the broadest) between the green and the blue  On
adding 2 drop of two of hydrochlone acd the bands of acsd hamate
porphyrin are obtained viz two bands one 1 the oran,e (narrow) and
one at the junction of the yellow and green (broader) (see Plate 18 facing
p 170 The lattur 1s thé charactenstt band and consssts really of two
halves—a I hter half on the side next to the narrow band and a very dark
half on the side away from 1t

Porphyrins sometimes appear in large amount 1n the unne of patients
who are taking sulphonal o allied dru_s but very much more commonly
in females than n males This 1s 2 sign Of very grave signiticance as such
cases often terrmnate fatally The excretion of port wine coloured urine
by a paticnt who 18 takin, stlphonal 15 always an indication for the 1m
mediate stopping of the drug and for the free admumstration of alkahs
They are also found tn rare inborn errors of metabolism known as
porphyra

Unine which contatns blood or hzmoglobin contams also of
course some albumin and 1t 1s often difficult to say whether the
blood 13 sufficient to account for all the albumin present or whether
true albuminuna ewsts as well If human blood 1s added to
normal unne i an amount sufficient to produce distinct smokiness
the quantity of albumin amounts to merely a trace Even when
the quantity added 1s sufficient to render the urmne distmctly red the
amount of albumin 1s only } per 1000

@) Sugars in the Unine

The sugars which are of most practical importance in urtne are
glucose and lactose  Lavulose may sometimes occur along with
glucose Under rare conditions pentoses may also occur

Glucose 1n the urine —Glucose (dextrose or grape sugar) CH,,0
1s by far the commonest variety of sugar met with The condition
15 spoken of generally as  glycosuria  This must be distinguished
from diabetes  Diabetes—or more correctly drabetes mellitus
~—is a disease of which glycosuna 1s the chuef sign but every pattent
with glycosuria has not necessanly got drabetes  Traces of glucose
occur 1n normal unne but not 1n an amount capable of detection
by the reagents usuzlly employed  If therefore glucose is detected
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by any of the tests we are about to describe 1ts presence may be
regarded as pathological

1 Febling s test —To prepare Fehling s solution mix equal volumes
of {a) and (b) (Appendix 8) Take 11n of urine 1n one test tube
and 1 1n of Fehlings solution in another Boil both tubes
(Fehling s solution that has been kept for some time occasionally
rteduces uself when boled 1f this should happen a fresh solution
must be prepared) Add the urine to the Fehling s solution and
allow the mixture to stand till cool before deciding that the reac
tion 1s negative  The test will detect about 0 2 per cent of glucose
in the urine

If the unine contais 1 per cent or more of glucose a reddish or
yellow precipitate appears at ence on mixng the boiling urine and
Fehling s solution  If under 0 5 per cent 1s present nothing but
a greenish deposit may appear on standing  Shight colour changes
without the formation of a precipitate should be ignored

Cettan precautions and fallactes 10 the use of Fehlin,, s test have to b
mentioned

The urine must be free from albumun I accessary add a drop or two
of acetic acid to the unne boyl and filter

If the arount of glucose present ts more than 1s required for reduction
of all the cupric oxide some of 1t 15 apt to be caramehized espectally on
prolonged bohing  The whole liquid and preciputate then becomes of a
dark brownish colour

The fallacies attendant upon the u.e of Fehlin, s test are duc to the
fact that other substances in the urine besides glucase can reduce cupnc
oud=  The chief of these among the normal ingredients is unc acd ~ of
the abnormal con tituents the cheef are lactose glycuronic acrd pentose
and the products of certain drugs—e g chloral, chloroform aspinn and
salicylates carbolic acid and ascorbic acd  “ Alkapton  vrines and
those to which formaln has been added alse reduce Fehling s solution
In a doubtful case 1f the spocific gravity of the unine 1s fugh 1t should be
reduced by the addition of water to about 1015 Any reduction of
Fehling s solution then obtained afier boihing for ten seconds either
smmediately or on standing for a muinute or two almost certainly indicates
the presence of sugars in pathological amount provided the patient 1s
taking no dru,s
u Benedict s test —To 5 ml of the reagent (Appendix 9) add
8 drops of the urine boil for two minutes and allow to cool  Ifa
reducing substance is present a precpitate will appear varying
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from a Iight green turbidity to a red precipitate  If the reduction
1s due to glucose the test gives approwurmately quantitative results —

A bght green turbidity =01 to 05 per cent of sugar
A green precipitate 5t 10

A yellow precipitate =10 to 20

A red precipitate =20 per vent sugar or over

Apart from homogemstc acid Benedicts solution ss only
reduced by glucose lactose or pentose In cases where doubt
exists as to the nature of the reducing substance present two further
tests can be employed—the making of an osazone with phenyl
hydrazine and fermentation of the urine with yeast

A comenient simple and easly portable modification of Benedict s
test which requires no external source of heat has been itroduced under
the pame of Chmtest  The reagents are contamed 1n a tablet which
1s dropped into a measured amount of unine and the nevessary heat 15
produced by the reaction of sodwm hydroxide and cinic acd  The
results agree closely with those obtamed by the Benedict test

m_ Phenyl hydrazine test —To 10 m! of the protewn frec urine tn a test
tube add 6 drops of glacial acetic acid enouyh solid phenyl hydrazine
hydrochloride to cover 4 shuling and twice this amount of sold sodium
acetate  Heat to dissolve and filter 1nto another test tube Immerse
this 1 a boiling water bath for forty mmutes Turn out the flame and
allow the tube to cool m the bath foran hour  Place a drop of the deposit
on a shde cover with a cover-clip and examine under the low power of
the microscope

When glucose 15 present bri,ht sulphur yellow needle shaped crystals
will be found areanged in tufts sheaves or rosettes  If sugar 1s absent,
only brown or yellowish globules or granules are seen, and i such a case
the reduction of the Fehling s solution cannot have beea due to glucose
Glycuronuc 2aid lactose and the peatoses however yield crystals which
rmght be mustaken for those gven by glucose  If the nature of the re
ducing substance 1> still 1n doubt one should proceed to the fermentation
test

v Fermentation test —Thus test 1s only given by glucose and lzvulose
The following precautions must be observed m carrying out the test
(a) The unne must be acid  Alkalice urine would putrefy  therefore
render 1t acid, if necessary by addng acetic acid (8 Boul the urine for
ten munutes to dnve off any a:f 1t may contawn and kil bacterra  cool
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Use baker s yeast  Shake the urme up with a small prece of 1t 0 23 1o
form an emulsion free from lumps thea place the unne so prepared it 2
tube  Specral fermentation tubes e manufsctired  1f one of these is
not obtatnabl. an ordimary test tube iaverted w & bath of mercury wilt
do A Doremus (Southall s) ureometer tube does extremely well * The
long Iimb shauld be fill & with the unine completely no air bubbl s bewng
left Set aside the tube in a warm place and examine after a tew hours
If a distinct bubble has appeated at the top of the tube the urme is fir
mentable and contains at feast 0 5 per cent of glucose of Jzvalose  The
st must be active It should be tested with a dilute solunon ot glucose
t 15 also well to have a control tube full of normal unne 0 which yeast
has been added as the yeast 1s apt to give off a lutle gas
1f these precautions are observed the test 1s trustw orthy and delwate
The presence of Javulose 1n the unne muy be dutected by Selwanoff s
reaction  Dissolve 005 grm of 1 100 mi of conentrat
Bydrochloric acid and diute with 100 mi of distiled water  To Smt of
the reagent add a few drops of the urine and heat ¥ kevulose 15 present
a red colour appears
Lactosuna ~—Lactose i» sometmes found in apprectable quantity in the
unne of women who are lactating and s late pregnancy  I¢ reduces
Benedict s solution and gives with the phenyl hydrazine test yellow
vosettes of phemy! lactosazone which are smaller than the sheaves yielded
by glucose but it gives po reaction with the fermentation test

Peatosuria ~—This rare condition conusts ia the presence n the urne of
pentoses 1¢ carbohydrates contunng only 5 atoms of carbon

“The best test for pentoses s with Bial's reagent {3 grm of orcn 500
mi of HCY specific gravity §151 25 drops of 10 per cent solution of ferrie
chlonde) Boit 5mt of this reagent i a test tube remore from flame
add 5 drops of unne A green ring at the junction s dugnoste of

ntoses acd and p ve the tests
for pentoses including Bials but there 1s no risk of confusion if the test
ube 18 first removed from the flame

Pentoses occasiomally occur after the ingestion of certamn feusts (cherries

plums)  But ther chief 1nterest ¢ 10 connection with so~called

“pentosuna 3 1are anomaly of metsbolism not aecessanly attended
by morlud symptoms probably harmless and needing no treatrent

In practice if 3 seducing substance 1s present sn the unne and
tbe patient has symptoms of diabetes mellitus no further investiga
von 18 ecessary IF no symptoms ate present it 1s often simplest
¢o sesort immediately to the sugar tolerance test (p 178)  If the
bl aod sugar furve s ‘normal the reducing substance 1n the unne 13
of no pa«ho)ngxcal sigmificance
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(4) Bile 1t the Urine

Both bile prgment and bile salts may be present  Usually they
occur together but the pigment much more abundantly than the
salts  The usual cause of the entrance of the bile constituents nto
the unne 15 some obstruction mn the bile passages

Unne which contamns bile 1s greemsh or brownish yellow in
colour  The simplest test for the presence of bue m the unne con
sists 1n shaking 1t 1n a test tube and observing the colour of the
froth If this 13 yellow bile pigments are present tn the urme
Of the various other tests that have been devised the following are
useful for chmcal purposes —~

1_Gmeln s test —Fulter some of the urine through an ordinary filter paper
Then place a small drop of yellow nutric acud on the paper A spreading
ring of colours from within outwards yellow red, violet and green
appears around the area touched by the acid  If a green colour is seen
for certam bile 1s present n the unne

1 Todie test —If a 10 per cent aluoholic solution of rodine 1s poured on
the top of the urine 1n a test tube an emerald green layer appears where
the two fluds jorn 1f bile 15 present

w Methylene blue test —Place a few drops of 1 per cent methylene blue
solution 1 a test tube and pour it away so as to leave ogly a trace of the
dye on the surface of the tube Add 2 m of unne A green colour
mdtcates the presence of bile pigment  This 15 an extsemely sensitive test
A normal urine should be treated sumilarly as a control

Tests for bile-salts —The simplest test 15 Hay s sulphur test

Sprnkle some powdered sulphur upon the surface of the urme  If
bile salts are present st will sk with normal unne 1t floats  Thus test
depends upon the fact that bie salts lower the surface tension of fluids
1n which they are dissolved

(8) Urobilinogen and Urobihn 1 Urine
Bilirubin secreted by the Itver 1nto the bile 15 reduced by the
bacteria of the Intestine to urobilinogen and urobdin  Some of
this 15 reabsorbed and circulates in the blood stream  Of thus a
small zmount 1s excreted 1n the unne but the majortty under nor
mal circumstances 1s re-excreted by the hver mnto the brle  Estima
tion of the urobiltnogen and urobilin 1 the urne may therefore be

s
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u eful 1n several {7 In ¢ jaundice 2 comp.
absence of urobilinogen and urobilin indicates that the obstruction
15 complete and that no bile pigment is reachiag the mtestine  In
patients without jaundice an excess of urobilinogen and urobiim
tn the urine 15 due to the mabidity of the Iiver to excrete these sub

stances ito the bile and indicates hepatwe dysfunction  Such an
excess 1s oOften present tn the pre 1ctenic stage of mfective hepauts
and in diffuse diseases of the liver such as severe cirrhosts

I

Afethod ~To (0 ml of fresh unne add ! mt of Ehrlchs aldihyde
reagent (para dunethylamimnobenzaldenyde 2 grm dissolved m hydro-
«hilor acid 5 per cent 100 mb Pure analyucal Rydrochlonc acid must
be used}  Afier 3 o 5 munutes normal urine shows a fant but distin
reddish unge much twtepsufied by heatng  If no red colour duvilops
even on heating urobtlinogen 1s absent from the unine  af there 15 2
distinet red colour an cold urme 1t 15 present m exce s Normal unne
shows 1o reddish hinge if dituted ten tumes with water  When excess 13
present s degree may be estimated roughly by deternumng the tphest
diution of urne which will produce a reddish tinge

(6} Acerone Bodies sn the Urmne

Hydrovybutyric acid  aceto acehie acd and acetone may alf
oqccur w the urme 1 conditions of ketosts  The relatronship
between the three may be seen from the formulze

£ hydroxybutyne aad = CH,CH(OH)CH,CO01!
Acero acetic acrd (diacene aod) = CH,CO CH,COOH
Acetone =CH, CO CH,

£ hydroxybutynic acid 1s formed first 1t then becomes ovidized

yeelding aceto-acets. aud
CH CH(OHMCH,COOH + O = CH,CO CH,COOH + 11,0

The aceto-acetic acd 18 very eastly decomposed mto acetone and

€O,
CH CO CH,LCO0H = CH,COCH, + (O,

It 15 even asserted that acetone only appears after 1he unine has
been passed
“Test for acetone bodres —The urine must be fresh and unboiled as aceto-
acetic aad readily decomposes  Rotheras mitro-prusside test is pes
formed first as follows ~—

Ten ml of the unne are saturated with ammonum sulphate by adding
an excess of the ceystals 3 drops of a strong freshly prepared solution
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of sodium nutro-prusside and 2 mi of strong ammonia are then added
A fine permanganate colour 1s produced This test 1s given both by
acetone and aceto acetic acid but by no other substances that may occur
1n fresh urine

If Rathera s fest 15 negative acetone bodies are absent 1f positive
aceto acetic acid may be tested for by the fernsc chlorde reaction (Ger
bardts test} as follows —

Take somu wine m a test tube and add 10 per cent fernc chlonde
solution drop by drop A preciprtate usually forms and disappears agaa
on adding more ferriv chlonide The solution becomes brownush red if
aceto acetic acid 15 present

Aspirin, antipynin salo] salicylates carboli acid and some other drugs
gve a similar colour with furn chlonde  Prolonged boiling (before add
ing the fermc chloride} destroys aceto acetic acid while the other sub
stances whi h give a colour with fernc chlonde are unaffected It
therefore usine which has been subjected to prolon,ed boiling stll gives
the ferric chloride reaction 1t may be inferred that the reaction was not
due to aceto acetr acid  Boiing after addmg fernc chlorde destroys
the colour whether tius 1s due to aceto acetic acid or 10 other substances

A positive ferric chloride seaction 1s only obtained if aceto acettc
acid 15 present in considerable amount  If therefore the urnne
reacts to Rothera s test but not to ferric chlonide it may be inferred
that only small quantities of acetone bodies are present If both
are positive the patient has a ketosss of considerable seventy
demanding urgent treatment

(7) Drugs in the Urine
Anttpyrin —After its use the urne may be red and dichroic leading to
the suspicion that blood 1s present  On adding a bittle dilute perchloride
of 1ron a purphish red colour develops which persists on boilng but
disappears on adding an acid  Urmes contaming antipynn produce a
partial reduction of Fehlin, s solution on boling

Bromudes —Add a lutle hydrochlor; acd and a few drops of weak solu
tion of bleaching powder Shake with chloroform and the Jatter be
comes browmsh red from the solution of the free bromine

Carbolic aeid (see also section onr Colour of Urine p 214) —The best
test for st 1s 10 add 2 little bromine water  The appearance of 2 whitish
precipstate (tnbromophenol) indicates the presence of phenol

Chloral chloroform efc may lead o the appearance of glycuromic acid
which causes a partial reduction of Fehlings solution -

&
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Todides ~Actdily the urine with a httle pure mitric aced and shake up
with chloraformt  The latter becomes of a rose red colour

Tron —Add a few drops of mtric acid  Boil coo! and add a little 10 per
cent ferrocyamde of potash A precpitate of Prussan blue forms tf
trons 15 present

Rhubarb and santonin have been referred to under Alterations n Coldur
of Urme {p 214)

Aspimn saliylates and salol appear m the urine as sabcyluric acid - Such
unnes give a bluish violet colour on the addstion of a litth. ferric chionde
A targe amounts are present i small amounts only are present the colour
may be reddi b brown indistinguashable from that given by aceto-acetic
sud  These unnes also prrtially reduce Fehlings soluton

Tanmn grves a bluysh black colour wath fernic chlonde

Suliphonamides —1 Mousten a small piece of newspaper {paper made
from refined pulp filter paper or nen writing paper must not be used)
wath the unae to be tested, and place a drop of hydrochlonicacd 1 4diu
uon on the centre of the moistened area The vane of persons taking 4
sulphonamtde compound gives an orange yellow to orange colour  The
unre of persons who have recently discontinued taking a sulphonamade
gives a yellow colour for approvmately six days after the last dose was
taken

2 To 5 ml of unine diluted tl) colourless add 5 to 10 drops of Ehrlich s
aldehyde reagent (p 228) A bright yellow colour s goen by unaes
contatning, sulphonamudes

Hf ESTIMATION OF RENAL EFTICIENCY

When 2 considerable armount of kidney tissue has been destroyed
the kidneys lose their power of concentrating the urine so that the
specific geavity becomes fixed at 1010 under which circumstanes
the ure 1s 150tonu. with the plasma  The ability to excrete ured
1n sufficient amounts 15 also Jost and the blood urea nises  Renal
fasture of this magnutude ss thus readily demonstrated by sersal
observations of the speilic gravty (p 216) and by determumng
the bloed urea (p 170} tests have been proposed to
demonstrate degrees of smparment of renal function short of thaé
necessary to produce an mcrease in the blood urea but none of them
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are completely satisfactory  The phenol-sulphone phthalemr excre
tion test and the urea concentratton test wall be descnbed here
Another one often employed 15 the urea clearance test of Van Slyke
but for this larger works must be consulted

(1) THE PHENOL SULPHONE PHTHALEIN TEST FOR
RENAL EFFICINGY

The prnciple of the test 1s to estunate the amount of the dye
phenol sulphone phthalemn excreted 1n two hours after the mjection
of 6 mg

In order to secure 2 good flow of unne 400 ml of water are given to
drnk  After about )5 mmnutes the patient s bladder 1s emptied if neces-
sary by catheter and 6 mg of the dye dissolved m 1 ml. of water are
myected mtramuscularly or mtravenously

After exactly one hour and agam after two hours the bladder 15
emptied, and the whole of these two specimens reserved for esttmation of
the dye colonmetrically 1 each.

The urime being usually acid, will not be coloured red by the dye untid
alhali1s added  Each specimen 1s measured, made strongly alkatine with
40 per cent NaOH made up to 500 ml if the red colour developed 15
deep to .50 mi if not deep and filtered to remove the precpitate of
phosphates

To serve as a standard with which to compare the unnes 15 ml of a
002 per cent solution of phenol-sulphone phthatem 1s made alkalme and
brought up to 50 m!  this gves a concentration equal to 6 mg 11 1 000
ml This standard has to be matched agamst a solution 1n urine and,
m order to zllow for the yellow colour of the urine unne should be used
1n making up the standard. The most convenent way 15 to make up
w0 solutions A and B

A Add 15 ml of 002 per cent solution 1o 40 ml of distfled water
add t m! of 40 per cent NaOH and make up to 50 ml with distilled
water

B Add15m! of 002 per cent solution to 40 m! of normal urine less

1f ighly coloured, 1 mL of 40 per cent. NaOH make up to 50 mL with
distlled water and filter

These solutions contain the same amount of the red dye and by ousng

them 11 vanious proportioss 1t 1s possible to obtain a standard contaiung
the nght amount of yellow pigment to match the unnes to be investigated

Such a muxture of A and B having been made suttable fac the first hour

unne the standard and unne are put w the two pots of a colonumeter the
standard set at "0 mm  2nd the depth of the unknown required to gtve an
equal depth of colour read.

o
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Suppostng (s arme has been dilated fo 250 m! and the reading
observed is ¥
Then
Depth of colour in unknown x i‘(:) = depth of colour m standard
amount of dyg 11 250 ml pnknown X ;0 = amount of dye 1n 250 m!

of standard
= iai X 6 mg or 25 per cent of the on,nal dose
%~ s

20
amount of dve i the unknown = Y X 25 peccent of onginal dose
«f the urine was diluted to SO0 m} the amount of dys. 1t contained would
20
be ¥ X 0 per cent of the ongmal dose

The percentage of the origwial dose i the sccond hour specimen 15
estimated 1 the same way

If 2 colonmeter 1s not available the ¢stimation may be performed by
diluuoa as follows —

In two simular test tubes of equal bore are placed 10 m} of the unkaown
and of the standard and distilled water 1s add d rom a burette it the
solutions match

Suppos. ¥ mi are addd to the standard

Then

+ ¥

10
depth of colour in urknown < T depth of eolour in stand.sd

04y
dye in 250 ml unkaown ¥ —go = dye 10 250 ml standard

«= 25 per cent of onginal dose

10
dye n 250 ml unknown = oo~ 25 per cent of orgmaf dese

The ameunt of the onginal dose excreted in the firse hour by 2
normal adult is usvally over 40 per cent and in two hours together
over 60 per cent

(1) UREA-CONCENTRATION TEST

The concentration of urea 1n {he unine taken ynder ordinary

condiions 15 of ttie value as an index of the efficiency of the kd

peys since a normal person My excrete a unac of low urea<con
centration when the amount of urea formed ts stwall or the solume



UREA CONCENTRATION TEST 233

of water passed 15 larpe  The patient 1s therefore given a test dose
of urea which should 1f renal efficiency 15 uimpatred provoke a
high concentration in the vrine

Method —15 grm of trea in 100 ml of water flavoured with a httle tine

ture of orange 15 given by the mouth when the patient has had nothmg
to drunk for some hours and after emptying the bladder  the urine passed
1n each of the subsequent three hours 15 collected and the urea-concentra

tion estumated preferably m the specunens from the second znd thurd
hours

o

I the kdneys are healthy the concentration in the second and third
hours 1s usually over 2 5 per cent and almost invarniably over 2 0 per cent
unless the volume 1s arge (over 150 ml per hour) Wath moderate damage
to the kudnev concentrations from ! 510 2 5 per cent may be encountered
and with severe damage under [ 5 per cent A certain amount of Judg
ment 13 required n 1nterpretng the result  such high concentrations can
not be expected when the nstial blood urea 15 Iow (e g_about 0020 per
cent } as when 1t 1s comparatively high (e g about 004 pet cent) nor
such hu,h concentrations when the volume passed 1s comparatively lar e
(eg 130 mi) as when 1t 15 small (eg 50 ml)

Ths test 15 a usefu:]l complement to the phenot sulphone phthalein
test as the latter sometimes gives low figures when the kidoeys are
httle affected If low figures for phenol sulphone phthalemn are
accompanted by low figures for urea-concentration there 15 httle
doubt that the kidneys are deficient On the other hand the
phenol sulphone phthalein test rarely gives normal figures when the
renal efficrency s reduced and lugh figures for phenol sulphone
phthalem confirm the urea-concentration test in its doubtful zone
between 20 and 25 per cent

IV MICROSCOPICAL EXAMINATION OF
URINARY DEPOSITS

The urme 15 centnfuged and a drop of the deposit 1s pla~ed on
the centre of a shde and covered with a cover glass  The prepara
tion 15 then exammed with both the low (3 1o or § m ) and hugh
{+1n) objectives the microscope bewng vertical and the diaphragm
partly closed

UNORGANIZED DEPOSITS

The first group of unnary deposits includes the various salts and

crystallime substances that are found in urine erther when freshly
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voirded or more often when it has stood for some ume The
following occur w acd urne (Fig $3) —

1 Unc acid —Ths appears under a vanety of forms and unless the
arge 15 almost devord of colourng matter assumes a reddish brown
colout 1o q of its a derable amount of prgment,
To the naked eye the appearance resembles that of a shawer of geams of
cayenne pepper coflecied at the bottom of the specimen  Linder the
mucroscope the crystals are either rhombic prisms or some modificatton
of that form Often the more obtuse angles are rounded off and the
edges continued in curved lines so that pointed oval shapes tesult
Numerous ¢rystals may be jouned together to pradure roseties and other
composte farms

2 Urates —These are ra es of potassium sodnum and ammoma  They
fave a conuderable affionty for the wnmary pigments and hen « are
generally more or less pink or brick coloured ~ In very pak urines they
are colourless and resembile closelv a deposit of phosphates  Micro-
scopeally they consist of small granular particles arranged in moss like
clumps ~ Ammomum urate may form spheres cubher solttary or
clusters having a more ot less crystalline strocture with pumereus spinee
radiating from their surfaee  On heating 2 urmne from which they have
separated out they will be found to redissolve before the boiling pownt
has been reached

3 Hippunc acid appears m human unne chiefly after the admunsstration
of benzorc acid or its salts It occurs as colourless four sided prisms
ansoludle 1n hydrochlone acid but soluble 1 ammona

4 Calum oxalate —This deposit 1s sarely abundant The small
colourless crystals lying on the top of the numerous deposits at the
bottom of the unne gass gne the impression of an undulating suo
suface Two forms are found under the mucroscope.  The first whe

18 by far the commoner consists of small octahedsal or envefope fike
crystals.  The other is that of mmute dumb-bells or oval biscust shaped
discs.

5 Cystnus a rar deposit an human unine but when st occurs the pre-
cipitate 13 ofien coprous and as not unlike & sediment of fawn-coloured
urates 1t 13 soluble s alkaks and m strong acids (such as hydrochlonc)
but msoluble m acen acid 1t does not separate out from alkaline urine
byt precipitation may occur upon adddion of a few drops of acelu. acid
1t s deposited as hexagonal tablets soluble 1n ammomi2 and when the
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ammonsa evaporates recrystallimng as hexa,ons or pnsms.  Cystnuna
1s @ rare conenital abnormality of theoretical importance only were it
not that the cystin may form calcull 1n the kidneys and bladder

6 Tyrosin 13 generally found associated with leucm, but also oocurs
independently ~ It forms colourless sheaves of fine needle ke crysials
A similar appearance may be presented by several other deposits if
there 15 any doubt as to the nature of the sediment a chemscal analysis

may be necessary

7 Lenan occurs 1 unne a8 yellow sphencal masses without obvious
salline structure  Leuctn 20d tysosia may be found together m acute
yellow atrophy of the hver

In alkalme unmne the following occur (Fig 54) —

1 Phosphates —These may be salts of phosphoric aad and caltum or
of phosp aad with and

(@) Calaum phosphate 1 found etther m an amorphous or 16 a crystalline
form, the latter being also known as steflar phosphates

Amorphous caletam phosphate occurs 19 small white granules as a dzposit
malkaline unne 10 the naked eye the sedmment 15 » hute and flocculent
unlke urates 1t has no affimty for unnary pigment The deposit 18
increased on heating

Stellar phosphates are ug.ommon They consist of colovrless pris-
matic crystals which occur eitber singly ‘or more often m radiating
clusters ~ They are found i very famtly acid as well as m neutral and
alkaline unine

(6) Ammonium magnesrum Or * tnp & * phosphate —To the naked eye
the sedument appears very white and when the crystals are large they
may be yisible as bright points _Sometumes the deposit also cliags to the
sides of the glass and forms a film on the surface of the unne

The crystals are ncomplete tnangular colourless prisms which may
offer considerable vanations 1n appearance according to their fength and
degree of perfection Often they are descnbed as  kmferest or
“coffin bid ~ crystals

2 Ammonium urate 18 very commonly present 1n cases of cystiis.  Micro-
scopically 1t occurs 10 small sphencal masses which may have smooth
surfaces, or be beset with wnnumerable spwoy processes.

3 Carbonates generally occur as granular particles whi b dissolve 1
acetic acid with evolution of CO,  As phosphates give off no gas on
solution 1n acetic acd 1t Is quite easy 10 distingursh betwcen them. E/n,._

v
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Fig 53

1 Sulphathuazole erystals 1o urne (x 300 approx )

2 Sulphapyndine crystals @ unne (x 300 approx)

@ wiags b sid on gesl photagraphs ot ;ihylh My end B ker Bological
A

3 Some crystals which may be seen 1n acd unne (X 450 approx)
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Fig 54
1 Blood faity hyahne and granular casts 1n uzime with red blood cells
(x 300 approx)
2 Epithelial cells and pus celis m urne ( X 300 approt)
3 Some crystals whuch may be seen 1n alkaling unne ( X 450 approx )
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rare occasions in human unne and commonly mn horses unne caleium
¢arbonate appears in the form of dumb-belis o of spheres with a radiatirg
coystalline structure

4 Cholesterol has occasionally been found w the unne 1t occurs as
i thomb l plites suth a nofch at one

1l
of the corners

Sulphonamide crystals may be found ia the urme of panents
taking these drugs  Thew form is extremely varable (Fig 53)
and differs with different sulphonamdes so that no short deserip-
tion 1s posstble  In cases of doubt the chemucal reactions described
on p 230 should be applied to the unine contamng the suspected
crystals

ORGANIZED DEPO TS

1 Red blood corpuscles (Fig 54) are best sought in recently voided
urine  Usually of normal size they may according to the density
of the unte appear etther swollen or shrunken and erenated  ‘They
are recognized by their shape and biconcavity and particularly by
their colour  Droplets of il from a catheter are {requently mus
taken for red bload-orpuscles The droplets are readily differ
eatated by ther higher refractive mdex more curcular shape and
vamable size  The presence of small numbers of red cells tn the
usspe—so-called  microscopic hematuris, may cause no change
101 1S MICTOSCOPIC Appearance and give n0 Postitve GURLIC reaction
Tts detection which can only be achieved with the ard of the micro~
scope may be of great mp 1 diagl P lacly 1n
cases of subacute bactertal endocarditts  An oceasional red cel)
may be found mn apparently normal unine  More than one per
ten tugh power fields shonld be regarded as abnormal

2 Leucecytes or pus corpuscles (Fig_54) can generally be recogouzed
by therr round shape the Jobed form of ther nuchs and theie
refractih. gravular appearance  Whea numerous they may appear
1 clumps or groups  Pus may form a deposit visible 10 the naked
eye wn the Specimen glass and may gne o green colour wath the

1 seaction but a certain dagnosts can only be made by seeing
pus cclis under the ancroscope  An occasional fevcocyte may be
seen ta the deposit from the unne of apparently normal persons
but the presence of pus cells 1 any number 15 always pathological
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One must make sure that the urne has not been contamrmated and
I women a catheter specimen 13 essential 1f the unne 1s to be
examined for either blood or pus

3 Epithebum (Fig 54) from various parts of the urinary tract may
be found n the urine

4 Spermatozoa occur at times in the unne where their charac
terisic appearance makes 1t easy to recogmze them

5 Prostatic threads are found when there s chronic mflammation
of the prostate especially after gonorrheea  They ate much larger
than tube casts bemng visible readily enough to the naked eye as
they float 1n the unne or on uts surface

6 Tube casts —The recogmtion of casts (Fig 54) 1s important as
their presence 1n any number indicates that the patent 15 suffermg
from some form of nephntis  They are first recognizable under
the # objective but should be further exanuned under the 2 Casts
are distinguished from other objects which may be mistaken for
them—such as haws wool cotton masses of urates rolled up
epithelial cells and so-called cylindroids by their shape and
sharply defined outline They are always cylndncal 1 shape and
may have rounded ends or one end may be ragged as if fractured
An occasional hyaline cast may be found 1a apparently normal
unne anular or epithelial casts or hyaline casts 10 numbers
indicate a nephritis of some variety
The following vaneties are described
1" Cellular —The cells may be epithelal or composed of red blood
corpuscles or leucocytes
(a) Epithelial —The casts may be completely covered with epithehal
cells as thou h the whole epithélium had scaled off a tubule or the cells
may have been separately detached and subsequently moulded
(5) The red blood corpuscle casts exhubat a surface thickly covered watk

the minute round corpuscles
(c) Leucocytes rarely form casts by themselves but are fairly often found

adherng o’ the surface of other casts
—#_ Gramilar —The granules are sometimes coarse at other times fine
They are sometumes fatty at other tumes they result from granular de

generation of protoplasm
cM—1
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mnAr:lmrphnm ~Thi> group contamns two varieties the hyalne and the
caltor

{a) Hyalu e tubeasts are pale 2nd h oenon
stonally the surface Is striated  They may be almost snvisible but are
rendered more promument by the addiion of 10dine solution

by Collowd casts are broader and more hughly relractile than hyaline
Oftea they are more or less fissured

1v Lipond —~These are found when the tubular vells ete undergo,rg hipod
degeneration

Cyhndrofds resemble extreruely fong and narfow tube-casts but are
usually consideably fattened, tapering and m y be frayed ont at the ends
Not to be with either tub or cylind are the

little strings of muctts which are occasionally pmscnt‘m a unnaty sedi
ment  Small clumps of micrococcs and short so-called  prostatie
threads  are also hable to be musmterpreted

7 Tumours of the bladder especially when villous may very sarely
be detected by the preseace of fragments of the growtls in the unne

8 Sclusrosoma hamatobuan 1s the only parasite of any mmportance
found mn the unne  The ova (Plate 18 19) measure 0 12 mm by
004 A sgmc projects at one pole The ova of Schustosama
mansom which arc found 1n the faces have a lateral spine

9 Foresgn bodies often occur m unne which has been set aside for
examunation  Besides haws feathers moth wing siales coteon
woollen and silk fibres and starch gramns dernved from dusting
powders (readily recognized by therr turning blue on the addiion
of a little dilute tincture of 1o0dine) one occastonally finds fragments
of the contents of dermard tumours or abscesses that have opened
mto the bladder or ureter

It may happen that the pauent has vamuted and sputum or
vomited matier may be more or less abundantly mued wath the
unne



CHAPTER VI

THE SKIN

For the examunation of the skin and its appendages the patu
should be stripped as completely as circumstances permit 2
should be exanined by dayhght, "

Farst notice the colour of the shin The normal colour 1 v
vanable some persons baving a fresh compleuon and othe
though quite healthy a pale one  Pallor 1s also often seen 1n
nourished persons 1n persons who work underground or indoo
12 those who have lived 1n the tropics and 1n a variety of illness
It may be seen temporanly 1 hzmorrhage shack and 1n imter
emotion  Anzmuc persons are often pale but not all pale pers
are anzrmic - The colour of the mucous membrane of the eyeli
and mouth gs a_better indication of an@mua than s the colour
the skin ~ Undue redness 15 seen In Overheating extremie exertio
suRburn some fevers and 1 many of the exanthemata  Cyano.
1s 2 blussh or purphsh tnt which'may be more or less generalizo
or hmuted to one or more extremuties It 15 due to the presence
an excess of reduced hemolobn resulting from impaired ox
genation or circulation of the blood  and 1s seen 1n certain diseas
of the heart or respiratory system 1n peripheral circulatory fatur
1@ polycythzmua and piturtary basophulism It is tmporntant to o
that methemoglobinzia may produce a blue tnt which 1s le
bright and more leaden than cyanosis  Methemoglobinenua me
be due to poisoning by amline mtrobenzene or to drugs such :
Pphenacetin or sulphamlamude

Jaundice vanes from the  sub-icteric lemon yellow ¢

daffodil tnts seen 1n pertucious anem:a and acholuric jaundic
to vanious shades of yellow orange or dark olive green 1m obstruc
tive jaundice  Jaundice must be distinguished from yellowness dv
to the taking of mepacrine €sther as 2 prophylactic agamst or trea
ment for malana 1n those who have recently returned from th
tropics or for the treatment of lupus erythematosus  and from ra
cases of carotmamia  due to t:; presence of an exeess of lipoi¢

2

-
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soluble yellow pigments 1n the plasma  Neither mepacrine nor
carotene however stamn the conjunctvae wiuch jaundice does
Shght degrees of jaundice cannot be seen in arbificial hght
Normal skin contams varymg amouats of brown pigment A
congemtal absence of pigment 1n the shan which may be generahized
or oceur m patches 1s known as albuusm  Alternating patches of
white and darkly pigmented skon are seen i lencomelanoderma
Increased pigmentation may be ractal due to sunburn or may oceur
invarious diseases  In Addison s disease there 1s a brown or dark
brown pigmentation affecung exposed parts parts pressed on by
stays or corsets parts normally pigmented such as the axille and
very charactenstically the mucous membranes  That of the lips
and mouth should always be examuned and may extubit dark bluish
black areas that have been compared with the stams produced by
sucking @ pen More or less generalized pigmentation may also
be seen in hemochromatosts where 1t has a peculiar bronze colour
with a metalltc sheen  wn chronie arseme powsoning where 1t 1§
finely dappled and affects covered more than exposed parts 1o
argyna where the deposition of silver 1 the skin produces a diffuse
slaty grey hue and occasionally in the cachexra of advanced
malsgnant diseass  More localized pigmentation 18 seen in preg
nanc) where 1t particularly affects the nipples and their areole
and the lhnea alba m lyperthyrowhsm  pellagra  rhewmatoid
arthnitis and a vanety of prolonged wasting diseases  Localzed
pigmentation 1s seen in scars of Vanous kinds particularly those
due to X radiation therapy and those following varicose ulcers
of the legs  Phthewnass or 1agabond s disease 2 pigmentation due
to chiromc mfestation with fice 15 now rarely scen Erjrhema
ab igne a coarsely mottled prgmentation of the legs of women who
habitually sit too near a fire 15 howeser common (Plates 3 and 4)
Hzmotrhages mto the skia occur i various forms and i vanous
conditions  If less than { mm 1n diameter they should be referred
to as petechiz  if from 2 to 5 mm in diameler as purpuric spots
and if farger as ecchymoses  If the heemorrhage 18 farge enough to
roduce an elevation of the skin 1t 15 referred 10 as a hematoma
Petechiz and purpuric spots do not disappear when they are
pressed on by a glass shde or lens which serves at once to dis
tinguish them from erythematous spots such as the rosc spots of
typhoid fever and from selangiectases which consist of 2 small
collection of dilated skin vessels  They must also not be canfused
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with capiltary nevi (de Morgan s spots) Which are common and
have no pathological significance

Next one should seek the presence of any eruption  If present
inquiry should be made on the ltnes laid down on p 8 The exact
situation and extent of the eruption should be noted and whether it
13 symmetrical or confined to one side only  One should then pass
to a description of the minute characters of the eruption  In order
to do thus 1t must be remembered that every cutaneous eruption
consists of a prumary leston to which secondary lesions may or may
not be superadded  The following 15 a description of the different
primary lesions which may be met with —

1 Macules (spots) —Any abnormal change m the colour of the
skin confined to a limited arca  Always note whether or not they
fade on pressure The rose spots of typhoid fever for example
fade on pressure whtlst those due to hxmorrhages nto the skin
do not

2 Papules —Solid projections above the surface which are not
larger than a pea The term tubercle or nodule 1s appled to any
solid projection from the skin which 1 larger than 2 pea but not
larger than a cherry ~ Anything larger than that 1s called a tumour
Always note whether the top of a papule 1s rounded as in some forms
of eczema pomted as 1n acne or flattened as in lichen  As regards
the base observe whether 1t tnfiltrates the skin widely or not  The
wider the the and severe

3 Vesicles —Elevations of the horny layer of the epidermus by
transparent or rmiky flud which are not larger than a pea If
larger than this they should be described as bulle or blebs ~Always
fiote whether or not there 1s an area of redness around the base of a
vesicle for such redness indicates that the vesicle 1s planted upon
an nflamed base—a fact which may be of diugnostic value

4 Pustules —Small elevations of the skin Contaming pus ~ Always
observe whether there 1s tuch infiltration around them or not

5 Wheals —Shghtly elevated portions of skin the centre of which
1s paler than the periphery
Having stated which of these primary lesions 1t 1s that composes
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the eruption one should rext note whether the lesians are ssalated
{discrete) or whether they run together It must also be remem
bered that an eruption may be made up of mare than one kiad of
primary lesion  Thus papules may be nungled with pustules or
pustules with vesicles and so on

Next look for secondary lessons These are esther produced
mechanically or are the result of changes which take place 1n the
primary leston 1 the course of 1ts growth or declinie  The com
monest secondary lesions of mechanical production are excona
tions due to scratching and fissures (thagades)—deep cracks going
down to or through the corum and produced by the stretching of
the skin after 1t has become inelastic owing to wnfiftration  Fissures
are often very pamnful

The following are the secoudary lestons produced by changes mn
those which are pnimary —

t Desquamation —If the prumary lestion s a dry one (macules o
apules) a scaling off of epidermic cells occurs” and the eruption
is then said to be  scal)

In moist lesions (vesicles pustules bullz) the eprdernuc cells
become glued together by the dried flud and a scab or crust forms
The scab may be serous purulent hemaorrhagic or sebaceous
according to the nature of the contents of the primary lesion

u Infiltration may occur around the pnimary lesions feading to the
production of a leathery feelng 1n the skin  Thus 1s usually the
result of prolonged chrome nflammauon

w ¥igmentation may oceur around the primary lestons  This atso
55 usually due to prolonged inflammation

w Uleeration —Due to breaking down of the primary lesions and
destruction of a part of the true skin

The points to note 1n desenibing an uleer are (1) the nature of the
floor of the ulcer and the granulations cavermg 1t (2) the character
of the edge—smooth raised undermined ctc (3} the discharge
whether serous purulent watery fetd cte  (4) the character of
the surrounding skin  whether indurated pigmented etc It s
also important to examine the lymph nodes that drain the area of

the ulcer
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v Scar formation —Thus only occurs where the true skin has been
mvolved re where there has been an uker Describe the scar
noting especially whether 1t 1s thin or thick freely movable or
adherent to the deeper tissues pale or livid pitted or not sur
rounded by a zone of pigmentation or not

Proceed now to the palpation of the skin  Pass the hand gently
over 1t pinching 1t up between the forefinger and thumb and note
the following pomts —

Is 1t smooth or rough thin or thick dry or moist ? If there 15
any visible sweating mote whether st 1s general or local whether
1t 1s attended or not by any flushing of the skin  and whether the
sweat has any particular odour

The elastiaty of the skin should be mvestigated If a fold of
healthy skin is pmched up 1t immediately flattens 1t.elf out agan
when released  Someumes however 1t only does so very slowly
Temaiung for a considerable time m a creased conditton  This
may be of hittle or no sigmificance m old persons with loose melastic
skins but may be an wmp sign of m
associated with prolonged vormuting and diarthea

The condition of the subcutaneous tissue should also be invests
gated The presence of edema 1s usually recognized by the fact
that 1f the sk 15 pressed with the finger especially over a hard
body such as a bone a pit 1s left which persists for some Little tune
In some cases NO pitting can be produced espectally when the
edema 1s of very long standing  The best place to look for shght
degrees of cedema 1n cardiac disease ts behind the malleoli of the
tibia and fibula 10 patients who are ambulent and over the sacrum
m those who are confined to bed The pressure of the finger
should be maitawed for 20 to 30 seconds or small degrees of
@dema will be overlooked

Subcutaneous emphysema gives rise on palpation to a charac
tensstic crackling sensation It starts i and 15 usually confined
to the neighbourhcod of the air passages or awr-containing organs
1In rare cases it may be due to infection with gas gangrene orgamisms

Microscopical examunation of the skin and sts appendages 1s
confined to the diagnosts of some parasitic diseases of which the
followng are the chief —

1 Scabies or itch —This 1s due to the Acarus (Sarcoptes) scabrel
The female acarus 1s Jarger than the male and forms burrows 1
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the skin 1 which the eggs are deposited  These burrows should
be Tooked for between the fingers and on the mner aspects of the
wnists  They are recognized with the naked eye as little short dark
lhines termunatiag 1n a sort of stuming spot of skhin The eggs Le
i the dark line_the 1n ect m the shimng spot It may be picked
out by means of a flat surgical needle passed along the black line
to the clear spot  The use of 2 lens aids the operation—which 13
by no means bly d permuts of the £

of the msect  The latter may be placed on a shde under the micro
scope for more miaute wnspection

2 Pediculosis —Three varieties of pediculus occur—Pedictdus ¢aps
fis on the head P corporis on the trunk P pubis on the pubic and
axllary hawrs  The eggs or mts  of P capanis are stuck on the
hawrs ~ From their positon on the haurs one can judge roughly
of the duration of the condition for they are fixed on at first near
the root of the har and are then catried up with the latter i 1ts
growth The higher up the nits are therefore the longer have the
pedicult been present P corporis should be looked for m the
seams of the clothes especially where the latter come into close
contact with the skin—e g over the shoulders The bites of the
parasite produce hamorrhagtc spots each with a dark centre and
a paler arcola  Marks of scratching should always be looked for
on parts accessible to the patients nails

P corporis1s the longest of the three P pubus 1s shortest and P
foputs 15 between the two 1in sze P pubis is also distinguished
from the others by being yellowish brown n colour P capinis and
P corporis are both greyish in colour though the latter vanes con
siderably with the colour of the skin of its host  The shape of the
thorax and abd: forms a guish h between
these vanieties and P pubis

3 Fungus infections —Fungus may grow in the skin nails or hair
and cause disease (ingworm) Skt —Between the toes on the
soles of the feet and 1n the groing are the commonest sites  The
lesions may be scaly and vesicular areas tending to spread in a
nog form and healing 1n the centee  scaly erythematous plaques
with festooned margms areas of hyperkeratosis on the parts
of the skin which have a thick horny layer (palms and soles)

or macerated dead white offensive smelling epuhelium 1 the
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intertigmous areas such as the toe clefts  Nais —Discoloration
d ty hyp phy and ab) 1 brittleness may result from
fangus ifection  Hair —Rungworm of the scalp 1s most common
mchildren It presents as round or oval areas of baldness covered
with short broken off lustreless harr stumps  These harr stumps
nsually give a bight green fluorescence when exposed to long wave
ultra violet Light (UVL filtered through Wood s glass)

Microscopical examination —Scales from the active edge of a
lesion are scraped off hightly with a scalpel or the roofs of vesiles
are spped off with a sassors  The matenal 15 placed 1o a drop
©Of 10-20 per cent aqueous potassrum hydrowide solution on a
microscope shide covered with a cover ship and left for 30 meutes
to clear It 15 then exanuned with 1 or 3-in objective using
fow 1t The my g as by
sefractile threads which boldly trapsgress the outlmes of the
squamous cells (mycelum which respects the cells outlmes 15
mosaic fungus an appearance probably produced by inter
cellular hipord) Nails are examined i much the same way but
as nai) 15 harder and denser 1t 15 necessary to break up the smppimgs
and shavings imto small fragments These are erther heated 1n
Ppotassum hydrowde or are left to clear 1n 1t overm, bt before being
examined A scalp lesion 1s cleaned with 70 per cent alcohol or
with 1 per cent cetrinude and infected stumps are extracted by
traction 1n the long aws of the harr with epilation forceps (thus 15
most conventently done under Wood s ight}  The baurs are cleaned
m potassium hydroxide o the same way as skin scales  Evamina
tion under the microscope reveals spores on the outstde of the har
foots and mycelum 1mside the hair substance The species of
fungus responsible may be by culture on ds
glucose agar or on wort agar medum




CHAPTER IX

THE NERVOUS SYSTEM

General considerations —The aim of a neurological examuation
15 to determine the sue and mature of the leston responsible for
the patient s symptoms 1n a case of nervous disease It 1s also
an essential part of any routine exammation for signs may be
found 1n the nervous system 1 the absence of symptomns whuch
lead to the of d affecting or app: affect
g other parts of the body  Prectse hustory taking 1s also impor
tant as the evolutton of any partcular condition must be known
1f an accurate diagnosis 1s to be achieved  Due regard should be
paid to the previous and famly histones which may yield valuable
clues to the nature of the patient s 1llness and the examunation of
other systems must not be neglected  for instance 1nspection of the
skin skeletal system chest abdomen or cardiovascular system may
provide information leading to the diagnosis of a nervous disorder

A detauled penrological exarmmation 15 an ordeal for 1t patents
and a test of concentration and co-operation in those m good
general health  Care should be taken not to fatigue the patient
unduly  Overlong examination may defeat 1ts own ends especially
when sensation is bewng Investigated by leading to varsable and
wncongruous findings It may be necessary to conduct the examina
ton m more than one session

Whilst the mode of examination outhned 1n the pages which
follow 1s that generally adopted 1t need not be ngidly adhered to
For example 1f a2 patient 18 complaiung of sciatic pamn there 18 no
reason why one should not begin with the examuination of the lower
limbs and lumbar spige

Observation of the patient s ardinary activity for example the
way he watks into the room and undresses for exammation 15 often
helpfol The mummum record of a negauve neurological exarmna
tion should include a statement that the optic discs pupils other
cramal nerves and motor and sensory systems are normal &
record should be made of the state of the tendon reflexes and of
the abdomunal and plantar res};ggscs
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CHAPTER IX

THE NERVOUS SYSTEM

General considerations —The aim of a neurological examusation
15 to deternune the site and nature of the lesion responsible for
the patients symptoms I a case of nervous disease It 1s also
an essential part of any routme examunation for signs may be
found mn the nervous system m the absence of symptoms which
lead 0 the diag; of cond affecung or app affect
ing other parts of the body  Precise history takng s also unpor
tant as the evolution of any particular condition must be known
1f an accurate diagnosis 1s to be achueved  Due regard should be
paid to the previous and famly histories which may yield valuable
clues to the nature of the patent s illness and the examination of
other systems must not be neglected  for instance tnspection of the
skin skeletal system chest abdomen or cardiovascular system may
provide mformation teading to the diagnosis of a nervous disorder

A detasled pensological examunation s an ordeal for 1l patents
and a test of concentration and co operation in those m good
general health  Care should be taken not to faugue the patent
unduly  Overlong examnation may defeat 1ts own ends especially
when sensation 15 being invesugited by leading fo vanable and
ncongruous findings 1t may be necessary to conduct the examna
uon m more than one session

Whilst the mode of examination outhned in the pages which
follow 15 that generally adopted 1t need not be ngidly adhered to
For example 1f a patient 1s complairung of sciatic pain there 18 no
reason why one should not begin with the examunation of the lower
hmbs and lumbar spine

Qbservation of the patient s ordinary actwity for example the
way he walks into the room and undresses for examnation 13 often
helpful  The muumum record of a negatve nevrologieal examuna
tion should include a statement that the optic dises pupils other
cramal nerves and motor and sensory systems are normal  a
record should be made of the state of the tendon reflexes and of
the abdomunal and plantar n:sgg;scs
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ANATOMY AND PHYSIOLOGY

The dominant hemusphere 1¢ that hemusphere which plays the
major part 1n control of a persons actwities especially that of
speech 1s situated on the left side 1n right handed peopie and on
the nght m left handed people

The motor systemt (1) The lower motor neurone —Muscular
movement depends ultimately on the 1ategnity of the lower motor
neurones which connect striped muscles with the central nervous
systtm The Jower motor neurones consist of the antertor horn
cells and homologous cells 1n the brawn stem and their fibres which
pass via the anterior spinal nerve roots and peripheral nerves to
the muscles The nerve impulses which influence the muscles
pass via thus final common pathway to the motor end plates and
are then transmutted humorally to the muscle fibres  If this path
way Is 1nterrupted at any dpomz muscular wasting and weakness
hypotona and loss of tendon reflexes occur  These are the car
dmal signs of a lower motor neurone lesion

Although vartous teflex movements operate at a spinal level the
iutiation of voluntary and more complex movements and the
maintenance of posture and muscle tone depend on mpulses
ansmng from higher centres These impulses can oaly reach the
muscles if the final common path 13 intact  These higher centres
consist of the pyramidal and extra pyramidal systems and the
cerebellum

(2) The pyramidal system —Ths system consists of the pathways
which link the cerebral cortex directly with the lower motor
neurones 1n the bramn stem and spinal cord  The fibres concerned
are gathered 1 the pyramudal tracts They anse from the motor
area of the bramn but the pyramudal tracts also contan fibres which
anse from the post central cortex and subcortical structures  The
motor area of the bram occupies the anterier wall of the fissure of
Rolando and the adjacent parts of the pre~central gyrus  There 1s
Iocalization of function 1 the motor cortex different parts of the
opposite side of the body bemng separately represented Thoso
parts of the body which carry out the most skilled movements for
example the fingers and thumb have the largest areas of repre
sentatton  The areas for the tongue jaw and faural movements
Lie lowest 1 the motor cortex those for the arm trunk and leg

Vs
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followimng successively as the motor area ascends on to the medsal
aspect of the hemisphere (Fig 55)

The fibres of the pyramudal tracts pass downward from thess
cells of ongin wto the mternal capsule occupy iy the anterior two
thirgs of the postenor kb (Fig $6) Here the order of representa
tson of the body ss fac= shoulder elbow hand trunk and lower
hmb from before backwards  The pyranudal fibres now déscend
to occupy the muddle three fifths of the peduncles of the mid bran
wm the same order  below this level there 15 ra segregation of the
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Fig 55 —Rasmussen and Penfield s duagram of Joraluzation in motor
Qleft) and sensory {nght) cortex.

fibres ding to their d 3 o leston affecting
the tract does not produce paralysis of 1 single Imb  Passing
through the pons the tract becomes broken 1nto scattered bundles by
the transverse pontine fibres and nucler pontis  In the upper part
of the medulta the fibres join to form the pyranuds which are welt
marked protuberances on the antenar aspect of the brawmn stem
In the tower part of the medulia the greater number of fibres do

cussate with those of the opposiie side and pass backwards fo sun
down the spmal cord in the Jateral columns as the crossed pyea

mmudal tracts A smaller number of fibres do mot decussate con

unwng downwards in the antertor columns as the direct pyramedal
tracts but these eventually decussate at Jower levels in the antenior
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commussure  Some uncrossed fibres descend 1 the crossed
pyramudal tract of the same s:ide ending 1n the antenor horns of
the same side  All the pyramidal fibres termmate at different
Ievels 1n the grey matter of the brain stem or spinal cord usually

FRONTAL LOBE

INSULA ‘ A FORNIX

TORPUS CALL

T Th lamu L Lentcol uclus C Ca (FSwp e actf
facat eve H Sp ucl tatr tb hypogl sal U tmb Supraouciear
w3 tf ‘amom s Lokmb S | ¢ uf tgmsl 2
@hal mo—cort | racts) a A dtryiracis tmporali be  Viuali cti oce
ptallbe 1 F wp un tract “deco d 12 2 Ocaplotempo o-pa tm
ta tand oromd rads ta.
(Afrer Bing)

ending in relation with internuncial cells rather than with the
anterior horn cells themselves (F1g 37)

The pyramudal system s concerned with the mitiation. of the
more voluntary and skilled .motor_acts _The paralysts resulting
from lesions of the system 1s usually widespread as of one side of
the body (hemiplegia) or of a whole mb (monoplegia) ~ In hems
plegia due to pyramidal disease the movements of the head and
trunk which are bidaterally imoervated oftent escape altogether
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[Besuics ‘::Ism s_or paralysis of movements_pyramydal
estons produce increased muscilar tone and exaggeration of the
fendon’ reflexes -

““When the pyramidal system 1s suddenly damaged or destroyed
as by hemorrhage or mjury there 1s a temporary depressant effect

PALLIDUM

Iz 57 —Diagram of the course of the pyramidal tract

on the lower motor neurones  The resulting paralysis 18 accom
panied by loss of muscle tone and abolition of tendon reflexes  If
the patient survives the hyp and d
reflexes of a pyramudal lesion appear after a tune

(3) The extra pyramidal systept —This 13 a term applied to the
Jugher centres 1n’ the nervous svstem excluding the motar cortex

and pyramudal tracts which are concerned with movement and
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posture  The system mcludes the basal gangla the subthalamic
nucler the substantia migra the red nuclet and other structures m
the bran stem  The connections of these extra pyramidal centres
are imperfectly understood but they mclude fibres from the cerebral

CAUDATE
RUCLEUS

BUTAMEN
PALLIDUM
RUCLEUS SUBTHALAM cus
SUBSTANT A M GRA
SUBSTANTIA RETICULARIS
SUPER OR CEREBELLAR

PEOUNCLE.

Fig 58 —To iltustrate the chief afferent coanections
of the extra pyramidal system

cortex and the thalamus  As far as 1s known there are no drrect
pathways from the basal ganglia to the spmal cord  the connections
with the lower motor neurones are imdirect via several paths
ansmg m the bramn stem  these mclude the rubro spinal reticulo
spinal vestibulo-spinal and olne spinal tracts (Figs 58 and 59)

&
"
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Luttle detml 15 known of the functions of the extra pyramudal
system Ttas d-»ith th ) of muscle fong and
appears to_play a part in the producyon of the more avtomatic
bodily movements  Diseases affecting the extra pyramidal system

NUCLEUS.
SUBTHALAMUS

CENTRAL PEGMENTAL
TrACT

REYICULD PINAL FISPES

DLIVOSP NAL FISRES
TECTOSP NAL PIBRES
BUBD AL FIBRES

iz 59 —To ilusteate the chwef efferent connections
of the extra pyramidal system

are charactenized by alterations in muscle tone and the appedrance
of involuntary movements  Muscufar power s rarefy weakened
but mosement ts often stowed

(8) The cerebellum —~The cerebellum recenves afferent fibres from
the spmal cord vestibular system and cercbral cortex Tt b
ences the lower motor neurone mamnly through its connections
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via the thalamus with the basal gangla and cerebral cortex _It
_regulates the range rate rhythmt and force of muscular. contrac

tions " Tesions of th= cerebellum cause muscular hypotoma and
1nco ordimation (ataxia) No paralysis results although there may
be fatiguability of muscles Thenferior vermus.as especally con

_cerned with equiltbration and diseass affectig thts part_produces
trunk_ataxia. - Patients thus affected have dificulty in standmg
erect and tend to fall backwards or less frequently forwards

The sensory system —Sensory impulses from the periphery are
conducted to the spinal cord by the afferent nerves through the
posterior root gangha and the postertor spmal roots  These con
stitute the first scnsory menrones  But only a small proportion of
these upulses ever reach consclousness as sensations = The rest
are concerned 1n the spmal reflex functions n the maintenance of
the tone of the muscles or they termunate in the portions of the
spmnal cord or in higher centres such as the cerebellum which
controf the co ordmation of muscular actwvity

Sensory impressions come not only from the skiz and superficial
tissues but also from muscles tendons and jomts Disease of
the first sensory neurones may consequently affect (1) cutaneous
sensibilty and abolish or disturb the perception and localization
of tactile’ painful and thermal sumult  or (2) deep sensibility which
15 conveyed by the afferent fibres that come from the muscles ten
dons bones and jomnts This system underlies the recognition of
position and and when 1s lost
heavy touches or the pain produced by pressure can be appreciated
through 1t Owmng to the wide anastomosis and distrbution of
the fibres of this system deep sensibihty frequently escapes 1 areas
m which cutaneous sensibility 1s lost —thea firm touches as those
produced by a finger or the pomt of g pencil may be felt though
Lght touches camnot be appreciated

After they have entered the spnal cord the varous semsory
unpulse channels are reatranged and grouped 1nto other systems
The majority of the penipheral neurones that have carried them
luther termunate 1 the grey matter of the posterior horn at or pear
the Jevel at which they enter and from thus grey matter the secondary
sensory tracts take ongin  Some cross ammediately or withun a
few segments to the oppostte antera lateral column of the cord
and 1n 1t ascend to the bramn stem (Fig 60) Touch pam and

-
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temperature are carried i thus crossed econdary path  Other
pentpheral fibres however do not terminate m the grey matter of
the spmal cord but run cerebralwards in the postertor column of
the same side as that on which they entered the cord  these posterior
column fibres carry the impuises upon which depend the apprecta

uon of position of movement and of size and shape  Vibration
sense 15 also conieyed m the posterior column and this contatns

too a path for touch  Consequently at any level of the spmal cord
we have m each half of 1t two sensory paths conveyng sensory
mmpressions cerebralwards one i the antero lateral colump

CERVICAL
X THORACIC
LUMBAR

SACRAL
ROOT AREAS
Fiz 60 —To Dustrate the posthon in a ¢ross section of
the spinal cord of the chief sensory paths

carnies touch pain and temperature from the opposite half of the
body and a second 1 the posterior column conveys the apprecia

tion of posture weight size shape and other qualtties of sensation
from the same side of the body (Fig 60) A umlateral lesion of
the spinal cord therefore produces the Brown Sequard pheno

menon 1n which pan and thermal sensibility are lost below the
Tevel of the lesion on the opposite side of the body while on the side
of the lesion there 15 1n additton to spastic paralysts disturbance of
the sense of position and of and loss of the recog;

of weight size and shape and vibration  As touch has 2 double
path one on the same and another on the opposite side of the
spinal cord it 15 rarely much affected by uniateral spinal lesions.
At the upper end of the spinal cord the posterior-column fibres
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ternunate n the nucler of Goll and Burdach and the impulses they
carry are taken up by secondary sensory fibres which immedaately
cross to the opposite side of the medulla 1n the Sllet decussanon

C 1 the medulla all sensory smp are

S

THALAMOCORY CAL
FBRES

©
TRALAMUS /

i

fvgrq%

CENTRAL TR GEM NAL
TRACT

MED AL FLLET

SF NOTHALAM C
F BRES

Fig 61 ~Diagram of the chief sensory paths
within the central nervous system

<arned m secondary tracts which Iie on that side of the nervous
systerm opposite to the half of the body from whith thev come
But even here all do not run 1n a single path for pain and thermat
mpressions pass through the lateral part of the bulb while those
<conducted by the posterior columns enter the medtal fillet (Fig 61)
Higher int the brain stem the two great sensory pathways are jomed
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by the secondary fibres from the nucler of the sensory cranual nerves
Fmally the fibres of the fillet and spino thalamic tract termunate
1n the thalamus no secondary sensorv fibres passing uniaterrupted
beyond 1t and from this a tertiary system of sensory fibres conveys
sensory impressions by wav of the internal capsule to the cerebral
cortex (Fig 62)

The exact extent of the cerebral cortex concerned 1a reception of
sensation s stiil doubtful 1t certamly hes matnly in the panetal

0
VISUAL

Fig 62 -—The internal capsule of the feft hermisphere showimg positions
occupied by the motor, sensory and wsual projection fibres

{obes betund the fissures of Rolando It scems probable however
that certain sensory quahities such as pain enter consciousness at
a subcortical level In the thalamus  The courses of the fibres and
the posttion of the centres for the special senses are described in the
section dealing with the cranial nerves (p 278)  The specch centres
and their connections are described at p 275

The spinal cord —The cord extends as far down as the nterspace
between the J2th thoracic and Ist lumbar spines  the membranes
are continued down as far as the body of the 2nd sacral vertebra
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The cervical enlargement teaches to the 7th cervical spme  Its
largest part 15 opposite the disc between the Sth and 6th cervical
vertebrze

The lumbar 5 gments he opposie the 10th and 11th thoracic
spmes and the next interspinous space

Fig 63 —Cervico-brachial plexns and its branches
(dp P Stw t Duwg s SV wsDias )

Physiologically the cord is to be regarded as made up of a series
of Superimposed segments from each of which a pair of nerve
Toots amises  To localize focal lestons of the cord 1t ts necessary
10 be acquainted with the functions of each segment and therefore
with the area of supply of the pair of nerve roots ansing from at

Figs 63 and 64 show the distbution of the cervico bractual and

vy
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lumbo sacral plexuses  The sensory functions of the cord are
shown m Figs 65 and 66

Since the cord ends at the level of the lower border of the ﬁrst
lumbar vertebra spmal seg ly do not
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Fiz 61 —Lumbo-sacral plexay and ity beanches
LN P St omt Duogrot fherrousDlsars )
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sumencally with the vertebra overlying them  To determune which
spmal segment 15 related to a gven vertebra

For the cervical vertebre add 1

For dorsal 1 to 6 add 2

For dorsal 7 to 9 add 3

The 10th dorsal arch overlies lumbar 1 and 2 segments
The 11th dorsal arch overlies lombar 3 and 4 segments
The 12th dorsal arch overhes Jumbar 5

The Ist lumbar arch overlies the sacral and coccygeal segments

Fig 65 ~~Lateral view of the shun areas supplied by the V th cramal nerve and
the 20d 3rd and 4th cervical segments

It 15 also necessaty to remermber that m the lower dorsal region
théy#fp of a spinous process 1s on a level with the body of the vertebra

Tow
Fig 66 (p 266) shows the sensory distribution of the posterior

nerve roots { root areas )
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Plate 21 shows the position of the different tracts of the cord on
transverse section

The tables on pp 264-5 show the segmental mnervation of the

Fi,, 66 —Diagram of cutancous areas supplicd by sensory
roots  Nhinor variations are common
(F om Lliote 1 ghes and Turner “ Clulcal N I Cas 1)

muscles of the imbs Tt may be found comvement for reference 1
the study of cases of penpheral paralysis  The nerve supply of
the head 1s considered along with the crantal nerves { 278
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The pcnpheml distributron of the chuef sensory nerves 1s indicated
m Figs 65-68
Vascular supply of the brain and spmal cord ~The bram 15 supplied
by the nternal carotid and vertebral artenes  Owing to the post

tion of onigin of the left common caroud an embolus can enter 1t
more easily than it can the artery of the opposite s:de  Embolic

L
g

Fig 67
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Iesions are therefore more frequent m the left than i the nght
cerebral hemusphere

The two vertebral arteries unite at the lower border of the pons
to form the bastar which runs up the middle of the anterior sur
face of the pons and ends by dividing into the two postenior
cerebrals It gnes off paramedian and short and long curcum
ferential branches which supply the pons and parts of the mud
bram ond cerebellum  These not 1nfrequently become thrombosed
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The posterior cerebral supplies the oceipital fobe the lower part
of the temporal lobe with the uncinate gyrus the umer part of the
crus and the corpus quadrigermnus and the posterior part of the
postertor limb of the wmternal capsule  Blocking of this artery at
sts ongin will therefore 1avolve the visual centre and the sensory
fibres but thrombosts often involves the calcarine branch and hence
the visual centre alone

The bastlar artery supplies the upper surface of the cerebellum
the vertebral supphes 1ts lower surface as well as the greater part
of the medulla oblongata

‘The nternal carond gives off the antersor cerebrol artery which
curves round the autenior end of the corpus callosum and 15 chiefly
distributed to the nner surface of the cerebrat hemusphere as far
back as the paneto-occipitaf fissure 1t also supplies the superior

Sth Supraorb tat
Gre toc ptl Sth A n o m
por [ banh

Small occpta
@n fplew)

G 13 ¢l
Gnotple

T e S perfe et
(e alpl )

g 68 —Distribution of fhe sensory nerves of the head  Compare wath i
the segmental distribution as shown In Fig 65

frontal convolution and guves a branch to the antenor part of 1he
nternal capsule and to the basal gangha

The internal carotid 15 mostly contnued on o the brain as the
yuddle cerebral which lies n "the Sylvian fissure  An embofus
which has found s way nto the miernal carotid therefore vsmally
ends 1n the middic cerebral or one of its branches  The middle
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cerebral guves off cortical branches which supply the motor area
and the upper part of the panetal and temporal lobes These
branches anastomose freely with those of adjoining artertes hence
blocking of one of them may be largely compensated by the estab-
Lshment of a collateral circufation It also gives off central branches
which penetrate 1nto the bramn substance and supply the white
matter and the basal gangla  There are two chief groups of these
central arteries—an antertor group called the lenticulo striate and
a postenior group the lenticulo optic As the lenticulo stnate are
more directly exposed to the force of the wave of artenal blood
they are more frequently ruptured than are the lenticulo-optic
These central arteries do not anastomose with cne another  They
are therefore to be regarded as end arteries  Hence 1t 1s that 2
Iesion of one of them 15 much less likely to be compensated than 15
a lesion of a cortical branch

The venous blood from the brain 1s poured 1nto the venous swuses
Owing to the slow current mn these thrombosts readily occurs
The blood from the mterior of the lateral ventricles 13 chuefly
returned by the vewns of Galen which end 1n the straght smws

Spinal arteries —The anrerior and posterior spinal arteries anse
from the vertebrals and travel downwards 1 the pia mater the
former mn the antero median fissure and the two latter alongside
the postertor nerve roots  Although they have a long and tortuous
course they do not dimnsh i size being remforced by radicular
tributaries from the wtercostal and lumbar artertes  The anterior
spmnal artery supplies most of the spial cord only the postertor
parts of the posterior horns and columns bemng supphed by the
posterror spinal arteries

The chuef veins of the spual cord are situated dorsally and ventrally
1 the muddle Ime  Like the arteries they communucate by radt
cular branches with the lumbar and ntercostal vewns and empty
into the vertebral vens The blood 1 them flows upwards
hence 1n compresston of the spinal cord as by tumour or tuberculous
abscess there 1s venous engorgement below the level of pressure
This results 1n asphyxia of the spinal cord with paralysis and loss
of which freq PP 1 the cause of compres
ston 1s removed It also leads to increase 1n the protein content of
the cerebro spinal flud below the site of compression the main
feature of Froms syndrome
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The routine method of examining the nervous system 1s descnbed
1 the following pages  The mental state and intellectual functions
meluding speech are imvestigated first  The cransal nerves are
tested next followed by the motor sensory and reflex functions of
the limbs and trunk

INTELLECTUAL AND MENTAL FUNCTIONS

It 15 important to arrive at some 1dea of the patient s mtellectual
state early as 1t affords mdications that are of help m the sub-
sequent imvestigation of his symptoms For example if his
memory 1s deficient only a limted value 15 attached to the account
that he gives of the onset of fus iliness or the state of fus previous
health ~Or if he 1s comatose or unable to understand speech any
attempt to mvestigate the state of hus sensory functions 15 likely to
be frustrated It may be added that 1t 15 often essential to obtan
a history from the relatives or friends of pattents suffering from
neurological or psychuatric disorders

1 Appearance and hehavionr —The patient 8 bearing or his actions
when lying 1n bed are to be noted ~ Mention whether the patient
15 unduly disturbed or apathetic or whether he 15 m a state of
agitation or terror  Is hus attention easily held or ficeting 7

Is he well groomed or unkempt 2 What 1s the condition of his
hair his beard tus nanls and hus hands ?  Any other feature which
strikes one as uncouth m his bek eg facal ties at
with lus own thoughts should be noted 13 there any dimming of
consciousness  stupor or coma ?

Note whether his conversation flows easily or not  whether he
13 mute answers only by monosyllables or 15 over talkatve Do
Tus remarks hold together as replies to questions 2 Do they show
fught of sdeas (a rushing stream of ideas with some connection} ot
the hayght s moye in association (when one remark follows another
with only indirect connection) 7 Do Mus rephies to questions sug
gest thought blockage or docs he keep on repeating your queshion
or his own remarks (persexeration) 2 He may use strange words
{ncologrsms) or normal words strung together oddly (word-salad)

2 Emotional state —It 1s important 1o note his mood Is he
happy or distressed 2 Ts he happier than fus condition would



EMOTIONAL STATE 2711

warrant (elation) or filied with despair or dismay (depresston) 7 Does
hus conversation lead you to feel that there 1s Hattemung of emotion

€ g he speaks of famuly or financial success without pleasure or
an incongruous maaner (he laughs after relating a musfortune or
breaks mto tears when given some pleasant news) 7 Does the play
of his features suggest that he enjoys a pmate world of his own

such as smuling or grimacing at odd times 7 Does he appear per

Plexed 7 Ask hum whether persons and things seem as real as
they once were or whether they seem changed m some mysterious
way (depersonalization) Note whether he seems imtable or
Tesentful or whether he receives your words with suspicron

3 Delusions and hallucmations —Delusions are false beliefs which
continue to be held despite evidence to the contrary Hallucina
tions are false ympressions from the organs of special sense (aural
visual olfactory etc) for which no cause 1s found  The pagent s
conversation may have already ndicated that these are present.
Note therr content and the patients attitude when you express
doubt about what seems so real to him

Nether the delusions por the hallucinations may be voiced
spontancously They have then to be mquired for and the wtro-
duction of the subject may call for considerable diplomacy Is
tus mund or s body interfered with by others or by some physical
agency electricity ~wareless atoms chemmical agencies poison ?
Has be felt that others talk about lum or shun hum” Are his
selatives neighbours colleagues at work kind to hum or difficuls
to get on wath > Has he 1deas of supernatural power inordmate
wealth or conversely does he feel that he 1s weakened physically
merally or financially ?

Halluumatory experiences may be carefully udden  Aural and
visual false sens¢ mpressions are commonest Does he hear or
see anything unusual ? Does be taste or smell what he has not
expected 7 Hallucmations may oaly occur at certam pasts of the
day or i certamn places and ths should benoted  Delusions which
are secondary to the hallucinatory expenences must be noted eg
that  the neighbours are agamst um because Ius bedroom s illed
with a gas which he assumes the neighbours have engracered
Notes should be made of any unusual actions upon the patients
part which have been prompfed by delusions or hallocimatory
1deas ¢g 1deas that one 1s 1a the pay of his enemues or that ke
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clutches at small amumals which he sees crawlng over hus bed
clothes

4 Onentation m place and time —Does the patent appreciate us
surroundings know where he 15 or 1s he wholly ignorant and does
he try to explain hus ignorance 1n some way such as confabulation 2
Can he tell the date approximately 1f not perfectly correctly ?

5 Cloudmng of consciousness  The states of clouded coPnsclousness
are important to recognize  Coma 1s a state 1n which the patient
makes no psychologically undsstandable response to external
stumulys or to mner need In senn coma the patient although
naccessible  does show some response for instance to panful
stmuli  Above these deep levels of altered consctousness hie
various degrees of confusion from severe to slight The ques
tioner must be alert to observe any munor defects 1n the patient s
capaciv to grasp what 13 and what has happened  Such defects
wall usnally be mamfest in the responses to tests for orientation
reoent memory and appreciation of environment

6 MBiemory —inabity to grasp and retan wmages and 1eas 18 3
marked feature 1 acute toxic delirious reactions and in the sub-
acute and chromc orgamc psychotic reactions In these cases
recent events mav have been registeted but cannot be recalled
though it 1s probably more correct to say that they have not even
been regestered

The degree to which recent memory 1s lost 15 an mmdex of the
degree of orgamc brain disorder (not necessanly permanent)
Taquire about the day of the week and of the month the name of
the Monarch and of the Pime Minister  Ask the patient to recall
what he has read 1n the paper or heard on the wircless More
neipient changes are discovered by seeing whether the patent can
repeat seven digits forwards or five digits backwards Brng up
a subject discussed three mnutes previously and note how much
18 remembered

7 General intelligence —It 13 usually necessary to aseertam the
patient s gencral intelligence or how 1t has been aflected by brain
inpury or distase (¢ g encephalius)  The standard which he reached
before leaving school and the character of hus work and hus work
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record sice give a rough and ready approuimation Frequent
changes of job may indicate mental defect or social defectiveness
(inability 10 get on with colleagues) Frequent changes after an
acaident or a senous tllness with a previously good work record 1s
suggestive of mental imparrment

Tests of memory as given above will ndiate the more serous
defects apd these can be further exposed by tests of reasonmng
more parucularly where the tests show mability to cniticize  Ask
the patient to take sevens from a hundred or to reverse in hus mind s
eye the hands of a clock  The absurdities test  What would be
absurd 1f I told you ¥ had three brothers John Fred and myself
etc indicates grosser disability A man with relatively low ntel
hgence can give the months of the year parrot fashion but 1s unable
to say which month precedes May and which October ete etc

Inquiries should be made about the patients sleep Does he
sleep too much or too httle 7 If too much 13 any particular action
Likely to prectpitate the hypersommia  If too Iittle 15 the difficulty
that of falling off to sleep or of wakimg frequently or waking
early m the morning and bemg unable to go to slesp agan ~ Where
there 1s no physical cause for the ipsomma such as pamn cough
or asthma or the wearng of some uncomfortable plaster the
msemoia 1s Likely to be due to some psychological disorder eg
the restlessness of mania the early waking 10 endogenous depression
(melancholia) or the turmoil of the mind with difficulty in getting
off to sleep m the reacuve depressions (anxiety states)

Inquure about dreams  These are frequent and sleep disturbiog
1n the anxety states whether the source of the amwety 1s known or
unknown In these conditions the sleep 1s not refreshing and a
posttive complaint of beng as tuwed 1 the morning as at night may
be made

SPEECH

Proceed next to the mvestigation of the speech functions In
considering speech 1t 15 essential to dtnguish between defects of
articulatton and enunciation and those disturbances of speech
due to diseases of 1ts cerebral mechamsm which we speak of as
aphasix

Supposing that the patient 15 able to speal one should note

c
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whether there 15 any peculiarity wn hus arheulation  The following
are the chiefl abnormalities wiuch may be present —

1 Stammerng —This requires no spectal description

2 Laling or baby speech —Ask the patient to read something
aloud If he lalls one will recognize that all the difficult con
sonants are dropped _he speaks like a baby and 1f a child may
perhaps make use of words of his own invention—idioglossia
Lalling and dioglossia are usually the result of a congenital defect
1n the appreciation of the meaning of sounds—congemital avditory
mperception

3 Scanmng or staccato speech —The patient speaks slowly and
deliberately syllable by syllable as if scanmng a line of poetry
Ask him to say  artillery he will pronounce 1t ar til ler y
Thus ts the kind of speech found m some cases of dissemmated
sclerosis

4 Slurning speech —The syllables are slurred together as i a state
of intowicatton  Thus  British Constitution ~ becomes  Brizh
Constushushon ~ This kind of speech 13 met with typically 10
general paralysis of the insane

5 Dysarthra or disorder of articulation 1s due to paresis or jnca
ordnation of the peripheral mechamsm of speech either of the
larynx tongue or hips though often all three are affected together
‘When 1t 15 severe (anarthria) sounds can no longer be emitted asts
the case 1a advanced bulbar or pseudo bulbar paralysis

If the patient s defect consists not so much in 4 disturbance of
articulation as 1n an ability to produce speech or to understand 1t
when spoken or when written then his condstion 15 described as
one of aphasia

In order to tnderstand the method of msestigatng a case of
aphasia 1t must be remembered that for purposes of specch we
have (1) a producmg mechamism  This consists of two parts—-
ane concerned with the production of spoken speech the other
the production of wntten speech  (2) A receiving mechanism
Thus also consists of two parts—one for the reception of spoken
speech the other for the reception of wotten speech
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We may thus classify cases of aphasia as follows —

Motor aphasia (loss of
1 Lesions of productive mechanism (motor] power of talkin,)
aphasia) Agraphua (loss of power
1t

2 Lesions of receptive mechanim (sensory fAuditory (word deafness)
aphasta) Visual (word blindness)

It must be borne tn mind however that 1t 15 the exception to
meet with a case of aphasia of a pure type Thus a patient may
have both motor aphasia and also word deafness he may be
unable to read as well as unable to wnite and so on

The coruical centres for the production and reception of speech
are situated 1n the left cerebral herusphere 10 night handed persons
n the ght hemusphere 1n the case of those who are left handed
Hence the tmp of early in the of
a mervous case whether the patient 1s right or left handed

The centre for spoken speech occupies the postertor extremity
of the 3rd frontal convolution (Broca s convolution) and the lower
end of the ascending frontal

The centre for the production of wnitten speech 1s believed to
be 1n the postertor end of the 2nd frontal convolution

The centre for the reception of spoken speech 1s 1n the posterior
half of the superior temporo sphenoidal convolution znd that for
the reception of written speech (visual speech centre) extends from
the postenior part of this convolution imnto the angular gyrus (see
Plate 20 facmg p 250)

For practical purposes 1t 1s best to proceed with the investigation
of aphasia iz this order —

I SPOREN SPEECH

1 How s it recened and mterpreted 7—Frst find out whether the
patient s hearng 1s good If so ask hum to put out hus tongue
shut hus eyes etc  If he does so test hum as to hus understanding
of nouns by asking him to touch his nose ear chun, forehead etc
wturn  Then test hus verbs by asking him to smule to whstle etc
Fnally put to hum longer questions or give hum more complicated
orders because when the disturbance of speech 1s only slight he
may be able to understand simple questions and commands but
not more complicated ones  If the patient responds satisfactonly
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to these tests he has evidently no difficulty 1n imterpreting the
meamng of words heard—ie there 13 no nord deafness

2 How 1s it produced?

1 If the patient can use onlv a few words make 2 note of what
these are If he repeats any word or phrase agan and agamn
(* recurring or repetitive utterance ), note what it 15

1 If he has a considerable vocabulary (a) make a note of any
examples of laling slurring etc as described at p 274 This
affords an indication of hus poner of articnlaton

Test him with such words and phrases as Brtish Constitution

West Register Street Beblical criteasm artillery

(b) Show um common objects—a kmfe a pen a matchbox et¢
—and ask hum to name them or 1if he 1s dumb to indicate with
tus fingers the number of syllables n the name of each  If unable
to fulfil these fests he has evidently got some forgetfulness of words
{amoestic aphasia) Sometimes the patient has a general 1dea of
the word he wants to use but forgets exactly how to pronounce 1t
he omits some syllables or substitutes others for them so that the
listener may hardly be able to make out what word he wishes to use

{¢) If he makes mustakes 1n tus use of words calling the knife 2

n or vice versa he 1s suffening from paraphasee  [a that case
one should note whether or not the patient shows that he 1s aware
of s esror by trymng to correct humself or whether he goes on
talking gibberish

3 How s 1t repeated or echoed >—Ask hum to repeat words aftet
you If he1s word-deaf try to make clear your sequest by the ad
of pantomume repeating the word or phrase over and over again
If he 15 able to repeat what you say endeavour to find out whether
or not he understands what he 1s saying

Il WRITTEN SPEECTL
1 How is 1t recened or interpreted ?—Ascertam whether or not
s sight 3s good  If so wnte on a piece of paper such questions
or commands as How old are you™ Put out your tongue et
If he does not respond satisfactorily there 15 some word blindness
resent—i ¢ the patient has vnisual aphasia  Inability to read 18
cafled afexsa
2 How is it produced 2—Ask um to write hus name  (Ths can
often be done when all other power of writing 1sJost ) I{ heis able
1o do 50 ask him some simple guestion~— g How many dotwo and
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two make "—and get him to write areply  If he has word-deafness
put your question m writing  If lus nght hand 1s paralysed make
hun wnite or pant with lus Jeft  If he writes pretty well get him to
write an account of his tllness and note whether he makes use of the
wrong word at tumes (paragraphia) or whether there is repeated
use of any particular word

3 Can he wnite 10 dictation or copy ?—Try using some simple
book If he succeeds endeavour to ascertzin whether or naot he
understands the meaning of what he writes

I PHENOMENA ASSOCIATED WITH SPEECH

1 Does he und rstand panterime >~—Does he nod his head for

yes shake 1t for no and can he imndicate numbers with
his fingers ?  Loss of gesture language 15 termed amunra  Mistakes
1 the nse of gestures—e g nodding for no  or shaking the head
for yes —are termed paranumm

2 Does he understand symbols—eg numerals” One may
write down—

ENEIRNN]
[FERINIY
NN

and ask hum to pomnt out which 1s right Inabslity to understand
and mamupulate mathematiczl symbols termed acaleuha occurs
n posterior pausctal lestons affecting the dormnant henusphere  If
he can read music test hum with musial notes

3 Canhe recignr e common objects —Place beside lum a penctl
aconand amatch  Asgk him to Strke 2 ltght, or to write something
down  If he 1s unable to select the proper article for the purpose
he 13 suffering from mund blindness or visual agnosia provided of
course that his visual mechanism 1> intact  Inability to recognize
his friends 1s another proof of the same conditton

1t occaswonally happens that a patient who has neither motor nor
sensory paralysis Dor ataxia cannot perform certam acts though
he can easily execute ther component movements He 15 con
sequently unable to make use of objects though he can recogmze
their use  Ths condition 1s known as apraya It results from

of the left p or of its through

the corpus callosum with the night hemusphere It affects only
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the left iumbs 1€ the nght hemisphere when the callosal fibres only
are njured but it 15 usually bifateral It mav be tested for by
asking the patient 1o use certan objects or make or imitate certan
movements  For instance he may be grven a box of matches and
2 tigarette and asked to light the Iatter I there s aprava he
may fail to open the box or to take a match from 1t or to strike
the maich or even to hight the cigarette with the match af he has
succeeded n strking 1t It 15 of course important to make sure
that the patient understands the order

CRANIAL NFRVE FUNCTIONS

In this section we propose to give a brief resumé of the esseatial
ponts in the anatomy of each cranmal nerve to indicate 1ts func
uons and m some cases the chief symptoms which result from 1ts
paralysis and then to desctibe the method i which one nvestigates
the state of the nerve at the bedside

FIRST OR OLFACTORY NERVE

Angtony —The central processes of the bipolar sensory cells 1n the
offactory epithehum pass throuh the enbnform plate to the olfactory
bulb where the cells of the second olfactory neurones e Nerve fibres
pa s thence to the alfactory area of the cerebral cortex the pinform fobe

‘Test —Have three small bottles contarming some o1l of cloves
some oif of peppermint and some tincture of asafetida  Apply
these to each nostril separately and ask the patient if he recogmzes
them In testing avowd the use of such wrntating substances as
ammoma for these act partully through the Sth nene The
sense of smell may be sbolished This s known as anosmia
Before concluding that the nerve 15 at fault take care to exclude .
focal changes in the nose wtself—e g catarth  Parosmua 1 the name
apphed to that condition in which the sen ¢ of smell 15 perverted
s0 that for instance offensive substances seem to have a pleasant
odour and vice versa

Inquire also regarding hallucinations of smell  These sometmes
constitute the aura of an epiephc fit

SEQOND OR OFTIC NERVE

Anafomy —From the retma Which 18 the end-organ of the sense of
sight the fibres of the oplic nerve pass back to the opuc chiasma  Here
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the fibres from the mner half of each retina decussate whilst those from
the outer half remain on the same side  Each optic tract therefore con-
sists of fibres from the outer half of the retina on the same sufe and the
1nper half of the retina on the opposite side  Each teact passes back to
the superior corpus quadrnigeruntm and to the lateral genuculate body
and the pulvinar of the thalamus of the same side  In these which are
koown as the prmary optic centres most of the fibres of the optic tracts
termmate  But another system of fibres which 15 kno va s the optic
radiation, takes ongm 1n the lateral genicufate body and passes through
the posterior b of the internal capsule and then backwards to the cortex
around the calcanne fissure  This therefore constitutes the chuef visual
centre_and represents the opposite half of the field of vision the left half
of the field of vision bein,, m the cortex of the i ht

and vice versa (Plate 29) ~

Test —In testing the optic nerve one has to vestigate three func
tions (1) Acwity of vision  (2) field of vision  (3) colour sense

Certain prehmmanes must always be conducted  One of these
1s to see that any ervor of refraction 1 the patients eye 1s first
corrected and that also there 1s no opacity of his media another
1s to take care to examme each eye separately

1 Acumty of wision —If this 1s very much dumineshed 1t may be
doubtful whether the patient ¢an tell Iight from darkness To
mvestigate this place the patient 1n a darken=d room opposite to
a lamp and alternately cover and uncover hiseye ~ What 1s perhaps
a better plan 1s to concentrate the light upon his eye by means of 2
murror or lens and ask hum to say when 1t 15 Iight and when 1t 1s
dark

In lesser degrees of impairment, ask the patent to count fingers
This 15 done by placing tum with hus back to the light while the
observer standing face to the patieat holds up a varying number
of fingers of one hand and asks the patient to say how many there
are  The test should be applied at different distances

For the detection of slight degrees of mmparment of wisual
acuity Spellens types will be found useful These comstst of
letters of different sizes each of which should be capable of bemg
read at a definte distance—the largest at 60 metres the smalfest
at 6 In using the types the patient 15 placed with tus back to the
Light while the types are placed level with the eye at a distance of
6 metres (about 20 ft.) e 15 then asked to read the letters from
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above downwards  For the purpose of recordmng the result the
followng symbols are employed —

V = visual acuity
o = distance of eve from type (1e 6 metres)
D = distance at which type should be capable of being read

Suppose that at 6 metres the patient 15 able to read the smallest
type—that 1s to say that which should be readable at 6 metres
d{1e 6 metres)

off  fhen hus visual acuity (V) = De 6metres)
But 1f at 6 metres he can only read the size of type which one

or pormal

should be able to read at 60 metres V = @

The term amblyopia (Iiterally  blunt-eyed ) 15 often used
to mean defective vision  The term amaurosts (bterally  dark
ness ) 1s sometimes used to signify complete blindness

2 Field of wision —When we fic the eye upon anobject we not
only sec that abject but also a number of objects n the neighbour
hood more or less distinetfy The sum of the objects that form
smages upon the retina whilst the eye 15 gazing 10 one partroular
diection 13 called the ficld of vimon It shauld be noted that
although the field of vision differs with each different act of fixation
the perjpheral himits are the same and are largely determuned by
the margins of the otbit nose nd cheek A rough esumate of
the extent of the field of vision for large objects may be obtamed
n the following way —

Seat yourself opposite to the patient and at a distance of about
half a yard from him  If hus right eye 15 to be tested ask tum to
place his hand upon his left and to look steaduly at your own 4ft
eye Look steadily yourself at the patents nght eye your own
right beng closed “and hold up your left hand m 2 plane mudway
between his face and vour own_ and at first at almost full arm s
fength off  Keep moving the fingers of the hand and brng 1t
nearer until you can Just yoursell wath the tal of youreye  catcl
the movement of the fingers ‘Then ask the patient whether be
sees them telling Iim meanwhile to be sure not (o take his own
eye off vours M e fuls 1o sec the fingers keep bringing the hand
peatet until he does see them  Test the ficld in this fastion 1 every
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direction—upwards downwards to nght and to left—using the
extent of your own field for purpose of companson

This gives the outltne of tus field for appreciation of a moving
object which may however be relatively intact when the fields
for other forms of sttmulation are seriously constricted  In con
sequence hus field for appreciation of a stationary object must also

Fig 69 —Extent of the nght field of viSion mith a white target 20 mm 1
dlameter mapped on a penmeter at a distance of 33 cm

be mvestigated 1n a simular manner but by asking the patient
to mdicate when he sees the observers fingers held at rest
Constdering the field of vision m more detail we apprecrate
that whereas the objects which cause images to fall upon the
central part of the retina (the macula) are seen 0 minute detail
and brnight colouring objects further and further from the pownt
of fixation are seen With less and less distinction and colour untd

-






Fig 70 —Fuelds of vision i a case of prutary tumous (probably chromo-
phobe adenoma) showmng

a May 1947

VA Lt 6/12 Rt 6/18
b August 1947

VA Lt 612 Rt 6/12
¢ October 1947

VA Lt 6712 Rt 6/12

The fields were plotted on a Bjerrum s screen at a distance of 2000 mm
from the eye to the powt of fivation at the centre of the screen wsi,, a
10 mm white object  The outhne of the black areas in the charts 1s that
of the average normal field of vision and the white areas show the patient s
fields

Corty fD W C N anfild)
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at the periphery of the field we can only appteciate the presence of
an object of considerable size without Being able to judue its form

To the temporal side of the central poimt of vision 1s the blind spot
wiuch represents the optic nerve head area 1n which there are no
Dight receptors  Perimetry sunveys the fiedd of v110n and the hmsts
of perception are charted  The centre porat of the chart corre

sponds to the visual aus  the pont of fixation 13 therefore the
point of more distinct vision  Around tius point are arranged a
series of more or less concentric lines each of which denotes equal
visual acuity and s called an tsopter  For purposes of mnvestiga

tion we dinide the visual field anto three parts —

(1) An area surrounding the pont of fixation to 20
(Zj An mtermediate arex between 20 and 5O
(3) An outer area from 50 to the periphiery

The fixation pomt 15 not exactly central so that the outer and
inner part of the field 1s unequally divided  Further the boundary
1s delimited inwards and upwards by the nose and brow  Tesung
with a large object we find the ontermost it of the field of vision
reaches 104 outwards SO upwards 70 mnwards and upwards
whilst down and n (owing to the obstruction of the most promement
part of the nose) 1t reaches from 45° 10 <0 (Fig 69)

The braocular field extends 200 or more Iaterally and about
140 sertically in the muddle of which 1s a ctreular portion common
10 cach eye with a diameter of about 120

On cach side of this pured ares 1s a seomfunar area which 13
unparred and which accounts for the remainder of the field

Penmeiry 1s with an of the
field of vision  We have noted that the acuity of perception 13
verv much lower at the penphery and gradually increases as we
pass to the point of fixation Ve may test this acuity with objects
of different size and we shall find that whereas a very smail object
15 visible at and near the fixauon point it fades from view as it1s
withdrawn towards the penphens By using a graduated series
of ohjects we are able to plot out 8 senes of 1sopters each of which
corresponds to a known s1ze of object used at a hnown distance
from the ese

That part of the ficld between the periphery and the 30 arcle
15 i estigated by means of a penmeter ~—

A Jmm whte test objert 1s usually nsed but when wasual acunty is
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umpaired a larer diameter may be required  Thus the fraction of dia
meter of object/distance (usu:xlly ifm:;m) 1s a measure of the visual
acuity at the particular pomt on the field which 1s bemg tested

The area within the 30 circle 15 examined by means of test
objects upon a black screcn—Bjerrum s screen—at a dstance from
the patient of 1000 to 2000 mm

The patient 1 seated comfortably at this distance with the head steadied
by 2 chin and head rest and a grey object 1 em 1n diameter with a black
centre 15 fixed to the screen on a level with the patient s eye

The blind spot 1s first of alt mapped out with a white object 20-30 mm
n diameter The peripheral field 1s next mapped out with a 1 mm. object
and at a distance of 2000 ram 1t should be circular and extend to about
26 that 15 to the edge of the 2 metre square screen  With the small
object areas of blindness or defective perception should be sought around
the blind spot especially between this area and the macula the centro-
cacalarea and 1n the horizontal meridian on the nasal side of the fixation
spot  The findings are marked upon the screen with black pus and
subsequently transferred to a chart

Changes 1 the field of wision —It may be contracted all round its
periphery  Thus 1s spoken of as concentric duunution of the field
of vision It occurs in hystena papiliedema some forms of
optic atrophy bilateral lesions of the anterior part of the cortical
visual centres and vanous affections of the retma

Sometimes the loss of vision 13 confined to the centre of the field.
This 1s spoken of as a central scotoma  Sometimes 1t 1s due to
local disease of the chorotd or of the renna 1n the nerghbourhood
of the macula In that case 1t may affect only one eye A um
lateral central scotoma 1s also produced by optic or retrobulbar
neuritis which 1n most cases s a symptom of dissermnated sclerosis
It 1s sometimes due to toxic causes or vitamin deficsiency when st s

enerally bilateral  Pressure on the optic nerve 1s another cause
%t may also result from a lesion of the posterior part of the cortrcal
visual centres and 15 then bilateral but this 1s rare

The tesm hemuanopia means loss of sight 1n one half of a visual
field When the same half of both fields of viston 15 lost, the
hemianopra 15 described as eg nght h
hemianopia when the blindness occupres the night half of both the
night and left fields (Plate 22 and Fig 70)




286 THE NERVOUS SYSTEM

Superior and inferior hennanopia means loss of the upper and
lower halves of the visual field respecively They are of rarer
occurrence than the lateral vaniety and are sometimes spoken of as

1h Itmuted to one quadrant of the

field 35 described as ! pra or qp P
Busemporal hermanopia means loss of vision 10 the temporal or
outer halves of both fields and 1s due therefore to loss of visual
power 1n the nasal half of each retina It can only be produced by
a Iesion of the optic chrasma volwung those fibres of the optic
nenves which decussate and 1s accordingly rare It 1s commonly
due to a tumour of the pitmitary body but may be produced by
inflammatory or traumati lesions of the optic chiasma
Bunasal hermanopia sigruafies a loss of the nasal or inner half of
each field and indicates a dinuinution of visual power 1n the tem
poral half of each retna It can only be produced by a bilateral
lesion confined to the uncrossed optic fibres on each side of the
chiasma It occurs with excessive ranty
poral and nasal pra are spoken of as
heteromymous 1 contradistinction to the homonymous variety

3 Colour sense —Thus 15 tested by means of Holmgrens wools
Throw all the skeins together on a table in good daylight keeping
the test skein separate  Explain to the patient that he s to match
the colour not to name 1t and that he is to select all those skems
which are fike 1t whether they are of a darker or Iighter shade or not
Show hum first a pure pale green skeir and ask hum to match 1t
If he does so correctly his colour vision 1s normal I on the
other hand he selects one of the  confusion colours  (grey straw
colour etc) he 1s to be regarded as colour blind

Total colour blindness 18 rare  Red green blindness 1s the
commonest form  Yellow blue blindness 1s not nearly so common
If the patient 1s totally colour blind he confuses with the test skein
all those of equal brightness no matter what their tnt may be  If
red green bhindness 15 suspected show him a purple skem and he
will select blue as a match for it—indicating that he fails to see the
red element 1n the purple  If he 1s blue blind he wall select red
or orange

Colour field —The field for colour is 1nvestigated 1n the same manner
as 1 the field for white  For the same size of object the fields for
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Functions —The 6th nerve supplies the external rectus the dth
supplies the superior oblique All the other oculat muscles along
with the sphincter pupillz the muscle of accommodation and the
levator palpebr supertoris are supplied by the 3rd

Ocular movements —Horizontal movement outwards 15 descnibed
as abd, inwards as ad vertical t upwards
as el and d as dep ‘The eve 18 also capable
of diagonal movements at any intermediate angle  Rotatorv move
ments the eye rolhing ftke a wheel towards the nosc (internal rota
tion) or away from the nose (external rotation) do not occur

ELEVATION

H
ABDUCTION ADOUCTION
H

DEPRESSION
Fig 70 —Scheme to \llustrate the action of the ocvlar muscles

tmternal et Ol—enfror bhig  RS—
OS—aupe or oblg o R T—infer of sectus)
(After Maq e f mF chs)

R Ext—etmlrcw R 1
Penor eetus

normally but may be seen 10 some vaneties of ocular paisy  Faz 7t
shows the actions of the ocular muscles diagrammatcal’y” the fength
of the arrows dicanng the relatne power of each mu cle
Qifferent directions Tt shows that the taternad and external nect
act directly i @ single plane but all mosements are normally the
result of the concerted action of two or more muscles  Thus
when the eve looks straight forward clevation 1s the result of the
combined action of the supenior rectus and the snfenor obhique

depression of the infenar rectus and supenor obbque In adduc
uon the internal rectus 1s aded by the superior and nfenor rech
and 1n abducuon the external rectus is aded by the obliques It
wiff be sen that when two muscles act together in this way ther
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conflicting actions cancel out so that an orderly movem-nt
results

Normally the movements of the two eyes are symmetncal so
that the visual axes meet at the point at whuch the eyes are looking
This 15 spoken of as comugate movement of the eyes Infra
nuclear (lower motor neurone) lesions of the thurd fourth and sixth
nerves lead to paralysts of individual eye muscles or groups of
muscles  Supranuclear lesions Jead to paralysis of conjugate
movements of the eyes

Symptoms of paralysis  Suxth nerve —Inabibty to move the eye
outwards and diplopia on looking mn that duection  Possibly
nternal squint  In nuclear lesions there 1s also loss of the power of
J] deviation of botheyes to the side of the lesion
Fourth nerve —Imparred power of downward movement and on
the attempt to look downwards the eyeball 15 rotated mwards by
the infenor rectus  Diplopia only below the hornzontal plane
with the ymages uncrossed but the false one tilted  There 1s rarely
a visible squnt,
Third nerve —Ptosis  the eye can only be moved outwards and
a litle downwards and outwards ~ pupil usually dilated and fixed
loss of power of accommodation
Paralyses of the 3rd nerve are not infrequently partial—only
one or a few of these functions bemng lost
In order to estimate the degree of ptosis one¢ must elumunate the
action of the ocerpito-frontalls  This 1» done by pushing down
upon the latter muscle so that the ¢yebrows are kept level and then
asking the patient to look up The extent to which the lids are
raised indicates the strength of the levator It must be remembered
that smooth muscle 1 the upper Itd i1s mnervated by the cervical
and exerts a X gattion  Shght ptosis there-
fore occurs after 2 lesion of the cervical sympathetic {see p 311)
Any retraction of the upper kd from over action of the levator
should be noted by observing the relation of the edge of the hd
to the upper margm of the cornea when the patient 1s looking
straight forward

How to test these nerves —Thus the signs of a leston mvolving any
of these nerves may be—1 defective power of movement of the
eye 2 the presence of a squnt 3 the presence of diplopia  Of
these signs the ast 1s really the most trustworthy of all for paraly +o



290 THE NFRVOUS SYSTEM

of the muscle(s) suppled by the nerve may be 50 slight as to lead
to no apprecsable squint and to no visible defect 1n motility

Strabismus

By squint ot strab sm.s 18 meant a condition in whigh the visual
ates do not meet at the pomt of regard  Of tlus there ate two
vanieties paralytic and concorntant and 1t 15 necessary that the
two be carefully distinguished

Paralytic -~The foll are the ch: of a
paralvtic squint ~

) Limutanon of morement —Paralytic strabismus s due to loss
of powet i ane or mote of the extraocular muscles  a promunent
feature therefore s {ack of abslity to move the eve 1n the direction
of the physiotogical action of the muscle affected  Although this
tack of pawer is ysvally apparent someturies the loss of muscular
pawer 1s so shght or the unaflected muscles mask the Joss of action
of the affected mu.cle so much that the defective movement of
the eve 13 hardiv visible

Movements m the so-called cardinal directions are tested bv
fixing the patient s chin with one hand and moving the forefinger
of the other n the ditection indicated  The eyes move nosmally
50 outwards 30 inwards 33 upwards and 50 downwards

I an eye fals to move at all or fals to move throughout the
naormal angular excursion the deviaton of the ¢yz i o direction
opposite 10 the physiological action of the muscle 1s cailed the
primary devianon or squinr and st 18 measured by the angle which
2 Iine from the object to the nadal pamt of the eye makes with the
visnal axis (Fig 72a)  If now we cover the unaffected cye and so
cause the patient to take on fixation wih the affected eye we
shal find that the eve that is covered will deviate still more than the
pnmary deviation of the affected eye (Fig 7.0} Thus devabion
of the healthy eye s the so<called secondary deviation or sqeint
and this diffetence in amount between the primary and secondary
deviatron 18 the most wmportant distingwishung feature between
paralytic and concamutant strabismus

(2) False ortentation of the field of vision —~This 18 an crrontous
udgment by the panent of the position of an object 1 that portion
of the ficld of vision towards which the paralysed muscle should
normally mave the eye  Take the case of 3 patent who has




PARALYTIC STRABISMUS 291

paralysis of the nght external rectus muscle I such a patient
closes the left eye and 1s asked to touch suddenly an object held
10 the honizontal direction on his right side he will farl and will
stnke wide of the object on huis nght hand side

The exp of the p of ndary deviation being
greater than pnmary 1s_that when fixation ts assumed by the paralysed
eye the same amount of nervous energy passes to the associated muscles

F F
M
Loy P s RM
Fig 72a—Ihagram toillustrate Fig 72b—Diagram to {llustrate
prumary deviation in a case of secondary devistion in a case of
paralysis of the nght external paralysis of the night exterzal rectus
rectus mpuscle muscle
Wik fi t b th tfey th Wihf tie byth nght y th 1R eye
dvt of o ent 1 whn red by scrée d viates mw 4
wd td Fw=pa tof fixto f m th dd th nght y d nog
M= 1 sTtonbyh IR y (' Fg ta)

of the two eves 1n this example to the night external rectus and left 1
ternal rectus As however the nht external rectus is paralysed an
unusually great impulse 1s needed to stumulate it the result 15 that s
assocrated muscl, 1 the left eye 1s over sumulated and its movement
o0 great

This same reasonung may be applied 0 explamn the phenomenon of
false onentation m that an object is projected into space largely according
to the amount of nervous energy expended 1n moving the eye’so as to fix
that object and as in the case of paralysis the amount of nervous energy
expended 15 mn excess of movement the object is projected too far in the
direction of the physiological action of the paralysed muscle
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(3} Vertigo 15 occanonally a symptom of paralyuc strabismus
when both eyes are apened It 1s due partly to the confusion of
double sight and partly w0 false onentation

{4) In order to overcome double vision the patent lurns the
head i the direction of the action of the paralysed muscle  Informa
tion may therefore be obtamed a5 to which muscle s tovolved by
noting the way in which the head 15 held

{5) Diplopia ~Patients with paralyus squint complam of double
vision which 1s due 3o the fact that owing to the lack of movement
of one eye 1n a particular direction the wiages of external objects
do not falf upon  wdeatical points  of the two retnz  thus douhle
viston or diplopa 1s therefore in that part of the field of vision mto
which the paralysed muscle should mose the eye were 1t unaffected

In health when fixng an object the mmage formed 1 each eye
falis upon the macnla 5o that not only are the two wnages of equal
wntensity and defimton but suice they fall upon sdentical pownts
of the twe retine they produce but a single tnage  In paralync
suabsmus the amage of the object fixed falls upon the macula of
the healthy eye and 35 seen with distinctness and detad and ss
<alled the rree tmage wwhereas i the affected eye the smage falls
upon the retma outside the mocula and as i consequence it 19
mndistinct and blurred 1t 1s called the fafse smage

The wnvestigation of a case of pazaly e strabismus and the dagnostic
value of diplopis —Fust of all make certasn that the diplopra 19
bunocular since certam conditions astigmatism lens opacities ete

may produce monacular diplopa

Mosements in cardinal direcuons have already been mentioned snd
th:{ consist of movements up down sn and out  The mawm actson of
exctopdivadunt asele 181 8 cardimat direchion and 5o they are spoken
of as lateral rotatars elevawors ar depressors

All the rectus muscies anse around the apex of the orbit and pass
forwards to be inserted snto the selera a varying distance belund the
comea  With the €yes s the pomitne posstion the exteenal and snternal
rech turn the eyes to 1 b8 and e only O vrg ta the direction m which
the superior and mfenar rects pass to be wsested although they act
masnly as elevators and depressors of the eye they have a second om
ponent which causes them 10 act also as adductors

“The superior and fenor obkque muscles 2lso act mamnly a8 depressors
and elevators respectively but also act in & subsidary way a3 abduciors

By turning the ey outwards 27 the supennor and inferiac rects may be
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made mto almost pure elvators and depressors  Similarly by turning
the eye inwards the superior and 1nfenor oblique muscles may be made
1nto almost pure elevators and depressars

In this way we are able to resolve diplopra into horizontal and vertical
{which much stmplifies our savestigation) and find the field of maximum
diplopia 1n one of the cardinal directions

When the smages 10 diplopra are separated laterally so that the
night image belongs to the night eye and the Jeft to the left eye the
condttion 15 spoken of as fomonymous or uncrossed diplopia  If
however the left image belongs to the right eye and the right to the
left 1t 1s called heteromymous or crossed diplopia It will also be
found that the real image belongs to the healthy eye whereas the
false umage belongs to the paralysed eye

The production of homonymous diplopia —If' as the result of paralysts
of an abductor muscle {external rectus muscle) there 1s deviation
of the eye inwards (convergent strabismus) the 1mage m this eye
will fall upon a pomnt of the retina internal to the macula  Two
thuings will result (1) the 1mage wilf not be so sharp as the 1mage
n the healthy eye proving that the false image belongs to the
affected eye  (2) since mages that fall upon the retna on the
nasal side of the macula are projected m space to the temporat
side of the eye 1t follows that paralysis of an abductor producing
convergent strabismus causes homonymous diplopia and also that
the false 1mage 1s projected n the direction of the physiological
action of the paralysed muscle (Fig 73)

The production of heteronymous ot crossed diplopta —If as the
result of paralysis of an adductor muscle (internal rectus) there is
a deviation of the eye outwards (divergent strabismus) the image
1 this eye will fall upon a point of the retina external to the macula
As seerion p 292 the false 1mage 1s produced i the affected eye
and smce amages that fall upon the retma to the temporal side
of the macula are projected 1nto space to the nasal side of the eye
1t follows that paraly sis of an adductor producing divergent strabismus
causes heteronymous or crossed diplopia (Fig 74)

In a similar way 1t may be shown that in paralysts of an elevator
muscle the false image (which belongs to the affected eye) lies on a
Iigher level thin the true image and i paralysis of a depressor
muscle the false 1mage lies below the true image (Figs 75 76)

If a rotator muscle 18 weak the false 1mage 1s tilted
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Actions of the muscles ~The
move the eyes i a t q
diplopia 1> produced when the eyes turn honzontally 1 the direction
towards which the paralysed muscle normally turns the eye

We hane seen that the supenor and infersor rects muscles become
simple elevators and depressors when the eyes are turned outwards

AT "
/
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external and miernal rects muscles

Tig 73 —~In the case of paransis of
an abductor muscle (here the nicht
external rectus) the result s fomony
mous dsplopra
F1_the pount of fixanon »b b prod ¢
B rmag on M the macula of the left eye
the tru umage, As<he vn ge falls bnt taal
10 Whe raacuia M the night ey 1t spro
et diof e f b mage Thusihe! fse
tmage bel aps o the Hect & oys and
prosect dan direcuon of th phy o-
1 gcal & Uon of the parafysed muscle.

consequently maximum vertieal

Fig 74 ~—Tn the case of paralyus of
an add ctor muscle (here the right
ternal rectus muscle) the resuit 18
heteronyrions or crossed diplnpia

Fisibepost 16 tlon which p oduser
n M the macula of the left eye,

diplopia 1s produced when the

€yes look up and out and down and out respectinely

‘The 1afenor and supenor oblique muscles become simple eleva
tors and depressors when the eyes are tumed strongly sawards
consequently maximum vertical diplopia 3s produced when the eves
Jook up and i and down and in Tespectively

Tn comjugate movements the muscles of the tho eyes act i purs
{for mstance M conjus: ts i the direction
to the n_ht the nght external rectus muscle 15 hinked 1 actron
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with the left internal rectus muscle) and the table below shows a
series of six pars each pawr representing  true associates

1 Muscles moung the eyes laterally
{a) To the right
Rught external rectus
Left mternal rectus
(5) To the left
Left external rectus
Right nternal rectus

2 Muscles moving the eyes upwards
(a) With the eyes turned to the nght
Rught superior rectus
Left inferior oblique
(5) With the eyes tumed to the left
Left superior rectus
Right inferior obhque

3 Muscles moving the eyes downnards
{a) With the eyes turned to the night
Right inferior rectus
Left superior oblique
(&) With the cyes turned 1o the teft
Left mferior rectus
Right superior oblique

4 Muscles which rotate the eyes
(a) External rotators
Inferior rectus
Inferior oblique
(b) Internal rotators
Superior rectus
Supenior oblique

Method of finding the direction of maximum thplopia —The patient
1 seated with the head fixed in position (preferably m a head rest)
with a red glass before the r1,ht cye and a green glass before the
left At a distance of about hiteen feet the observer moves a light
1n the drection mdicated n the sub joined diagram each of the
lateral squares corresponding to a par of true associated muscles

thus a maximum vertical diplopia produced when the pattent looks
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up and to the nght into the rght supenior square shows that esther
the nght supenor rectus or the feft nferior oblique muscle 1 the
&

™M
f

Fig 75 —In the casc of paralysis of & dipressor of the 1ight eye 1t wil) be

seen that the pbyect F causes an unage fo fall above M the macula of the

nght eye  the result 15 that the false fmage 1s profected to £ below I the
troe wmage  Thus the (ower image belongs o the affected eye

1 R L
F. i

Tig 76 —In the case of paralysis of an eler or of the r1 b eye it will be

scent that the object F causes an unage to falt below M the macula of the

niht eye  the result 15 thaat the false Image 1s projected 10 £ above F' the
true ymage  Thus the fr, fher image belongs fo the affected eje

L The patient Jooks R
Upnards to the left Upwards Upsards o the night |
LEFT SUPERIOR RIGHT ,
SUPERIGR MEDIAR SUPERIOR
AREA AREA AREA |
To the left Straight ahead To the nht 1
LEFT PRIMARY RIGHT
EXTERNAL AREA EXTERNAL
AREA AREA

| Downmards 10 the (e Downwards  Downwards to the moht

f LEFT INFERIOR RIGHT
INFERIOR MEDIAN INFERIOR
AREA AREA ARLA

Table for chastiny, the field of diplopwa in a case of
pamlysc strabismos
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one affected It 15 only necessary to find to which eye the false
mage belongs to decide which muscle 15 paralysed “The higher
of the two mages indicates the affected eye

Note that m using this chart the area of greatest vertical diplopta
15 the namesake either of the affected muscle or 1ts true associate 1n
the other eye further that the true associates always bear names
whuch are the most contrary possible thus left inferior oblique 15
n every term opposite to right supertor rectus

Concomutant strabismus —It has been explamned when dealing with
paralytic squant that the amount of angular deviation of the two
visual axes varies with different positions of the two eyes and also
that secondary deviation 15 always greater than primary deviatton

In concomitant strabismus as its name implies the angular
deviation of the visual axes 1s the same 1o whateser position the
eyes may be 1 other words the pnimary and secondary deviation
are always equal

As there are certain conditions which simulate squunt 1t 1s 1m
portant to make certain that the case under imvestigation 1s truly
one of squmt

Screen test —Steadying the patient s head by holding the chin
with one hand ask hum to look at an object immediately m front
of lum Suddenly cover the apparently frung eye and ask the
patient to fix the object with the uncovered eye  If this eye makes
any movement 1n takmg up fixation 1t must have been previously
deviating I now the eye belund the screen (which was previously
fixing) be observed 1t wiil be seen to deviate in the same relatne
direction as was the other eye and fo the same angular amount
that 1s the primary and secondary deviation are equal

‘The cliucal features of concommfant strabismus are —

(1) It always begos 1n early childhood over 70 per cent before

the 5th year and the great majority before three years of age

(2) The movements of the eyes are good 1n all directions

{3) Diplopra 13 practically never a symptom

(4) The primary and secondary deviation are equal

(5) The dewiating eye often has defective vision

A squint may be periodic ot constant and if constant monocular
when the same eye deviates whilst the olthcr usually fixes or alter
nating when either eve fites mdifferently

-

=%
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Nystagmus —The term nystagmus 18 applied to a disturbance of
ocular posture characterized by involuntary rhythmical oscilla
tions of the eyes  These movements may be honzontal verteal or
rotary ‘The speed of the movements may be the same n both
directians or quicker 1 one direction than another n the latter
case the quicker movement indicates the direction of the nystagmus
To examune for nystagmus ask the pabent 10 look strmght m
front of lum and observe whether the eves remam steadv  Then
ask hum to look to his extreme nght then to the feft and then
upwards and downwards  Ohserve the rate amplitude and thythm
of the nystagmord movements 1 each direction and whether they
are influenced by the position of the head (positional nystagmus)

A few 1rregular jerks of the eyes are often seen m full Tateral
deviation  The brief duration and irvegulanty of these movements
distinguish them from true nystagmus

Nvstagmus 1s most commonly due to visual disorders affections
of the vestibular system (erther centrally or penipherally) lesions
affecting the central pathways concemned m ocular posture or
weakness of the ocular muscles Nystagmus of visual ongia 13
pendular and often rotary on central fixation of the eyes Con
gemtal nystagmus sometuncs occurs without discermble cau ¢ and
1t also shows this pendular quality

Conjugate ocular palsies —In addition to the defects of movement
due to paralysis of the individual ocular muscles weakness or
paralysis of the movement of bath eyes 1 one direction somefimes
occurs ‘Thus the patient may be unable to look to either side or
upwards or downwards or the power of convergence alone may
be lost  Weakness of conjugate fateral movement may occur
hemuplegia due to cerebral lesions especially 1n the acute stage
Palsy of this movement occurs with lesions in the neighbourhood
of the 6th nucleus of the side to which the movement 15 weak
Bilateral paralysis of ateral conjugate movement 15 seen in centrally
placed pontine Jesions above the level of the 6th nerve nucler
The conjugate vertical pafsies are always associated with discase
of the corpora q ot 1 the bourhood of the
oculomotor nucle:

If both eyes are kept persistently turned s one direction the
condition 15 spoken of as conjugate deviation of the eyes It s
wsually exther 1o the nght of to the left Conjugate deviation of
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the eyes may be brought about either by a leston which produces
paralysis or by one which causes imtation or spasm  In the
former case the eyes (and usually also the head) are turned towards
the side of the lesion provided the latter 1s 1 the cerebral hemt
sphere  The patient m fact 15 said  to look towards fus lesion
An writative Jesion 1n a simiar situation causes the deviation to be
towards the healthy side  If however the lesion has its seat in
the pons these rules are just reversed the deviation being towards
the sound side 1 a paralyuc lesion and towards the affected side
m one which 15 irnitative

Skew deyiation of the eyes—mt whick for example one 1s duwected
upwards and the other downwards—occurs 1n certamn lesions of the
labyrath 8th nerve and cerebeltum

Exarmnation of the Pupils
The following points must be noted about the pupils 1 every
se —

1 Swze —Compare the size of the two pupils first 1 a bright
light and then i a dim hght Note whether the pupils are large
or small and whether any mregulanty 1s present It must be
remembered that the size of the pupil 1 health 1s subject to great
variation As a rule the puptls are larger m dark eyes than i
Iight They tend to be small 1 elderly subjects A much dilated
pupil 15 often a sign of nervous exhaustion or mstability  Slight
inequality of the pupils may also be present in perfectly healthy

subjects

If one pupil is larger than the other one must decide which 1s
the normal  Thus 15 not always very easily answered but as a
rule the puptl which extubits the less mobility 1s to be regarded
as the abnormal one

2 Shape —Note whether the pupil 1s circular in outhine as it
should be or whether 1ts contour 1s trregular  Such rrregularities
may be due to adhesion of the ir1s to the lens or to the effects of an
oldintis  Irregularity i shape of the pupil is often an eartly symp
tom 1 neurosyphlis

3 Mobilty (a) Reaction to light —This 1s a reflex action, The
afferent fibres 1volved are contatned i the optic nerve travelltng

4
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The third pr mandibular division 18 jomed by shematacaaot. It sup
plies sensation to the lower part of the face the fower bp the ear the
tongur and the lower tecth Tt supplies al.o the ind
through the motor dision the muscles of mastication the tensor tvm
pamt and also perhaps the tensor palat althou h many believe that
thus muscle 15 innervated by the spmal accessory

2 Motor roof —This takes orign 1n a smalf auchous fying

the chuef_sens and partly also from the mesencephalic root
which anises n nerve cells wcattered around the aqueduct of Sylvius It
emerges at the side of the pons just i front of the sensory division,
passes undetneath the Gasserian ganglion and jomns the infenor mavwllary
dvision to which 1t gwes 1ts motor fibres

Fig 77 —Distnbution of sensory loss in compicte
paralysts of the Sth nerve

(e sk 84 35epeent compl te ;n‘t;‘ﬁte‘da‘ ‘:v; duedae pan 1 d chiey

Paralvsts of the whole 5th nerve leads to Joss of sensation 1n the
areas of skim and mucous membrane above mentioned and é:
(MR T Trophic lesions may
ggsem and the salivary buccal and lachrymal secretions much
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admimshed  the sense of taste 15 occastonally abolished on the
mtenior two thirds of the same side of the tongue

One curtous result of the sensory paralysis 1s that the patient
when dunking, imagings that the cipas.braken_as he_only. feel
.00 one side of his mouth

How to test the fifth nerve 1 Motor functions —Ask the pafient
to clench fus. teeth while the observer keeps hus hands on the tom
poral and then on the masseter.muscles ~ These should stand out
with equal prominence on each side  If there 15 paralysis on one
side the muscles on that side will fail to become prominent  On
hy hathe deviat rds.the [ .

e — o P
being pushed aver hy the healthy external pterygard muscles.. The
condttion of the tensor tympani muscle cannot be satisfactortly
examned except by noting whether there 1s any difficulty m heanng
notes of a particular pitch—re a dimnution m the field of
hearing

2 Sensory functions —The common sensibility of the area supplied
1s tested 10 the usual way (p 324)

—In suspected lestons of the 5th nerve the sense of taste should
always be examined as it seems probable that 1ncetaig.cases-atJeast
taste,fibres fram the antenar 2p.0-thirds.of-t

throu huibe Sthooene, L. they pass froothe Jmgual,

nerveuato thechorda tympani, ang augh the gepyculate

and the W risberg intathemedallaoblongata ~The
Thegl

tastefibres.from-the postenordhird. of the. jongue enter.b

All the taste’ ﬁgl;ms enter the tmactus.slitasiys and relay 1n the nucleus
of the tract whence further fibres pass upward 1n the gustataryfillets.
the thalamys and thence tuthe foot of the post.centralgyrus.  Ageusia
or loss of taste occurs with lesions of the peripheral pathways concerned
or with centrally placed pontine lesions which may mvolve the gustatory
fillets

How 10 test the sense of taste —Have some sugar some quinune
and some salt all n powder  Ask the patient to put out hus tongue
and to keep 1t out until the conclusion of the test Many men
espectally smokers are unable to taste on the protruded tongue
The tongue should then be drawn 1 but the mouth kept open
1 order to avoid spread of the test substances  Dry the tong:_

"
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place some sugar on 1t rub it gently n and ask  Is that salt 7
If taste 15 normal he will shake hus head 1In thus way all the
substances are tried first on the antenior part of the tongue and
then at the back. A weak galvanic current 1s also a useful test
It should produce a sort of metallic taste

Alternatively use strong solutions of sugar and common salt
and weak solutions of aitric acid and gunine  These are appled
by a glass rod to the surface of the protruded tongue and if the
taste 18 recogmized the pattent writes down  sweet salt

sour or bitter as the case may be without withdrawing
the tongue After each test the mouth must be nnsed The
qunine test should be applied last as 1ts effect 1s more permanent
than that of the others

Loss of taste may of course anse from lesions of the taste
fibres 1n any part of their course above stated

In adduion to loss of taste one should always ask the patient
whether he has anv abnormal taste ensations These may form
the aura of an epifeptic fit

3 Reflex functions —The corneal reflex (see p 331)

SEVENTH NERVE
Anatomv —The course of the fibres from the cortical centre to the nucleus
of thus nerve has already becn described (p 251)  The nucleus 1s situated
m the [o] .4 -
nd finally emerge mesially
1o the 8th.nerve between the glive and restform bodies
The nerve lics 1 close contact with the 8th 5o that a lesion of the one
at thus part can hardly avoid mjuring the other and enters th
13 along with it During its course 1n th:i aqueduct of
Fallopius 1t gives off 3_branch {0 the stipedius muscle an
which contang taste fibres {rom the antenor two-
thirds of the tongue  In this part of its course the n posed to the
effects of pressure owing to its being enclosed 1n a bony tube It emerges
at a point opposite the junction of the anterior border of the mastoid J
with the ear and spreads out on the side of the face to supply 1ts muscles.

Functions —The 7th 1s a puely, motor Rerve It supplies allthe
muse! scalp, except the Jeyator palpeht superions,.
1t also supplics the playsma _r -

Effects of paralysis ~—These are usually at once seen on lockung
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at the patient  The affected side of the face has lost 1ts expression.
The naso-labral fold 1s less pronounced the furrows of the brow
are smoothed out, the eye 1s more widely open than the other
and the mouth 1s somewhat drawn to the healthy side  The patient
15 unable to whistle food 15 apt to collect between tus teeth and
hus gums and saliva and any fluid be dnnks may escape from the
affected angle of the mouth —
—

How fto test the seventh nerve —I Ask the patent to shuz his
gies as ightly as he can  Note that the affected eye 15 erther not
closed at all—in which case the eyeball rolls upwards to make

up for the fadure of the Iid to descend—or 1f the eye 15 closed the

eyelashes are not 50 far rolled 1 as on the healthy stde  Try also

forcibly to open the eyes v hile the patient attempts to keep them

closed If the orbuculans.is acting normally 1t should be almost

mpossible to open the eye agamst the patient s wish  If the muscle

15 partially paralysed however the exertion of véfy hitle force may

open 1t. - -

P‘i’he effect of screwing the eyes tightly shut causes the corners
of the mouth to be drawn upwards In paralysis of the lower
part of the face

o

r_not.so mugch as op the bealthy side
2 Ask the patient to.phutle. He is unable to do so
3 Ask hum' to sgulg or shaw hus upper teeth

4 Ask hun to 1gflate Ins mouth with atr and blow out hus cheeks
Tap with the finger m turn on each nflated cheek  Aur can be
magde to escape from the mouth more easily on the weak or paralysed
side

Signs of paralysis of the facal nerve 1 diffevent parts of its coarse
~-Paralysss of the face presents different symptoms depending on
whether the lesion 15 sttuated above the nucléus at the au leus or
below 1t The former constitutes what 1s known asuppec maser
neuLaRs of facial the fatter produggs lower..
OLOL. DL IZODEOE.

The chief difference between the two forms 15 that 1 wumge,
the

nuclear_pargfy s,

snfranuclear paralius, -Atz.equally

mvolved, The explanatior of thus 1s that there 15 lulateral
cM—L

&
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npegvation of the muscles of thenpper.part.of.theface, and conse
quently a unifateral {esion only paruatly cuts off the nerve impulses

10 one side  Sometimes a supranuclear lesion
fitires conicerned mLemational.movement and this function should
be tested separately from voluntary movement

Infranuclear facial paralysis mav be produced by a Jesion of the
nucleus or of the factal perve rtself

A feston mside the facul canal—unless 1t 1s towards the outer
end—~gyoles_the fibces.of. the chorda tympant,.and therefore
produces iosy of faste.sensationan the antenor.twa thirds.ofuthe.

tongue

Lesions of the nuglous or the nerve below 1t will result 1o atrophy
of the facial muscles  Supraouclear Ie 1ons do not produce this
effect Bilateral weakness of the face 1s sometimes difficult to
detect especially »f 1t 1 quite svmmetaical

Abnormal facial movements —The mu cles supplied by the facial
nerve are frequently affected by spasm ot spasmodic movements
The ¢ may mvolve all the facrzl muscles ar groups of them only
The spasm may be of either the clome or tome vanety {p 320)
If present the nature of the movements ther exient wnd the
muscles affected by them should be carefullv noted

EXCHTH NERVE (AUDITORY)

Annmm) ~This nerve consists of tywo sets of fibres  One set supplics
thecachlsa and subserves the function of hearing  the other part supphes
the vesiibule and semsaircnlar canals and 13 the nerve of equilibraton
The auditory fibres which aree from the cochlear ganglion enter the
and are distributed to the
dorsal and ventral cochlear nucles,  The yegfbpfar fibres take or, i from
the vestibular panhon and terminate 1n a group of h10-poDs.
and medulla
The secondary audstory lm:ﬂ nl\er pmm\ decussation, terminate 1
the and the my enculatebodies and
anather system that takes or_ a from these passes through the mernal
ganng, in the Lvelererqo
Sounds recewved 1n one car prubzhly reach the
opposite hemisphere of the br.\m predominanily
rAracts nethier unslateral cercbral
not bram-stem lesions pmdun: deafniéss 1 one ear e
o
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The vestibulaz, lasal! ted ik 1t has
cerebral connections but these are probably not very iportant.

Tests—1 Heanng -—Before testng a patient s pover of hearng
exclude the presence of wax m the ear (see p 355) This done
the heanng power can be tested by means of a watch Stand
behund the patient and ask hum to shut huis eyes  Begm outside the
probable range of hearing power and bring the waigh. gradually
nearer the ear asking the patient to speak when he hears the tick
It 15 necessary to know at what distance the tick should be audible
to a healthy ear Test each ear separately keeping one closed
whilst the other 15 being examumed

If impairment of hearng 1s detected 1t must be determuned
whether 1t 1s really due to disease of the auditory nerve or merely
to some affection of the middle ear In order to settle this point
the tonng fork test may be employed When the fork 15 beating
strongly hold it opposite the ear 1f 1t can be heard then place its
base on the mastoid process 1a order to determine if its vibrations
can be heard when conducted throuh bone  If the patient hears
this ask him to compare the relative loudness of the fork when
heard through air and through bone or to determme which can
be heard the longer as the vibrations die out  Thus 15 Runne s test
Normally, aetally condncted. sounds_ac

Im elouder_to the.patient .
8] Inomddleeardisease, asrial.
conductionsduwnished or Jost while hone conduction remams |
maore.or lessnormat | flected.bothaw

end.hone conduction are dimimshed_or lost.,

Veber s test though luss rehable than Runne s should also be
used Strike a tumng fork and place the end of 1t agawmst the
;t;emre of the patients forehead If the deafness discovered by

e watch 1s due to an affection of the middle ear the patientaull

On the other hand 1f the deafness 1s due to disease of the auditory
nerve the tuntog fork will only be heard on the healthy stde  The
test may also be carried out by means of the watch  In affections
of the nerve the watchis not heard even when pressed against the
ear 1 disease of the middle ear 1t 18 heard even more loudly
than when sumularly applied to the healthy side  The explanation
of these facts 1s not yet clear nor are the tests invariably trustworthy
They hold good however for most cases  Other points 1 favour
of the deafness bemng due to a leston of the nerve and not to diseases”"

r

K,
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of the muddle ear are (a) 2f the heanng 15 better 1n a quiet place
{b) ff conversation 55 heard better than the watch (&) if whaton
of the nmuddle ear renders the hearing worse

Abnormal anditory seasations ~—The patient may complain of

rugng 1 the ears  or tmmtus  The precise character of the
sound vanes in different cases It may be of a hummung buzang
hammering or whistiing character The presence or absence of
this sympmm should always be mguired for and whether 1t 18
constantly present or 1 what circumstances 3t ocenrs

Hyper®sthesia of the auditory nenve (hwperacuss) by whih
even shght sounds are heard with pamnfal mtensnty sometines
occurs  ¢specially in hysterra and 1 fesions of the facial nerve

above or m the ag: owusg.ta. paralysis .of. th

Hallucinations of sound may also be present the papent fancying
that he hears vowes bells etc  These occur chuefly 1a states of
wmentat disturbance but they sometimes anse as the aura of an
epileptic attack when the causal leston 15 situated i or neac the
audiory ¢ortex

2 Vertigo —The patient wll descnibe this as giddimess or duzness
In order to constitute true vertsigo external objects should seem
to move round hum  Ask of thus 1s the ease and if so m what
directson the objects seem o move  Ash also whether the vertigo
causes hun to fall to the ground
Verugo s usually due to an

but weakness of an ocular mascle oceasionally gines mse to ot
When a patient complawts of vcrugo one should took for signs
of disease of the ol Rthpen or brapsiam.,

NINTH {GLOSSO-PHARYNGEAL) TENTH (VAGUS) AND
ELEVENTSS (SPINAL ACCESSORY) NERVES
Anatomy ~These arise 1n order from abovg downwards from
ey emerge by several 100t
along the lateral aspect of the medulla, be nming above i the groove
between the olive and restform bodies e spunal part.of

qrofthed
emerzes from the Jateral column of the cord, bchumrngailaw“ the 6¢h
cervical 3 n:ne it pasiﬁ up throy, hthe foraok

eduna INQ_LTETRES bbbt T b
A(m is cmcrgmc: the tao divisions of it again part ccmrany

duu:ry or accessory pottion jouung the vagus
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The mnth (glossc pharyngeal) 1s
and for the mucous membrane of the phamvax, It
1s motorforthe-mdds ph a orlhuqdn:‘/
It contains the taste-fibres-forthe

pharyngers =P =
the tangue-(sec p 303)

How to test the glosso pharyngeal —The Sth nerve 1s rarely paralysed
alone Paralysis can best be diagnosed by examinng 1ts sensory
and reflex functions  Examine the power of taste 1n the posterior
part of the tongue (p 303) Loss of 1t mdy mean paralysis of the
trunk of the glosso pharyngeal nene

Tckle_the back of # and note if geflgx
Thc tenth (vagus) 1s mator for the soft palate Gwith the exception

of the tensor palat) phanoX and lasinx It s also sensory and
motor for the respiratory passages thie heart and (through the
sympatheuc gangha) for most of the abdomunal viscera

bres fo the soft palate pharynx and larynx take onigin

emerge 1n the upper roots of the lith

reach the phaqngcal plexus and thence pass to the muscles of the
palate the constrictors of the phai and to the larynx

The viscero motor and the cardio intubitory fibres are derved

from the wﬂﬂus 1 the ﬂom"of_ the 4th ventncle

How to test the vagus —Paralysis of the vagus 1s chiefly made
evident through its palatine and laryngeal branches
—

1 The palate —Ask the patent whether he 1s troubled with the

through hus nose when he tries to swallow
Thus 15 & common in tatal pacalysis.of-the-soi-patat
owing to defective elevation during swallowmo For a sumilar
reason the patient is unable to pronounce words which Tequire
complete closure of the naso-pharynx  Thus  egg IS sounded
ASemdf  Fub—becomes _pum,_ and so on

For direct exammation of the soft palate place the patient facing
the hight with hus mouth open and introduce a tongue depressor
The pcSlllon of the uva 15 quite unreliable as a gmdc to the state
of the soft palate as deviation of 1t 15 not uncommon even 1n health
One must watch the moxements of the palate dupne rhanatine
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As\ the patient to say Al and obsecve whetiter both sdes of the
palate arch upwards W health elevation of the palate walf occur
when the patent says A% If one side 15 paralysed that side will
remamn flat and ymmobile ag i
The manner in which the palate nises
m such 2 case has been cogmpared to the ascent of 2 curtam of
which one string 18 broken  In bilateral paralysis the whale palate
remams mationless
2 The larynx ~The supenonJanngeaibrochoofhe sagus »
sensory_forthedagaz-ahave she Jevelafuthe doue.conds and 1

oy sardmuscls,  Umilateral pasalysis of the
nerve does net produce 2ny symptoms  Bilateral paralysis causes
the vocal cords to be relaxed” The voice 1s therefore hggree and
deep and the utterance of uh notes impossible —

h J;

The resurrent aryogeal gy pp 15 the Janyny.
below the fevel of the.cords..and molorfitwestaailshelaryngeal
rest  Paralyaes of it leads to appear
ances which are recaguzed by the lar pe and are t
ot p 361 —

The elesenth nerve —Anaromy ~~The accessory part of thus nerve geves
@ the yagus motor fibres for the Jarynx and pharyax  The spual part
of the nexve dips beneath the stepnpemastoud muscle 2bout one wch below
the up of the mastowd process and emerges from underneath that muyscle
agaIn at about the muddle of iy postenor border 1t supplies the SIEMIC
mastaid And trapezis, which are siror she ceneal,
plexys.  Lesions of the 13th nenve therefore lead 1o paralysis of these
nouscles
Howm to test the spma} accessory —Paralysis of the yppec partofb
21835 evinced by asking the patient 1o shyg fus shovlders
while the observer offers passive resistance by pressing on the
shoulders from behwnd  Paralysis of the sterno-mastord-causes—
otation-of.the-shin tonards.the opposte side

TWELFTH OR HYPOCLOSSAL NERVE

Anatomy —~The JIth nerve anscs from a nuclens 1 the fonscpaol

e close 1o the muddle hne It emerges between
the antenor Pyfamd and iy oine T3 2 purhundiordests sUpPyOE
the mw_md the depressors of the yo d bone

Test —Ask the patient to put owt hus tonguc ss faz as possible
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If the hypoglossal 1s paralysed the tongue instead of bemg pro
truded straight 15 pushed oueseto=t] Be careful
not to mistake an apparent deviation of the tongue really due to
the mouth bemng twisted to one side for a real deviation  Such
an-apparent.d facmi-paraiyss  Ask hum also
to move tus tongue from side to stde and to hick each cheek with 1t

observe whether he can do so freely Note whether there 15 any
wasting of the tongue and whether there 1s any tremor or fascicy
lation 1 1t The presence of wasting indicates that the Ieston 1s
either nuclear or nfranuclear

Paralysis of the cervical sympathetic may be considered here A
complete description of the functions and distnibutton of the nerve
however 1s not necessary in such a work as this  For purposes
of diagnosis the fibres supplied to the eyeball are alone of import
ance These take ongm m the
regions of the spinal cord (cthospinal gentre) from which the
fibres emerge i the first thoracic nerve roots and pass to the
p d-by-iheram From the cervical
sympathetic cord the fibres pass along the.nternal.carotid.to._the
\7 lexns,.and thence wia-th 4 fmth
Sthtothe eveball  They convey the impulses which cause
and supply also the unstriped muscle 1 the nsertion
of the leyator palpelz: into the upper id  Paralysts of the cervical
sympathetic 1 recogmized by the followng signs  apparent
ig, due.to paralysts
of the

B 0,
of the ped muscle fibres mat
gl with absence of dilatation on shading the eye or on wstillation
of cocamne  ghalitiog ol the £ilin spinal reflex,  less commonly

ucatng even after the use of pilocarpmne on the cor
responding half of the head and neck both mn front 2nd behind
extending as low as the 3rd nb and 3rd thoracic spme and over
the whole of the upper limb on the same side  Sweating of the
face can best be mduced by making the patient smell mustard

MOTOR FUNCTIONS

To examune the motor functions of a patent nvestigate five
separate pomts —

1 The size of the muscles e
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2 The state of muscular tone

3 The muscular power

4 The co-ordination of movement

5 The presence or absence of wvoluntary movements

1 THE 5I2B OF TUE MUSCRES

The size of muwcles is most easily ascertamed when they are
firmly contracted but may aiso be gauged by palpation  Wasted
or _atrophic muscles are not only smaller but also softer and more
flabby than normal  When muscalar wasting 18 accompanied by
fibrosis the muscles feel hard and wmelastic  they become shortened
and 1t 15 not posuble passively to stretch them to a mormal degree
Contracture is then said to be present Contractuses are also
cansed by prolonged hypertonus in a group of muscles  Muscufar
atrophy 1s not only caused by gical disord G d
musculas wasting 15 seen n patents with carcmoma and other
throme dseases  Locabized muscle atrophy may be due to wmyury
or disease af 3 jomst  this 15 well seen n the thenar muscles 13
assocation with arthratis of the Ist metacarpo phalangeal jount or
1 the quadniceps i pattents with affectsons of the knee joint  In
such instances miuscular pover 15 well preserved n relation to the
degree of muscular wasting  Some patients with muscular dys
trophy develop farge muscles (; ) due tg pathe
logteal changes i the mu.cles themselves
anid L Jazh {Teoted

The enfarged muscles

¥
are weak m spue of thetr swze
2 MUSCULAR TONE

Muscular tone is the statc of fension of contraction that 18
atways found mn healthy muscles  An increase 2z tone is spohen
of as hypertonsa and o dumnution as hypotoma  The degree of
tone 15 estimated by handhing the Jimbs and moving them passively
at thew vagous jomts  The mantenance of tone 1s dependent on
a spinal are afferent fibres entering the spinal cord and congeeting
with the antenor horn ceffs whence effrent fibres anse and pass
to the muscles  Tone ss dsmmshed or lost of thus reflex are 3
affected by dwsease  Hypotoma. therefore occurs i affections of
the laner metor neurane or of the afereng sensory_pathways (as

m tabesy
Muscle tone 15 modified and regulated by wnpulses passing alonp
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the pyramidal and exra p dal path The by It

alsa_closels h r of.

Tone may be mcreased 1 states of anxiety It 1s reduced or lost
1 sleep and states of unconsciousness

Hypertonia follows lesions of the pyragudal system.  This form
of wcreased tone 1s termed spasticiry and it has a charactenstic

dxsmbuuon thenp,

It must be that plamar flevion of ufgL
foot 15 p The the hypertome
uscles someturies disappears suddenly on passlve moverment, the
so-called When spastiaty results from

a partial lesion of the hxﬂher mozor pathways in the spm:d cord the
lower Limbs are p

d les)
Lmbs.ado; plegia 1 ﬂexmn) this 13
the result of the umntubited action of the 8.x.
Thehyperionia _tesatingfrom se.seolhe_bos.b gangliza

o Here the muscular hypertonia 1 e pnifqum

but often 1t is $0 distnbuted as to produce a 5
A The
resistance to passhe movement 1 fluctuant Fence the use of
the descripuve term  cog.wheslo ity Occasionally g plastic.

states The resistance to passive movement Is steady and con

unuous In hysterical ngidity the muscular resistance mncreases

1 proportion to the effert made by the observer to move the mb

The muscles usually feel firmer than norm:ﬂ n hypertopa
When the musclés are passtv

bttle or no fesistance and when the hmb 15 handled or shaken

the unsuppomd part flops about merlly H)potomc muscles are

oft to palp: upper
limb usunuy shows an abnormal posmrc asm Wﬁe@
or chorea. ¥t 1s hyperetended at. Ner.
Rronuted. the wwmst being musiliy.flezed, and the fin

tended-aith

Po-p 3
3 THE MLSCULAR POWER
Determine whether the patient 13 capablc of pcrformmg eross

muscular movements Can he wilk ?
Can he move each of hus lunbs as a v«hole '7
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Then gate the range of the that the patient can
make and the strength of the principal muscles and groups of
muscles separately

The general rale m thns 1mestigation is 1o asw the patient to throw
mto actson the parucular muscle or group of muscles which one
washes 1o test winl t the ob.erver offers to that action a greater
or Iess degree of passive resistance  The following 15 the method
of procedure —

@) Upper b Abductor pathcrs drevis —-Ths 1s an_smportant
muscle clinically as 1t 13 the only ntrinsic muscle of the hand
mvanably supphed by the mediannerys which is easly tested  The
patient 1s asked to abduct Ius thumb m a plane at nght angles
to the palmar aspect of the 10d < finger  The muscl. can be seen
and felt to contract

Opponens poilicis ~Ask the patient to touch the vp of hus little
finger with the pownt of s thumb

First dorsal interosseous —~Ask the patient to abduct fus mndex
finger agamnst resistance

Interosser and dumbricnles —Test the patient s abibity to flex s
metacarpo phalangeal jomnts and to extend the distal phatanges
The interosser also adduct and abduct the flagers When these
muscles ate paralysed and powet 1s retamned 1n the fong flexors and
extensors of the fingers the claw hand or mawn-en guffe deformity
18 produced  The (%m phalanges ate over extended and the distal
two are flexed The fingers are slightlv separated

Flexors of the fingers ~Ash the patient 10 squeeze ycur fingers
It 13 adwisable to present him with two fingers only the muddle
finger being abducted 10 Le across the wmdex or trauma to the
examimer may result

Flexors of wrist —The hand being held with the palm upwards
ask hum to bring the poiats of Tus Aingers towards the front of the
forearm

Extensors of wnst~—The hand being held with the palm down
wards the observer grasps the patients wnst and asks hum 1o
bend the hand up bakwards as far as possible The fingers
should be at the same tune held flexed as the wnist can be extended
by contraction of the long extensors of the fingers I hes unable
10 produce dorsiflexion of the wnst some weakness of paralysrs
of the estensors 1s present
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Shght weakness of the extensors of the wnst may be elicited
by asking the patient to grasp something firmly in hus hand  If the
extensors are weak the wrist becomes fleved as he does so owing
to the flexor muscles getting the better of the extensors

Weakness or paralysis of the extensors of the wrist leads to the
conditien known as wrist-drop

Brachio radialis —Place the arm midway between the prone and
supine positions  then ask the patient to bend up the forearm
whilst the observer offers opposition to the act by graspmg the
hand  If the muscle 1s healthy 1t will be seen and felt to stand
out promunently at its upper part

Biceps —The patient 5 elbow bemng held aganst Ius stde ask him
to bend up the forearm while opposition 15 offered by grasping
the hand or wnst  If the biceps 1s healthy 1t will be observed to
stand ont promunently as it contracts

The friceps 15 tested by asking the patient to strarghten out hus
forearm whulst the observer endeavours to keep 1t flexed by means
of passive resistance

Supraspinatus —Ask the patient to Lft his arm straight out at

nght angles to hus side
qut. by, s The 08 6Q.dsapradused by the.
Whise ant. dp fibres—help-to-drawih

abdugted. 2t forwards sand-backmasds-resy

Infraspinarus —The patient 1s asked to tuck his elbow.1nto hus
side with the forearm flexed ta.a night angle He 1s then
wstructed to_rofate the limbooutwards,.the_elbow bewng held
agamnst the side throughout The muscle can be seen and felt to
contract

Pectorals —Ask the patient to stretch Ius.arms_opt.in front of
hum, and then hile the observer endeavours
10 hold them apart Note whether both heads of the muscle are
thrown into contraction or not

Serratus anterror —When this muscle 1s paralysed thescapulaus
wnged wthe vertel

hral border projectiog.
the deformuty becoming more
apparent as he tnies to do so  Pushing forwards with the hands
agamst resistance also brings out the deformuty
Ask the patient ta.clas, 1s
back while the observer standing betund the patient, offers passive
to the and backward or grasp
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{he tao postenor.axiliary.folds.and ask the pateent to caugh In
health the latisumus can be felt to contract

(1) Trunk muscles —Weakness of the muscles of the abdomen is
shown by the patient 5 mability to raise umself in bed without the
atd of hus arms gft,  consists n making the
patient lie on lus back with the legs'extended and nse up without
using hus hands I prgamis spasyiparalysis.of-ateg

Junb will nsefiest,-owungto-thengidity  butapfunctional paralysss
1l Paralysis of a portion of the anterior abdo-
munal wall can be detected by the

that occurs when the patient attempts to Lft up tus head from the

pillow agamnst resistance W alysty _of er_segment
1 psvards,. but_when the up, nt Is
affected the 15 pulled So also wath

dispt d-b of the. d

pacalysts the " ¥
gn). To test the erector spue and muscles
of the back make the patient ljeondusefaee.and try to raise his
head from the bed by extending the neck and back  If the back
muscles are healthy “they will be seen to stand out promunently
dunag ths effort

The method of detecting paralysss of the diaphragm has already
been described (p 188)

The frgpg.gisats tested 1 s upper part by asking the patient
to shrug hus shoulders while the observer tries to press them down
from behind  In its loweLfactit can be tested by asking um to
apprexunate.the-shoulder blades.

Gu) The head museles —The methods of detecting weakaess or

paralysis 1 the museles of the head have been referred to the
section dealing with the investigation of the Cramal Nerves (p 278)

(1v) The fower imb —The intrinsic muscles of the footare nat wsually
examined 1n any detail When the imnterosser are weakened or
paralysed a  claw foot analogous to the claw hand may
develop Rarely this deformuty oceurs i patients with spasti
paraplegia of very fong duration

Dorst flexton and plantar flexion of the fect and toes are tested
by asking the patient to elevate or depress the part against resistance

Eversion and imersion of the foot should also be nvestigated by
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mstructing the patent to turn the foot outwards or inwards agamst
resistance

Extensors of knee —Bend up the patient s knee and then pressing
with your hand on the sole of hus foot ask hum to try to strmighten
it out again

Flevors of knee —Basseubus unhifromethe bedsupporting hry
thugh with your left hand and lus ankle with your night Then
ask um to try.to,

Extensors of thigh—The

nd ask him do.depress it against ressstance If

the extensors of the hip are paralysed he will be unable to do so

Flexors oj thigh —Theknes beingextended,.ask-the patieat-ta~

The Mm-af.xbubgjz are tested by.ahducting.the hmb and
then askeag the patient to bring st bagk,to the muddle lime while
passive opposition is offered to the act In a sumlar way the
abductors are tested by brnnging the mb across the mddle lne
and then asking the patient t agan

Rotators of thigh —With thes lower hmb extended.on-the bed
asc the patent to_rolf ut oQutwards..or.gnwards whist passive
resistance 1s offered by grasptag his foot

If on carrying out any of these tests a muscle or group of
muscles 15 found to have only a feeble power of contraction paresis
of 1t 15 said to be present I no contraction 1s elicited at all the
condition 15 one of paralysis  Apparent weakness may be due to
stmultaneous contraction of opposing muscle groups This can
be detected by palpating the muscles at the same time as their power
1s tested  This type of weakness 15 found mn hystersa

The term hemiplegia 15 applied to a condrtion 1 which there 15
paralysis of one side of the face and of the arm and leg on the
same side 1 the paralysis of the arm and.leg 15 on one side. and
thaLDUgum_ouhumsde: supplied by, the. mator.cracualpexyes,

e piher, $he.condiinn 45 one of crossed paralysis  The term
pnmplegm 13 appled to a paralysis of the lower part of the body
the term monoplegia to a paralys:s of one arm (which 1s therefore

as a brachaal legia) one leg (crural mono
plegia) or one side of the face (facial monoplegia)

The detection of hemuplegia mn a patient who 1s comatose 13
often a very difficult matter ~ However 1f the paralysis 1s of recent
onset one can usually detect in such a patient a greater degreye
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of 1 the paralysed imbs If his arm for example 1s
rassed from hus side and allowed to drop 1t falls if at 15 paralysed
as f 1t did not belong to him  the sound arm also falls but not
m such an utterly limp fashion The face 1s asymmetrical the
avgle of the mouth more open on the paralysed side ‘and the affected
cheek moves loosely outwards and mwards on respiration  The
abdommnal and tendon reflexes may be abolished on both sides
but un extensor plantar response 1s often obtaned on the hemiplegic
side

L thatis which becomes more marked
after muscles have been exercised occurs 1n myasthema gravis
It 1s most commonly seen 10 the extra ocular muscles and those
concerned with speech and swatlowing

4 THE CO-ORDINATION OF MUSCULAR MOVEMENT

By muscular co ordmation 13 meant the ¢o operation of separate
muscles or groups of museles 1n order to accomplish a definite
act  If such co operatton 15 absent or imperfect the performance
of certan acts becomes difficult or mpossible and the condition
1y then said to be one of inco-ordination  The term ataxia or
ataxy has a simlar meaning

The co ordination of groups of muscles 1s the product of various
factors among the chuef of which are the afferent impulses coming
from the muscles that never reach consciousness and those on which
the sense of position of the imbs depends  the state of tone of the
muscles and 1n some acts perhaps cutaneous sensibiity When
mco ordination 1s present 1t 1s not always easy to say which of these
factors 1s at fault’ The movements that constttute an act can be
controlled and directed by wision but sight atself 15 not concerned
1n the co-ordinatton of movements When however there 1s loss
of the sense of position the sensory defect may be compensated
by vision and the disturbance of moyement may become apparent
only when the eyes are closed or bandaged or in the dark.  Such

ataxta pccurs typieally un-tabes. dos asiijan s
dimupished or fost an the lower hinbs

How to test co-ordination 1 Lz the ypperlunhs —Ask the patient
to touch the pomnt of g pgse first with one forefinger and then
with the other  or ask him to bring the pounts ol the two-foreBngers
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together  If he 15 able to succeed 1n these tests naturally and with
out making random shots no mco-ordinatton 15 present  He may
then be asked to perform the same actions with lus eyes closed
any addiional srregulanty of the movements can be due only to
disturbance of the sense of positron
Another good test m the upper b 15 to ask the patient to thread
aneedle In this case the eyes must of course be left uncovered
2 In the lower imbx —If the patient 1s able to walk a good test
1n the lower lunbs consists mn asking him taw: ga-strasght
lipes—e g the edge of a carpet I inco ordination 1s present he
will soon deviate to one side or the other
If he cannot walk ask hum as he hes m bed to place cuediesl
on the oppostte knee first with fus eyes open and then when they
are closed
Another method 15 to leave the eyes open and then ask him to
follow with his toe ones forefinger as it descrnibes circles i the
air  If he 1s able to describe the circles accurately his power of
co ordination 15 good
Romberg s sign 13 often regarded as a specral test for the go .
sy but though 1ts presence 15 often
evidence that the sense of posttion in these hmbs 15 defective 1t
may also be positive when the patient s mstability 1s due to some
other cause € g auralyertigp or a lesion of the cexebellum  The
patient 15 made to stand with hus feet close together and if he can
do so he then closes s eyes  If the sign s present he begms at
once to gydy about or may even fall To elicrt
the. 1L, .make_the_patient.stapd
The essentl:\l feature of the sign

15 that the patient 1s.iuo;
than when they are open In sensgry,ataua, caused for example
by tahes dorsalis the patient 15 unable 1o mamntan his atutude
without the aid of vision on account of defectrve sense of position
10 the loner extremittes

A specal sign for gerebllapataxa 1s adiadokokinesia 1t consists
of nability to execute rapudly repeated movements In order to
test for it the pauent 15 asked 10 ﬂe‘( lus elbows to a right angle and
thensnp pudly as pcsslb]c
All normal persons can do ths at appro“mately the same rate but
as atule slightly less rapidiy with the left than with the night arm
When however adiadohokinesia 1s present the movements are

s
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slon.ankward and nd often become
a few attempts

hlealter

S ABNORMAL MUSCULAR MOVEMENTS

‘These comsist of mvoluatary muscular contravtions of vanous
sorts  The first thing to note 15 whether the movements are
widespread or localized

Jf they are confined to one part of the body note the jounts at
which the movements occur and the muscles or groups of rwscles
wvolved The term spasm 15 often applied to any exaggerated
and s oluntary muscalar contraction  The contraction may exther
be continuows 1n which case 1t13 sa1d to be tonse  or there may be
a Jenies of short with plete or-partial
of the mu cle m the intervals and 1n that case they are spoken of
as clomc

Tetanic spastn 15 observed 1 1ts completest form 1n tetanus
strychmne possoning  hydrophobia and some kinds of hystenicat
fits It may lead to a bending of the whole body backwards (opis
thotonos) ot sideways {plearothotones) or forward (emprostho
tonos)  The jaws mav also be firmly cleched (trismus)

The term tetany 15 appled to a symptom-complex occutfing
under widely varyiog circumstances  The underlying disturbance
xs oruzed calcium-an-theserum Thete 15 &
resultant hyper-exaitabiity of the neuro muscular apparatus whic
mantests itself by mtermitting spasms of the muscies

The ¢ spasms may affect any muscles of the body but they
most commonly oceur in the peniphery of the mbs™ They are
usually bilateral 1n severe cases panful and they may last for
ten 1o twenty runutes and recur over many weeks

Ap attach begins with . sensaton of tngling and stiffaess m
the fingers  The thumb 15 foraibly adducted the fingers pressed
closely together being flexed at the metacarpo phalangeal jomts
and extended at the interphalangeal jouts somctimes the ndex
finger 15 more powerfully flexed than’the other fingers the palm
of the hand 15 made hollow by the approumation of its outer and
mner margms  the whole hand assumuing a comcal shape—

accoucheur hand In severe cases the wnst and etbows may
be flexed and the shoulders adducted  When the lower fimbs are
affected the toes and ankles are plantar flexed the sofes of the feet
hollowed out and the knees and dups extended
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Laryngospasm may occur m tetany In rickets 1t 1s especially
common and often appears without the occurrence of tetany It
1s commonly termed laryngismus stridulus At any tune 1 the
nght or day the child affected will hold its breath untl the face
18 cyanosed Then the momentary spasm of the glotss relaxes
and as 1t does so air 15 drawn past the still closely approximated
vocal cords with a high pitched crowmg sound

In tetany the muscles of the trunk are mvolved only rarely
those of the face are sometunes affected the lips being pursed up
— carpmouth ~—and spasm of the oculo motor muscles sufficzent
to cause diplopra 1s occastonally seen

The following physical signs peculiar to tetany are important
the more so sice they often persist between attacks ~—

Trousseau s sign—Pressure upon the vessels or nerves of the
Lmb for example by a tourniquet or sphy,momanometer bag
will produce the typical spasm ( man d accoucheur ) or will
augment 1t if 1t 1s already present

Chyostek s sign —Tapping over muscles and over nerves super
fictally situated induces spasm  For example the hght tap of a
patella hamumer over the facial nerve it front of the lobe of the
ear causes muscular twitchings over the whole of that side of
the face

Erb s sign —Owing to 1ncreased electrical excitability of the motor
perves fibnllation and spasm may be mduced 1 the muscles by
cathodal stunulation with cutrents submummal to the normal
subject

Occupational cramps may accur 1 persons whose occupations
mvolve complicated movements of the fingers for long perrods of
tume for example telegraphists clerks and violiusts  They are
psychogenie

Comugate ocular spasms or oculo gync crses  sometimes
occur as a sequel of encephalitis lethargica They copust of
attacks of spasmodic conjugate ocular deviation usually upwards
which last about half an hour Dunng the attack the patient 1s
unable to deviate the eyes downwards below the horizontal plane
and any attempt at downward dssplacement 15 associated with
wtense tremor of the Iids

Clon:c spasms are of various degrees of severtty I very wide
spread they are spoken of as convulsions and are seen typically
m epiepsy  If the patient gives a history of fits therr chamgm
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should be inquired into following the Jmes Jaid down on p 8
Should the abserver be fortunate enough to witness a0 attack he
should nate—~

1 The nature and distribution of the menemer t5 ~-Are they general
or confined to one limb or part of a mb? What part 15 first
and what last affected 7 Are the convulsions tomc or clonie 7 Ts
there any struggling arclung of the back or atutudiuzing?  Are
the abdomnal muscles nvolved or not 7

u s there any imoluntary esacuation of the bladder or rectum ?
Is there any blood ot froth about the mouth 7 Dogs the patent
change 1 colour ?

w Tle stae of the eyes—~Are the eyes open 1 the comeal
reflex present or abobshed ? Do the pupils react 10 bght? Is
there any meo-ordinate movement of the eyeballs 7

tv How does the patient behave after the fit?

If one group of muscles 1s first aflected the spasm spreading to
others by degrees 1t indicates a spread of the discharge along the
cottex cerebrr Ths occurs typically 1n Jacksoman eprlepsy

Mioclonus 15 the term given o shock hike contrachions occuring
m individnat muscles  They have been observed in cenam forms
of encephalitis and are also encountered as manifestations of
minor epriepsy  Therr frequercy vanes from 10 to $0 contractions
a munute but they wually have no defimte rhythm

Tremor consists of more or less rhvthmical osciiiations of a part
ar ports of 2 Lmb and s ki AR

oY) tag Tremor may be eher fine
ot coarse  Fapedremor is usuaily more easdv fgft than seen It

nd 1 some forms of
metalhc powsomng Al forms of tremor are most easily seen by
mcreasing the leverage at which the affected muscles act  Thus
tremor of the upper imbs 1s often brought out by gettmg the
pauent to extend ks arms i front of him In describiag tremor
always note whether it 15 constantlv present or if 1t 13 affected 1
any way by voluntary muscular action  Also abserie its mate
the amplitude of the movements and whether they are regular or
wregular Ask the panent to bit a glass of water to his. RS, and
note whether the tremor. 18 increased_thereby (as 1t socases.af
rebellar or whether 1t 23 dimumshed or altogether abohished
Temor which only comes on when the patient atiempts to use
the affected muscles 15 desctbed as infention romate.
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Clome contraction of hundles~offbies n 2 muscle 1s termed
fasciculatron It 1s seen m many cases of
atrgphy, and dicates an.abpormal state of nutrition mn the an
tenior_ho; ected with the aﬂ‘ected ﬁbxes TEc mrm
fibrillation 1s reserved for
Such movements canot be detected clmmlly but may be recordcd'
by the electramy:

To the transient fiickering of a few muscle fibres (commonly
koown as  lpeflesh or Itve blood ) the term myokyma 1s
applied Tt 15 most often seen i the orbiculares palpebrarum
and 1s usually an indication of fatigue or debility It also oceurs
as an independent condition. and s then more or less general

The term choreic 1s apphed to UAs
fcpos A ring m muscles or groups of
muscles  Such movements are seen most typrcally 1 chorea
nunor or St Vituss dance  They consist of abrupt voluatary
twitchungs or contractions which cause the patient (usually a chuld)
to seem fidgety and unscltled Thcy are 1ncreased by mental
agiation but aze.often lac-effori

If the movements are ltmited to one stde of the body the term
hemichorea 15 applied

Choreic movements 1f slight can be eltcited it two ways  Furst
one may ask the patien

or second one may ask hum to spread out his hands patms
downwards on the extended hands of the observer In the
former case 1t may be observed that the patient 1s unable to hold
up his hands steadily for any length of ime 1n the latter one
may notice that Lttle guutghy. movements-soon-become.evident.in
the patients fiugers.

If the patient is unable to write one may get um to scrawl s
name with the affected hand and keep the result for purposes of
campanson Jater  In this way one 1s able to esumate any increase

1 the choreic

Chorcu‘orm movements also occur as a result of cerebral dusease
they are then usually limuted to ore side of the body and as they
appear after local lestons they are sometimes described as post,

Hr.rmc.hnma-

without hemuplegia 1S seen in

lestons.of. the sarpus.
Tices are co_ordinated regc!m\e purpostve acts which are starte:
L

in the ficst place by some external cause or by an idea
>




324 THE NERVOUS SYSTEM

repetition they become habitual and finally involuntary without any
relation to the cause that first excited them They may assume
vanous forms  perhaps the most common are blinking of the eyes
smacking the lips or rotanon or nodding of the head  They can
be disttngushed from other ments by their com
pleuty and by their always retatning therie purpostve character

The term athetos:s 1s used to describe slow
which lead to and del twistin, nt:
specially affectng the hands and feet but sometimes extendmg to
mvolve the whole limbs and even the trunk

The last pomnt to be noted regarding any abnormal muscular
movement 15 whether or not 1t persists during sleep

SENSORY FUNCTIONS

In g the scasory of a patient we have to
test the of the g forms of b -

1 Tactile sensibility  This tncludes the powers of appreciating
lLight touch and pressure and of tactile localization and
discrmnation

2 Sensihility to pam

3 Thermal sensibtlity

4 The sense of position and the appreciation of passiie move
ment

5 The recognition of the siz¢ shape weight and form of objects

6 The appreciation of vibration

In addition the presence or absence of any abnormal sensations
15 noted

At the outset explain to the patient the nature of the tests to be
performed and so secure as far as possible hus wmtelhgent co opera
tion  Theeyes should then beclosed or the part under exammatton
screened from sight and the different forms of sensibility tested as
follows -—

1 Tactle sensibility —Use a wisp of cotton wool or & fine camel
hair brush ¥ 1t 15 desired to test the sensibility of the skin t0
hight touch over a hairy part it 1s essenteal 1o shave it as the sen
sibility of the hairs themselves 1s so acute

Tell the patient to say Now  every time he feels a touch
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Compare correspending ponts on opposite sides of the body
and employ every now and then a negative test asking the patient
1f he feels you touch hun 10 order to prevent us making random
replies  The appreciation of presurggsch should then be tested
this may be done by touching.hun-wath—]
1t 15 1mportant that 1ts temperature should not
differ much from that of the skin and the pressure must not be
30 heavy as to give pain or discomfort. Ask lum also to localize
the stmulus by descnibing or 1n other way mndicating the exact
positon of the spot touched  Thus 15 tmportant as a patient may
be able to feel the sumulus and yet not be able to
Sensibility to touch may be altered m varous ways (1) It
may be entrely abol This If the
abolition affects the whole of one sude of the body it 15 termed
hemanzsthesta 1f the exstence of anzesthesia 1s discovered one
must at once proceed to mark out s exact extent and boundarnes
1 hypozsthesia  (2) Sens:
bility may be so altered that what should 1 health be felt as a
mere touch produces a_panful 1mpression resembling packing or
burnmg  This 15 generally called hypermsthesta Hypermsthetic
spots are sometimes met with especally m_h&g:unl pateents
The commonest sites for these are over the brum of 1hé pelvis 1
the inframammary region, along the vertebral colummn ard on
thescalp Pressure on such spots may sometimes wmduce hystencal
fits (3) Sensation may be apprecrated well enough but there
may be great delay 1n 1ts conduction, an apprectable interval occur
ring between the application of the stmulus and the respomse of
the patient. Thus delayed conduction eusts not infrequently m
cases of fabes (4) The stmulus may be badly localized  the
patent belncvmg for example that the outer side of a hmb was
touched when the stumulus was really applied {0 tts mner aspect.
Somenmes 2 touch on one side of the body 1s referred to a corre
sponding pomt on the opposite side  this 15 termed allochenz
Tactle discrmunation Abilty to discnmunate between fwg
pounts 15 tested with Yeehers.compasses The patient ts asked
whether be 15 being touched with one or both pomts of the com
passes  Normally Lem of sep of the ponts 15
on the palmar surfaces of the thumb and fingers

‘PP

2 Sensibility to pain —Pamn may be evoked either by a cutaneous -~
.
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stimuhss as the pugk of a pim o by pressure on the deeper struc

tures as the muscles or bones  Seastbility to superficial and to
hould be tested separately

{a) Superfical pam —The pont of a steel pin or needle may be

used as the stumulus  Care must be taken that the patent dis

tinguishes between the {that 15 s relative
size) and the pgig, which the prick evokes 1t often happens that
even when to pam 15 he cai that the

stimulus 1s pomted and thus confuse the obsenerqby calhing 1t

(&) Pressure pam is Bpesqs the_musck r the
Abolwon of pressure pam 1s often the most
pronunent DRSS Sms
Absence of sensibility to pain 15 termed analges:a  partiaf loss
of pun 15 calied and an exag; d sen
sibility so that even a nuld stimolus causes an unnatural degree
of suffenng 15 known as hyperalgesa

3 Thermal 15 ;s by using test
tubes contaming hot and cold water  The part fo be tested 1s
touched with each i turn and the patient says whether each
tube feels hot or cold It 1s often amportant to determune the
thresholds for heat and cold 1e the lowest semperature that feels
warm and the hghest that 15 cold  This can be done by notng
the temperatures of the water 1n the tubes on thermometers con
tamed 1= them  to do thus 1t s better to use large copper or glass
test tubes  Note also the reactions evoked by high and low tem

ratures and the sensations they produce i the patsent It fre
quently happens that such temperatures evoke only pamm and
may be called mdiscimypately hot or cold

The different forms of sensibility already menttaned may hmve
to be tested on mucous membranes as well as on the skin surfaces
The sensibibty of some viscera ss also smportant Thus the

y.be.an-earh

absenee ol pain on squeezing the testgls ma;
e

4 Sense of posihon ~The panient s eyes being carefully shut take
hold of one of tus limbs and move it about In varnous directions
througlt the air fnally leaving 1t 1o some definute position say seon

flexed and shghtly elevated  then ask him to put the corresponding
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hmb in a simlar posttion  If there 15 no paralysis of the latter
and yet the patent 15 unable to mmutate with 1t the position of the
other then there 15 reason to believe that the sansenf postianas
1mparred

In the case of the hand the patient may be told that the fingerg
of one hand will be moved and
the In the case of the
foot he may be told that the great tos-sll be placed posting up-
wards or downwards and that he must try to tell which it 35

In testing a patient s sense of position 1n this manner be careful
not to allow the part tested to touch any other skin surface
otherwne the patient will be able to apprectate is position by the
information denved from his ordinary sense of touch y

A very delicate test for the
consists 10 shutting the patient s eyes and then making him hold
hu

Tow  After a moment or two (YE0m
the venolne., Some will gse a
Lttle others fall or even become twisted m below the rest
The apprecration of movement 15 closely related to the sense of
posiion and should be tested at the same time Grasp any
segment of a kumb firmly and then move 1t gradually into another
posttion  ask the patient to say Now  as soon as he recognezes
the movernent and note the angle through which the lmb was
moved If the of 3 this angle
13 many tines grcnler thaa that which ts necessary 1o a normal mb
but of the defect 1s shight 1t may be necessary to measure the range
of the tsof 10,
;_g_[_ngm_nl lmgg_ Fma]ly t:s! 1f the patent
can recognize the dwection.of the movement that 15 whether the
Jount s ﬂcxed or e'«endcd. I: often happcns that the patent can
though he 15 ignorant of

1ts dxrecucm

5 The recogmtion of size shape and form —These faculttes can be
tested most accurat.ly 1 the hands To test swe place m the
patient s palm objects of the same shape but of different sizes as
small rods or maiches of different length  Tyug,gbjects should be
apphied consecutively and he 15 asked to say which is the larger

To test the power of recogmaing form famuliar objects as coins

v
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a penct! a penkmufe seissors ete  are placed n the hand and the
patient 1s asked to wdentify them or to descnbe thewr form  Loss
of this power 1s generally known as astercognosis

6 Appreaation of wbration —If the foot of a wibrating tuning
fork 15 placed on the surface of the body the vibrations can be
felt provided they are sufficientiv strong ~ This 1s a valuable test
as the ability to appreciate vibration may be lost in various diseases
asangabesdorsalis penpheralocuntis and conditions ghat nv:
the < A heavy tumng fork of{ 128
vibrations a second (C o) 15 generallv employed  Make the for]
vibrate by striking sts prongs gently on a firm object and place
113 foot immediately on the part to betested  ascertawn of the pavent
perceives the vibrations and if so ask fum to say at once when
he ceases to feel them If the fork 1s then transferred to the
observer it can be seen if the 1o vibration 13 d
or pot and the amount of diminution can be measured by the
further time that the vibration can be perceived by the normal
parts  The appreciation of vibration ts sometimes spoken of as
thesia

Are there any abnormal scusations present —These are termed
parzsthesiz and constst 1 vanous sensations experienced by the
patent 1a the absence of any outward stmulus  The commonest
of these are a feehng of  pmsand-needies  of nurbngss of heats
or chills of pressure or tightness of uching—~sometimes tetrred
prunitus-—or a feeling as i insects were crawhng over the body
{form.cation}

Sensory —~—This ph 15 found 1
patients with lessons of the papetallabes, it 15 demorstrated as
follows The patent s asked to close s eyes M

on_opposite sides.of the body.are then Sessed_simuitagepusly.suth
¥ l~either painful tactile or thermal ~The patient
15 asked to say shuchsdedss bong stmulated  If there 1s sensory
mattention he will fail to apprectate the stmulus on the affected
side of the body that 1s the side opposite to tus lesion  Sensory
snattention may be found i the absence of any formal sensory Joss
and 13 thus a valuable mign  Visual watiention 15 tested along
similar lines the examiner using ssmultaneous mosements of hus
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index fingers in opposite fields as competing stmuli  The patient
with visual inattention fails to notice the movement of the finger
1 the affected field  This agam may occur in the absence of any
formal field defect

REFLE\ES
There are three types of reflex —

1 The superficial refleses
2 The deep or tendon reflexes
3 The organc reflexes (including the action of the sphuncters)

1 SUPERFICIAL REFLEXES

Here the simplest form of refiex action 1» concerned On
sttmulation of a certam part of skin or mucous membrage con
traction of certamm muscles results The path of the impulse 15
by the sensory nerve fibres to the grey maiter of the cord or to 2
higher ceotre mn the bramn stem or forebram thence by motor nerve
fibres to the muscle A leston 1 any part of this path causes the
reflex to disappear  Thus anesthesia of the shin discase of the
sensory fibres or posterior nerve roots changes in the grey matter
of the cord lesions of the motor nerve fibres or of the fibres of
the muscles may all cause aboliion of the superficial reflexes
In addition the reflex excitability of some individuals 15 normally
much greater than that of others which makes it difficult for estt
mation of the vatue of shght alteration m the reflexes to be made
unless the lesion 1s unlateral 1 which case the healthy side can
be taken as a standard of companison  The wmsestigation of the
superficial reflexes 18 of value as affording mformation regarding
the health of the reflex ar¢ concerned and as a gude to the
presence or absence of disease elsewhere  In henuplegia the super
ficial reflexes are disturbed on the paralysed side

The chief superficial reflexes of spinal ongin their nature the
mode of obtarung them and the level of the cord concerned
thewr production, are given 1n the table on p 332

The plantar reflex demands special consideratton  To elicat 1t
the muscles of the lower kmb should be relaxed and care should
be taken that the sole of the foot 1s warm  The outer edge of
sole of the foot 1s stimulated by gentle scratching with a Ya];
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ora pmn In healthy adults a mummal sumulus produces a con
traction of the tensor fascia lata often accompanied by a shghter
contraction of the adductors of the thigh and sartorius  With a
slightly stronger stimulus flexion of the four outer toes appears
which increases with the strength of the stimulus tll all the toes are
flexed on the metatarsus and drawn together the ankle beng
dorsifiexed and mverted With sull stronger stmuh  violent
tegular movements of the imb occur which spread to the lower
part of the trunk and to the opposite side

It 15 doubtful whether the plantar refiex 1s ever completely absent
1 healthy subjects

In infants between six and twelve months old the reflex is very
brsk and differs markedly from that i adults  The carliest
Tesponse 1s 1 the great toe which 1s deawn back  This 1s followed
by extension and spreading out of all the toes with eversion of the
foat or dorsifiexion of the ankle and subsequently by flexion of the
fup and knee ( infantile response )

During sleep the plantar reflexes are dimushed and the infantile
and adult form preserved save in some children up to the age
of 12 years to whom in deep sleep the wnfantile form of reflex
returns  In pathological conditions the yeflex varies and may be
of great diagnostic importance  In lesions of the pyranudal systems
an alteration in the response was first descnibed by Babinski  In
this which 15 spoken of as Babinshis sign or the extensor
response  the reflex closelv resembles that obtamied in infants
but differs in a few points  The who'e response 1s more deliberate
thap that obtained normally esther 1n adults or infants and appears
with much more certanty than does the flexor response to each
stmulation  Extenston of the great toe precedes all other mose
ment It s followed by spreading out and extension of the other
toes dorsifiewon of the ankle and flexion of hip and knee  The
small amount of movement at the ankle 1s less conspicuous than
the brisk movement 1n the normal response  The extensor response
15 most easily ehictted by stimulation of the outer part of the sole
and with shiht pyramidal lesions may be evoked from this regron
alone when a normal fiexor response 15 obtained by stumufating the
smner part  IF the lesion 18 progressve the area n which the
extensor plantar feflex can be excited (recepuse field) mnereases
and spreads first mwards over the sole of the foot and then upw ards
along the leg to the knee or cven the gromn For this reason
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extension of the great toe generally assocrated with some dorst
flexton of the foot can often be obtamned by squeezing the calf
or pressing heavily along the inner border of the tibia (Oppenheim s
sign) or by pinching the tendo Achulies (Gordon s reflex) when
the upper motor neurones are tnjured or diseased The gxtensor
Tesponse 15 met with 1 adults only 10 cases of organic dwsease
nvolvng the pyranudal tract

The superficial abdomnal reflexes (see p 332) are also valuadble
signs as they disappear when the pyramudal tract of the same side
i1smany way affected  The ower abdommal reflex 1s then abolrshed
earlier than the upper Jt 1s often 1mposstble to obtain them
old or obese people or 1 women who have borne many children

The following superficial reflexes are dependent on cramal
nerves ~—

he nerves concerned

1 Conjunchival —Ehcited by touching the conjuncuiva resulting in
of the 1 palep

are the Sth (sensory) and the 7th (motor)

u Pup reflexes —(See p 299)

m Corneal reflex —Consists 1 1apid closure of the eyelds on
touching the cornea (e g with cotton wool) It depends upon the
1ntegrity of the first diviston of the 5th cramal nerve on the afferent
side and upon that of both 7th cramwal perves on the efferent

1w Palate reflex —Elevauon of the palate on touching the mucous
membrane covertng 1t The nerves concerned are the trigennal
and glosso pharyngeal on the afferent side and the vagus on the
efferent

2 DEEP OR TENDON REFLEXES

If a muscle 1s put upon the stretch and ats tendon ss sharply
struck the muscle immediately contracts This 13 spoken of as
a deep or tendon reflex  The tendon reflexes are dependent upon
the ntegrity of spinal reflex arcs consisting of afferent and efferent
pathways ~ The upper motor neuromies exert an mhubitory effect
on these reflex arcs and when this influence 15 cut off the tendon
reflexes are increased

Exaggeration of the tendon reflexes unless some other disease
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coexists 1s always assoctated with lesions of the upper motor
neurones—i e with lestons affecting either the motor cortex or the
fibres passing from tt to the anterior horas of the cord A stmular
exaggeration may be brought about by anythtog that stimulates
the reflex arc as steychnine the town of tetanus exposure to cold
and other factors ~Attention or expectation can also mduce a
state of greater excitabiity and the reflex response 1s greater if
the muscles concerned are pot fully relaxed  thus 15 probably the
explanauion of the frequent exaggeration of these reflexes mn hys
teria and other functional conditions Increase of the tendon
reflexes 15 consequently not nvanably a sign of organic disease

On the other hand anything that impairs the activity of the reflex
arc makes 1t correspondimgly difficult to elreit the tendon reflexes
Therr diminution or abolition s therefore always associated with
disease of the lower afferent and efferent neurones or of the reflex
centres i the grey matter of the spinal cord  Hence 1t 15 that m
tabes dorsalis 1n which the postertor roots are invelved and in
pertpheral neunis 1n which both motor and sensory fibres are
generally affected the deep reflexes are absent

The tendon reflexes may be normal m cerebellar disease but
sometimes they are altered particularly the knee jerk which 15
pendular m quakit

In a lesion—e g a fracture-dislocation—which produced com
plete transverse destruction of the cord at any level one mught
expect that owing to the cerebral mnfluences being cut off all the
deep reflexes below that level would be exaggerated  but for the
first few weeks atleast all the reflexes are totally abolished  This
seems to be due to a state of spinal shock 1n which the acttvities
of the 1solated portion of the cord are depressed as a result of uts
severance from the rest of the central nervous system Later
however if the general condition of the patient 1s satisfactory the
reflexes reappear and a conditron may develop m which a single
stimulus s capable of producing a widespread effect Thus if
the spmnal cord 15 divided 1n the mudthoracic regron sumulation
of the abdomen or lower limbs may evoke a bilateral flexor spasm
of these parts along with reflex evacuation of urine and perhaps
feeces and an outburst of sweat from the lower Iimbs and trunk
Thus reaction has been called 2 mass reflex  But 1f bedsores ~
cysttis or serious nutnitional disturbances develop pre
general debility the reflexes may remain absent o disappeat
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‘The knee-jerk or pafeliar fendon reflex 1s the best known of the
deep refiexes It consists i a contraction of the quadnceps
extensor when the patellar tendon 15 tapped  The spimal segments
concerned are the 2nd 3rd and 4th lumbar 1t 1s best tested with
the pattent supire  The examner s hand 15 passed under the koee
to be tested and brought to rest upon the opposite knee  the hnee
to be tested rests on the dorsum of the observers wnst  Now
distract the patient 5 attentton w some way and strrhe the quadn
ceps tendon midway between its ongin and msertion with a pateliar
hammer Followmg the blow there wil be extension of the knee
from contraction of the quadriceps

The briskness of the knee jerk vanes greatly i different nds
viduals  In health st 15 hardly ever entirely absent Sometimes
one 1 unable to ehert 1t without applymg remforcement  This 1s
done by asking the patient to make some strong; voluntary muscuiar
effort wath the upper hunbs for example to hook the fingers of
the two hands together and then to pulf them agamst one another
as hard as possible  While he ts dowag this a further attempt 1s
made to eltcit the knee jerk which s often successful  Reinforce
ment acts by mcreasing the muscular tone throughout the body

The following tendon reflexes are simmiar 10 nature (o the knee
Jerk but they are connected with the spinal cord through antersor
and postertor roots at different Jesels and so are vahable n
dsagnosis

Ankle-ferk —Place the Jower imb on the bed so that it hes everted
and siightty flexed  Then with one hand shghily dorsiflex the
foot so as ta put the endo Achiles on the stretch and with the
other hand strike the latter on its posteror surface A shatp
contraction of the caff muscles results  Thus reflex cag also be
copventently ehicited when the patient 53 kneeling on & char 1t
depends upon the Ist and 2nd sacral segments

Triceps jerk ~Flex the elfbow then tap the friceps tendon just
above the olecranon  The triceps contracts  The reflex depends
upon the 6th and Tih cervical segments

Biceps ferh ~—The elbow 1 flexed to 2 right angle and the forearm
placed 2 sermpronated posiian  the examiner then places hus
thumb on the biceps tendon and sterket it with the pateflar hammer
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The biceps contracts The 5th and 6th cervical segments of the
cord are concerned

Radial supinator jerh —A blow upon the styloid process of the
radius produces flexion of the elbow This reflex also depends
on the Sth and 6th cervical segments Wit lesions at thus level the
reflex 1s abolished but when 1t 18 tested flexion of the fingers may
résult from stretchung of the fiexor muscles mn the forearm by the
blow This phenomenon is known as iaversion of the radal
(supmator) reflex

Jaw Jerh —Ash the patient to open lus mouth but not too wrdely
Plice one finger firmly on his chin and then tap 1t suddenly with
the other hand as 1n percussion A contraction of the muscles
that close the jaw results  Thus jerk ss sometimes absent 1 health
and 1s increased m upper motor peurone lesions above th 5th
nerve nucler

The phenomenon of clonus 15 often elicttable when the tendon
reflexes are exaggerated as a result of a pyramudal lesion

4nkle clonus —Bend the patients knee slightly and support it
with one hand grasp the fore part of the foot with the other hand
and suddenly dorsifiex the foot The sudden stram put upon the
calf muscles causes them to contract The pressure of the hand
upon the sole of the foot 1s meanwhile continued and when the
contraction ceases causes the muscle again to become tense and
50 produces another contraction in the latter  In thus way a whole
series of contractions—i¢ a clonus—results

The relative tendency to the development of ankleclonus on
the two sides 15 best esumated by slowly dorsifiexing the foot and
observing the exact pomt at which the movements first begin The
less the degree of dorsiflexton required to produce the clonus the
greater 1s the tendency to the development of the latter

In cases of functional paralysis a spunous clonus may be elictted
1t 15 usually st sustamed and uregular mn rhythm and can be
recogruzed by the feeling of voluntary contraction mn the muscles
espectally at the beginning of the clonus

Sustamed ankle-clonus 15 nearly always a sign of pyranudd™
discase  The spinal segments concerned 1 1t are the Ist to
3rd sacral ‘
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Patella clonus —In cases where the knee jerk 1s exaggerated one
can sometimes elcit a patelia-clotius by extending the patient s leg
and then suddenly pustung down the patelfa towards the foot I
the pressure on the Intter 13 continued 3 serses of clomc contractions
of the quadriceps can 1 mapy czses be produced

3 ORGANIC REFLEXES AND SPHINCTERS

This term mcludes the reflexes governing such processes 25
p 2l and defzeation  They depend
upon complex muscaltr mosements exated by wereased tension
m the wall of the viscus concerned or i the case of respiration

rtly by stuntlauon of 2 centee m the medulfa

One should ascertam Stom the povent whether he has sny diff
culty in swallowing noting especially whether there is any regur
guaton of food through the nose  The fanction of degiutition
does not usuafly require to be specially tested beyond the exanuna
non necessary to exciude the exstence of an obstruction

Deloztion ~The patrient should be questioned as to any difficulty
w the act and as to the presence of rectal sensation  Now: also
the occurrgnce or not of mconimence of fxces

The reflex actton of the anal splncter may be tested by mtroducing
theoiled glosed finger into theanus and noting whether coatraction
of the sphincter occurs with normal force whether it 18 weak of
altogether jnactive or whether any spasm is excited

The activity of the anal sphincter refiex may also be tested by
prickipg the skt in the nesghbourhood of the anus  If the con
dittons ate normal 3 brisk contraction of the sphincter should
mmediately be visible  Thus depends upon the 4tk and Sth sacrat
segments

Mucturstron —The patient showld be §uesnoned as o difficulty
or pan My the act (sec p 83 He should be asked whether bladder
and urethral seasation are normal  Then mote whether there 55
esther reteniion ot wmeortinence of urine M there 15 mncontinence
ascertain by the arse of the catheter whether at 13 due to the grerflow
from a dutended bladder or whether R 15 & reflex incontuence—~
ye whether the bladder merely fills up and then empues sel
completely by reflex action I snother group of cases the patent
focls the desire to micturale and 1s unable to restram the act
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which takes place at once This 1s spoken of as precynfate
mucturition

The bladder (Fig 78) receives a double innervation from the

RENAL PLEXUS
CELIAC PLEXUS

,.
-
SYMPATHETIC CHAMW

SALRAL PLEXUS
SACRAL NERVES

BLADDER
VASOCONSTRICTION
INT PUDENDAL,
INTERNAL smuuzu NERVE
—/

EXTERHAL SPHINCTER — 27" T AFFERE T FIORES

EFFERENT FIBRES

Fig 78 —Diagram to sbow afferent and efferent pathways to the bladder

and sphineters  Post gangliome parasympathetic neurones are omutted
“n ML )

spmalcord (1) sympathetic fibres from the 11th and 12th thoracic

and st lumbar segments by way of the hypogastric nerves  and

(?) parasympathetc fibres from the 2nd 3rd and 4th sacral seg

ments by way of the pelvic nerves  The parasympathetic fibres

thought tq be of major importance  Sensory impulses from
oM —M
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bladder and urethra ase carsied to the bram via the spmo thalamic
tracts  The pathways concerned with the voluntary mitiation of
mictarition probably run downwards from the motor cortex m
the postenior margimal part of the lateral columns of the spinal cord
The rectum along with the whole of the large intestine s also
mnervated by the pebwce nerves from the 2nd 3rd and 4th sacral
segments

TROPHIC DISORDERS

In disease of the nervous system the autrition of different tissues
or organs Mmiay be impared  The dones may become more brittle
or may extubit sp fracture b or the foints
may be the seat of pamless effusion swith or without atrophy of
enlargement of the articular ends of the bones (arthropathies)
In other cases the bones and jomts are mvolved together (osteo-
arthropathes)  More commonly the sk is the seat of change
It may exhubit an erythema wihich may pass on to iceratson and
the formation of bedsores at pomts of pressure  pigmentary
changes mway develop or vamous eruphons—urticarsal  vesicular
pemphigosd or herpetic—or the skin may be simply glossy  Per
forating ulcers may appear usually on the toes or soles of the feet
as mn tabes or there may be actual gangtede or the developtient of
pamnless whitlows  In other cases it 15 the eprdermic appendages
which especially suffer change the har falling out or the nails
becoming dry and brittle  Atraphy of the muscles s a common
phenomenen

SIGNS OF MENINGEAL IRRITATION

1 Nech mgidity —To gest for neck ngdity the exanuner places
ins hand behind the patient s ocoipat and flexes the head so that
the cfun iouches the chest Normaily this movement can be
carned ot without pam  Ju mesungeal sntation the test causes
pam an the meck sometsmes radiating down the bach and the
movement s resisted by $pasm i the extensor muscles of the neck
Neck nigicity 15 also caused by diseass of the cervical spine Head
retraction s an extensive degree of neck nigidity

2 hermg s sign 1s tested by attempung to carry out passie exien

si10n of the patent s knee when s hup s fully fleved  The sest
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causes pain and spasm of the hamstrings 1 meningeal ienitation
affectng the lower part of the spinal sub arachnoid space If
Kerng’s sign 15 positive 1n the absence of neck rigdity the mference
may be drawn that the patient 15 suffering from spinal meningeal
ritation

These two tests depend wpon the fact that stretching the sprnal
nerve roots tn conditions of lepto memingeal 1ntation causes a
reflex muscular spasm  They are positive 1n menngitis sub-
arachnord hemorrhage but also 1 patients with memingism
a state of untation of the menmpes seen most commonly 1
young chuldren with acute specific fevers

3 Straight leg raising —This test 1s used 1 patients with sciatca
‘The sciatic nerve and 1ts compornent roots are stretched by passively
elevating the patient s extended leg with the examuner s hand which
15 placed behund the heel  The movement 1s restnicted by paut in
conditions 11 which the nerve or as more frequently happens its
spual roots are mvolved

ANCILLARY INVESTIGATIONS

The following spectal methods of ivestigation are 1 common
use 1n neurological practice

1 Electr hy —The el o EEG)
15 a record of the electrical activity of the cerebral cortex Elec
trodes apphed to the patient s scalp pick up the small changes of
electnical potential whuch are constantly taking place mn the cortex
After amplification these changes are recorded on a strip of paper
Electro-encephalography 15 of particular value i the mvestigation
of epilepuc patients and m the locakzation of cerebral tumours
and other expanding intracramial lesians

2 Electro myography —This consists m recording the amplfied
electrical activity of muscle The invesugation is of assistince
n the diagnosts of lesions of the lower motor neurone and of
diseases of muscle

3 N —Apart from the use
of plam X rays the following methods are often employed
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(a) Air studies —The ventricular system 1s outhined with air and
radiograms of the skull are then taken The size shape and
position of the ventricles may be altered by expanding intracranal
lesions  Atrophic changes in the brain may result in compensatory
dilatation of a part or the whole of the lateral ventricles The air
may be 1atroduced at lumbar or cisternal puncture {air encephato-
graphy) or by v puncture ( graphy)  an equiva
lent volume of cerebro spinal flwd must of course be withdrawn

(b) Cerebral angioeraphy —X rays of the skull are taken imme
diately after the imjection of a radio opague solution mnto the
nternal carotid or vertebral arteries  The injection 15 made per
cutancously  This method 15 useful 1n demonstrating congemtal
vascular abnormalities such as aneurysms and angiomas and
va cular tumours Tumours may also be Iocalized because they
frequently cause displacement of the cerebral arteries

{c) Myelography —Ths 15 used 1 the diagnosis of spinal com
pression A radio opaque substance ts imjected 1nto the sub
arachnoid space ether by lumbar or cisternal puncture after the
removal of an equal volume of cerebro spmal flmd  The substance
whuch 18 heavier than spinal fld 15 made to run up or down the
spinal sub-arachnoid space by tifung the patient on a table under
the X ray screen  Partial or complete spinal obstructions can be
demonstrated by this method




CHAPTER X

EXAMINATION OF THE EXE, LCAR,
THROAT AND NOSE

1 THE EYE

Nore first any obvious peculianity about the eye  Observe whether
there 1s any undue prommence of one or both eyes Promimence
of the eyes occurs m myop:a 1n space occupymng lesions o the
orbit and m gottre It 1s d n the latter
disease with the presence of what 15 known as von Graefe s sign
Ask the patient to look down  If von Graefe s siga 15 present the
upper bLd Iags behind the eyeball 1n its descent so that a portion
of the sclerotic becomes visible  Thus appearance of the eyes 1

goitre has two Furst the eyeballs are
displaced forwards (exophthalmos) Thus 1s thought to be due to
the direct actton of the thyrotropic hormone of the pitwitary and
1s unaffected by thyrordectomy  Secondly the eyehds are retracted
This 15 due 1o overactvity of the cervical sympathetic and 1s

bolished b 1n severe

ocular palsy may supervene §

Nots also whether the hlmkmg movements are increased or
of biinking aleng with an
\ncreased size of the palpebral fissure constitutes Steffnag s sign
of exophthalmuc goitre

In paralysis of the cenvical sympathetic the eyeball appears to
recede and looks more sunken thart normal (enophthalmos)

‘The occurrence of squint ptosis retraction of the upper lid and
alterations i the pupil have already been considered  The presence
of any mflammation along the margms of the hds (margimal
blepharitts) should be noted together with any fault m the appost
tion of the id margms re eversion {ectropron) or mversion (entro
pion)  This can best be done by observing the set of the lashes

Next tarn your attention to the conjunctiva It may be necessary
to examine the conjunctiva lining the eyelids  In order to do thus
1n the case of the lower Iid 1t 1s sufficrent to depress the latter ﬁrmly/

341
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with the thumb  To expose the inner surface of the upper hd
make the patient look downwards place the night thumb at the
upper part of the upper Iid and push upwards so as to make
the eyelashes stand out prominently  Grasp the lashes between the
farefinger and thumb of the other hand and evers the kid by rotating
1t round the thumb of the nght hand  Note the colour of the con
junctiva~—whether it 15 pale injected or jaundiced and whether it
1s roughened velvely or smooth  In conjunctiviis there 15 redness
and congeston of the conjunctive with a mucoid or muco
purulent discharge

Look mext at the comea  Note the presence of anv ulceration
or opacity Small opacies are descnbed as webule larger
opacities are spoken of as feucomara  Superficiaf opacities nearly
always ndicate active uleeration  rarely does a superficial apacity
mean a heated scar  Look along the surface of the cornea and
observe whether the light 1s reflected from it over the opague spot
or whethier 1t 1s dull  If the former 13 the case the opacity is deep-
seated if the latter 1t 15 superfiial Decp seated opacites are
due to a previous keratitis often the re ult of a kerato-nts peculiar
o congenital syplnhis

The tecm arcus sentles 1§ apphed to a crescentic opacity which 1s
sometimes observed towards the margin of the cornea It usually
appears at the lower part of the cornea first and then graduvally
extends round It occurs 10 old people and occasionafly 1n healthy
young folk or even adolescents {arcus jarer iy It 1s without
sigmificance

1t 15 often of importance ta be able to say whether a patient 15
suffering from wntis or merely from conjnctins  In each case
the eve fooks red and injected but the characters of the mmyection
are different n the two conditions  They are contrasted 1n the
table on p 343

‘The tension of the eyeball should nest be tested  This 15 done
by placing the two forefingers on the upper part of ihe sclera out
side the upper id while the patient looks downwards the other
fngers restng on tus forehead Then try for fluctusion The
normal tension must be fearat by practice and any tncrease of
dutunutcon of i noted A dirunished tension s found ina phlhls‘
caleye diabetic coma and severe dehydsation from any cause
myopic eye also feels softer than normal  An increased tension
suggests glaecoma and contramdicates the use of atropine
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Sympt m €y ot s
Pamn Discomfort burming Neuralyic pamn
1t tung
Photophobia  Absent Present
Secretion Mucord or purulent dis  Lachrymation (tears)
charge
Impairment  Absent or shght Sl ht to considerable
of vision
Sem
Redness Maumal i fornices and  Ciary or circumcorneal
cul de sacs minmal  flush around 1mbus
| around comez colour maximal around
Imbus  munimal @
fornices
Cornea Clear bright Clear—but there may be

small white specks be
Tnd the comea (kera
{ titis punctata)
Ant chamber Clear Ha:

Ins Clearly patterned Muddy
Pupil Normat Contracted, trregulac
Secretion Mucoid or purulent Clear watery tears

The exammnation of the pupts (p 299) determumation of the
acuity of viston {p 279) and methods of examuung the fields of
wision (p 280) have been described 1n Chap IX — Sometumes a
patient wears glasses and 1t may be important to know what therr
refraction 15 To do thus hold the glass in front of the eye and
look at an object through it Then move the glass from side to
side and watch the object If the latter seems to move 1n the
opposite direcuon to the glass the latter 1s convex  1f in the same
direction 1t 15 concave  Patients with myopia use concave (diver
gent) lenses and those with hypermetropia convex (convergent) ones

The streagth of the glass may be approumately determimned by
bringing the small lenses of the ophthalmoscope behund it until
one finds that which abolishes the apparent movement of the <
object looked at
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In order to tell whether the glass s spherical or cylindrical ook
at 3 strasght object eg a window bar through the plass and then
slowly twast the latter round  Jf the glass 1s cylindncal the object
looked at will appear to take up an oblique position  Patients who
are astigmatic vse cylindncal glasses

The exammation of the refma with an ophthalmoscope 15 an
essential part of every medical examunation  Apart from the

of Jocal of valuable aformation
raxy be obtaned as 1o the state of the optic nenve head and of the
artenies and vemns of the retma

For a proper examination of the retma the pupils should be
dilated by mstdling a few drops of 2 per cent homatroping into
the conqunctive  This howeser may be dangerous w patients with
& and 15 therefor & of the ntra oculac
tenston appears rased It 15 also dangerous 1 elderly people with
shallow anterzor chambers  Wide mydnasis may induce g con
gestive attack under these conditions 1 an eye whose tension 18
normal One must therefore rely on the appearance as well as
on the tension It 15 also contramdieated 1 patients with thosé
acute ntracrauual lesions which require continung observation of
the state of the pupils eg suspectad cases of epr or subndural
hemorthage  As soon as the exanuagtion 1s fimshed the effects
of the homatropme should be covmeracted by & few drops of
1 per cent esenine It s alse helpful to examme the patient i a
dark room  In routie medical examnations 1t is usually possible
with practice to examine the optic disc and a fair amaunt of the
surrounding retina without resorting to mydnatics and i ordinary
sndoor kight pravided the eyes are shaded from any bright source
of light ~ Under these condittons however the penphery of the
retina and the macniar segion are not well seen

The patient may be situng upright or lyng down whechever 1§
convensent He 18 then directed to ook straight ahead and if
possible o fix his eyc on some distant object  He should 1a any
case be asked 10 keep his eyes still and go on Jooking straight ahead
evenf the observer s head gets mto kus hne af vision. The observer

then directs the Tight of the ophthalmoscope mnto the patent s £y¢
and looks through 3t The so<alled  red reflex  will be scen at
onee unless the reuna 15 obscured by corneal lenticular or vitreous
opaciies  These can often be defined by using the plus Jenses of

or
the op pe and an y fenticular opacitics




OPHTHALMOSCOPY 345

cataracts should be examined for with the +12 lens They are
scent 1n various forms early ones often appeanng at the periphery
of the lens and spreadng nwards Iike the spokes of a wheel towards
the ceatre

The obsener shonld learn to relax lus own accommodation by
imagimng that he 1s looking at a distant object, and should start the
examnation with @ +8 or +10 lens m the aperture of the oph-
thalmoscope  This makes certamn of not mussing opacit=s of the
media. The ophthalmoscope should then be brought as close as
posnible to the paitent s eye and the lLight directed over the cornea
and media. Gradually reduce the lenses to zero and drrect the
hght a Lttle mwards from the axs of the €ye on to the optc disc
If1t 1s shope directly through the pupil m the axis of the eye 1t will
‘be directed on to the macula, and the puptt if not diated with
mydnatics will contract and make it difficult to see the fundus
at'all. When the retina 1s seen the details may or may not be 1
focus  If they are not, the lenses of the op P
must be tned m tum, until one 15 found which bnngs the retina
1nto sharp focus  If the disc 15 not seen, 1t 1S only pecessary to
follow a vessel back to 1ts pomnt of emergence

Provided the observer’s eye 13 emmetropic and lus accommoda
ton properly relaxed the strength of the fens necessary provides a
rough mdication of the degree of refractne error m the patient s
eye m dioptres  Plus lenses indicate hypermetroprs, and munus
ones myopsa.

The opue disc the blood vessels the macnlar region and the
penpherv of the fundus must be studred 1 detarl m each case

1 Tbe optie disc —Note —

(1) Its shape Normally this 1S cirenlar Sometumes 1t 1 oval
If there 15 astigmatism present, the disc will appear to be oval,
although 1t 1s really crcular  This apparent oval shape may be
distinguished from that whrch 1s real bv moving the lens backwards
and forwards If the disc is really oval 1« remams unaltered  of
1t 15 only apparently oval 1ts skape wall be found to vary with the
posiuon of the leas

(2) Iis colour  The normal disc 15 of a rosy unt but distunctly
paler than the rest of the fundus The nasal side 1s narmally
rather redder than the other

In atrophy of the optic nerve the disc becomes very pale and may
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even e dead white or greyish i unt  In active hyperzmia of the
dise sts cofour approaches 1 wtensity o that of the rest of the
fundus  Such active hyperemia 15 often present m high degrees
of hypetmetropia 1o passive hyperemua of the disc the vems are
alone affected and the general tnt 13 not altered

(3) The presence ar absence of 2 physiolagicat cup (see Fronts
piece) and s sze Do nat mstake the pallor produced by a very
latge cup for the pallor of opue atrophy

{4} The edge of the dise It should be clear and well defined~
espectally atits outer ssde  As the vessels run across it they should
oot be observed to tumble over at all This  wmbling over i
present s best evinced by the sudden disappearance of the central
heht stupe on the vessel

(5) The surroundings of the dise  Thus part of the fundug should
be carefully searched if one 13 looking for hamorrhages or mslsary
tubereles as both of these are more often encountered 1 the tnmed:
ate nexghbourhood of the disc than at other paris of the fundus

2 The blood vessels —The arterses are ssormally distinguished from
the veins by the following characters  They are only two thirds to
three quarters the breadth of the veins and they are not so dark m
colour  They have a broader better defined and more contiauous
hight stripe along thew centres Normally the artenes do not pul

sate  They may be observed to do so i cases of aortic regurgutation
and 10 sncreased wtraocatar tenson.  The vewns sometsmes pulsate

even i normal eyes A pomnt where an artery crosses a \ein should
be chosen for observation  In health 1t should be possible to see
the vein walls through the artery nesther artery nor vers should
be altered m direction at such a crossing and neither should the
calibre of the vem be reduced

3 7The macular regon is situated abowt two discs breadth from
the cuter edge of the disc Tt 15 recognized by beinp rather davker
m colour than the rest of the fundus by being devoud of blood
vessels and frequently by beng surrounded with a halo of reflected
hght, producing a shot sl mppearance  The macala yself 1 1
e centre of the repion and 18 rather pale ta colotr and often
ghtters somewhat  Changes s the macular region are important
in that ghey wterfere more with vision than ssmlar changes m any
other part of the fundus  In cases of hypertensine retinopathy a
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crcle of white spots may often be observed arranged around the
macula (see Frontispiece)

4 Periphery —Inspection of the pertphery of the retina 1s important
as 1t 1s here that some changes—such for example as dabetic
Jt and retimtis p first to be detected
The following 1s a brief description of the chief changes met with
m the fundus which are of importance from a medical point of

view —

Papidliedema was at one time known as optic neunitis It anses as
a result of pressure and not of inflammation It 1s usually bilateral
and begins as a mere passive congestion of the disc with shight
cedema At this stage the veins are fuller than normal the optic
cup may be obscured and the margtas of the disc are shightly blurred
The change 1n the edge of the disc usually begins at its upper and
lower nasal margins ~ These parts should therefore always be most
carefully inspected

As the process progresses the edema mncreases and the disc
becomes defiitely swollen (sce Frontispiece) This 15 best recog
mzed by the fact that one requires (provided accommodation is
fully relaxed) the aid of a convex lens behund the mtrror m order to
bring the vessels on the disc clearly into focus  The veins are stil
larger than before and distinctly tortuous  Pathological tortuasity
of the veins oceurs at night angles to the plane of the retma  Tor
tuosity 1n the same plane as the rettna may be quite normal ~ Often
the veins can be observed to tumble as it were over the edge of
the swollen disc  The arteries are smaller than normal and may
be partly obscured by the presence of exudation  The edge of the
disc 15 no Jonger clear even on indirect examination but fades off
Into the surrounding retina Small hemorrhages may be observed
on or near the disc

In cases of raised intracrasual pressure intense cedema of the optic
disc may result 1 extreme swelling a condition known as  choked
disc  an expression that well deseribes the condttion seen  The
vems are distended and tortuous and here and there the path of
the vein 15 hudden by exudation and hzmorrhages occur on the
surface and margms of the swollen and distorted disc

It 1s often important to decide whether papilleedema s advancing
ornot This can only be done if the disc has beent examined on a

A
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previous occaston  The best cnterion 1s the degree of swellng of
the dsc  In order to estumate this be sure that your own accom

modation 1s thoroughly relaxed Notice first whether the reuna
can be seen quite clearlv without the aid of a lens  If the eve 1s
emmetropic one ought 1o be able to do so  If the refraction is
abnormal place behind the murror the strorgest + or the weakest —
fens which 18 required to bring the vessels on the retina clearly into
focus  Then look at the vesselsonthe di ¢ Owing to the sweflng
the vessels are nearer the observer s eye than they should be anda
+ lens must therefore be brought belund the mirror i order to
enable one to focus them clearly  The strength of the lens required
1s the measure of the amount of swelling which 1> pre ent m the
disc  Suppose for example that one requires to use +1 D
order to tocus the retina clearly (1e the patient has 1 D of hvper

metropia) but that in order to focus the vessels on the disc one
requires 1o make use of a +6 D then there 13 obviously +5 D of
sweling  Roughly speaking every 3D = 1 mm of sweling  In
this way one can estmate the amount of swelling from day to
day and so d whether the 18 ad or
receding

Papulieedema mav occur n any conditton 1 which the intea

cramal pressure 3s rassed It 35 thus seen in cases of cerebral
tumour  though less frequently than m the past when anwilary
methods of dagnosts were lacktng  Papulcedema may follow sub-
mc!\’nmd hemorrhage but then 1t 18 usuallv shght' Agawa the

pap which may s cerebral abscess or sub-dural
hematoma 15 generally of mmor degree Patients with acute
guts rarely have papll but 3t may be encovntered 1

sub-acute or chronic forms of meningiis  Papsliedema does nol
occur 1 cerebral hamorrhage or thrombosts but 1t may follow

thrombosts of the cerebral vems or sinuses
Umiateral optsc atrophy duc to direct pressure on the optic nerve
with 1 due t {

o

hvp 15 seen p v with of the mediat
art of the sphenoidal ndge (Fo ter Nennedy syndrome)

Swelbng of the optie disc 1s not mfrequently seen i other than

intracramal dsseases especsally an chronsc nephrins and malignant

hvpertension
Pacticular attentson should be paid to the condution of the blood
sessels as (s may not mfrequently help 1n deciding the cause of
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the swelling of the optic disc  Examune carefully the crossings of
arteries and vems (see p 346)

Papilhtis (intra-ocular optic neuriis) 1s an 1aflammatory swelling of
the optic disc which occurs as part of a neuro retiutts It should
not be confused with papilleedema for the pathology of the two
condrtions 1s quite different although the ophthalmoscopic appear
ances may be very simiar Generally speaking 1 the optic
neuntis of a neuro retmtis the swellng 1s moderate —2 to 3 D—
gradually fading mnto the surrounding retina which may show signs
of nflammation (exudates hamorrhages vitreous haze and so on)
The distenston of the veins 1s less marked than 1n papilledema
Distinction of papillcedema from neuntis s made largely on the
absence 1n the former and presence in the Jatter of 2 field defect
(usually central scotoma)

In those cases i which the optic neuritts is imited to the retro
bulbar part of the nerve there 1s no visible change m the nerve head
m the acute stage but optic atrophy may supervene

Optic atrophy —The most striking change 1n the fundus i this
condition 1s the pallor of the disc and the smallpess of the arteries
on it The atrophy may be primary secondary or consecutive
It 1s not always easy to say from a mere 1nspection of the fundus
which variety 1t 15 that one has to deal with and the longer the
process has gone on the more difficult does the diagnosts become

(a) Primary or simple atrophy —The thinning of the nerve fibres
senders very visible the structure of the lamina cribrosa and the
disc acquires a mottled appearance (see Frontispiece) The disc
becomes dead wlate 1n colour and 1ts margins are unusuatly distinct

(5) Secondary or post neuritic atrophy —Here the atrophy 1s
secondary to papilledema The edges of the disc are indistinct
and white streaks can be seen radiating along the vessels nto the
retina

(c) Consecutive atrophy —Here the atrophy 13 consecutive to
changes 1n the retina the disc looks like a bt of dirty parchment
and pigmentary changes will be seen in the retina

Retinal hzmorrhages may be observed s hypertension chronic
nephnus diabetic retinopathy aplastic anemia thrombocytopenic
purpura and m any condition 1n which embolt lodge 1 the rcuna:/
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arteries or where the retmal crculation 13 embarrassed  When
superficial the hemorrhages are elongated with so-called flame
shaped edges  When deep they occur as dark red blotches or as
minste discrete rounded spots Subhyaloid hzmorrhages are
occasionally scen as very large rounded hemorrhages with a
straight horzontal upper border they sometimes accompany
sub-arachnoid hamorrhage

Embolism of the central artery of the retina —The appearance of
the fundus 1s charactenstic  Look at the macular region for a
peculiar round cherry red spot  The whole or part of the disc 15
pale and 1ts artenes arc empty The refina as a whele 15 some-
what muiky looking from the presence of aedema

Thrombos:s of the central retinal vein —There 15 1ntense swelling of
the optic disc with gross venous distenston and radal hemorrhages

Retinal artenio sclerosis occurs either as part of generalized decres
cent arteno-sclerosts or as a pl. of bemign hyp

The principal changes are —(1) Tortuosity and uregulanty in the
lumen of the arteries  (2) mpping 1ndentation or deflection of the
vewns where they are crossed by the arteries  (3) small flame shaped
hemorrhages and (4) small sharply-defined white patches” of
exudate 1 the region of the macula

Hypertensive retinopathy —Thus condition met with i some cases
of chronic nephritis was ongmally called albuminune retimts
However 1t 1s not found except mn the presence of high blood
;s_;‘cssure and therefore 1t 1s more appropriate to call it hypertenstve

e changes consist 1n (1) the presence of papilleedema with marhed
fullness of the veins  (2) the occurrence of hremorthages on or
near the disc (3) the development of white shing spots around
the disc at a distance of about three discs breadth from 3t and of
simular but much smaller spots arranged 1 a stellate form around
the macular region (sez Frontispiece) and (4) retnal artrio-
sclerosis  Any one of these changes may be present without the
others

Duabetic retmopathy may bear a close resemblance to hypertensive
pathy but are often present
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The fundamental change 1s the formaton of capillary mucro-
aneurysms which may be seen as sharply-defined dark red spots
The hzmorrhages tend to occur in the deeper layers of the retina
and are therefore punctate or blot lke The white masses of
exudate are discrete and waxy and there 1s no star figure at the
maculz Retinal arterso-sclerosis 1s commonly present.

In leuhzemuc retmopathy the appearances vary  The red reflex and
blood vessels are pale the vems enlarged and round white spots
up to 2 mm dameter occur sometimes frnged with blood
Hemorrhages of vanous kinds are common

D a ditts ~This 13 frequeatly an important stgn of
previous syphibs  There are small white patches of various shapes
and sizes swrrounded by heaped up black pigment (see Frontis
prece) That the lesions are sttuated mn the chorerd can be recog
mzed by the fact that the retinal vessels pass over them

Choroidal miiary tubercles may be looked for mn cases of suspected
acute mihary i They will
rarcly be recognized as ﬂl-deﬁucd rounded dufl yellow lestons
usually about half a disc s breadth in drameter  They are usually
of little dagnostic importance

Opague or meduliated nerve fibres occur 1n the form of one or more
broad streaks of brlltant white radiuag for a short distance from
the disc and showing a characteristic feathered edge (see Frontis
prece}  The condition 15 a harmless congemtal abnormality

II THE EAR

Note any unusual appearance of the external ear Compare one
ear with the other Movement of the pna does not normally
gnve nse to pain Note any displacement or swelltng  The skan
should be totact and healthy make a note of any redness fissunng
or desquamation At the entrance to the meatus there should
be fine haws more obvious i the male than mn the female If
there 15 any bleeding or discharge from the meatus make a note of 1t

Examune mext the inside of the meatus which 15 a skin hned
passage just over 25 em (I m) 11 length and only about 9

I
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1n 1ts greatest diameter so that it will not admut even the lntle
finger Tt slopes upwards 2nd forwards and ends 1n the tympame
membrane  In order to obtain a well lighted and maguified view
of this passage 1t 15 negessary to use an electnc auriscope

The auriscope consists of a metal cylinder contaming 2 small
drv battery At one end of the instrument 1s a lens through
which the examiner looks down a funnel shaped speculum wiuch
15 lighted by a small clectnc bulb

The narrow end of the speculum s introduced nto the meatus
{Fig 79) The examner should sit or stand with hus eye on a level

Fig 79 —The aunscope in use

with the patient s ear If the patient is Tecumbent 1n bed the nght
ear should be examned from the tight side of the bed and the left
car from the left side of the bed with the patient s face turned away
from the examiner To examine the nght ear the aunscope is
held 1n the nght hand and for the Teft ear 1t 15 held 1n the left hand
The free hand holds the pinna of the €ar between the thumb and
first two fingers and resting the lLittle finger agawnst the mastod
bone behund pulls the pinna gentfy outwards trom the skull
order to straighten out the meatus ~ This makes 1t much easter to
sec the tympamc membrane  The outer thurd of the meatus 18
movable and lag the anner two-thirds 1s bony and

immovable
Note that the lutle finger of each hand rests on the cheeks and
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skull respectively These positions keep the nstrument steady
and prevent myury to the ear should the patient suddenly turn his
head Introduce the speculum gently The opemng of the
meatus 13 oval and the speculum 1s usually made oval to fit it
Each aunscope 1s provided with three specula and it 15 helpful to
use the largest one that will fit  The specujum should Le gently in
the meatus just beyond the hawr me  The audrtory meatus 1s very
sensitive and protected at ats opening with hairs sebaceous glands

and apocrine ceruminous glands but there are no hairs or glands
in the skin of the ner two thirds of the meatus The exanuner
should look upwards and i a forward direction and should not
expect to see the whole tymparic membrane i one view The
lens of the aunscope may be moved slightly but the end of the
speculum 1 the meatus should be kept as still as possible until the
whole of the tympanic membrane and meatus has been mnspected

A gentle examuner will see much more than one who 1s inconsiderate

and 1t 1s as well to remember that an ear should be treated with as
much respect as an eye

The tympamec membrane (Fig 80) les at the end of the meatus
Tt 1s covered by skin and 1s 5o thin and translucent that the shadow
of the cavity of the muddle ear behind grves 1t a famt bluish grey
tinge  Near the centre of the tympan:c membrane 1s the handle
of the malleus and 1t 15 convement for the examuner to pick out
the malleus first 10 his view down the aunscope At the upper
end of the handle of the malleus 1s a nipple like protrusion  This
15 the fateral process of the malleus and is very useful as a landmark
1 case of difficulty In front and behund this fateral process are
the anterior and posterior ligaments which should stand out clearly
That part of the tympanic membrane which Les below these liga
ments 15 catled the membrana tensa  The membrana flaccida lies
above these higaments

Decp to the membrana tensa 15 the bony cavity of the nuddle
ear  Deep to the membrana flaccida 15 the epitymparuc recess of
the middle ear whuch lies just under the tempero sphenordal Iobe
of the bram (Ftg 80) These important anatomucal relationships of
the middle ear are seent m the diagram

It 1s ymportant to describe abnormal changes in the tympamc
membrane such as retraction of the handle of the malleus or loss
of trapslucency of the membrane (Edema and redness due to
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inflamina 1on 11 the middle ear may cause obliteration of the normal
Jandmarks  In very recent and acute otitis media the tympanic
membrare 35 bught red and swollen but as cedema mereases and
obstructs the venous refurn the membrane may become cyanotic

Agy visible perf, m the tymp b should be
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Fiz 80 ~Duagram of the nght Tympame Membrane

Toshe m 1 ¢ agam A $h w the DOt WD ¥ IFC Iympana DUum open into ihe
mille ca  # 4 B shows wher the o tachun tube pens inio (b mddle ar

deseribed as lying antenior to posterior 10 or above or below the
malleus

If the tympanic membrane has ruptuted recently a thin blood
stained discharpe may be seen coming from an il-defined perfora
non A old perforation 1s more easily seen its edges are smooth
and there 15 ushally no bleeding, but (here 15 sometimes a panusfent
discharge

A large perforation ot complete destruction of the tympanic
membrane may expose the medial wall of the middh ear which 1s
usually pink and moist but may be reddened by inflammation
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On the medial wall Les the tympamic plexus of nerves and the oval
and round windows of the iner ear  Changes 1n temperature or
barometric pressure are hable to cause symptoms of pan and
giddiness m cases where the middle ear 1s widely exposed and such
ears with perforations are obviously more lable to mnfection from
the outside

A reddish glistening movable and painless swelling protruding
from a perforation 1n the tympamc membrane suggests a polypus
A dull but mtact tympamic membrane accompamed by des
quammation of the skin of the external auditory meatus with a
moist or purulent exudate 1s seen mn dermatitis of the meatus A
swelling in the meatus 1if pawnful suggests a furuncle A rounded
swelling on the wall of the meatus which gives no pamm and s
hard and covered with sensitive skin suggests an osteoma of the
meatus

Auny cedematous swelling behind the pmna should be noted
It may indicate a cellubitis 1f a furuncle 18 present 1 the meatus
1t may be evidence of periostitis and mastoidihs if otitis media 1s
also present

Because the middle ear cleft Lies within the bone of the base of
the skull any patient wath a history of chrome purufent otitis media
may at some time develop intracramal complications and thus
should be borne 1 mund during clinical exampation

Dilatation of the blood vessels runnung down the malleus of an
tact fympanic membrane occurs after slight trauma  Any tear
m the tympanx. membrane or presence of fresh blood 1n the meatus
after accidents mvolving fracture of the base of the skull or expos
ure to blast myury from explosions should be particularly noted
Pamn following rapid deswent 1 an aeroplane may be accompaned
by bleeding from the tympanic membrane

SYRINGEING THE EAR

If the meatus 1s blocked with cerumen or contans a foreign
body 1t may not be posstble to see the tympame membrane untl
the “obstruction has been cleared Vvax 1s often coloured dark
brown by concentration of its pigment It may be mxed with
desquamnated epithelm_and hawrs and 1s sometimes firmly
wedged and very hard Tt 1s best to soften 1t by wmstilling obve-oil,,
drops frequently for several days The patients head 1s,p
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anone side  The olve oul need not be warmed by artificsal means
but 1f the weather 15 cold the of may be dropped first sto the
shell or concha of the ear where 1t will be warmed quite satis
factortly by the skin to body temperature  The pinnn can then
be rassed and the odl wall run from the concha mio the meatus

When the wax has been adequately softened the mass can be
removed by gentle synngeing with t2p water warmed to body tem
perataie The siream of water from the syringe should be directed
at a pomt between the mass of wax and the meatal wall  The pumna
1 held out fram the head whalst syringeing in order to straighten: out
the meatus

In order to catch the return flow of water coming out of the
meatys and to avowd weting the patients clothes a waterproof
cloth should be placed in position close to the patient s neck and
the pavent himself should hold a recewver under the ear

The synnges most commonly used for this purpose are the metal
one handed aural syrm%e or the rubber Higgason type syonpe
A good hight 15 essential and great care should be taken to make
sute the water 15 neither too hot nor too cold I it 15 too hot
will canrse pasn and possibly serous and permanent damage and 1f
1215 too cald it will cause verugo  §t should feel pleasantly warm

Before synmgeng any car the meatss should be exammed with the
auniscope  On no account should an ear be syringed of there has
been recent pam accompamed by 3 recent upper respiratory
infectiont These symptoms suggest an nflammatian of the muddle
ear especially if loss of hearmng 13 present as well and synngeing
over an nflamed and edematous tympanic membrane may cause
further damage and pain Equally it may be very unwise to syringe
vut an €at f a perforation i the Yympame membrane 18 kaown 10
be present or 15 suspected

After syringeing an ear the meatus should always be raspected
agun with the aunscope  If the obstructing wax has been removed
the meztus should be mopped qute dry with thin twists of cotton
woo!l because mossture nounishes bactena on skin - After inspec
tion of the tympanic membrane a few deops of olive oil should be
smstilled into the meatws ¥t 1s most dangesous 1o synnge sn ear
if blood 15 escapng from the meatus altes 3 fracture of the base of
the stutl

Vanous solvents for dussolving hard wax have been suggested
frora e to time  They distolve the wax but must be used with
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great caution because they may penetrate and damage the ducts
of the cerummous and sebaceous glands  For whereas 1t may be
necessary to remove a mass of hard pigmented wax from a meatus
m order to inspect the tympamic membrane 1t 13 also important
to prevent further damage to the ceruminous and sebaceous glands
A thun layer of normal cetumen mixed with sebum 1s bactertcidal
and very necessary for the health and protection of the meatal skin

Cleaning the meatus of the ear —If the meatus 1s filled with pus or
discharge 2 culture should be taken and the sensitivity of the
orgamsms determuned  Then 1n order to see the tympanic mem
brane the discharge must be gently mopped out with thin twists of
cotton wool on thin wooden applicators  This #s unportant be
cause 1f the cotton wool twists are thick and fill the meatal operung
they will act as pistons and force the discharge back through a pos
sible perforation It 1s helpful to dip each cotton wool twist 1
olive o1l just before use because thus fixes the ducharge and makes
the mopping out operation more comfortable  The used twists of
cotton wool contaminated with discharge should be burned

The cotton wool twists are made by the exammer A pinch of
cotton wool 1s teased out flat and twisted neatly and firmly round
the end of a thin wooden applicator so that about half an inch of
firm cotton wool twist 15 left extending beyond the wood This
cotton wool extenston should be about as thi as the diameter of
the wooden applicater  The apphcator can now be used quite
safely in the meatus of the ear and because the end of the cotton
wool that may reasonably be expected to come mto contact with
the tympamc membrane 1s always left soft and fluffy no harm
should come to that delbicate structure  The extenston eastly con
forms to the shape of the meatus without mjury to its delicate skin
and the examiner can make his task much easier by gently pulling
on the pinna to straighten out the passage  The tympamic mem
brane s just over one inch from the bottom of the concha

The skin of the posterior and nferior walls of the meatus of the
ear 13 supplied by the vagus nerve The well known connections
of thus nerve account for reflex coughung or fainting 1f this skin 1s
iretated  Vormiting may follow the synngeing of chuldren s ears
and occastonally heart faslure may be surularly induced 1n elderly

people P

ke
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IIT THE LARYNX

Exammaton of the laryax gives information about the adequacy
of the respiratory airway and the causes of changes in the votce

To perform laryngoscopy 1t 18 necessary to use a laryngeal murror
Thus 15 a rounded murror set at an angle at one end of 2 long thun
metal handle (Fig 81) The 1dea 1s to hold the bach of the mucror
Iightly but firmly agamst the soft palate so that an 1mage of the
vocal cards will appear 10 the mitror

L C

Fig 81 —Holdng the laryngeal murror

The evamaer seats himseff facing the patient  He wall have tosit
very close to hus patient with lus legs to the side nearest to the
source of ight A standard famp with a good bright beam 1s placed
at the side of the patient on a Jevel with the patient s mouth and
1ts beam 15 directed at the examuner  For a right handed examuner
the Iight 1s placed at the patents left  The examuner must weac
a face mash to protect humself should the patient cough directly
at him duning the examination  most patients with serious lesions
of the laryn« are very helpful and co-operative but anxious patients
with shight diffuse ;mflammation of the Jarynx may be very sensitive
and cough eastly Next the examuner places a head rurror on his
forchead over fus night ese A head nueror 1s coneave and has 2
hole 1n the centre through which the exammer s nght eye will
wnspect the mmage m the laryngeal mirror The murror 1s fastened
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to the head by a band and can be adjusted easily because 1t 1» fitted
with a ball and socket jomt  The beam of light from the standard
lamp 15 reflected on to this concave head mirror then on to the
laryngeal mitror and so down to the larynx The exammer s eye
looks directly down the centre of this reflected light beam and so
the ighted 1mage 1 the laryngeal murror becomes clearly visible
First the patient s mouth s wspected and 1f artificial teeth are
present his dental plates should be removed The laryngeal
marror 18 warmed by placing 1t m hot water or holding 1t for a
second over a spunit flame  Thus 15 to prevent musting of the mirror
when the patient exhales The murror 1> wiped clean and tested
to make sure 1t 1s not too hot by holding 1t firmly agamst the
sensitive ventral surface of the exanuner s wrist
The patient 1s asked to lean a httle forward and to open hus
mouth and put out hus tongue  With a small square of clean hinen
in the left hand the examuner takes hold of the tip of the patient s
tongue between s thumb and second finger  The linen (or gauze)
square 1s necessary or the fingers will ship on the most tongue
The index finger of the same hand gently Dits the upper hp
The light from the head murror 1s directed at the patient s mouth
The laryngeal murror 15 held 1o the nght hand (Fig 81) and very
carefully m order to avoid touching the tongue the small round
murror 13 placed deltberately and steadily against the soft palate
near the base of the uvula  The shaft of Light from the examuner s
head mirror should now shine directly on to the larvageal murror
and the laryngeal nurror ts gently adjusted unul the vocal cords
come wto view
Laryngoscopy requires no local analgesi 1n the great majonty
of examinations but 1t does require the confidence of the patient
1 the examiner and the examiner s confidence m himself The
examinetr must tram himself to make rapid and accurate observa
tions
To facilitate matters the patient 1s asked to continue breathing
throughout the exammation If the patient is concentrating on
breathing he will not tlunk of retchung or coughing  If movement
of the cords 1s required the patient 1s asked to say E
The larynx should be inspected with great care (Fig 82) The
epiglottis lies mn front at the base of the tongue Normally its
upper curved edge 1s clearly seen 1ts colour is a pale yellow Any
abnormal position should be noted  The base of the tongue and

-
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the vallecul are next examtned  Both piriform foss: are inspected
and the presence of excessive froth or mucus round the esophageal
opening behind the larynx or in either pinform fossa should sug
gost upper cesophageal obstruction or paralysis  In upper @so
phageal obstruction the safiva and mucus from the mouth and

TONGUE EPIGLOTTIS

VOCAL CORDS

TRACHEA

P RIFORM FOSSA

OESOPHAGUS

PIRIFC M FOSSA

OESOPHAGUS
Fig 82 —The laryn« as seen i the laryngeal merror

upper respiratory tract cannot get away easily and may overflow
into the larynx explaining the patients rrnitating cough

The vocal cords or vocal folds as they are now sometimes called
are normally clear cut and of 2 pale yellow glistening appearance
The rest of the laryngeal mucosa 1s normally a moust pinkish red
colour Between the vocal cords 15 scen the lumen of the
trachea and the outlmes of the tracheal rings  The prescnce of
any pus or Mucus 10 the trachea and any narrowing of the tracheal
1nfet should be noted
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Dusplacement of the larynx suggests mflammation or new growth
1 the tissues closely adjacent to the larynx

The epithelium should be 1nspected for any 1cregulanity ulcera
tion change of colour or presence of cedema Raised srregular ept
thehum suggests malignant changes Ulceration with cedema
makes one think of tuberculosis if there 15 evidence of pulmonary
mfection  (Edema alone indicates inflammation or trauma or
both Diffuse redness of sudden onset suggests acute laryngitis

The movement of the larynx should be noted  The movement of
both sides of the Jarynx should be symmetrical When normal
movement 1s absent the examner must ask humself whether some
local condition such as fixation due to malignant changes or

pathy 1s p normal or whether some lesion

along the course of the recurrent laryngeal merves is responsible
If loss of movement 1s caused by some local change there will
usually be signs of swelling or obstruction or ulceration  or there
may be a past history of poliomyelitis or diphtheria

If the Jarynx looks quite mormal except for the paralysis com
mon sttes along the courses of the recurrent laryngeal nerves worthy
of clinucal examination are —(1) the thyroid gland (2) the apices
of the lungs and structures related to the under surface of the aorta
and (3) the cervical msophagus

Absence of movement of one or bath cords should be carefully
noted If one arytenoid hes a little 1 front of the other thus 15
often suggestive of umlateral paralysis and may be helpful if the
larynx 15 difficult to examune

In unilateral paralysis the examiner 1s struck by the overaction
and compensation of the normal cord which comes right across
the middle hine to meet the paralysed cord if the patient endeavours
to say the vowel E It 15 this remarkable compensation which
explains the apparently normal voice 1n unilateral paralysis and
accounts for the tiredness of the voice towards the end of the day
There 15 usually no stidor and no apparent obstruction to the
airway Compensation 1s rapid  Some very temporary difficulty
with swallowing 1s experienced due to umilateral paralysis of the
upper sphincter of the &sophagus (crico pharyngeus) which 1s
also supplied by the recurrent laryngeal nerve

The extraordmary compensatory powers of the larynx are well
seen 1n bilateral paralysis where although the voice 15 undoubtedly
weak 1t 15 remarkably clear  those muscles not supplied by the

Fa
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recurrent nerves taking on added functions  Even when the com
plete larynx has had to be removed because of malignant changes
and a pormanent tracheotomy s the only respiratory passage
many patients develop an amazingly good voice  Folds in the
pharyngeal walls are used for phonation and the relaxed ceso
phagus makes an efficent ait reservolr

In umiateral paralysis the patient does not complain of shortuess
of breath on exertion  whereas 1 bifateral piralysis there 1s great
marrowng of the taryngeal airnay because the man abductors of
the cords are paralysed and the patient does complun of real
shortness of breath on exertion  There 15 usually acute distress if
both cords are paralysed suddenly but with reassurance and when
adaptation 1s established most patients complan of hittle difficulty
in breathung when at rest or during light movement The stnidor
durmg sleep 15 very inconvenient for others There 1s no strndor
n umlateral paralysis It must be remembered that recovery
does take place more often than 1 usually realized 1n both um
lateral and bilateral paralysis of the recurrent laryngeal nerves

It 15 very important to eximine the larynx in any case of fioarse
Tess that has persisted for two or three weeks  Intermittent attacks
of hoarseness or loss of voice with a complete return to normal
between attacks should suggest simple larynguis or hysteria  If
any growth 1s present on either vocal cord the voxce will never
clear until the growth has been removed  Whenever the epithelum
of the larynx 1s ulcerated ot uregular an X ray of the tung fields
and the Wasserman reaction should be done before any question
of biopsy 13 considered If there 15 purulent sputum this also
should be ¢xamuned

When considening the advisability of biopsy as an axd to diagnosts
1t must be remermbered that nterference with the edge of a growth
{where the normal tissue cells of the body are doing their best to
resist the encroachment of malignant cells) may cause rapid exten
sion of the growth in the farynx  Thus 1s particularly ymportant
when a growth 1s small and 2 complete cure 15 probable  fn such
cases the best and safest diagnostic biopsy 15 often the removal of
the complete tumour d by an adequate margn of healthy
tssue
No laryngoscopy 15 complete without an examinauon of the
neck The position of the thyroid cartilage and trachea, should

d and any disp noted M t of the

P
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larynx on swallowing should be free and any wnusual lump or
enlarged nodes must be felt for

IV THE NASO PHARYNX

Exammation of the naso pharynx 1s carried out 1n much the
same way as that described above for laryngoscopy and with the
same precautrons  only here the mucror 1s smaller and its handle
1s bent to avord touching the tongue  The tongue may be depressed
with a spatula and the small murror 1s placed just behuind the soft
palate facing upwards ~ The examunation requires constderable skill
and conhd; and as with lary Py some patients are easy
to examine and some very difficult indeed

The posterior nares lying to erther side of the sharply defined
vomer come into view 1n the murror and the postertor ends of
the infertor and muddle conchx can be seen  To etther side be
the openungs of the eustachian tubes  The presence of any tumour
or PI;S or change m the normally pink moust epithelum should be
noter

V THE NOSE

The outside of the nose must be inspected first  Old scars may
ndicate past trauma  Recent cuts or bruising should be noted
Redness or swelling may be caused by inflammation  Displace
ment of the hasal bones to night or left or depression of the bndge
suggests trauma  If the bones are firm and pawnless the njury
will not have been of recent origiz  Collapse of the bony or
cartilaginous bridge may have followed necrosis ~ With a finger and
thumb on the outside of each nostnil the anterior part of the cartil
aginous septum can be palpated znd any gross displacement or
thickening of the septum detected

The skin round the nostrils must be 1nspected for fissunng or
redness The presence of discharge whether blood staned or
mucopurulent or watery must be noted and whether the dis
charge 15 confined to one nostul only or comes from both.

To nspect the vestibule of the nose and the nasal passages a head
mirror 15 needed  There are several advantages 1n using a concave
head murror for examumations of the nose naso pharynx and larynx
The examumer can Jook night down the centre of the beam of light

ra
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which hss head mirror reflects 1nto these marrow and darkened
passages  Both hinds of the examiner are free and s eyes are
shaded  Other forms of bght such as torches or head Tamps
or lighted specule can be tried but they are not as satisfactory as
the perforated head mirror with reflected light

The vestibule of a small child s nose and the openngs of s nasal
passages can be mspected by tilng the nose upwards with a £ ager

To examne an adult s nose properly 1 nasal specfum 13 needed
The speculum 1s held in the left hand (Fiy 83) and the light beam
reflected from the head murror 15 directed on to the patient s nostrl

~
~p
/

Fig 83 —Haling the nasal speculum
Fgs 1983 dawn b M Ch Jos A Keogh

The speculum ts closed and gently introduced into the nostn}
The spring 15 allowed 10 open a bitle but reser to ns fullest extent
Gentleaess 15 all wmportant

The sk of the vestibule extends mwards for about half an inch
and 1t 15 well supplied with protective hairs particularly in males
The skin of the nasal vestibule )s heir to all the common skin
diseases  There 15 2 clear Iing where the pale skin meets the piok
moist mucous membrane of the nasal passages  Meduafly ies the
nasal septum which 15 commonly displaced by trauma A hama
toma of the nasal septum causes a sweling which 13 soft to the
touch unlihe the normal septum whichss firm  Note the presenice
of any ulceration ot perforation of the septum or the presence of
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any bleeding point  Laterally 1s seen the inferior nasal concha
Thus should be moist and pink and as its epithelrum can become
pale and greatly thuckened mn hay fever and asthma companson
should be made with the normal  Above the mferior concha can
be seen the antersor part of the middle concha  The presence of pus
comtag from under the middle concha strongly suggests purulent
siusitis  for most of the accessory nasal sinuses open under this
concha  Nasal polyp: appear as mosst greyish swellings occluding
the air passages  They are easily movable and pamnless unlike
the conchz which are fixed and tender  Hyperzmia of the mucosa
and the presence of muco pus in the nasal passages probably
mdicates infection A persisting one sided blood statned nasal dis
charge may indicate the presence of a foreign body or mahgnancy
if present in an older person  The presence of any rased iregular
or bleeding epithelum should be noted

The nasal passages form part of the upper respiratory tract and
should never be examined without reference to the lower respiratory
tract  All air reaching the lungs has to pass through the nasal
passages to be filtered warmed and moistened and any infection
or abstruction It these passages may ultimately have some effect
on the health and function of the lungs and bronchi  The presence
of nasal obstruction must be noted  In children mouth breathing
due to nasal obstruction gives mise to 2 change 1n the pattern of
facial expression which 15 indicated by the open mouth and sagging
of the facial muscles The Lips and mouth are dry

Severe nasal obstruction may prevent air reaching the olfactory
area and so cause loss of the sense of smell

VI THE NASAL SINUSES

To examune the maxllary sinuses —

(1) Palpate the bony walls of the sinus giving partieular attention
to the bone under the eye  Compare the outline on the two sides
Any swelling exp: or dep of bone must be
observed The palate and alveolt must also be mspected and
palpated from mside the mouth

{2) Exarmune the nasal passages to detect any evidence of pus or
polyp: appearing from any of the normat openings of the sinuses

(3) Transillummate the sinuses  This 15 done by placing a strong
Iight m the centre of the hard palate  The patient closes the lips

yd
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round the handle of the \ amp  The
should be performed in a dark raom or wx(h curtams drawn round
the bed  Light from inside the mouth shunes through the hollow
smuses producing a light 1n the bone under each eve and a reddish
reflection from the retne

Comparison between the two sides1s made  Pus 1 the maxillary
sinus throws a dark shadow Patients will differ greatly in the
thickness of their maxiflary bones Some transillummnate clearly
others with difficulty Transillumination 15 a useful clinical aid
because 1f the sinuses are perfectly clear on transillurination an
X ray mav be unnecessary

If any abaormal shadow 13 found an X ray of the sinuses will
give addimonal information and wiil help to confirm the chmeal
exammation

To transilluminate the frontal sinuses the light 1s placed under
the frontal ndge of the orbt  The Hhmmd and sphenord simuses
are best d by X ray bined with chnical mnsp of
the nasal passages




CHAPTER XI

LOCOMOTORY SYSTEM (BONES, JOINTS GAIT)

Tue Jocomotory system ncludes the muscles bones and jomts
The examnation of the muscles 13 most convenently considered
along with that of the nervous system (Chap IX) There remain
for consideration the bones and joints

1 THE BONES

In examsning the Jong bones of the Iimbs look for any alterations
sn shape or outline for localszed swellings 1n the bone “for signs of
fracture and for evidence of undue tenderness  Alteration 1n the
shape of the bones occurs particularly 1 rickets (Plate 24) 1In
osteiis deformans the bones are both deformed and enlarged
(Plate 25) Lacalized swellings are mostly due to surgical condt
tions  Spontaneous fractures may occasionally assist i the diag
nosis of carcinoma generalized osteitis fibrosa (hyperparathy
forhsm) osteogenesis imperfecta or multiple myeloma  Undue
tenderness of the bones apart from surgical conditions 1s found
in generabized osteitts fibrosa myelomatosis occasionally m car
cinomatosts of bones and very rarely 1 leukemia

The vertebral column and skull demand special attentton  Note
the presence of any local projections or angular deformuty of the
vertebral spines and state which vertebra are mvolved and at what
level the proy most_p L Cc7
(vertebra promunens) and the last rib articulating with the 12th
thoracic sertebra  In many cases however the last nib cannot
be disunctly feit and 15 therefore rather untrustworthy as a gude

Note also any curvature of the spinal column as a whole or of
part of 1t distinguishing carefully such general curvature from the
local projections above referred to

The curvature imay be i1 an antenor posterior or Jateral direc
tion  Antenior curvature )s termed lordosis and 15 commonest
the lumbar region  General posterior curvature 13 spoken of as

367
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hyphosis Tt occurs most typically 1 the thoracic region i oid
persons and must be distinguished from the localized angular
deformuty of spinal canies  Lateral curvature 1s termed sea wsis
and may be towards exther the nght or the left side It is always
accompamed by a rotation of the bodies of the vertebra 1t such a
way that the spines come to pomnt towards the concavity of the
cus

rve

Ask the patient to stoop down  notice the degree of mobilty of
the vertebral column and the occurrence of any pain durng staop-
1ng noung the exact site of the latter if present Then pass the
hand down the vertebral column and observe whether any tender
spots can be discovered  To elict more deep-seated tenderness
of the vertebre 1t may be necessary to  punch  the spines gently
with the fist from above downward, observing the pont at which
the patient complans of pam and verdymg the observation by
repeatng the process from below upwards

In studving the skull note its shape

Is 1t of the dolichocephahe (long headed) or the brachycephal,
{bullet headed) type 7 Certmn well recognized types of abnormat
skull are met with  In A drocephalus the skull tends to assume 3
globular form The forchead 15 overhangmg and the eyes are
pushed down so that the upper part of the sclerotic 1s exposed
The latera) aspects of the skull (above the ears) project autwards
1f the pattent 1s a chuld as 13 usually the case the fontanelle ts wide
and bulging and often fluctuates very distitly  The sutures may
be opened up and mmperfectly ossibed areas {cramotabes) may be
detected m the bones  In rickets the skull tends ta be square or’
oblong and box shaped The frontal and panetal bones often
show central thuckenuag { bossmg J The forehead however
does not overhang nor are the eyes depressed and aithough the
fontanelle 1s usnally widely open 1t doe not bulge as 1t does 11
ydrocephalus nor are the sutures opened up  In congenital
syphilts the forehead 1s vertical the frontal eminences are often
exaggerated and the bdge of the nose 13 depressed  Tn acromegal
the supra-orbutal ndges and bones of the face parucularly the fower
jaw ate enlarged so that n relation to them the cabvanum may
appear small (Plate 26) In achondroplasia the shull though of
appromately normal size appears very large 1 contrast 1o the
generally small seature  In addition the bridge of the nos. 15
greatly depressed and the nostnls tend to pownt directly forwards
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In ostettis deformans (Paget s disease) 1n addition to the widening
and bowing of the long bones the skull 1s often greatly enlarged
particularly in ats transverse diameter so that 1t appears to bulge
above the ears (Plate 26)

2 THE JOINTS

These should be exanuned by mspection and palpation and by
tests for their range of movement It 1s important to proceed 1n
& routine manner—e g the jaw cervical spine shoulder girdle and
upper mb thoracic and lumbar spme pelyis and lower imb so
that mconspicuous but mportant joints Like the tempore mand

sterno clavicular and sacro thac will not be overlooked
and always to compare the corresponding jomts on the two sides
of the bodv

On msp and palp look for or iregulanty
of the joint for redness tenderness and heat indicating an acute
arthritis  for bony outgrowths such as Heberden s nodes on the
fin.ers 1n some cases of osteo arthritis for gouty tophi and for
atrophy of muscles in the region of the jomt  If the joint 1s enlarged
determine whether the enlargement 15 due to effusion 1nto the jount
space when 1t normally has a characteristic shape and fluctuation
can often be ebcited ~ to thickeming of the perarticular tissyes
such as occur 1n the rheumatoid type of arthntis to enlirgemient
of the ends of the bones such as occur i pulmonary osteo arthro
pathy or to complete dssorganization of the jowmnt with absence of
pam sense such as occurs in neuropathic (Charcots) jomnts  If
tenderness 15 present localize it as accurately as possible and deter
mine particularly whether it anses in the jownt or i neighbouring
structures e g 1 the subacromial bursa rather than 1n the shoulder
Jomt Feel the jomt with one hand while 1t 15 moved passively
with the other A grating or creakung sensation known as crepitus
may be felt Thes often mdicates osteo arthnitis but not mvariably
so  for crepitus 15 commonly felt m the shoulder jomnts of older
persons whereas osteo arthnus of these jots 1s rare

In examintag jomts for the range of movement an esttmate of the
degree of lLiunttation present based on previous experience of on
companson with the normal side may often be sufficent but far
accurate descrption the actual range of movement should be
measured with'a protractor or gomometer In either case 1t 1s

oM —N
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wnportant that the student should be able to describe the move
ments of the various jonts correctly  In catrying out the ¢xamuna
tion both actinve and passive movement should be tested where
possible and the preatest possible gentleness must be exercised

articularly in the case of pawnful joints  Lamutation of movement
in a joint may be due fo pasn muscle spasm contracture nflamma
tion or thickemng of the capsules or perarticular structures
effuston into the jomt space bony or cartilaginous overgrowths
bony ankylosis or to painful conditions quite unconnccted with

the joint
In describing the range of movement of joints the scheme shown
n the ages b of the authors and

Y I
publishers from Cag\c E F and Sumner M R Journ Bone and
Jomnt Surg 1936 XVIII 455) will be found useful ~All motion
should be measured 10 degrees from a neutral position of zero
which must be defined whenever possible



MOVEMENTS OF SPINE 3n

Spine —Neutral position 15 normal upright posttion for patient,
but cannot be further defined Test —

(1) Forward bending

{2) Extension

(3) Lateral bending

(4) Rotation with pelvis fixed comparing angle made between
axss of shoulders and that of the pelvis

These be but should
be compared with lhe pmbablc normal for the patient s age

t
FORWARD BENDING

2
EXTENSION

piGHT
E -
LATERAL BENDING ROTATION

Fiz 8¢
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Neck ~—Neutral position 15 that with head erect and chin drawn
m  Test —

(1) Rotation right and left
(2) Flewon

(3) Extension

(4) Lateral bending

LEFY | RIGHT

NEUTRAL
ROTATION
EXTENSION | FLEXION
RIGHT LEFT
N
N
J
FLEXION 8
EXTENSION

LATERAL BENDING
Fig 85

Shonider —Neutral position 15 arm to side elbow flexed (0
90 degrees with forearm poiating forwards  Test —

(1) Iexion

(2) Extension

(3) Abduction

{4) Rotatien in abduction

(%) Rotation n neutral

(6) Elevation (thus 15 shoulder girdlc motion as compared with
1-5 which are humeroscapular motion)
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INTERNAL , EXTERNAL

NEUTRAL ROTATION N NEUTRAL

/A

EXTENSION FLEXION ~

FLEXION &
EXTENSION ABDUCTION
EXTERNAL \i
N
- ~
INTERNAL
ROTATION 1N
ABDUCTION ELEVATION

Fig 86
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Elbow —Neutral position 1s with forearm 1n extension  Test —

(1) Flexion

(2) Hyperextension

(3) Supmation {from neutral which 1s mud pomt between supin
{ ation 2nd pronation with elbow fixed at side

(4) Pronation { 1 90 degrees of flexion

NEUTRAL SLEXION &
HYPEREXTENSION

SUPINATION PRONATION

SUPINATION B PRONATION

Fig 87
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W rist —Neutral position 1s with hand m Line with forearm and
palm down Test —

{1I) Dorsifieuion {extension)
(2) Palmar fleuon

(3) Ulnar deviation

(4) Radial dewiation

DEVIATICN
NEUTRAL
+ DORSAL
PALMAR
FLEXION
Fig 88
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Firgers —Neutral position 1s with fingers 1n extension  Test —

[e)] Flexxo;z at po phalangeal and inter phalangeal
Jomnts
NEUTRAL
.
.
FLEXION
Fig 89

Thumb —Neutra) position 1s with thumb alongside forefinger and
extended  Test —

(1) Abduction
(2) Flevon—measured as for the fingers
(3) Opposttion

NEUTRAL ABDUCTION OPPOSITICH

Fig 90
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Hip —Neutral position 1s with hip 1n extension patella pomnting
forwards Test —

(1) Flexion measured with knee bent  Opposite thigh must
Temain m neutral postion
(2) Abductton measured from a hne which forms an angle of
90 degrees with a line jomung the anterior supenior spines
(2) Adduction measured m the same manner
(4) Rotation 1n flexion
(5) Rotatton 1n extension
NEUTRAL
INTERNAL| EXTERNAL

FLEXIDN

ROTATION IN
EXTENSION

INTERNAL EXTERNAL

ABOUCT ON ADDUCTION

ROTATION
FLEXION

iz 91
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Knee —Neutral position 15 compl Test —

{1} Flexton
{2) Hvperextension

NEUTRAL

HYPEREXTENSION K

FLEXION

Fig 92

Ankle —Neutral position 1s with the outer border of fcot at angle
of 90 degrees with the leg and mudwav between mversion and

eversion  Test —

(1) Dorsifiewon  with foot in nversion  Test with knee 10

flexion and extension to exclude tight calf muscles
(2) Plantar flexion

NEUTRAL

QORSAL

PLANTAR
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Foot —Neutral posttion cannot be defined Test —

(1) Inversion and eversion at sub astragalar joints

(2) Forefoot adduction and abduction at mid tarsal jomts
with os calcts head 1n neutral posiion

(3) Flexion at metatarso phalangeal and 1nter phalan, eal
Jomts

FOREFOOT | FOREFOOT
ADDUCTION | ABDUCTION ~ FLEXION | EXTRNSION

\
EVERSION | INVERSION

1 2 3
Fig 94
3 THE GAIT

The character of a patient s gait 1s often an important indication
of the nature of the affection from which he 15 sufferng It 15
especally mmportant 1n cases of nervous disease

In studying the gait 1t 1s well to have the legs fully exposed  The
patient should therefore exther b unclothed or wear a small tniangle
or bathing dress  The feet should be bare  The patrent 1s told to
walk away from the observer to turn round at a given pomnt and
then to come towards him agamn

Instudying the gait the points to be noted are—(1) Can the patient
walk atalt ? If he can—(2) Does he pursue a straight ine or does
he tend to deviate to one side or the other or to both alternately ?
To bring out this pomt _ask um to walk along a straight line—e g
a crack 1n the floor (3) Does he tend to fall and if so 1n what
direction 7 The next pomt to be decided 1s whether the gait con
forms to any of the well recognized abmormal types Before
deaiding this “be quite sure that the pecuharity in the patient s gart

.

-
-
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15 not due to some surgieal cause or to local disease of a joint—e g
osteo arthnus of the lup A previous examnation of the bones
and joints will elimmate such sources of error

The three chief types of abnormal gait due to nervous affections
are —

1 The spastic
2 The ataxic
3 The reelmg

It 15 usually sufficient to state that the gait belongs to one or other
of these types or to two or more combined  The chief peculianties
of each vanety are as fcllows —

1 The spastic may be described asa sticky gaut  The patient
has difficulty 1a bending tus knees and drags his feet along as 1f they
were glued to the floor the toes scraping the ground at each step
The foot 13 raised from the ground by tiiting the pelvis and the leg
15 then swung forwards so that the foot tends to describe an arc

Thus gait 15 seen most characteristically mn patients with pyra
mudal lesions  The hemiplegic gait 1s essentially a spastic gait 1n
which only one feg 15 affected

2 The gait n sensory ataxaa may be descnbed as  stamping,
The patient raises hus feet very suddenly often abnormaily hih
and then jerks them forward bringing them to the ground agun
with a stamp and often hec! first  He may be farely steady uf be
watches the ground as he uses his eyes 1 place of tus sense of
postion but becomes severely atanic when his eyes ate closed
This gast 15 best seen 1s cases of tabes dorsafis and other signs of
foss of postural sensibility will be present

3 The gart of a may be described as a

drunken or rechng gt and requires no further description
Patients with thus gait walk  on a broad base the feet bemng
planted widely apart  The ataxia 1s equally severe whether the
eycs are open or closed

Thas gait occurs 10 disease of the cerebeltum or cerebellar tracts
and other signs of motor ataxia will be prusent A sumlar teeling

gait may be seen 1 pattents under the influence of aleohol or nar
cotic drugs

Some rarer vancties of abnormal gast are —

The festmant gt This is met wath 1 typicaf cases of paralysis

agitans The patient 15 bent forwards and advances with rapd
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short shuffling steps so that e looks as if he were trying to catch
his centre of gravity and the arms do not swing  In some cases
of he 15 suddenly pulled backwards he begms to watk backwards
and 15 unable to stap humself though he 15 leaning forwards all the
time  ‘This peculiar phenomenon 1s spoken of as retropulsion

The waddling or oscillating gait 15 like the gait of a duck  The
body 15 usually tilted backwards there being a degree of lordosts
present  the feet are planted rather widely apart  and the body
sways more or less from side to side as each step 1s taken  The heels
and the toes tend to be brought down simultaneously The chief
peculianities of this gait are due to a difficulty n maintaining the
centre of gravity of the body owing to weakness of the muscles of
the back Itis met with 1n pseudo hypertrophic muscular dystrophy
and n congenital dislocation of the hip

The lugh-stepping or prancing gait 1s a device adopted by the
patient to avord tripping from hus toes catching the ground It is
therefore met with in cases where the toes tend to droop from
weakness of the extensor muscles € g tn peripheral neunitis affect
g the anterior tibal nerve  The name sufficiently describes its
characters



CHAPTER X

CLINICAL LXAMINATION OF CHILDREN

Taz chical examination of young children 15 2 matter of difficulty
to the mexpenenced for it often bas to be carned out w spite of
the patent s strenuous oppositon

The tustory of the patent and fus siiness must i the case of young
chuldren be ascertatned from the mother or fends The best
scheme of mterrogation to employ will be found on p 11 Whlst
the history 1s besng ehated opportunity may be taken to culuvate
the friendsfup of the cluld or at all events to get lum accustomed
to ones presence  One then proceeds to an examnation  This
requices and  dehbx bined with nfintte
patience and good temper  If one 13 hurned or rough the child
begins to ¢ry at once and the subsequent examnation 1s rendesed
much more difficult It 35 often nat possible ta be really systematic
m one s examunation of children  Certam things must atways be
fooked for but no definste order can be observed i lookang for
them  One has to sewze the opportunsty of ascertauing a fact as it
presents wself and a nigorous adherence to  gystems s often
out of the question A number of pomts can be ascertaned before
the chuld 1s undressed  One can study the facses of the child note
s complewon the cotour of fus ips and Whether or not the st
pasiare acting  One should also at this tme count the resprration
and pulse rate st 15 important to do ths wiile the cinld 15 sull
undsstarbed

The respirations can usually be counted by mercly watching the
movements of the child s abdomen which 15 much more aflecied
by respiration in young cluldren than the chest  The normal rate
of a new born chuld 15 40 or 50 respuravions per munute by the
second year they hase fallen 10 30 or so at the fifth year they are
about 23 and by the fifteenth they hase sunk to 20~ Much more
umportant than the absolute number of respirations 18 the mto of
sespiration to pulse  Normally this should be as 1 3tord

The pulse 15 best counted by allowing the mother to hold the
child s band 11 hers  the ﬁm_;crzs gf the physictan are then quietly

3!
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slipped over the mother s hand on to the childs wrist and the
pulse counted  If the child has begun to cry 1t 1s useless to take
the pulse rate as 1t may be at least 20 beats above the normal rate
The pulse rate at burth should be 130 by the second year it 1s
110 by the fifth 100 by the eighth 90 and by the twelfth 80  after
this 1t gradually sinks to the normal adult rate  During sleep
the pulse rate always falls about 10-20 beats The exammation
of the pulse 1n infancy 1s of comparatively httle chnical value
Examnation of the fontanelle 1s of much more use The vessel
being extremely small the characters of the pulse wave can hardly
be ascertained irregulanty by uself 15 of comparatively Litle
significance being very common even 1n healthy infants and bemng
almost the rule m sléep A pulse that 1s contmuously slow and
arregular 15 however of great sigmificance

The child should then be stripped and placed 1m a blanket on the
knee of the mother or nurse  evamunation should then proceed
by the usual methods of mspection palpation auscultation and
percussion  In the chimical investigation of children the two former
methods are of much the greatest assistance Begin by looking
at and feeling the ctuld all over Note the general state of develop
ment and nutritton  the state of the skin whether dry and fevered
or moist and the presence or absence of any rash or skea eruptions
and whether or not the normal degree of elasticity 1s present  The
shape of the chest and the degree of promimence of the abdomen
should be noted remembering that rather protuberant abdomen is to
be regarded as normal 1 young children The hand should then
be passed ightly over the head  The state of the anterior fontanelle
should first be invesugated The fontanelle closes normally
between the fifteenth month 2nd the second year If 1t remamns
patent after the second year 1t 1s often a sign of disease—usually of
nckets  Too early closure of the fontanelle occurs m some forms
of microcephaly and 1diocy

The degree of tension of the fontanelle 1s of preat importance
In health 1t pulsates distnctly and is neither sunken or unduly
elevated A depressed fontanelle 1s 2n important sign of exhaus
tion and of dehydration a tense fontanelle tndicates increased
mtracramal pressure It must be boroe m mnd that the fontanelle
15 normally tense when the child is crying The systolic brust
heard over the fontanelle 1s of no clinxcal 1mportance

The shape of the head and of its bones must be investigated #
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The development of ¢ bosses' on the frontal and panetal bones
1s 2 common occurrence 1n tickets  One should seek evidence of
cramotabes (n young babies) and of rheumnatic nodules Gn older
chuildren)  The general shape of the hiead as a whole should always
be noted 1t may be box shaped as 1 rickets or globular as 1
hydrocephalus 1t may be abnormally small of Targe or 1t may be
asymmetncal

The examnation of the limbs which should be carned out next
Is n children of extreme mportance many of the commonest
and most sertous diseases of infancy affect the long bones more
prominently than any other part of the body  Look for thickemng
or tenderness along the shafts of the bones  This may be due to
Scurvy to syphititic or to suppurative penostis or fo tumours
Lxamme carefully the epiphyses  In rickets these become enlarged
Thas 15 most easly seen where the ribs join therr cartilages the
thickentng there formung a row of bead Iike prominences ¢ rickes)
rosary ) It 15 also easily seen at the wnists  The frequency of

fl y affe of the epip should d
The presence or absence of  rheumatic nodules  should be noted
‘These are lutle fibrovs bodies varying in size from that of a large
pins head to a pea or even bigger  They occur not m the perios
teurn but i the deep fascia where 1t covers superficial bones and
also in the sheaths of tendons  They are most common over the
olecranon  patella and occiput  They are usually movable but
not tender ¥f found they are pathognomonic of theumatismt
The vertebral column should alwavs be cxamuned for signs of
tuberculous disease or curvature

The ctuld s temperature should now be taken  In young chuldren
the thermometer should be inserted 1nto the rectum or placed on
the gromn or axalla 10 clder cluldren 1t may be placed 1 the mouth
It should be remermnbered that the tempersture m chddren 1s muach
more vanable than 1n adults and that 1t ofien nises on very hitle
p The rectal temp 18 normally somewhat tugher
than the mouth or axsilary temperature

One must now proceed to the examunation of the thorax and
abdomen  The front of the chest and abdomen may be exammed
together and erther after or before the posterior aspect of the chest
The order adopted shovld be first nspection and palpavon then
suscultation and Tast of aff percussion  Percussion is Jeft 10
the Jast owing to the fact that it frequently makes the child ery
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In palpation be sure that the hand 15 quite warm  this 1s even
more important 1n examinng & child than i the case of an adult
It 15 also important to watch the chuld » face while ths examma
ton s bcmg carried out, as wmcng will provide evidence of tender
pess and pain  In auscultation 1t 1s important to warm the chest
prece of the stethoscope 1f 1t 15 mnde of metal before applying 1t
to the chest There 13 only one point to be observed 1n the per
cussion of a chuld and that 1s that the stroke should be lighr  This
1s not merely 1n order to avoid frightening the little patient but
also to escape the confuston that ss apt to arise from the excessive
resonance of the child s chest

The postersor aspect of the lungs should now be examined ~ For
this the child should not be laid on hus face as this nterferes
with and causes the 1 viscera to push up the
diaphragm but he should be held aganst the mothers breast
with fus head looking over her shoulder In this way the whole
of the back of the chest can be gone over  Enlarged glands should
be sought for particular attention being paid to the neck which
should be palpated from behind

Lastly comes the exammation of the mouth and throat It 1s
1mpossible to exaggerate the importance of systematically examinng
the mouth and throat 1 all cases of illness i chuldren At the
same time 1t 15 Just this part of the clinical exanunation 1n which
most opposition 1s likely to be met for that reason 1t 18 left to the
last as it may be necessary to employ coercion 1n order to carry it
out

Begu by lookmg at the tongue  Sometimes the child will put
out the tongue when asked In Litle babies pentle pressure on
the chm will often cause the mouth to be opened when a view of
the tongue can be obtained  Or 1f a drop of milk or 2 httle sugar
15 placed just outside the lip the child will often put out 1ts tongue
1 order to bick st off  In more refractory children it may be neces
sary to push the lower lip over the teeth and then to press the lip
down aganst the lower mcisors  The child then opens the mouth
m order to avoid biting the ip  With very obstinate ehildren 1t
may be necessary to compress the nostnils until the mouth 1s opened
10 get breath

Once the chld has been 1nduced to open the mouth note the
state of the buccal mucous the frequency®
of thrush stomatiis and ulcerations 1 chuldren In cases
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suspected measles Kopltk s spors should be carefully fooked for
They are rregularly stellate or round rose red spots with a blush
white speck 1n the centre of each  They are found on the 1nside
of the lips and on the buccal mucons membrane especially opposite
the upper molars At first they are very sparse but later on become
more numerous and the red parts mav then coalesce into large
areas dotted with the biwish whate specks  They should always
be looked for in strong sunbght if prssible and pever by arifical
light They are of considerable diagnostic importance for they
may precede the appearance of the skun eruption by three or four
days  The number and character of the teeth should be obsened
(see also p 33) and the finger should be run along the gum to feel
for any feeth that may be about to come through.

One then proceeds to an exarmnation of the throat  If possible
the chuld should be held quietly by his mother sittng on her lap
facing a good hpht  The observer should steady the child s head
with one hand and gently msert a spatula with the other  Ooly
if ths technique 3s impossible should the child be wrapped 1 2
towel to restrain the movements of its arms  The finger will often
serve mstead of a spatula and usually fightens the chuld less  Look
for any enlargement of the tonsils Tor any redness of the mucous
m:nx‘:ranc and especially for the pre_ence on it of any membranous

atches
P The following, 1s the general routine method employed m examut
g a chld —~

Facies and expression—general appearance (f healthy or otherwise)—
nutntion, muscle tone dentition and deelopment—<complevion (anemid
<vaooss jJaundice etc)—~state of skin (dryness mowntre eruphons

dema)—po ture temper—

p:\ml on being tandled

Shape of head and state of 1ts ossification (fontanclle ¢ranotabes)—
facial i nose and ears of and if an¥
discharge from)—shape of thorax abdomen back and limbs (especaally
the hands)—enlarged gland d frickets syphilis and tubereulosis.

Character of voice cry and cough—rate and character of respiration
f nowsy dyspaeeic or painful—~mosvements of ale nasi—rate and charactet
of pulse—~temperature

Palpation of abdomen (tendemess, resistance flud suze of hver 2ad
spleen, tumours efc)

Certan special poiats are now considered brefly —
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1 General condition —The we ght of children s of mportance 1n
assess ng prognos s and treatment and a regular we ght record
15 of much value A healthy chId should we gh at b rth about
71b  This should be doubled dur ng the s xth month and trebled
in the first year By the sixth year t s agan doubled so thata
healthy chuid of six should we gh about 3 stones Thus ts again
doubled when the fourteenth year is reached (Fg 95)
Measurement of the head s often of mportance  Two measure
ments are usually suffi ent a coronal measurement from one
aud tory meatus to the other and a ¢ cumferent al measurement
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at the level of the root of the nose and external occ pital
Pprotuberance

2 Almentary system —Note that the liver s normally large in

children and often reaches at least 3 n below the costal marg a

Enlargement of the spleen 1s frequent n mfantle d seases It ss

best el ¢ ted by palpat on_the hand being passed across the chuld s

abdomen from  ght to left By depress ng the finger tips oppos te

the 11th nterspace the edge of the spleen ~f the organ 1s enlarged

may be felt as t descends dur ng nspu:t on  When mndcated a

Tectal exanunat on must not be ormtte .
Inspect on of the stools should be carred out The healt .
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nfant on the breast or bottle only has generally two or three
stools daidy though thete are wide vanations These should be
of the colour and consistence of beaten up eggs  Any alterations
m frequency colour or consistency of the presence of worms
should be noted

3 Circulatory system -~~The apex beat of the child 13 normally
ragher hugher than in the adult Tt as usually owside the mammary
tine up to the third year m the mammary hne from the third to the
tenth year after that age 1t gradually assumes the aduit positon

Alterahions 1 the general contour of the pracordu are much mare
frequent results of cardiac disease in children than s adulis In
auscultation the pulmonary second sound m a youag chuld 18
noematly rather fouder than the sortic  The pulmonary secand
sound 15 accentuated 1f 1t 15 permanently louder than the first

The aortic second sound 1s accentuated if 1t 15 as Joud as the pul

monary  Hamic brugs are rase 1 babies while congenital bruwts
are relatnely frequent  In 1his connection st s smportant to look
for cyanosis and the presence of clubbing of fingers or toes

4 The blood —It ss sometimes difficult to get a farge enough
drop of blood from the ear of a chdd  In that case a prece of
woollen thread should be twisted round the great tog—~nof 100
ughtly—and the Jatter punctured With a trangular needle at the
root of the nal  The number of red cells 15 usually (alter the
second week of ife) shghtly lower than w theadult  The leucocytes
are more numerous 1n the chuld than in the adolt 12000 per
cmm s about the average number throughout sfancy The
Iymphocy Tes are both relatively and absolutely more abundant fhas
wn the adult amounting 1o about 45 per cent of the total leucocyes
1n the first three years  In new born babws e percentage of
hemo lobin 15 often sery Ingh but throughout the rest of infancy
it 1s fower than 15 the adult  Nucleated red cells are present 3t
byrth and for some months afterwards  The blood picture teaddly
sevents to fiztal type in discase and the cells abserved do not hawe
the same omnous sigaificance as they sould if found i an adult

5 Respratory system —A child uses the dupbragm much more
than the satercostals i breathang  Hence the movements 8¢
chefiy abdemunal and there ss lutle seal chest expansiar In
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drawing of the lower mterspaces on wnspiration should always be
looked for It occurs whenever there 1s obstruction to the entrance
of air (eg diphthena) but may also be present when there 15
collapse of the lower parts of the lungs and also m preumornra
Orne should be on the look out for any stridor and for the ewstence
of a short, grunting expiration and working of the ale nast  The
latter s a frequent sign of severe respiratory disease  In the adult

the normal cycle of resp 1s of course msp i
pause  Tn the ctuld this is often reversed so that one gets first a
short by a longer tnsp and then by a

pause “This reversal 1s especially frequent .n respiratory disease
or embarrassment. The respratory pauses are often very pro
longed 1n the child so that one has to wait a long time before the
next maspiration 1s heard The normal breath sound n the chuld
1s after the age of six months or so puerilentype  Vocal resonance
15 often difficult to estimate and hence 15 an unrehable sign 1 chuld
hood  In babres the cry 1s a good producer of vocal resonance

1 older children one may ask them their mame get them to count
et It should be remembered as a generaf rule that if the breath

sounds are distinctly harsher on one side than the other then
the harsh side 15 probably the normal  Cluldren s chests conduct
sound very readily Hence abnormal sounds espectally crepita

lons are apt to be heard on both sides although they are really
bemng produced on one  The great frequency of collapse of part
©f the fung should be borne m mund 1n dragnosmg pulmenary disease
In mfancy In percussing the lungs mn children one must use a
very light stroke  One should also take care only to percuss when
the chest has been filled by an mspiration otherwise one may be
led mto thinking that there 15 dullness present The chest wall
of a young chuld 1s so elastic that one can often obtatn the ~ cracked

POt " sound on heavy percussion even although the lung be per

fectly healthy —This 15 especially so if the chuild 1 cryng

6 Uninary system —It 15 difficult to collect the total quantity of

unne passed by a chuld per diem  Sugar 13 only rarely present 1

gle unme of chuldren but protein 15 often found even in healthy
abres

7 Nervous system —Mofor paralysis 1s discovered by watching
whether the child ever moves the suspected lmb  One cannot
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tstmats the pasalysis 25 one does i adults by means of passse
resistance Remember that mabibity to walk 15 not necessanfy a
sign of paralysis of the legs  Note whether the legs are moved
when the child is siting or Iying Thus 2 nickety child may not
be able to walk but moves hus legs freely 1f one tickles the soles
A child with mfanule paralysss of the Jegs cannot move the hmbs
n anv crreumstances

The hneejerks 1n bitle children are best ehicited by placing
the chuld s foot on one s hand as a stirrup and then gently percus
sing the tendon The latter lies rather to the outer side m
the child and 15 comparatively parrow so that one may eauly
miss 1t

The superficial reflexes are usnally more brisk 10 healthy children
than 1 adults The exact localization of sensory paralyss s
extremely difficult ip chidren but ensory lesions occur only rarely
inanfancy  The plantar responses are normally extensor i type
vntn} the cluld begins 10 walk  Rermgs sign (p 338) 15 quite
uareltable 1 voung children

Tn examining the eyes with the ophthalmoscope it tay be neces
sary 10 hold open the bds  but as far as possible avord touchmg
the ctld at all  One must often be satisfied with mere fleeting
ghmpses of the disc

Intesting bght perception 1 hitle children 1t 15 best 1o hold a Iight
m front of the eyes and ee 1f they attempt to follow s move
ments  One may also threaten the cornea by suddenply bruging
the finger near 1t “and obscrving whether the chul I winks before the
eye 15 touched

In examumng the £ars one must remember the shortness of the
auditory meatus 1 the chud and the great obliquity of the drum
membrane  In most cases the drums of an infant or young chifd
can be seen without the md of an aunscope by gently pulling the

nna outwards and the tragus forwards

1t 15 often difficult to gauge the mtelectual capacity of a yousg
chuid  Early sigos of mental deficiency are—mability to suppors
the head winch often rolls about helples tv  causeless sereaming
mability to notice things and hackwardness m grasping A
normal infant will usually foflow a ght with 1ts eycs at sic weeks
of age  hold uts head up at four months  grasp at abjects af st
moaths  sit up alone at rune months , crawl at about ten months
walk at about twelse 10 fifteen months  say words at about 3
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year and sentences at two years  The age at which a chld actually
talks 15 very variable

In older children we can wnquire as to progress at school etc
or ask the patient questions  get him to count multrply and so on
The posttion of the child 1 the school 1s also a rough gude to the
development of the mtelligence  For practical purposes 1t 15 true
to say that 2 backward child would be normal for a younger age
2 defective one would be abnormal at any age



CHAPTER Xt

EXAMINATION OF PATHOLOGICAL FLUIDS

THE methods of examining flmds obtamed from body cavities
or from abnormal mclusions will now be discussed

An ordinary hvpodermic needle may be used but should be
of such calibre as to be capable of sucking up any fluid Iikely to be
encountered  Sterilize the needle bv baing for three minutes
and clean patient s skin with some surgical spint or 1odine solution
at the spot selected for puncture ' With a small hypodermic needle
myect a few drops of 2 per cent procaine intradermally Throuh
the wheal infiltrate the underlying tissues with procaine down to
the pleura the | or the p g to the
particelar puncture that 1s bemng attempted  Then wait two or
three minutes so that the subsequent exploration 1s not unneces
sanly punful  Hold the exploning needle short with the forefinger
Testing on it near the pomt Introduce 1t rapidly and steadily
but without any stab~  When the needle 15 fully entered with
draw the piston of the syrin, e If no fluid 1s obtained draw the
needle slowly outwards whilst a negatnne pressure 15 maintuned
1n the synnge It may be found that flid 1s obtamed nearer the
surface

1 WHIRE TO PUNCTURE

In the case of the pleural cavity the stte depends on the posihon
of the fled  If flud 15 free the Sth or 6th space mn the midaxllary
Line or the 8th space just below the tip of the scapula are the sites
of election  If the find 15 encysted the puncture may be made
over the area of maximum dullness In the case of encysted
effustons howeser the exact position of the ffwd should 1 posstble
be previously determmed by means of a postero antertor and
Jateral X ray of the chest

Puncture of the pentoneal eavity may be performed either in
the muddle line through the linea alb: or laterally about a pownt
on 2 hine with but rather above the anterior superior spme  The

392
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former position ensures that no large blood vessel will be myured
but by lateral puncture there 1s more certamnty of entermg fuid
especially 1f the patient 1s turned over somewhat on to the side
of operations  Before puncturing be sure the bladder 1s empty
and never wnsert a needle at any point unless 1t yields a dull note
on moderately heavy percussion

The pericardial sac may be entered by the epigastric or lateral
thoracic route  In the former the needlc 1s entered just below and
1o the left of the xiphusternum and 1s drected upwards and slightly
to the left at an angle of 30 to 40 degrees to the skin  In the latter
the needle 1s entered m the Sth Jeft 1ntercostal space just nternal
to the lateral border of the cardiac du'lness and directed back
wards and inwards towards the spmne

In the exploration of cysts etc one must be guided by local
circumstances the rule bemng to select for puncture that part of
the tumour which 1s nearest the surface and where one 1s not
Iikely to imjure 1mportant stru tures

EXPLORATION OF LIVER FOR LIVER ABSCESS

Liver abscesses due to the Emamaba histolytica are nearly always
found 1n the right lobe of the liver  This condition should be suspected
whencver a patient who has had amaebic dysentery or who has lved 1
the tropics or sub tropics shows fuver tenderness i the region of the
hver and s1_ns of enlargement of the liver either upwards or downwards
orboth  Sometimes there 15 an area of maximum tenderness 1 a lower
night itercostal space and 1if thus is the case the area should be carefully
marked These si,ns are sometimes due to ameebic hepatitis without
abscess formation ‘The pabent shovld therefore first be treated wath
emetine hydrochlonde If the signs persist or become more marked
under this treatment exploration of the Iner for diagnostic and thera
peutic purposes should ot be 100 lon, delayed The method 15 as
follows The mam danger 1§ that the needle will enter the infenor vena
cava  Puncture of the mtrahepatic branches of the portal vem does no
harm It has boen shown that 1 a man vath a chest of 32 1m circum
ference the inferior vena cava is nowhere less than 41w from the surface
A needle of wid enaugh bore to admt thick pus (a stout old fashioned
Jumbar puncture needie 13 suitable) 13 selected and a piece of adhesive
tape 15 wound around 1t 3 in from its pomt  After anzsthetizaton of
the skin and subcutaneous tissues the needle 15 entered either at the site
of maxumum tenderness already noted or i the 8th 9th or 10th space
in the nght axilla and passed laterally 1€ towards the patient s opposite
side and sl htly upwards 1€ towards the patient s head to a maximum

o,
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depth of 33 10 By this means the whole of the nght lobe of the liver
can be explored The pus in a liver abscess may be thick Thus as
already mentioned a stout needle must be used and fauly strong sucuion
maintained with the synnge

1f pus 1s encountered 1t 15 usual to remove as much as possible with the
a1d of a two-way synnge  As the pus 1s removed 1t may be replaced by
air untd esther the patient complams of pam n the liver or shoulder or
until half of the volume of pus removed has been replaced by atr  If the
patient 15 then X raved 1 several positions the exact site and size of the
abscess can be determuned and the effect of treatment on 1ts $ize can be
followed

2 EXAMINATION OF THE FLUID

Note first its physical characters The chuef of these are the
colour and the appearance of the deposit (if any)

As regards the colour of the fiud one of the most smportant
pomts to note is whether 1t 1 blood stamed or not A small
amount of blood 15 apt to get mto the flurd 1n the proce.s of €X
plormng  For this reason samples of the fimd should be taken into
several test tubes  If the amount of blood dinumishes 1n the later
tubes s preserce s due t tranraa at the ime of punctute. Observe
also whether the flud 15 transparent opaque or opalescent  Many
pathological fiuids clot after standing for some time The clot
consists of fibnn

Qpacity 15 usvally due to the presence of pus  opalescence to
fatty particles or large numbers of micro orgamsms

Opacty or opalescence due to fat mav be removed by adding
to the flud some caustic potash solution then shaking up with
ether  The fat 1s dissolved out and 1f the ether 1s spnnkled on to
blotting paper leaves a stam  Flnd which 1s opaque from the
presence of much fat 15 usually spoken of as chylous It
found 1 obstruction 1o the thoracic duct It may be simulated
very closely by a  pseudochylous  flwd i which the milkiness
1s due to a lecitlun globulin complex which results from the
degeneration of cells shed into the effusion

3 MICROSCOPICAL EXAMINATION OF THE
SEDIMENT

Some of the deposit 15 taken up wath a pipette and  drop
placed on 2 shde covered and exammed For cytological ex
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amination 1t 1s best to centnfuge some of the fluid and make films
from the deposit. The films may be stained with carbol thionin
or Lesshman s stam

There may be recognized under the mucroscope (1) elements
derived from the blood—altered red and white corpuscles The
Trecogmtion of altered white corpuscles or pus cells 1s facilitated by
mxing with a drop of the depostt a small quantity of a 1 per cent
solution of acetic acid to which a little methyl green has been added
The nucle: are then easily gnized In acute infl y
exudates pol, P cells preds b
and syphiliuc infections lymphocytes are n excess (2} Endo
thehial cells —These are derived from the Liung of the cavity and
are the only cells present in passive transudates Cancer-cells
may be present 1 malignant cases but 1t 1s difficult to distingumsh
them with certamty from ordmary cells In flud derved from
hydatd cysts scolices and hooklets may be found (3) Crystals
of cholesterol or of fatty acads and fragments of muscular tissue
are sometimes seen

Though cancer cells can rarely be recogmzed for certam i
Stamed films fragments of growth can sometimes be recogmzed
by using Hhistological methods For this purpose the flud s
centrifuged 1 a flat bottomed tube The deposit 1s then fived
10 formal sahine passed through alcohols cleared in xylol and
embedded n paraffin  Sections are cut and stamed by the usual
lustological methods and fragments of growth may then be
recogmized

The bacteriological examunation of pathological fluids 1s des

cribed 1 Chap XIV

4 INFLAMMATORY AND PASSIVE EFFUSIONS

Inflammatory effusions such as occur in tuberculosts are often
spoken of as exudates and passne effusions such as are found m
heart fadure and mephntis with cedema as transudates They
present the same general appearances bemng clear flmds of a
yellowish green colour and contaming much albumun and globu
hn Tt s very difficult to tell a passive from an flammatory flud
by chercal examunation  one must rely on cytology  The 2mount
of proteins 1 an effusion depends much more upon site than upon
cause Pleural flrds contam the highest percentage of protemn Vs

"



396 EXAMINATION OF PATHOLOGICAL FLUIDS

rironeat flusds rather less and subcutaneous flurds very litle

rom & diagnostic pomt of view all that can be sad 15 that a flud
with a specific gravity of more than 1018 svhich contatns more than
4 per cent of protexn 13 almost cortaily milammatory  while
one with a specific pravity of less than 1015 and 4 profeus pes
centage of 655 than 2 5 15 certamiy passive  Berween these hmuts
one must be 1n doubt

5 CEREBRO SPINAL FLUID

The flud 1s obtained by lumbar punctuse which 15 performed as
follows —

Draw a lme with & swab dipped m nicohohe solugion of todit
verticaily down the vertebral spines and another honzontally #t
the leved of the Inghest pomts of the sliag crests  The bnes sntes
sect at the space between th)&lrg_ﬁfﬁﬁlblumbar spiies O some
imes a1 the tip of the dth Tumbar  The puncture may be made
througli GHEET the-3rd or 4t interspace  The paugtit should be
Iying on fus side on a firm couch wath the knees and chin as neatly
approxmuated as possitle  His back should be right v We sige
of the couch and it 1s wstportant that its transverse axis 1¢ 2 hne
possing through the pusterior superior thias spnes shovld be quite
vereal  Local anwsthesia may be produced by mjecting 2 per
cent sterilo procaine first raming 2 bleb uadér the skm and
when this 15 msensitive thrusting the nesdie ¢ towards the ceatre
of the mtervertebral space mjecting the solmson as one does 50
A spectal plataum indwim or ruckel needle about & cm in leagih
shonid be employed {steel 1s too brttle) st showld be of fine
catibre and provided with a bevelled end and a styler  §t may 8¢
mounted for convemence (but not for suction) on an ail glass
synnge of 10 mit capacity It may e stenbized by botling 1 &%
ulled water but stenhzation in an autoclave 19 safer

Push the needie firmly through the skin m the muddle line of
just to one side of it and press 3t forwards and shightly upwards
the bevel pomting towards the side on which the panent 18 Jyng
When the needle is felt 1o enter the spmal cavity the stylot is with
drawn and the flud Which escapes collected in stonfized fest tobes
The puncture Js seafed with coifodion and the patient should lie
fat Tor 24 hours afterwards  The flusd should be coflected m thiee
test tubes  If any blood 15 present a roatked difference i the
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2mount 1n the first and third tubes indicates that the blood 1s due
to trauma from the puncture

It 1s an advantage to have a with the
fioedle 0 that the pressure of the fluid can be measured at the
time of puncture  If this ss done the patients head must be on
the same level as the sacrum and he must be breathing quetly
and with hus muscles relaxed  The normal pressure 15 from 60 to
150 mm of flud

Quechenstedt s fest 1s used to detect a block to the irculation
of fluid 10 the spmal cord With the needle and manometer
Posttion 2nd the patient breathmng queetly as described an assistant
compresses both jugular vems This causes a sudden mcrease m
wtracrantal pressure which 1s immediately seen 1n the manometer
3s a sudden nse of cerebro spmal flud pressure followed by an
€qually rapid fall when the pressure on the jugular is refeased A
Sumular sudden nise and fatl ts seen 1f the patient 1s asked to cough
Vesth shght degrees of blocking there may be a rise of pressure
n the manometer followed by a very slow fall when the pressure
on the jugular 1s released  and with more severe blocking no nse
of pressure will be seen when the Jugulars are compressed

Much the commonest cause of 2 dry tap  the failure to obtain
flwd 15 an incorrectly performed puncture and thus s nsually due
to the pattent not being 1 the correct position so that the needle
I3 not mtroduced at night angles to the transverse axss of tne back
and musses the spinal canal ~ O.casionally however a  dry tap
13 due to a complete blockage of the spial canal and under these
Circumstances 1t may be necessary to resort to cisternal puncture
to obtam a specumen of cerebro spmal flud  This operation
Presents no great techwcal difficulty  but should only be under
taken when lumbar puncture attempted by a competent operator
has been unsuccessful and when there 15 no reason to suspect a
tumour or abscess of the postertor fossa or a great increase of
Intracranial pressure The patients head 1s shaved for a few
Inches at the back He 1s scated and hus head 15 held well flexed
between the hands of an assistant  The operator then finds the
highest palpable spmous process which s that of the second
cervical and injects some 2 per cent procaine nto the sken half
an mch above thus process A Jumbar puncture needle 1s mtroduced
through this pomt and passed forwards mn a plane which passes
through the pont of ntroduction the external audttory meatus
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and the naswon At a powt about 3 cm from the susface the
resstance of the postensor ocapito atlantal hgament s felt  The
needle i then miroduced a little farther and should enter the
csterna magna  The medulla Ins at 2 depth of about 3 em m
front of the postertor ocerpito atlantal Ligament A piece of
adhesive tape wound around the needle 4 5 or S8 om from s
powt Wil prevent any danger of the medulls bewg damaged
Nesther lumbar nor aisternal puncture should be performed m
patems with papilieedema nor i patients otherwise uader sus
pieton of having a cerebral tumotr until 3 neuso surgeon has beer
consulied  Lumbar puncture should also be avoided m panents
with dissemninated sclerosts if the diagnosss can be made without st

6 EXAMINATION OF THE FLUID

1 Physical characters —Normal cerebro spinaj fusd 15 clear and
colousless hke distiled water vwath 2 spectic gravity of 1006
Any yellowness of unt 15 pathclogieal and s due esther to old
hemorrbage obstructive jaundice or excess of protan  In Froms
syndronte a pronounced yeliow colour (xanthochfoma) 53 associated
with great excess of protemn and massne coagulation of the fud
Formation of a clot 1n a colourless flusd 1ndicates menmy s
usually tuberculous or fugh proten from other cause eg tumour
or polyneunits

Turbidity of the flsd may be due to pus or to Ted blood
corpuscles  If it does not clear on standng 1t 13 due {0 muCIO
organisms

The presence of bleod may be due to mnyury 1o a vessel by the
needle or to subatachnod hemotthage In the latter case the
bload ts more uniformly mixed with the flmd and the supernatant
flud after the corpuscles have settied s yellow

2 Cytology —If the find 15 turbsd § ml should be centrifugatized
and films made from the deposit and stamed with Leishman s st
Exammation of the film will give o rough dea of the numbes and
character of the cells present  More than five celfs 1n a field M3y
be regarded as pathological

To carry out a cell-count, take a capilfary pipette and make 3
mark on it with & prease pencil about 3 cm_from gts dstal end
Using thss marked off portion as @ umt of volume take 4 voluraes
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of cerebro spmal flnd and one volume of any simple stan
(Loeffler s methylene blue or carbol thiomn) Mix well m a
watch glass or clean test tube and place a surtably sized drop m a

oma Zeiss counting-chamber

Adyust the draw tube of the mucroscope so that the diameter
of the field with the #-1n objective 1s 8 small squares Count the
cells 1n 100 fields refilling the chamber when necessary Then
the number of cells 1 100 fields — the number 1z 1 c mm

For the area of one field 50 small squares (approxumately)

50 small squares 006 °mm g cmm but the flud 15
diluted to four fifths strength

100 felds = 30 x $ emm 1 cmm

A special countmg-chamber (e g the Neubauer) may also be
used

It should be noted tha a cell t must be done
the flmd has been collected Counts done some hours later give
maccurate results owing to the fact that pus cells stich together
and to the sides of the tube while endothelral cells break up m
ashort time  If any clot has formed an accurate cell-count cannot
be obtaned

An excess of cells ( pleocytosis ) 15 described as being of the
polymorphonuclear type 1f these cells are above 75 per cent of
the total and of the lymphocyte type tf more than 90 per cent
are lymphocytes A mirxed type albo occurs in which the poly
morphs amount to from 15 to 70 per cent of the total  The coccal
forms of are assoutated with the p 7
type virus menmgitis and syphulis with the lymphocytic type and

and pol litis with either a lymp

or a mixed type

3 Chemucal exammation —(a@) Protemns  Normal cerebro spinal
flud contams only a trace of albummn and hardly any globulin
the total protemn bung mot more than 40 mg per 100 ml

The protemn content can be roughly estimated by placing 2 ml
of fiwd 1 a test tube and carefully runrung mn an equat quantity
of absolute alcohol down the side  In normal flud the Jine of
Junction 3s Just visible 1f protesn 15 present in excess there is a
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turbid 1ng The total protein 15 estunated more accurately by
Precsy an P aith d

In certain pathological conditions the globulm fractions w the
cerebro spinal fluid are aftered  The Lange test takes advantage
of this fact  varying diduttans of cerebro spaal fwd are muxed
in ten tubes with a coliosdal gold su penston of constant strength
The deoree of preaypation which resulis 1s expressed by arbitrary
figures 0-5 0 representing no change and 5 complete precipitation

The Wassermann serological reaction 15 often performed on the
cerebro spial flwd

{b) Glucose Normal cerebro spinat flurd contains from 50 to
75 rag glucose per 100 ml  which 13 less than the amount of sugar
in the blood

I 1ml of flwd 1s boited with 025 ml of Fehling s solution the
latter should be atmost decolorized 1t much blue 15 left it 15 an
indicaton of reduced sugar content Accurate estimaton of the
sugar 1s carried out 1n the same way as i blood (p 171) The
amount of sugar ss dimimshed 1n acute purvlent mentngis

(&) Chlondes  Normal find contamns from 072 to 075 per
cent of sodum chlonde Amounts befow this are met with n
cases of menmgins and above 1t n renal farlure  The low chlondes
m cases of mwemngitss (classically tuberculous) are more fkely @
measure of general chionde deficiency due 1o dehydration thar
any specific local effect of the orgamsm  The chlondes ate estt
mated by adding 2 m] of fhud to 20 m! of distiiled water and
titrating, With standard siver solution chromate of potash betng
used as indicator

For 2 table showing the typical changes 1 the cerebro spins!
flud sn vanous diseases see the opposite page
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CHAPTER XIV

SOME BACTERIOLOGICAL AND OTHFR
LABORATORY INVFSTIGATIONS

Trz methods of collectin, matenal for bactentological mvestga
tion the value of such investigations and some other laboratory
techniques ate now brefly discussed  This i no way replaces
textbooks of bactenology which should be consulted for forther
details of bactenological methods Many of the exammations
purtienlarly those mvolving cultvation of matena) on special
media serologial technique and wyecon of laboratory anrals
will be carmed out an the hacteriological Jaberatory” In such
mstances 1t 15 essential tha the specimen sent 10 the laboratorv
should be labelled with the patent's name age and sex The
duration of the sllness the tentatne diagnosis and a few notes
on the patient s chnical conditions shonld be supphed  In this way
the examination of the specimen in the la};omory 15 greathv
facifitated and the bacteriologist will be 1n a better position 10
Indicate the possible sigmificanice of his findings  The result of
bactenolo teal mvestigations must finaly be assessed 1n refation to
the chinicaf condition %v the physician 1n charge of the paticnt but
1t will often be hefpful to have the opiuon of the bactenologist 10
the 1nterpretation of the Taboratory findings

The bactenofogical faboratory may be of asustance by finding
eithier an mfectung organism or evidence of a speeihc infection 11
varous serum and othet reactions

! COILECTION OF SPECIMENS

All specimens should be taken with such precautions as will
reduce to a Mmnimum the chance of contammation from external
sources but admixture with antiseptics must be avouded  Spect
mens should be received drrecthy mto stemle vessels which are at
once closed with suttable stoppers  In cases where culturat methods
or ammal 1 are to be loved  the

4
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should be carried out as soon as possible after withdrawal of
the matenal from the body as many pathogenic orgamsms soon
die or if present 1n midures are overgrown Where fluid spect
meDs arc to be sent by post cotton wool plugs are obviously useless
and should be replaced by stenle rubber stoppers  the contamers
should be suitably packed i absorbent material and the package
labelled  pathological specimen with care

2 BLOOD

A specimen of blood may be taken for culture or to have the
serum examined for specific antibody

Blood culture 1s indicated when bactenemua 1s suspected. In this
condtion bacterta are present i the circulating blood reaching it
from a poorly localized focus of mnfection  Bacterizmma may be
suspected 1 local pyogenic infections where the temperature and
pulse rate fail to settle down Typhoud or paratyphoid bacills
are always present m the blood 1n the early stages of enteric fever
and the ‘infecting orgamsms may be 1solated by blood culture m
cases of undulant fever infectrve endocarditis and lobar pnevmonta
In cases of pyreva of unknown ofigin the isolation of an orgamism
may establnh the diagnosis and samples of blood should if pos
sible be taken before any anubiotic 1s administered

3 METHOD OF OBTAINING BLOOD FOR
CULTIVATION

The blood should be withdrawn from a vem bv means of a
10 m! synnge of Record or all glass  type The separate
Parts of the syringe should be sterilized by boiling 10 water for
ten minutes before use When cool the’ parts should be put
together by means of sterile forceps and care should be taken that
20 water rematns 1n the syringe as this would tend to produce
laking of the blood

A piece of rubber tubing 1s used as a tourniquet and apphed
Tound the upper arm over the middle of the biceps so as to impede
the venous but not the arteral flow  The skin at the bend of the
elbow 13 pamted with 1odine m spirtt The skin 15 rendered
tense by the operator s left hand  the syringe with needle attached
15 held in the night hand and almost parallel with the patient s arm

-
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then the needle with the bevel upwards 15 inserted 1nto a prominent
vein  The median basilic 15 usually selected and the needle 1s
potnted 1 the ditection of the blood flow  Then 5 to 10 mi of
blood 1s drawn up mto the Synnge and the tourniquet 1s removed
before the needle 15 withdrawn as otherwise a hxmatoma tends
to form  The blood 15 at once placed nto swtable tubes or flasks
of medium It may be desirable to ascertain the number of living
bacterta in the blood and for this purpose the specimen should be
mixed with an equal volume of a sterile solution of 0 5 per cent
sodwum ¢rtrate m G 6 per cent sodwm chloride  Coagulation i
thus prevented and known quantities of blood can then be cor
porated 1 a suitable medium

Success 1n the demonstration of bactenia which are pre ent 1
the blood stream depends on the number present the amount of
blood taken for culture the use of sutable media and the cond:t
tions of cultvation  Yor most purposes the volume of medum
used should be at least ten times the amount of blood added
eg 10mt of blood to 100 ml of culture medsm  The medwm
may with advantage contain trvpsin or some other substance (0
prevent the clotting of the added blood and to destroy the antt
bacten1l properties Where bactena are few in number several
days may be required before they are detected 1n culture

1t 15 usually advisable to put up anacrobic cultures as well a3
acrobic anes ~ For slope or plate cultures the simplest device 1
the jar of Mclatosh and Fildes m whuch the oxygen 1s remosed by
reacting with a stream of hydrogen with a catalyst For flmd
media the easiest method 15 ta bol the medwim to drive off the air
and while stil hot to pour a }u layer of sterile petroleum selly
on us surface  The medium can be moculated through the petro
leum jelly at the side of the tube with a Pasteur pipette care being
taken to tntrodnce no air when expelling the pipette contents

In suspected cases of Weil s disease the specimen of blaod should
be added to cirate to prevent clotung The causal orgaussm
(Leprospira icteroh@morrhagiz) will not grow n ordmary wultue
media but may be detected by special cultural methods or by
anunal 1noculation

Bactenizrua 13 usually present 1n infections with Baet 1yphasunt
Bact paratyphosum A and B Brucella abortus Brucella meliens S
and the leptospira of Weul s disease and may be a complication of

due to strep T P and
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memngococe:  Other orgamsmos such as B colt the gonococeus
¢l welchu and the anthrax bacillus are occasionally found i the
blood stream n unusually severe 1nfections caused by them

The 1dentification of an organism 1solated by blood culture may
serve to determune the nature of an infecuve condition and also
s a2 guide for specific treatment Once an organism 1s 1solated
by blood culture or other methads and specfic treatment 1s con
templated the sensitivity of the organism to antibiotics should 1f
possible be determned before treatment 1s begun  though 1n some
instances 1t may be justifiable to begin treatment with simple ant
brotics or without logical

control N

4 CEREBRO SPINAL FLUID

Examunation of the cerebro spimal flud by bacterological
methods should be made wmn any patient i whom menmgins 15
suspected

The technique of lumbar puncture has already been described
In cases of meningitss the number of cells 15 always increased and
except 1 menngitis of tuberculous or syphihtic ongm and m the
Tare cases of menigitis due to virus nfection the flid 1s Lsually
turbid and may be frankly purulent  Films should be made from
the fluid after centrifugation if necessary and staned by Gram s
and by Ziehl Neel ens methods Bactena may be recogmuzed
films and the results of this examnation will indicate what cultural
methods are to be adopted for the 1solation and :dentification of the
wfecting organism

In cases of tuberculous mentngitss the bacill are usually scanty
and may be found 1n films of the centnifuge deposit only after
Prolonged search  Better results may be obtained if the flud 15
allowed to stand at room temperature for some hours when a
delicate cobweb clot of charactenstic appearance frequently forms
A film made from the clot and staned by Ziehl Neelsen s method
will usually show acid fast bacillt if careful search be made The
orgamsm requures several weeks before visible growth appears on
sutable media and as the test by anumal inoculation also takes
three 1o six weeks these two methods are seldom of practical chnical
value 1n cases of tuberculous mefungitis

Menmgitis may also be due to the memingococcus pneumo
coccus T influen.e and

phy F
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less commonly to other organisms In these mstaowes cultwal
methods should always be used to confirm and supplement the
results obtamied by mucroscopsc exanueation of staned fitms of
the flud

5 SPUTUM

Bactenological examnation of the sputum s wdicated 1 any
mftammatory condition myolving the travhea bronchi ar lungs

The specimen 1s best collevted first thing m the mormng  The
mouth should be washed aut with warm water 5o as to avoid as
far as possible oral contamimation and excessng muxture with
salva The specimen should be callucted in sterde wide mouthed
metal ar glass contatners

The bacteriological exammation of sputum may be considered
under two headings (1) for the tubercle baciilus and (3 for other
bacteria

1f the tub rcle bacillus alone 13 to be sought for 3 specimen may
be sausfactory evenf 1t 13 two or three days old  When however
3t 35 desired 1o obtan a true picture of the bactenal flora the
specumen should reach the laboratory with as litie delay as
possible

1 Examunation for tubercle haciling —The tubercle bactlus 15 not
readily culturable by ordinary methods but on the other hand 3t
has charactenistic staiung quahiies and 15 therefore sought for i
film preparanons

A mucopurulent portion may be selected and spread Taudy thickly
on a microscope shde  Only new shides should be used More
satisfactory results are obtaned 1f the samole of sputum be MU
with § volumes of I 1 20 carbolic acid in a stoppered contatner
which 1s then th shaken The sp 15 then allowed
to setdle overmight and the supernatant flid 15 dscarded  The
remamder 15 spun 1n the centnfuge for 5-10 minutes and films
made from the depostt The film should be allowed to dry fixed
by heat and staned by Ziehl Nee'sens method The tubercie
bacrilus bemg aeid fast retawms the fuchsn and shows VP red
agaast the blue background (see Plate 23 facuny p 28

Jn young children and mfants who habitually swallow thew
sputum stomach washings may be examped




EXAMINATION OF SPUTUM 407

A single negative exammation for tubercle bacili should not
Carry great weight and the exammation should be repeated several
times 1n any case of suspected respiratory tuberculosts

If present in very smali numbers tubercle bacilh may be demon
strated by ammal moculation  This examination however entails
2 delay of 3-6 weeks before a final report can be made

2 Exammnation for other bacternia —For identification of other
bactenia films of the sputum should be staned by Gram s method
and cultures prepared on suitable mediz

In the bacteniological exammnation of a chuld suspected of suffur
mg from whooping cough the cou hplate method gives the best
Tesults A Petrt dish contaming a specal potato extract blood
agar 13 held in front of the patient s mouth durg a paroxysm
and 13 placed m an mcubator at 37 C immediately afterwards
The exammation of the plate withm the next few days may reveal
the presence of H pertussiy A better method of 1solating this
orgamism 15 to take a post nasal swab and plate it on Bordet
Gengou medium that has been covered with penicilin solution

Sputum from normal mdividual may contain various bacteria
stch as streptococct p p bacil
catarrhalis and H wmfluen.e  Except in cases of respiratory tuber
culosts acrd fast bacills are very rarely found in the sputum so
that the findings of such organisms 1n a suspected case of pulmonary
tuberculoss 1s of great diagnostic importance  In attempting to
assess the sigruficance of other bactena found m the sputum of
patients suffering from Tespiratory tract infections one may be
guded by the presence of pus cells and the relatve numbers of
Vanous bacteria present

6 THE THROAT AND NASO PHARYNX

Bacteriological examunation of the throat and naso pharvax
may be desirable (a) m ol y for 1d
of the mfecting orgamsms and (8) 1n healthy indviduals to deter
mune the presence of pathogenic bacteria fot example tn searching
for carriers of dipl bacih P or
memngococcl

Specimens should be obtamed by rubbmng the surface with a
swab of cotton wool wrapped around the end of a strong wire

ra
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The swab 1s kept 1n a narrow test tube of stout glass and the other
end of the wite may be fixed 1n the cork stopper The whole
apparatus 1s stenlized by dry heatand kept ready foruse  In taking
P 1t 18 1mp that no should have been used
(eg as a gargle) for some hours before Where inflammatory
exudate 15 present the swab should be rubbed firmly over the
affected aren and passed uander the edge of the membrane in sus
pected cases of diphthena

The swab used for the naso pharvx 18 fonger than that used
for the throat and the Wit 15 bent near the extremuty A tongue
depressor 1s used the Wire 15 passed into the mouth and up befund
the soft palate and then brought into contact with the posterior
pharyngeal wall  Care must be taken not to touch any part of
the mucous membrane of the mouth

The method of exanunation of the materal obtained vames
according to the nature of the infection  In suspected cases of
diphtherta the swab 15 used to inoculate & slope of Loefffer s serum
and if desred other special medi contanung telfunte The
smoculated media are kept at 37 C and examunied for the presence
of diphtherra bacifls 10 suitably staned films after 6 to 15 hours
The bactertological fladings must be evaluated 1n conjunetion with
the chinical condiion and the final verdict must test with the
clmscian  In 2 small percentage of ¢as s of diphthenia the bacteno~
logical veport may be neganve  whew the climcal ’pu‘{u 215 that of
o di htherine infection i1 15 wiser not 10 wat for t1e bacterwlogical
report before admmstering antitoxin

o patients presenung the features of acute tonshtis a Gram
stamed film of the materal on the swab may indicate the nature
of the wfecting orgamsm and confirmation should be sought by
cultural methods using blood agar end Loefller s serum

Vincents angima may produce uperficial ulceration of the
throat and gums and may sumulate diphtheria when the fesion 15
conhned to the region of the tonsifs  Jdentification of the causal
organisms should be made by the exammnation of stamed lms of
the exudate  The with the cond, alarge
Gram negative bacilius and a spirochiete do not grow on orduary
culture media  For their demonstration, Grams stan may &e
used but polychrome miethylene biue or Leishmans stan gne
petter tesults

The ident fication of memngoceccr m swabs from the paso-
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pharynx mvolves culture on swtable media such as serum or blood
agar and the 1solation and identfication of the Gram negative
cocce by suitable tests  These organisms tend to die out rapudly
1n matereal kept at Toom temperature so that 1t 1 essential that
naso-pharyngeal swabs should be received and examined 1 the
Iaboratory as soon as possible after they have been taken

For the detection of carriers the same general methods are used
It should be noted however that for the identification of diphtherra
bacith m such mstances microscoprcal examination of films from
cultures must be confirmed by virulence tests 1n the gumea pig
before organisms which resemble diphtheria bacil can be reported
assuch  The carrying out of a virplence test involves a delay of
several days before a final report can be recerved

A vanety of bactena may be present i the normal throat and
naso pharyax including diphtheroid bacilli poeumococer staphy
lococer sireptovoce mfluenza bacilli and Gram negative cocct

Apart from the due to dif bacill and the
of Vincent s angina acut mfammation of the throat and tonsils
1s most due to P although Staphy
fococeus aureus P and and

Monitia atbicans may be responsible

7 NOSE AND NASAL SINUSES

Examnation of material from the nose may be carmed out as
n the case of the throat to 1dentify the orgamsms responsible for
inflammatory conditions or to detect casriers of pathogenic bactena
among apparently healthy idividuals

Matersal from the nose may be obtaned by means of a throat
swab  In cases of sinus infection, where there s free dscharge
a specimen may be blown into a wide mouthed bottle or if the
discharge 15 not free the stus may be washed out with sterle saline
and the washings sent for evamnation The identification of
diphtheria bacilli 1n material obtatned from the nosc cannot be
made by microscopic exammation of films from cultures alone
and must be confirmed where necessary by a virulence test  Foc
the 1dentification of other bactena in a nasal discharge films of
the matenal should be stained by Gram s method and the results
of the exammation of such films should be supplemented by culture
©n appropriate media
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In swabs taken from the healthy nose diphtherod bacin
staphylococes  pneumococcs and Gram negative cocst may be
present  Inflammation of the nose and accessory sinuses 15 most
freq due to the p h D and
Staphy fococeus aureus

8 FECES

In any ttestinal nfection bacteriolo seal mvestiganon of the
fzces may reveal the causal orgamsm In suspected cases of
enteric fever and dysentery this exammanon should always be
made and 1s the best method for the detection of tvphoid or
dysentery carners

A loose motion should be obtamed and 1n the case of suspected
carriers 1t may be necessary to administer a purgative  Of a loose
motion 1 ml 15 sufficient and any abnormal portion € g contun
1ng mucus or pus should be selected  The usual stenbized throat
swab soaked n fizces and replaced m s test tube 15 satisfactory
when there 15 no delay m making the exammation  In other cases
the speamen should be placed 1n a wide mouthed ve sel by means
of a small metal spoon fitted 1nto the stopper  In suspected cases
of bacifary dysertery a satisfuctory specimen may be obtatoed
by means of a'rectal swab  from matenal taken from the mucous
membrane of the Tectum 1n this way dysentery bacills may be
recorered more readilv than from a sample of stool

Where the making of cuftures Sor orgatusms of the entenc and
dysentery groups must be delayed for more than a few hours after
the specimen has bien taken 1t 1s advisable to add to one volume
of the frree two valumes of 30 per cent neutral glycerol m 0 6 per
cent sodium chionde solution and 10 make a thorough mxture
The presence of the glycerol prevents the suppression of the pecific
organisms by B ol which would otherwise occut

In the laboratory films of the specmen are staned by Ziehl
Neelsen s method 1f the presence of tubercle bacdi 15 suspected
Whea the exammation of such films shows the presence of aud
fast bacillt this result must be interpreted with caution for acd
fast orgarusms other than the tubercle bacilh are sometumes fouad
1 the Twees  The wentification of tubercle bacilli 1 fieces will
finally depend on the 1moculation of amumals or suitable medi2
with 2 portion of the specimen treated by one of the methods devised
to destroy other bacteria without kiffing tubercle bacilt
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For the detection of bacills of the enteric and dysentery groups
asuspenston of the fzces should be sown tn a selecttve Lquid medium
©or on a solid medium such as MacConkey s lactose bile salt agar
The 1dentification of these bacteria depends on therr isolation 1n
Yum culture and the results of fermentation and agglutination tests

solation of the infecting organism i cases of entenc fever or
dysentery 13 not always successful  The results wall vary according
to the relative number of these bactena in the feces the mterval
clapsing after the specimen has been obtained and before cultures
Bave been set up the cultural methods used, and other factors
In dysentery for example the spectfic bactena may be difficult
to 1solate after the first few days of an attack especizlly if delay
between the collection and cultural examunation of the specimen
occurs  Tn such cases further spectmens should be examuned and
after the first week of the disease mdirect evidence of the nature of
the 1nfection may be obtained by examnation of the serum for
spectfic antibodies (see below) In the detectton of carmers 1t
may be noted that typhoid or dysentery bacilli may appear in the
fzce only at 1rregular mternvals and 1 smaft numbers It may
therefore ” be necessary to have many speamens ewmmed at
weekly intervals before a carmer 1s detected

The faces of normal mdwiduals contain enormous numbers of
various types of bactena mcluding lactose fermenting and late
lactose fermenting coliform bacilh  non hzmolytic streptococet,
Gram-positive bacilli of the acidophitus type and vanous aerobic
and anaerobic spore bearing bacilli  The finding of the bacteria
of these groups i 1 affecting the alimentary

ups 4
tract has no zno!o%ml significance

9 URINE

In any suspected case of bactenal mfection of the unnary tract,
examnation of the unne should be made  In cases of obstruction
due to any cause such as calculus enlargement of the prostate or
urethral sincture mafectton 1s hiable to oceur although the symptoms
of such infection may be masked by those of obstruction,

Urne affords a sustable medium for the growth of many bacterta,
hence 1t 15 essential to prevent contammation of the specimen by
extrancous orgamusms and it 18 advisable that bacteniological
examination should be carmed out as scon as possible after the

o
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urme has been collected In the male it 15 suffictent to wash
thoroughly the glans perus and the meatus with 1 11 000 corrostve
sublimate”  the unne s then passed into two stenle flasks the
first of which 1s rejected 1n case contamination has occurred  In
the female after simlar precautions as regards cleanuing a stenle
catheter must be used = The bacteriologist should be notified
whether or not the specimen 15 a catheter one and also of the date
and hour of collection

If orgamusms are scanty the specimen should be centrituged and
films and cultures made from the sediment Films should be
stained by Ziehl Neelsens method for tubercle bacih and by
Gram s method for other bactenia  In staiming by Ziehl N elsens
method the film should be treated for one mute with alcohol
after decolonzing with aad By this means the acid fast smegma
bacilius which 1s frequently present on the external gemtals and may
contaminate the specimen 1s decolonzed  ‘Tubercle bacill n the
unne oceur esther n small clumps or singly Thev are morpho-
logically very characteristic but are often scanty In such cases
better results wiil be obtawed if the sediment of a twenty four hour
sample 15 d i the fuge and In cases
of suspected renal tuberculosis where pus cells arc present 1 the
utine but no tubercle bacilli can be demonstrated microscop cally
the moculation of the unnary sediment nto a guinea pig may
provide evidence of tuberculous imfection

In searching for other bactenia 1t 1s essential that the results of
the examination of the Gram stained films should be amplified by
culture the medium to be used being chosen 1n accordance with the
findings m films The bacteria can then be 1dentified by their
cultural and 1f necessaty
serological tests

In some 1nstances it may be desrable to ascertain the number
of bactena present 1n a sample of urme  This can be convemently
dope by plating known quantities of the fresh specimen (diluted
1f necessary} on a sohd medm

Bacternal nfection of the kidneys may be due to the tubercle
bacillus Staphyl uS Qurcus ot of the colon typhord
paratyphoid group of bacteria  Pyelitt 1s most frequently due to
coliform bacill while cystitis mav be due to any of these bacteria
or steep or possibly the In cases of gonococeal
urethnits gotococer are generatly to be found i the vnnaly
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sediment  In undulant fever due to Brucella abortus or 1 Weil's
disease the causative organssms may be found in the urine but as
m the case of typhoid and paratyphoid infections therr excretion
may be confined to a certan stage of the disease or may be
Interrmttent

10 PUS AND PURULENT EXUDATES

In the examination of pus and purulent exudates one should
be gusded 1 some degree by the chinical course of the infection
the tissue or organ affected and as 1n the case of actinomycosis
(sce p 414) the naked-eye appearance of the flud which may
suggest a particular causal organistit

Pus may be collected by means of a sterile synnge and should be
sent to the laboratory 1n a switably plugged tube ~ Only in excep
ttonal circumstances should a swab be used to collect the matenial

In general the examnation or pus should be by films and cul
ture Film preparations should be stamed by Zichl Neelsens
method 1f there 1s any possibility of tuberculous infection and
by Grams method for other orgamisms  The prelimmary exam
mation of films will be a guide m the planting of cultures ~ Cultures
should m general be made on agar and blood agar If there 1
Teason to suspect an anaerobic infection such as tetanus or gas
gangrene a duplicate set of cultures on appropnate media wilt
be set up under anaerobic conditions

The bacteria most commonly found in pus are staphylococct
streptococct  pneumococes and tubercle bacill:  The gonococcus
menmngococcus cobform bacitl and actinomyces also cause sup-
purative lesions while pus ma; be
with localzed mfections by bacteria which do not usually produce
suppuratton such as typhoid and paratyphoid baeilll Brucella
abortus and 7 influenye  In supp lesions follow
g wounds and n those apentng 1nto a aricous susface more than
one type of bacterrum 1s frequently present

In gonorrheea the ease with which the orgamism may be detected
vartes with the stage of the disease and the effect of treatment.
In the wrethral discharge of acute gonortheea n the male the
appearance of Gram negative tracellular diplococet 13 sufficiently
characteristic for diagnostic purposes  In chrontc cases where
mucroscopical examination of the discharge or urtnary sedurent
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1s negative the orgamism may be grown on 2 suitable medum
such as agar contammng blood or serum Gonococer die out
rapidly at room temperature and tnoculated culture media should
therefore be incubated at 37 C as soon as possible  In the female
adult patient matenial for examination should be obtawed from
the wrethra or cervix—not from the vagma In cases of vulvo-
vaginitis 1n children the vaginal discharge should be examuwed
In chronic cases of gonorrheta where mucroscopic and culturat
methods have given negative results the complement fixaton test
may yield evidence of infection (sce below)

Actinomycosis may be suspected 1f small yellow granules are
present n the pus These granules can be readily seen if a few
drops of pus are added to a tube of sterile saline or distilled water
when they rapidly sink to the bottom If one of the granules
15 pressed between a siide and cover ship 1t will be seen to be com
posed of a central mass of filaments and homogeneous club shaped
bodies may be seen at the perphery  Falms staned by Grams
method show Gram positive filaments of varying fength some of
which shaow b hing  The org; can be cul d only under
anaerobic conditions

Tn suspecied cases of  mabgnant pustule  the anthrax bacllus
may be demonstrated 1 films and cultures made with the exudate
from the Iesion or the flwd obtamed from the bbsters which are
usually present

Serous exudates which have any considerable cellular content
should be examined in the same wav as pus  1f the cellular content
1s scanty centrifugation may be necessary as a prelmnary

11 EXAMINATION FOR SPIROCHAETA PALLIDA

In untreated syphilis in the pnimary stage careful ¢xamnation
of flwd from the chancre will usually reveal the causal spirachete
The sore should be cleaned with 2 stenle swab and saline and then
15 squeezed genily untl a Ditfe serous flud exudes If the fusd
15 blood stained this should be wiped away unul a specimen free
from blooad can be obtained  The fluid should be taken up m 3
prece of capillary glass tubing the ends of which are sealed with
2 flame and the Specimen dispatched to the laboratory  The flud
shovld be examuned as a wet preparation under dark ground
Aiumination  The spirochate 15 Tecognized by its size and close
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Spials  Where the equipment necessary for dark ground illumuna
fion 15 not available the spirochzte may be seen i films stained
by Giemsa or Fontana s method but :identification of the spieochete
1 such films s not always easy  In the less common extragenutat
chagcres as for example on the ltps or tongue the examination may
be complicated by the fact that other spirochzxtes resembling the
Sprrocheta pallida may be present  As the Wassermann reaction
does not usvally become postive uvntil one to three weeks after
the 2ppearance of the primary sore the detection of the spurochzete
15 the most certam laboratory aid to diagnosis duning this period

12 SERUM REACTIONS IN DIAGNOSIS

When a patient becomes mfected with bacteria hus tissues usually
respond by the formation of antibodies  Anti bodies are usualty
speeific for the type of infecung bacterium and so the detection of
auttbodies agamst a specfic orgamsm may afford evidence 2s to
the exact nature of the mfection  The evidence obtamed by the
€xamination of a patient s serum for antibodies can I mOost cases
only be presumptive and 1s never of the same value as the detection
of the mfecting orgamsm It 15 however of greater sigmifnarce
when a nsing titre 1s demonstrated durtng the course of the illness
Further as the production of specific antbodies 1s 2 response to
the infection they will not usually appear dunng the hrst week or
so of the disease so that negative serum tests at ims tme are no
evidence aganst the presence of a swpected tnfection  In general
the infecting orgamsm 15 most readily detected before the appear
2nce of specific antibody  The presence of antibody it a patient s
Serum may be revealed by the agglutination reaction or by the
Complement fixation test Blood 1s obtamed by venepuncture as
for culture except that the blood (50 ml) 1s placed 1n a sterde
tube and allowed to clot The serum 18 later separated from the
clot and freed from blood cells by centrifugation if necessary

13 AGGLUTINATION REACTIONS

For these fests increasing drfutions of the patients serum are
mixed 1n small tubes with suspensions of the type of orgamisms
with whuch the patient 1s believed to be infected  The tubes are
then placed 10 a water bath at 5 C for a few hours before bemg‘,
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examuted  The presence of speofic ag lutmation will be mdt
cated by the appearance of clumps m the bactenal suspension
The agglutinatng tire of the serum 1s the ighest dilutron which
produces vistble clumping of the bactena

Standard suspensions of various o, aniswms swiable for use w ag futmna
nion tests may be obtamed from the Central Public Health Laboratories
Cotindale Avenue Cohndale NW3 (Tel  Colindale 6041)

Agglutination tests with the patients serum may be of talue
m the dragnosis of mfections due (o the typhoid and paratypliod
bacith the dusentery bacitht Bracella abortus and the spuochte
of Wedls disease

In g the results of agp! tests 1 suspucted cases
of entenc fever A previous hustary of prophylactic snocufation
with typhord vaccine or of entenc infection 15 wmportant  The
agglutinauon titre of normil human serum for orgatsms of the
typhoid paratyphoid group s low but 3 higher utre than normal
may be present i duals who have p 1y been tated
with typhoud vacame or suffered from typhoud fever  The duration
of sfiness 15 also unportant  agglutinuns n the serum are strong
towards the end of the third week of entenc mfection so that ¥ a
result of doubtful significance 15 obtatned by the agglutmation test
m the second week of a patients dlness a second exammation
made a week later will be helpful

In baclary dysentery the acute stage of the iliness frequently
Tasts only a few days and a sgnsficant increase in serum agglunins
above normal does not occur in all cases A negative agglutina
tion Teaction agamst the sarous types of dysentery bamih does
not therefore exclude the possibility of fecton with one of
the types

In suspected cases of undulant fever the agglutwation test 18
of great value as most cases of wfecton wath Brucelfa aborkss
show a lugh ure of agglutmns after 1he first week of the disease

In testing for agplutmias agunst the sprochzie of Wed s diseass
dilutions of the serum are muxed with 2 hving culture of the organsm
and the mtures are examined mcroscopicaily by dark ground
ilumiation A postne reaction i indicated by the cessation
motility und clumping of the organisms  Practically aff cases of
Wetl s disease gne a well marked poutive Teaction afier the first
week of tliness
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14 COMPLEMENT FIXATION TESTS

These tests are based on the fact that serum contaimng antibody
when mixed with a suable antigen has the pover of fiung a
measurable amount of complement  Serum to be tested 1s heated
for 30 minutes at 56 C to destroy 1ts own complement. In doing
the test a known dose of complement 1s allowed to act for a given
time with a known amount of antigen and the serum to be tested
At the end of this time the presence or absence of free complement
is tested for by adding a known amount of red cells which have
been sensitized with a hemolytic antubody If free complement
1s stll present the red cells are laked and the reaction s negative
If the complement has been fixed no hemolysis takes place and
the reaction 1s positive

The complement fixation test m the diagnosis of syphulis 1s
usually known as the Wassermann reaction A positive reaction
Inay be expected from five to seven weeks from the date of infection
or from one to three weehs after the appearance of a primary sore
The reaction 1s positve 1n all cases of secondary syphilis and
Practically all cases of untreated tertiary lesions A positive reaction
will be obtamed with the cerebro-spinal fluid o all cases of general
paralysis 1n most cases of cerebral syphilis and less constantly m
tabes dorsalis It will be seen therefore that although a negative
Teaction does not exclude a diagnosis of syphulis the rehability of
the test 1s such that 1n the presence of 2 negative test strong evidence
will be necessary to uphold such a diagnosts Remember that a
Positive reaction may be present 1n latent cases and therefore may
be met with 1 patients suffermng from some other disease

In the complement fixation test as appled in the dragnosis of
gonococeal mfection a suspension or extract of gonocoect 1s used
as antigen A posttive reaction 1s not to be expected 1n the acute
stage of gonorrhesa and may never be obtaned 1n simple cases of
urethriis  The reaction 1s generally positive m cases with com
plications and 1s of especial vatue m chrome pelvic disease and 1n
Cases of arthrits and tenosynovitis

In cases of whooping-cough the serum obtained 11 the third week
of the disease and later usually fixes complement 1 the presence
of an antigen made from a suspension of Hazmophilus pertussis
50 that the test 15 most useful at that stage of the disease when
cultural methods are Iikely to fail
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In cases of hydaud disease the serum usuaily gives a posive
complement fixation test sn the presence of a hydatid antgen
The reacton may therefore be of value 1 suspected cases

15 THE PAUL-BUNNELL TEST

The patients sesuss 15 taactivated at 56 C for half an hour
Dilutions are made with normal saline from 1 m 2 to 1 1 128
An equal valume of 2 per cent washed sheep cells 18 added giving
finaf dbutions of L a4 10 1 1 256  The tubes are left over asght
at yoom temperature and next morning cach tube 1s gently wmveried
to look for aggiutmation A poswive result 15 one i wiuch
agglutnation oecurs in didutions from 1 m 32 opwards and may
be found m gk lar fever Jeosis) and m
serum sickpess  Posstive reactions due to the latter conditson may
be distingmshed by the fact that this antibody can be adsorbed
oug of the serum by minced guinea pig kdoey

18 VIRUS DISEASES

‘The laboratory may help in the diagnoss of certain virus diseases
by (1) the detection of a partreular virus or (2) by determinof the
presenve of specfic antibodies 1 a patients serum  Success
detection will depend on whether the virus to be sought 1s capable
of nfecting laboratory anmals or can be grown by the spectal
metkads used for the culivation of viruses 1 Bving Ussues 1 Vitro
The sucoess of the second procedure wilt depend on whether 3
sustable antigen 1s avalable  These conditions and the fact that
the exceution of such tests requires a specialized knowledge fas
1mposed a limst on their use 11 routine laboratory diagnosis  Labor
atory investigations along the hnes mdicated may be useful 10 the
foliowmng discases

Psittacosis —Where the history and clirucal picture suggests this
drsease sputum may be exanuned for the presence of virus After
the fist week the blood serum of the majonty of cases gwes 2
posiine complement fixatron test with a psitiacosss antigen

Ly mphocyne choromemngins ~Ia the acute stage of thi condt
tion the virus may be tsolated from the cerebro spmal fld by
woculation of anumals and i convalescence the blood serum may
be examuned for the presence of specsfic anttbodies
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Lymphogranuloma inguimale —Virus may be demonstrated in
Smears from the bubo by special statmng methods or by inoculation
of antmals A skin test is also of value n later stages of the disease
(see p 421)

Smalipox —In doubtful or atypical cases of smallpox the rature
of the infection may be established by sending crusts of the lesions
fo 2 suitable laboratory ~Complement fixation tests with appro
priate sera using extracts of the crusts as antigen may help m
diagnosis

17 SKIN TESTS

Vanous skin tests are used as a measure of susceptibility of an
Indnidual s tissues to the test substances This susceptibility 15
indicated by an mnflammatory reaction at the pomt of application
T Injection of the test substance 1t may indicate a normal suscep
bility to toxic material ¢ g bacterial town as in the Schick or Dick
tests “or 1t may ndicate a state of hypersensitiveness or allergy
1o a bacterial or other protemn as 1 the tuberculin test  In the first
instance a positive reaction may be expected 1 persons who have
had no previous contact with the tovic substance whereas the
second (allergic) type of response may be the result of sensitization
through previous expenience of the test substance

18 THE SCHICK TEST

This 15 a test of susceptibility or smmumty to diphthena toxn
The towun 15 50 diluted that the test dose 1s contamed 1n 02 m]
and simlarly diluted heated toun s used as control Glass
Synnges graduated 1n tenths of a mulhlitre should be sterihzed
by borling and allowed to dry before use  a No 18 or 20 needle
with short bevel should be vsed The skin of both forearms
should be washed with soap and swabbed with alcohol or ether
when dry the slun 15 stretched by holding the forearm firmly with
the Jeft hand the 1mjection being made with the nght Intro
duce the needle almost parallel with the sk and bevel upward,
when the bevel has disappeared mject 02 m!  The contro} heated
toun 15 mjected 1nto one forearm and the unheated toxin 10to the
other  In individuals who are not immune to the toxin a positive
reaction will usually appear within 24 hours and will reach sts
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maxmum on the 4th or Sth day  Any non specific reaction due
1o the protem n the medmm from which the toun was prepared
wisl show within 24 hours on the control ars but will usvally have
duappeared by the 4th day when the final reading should be made
By thus test 1t 15 possible to dwide people inta thvo groups 1mmune
and P B i P with toxod
antitovn mustures or floccules 1t 1s possible to render them mmune
Where this practice has been widely adopted 1 young children &
has been found possible to reduce the mosdence of diphthersa ta
neglgible proportions

19 THE DICh TEST

Thys test 15 samufar o the Schich test but apphes to searlet fever
and the toxin used 15 denved from scarlatwol streptocacar  The
test 13 of doubtful value because of the dsfficulty of wmmuruznag
aganst streptococeal mfection

20 THE TUBERCULIN TEST

Tlus test 15 based on the facy that tive tissues of a person tnfected
with the tubtrele bacidlus become sensitized fo tuberculin  The
older cutaneous test of Von Pirquet has been largely replaced by
the more dehicate intracutaneous method of Mantoux and the
Tecently introduced patch test

Yon Pirguet s cotaneans test ~This test consists of placing & drop
of Ol Tubercuin  on the forsarm and a drop of 50 per cent
gycenn broth adjacent o st as & control  with & sroall lancet
or needle a scrateh 15 made through each of the drops A pasitng
reaction 1s denoted by the appearance within 24 to 48 hours of 2
boght red papule at least 5 mm sn diameter at the site of scattf
caton through the tuberculin

‘The Mantoux test —In applymng this test 0§ ol of 2 1 18 10000
diiution of Ol Tuberculit 15 wjected mtradermsally o the
sk of one forearm a similar dilution of glycerm broth being
injected from another synnge mto the other amm as control

posinive reaction 13 characterized by the development vathin 48 ©
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72 hours of an area of erythema and infiltration 10 mm or more
n diameter at the site of the mjection of the tuberculin I the
Teaction 15 negatie after 48 hours 2 dilution of 1 10 1000 may then
bemjected and 1f this1s neyative a fi rther test with 11 100 dilution
may be made

The Patch test method —Tfus method consists 1n applying to the
skin by means of adhestve plaster tuberculin 1n the form of a
Ppowder or paste  The necessary preparations have recently been
placed on the market by vanous firms The sk 15 thoroughly
cleansed with alcohol and ether and when dry the plaster beanng
the tuberculin 1s aoplied  The material 1s removed after 48 hours
when the result 15 read

The value of the tuberculin test 13 humuted owang to the fact that
as a person gets older the less likely 1s he or she to have escaped
‘previous climcal or sub-<climcal tuberculous infection At the age
of 1 year approximately 5 per cent  at 5 years 20 per cent
at 10 years 40 per cent  at 15 years 60 per cent. and at 20
years or over about 90 per cent of individuals 1 an urban popula
tion give 2 positive reaction to tuberculin. In rural communtties
the percentage of posittve reactions 18 rather less In voung
cluldren a positive Teaction will have greater significance while
at all ages 2 negative reaction will be of value as evidence against
a diaguosis of Tt must be however that
1n the earlest stages of the disease the recction may be negatnve
and 1n very acute cases or in the last stages when no response from
the tissues can be expected a negative reaction may be obtained

21 THE FREI TEST

This test 15 widely used i the diagnosis of lymphogranuloma
ingmnale The antigen consists of pus from a bubo or bram

p from an nfected mouse heaed to
60 C for 2 hours Intracutancous wjection of 01 ml gives mse
in an mfected subject to an infiltrated wflammatory area at least
5 mm 1n diameter with a central zone of necrosis The reaction
reaches 1ts height m 48 or 72 hours
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2@ THE CASONI TEST

Ths test 35 useful in suspected hydatid disease  The antigen
15 prepared from the flnd or walls of cysts and on injection mtca
dermally gives nise i positive cases to a reaction of the wheal and
erythems type  The resction appears iz § or 10 munutes and
reaches tts maxsmum within about an hour

23 TESTS FOR SENSITIVITY TO VARIOUS ANIMAL
OR YEGETABLE PROTEINS

In the mmestigauon of patients suffering from allergic states
such as asthma or hay fover the sensineness 1o vagous amusal
or plant protems may be determuned by shun tests  Stenle watery
extracts of such matersals as horse hawr feathers vanous pellens
fish tmuscle frut eggs etc are on the market 1 a form ready for
use A sigle hne of scanficaon about 1 om lfong 13 made
through a drop of fiwd and varous solutions may be tested at one
tme. toap extract 15 d by a reacuon
of the wheal and erythema type which appears withm 10 nunutes
and attams sts greatest size m from 30 minutes to an hour The
examunation of the responses to these skin fests 1  patient suffenog
from hay fever or asthma may provide information of value in the
prevention of further attacks

24 PREGNANCY TESTS

The bune of both normal men and women contamns smalt amounts
of the ponad sumulating hormone prolan dersved from the anterios
Jobe of the pitmtary  Dunng preguancy proian 15 also produced
by the chartonic cells of the placenta and the amount tn the urme
15 incseased Yt s preatly d 1 certain ] cond
suchs as hy mole ch and teratoms of the
tesis  Thus 15 the basis of the Aschein Zondeh and Fredmant
tests  Ursne 1s mected mto tmmature female test anmmals and 5
prolan content 15 estmated by abserving the effects of the ictions
on the animals ovaries  About 30 mi of urine are required
d early morning s shauld be obtamned and 2
few crystals of bonc acud should be added as 3 preservatine
Ior the Aschesn Zondek fest fous or five tmmature white me
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each recene six subcutaneou injections of 05 ml of urmne m
three days The ovanes are then dissected out and examuned
Ina positve test the uten are enlarged and hemorrhagic follicles
or corpora lutea are found i the ovarnies Thus te t may be done
quantitatively by using graded diutions of urme In normal
Ppregnancy 1t 1 unusual to obtam a positive test in dilutions greater
than 1 in 50 With hy mole or
Pposittve tests with difutions up to 1 mn 1 000 or more may be found
The Ascheim Zondek test becomes positive about three weeks
after the first missed period With proper precaution and tech
nique 1t has a ugh degree of accuracy

The Friedmann test becomes positive even earlier in pregnancy
and can give a result in 36 hours  One or better two immature
femnale rabbits are given two ntravenous mjections of 10 ml of
urine at twelve hour intervals and are hilled and exarned as
described above twenty four hours after the second mjection
The results of this test are less rehable than those of the Aschesm
Zondek
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WEIGHTS AND MEASURES

1 Impenal weights and measores
1 gram gr
1 ounce oz = 4375 grams
1pound Ib = 16 ounces = 7000 grains
1 minum = 091146 grain
1 flud drachm = 60 mumms
1 flmd ounce = 8 flud drachms
1 put =20 flud ounces
1 gallon = § pints

2 Relation between Impenal and metnc systems

1 gramn = 648 mulligrammes (m,)
ounce = 28 3 grammes (grm)
b = 453 6 grammes
gramme = 15432 grams.

kilo =21b 3oz

munim = 0059 mulllitres (m1)
flud drachm 35 mt

flud ounce - 2839 ml

mnt = 5679 ml

wl cc) 169 minms

ltre ~ 352 flmd ounces
wnch = 2 54 centumetres {cm)
foot = 3048 cm

yard =914 cm

cm. =039 1n

metre =337 m

- e e e
P =

3 Conversions
To comert grammes per 100 mi nto grams per ounce sultiply BY
4375
“To convert grammes nto ounces avosdupars muluply by 10 and divide
283

To convert litres into pints multiply by 88 and divide by 50
To convest kilos 1nto pounds multiply by 1000 and dwide by 454
424
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4 Centigrade and Fahrenheit scales

To convert Fahrenheit mto Cenn,,mde subtract 32 multiply the
remainder by 5 and divide the result by 9

Tc convert Centigrade nto Fahrenheit ‘muluply by 9 divide by 5 and
add 32

The following table and figures show the relation of degrees Fahrenheit
to Centigrade s far as 1s likely to be required m clinical work —

Cetgrd Fhebt C tgrd Fah enb t
110 230 365 9717
100 212 36 968
95 203 355 959
%0 194 35 950
85 185 34 932
80 176 | 33 914
75 167 37 896
70 158 31 878
65 149 30 26
€0 140 25 77
55 131 20 68
50 17 15 59
45 113 10 50
44 nur2 + s 41
43 1094 0 3.
42 1076 -~ 5 73
41 1058 —10 14
405 149 — 15 + 5
40 1040 20 -

395 1031 — —
39 002 054 1
385 1013 1 18
83 1004 2 36

375 995 .5 45
37 986

Fig 96

Fahrenheit

and Centigrade
scales compared

5 Con,o red test papers

These are made by soaking filter paper 1 a solution of Congo red of
the strens th of 1 detigramme to 100 ml of water or m a saturated alco-
holic solation  They are allowed to dry and are then ready for use

—
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SOLUTIONS REQUIRED FOR URINARY TESTING

& Hypobromute solution
Dhssolve 100 grm of caustic soda 1n 250 mt of water  cool then add
25 m! of bromine  The solution 13 apt to undergo the following decom.

pusmau
INABAG e« 2NaBr + NaBrO,
Tr 1 therefore better to prepare it a3 required by addirg 2 5 ml of bromine
10 25 mi of the eaustic s0da solution
Fhe bromne 15 supphed m small wbes which readdy break whep
shaken up smartly with the soda solution 1 2 stout stoppered bottle

7 Esbachs reagent
Dissolve 10 grm of picric aaid and 20 grm of Gtne aad i@ about
900 ml of boling water cocl, and add water to ¥ lire

8 Fehlings solahion

{a) Take 34 64 grm of powdered crystallne copper sulphate dissolve
@t 00 mlt of warm distlied water ¢ool and il up to 500 ml

{8} Dissolve 130 gom of erystallized sodwum potassi tartrate 0
300 m} of hot water fiker and add 70 grm of pure caustic soda of
1000 grm of potash  cool fill up to 500 mi

Wiien required mix equal volumes of {a) and () The result 18 20
atkalime solution of }mmssm cupnc fartrate of which 1 nit s enactly

reduced by 5 mg of pure glucose

9 DBencdict s reagent
Cogpcrsulphatc I73 gom
Sadium cstrate 173 grm
Anttydrous sodsum carbonate 100 gom
{or crysialioe sodmm carbonate 08 gt}

Dissolve the copper sulphate m 100-150 mt of distilled water and add
slowly wath constant Sturmg the other mgredients dissolved m distilled
water and fitered  thus should amount to about §00 ml Fually
make up to 1 Wtre with distilled water

SOLUTIONS REQUIRED IN THE EXAMINATION
OF BLOOD

16 Hayems solution (for counting red cells)

Sodrum chlonds 1gm
Sufphate of soda 3 gmm
Corrosive sublimate 05 gm
Dustatled water 200 wi
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11 Diuting fluid for hxmocytometer (for counting white cells)

Geatian wiolet (1 per cent) 01 mt
Aceuc acid 2 ml
Dustilled water 100 m1
12 Tousons solution has the following formula

Methyl violet 5B 0025 grm
Sod chlor 1000 grm
Sod sulph 8000 grm
Neut glycenn 30 ml

Aq destll 160 mt

Should be fltered just before use

SOME STAINING METHODS

13 Gram s method (Lillic s modsfication)

The onginal Gram s method wvolves the use of amlne water gentian
violet Thus 13 an unstable solution and requires to be made up fresh
at frequent ntervals It 1> recommended therefore that Lilhe s modifica
tion should be used

To stain by Lillie s modification of Grams method —

(1) Stain for one munute with ammonum oxalate crystal violet solution
(2grm crystal violet .0 ml absolute alcohol 80 ml. of 1 per cent aqueous
solution of ammonium oxalate)

(2) Four off the crystal violet solution and pour on stron,, Lugols
solution (odine 1 part” potassum 1odide 2 parts distilled water 100 parts)
Pour off and add 2 fre h quantity of 1odine solution  Leave for half a
munute

(3) Wash n_methylated spint and continue ustil the violet colour
ceases to run from the film.

(4) Counterstun with carbol fuchsin diluted 1 in 10 with tap water

{5) Wash with water and blot dry

14 Zieh! Neelson s method of staming for tubercle bacidl
(1) Carbol fuchsin

Basic fuchsin | grm
Absolute alcobol 10 m}
5 per cent aqueous carbolic acid 0 ml.

(2) 25 per cent agueous soluton of sulphuric acid
(3) Loefler s methylene blue
Saturated alcoholic solution of methylese
blue ml
Disnlled water 100 ml
1 per cent solution of caustic potash Tm 4
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Pour on boiln, carbol fuchsin and leave for 7 minutes Wash off
and place w the acid until on washiag 1n water not more than a famt
Pk colour returns  Pour on the muthylene blue solution and lease for
one munute Wash 10 water blot and dry

15 Loefflers stain  (This should be freshly prepared)
Concentrated alcoholic solution of methylene

lue
Caustic potash in 0 1 per ¢ent aqueous solution 3 ml
Specumens are stained 1 5 to 30 tnutes  Excess of staw 1s discharged
by rapid washing mn water acidulated with acetic acsd (2 drops of acid
a stall bow of water) and all traces of acid are well washed out  The
specunen 1 then dned and mounted

16 Carbol thiomn blue  (Prepared freshly )

Saturated solution of thiorun blue 1n 50 per

cent alcohol 10 ml

1 1a 40 solution of phenol 1n water 100 ml
Thas stamn 15 one of the best for film preparations  After stammng which
15 rapidly effected wash the specimen w water then dry and mount
Sections should after washing be passed through alcohol contaming a
trace of ammonia thereafier dehydrated by absolute alcohol cleared
with xylol and mounted 1 balsam

17 Nesser s method of staning B diphtherse

Stam No I Methylene blue 1 grm
Absolute alcohol 20 ml
Clacial acctie actd 50 ml
Dustilled water 1000 mt

Stam No II Crystal violet 1 grm
Absolute alcohol 10 grm
Dustilled water 300 ml

Stain No 111 Chrysoidin 1 gm
Dustilled water 300 mi

Heat to dissolve and flter
The film should be fixed by heat
"Two parts of No I stain should be added to one part of o I Stain
with this muture for 5 minates  Wash with water and then stan Wit
No III for 19 seconds  Wash 1n water and blot
‘The muocture of I and II must be made up fresh daily

18 Husss method of capsule staming
Thus 18 very useful for the demonstration of pneumococct 1n the sputur
cr 1n pneumococcal exudates  The stamn consists of 1 part of sawrated
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alcoholic solution of fuchsin and 19 parts of distilled water A film of
the material to be examined having been dried and fixed has a few drops
of the stain placed upon 1t and 15 heated for a few seconds until steam
nises  The stam 18 then washed off with a0 per cent solution of copper
sulphate  without being washed 1 water the preparation is dried betseen
filter papers and mounted 1 balsam,

19 The Romanowsky stams

These stains depend for thewr action on the compounds formed by the
mnteraction of methylene blue and eosin as ongmally antroduced by
Romanowsky  They are used for staming blood films the cells 10 patho-
logtcal flurds’ films or tissues containng bactena and material containia,,
protozoal parasites eg malana

The chief combnations 1n use are those of Leishman Jenner Giemsa,
and J H W ht  Powder for the preparanon of these stans can be
obtamed from Messrs Baxrd and Tatlock or  Soloids can be had from
Burroughs Well ome & Co  through any dealer

Leishman s preparation 15 perhaps that most used and s prepared by
dissolving one soloid 10 10 ml of pure methyl alcohol It 15 of great
importance that the methy! alcohol should be  acetone free

The wstructions sent with the various solowds should be strictly fol
lowed, and the bottle m whih the staun 15 stored must be well stoppered
1f the preparation 1s too blue this may be corrected by careful washing
with acetic acid, 11 1500 1f the eosin tint 1s too stron,, 1t can be
Lightened by the use of 11n 7 000 solution of causticsoda  The appli ation
of the stan 1s described 10 Chap V (p 147)

‘With this stamn the red blood-corpuscles are coloured punk the nucler
of leucocytes 2 reddish purple and any acidophil or basophil granules
pink and blue respectively  The nu lear substance of the malasial para
site 1s staned a reddish purple  In trypanosomes the two nucler have a
purplish stan the protoplasm is blue and the edge of the undulatory
membrane 15 stuned pmk
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