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PRETACE TO THL THIRTELNTH LDITION

Tars edition contans about two hundred prges of new matenal
and twenty mine new figures  As the size of the booh has not been
incresed 1t has been necessary to omit completely certam chapters
together with sections of others The chapters we hase disearded
are the ¢ dealin, with Chemotherapy (Iycosurta and Dinbetes
Mellitus  The Treatment of Addisons Disense and The Scx
Hormones

New Chapters have been written on The Collagen Diceases
The Antidustamines and The Lse of Isotopes in Medieme The
last Chapter on Biochemucal Methods has been rewntten  The
Antibnotic Chapter has been revised and expanded to include an
account of Aureomvein  Chloramphenicol  Streptemyem  and
Terrams ctn

Other additions include sections on Vitammn B, a general con
sideration of hepatitis and Iiver puncture biopss  The deseription
of the tests for Iver function has been rewnitten  The medieal
treatment of gastric ulcer has been brought up to date and an
article added on vagotomy In the Chapter dealing with The
Cardios ascular Svstem sections have been added on Unipolar Lead
Elect hy  Cardiac Catk and the use of
methanum <alts and the rice diet 1n hypertension

Further accounts are grven of Q Fever 1n Great Britain and
the method which may be adopted for the prevention of tuber
culosis mncluding the BC G vacane  Artifieral pnesmopenttoneum
and the streptomyen and P AS treatments of tuberculosis are
also considered  The section on Bronchography has been rewntten
to 1nclude the s artous techniques which may be adopted for adults
and children  The deseription of the use of thiouraail drugs has
been revised and a section added on radicactive todine 1n the
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Y PREFACE TO THE THIRTEENTH EDITION

diggnosis and treatment of thyrotoxicoss The Hwemopoetie
System Chapter has been brought up to date and an wccount given
of the intrw enous administration of iren The section dealing with
the blood groups has been completely rewnitten

VMedicine has advanced so rapidly during the past few vears
that 1t 1s difficult to heep apace but 1t 1s hoped that nothing of
major mmportance has been omutted from this edition

We have recenned much help n its preparition from our
collengues and we take this opportumty of gratefully acknow
ledging, our indebtedness %ir Veldon Dalrvmple Champneys

Tandly supplied us with inf 1on on ralk suppl Dr S Oram
not only read the article on Umpolar Electrocardiographs  but
also supplied afl the elect diogr which 1llustrate this

section  For his valuable suggestions entieisms and amendments
we are deeply grateful Dr I H Scadding rewrote the article
on Bronchography and gate helpful information for the account
of Cardine Catheterisation Dr J M Gardiner also read the
latter article and made vanous useful suggestions To Dr \ M
Jelulfe we arc obliged for the two figures ilustrating Iner
Needle Biopsy and for assistance in deseribing the techmgue of the
method

Dr D N Baron and Mr ¢ F M Rose have plaved 2 major
part an the revision of the biochemieal sections of the book and
have a sisted wath the sections on antihistammes and the liver
and the methods respectinelh  To Drs Johnstone Palmer and
Tait we are much obliged for avsistance with the sections on blood
groups antibiotics and 15otopes respectnely

We abo wish to achnowledge with thanks permssion to re
produce the followin,, figures and diagrams  Fig 4 Dr Myron
Prinzmetal and The Journal of the tinerican edical Association
F1, » Dr Fdth H Qumby and Redwlogy Tig ¢ Dr ¢ F
Creen Dr J F Tat Mr R Worsnop and Professor B W
Windever and The Briish Journal of hadiology TFig 38 Mr
R € Brock and Thoraxr lig 50 lrofessor J P leters and
Dr Donald D Van Shyvke and The Williams and Wilkins Company
Fig 49 Dr Franklin C McYean and The American Journal of the
Medical Sciences
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Our publishers have once agamn gnen us every help m the
production of this edition and we wish especally to thank Mr J
Ruvers for hus reads assistance at all imes  To Mr J Shields we
owe the index of this v olume and indeed of alt the presious editions
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PREFACE TO THE FIRST EDITION

Dukme the last decade chinges have taken place m medicine
especially 1n the routme metheds adopted n the climcal and
laboratory mnestigation of disense and also n certamn forms of
treatment

This book has been compiled with the following objects  to
assist prachitioners who have not had the opportumty of recent
post graduate study to familiamse themselves with some of these
advances  to provide 1 reference book for those who are working
for the Ingher examinations in medicme to gne candidates
studying for the primary examination for the Tellowship of the
Toyal College of Surgeons an account of the application of
physiological and biochemical prineiples to medicine 1t 1s also
hoped that 1t will prove of assistance to the laboratory worher
1n that the recent chemeal methods are dealt with in detul It
should also form o Ik between the wards of & hospital and the
Inboratonies  giving fuller details of methods which are alluded
to i medieal textbooks but often omitted from the handrooks
on chinteal methods  The recent work of Amercan and Continental
authoritics has also been meorporated

On¢ of the chuef difficultics has been to decide the actual scope
of the contents which of necessity encroach upon the domains of
theoretical medicine therapeuties biochenustry and bactenology
The guiding principle has been to confine the subject matter to a
deseription of such methods of diagnosis and treatment as are
used for medreal paticnts in & general hospital and which can be
qustly termed  recent advances in medieine

Creat care has been taken to gie a worhable desenption of
cach procedure all techniques deseribed have been performed
personally by onc or other of us and the accounts are taken from
our notebooks  \lthou,h these mav differ <hghtly from the
onginal deseniptions the methods described have been used by us
as a routine for some tune and have pien very satwfactons

vul



PREFACF TO THL I11LST EDITION n

results  Wie have attempted to state the value of the results
obtaned by the tarous tests

The authors wish to express thewr indebtedness to the numerous
wnters whose works linve been consulted and an endeavour has
been made to acknowledge them by the hist of references

Vie hve pleasure n thanking Sir Thomas Lewis for permission
to reproduce the electrocardiograms tahen from his book entitled

Climenl Llectrocardiography ~ Dr D E Bedford has supplied
the polygraph tracings and has also read through the proofs of
the chapter dealing wath the heart  We are grateful for his valuable
suggestions and help  FTurther we wish to express our thanks for
the loan of certamn blocks  to Messrs ITawhsley & Sons for the
one lustrating the Jacquet polygraph  to Messrs Down Bros
for those 1llustrating the pneumothorax needles  and to Professor
Harns for the diagram of the eleetrocardiograph from \nrep 1nd
Ilams  Practical Physiology

In conclusion we wish to acknonledge the unfmling help whiclh
we have recen ed from the publishers of this volume

G L BEAUMONT
E C DODbDS

Lownon 19 4
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2 COLLAGEN DISFASES

Chinie they decided together to investigate the actimty of certam
steroidal substances isolated from,the suprarenal cortex and
dentified by Kendall One of these was the now familiar compound
‘E* which will be dealt with from the chemical pomnt of view at a
later stage of tins chapter Hench (1949b) (4) made the astorushing
ohservation that the admumnistration of compound * E' daly mn
100 mg doses resulted 1n a dramatic ymproyement in the general
symptoms of rheumatord arthriis  They were also able to show
that the same results could be obtained by the mjection of A CT I
(wluch agam will be dealt with 1n detail at a later stage) The
prot ement resulted in some cases in a complete disappearance of
genernl symptoms and was attended by a fecling of well being or
euphona in most of the patients  Unfortunately they found that
terruption of the treatment was attended by & rapid return of the
symptoms and in o few days the pattent was m just as bad a
condition as before the treatment In some later obsersations
the results appeared in a limited number of patients to be of &
httle more permanent character

There 13 no doubt that these classical observations stimulated all
the recent, mnterest in the rheumatic diseases

2 Rlemperer Pollach and Baehr (1942) (5) at New York
ntroduced a generabsation into pathology by combimung a number
of duisease processes as an entity wluch they called the diffuse collagen
disease The underlying pathologeal process was found to be a
fibnnoid degeneration of collagen 1n this series of diseases whuch
mclude d d lupus erythemat 1 d arthntis
penartentis nodosa, thrombo angutis obliterans and scleroderma—
all having the same fundamental pathology An alternatice name
has been suggested of para theumatic disease for the above
mentioned group

The group of collagen diseases is constantly bemng added to and
there1s naturally considerable controversy At the time of writing
the following are regarded as being members of this group — serum
sickness  penartentis nodosa d d lupus erytt
rheumatic fever rheumatod arthmtis in its vamous forms sclero-
derma, dermatomyasitis and accarding to some workers calanoss
Qthers would hike to mnclude Buergers disease and malignant
nephrosclerosis




CENER 4L PATHOLOGY 3

General Pathology of the Collagen Diseases  In the first place the
chemustry of collagen 1tself 1s incornpletely understood It forms the
basis of bone and cartilage and the interfibrillary connective tissue
It can be broken down to gelatin and v anous mucopolysacchandes
such as chrondrotin sulphunc acid  Another constituent 1s hyalu
rome acid which 1s agam a hughly complicated substance whose
bel s led by an elat system of enzy of which
hyaluronidase or the spreading factor 1sone  From the histologieal
point of view a study of the diseases mentioned above will show that
there are 1n all stmlar changes in the fibroblasts which are largely
composed of collagen They become staned very refractile and
the general term for such changes 18 fibrinoid degeneration  The
wtiology of this condition 13 very largely speculative  Leaving out
for the moment Selye s conception that these diseases are related to
stress we can say that vanous theories have been favoured from
tume to time  Thus bactenal infection has attracted a number of
workers from the time of Ioynton and Pame 1n 1900 and 1901
(6 7 8) to the present day work.on £ hzemoly tic group A strepto
coceus nfection

Another suggestion has been that these diseases mught be
associated with allergy and with wnmumty Thus Rich and
Gregory (1943) (9) claumed to have produced peniarteritss nodosa
lesions 1n rabbits by njection of heterologous serum

The role of hormones m the production of this group of diseases
will be discussed 1n relation to Selye s views

In & bref review of the vamed collagen diseases we may start
with serum sickness which made its first appearance after the
production and use of diphthenia antitoxin 1 1850 The symptoms
commence within a week or so of the adminstration of the serum
and consist of enlargement of the Iymphatic glands with underlying
tenderness and skin lesions such as urticaria itching and macular
erythemas may also develop Jomnt pams may or may not occur
The symptoms usually clear up 1n the course of a few w eeks

Perarteritis Nodosa  This condition was first desembed by

Kussmaul and Meter 1n 1866  1ts clinteal diagnosis 1s extremely
difficult and 1ts pathology 1s essentially a degeneration of the media
and mtima of the small and medium sized blood vessels Thrombosts
hemorthage ete can occur 2gam rendenng the condition very
difficult to diagnose except at post mortem
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)

d Lupus Eryth Thus 15 a disease oceurmg 1
young women and frequently imtiated by exposure to sunlhght
The shun lesions charactenstically have the well known  butterfly !
distribution en the face and may consist of confluent red eruptions,
snd a swnging pyrexia associated with pmns of a rheumstic
character 1 the jomts frequently oceurs

Scleroderma  This condstion occtrs (n the fingers but may mvolve
the whole body  There 15 a characterishie thichemng of the shin
together with an } of the sub tissue by
ecollagenous matenial

Dermatomyositis This 1s a vary rare disease i whuch it 1s claimed
by many that the underlymng pathalogy 1 the charactenstic
collagen degeneration  The chnical features consist of pam i the
muscles with or without pyreva Occaswonally there may be
skin reactions

In this d loas of the sub

tissues and connecttve tissues occurs  Its pathology 1s similar to
that of scleroderma but proof that this condition 1s a collagen
disease 15 not detintte

Gout  Attempts have been made to snelude gout m the collagen
diseases group, but this appears to be hardly justthable as any
colfagen changes that occur are more likely to be due to the primary
metabolie defect assoctated with purme metabolism

3 Selye at Montreal has developed a very complex theory to
explain the ztiology of the collagen diseases Mo sttempt will be
made to gne s detatled account of this work as at the present tme
the views of most workers on this subject are in a state of flux
For those requinng n full statement the reader 1s referred to the
massne work entitled  Stress by thus avthor (10)

Selye developed the 1dea that anunals react to stress or inpury
by a certamn sequence of phy siological reactions which 1s termned the

general adaptation syndrome  (or G A4S )  This consists of a
number of phases of which perhaps the most smportant 35 the
discharge of I riones from the pituitary to act on the suprarenal
Acconding to tlus theory when an anmal 15 subjected o stress
or mjury the anteror pituitary pours out adreno-corticotropic
hormoenes and the stmulated cortex secretes hormones which
Selye di-ides into tnomore or less clear cut categories namely those
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regulating the electrolyte metabohom wineh he ealls  mnerato-
corticords ' sud those which mfluence carbohvdrate metsbolism
and which hecalls  pluco-corticoids  According to Selye it 1s the
interplay of the action of these hormones which provides the
rheumatoid phenomcnon  The experwmental evidence on which
hus rests has been clanfied by a number of workers  The funda
mental obsery ation was by Selye and Pentz (1013) (11) who showed
that umlaternlly nephrectormised rats treated with a igh sodium
chionde nteke developed lesions similar to penartentis nodosa
when they are mjected with very heavy doses of deoxy corticosterone

Sélye extended this work and showed that ginmg heavy doses of
deoxycorticosterone to animals that had been damaged 1 varous
ways such a3 by adrenal hyrodectomy exp to cold
etc would cause arthntic changes sumitar to those mnman  On the
basis of this Selve put formard the view that the fundamental
underlying pathology of the collagen diseases was an upset of the
suprarenal cortex produced by the pituitary secretion as a result
of stress This pitwitary secretion caused cortieal stimwlation
leading to the outp of the ! ticords whaeh were
responsible for the syndrome

Selye s mamworhonC 48 wis prior to the discovenes of Hench
and huw cotleagues and tins accounts for the extraordinary confusion
of the lterature and also for the difficulties of anyone attempting
to give an orderly summarv  As Marman puts 3t i lus review of
the subject (12} —

Following, the announcement 1n 1949 by the Mayo Chnuc group
of the effects of cortisone and of A CTH in rheumatoid arthritis
and rheumatie fever Sclye (1949} (13) re mterpreted hus earher
findings the effect of adrenal on the prod
of expernmental arthritis by DGC A He suegested that 1t was
reasonable to assume that adrenalectomy sen Wizes to the toxic
effects of DOC A because 1t Temoves the source of endogenous
gluco cartscosds and ther( b) prediposes to the development
of o p gluco-corticard lo cortirord
balance  Insupport of thus hypothesis hie exted =« number of earhier
ohsers ations made by Iuroself and fus <o workers su_gesting that
certamn of the effects on Lvin, ammals of  mimeralo eorticords
such as deovyeorticasterone are  diumetnieally opposed to those of
pluco-corticoads It mav be noted however that thus earher work
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did not include any observations that ¢ mineralo corticond * induced
theumatic lestons 1n ammals could be cured by the administration
of gluco corticords In the same commumeation Selye showed that
an expenmental ‘arthmtis could be produced n rats by the
injection of formnldehyde mto the viamitv of the jonts This
experimental arthnitis he found, could be aggravated by pre treat
ment of the animals with DO CA and mhituted bv cortisone or
ACTH"

The whole posttion of Selye s theory 1s very difficult to assess
today It 1s for wnstance very doubtful whether hus clear cut
distinction betwecn  raineralo corticoids  and  gluco corticords
15 justifiable  Very carefyl obser\ations on the pharmacology of

such as deoxycorticost: and so forth tend to show
that this elear cut distinetion does not hold

Up to the present 1t has been possible to isolate and ldenhfy those

substan f prolongmg the life of adrenall d ammals
These are as follmvs — (1)1l deoq corticosterone  (2) 11 deoxy
17 hydroxy (3) Cor (4) 17 hydroxy

corticosterone  (5) 11 dehydro corticosterone (6) 11 dehydro
17 hydroxycorticosterone {cortisone) In addition to these sic
substances, adrenal extracts contan the so called *amorphous
fraction  the constitution of which1s quite unknown and which will
nlso mmntam hife According to Selyes (1050) views the
gy of these ds can be d under
two headings (@) compounds 1 and 2 and the amorphous
fraction are concerned with the regulation of electrolyte metabolism
and water balance whilst (b) compounds 3-6 are concerned almost
entirely with the carbohvdrate effect  Recent investigation has
shown that the pharmacological actions of these substances overlap
very considerably
Whlst an mterprctnhon of Selye s view must await much more

Iwork 1tis to note that Maman (1851) (12)

and lux wllcsgucs have very defimtely demonstmted that m
d arthmtis  prog 18

modified It 1s known that progesterone 1s excreted mawnly n the
form of p diol and when prog 1s ad dton
patient with 1} d arthntis an at Ity high amount of

pregnanediol ss excreted  The actual interpretation of these results
ps Marnan points out must be cautious but it would certamnly seem
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o be mteresting evidence that the disease rheumatord arthnitis 1s

d with some ab ity of sterod bol
GHOH CHOH
c=0 Commp
[« CH, OH
CH cH,
o )
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© [
11 dehydrocorticosterone 11 defyy 30 17 hydroxycortaeo
ne (cortisone

Practical considerations  Whatever may be the final
outcome of the theones which have been discussed above the
fact remamns that two substances cortisone end ACTH are
capable of causing & remisston i the symptoms of patients with
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collagen diseases particularly rheumatoid arthritis It 1s proposed
to revien briefly the chemustry of the two substances ,

Corfisone  This substance 1s a steroid obtamed by kendall and
hus colleagues from the suprarenal cortex It 1s shightly soluble 1
water and like all steroids soluble 1n organie solvents and in o
and 1ts production presents problems of immense difficulties Tts
1solation from the cortex of the suprarenal 1s a very wasteful process
and 1n any case even were all the glands 1n the world ay aulable the
amount of cortisone so produced would be quite nadequate for a
fraction ot the theumatoid arthnitts population of the world

Unfortunately the methods of synthesis bv degradation processes
from chelesterol cannot be applied as at the time of wrihing there1s
no pmcﬁc'll method of introducing esther an oxygen or a hydroty
group at the 11 position of the ¢y clopenteno phenanthrene rng A
solution has been found to the production of cortisone by com
meneing with a bile acid  Bile acids have a hydroxy group at the
12 position and by considerable and complex organte procedures
this can be transferred to the 11 position

It 15 no exaggeration to say that the commercial production of
cortisone represents one of the greatest trumphs of organte chermstry
n 1ts industnal appheation

ACTH Ths s extracted from the antenor lobe of pituitaries
obtaned from the slaughter house Tt 1s a protemn and 1ts constitu
tion 1s unknown despite the fact that st has been obtamned
electropharetically pure The work of Morris (Cortis Jones Crooke
Henly Mormns and Morns 1950) (14) has shown that 1t 1~ possible
to ultra filter a low molecular weight p which p
all the activity of the parent material Sumlarly La (1949} (15) has
shown that the actrie extract may be produced by acid hydrolysis
or by peptic digestion

A CTH has to be ad d int lar]y or mnt; Iy
and 1t 1s d that 1t i} the sup 1 cortex to pro-
duce mineralo corticoids  and the  glueo corticoids ncluding
cortisone

Physiological Action of Cortisone and A CTH in Man

A detailed account of the action of cortisoneand A C T H mman
1s found n a comprehenstve article by Sprague (1950) and his col
leagues (16) The matenil uscd in this i estigation was cortisone
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acetate admumstered usually 1n doses of 100 mg (being equivalent
to 89 mg of free cortisone) 1n the form of a suspension 1 saline or
ACTH obtamed 1n ampoules {contmning 25 mg } of which the
pressor content and the ox tocin content were hnown  The anti
theumatic effect 15 not descnibed m tins paper except that the
authors state that the results of Hench and tus colleagues have been

d  The following are the pal effects of the
substances —

Body weight Pue to the euphona and increased appetite
produced thebody weight wasm antably increased in the use of both
substances and a marhed feature 1n some cases was a charactenstic
moon shaped face

Fffectsonthe shin  Acne and hairmess were produced tn a number
of subJects but 1t 15 interesting to note that there was no masculini
sation of females as 15 obtained by the use of testostcrone m the
treatment of moperabl Reratosis and the develoy
of cutaneous striz has been noted and 1n some instance deep
mgmentation occurred

Muscular weakness This developed 1n a considerable number of
patients undergong prolonged treatment

Changes 1n electrolyte and metabolism balance A negative balance
1n nitrogen and potassium was produced by A CTH whilst cortt
sone caused relatrvely slight changes  Itwould appearthat A CT ¥
produces more of the miuneralo corticoid effect than does cortisone
Details of ind, ¥ with th bat: will be found
1n the paper referred to

Rffect on menstruation  This was verv vanable 1 the seres of
10 women treated Three became amenorrheere a fourth missed
a peniod and others remamned unaffected In general treatment
with both cortisone and A C T H appeared to reduce sexual activity
1 both male and female patients

Euphoria This agam was very vamable but occurred very
regularly with hugh dosage consisting of a general feeling of well

beng with a svery defimte improvement in mental activity
particularly i patients who were seriously 1k either with arthrtss
or some sumilar condition  For example the authors quote the
case of a man m the termunal stages of myelogenous leukiemia who
when treated with cortisone took 2 constructive mterest m his
future despite the fact that he was to die in a very few days time
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Blsod pressure 'The general consensus of opmion 1s that the
naterials bave hitle effect on blood pressure  Yn a small number of
cases there was n sigmificant nse  The authors feel however that
the substances may mmduce hypertension s some circumstances

Lzeretion of urinary sterods  Treotment with ACTH causes
an wmcrease m the excretion of unnary stermds whereas m the
case of d ration the tion of 17 % d:
usually falls unless lugh doses are given  Persistent low levels were
observed after very prolonged trmtment

L Cortisone produced very hitle change in
the cxmulatmg leucocy tes on prolonged treatment whereas A €T T
ach e d of hul

I’ﬁm on cortical function " There sppears to be evidence thet

treatment with cortisone produces depression of ammal adrenal

It 15 sug, d that this dep 18 the cause of the

lowered excretion of 17 hetosteroids on and after treatment with
cortisone

Treatment of Rheumatoid Arthratis with Cortisone and
ACTH

The dosage 1 still mamly unstandardised and arbitrary  In the
first instance Hench and us colleagues mamtamed that 100 mg per
day w divaded doses of 2o mg were necessary to produce an effect
though recent wurkers have found that smaller doses are capable of
producing remisstons

The actual regunen s not vet established but 1t 1¢ usual to con
tinue the treatment for sesen to fourteen days and then to reduce
the dose 1 the hope that the good effects will not pass off Wth
regard to VCTIX st s usual to find the effect developing after
the admmstration of the substance for some four to five days and
sundarly the effect ss prolonged for that length of time after the
drug has been withdrawn  With regard to desage this apamis s
matter for experimentation but usually between 40-80 mg sre
recommended (Prunty 1951} (¥7)  Veith regaxd to the type of case
treated any member of the collagen group mncluding rheumatic
ferer wsswtable for trcatment  Contra mdications are observed
the following conditions ~- Viyocarchal msufficiency diabetes
mellhitus Cushing s syndrome tubereulosis and ndvanccd repal
disease One of themost umy contra ind, 5 I
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for the admimstration of A CTH and cortisone to patients with
tuberculous lesions 1s frequently followed by dissemination of lestons
throughout the body

‘Treatment of Skin Diseases with ACTH

A verv good review of this subject together with an account of
a numbet of cases treated will be found in the paper by Brodthagen
Reymann & Schwartz {1901) (18) Pemphigus vegetans was
favourably affected and the patient remained clear of symptoms for
three months after the treatment had been stopped A case of
pemplugus vulgans was also affected but relapsed almost as soon
as the treatment was ntcrrupted In the case of scleroderma
1mprovement was shown 1n a few cases but some proved to be
resistant It 1s interesting to note that these authors found one
patent with penartenitis nodosa resistant desptte prolonged treat
ment The dosage in most of the eases consisted of 75 mg per day
for the first week and then a reduction to 25 mg ]aber Frenkel
Hellinga and Groen (1951) (19) have described a 1
by A CTH of the rare conditton known as Sjogren s disease  This
conditron oceurs m mddle aged swomen and consists of chronie
inflammatory changes 1n the lachrymal and salivary glands with a
diminution 1n the production of tears and salva  Jomnt lesions
occasionally occur and these are usually ofa rheumatotd character
The condition relapsed and during treatment the patient appeared
to be quite well

Clinical Use of Cortisone

Cortisone acetate 15 put up 1n 20 ml wials ready for ntra
muscular injection eachml contamng 2o mg It must be shaken
before use and must not be stored 1n & refrigerator It 1s sjected
deeply mnto the gluteal muscles Before and duning treatment of
any case certain investigations must be carried out  The chest must
be X rayed to exclude the presence of tuberculosis An electro
cardiogram should be taken with the three standard and mne
unipolar leads in case an electrocardiogram 1s required later to
ndicate a potassium deficiency Further an abnormal electro
eardrogram may return to normal under treatment The patient
should be weighed daily 'The serum sodium and potassium content
should be estimated weehly 1n Addison s disease to check & nise
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the sodium or fall 1n the potassium level as thus 1s ndicative of an
overdosage  The erythrocyte sedimentation rate should be deter
mined weekly  Datly blood pressure readings and tests of the urine
for glucose should be made The patient s gop should be tested
twvice a weeh by seemng the heaight to which he can raise the column
of mercury m a sph when 7 the
rolled up cuff mto which a bttle awr has been pumped  The jont
sensitivity can be tested m cases of rheumatord arthntis by firm
pressure over the affected hands or wrists  Grade © ndicates o
pasn Grade 1 some pamn Grade 2 winang and Grade & the patrent
pulls hss hand away The usual dose for rheumatowd arthritis 1s
100 mg every eight hours for 8 doses than 100 mg every twelse
hours for 2 doses then 100mg every twenty four hours for seven to
fourteen days followed by 100 mg eery forty eight hours for four
teen to twenty-eight days It may now be possible to gre 30 mg m
water by mouth for six days with a weekly mtramuseular injection
of 100 mg 1w ordet to mamtain the mprovement  In Addwsons
discase smaller doses are usually required such as 125 to 25 mg
daily mtramuscularly

Results Ve have treated o series of eases mncluding rheumatoid
arthntis d ted Lupus eryth d Sjogrens
disease and Addssons disease  The case of Sjogrens disease
appeared to do best and matntamed the mprovement after the
cortisone was discontinzed  The lupus ery thematosus and rheuma
tord arthntis cases althou h treated for two to three months
quichly relapsed when the treatment was discontinued  In sarcot
dosis the weal troct lesions and the sal ary gland sw eliings raprdly
moproved with the intravenous admamstration of ACTH m
small doses {20} but the X ray shadows m the lungs were not
affected
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CHAPTER II !
ANTIBIOTIC SUBSTANCES

Pevrornry

Toe last few decades have witnessed the introduction of mn’”
snereasing  number of  compounds  which  whilst  showmng
toxieity of a high order aganst pathogemc organisms exercise
httle or no harmful effect upon thewr human hosts Pemualbn was
discavered by Flenung in 1029 (1) It 15 an extracellular produet
of the metabolism of the mould Penteslhium notatum and
one of the first of & series of antibactenal pound;
from moulds and bactera  Many of these compounds display
potency of & very high order when tested e witro  relatiiely few
are sufficently frec af toxic effects on the host to permut thex
therapeutic apphieation

Antiblotic Activity  Pemoallin 1x most active agammst gram
positne and gram negative coect and gram posiive baailly It s
active agamst smrochetes and possibly some of the larger viruses
Sensmtivsty of vanous strains of organisms varies widely so that 1t
15 1Ny to hnow the ponsible for the
and sts sensitivity to pemsesllin

Admimstration  Pernedlin 15 now available m large quantities
and at a fraction of sts original cost  The yellow amorphous sodium
pemedlin has been largely superseded by the pure erystaline
pewseiihin & or by pure p flin € d with p
Increasing punficttion hes led to fewer side reactions and therg s a
general tendeney to employ yery much larger doses

It 1s necessary m treating with § i to
an effective brctenostatic level m the plasma which vanes from
002-0 20 umts per m!  This may be achieved by mjecting mntra
muscularky aqueous solutions of pemetthin three hourly  The rapid
elumanation of pemwilin m the umne prevents tlus figure bemg
matntatned except by very frequent wjections

Several ottempts have been made to defay the absorption of
pensertlin from the stte of injectron  This was done by suspendmg
pemeittin in sterile w Inte beeswax and arachus o but the solution

1

M
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was difficult to suck up into & syTinge on account of 1ts viscosity and
the beeswax frequently exeited undesirable foreign body reactions
locally A great advance has been achieved by the introduction of
procamne penteiilin (2 3) which 1s 2n equimolecular compound of
pemeillm and procmne i a suspending agent It 1s sometimes
combined with a water repellent substance aluminum mono
stearate which 13 said to even out absorption A single dose of
procaine penicillin of 300 000 umts gives an assayable blood level
for twenty four hours Commeresally procaine pemcillin 1s often
combined with sodwra or potassium penteillin G to ensuze a satis
factory 1mt1nl blood level

Exeretion of pemeillin by the hidney can be delayed by some
substances which are excreted by the tubules Caronamude (4 5)
dimimshes renal tubular excretton of pemeilin and 8 g by mouth
three hourly produces a plasma earonamude level of 1o mg per
100 ml  Since the development of preparations such as procaine
pentesihin there 1s little general use for caronamide exeept possibly
1n treating infections due to resistant bacteria where 1t 13 necessary
to p 1y hugh p lin blood levels

Penieillin 15 rapidly destroyed by acd and by organisms such as
those found in the gut which produce pemeitlinase  These factors
prevent penialin bewng admimstered orally or rectally as a routine
Pemeilln has been combined with 2 number of velcles to neutralise
gastric acrd and enclosed in capsules to aid absorption from the gut
Oral admimstration 15 possible and satisfactory blood levels and
therapeutic effects have been reported (6 7) but the dose should
be about ten tumes that for intramuscular mnjection It may be
usedin children and infants or where the orgamsm 1s hughly sensitive
to pemallin

Toxic Effects Peieilin has mamtawned 1ts promsse of being
almost non tovie in therapeutic doses Shin reactions especially
urticana are the commonest effects slthough drug fever and
swelling of the joints may occur  The reactions usually come on
after treatment has been mamtamed for some time but some
patients may develop allergic reactions very rapdly When
penteillm 15 given by mouth glossitis and stomatttis may oceur and
there 15 often secondary mvasion with saprophytic fungi  These
Teattions may be reduced by gnang the Vatamin B complex to
patients who are taking pemcilin by mouth  VWhen peniailln 1s
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used topreally for shin diseases 2 sensitisation dermatitis may occur
and 1t 1s important to discontinue pemeilin should this happen

There 1s usually no mdication to discontinue treatment on
account of the milder alleryic effects and thev may be controlled
by the admimstration of one of the anti lustamine groups of drugs
For the rare severe general reactrons desensitisation may be
attempted by giving very small doses of pemellin subcutaneously
such as 400 umts three tunes & weeh and increasing the dose
gradually until a full therapeutic dose can be injected without any
side effects (8)

Preparations of Penicillin  Many of the ecarlter preparations
of pentcillin hav e been replaced by the more recently dev eloped ones
Penrelim cream and sulutwm of peniathn should be Lept i &

of y retain theirr
po{enc} for sey en days at yoom temperature nnd twenty one days
10 a refrngerator  The other preparations of pemeilin heep for up
to twao years i the dry state 10 cool dry conditions  The date of
expury 1s usually printed on the vial

Powder Sodmum or potassmum pemalhn G 15 put up 1 rubber
capped vials contaimng 100000 200 000 500000 and 1000000
wmternational umts  Crlesum pemalin which is used for surface

1 15 put up of 1 10 or 50 Mega umts {1
Mega untt = 1000 000 umts}

Procampe Penteillin - This 1s put up as ~ Pemallin G procane
salt {300 000 umts per mi ) Pemathn G procame salt m aqueots
suspension {360 000 umts per ml ) Pemeihin G proeamne salt -+
perallin G (300 000 umts of procamns pemelin G per ml
100 000 unsts of pemertin G }

Tablets for Oral Use 10000 20000 50000 and 1,000 000
umts of pentertlin G per tablet

Lozenge 500 units calewem pererllin per lozeage

Chewing Gum 5 000 units calaiem penteillin

Creams 500 mg calewm pentcdiinfy Lanctte wax base
with 1 1% phenoxetal

Ointments  Calcrum penteilin 50 000 umts and omtments of
nlcohols 100 g They contain 506 umts penteilin/g

Powder for Local Application 5000 unitsf, of ¢1laum
pemcillin combined with a sulplienamude or starch or tak base «

Eye Drops 500~ 500 units per ml '
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Eye *Tablolds’ 250 umts per tablod
Eye Ointment 2, 000 umts penieillin G per g

CLINICAL APPLICATIONS

Intramuscular Injection A dose of 50 006-250 600 umts of
pemeilhin 1s given every three hours

The dose 1s prepared by adding 1-2 ml of stenile pyrogen free
water to the powder The vial should then be gently rotated
wigorous shaking 15 unnecessary and majy cause frothing  The
syringe and needle should be botled m plamn water and hept 1n
distilled water They must neyer be placed 1n antiseptie or spirit
ss these substances destroy pemethin - The shin round the site for
mtramuscular injection may be prepared wath soap water ether or
Cetnnude  For ordmary itramuscular injection an Arnold No 6
serum needle may be used

Procame p Il 15 ad tered by int lar mjection
only The dose 1s 800 000-600 000 umts of procamc pemeillin
every twelve hours A 5 ml symnge fitted with a No 20 SW
needle 1s suttable and 2-4 ml of stenle distilled water are mjected
through the rubber cap at the base of the vial Ths 15 unnecessary
with the aqueous suspension of procanc pemcilin - The vial 15
shaken vigorously to suspend the particles It 1s advantageous to
bwld up a positive pressure by 1njecting a syringe full of air into the
vial The required dose (1-2 ml ) 1s withdrawn and mjected nto
the patient

Powder for Local Treatment Dry pentaillin powder made up
with stenle sulphathiazole 1s used for wounds and abrasions
The powder i€ blown on to the surface with an wsufflator to form
a thick hoar frost The apphertion should be repeated every
twenty four hours but must not be continued for longer than
five davs owmng to the nsk of the development of shin reactions
due to sensttivity to the sulphonamide This method 15 of most
use m relatively dry surfaces as blood or exudate tends to wash
away the powder

Ointments and Creams These are used for local application
1n certain skin or eye mfections

Lozenges or Pastilles 'Lhesc are useful in treating infections
of the mouth and throat One pastille should be sucked every
hour for 8 hours
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EveDrops Incertamn eyenfections drops contaning 500-2 500
units per ml every one or two hours are benefical

Inhalation Pemeilip may be given by inhalation 1n the treat
ment of bronchitis nmf bronchtectasis by means of an inbaler
such as the Collison 20 000 to 100 000 umts 1 2 ml of distilled
water are put wmto the bulb for each mhalation and the * must’
mhaled every two hours daily through the oro nasal mask furnished
with an exprratory valve The taponsation 1s effected by oxygen
and takes about fifteen minutes The rubber tubing of the apparatus
should not be a synthetic preparation which inactivates the
penteillin

Solations  These can be made up with dishilled water or saline
at 1000 umts per ml for mshillin, twehe hourly through fine
rubber tubes mto wounds which have been closed for wnjecting
mto abscess cavities after aspiratton and as a spray for shin and
mucous membrane infections  Solutions of a strength of 1 000 to
2000 units per ml are swtable for mjecting mnto the cerebro
spmal pleural perrcardial and jomt cavities and 10 000 units
per ml for intratracheal injection

Septiceernia  Successful treatment of septicmmia whether of

staphylococeal or 1 ongin not only the
complete sterhisation of the blood but also the elimination of
prumary and dary foct of infe Itis ded that™

100 000-250 000 umits of pemclhn G should be mjected ntra
muscularly every three hours

Sub Acute Bacterial Endocarditis  Patients should be ginen
at Jeast 2 000 000 units of pemedhin G a day for six weeks by inter
nuttent intramuscular mjection every three hours If there s a
relapse or an nerease 1n resstance of the organism 5 000 000 umts
= day for cight weehs or more should be given (9)

Meningitis  Successful treatment of meningitis by the ad
runistration of pemallin and sulphonamides has been reported by
manv worhers mcludmg Ilosenbcrg and Arling (10) and Dantels
etal (11) Staphyl f of the nare usually
secondary to mastod and sinus focs  Immeduate surgical dranage
of such centres followed by local treatment with penerllin solution
is of considerable value in reducing the chance of reinfection
Smuth Duthte and Carns (12) sdvise the trestment of uncom
plicated pneumococcal meningtis as follows  \fter finding pneu
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1MoEecct 1n the tarebro-spmal fimd 8 000 Lo 18 600 units of peailn
are mjected wntrathecally with smaller doses for mfants  The
pentedlin s n pymgcn free salbne solution 2000 unts per ml
Fifteen th & wmts of p Hin are myected i
ervery three hours to «mtml any prumary mnfection or septicTma
Sulphadiszne 15 also gren by mouth or nasal tube first $ g and
then 2 g every four howrs oo adeguate flud wiake bewg ensured
to prevent renal bloch.  After twelve hours @ sceend 1atrathecal
injection of pemeiliin 18 goven 1€ the fad s now thicker a thurd
puncture should be made twelve hours Intet to detect any meprent
ventneular block which mught require inteaventricular injections
of p lhn Dasls of p Tin into the theea ypust be
enntmued for five days the muummcuht injections are discon
traued after fre days and the sulphrduzine reduced to ¥ ¢ four
hourly after fis ¢ days and mamtsined at this dose for a week

If the cercbro spinal pathway becomes blocked by pus 2w aites
such ns the aqueduct perucdhin should be injected wnto the lateral
ventricles through pametal burr holes  After dramng the pus the
pemeilin can be injected through an mdwelling catheter In
all cases i which mtrathecal mjections are requured non writating
preparations of pemerlhn should be used and great eare taken 1n
the aseptic tech In al and memn
gitis swdidar afnounts of p {hn are injected hecally every
twenty four hours uptl the eexebro spinnt flwd 15 free from or
gamstas end intramuseutar myections of 100000 unsts are given
every three howrs for seven days

Poeumonia In the treatment of pneumoria there 1s hittle to
choose bet\u‘m peniedlin and the sulphonamides except i cases
of sulph pecially those due fo staphylococer
or where the lower toxiaity of penielin s advantagecus  The
usual dose for an adult 15 50 000-100 000 umits exery threee hours
for seven days  for a chuld § 000 units per yesr of age  Prnmary
atypieal {s1rus) preumona does not respend to peniullin

Empyema  Inthe treatment of emp) emata due to preumococet
streptococes or staphylococn but notin cases of Bact cokinfections
8350 35 infected hemothorax following myury wtra pleural wnstilla
on 1 the methed of chowe  Peraallin solution contasning 1 000
utats per mb should be injected mto the pleural space follawing
aspuation of pleural fund  The amount of perucdhn wiected
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depends on the size of the empyema cavity Cavities holding
10 to 20 oz of flind should recerve 60 000 umts of penicallin total
empyemata 120,000 umts and 80000 umts for small pockets
~ Three to four aspwations and imstllatons generally suffice
Th 1s usually required to evacuate blood clot fibnn
and pus Local perucilhn treatment after mib resection 3s often
unsatisfactory and penicillin 1s then best grien by eight hourly
ntramuscular njections of 100 000 umits

Bronchiectasis The cavihies are emptied as far as possible by
postural dramnage followed by the intratracheal injection of
pemetlin - The shin and subcutaneous tissues are anzsthetised
1n the neck between the cicoid cartilage and the first ring of the
trachea with 2 ml of 25/ procaine Two ml of 2% Amethocaine
are then injected rapidly through a No 14 needle into the traches
and the patient told to avord coughing The syringe 1s detached
from the needle the patient placed 1n the optimum position for
fluid to run down the trachea to the affected part of the lung
and then 8 ml of pemallin solution contaimng 10 000 umts per
ml are rapidly injected through the needle which has been left
1 siu in the trachea This treatment repeated daily for seven
days has resulted in considerable climeal improvement  Alter
natively the penioillin can be given every two hours by inhalation

Chronic Bronchitis  In some cases the amount bf sputum ean
be very considerably reduced and the breathing made easter by
the inhalation of pemcillin as described above

lnfectlons 01 the Skeletal System Osteomyeliis and coceal
respond well to both
pemeidlin and sulphommxde therapy It is on record that cases of
chronic osteomyelitis of some years duration have been cleared 1n
a relatively short period by pemallin treatment Stenle blood
cultures mny be obtamned following mntravenous supported by

but the nt llary route 15 obviously
recommended for resistant strains  Grace and Bryson (13) treated
7 cases of chronic osteomyehitis wath 1 fajdure  The pemailln was
guen intramuscularly 1 doses of 30 000 umits every three hours
for ten to twenty-one days and simultaneously 4000 to 20000
umits of penicillin per ml were apphed locally 1nto the sinus tract
In open wounds uspxmuon of exudate and local adminmistration of
Ilin and sulph Je powder ) the recovery huby
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and Hepp (14) have emphadised the rish of secondary memingococeal
snfection from osteomyehtis of the facial bones and recommend
1ln rather than sulph des 1n order to reduce the nisk of
remnfection Penseallin treatmcnt of asteomy elitis should be followed
by surgical remosal of infected or necrotic bone  Infections by
1 and staphyl 1 located 1n bone jomnts
and synovial membranes respond well to prolonged pemcilin
treatment  In contrast chrome rheumatoid arthritis even when
assocrated with recognised coceal stramns known to be pemallin
sensitive fails to respond to what must be regarded as masstve doses
of the drug  Boland Headley and Hench (15) who have given
careful attention toclassical casesof arthritis report complete fatlure
Florey and Florey (16) d the dailv appl of
pemcillin 1n the wound following mastoidectomy
Gonorrheea in the Male The efficacy of pemeillin treatment in
h has been bl beyond doubt Esen when
examuned over o period of several weeks patients show no recur
rence of symptoms  Welch et al (17) report the supcnomy of
penicilin X 1n the of heea by single
mjections of 25000 umts but many other worhers suggest that
100 000 umts of pemcillin or even more are essential to ensure a
permanent- cure 1n all cases Most strams of the orgamism are
sensntne to sulphaﬂ.\mzolc treatment but are prone to, develop
F Iy the sulph de resistant
strmns which are d show no p Fre
njections of 20 000 umts every two hours are usually sufficient to
effect acure The difliculty of mamntaming a sufficiently hugh blood
concentration by one injection m out patients who cannot attend
for the five inj hasbeen byR ky and Rittman
(18) who recommend a beeswax peanut o1l muxture as the medium
for injection By this means. they cured 11 out of 12 patients
suffering from gonococeal urethnitis with a single injectton of
penteillin of 40 000 to 66 000 umits Romansky et al (19) obtamned
100/ of cures m 75 cases of gonorrhees m males by a single o1l
wmjection of 175000 umts of pemeilln  Whatever treatment 1s
guen the patient should be re exammed for infection after two
and four months A single dose of 600 000 units of procame penicilin
15 usually effective
Gonorrheea in the Female This responds equally well to
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[lin therapy, symp d g i the of cases
follow mg the admimstration of 100 000 units

Syphilitic Infections In primary and secondary syphxlxs
pemicilin. therapy has proved equally satisfactory  The results
obtained by many workers compare well with thosé using massive
arsenical therapy, without exposing the patient to the toxic effects
and 1drosyncrasies of the latter drugs  Whether pemeilln 1s gtven
ntramuscularly or mtravenously a continuously high concentration
1n the blood must be maintained Mahoney et al (20) 1n an egrly
commutueation showed the disapp of the spirock and
clearing of logical following the ad ton of
25 000 umts every four hours for eight days Moore et al (21) and
Norcross (22) confirm this finding and have reported apparent

t

recovery from primary and dary syphilis g
with much lower quantities of pemcxllm Leafer (23) from his
experience 1n treating 96 cases concluded that early syphilis can
be cured by intramuscular njections of 20 000 umits every three
hours for seven and a half days giving a total of 1 2 million umts
Lourie et al (24) have reported favourably on a method for the
ambulatory treatment of early syphilis Three intramuscular
1njections of 600 000 umts were given at hourly intervals on five
edays The 1in was dissohed in 5 ml water The
treatment of cardio vascular syphilis with pemeillin has proved
unsatisfactory m the hands of Dollart and Schwemlein (25) the
mjechons hay g to be abandoned owing to cardiac pam The
ration of Is and p Iin has been
claimed to have a synergistic effect and to be supermr to straight
forward pemecillin therapy The Commuttee on Medical Research
and the United States Public Health Service (26) reported 1n 1946
on the treatment of early syphilis with pemeaillin  They found that
the percentage failure at the end of eleven months after treatment
varied from 159 when 2 400 000 umits of pemeillin had been given
t0 62% with 600 000 units  Patients treated during the first weeh
of disease did twice as well as those treated after two months or
later Simultancous treatment with arsenie or bismuth nereased
the number of patients cured when total amounts of penteilin were
gien varying between 300000 to 12 milkion umts  Crystalline
pencillin G 15 supenior to amorphous penicillin 1n both experimental
ammals and man  McElhgott (27) recommends for primary and
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early secondary syphilis & course of 8 daily injections of procaine
peniaillin followed by 10 weekly njections of bismuth suspension,
each mjection being equivalent te 02 g of bismuth metal

Gas Gangrene The admimstration of pemectllin to subjects
with wounds infected by orgarusms produeing gas gangrene has been
reported from several sources Mo clear indieation of the effective
ness of peeillm alone 1s possible since the administration hasg
always been P d by of antitoxin local admims
tration of sulphonamdes xmd where necessary by surgieal
uperahon Althou"h Cutler ("8) has reported 4 eases of gas ,angrene
which failed to respond
to njection of P i the of opimon in
this matter 13 that local adnumstration of perucillin 1s at least as
effective as any preceding method and that intravenous adnumis
tration of the drug prior to operation 15 an effective means of
localtsing the area of attack

Tetanus Inuifro Cl tetantissensitive to pcmclllm Altemexer
(29) did not find that Iln had any b fl
the course of established climeal tetanus  Ths 15 to be e"(pected
as pentelllin has no known effect on the tetanus toan

Agranulocytosis  Boland et al (30) bave shown that pemeilin
1s of valie mn tresting agranulocytosis due to various causes as
death generally results from secondary infections rather than from
the suppression of bone marrow function If the mfection can be
checked the bone marrow 1s given a chance to recover The
agranulocytosis mnay be due to such causes as sulphonamides
mapharsen gold salts thiouraed ete

Actinomycosis  Hamulton and harkpatrich (81) successfully
treated 2 cases of cervical actinomycosis with three hourly mitra
muscular mjections of penieillin the dose varyny, from 25 000 to
83000 umts and a total of between 5 and 6 mullton umts bemg
gven  We treated 2 case of actinomydoss of the pleura mn which
the orgamsm was peniedln sensttive 2 taitro with intramuscular
and of p but the disease proved
fatal mn a few weeks

Wounds and Burns  The low towelty of pemeilhn together
with its high bacteriostatic action makes 1t pre emmently sultable
forlocal aiibemound stes wspetall
‘with a sulphonsnude
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Skin Diseases Pemcillin may be used as a crexm or a spray
contaning 500 units of pemiellin per ml It 1s of value m skin
infections caused by staphylococer and streptococer  Impetigo
and svcosis barbz respond well to local treatment but if cases
relapse a course of imtramuscular injechions 1s useful 1 reaching
the deeper parts of the hair follicles Eczema with secondary
infection 1s unproved by pemeillin locally  Vhen the mfection
has cleared up 1t 1s mmportant to treat the underlying eczema
Blephant ds well to 1hn creamy  The spray or cream
should be apphed three or four times dadly The cream must be
smeared on with a stenle spatula or the handle of a spoon which
has been borled Carbuncles cellulitis erysipelas and cavernous
smus thrombosis are best treated by intramuscular injection of
20 000 units every three hours for five days Good results have
followed the use of p {lin cream n pemph but
ntramuscular injections are needed 1n severe cases

Eye Infections S ficial ey e infe caused by p
sensitis e orgamisms can be treated by wnstillation every one to bwo
hours of drops contaimng 500-" 500 units of penrcillin per ml
by the appl of or by ophthalmie

Tabloxds  contaming 250 units  Blephanitis  conjunctivitis
ophthalmia, neonatorum infective keratitis and corneal ulcers
respond well Penuedlin 1s espectally of value m the treatment of

ol 1 ol 1 10 f

11

Y
Throat Infect For strept 1 1 11
lozenges may be suched every hour for § doses or the throat sprayed
two hourly with a solution contaming 1600 umts per ml In
Vincent s infections it 1s usually necessary to give a course of
intramuscular injections

AuREOMY CIN

Aureomyein was discovered in 1948 by Duggar (32) It s
produced from a fungus Streptomyces aureofaciens winch forms &
golden yellow pigment duning its growth  The chemieal formula of
aureomy cin has not y et been determined nor has it been sy nthesised
1ts molecular wesght 15 hnown to be about 500

Pharmacology Aurcomycin s a yellow erystalline substance
which 1s soluble 1n acid or alhaline solutson but 1< sparmgly soluble
i water A 29 aqueous solution of aureomyein hy drochlorude has

P
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apHof45 In the dry state the drug s stable but 1 solution 1t
rapidly loses 1ts activity especially 1n the presence of serum or
blood When given by mouth or per rectum aureomsan ss rapidly =
sbsorbed nto the blood and passes into the cerebro-spinal pen
toneal and pleural flds It 15 found i bile urine and milk and
probably crosses the placental barner (33) Doses of 5-10 mg
per kg body weight of aurcomyein given orally at stx hourly
1nters als maintam measurable blood levels It appears rapidly in
the unne in high concentration and has been detected fifty five
hours after a single dose of 05 ¢

Dosage and Administration Aurcomjemn s supphed n
capsules contaming 2, 50 or 100 mg and in vials for intrasvenouns
use contamntng 100 or 500 mg  For adults give either 25 mg per
kg body weight every twenty four hours i divided doses or
500 mg every six hours This dosage should be maimntained until
there 15 a satisfactory chinieal response snd 1t should be continued
for three to five days afterwards  If there 1s no rmprosement within
forty eight hours of starting treatment with aureomycin the dose
should be increased to 500 mg every three hours and reduced to
500 mg every six hours when the patient becomes afebnle  The
dosage for children 13 80 mg perhg body weight every twenty four
hours 1 divrded doses every six hours

Aureomyemn may be njected mtravenonsly os an emergency
measure mn a severely ill patient but thi: ik
when the patient can take the drug orally as there is a nsk of
thromboplhlebitis at the site of injection For mtravenous use
w00 mg of aureomycin may be injected twice daily This dose 15
dissolved in 50 ml of physiological saline and should be prepared
immediately before use The drug must be njected slowly In
eye mfections sureomy e may be apphed locally asa 0 5 / solution
of aureomycin borate 1-2 drops beng stilled nto each con
Junctival sac every two hours

Toxic Effects Aureomycm 1s relatively non tovic and side
reactions have decreased with the production of purer preparations
It may cause nausea vomuting diarrhoea and flatulence There
15 seldom any indication for discontinuing the drug and the side
effects may be reduced by grving half the six hourly dose every
three hours  As with ¢} henicel  patients g aureo
myemn may develop mucous membrane and dermal lesions of the
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type seen 1n deficiency of the Vstamin B complex  Women may
develop vaginiis and vulnhs which responds well to synthetic
oestrogens by mouth  Soreness of the mouth and tongue and
penanal exudation and fi g (which 1s probably due to dary
wvasion with Candida albicans) can be prevented or mimnised by
grang adequate doses of the B complex (34)

Antiblotic Activity Aureomycin has been shown to nct
bacteriostatically and at higher as o 1
n vilro and i1 vivo agawnst a wide variety of pathogens  In general
1t 1s effectie aganst gram negatie and gram posiive cocer,
gram negatrve and gram positive batill, the ncketiste and some
viruses

0 do not Mly become to
except the Proteus vulgans which has been shown to do so readily

Clinical Applications

Staphylococcal Infections During the past few years staphy
lococer have been encountered which are resistant, or relatively so
to penicilin  Such strams of staphyl are found especially 1n
patients with mfections developing from ward cross infection and
n patients wha have had pemicitin therapy These pemeilin
resistant staphy lococer can cause eprdermes n hospital communities
Pemerllin resistant  staphylococer are susceptible to aureomycin
(85) Some strains of staphylococet have shown an merease 1n
resistance to aurcomyamn (36 37 38) and aurcomyem resistant
staphylococer may be a problem of the future Staphylocoecal
wfections in general whether treated by pemerilin or aureomyein
should be treated by full courses of the anhbmnc mn muumum
dosage  Staphylococeal
pneumonia  osteamyeliis  pyoderma  mashtis und other mus
cellancous infections caused by staphylococer or where staphy
lococer were playing a part in the disease have been shown to
respond rapidly N’Id eﬂ'cctn cly to aureomycin therapy

Strep yein 1s eﬂ'cch\c n infections
caused by §hxemoly ie P Strep p
erysipelas cellulitis scazlet fever 1 docard

and sep respond £y 1y to & A om
18 very valuable 1n treating infections caused b) Str feecalis and
Str vindans
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1 b 1 1nfect

wmvolving
lungs and meninges 1n children and adults respond satisfactonly to
aureomycin 1n standard dosage

Bacterial Pnenmonias  Aureomyein 35 of great value in the
treatment of bactenal pneumnonia Infccnons where the pre

1S 8 p phy us  strepto
coccus H anfl orK 1 (Buct dlander) respond
well Ihs:specmllyvaluablcmumuub, dueto 1l

reststant staphylococet and in muxed varal and bactenial pneumonias
Herrell (39) states that since surcomycin produces goed results in
‘bactenal and non bactenal pneumonia 1t 1s the treatment of choice
for all types of pneumoma  Aureomyein 1s gven in doses of 500 mg
six hourly by mouth There 1s rapid symptomatic improvement
m twelse to forty eight hours and ths 1s followed 1n three to f've
days by radiological resolution

Primary Atypical (Non Bacterlal) Ppeumonia  Several
authors have reported the favourable effect of aureomyem m
prmary stypical pneurnoma {40 41 42 43) The temperature
falls 1n forty-eight hours and there 1s symptomatic improvement
with radiological resolution in 8-7 days The effect of aurcomyein
has been dramatic i cases which were ala.\'mmgly lll wnth high
fever cyanosts d and delnum P Hin and
had not improved these patients

Psittacosis Lxperimental and chinical reports of treatment of
psittacosis have been fnvoumble

and murine typhus serub
typhus Rochy Mountan Valley fever (44 45 46) and Q fever
have all been shown to respond very effectively to aurcomyein (47}
Urinary Tract Infections In the absence of impaiwed renal
function aureomyein 1s excreted in the urine tn high concentration
two to eight hours following oral admmstration It 15 effective m
infections of the urinary tract due to Bact coli Bact aerogenes X
pneumomx  {Bact friedlander1) Str fmeals and Pseudomonas
pyocyanea It has some action against Proteus sulgans but this
organism may become highly resistant during treatment A com
bination of streptomycin and aureomycin 13 valuable in treating
muxed infections 500 mg of sureomyern are mven every six hours
until the infectton 1s controlled and this dose should be continued
for several days to prevent recurrence Acute mfections respond
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type seen 1 deficiency of the Vitamin B complex Women may
develop vagimitis and vulvitis, which responds well to synthetic
gens by mouth S of the mouth and tongue and

penianal exudation and fissuring (which 1s probably due to secondary
vasion with Candide albicans) can be prevented or minimsed by
gving adequate doses of the B complex (81)

Antibi Activity A Y has been shown to nct
bacteriostatically and at higher 10ns 85 & b
1t vitro and wn vio agamst a wide vanety of pathogens  In general
it 15 effecttve agamst gram negative and gram positive cocer
gram negative and gram posttive baeill the nichettsie and some
viruses

Organtsms do not normally become resistant to aureomyein
except the Proteus vulgarns which has been shown to do so readily

Clinical Applications

Staphylococeal Infections  Durning the past few years staphy
lococer have been encountered which are resistant or relatively so
to pemeilin  Such strains of staphyl are found especially in
patients with infections developing from ward cross infection and
n patients who have had pemcilhn therapy These pemalhn
reststant staphy lococer can cause ep d m hospltal e
Pemallm are to mycin
(35) Some strans of staphylacoccx have shown an 1erease n
resistance to aureomyem (86 37 38) and aureomycin re»lstnnt
staphylococc: may be a problem of the future Staphy]ccoccal
wfections m general whether treated by penteidlin or aureomyein
should be treated by full coutses of the antthiotic 1n mnvcxmum
dosage  Staphyl p N ardit:

1 pyod mastitis and other nus
cellaneeus mfectmns cansed by staphylococer or where staphy
lococer were playmng a part m the disease have been shown to
respond rapidly and effectrvely to aurcomyein therapy

Streptococcal Infections A yem s effective m mfection
caused by B hemolytic strept Strep 1 p
erysipelas cellulitts scarletfever 1k docard
and septiceemnia respond satisfactonly to aureomyemn  Aureomyemn
13 very yaluable m treating fections caused by Str fiecahs and
Str vindans




AURLOMYCIN 27

1 Tnfect] P, 1 1nfe

mvolving
]ungs and meninges 1a children and adults respond satisfactorily to
aurcomyam n standard dosage
Bacterial Pneumonias Aureomyein 1s of great value n the
trcntment of bacterial pneumoma  Infections where the pre
15 8| phyl strepto
coccus H mfl orK p (Bact friedland ) respond
well Itisespecally v aluablc 1 treating pneumoma due to pemertin
resistant staphylococer and in rmuxed viral and bactenal pneumonias
Herrell (39] states that swce aureomyein produces good results 1n
Dbacterial and non bacterial pneumonia 1t 15 the treatment of choice
forall types of pneumoma  Aureomyein 1s given 1n doses of 500 mg
s1x hourly by mouth There 1s rapd symptomatie improvement
1 twelse to forty eight hours and ths 1s followed 1 three to fve
days by radiological resolution
Primary Atyplical (Non Bacterial) Pneumonia Several
authors have reported the favourable effect of aureomycin 1
primary atypical pneumoma (40 41 42 43) The temperature
falls 1n forty-eight hours and there 15 symptomatic improvement
with radiologteal resolution 1n 8-7 days  The effect of aurcomyem
has been dramatic m eases which were alarmungly 1 with lagh
fever cyanosis dyspncea and delirurs Pemerllin and sulphadiazine
had not improved these patients
Psittacosis Expenimental and clinical reports of treatment of
psittacosis have been favourable

Erd

and murine typhus serub
typhus Rocky Mountan Valley fever (44 45 46) and Q fever
have all been shown to respond very effectively to aurcomycin (47)
Urinary Tract Infections In the absence of impaired renal
function aureomyern 15 excreted 1n the unne 1n high concentration
two to eyght hours following oral admunistration It 1s effective 1n
1nfections of the urinary tract due to Bact coll Bact aerogenes h
pneumomee (Bact fnedlanden) Str frealis and Pseudomonas
pyocyanea It has some action agamnst Proteus vulgars but this
organism may become highly resistant during treatment A com
bination of streptomyein and aureomyen 1s valusble 1n treating
rxed infect: 500 mg of are given exery six hours
untul the infection 1s controlled and this dose should be continued
for several days to prevent recurrence Acute infechions respond
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well Chrome infections tend to rectir unless mechanienl ohstruction
to the oulflow of urmine and ealeubt 11 dealt wath surgeendly

Anreomny exn has heen shown to be effectste when other antibroties
and unnary antisepties hase faled and at 15 especially valuable
when struns of biactenia have developed resistance to other ants

iotie agents {48 49 50 351)

Brucellosis Miany chnical reports hive indicated the value of
aureomyein in the treatment of brucella wfections  Acute infections
with Br abortus Br anchitenws or Br swis respand promptly to
250 my every three hours for twils e to fourteen davs  If there s
a relapse a farther course may be gusen but 89 / of 110 cases of
ehwome brucelfous trevted by Harms resulted in complete recovery
{52} Debono (53) has drawn attestion to sn mulial nse in tem
perature fasting one to two das s wiich is follossed by a fallin pyressa
and cliead smprovoment Herredl and Barber (01} and Rosenbaum
and Reveno (53) beleve that aureomyein combwed with
dibydrostreptomy 1in s the treatment of chotee m brucella mfections
During the treatment of brucelions with aureorey e where rather
larger doses are needed than for ather infections v itarmm B complex
should be grven Iy mouth as thes reduces the mendence of mucous
wembrane and dawat aide effects whuch may desclop

Salmonelle and Shigelle Infections  Aureomycm has not
been shown to have an unportant piace i the treatraent of these
wmfections  Most reports have been equioesl although rsolated
good reports have ppearcd

Yhooping Cough  Bruiford nd Dy {56) found that aureo
ryan had a bacteriost atic < fect on Hemophilus pertussis and that
daty dacwes of 10-100 mg per 1¢, bodv wer, bt protected e
given mtranasal untillstsons of 2,0 ML D of the organtsm
Chmeal reports (57 58) fas ¢ shown that aureomyemn brings abont
symptomatic mprosement with reduction o frequencey  and

mntensity of paroxysms vomting and cyanosts

Shun Infections  Aurcomyem lias been reported aof value mn
treating herpes sunplex hoapou s vancelhform eruption eczema
vacomatum  dermatiti herputtfortos molfuscum  contagiosum
pempligus and herpes coster  tar omnam i goen v mouth i
weual dosa e and this may he combmed wath aureomy om locally

Liver Disease In a controlled series aurcomyem dd not
appear to have any effect i acute viral hepatibis (94} but some
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authors consider it of value 1n treating chronic hepatic disease
following viral hepatitis and i hepatitic coma from various causes
{60 61) Aureomycn presented the development of cirrhosis 1n
rats which had been fed on a diet (1 ¢ high fat low protemn) which
produces currhosis experimentally (62)

Acute Amabiasis Aurcomycin has been shown to be of value
1n acute mtestinal amaebiasis (63) but more work 15 needed to
assess the place of aureomyan 1n the treatment of ameehiases

Gonorrhea Chen et al (64) reported cure of acute gonortheea
m males and females in 983% of cases 8-8 g was given daly for
three days

Syphilis  Clinieal work on aureomycin 1n syphilis 1s still in the
experimental stage It appears to produce a satisfactory imtial
dechine in serological titre and sterilises surface lesions in about
forty hours (65) Willcox (66) has obtamed gratifymng chncal
results and recommends further trals of aurcomyain in syphihs

Lymphogranuloma Venereum Good results have been ob
tawned in a number of cases of this mfection treated with aureomyein
There 15 retrogression of buboes and marhed clinical improvement
after four days therapy Runyan et al were unable to demonstrate
the virus n the healing buboes after three days treatment (67)

Chancroid Willcox reports aureomyetn to he of value m the
treatment of chancroid (68)

Other Infections Aureomyein has been reported to be of value
m the treatment cf the fol]owmg diseases — Rat ite fever lepto

SpIrosis hy vaginalis ulcerative coliis
mumps nfective lymphocytie
act y pid X 15 dend, Leratitis

conjunctivitis and pentonbis

CHLORAMPHENICOL

Chloromyeetin (as first called) was produced from cultures of
Streptomyces tene uela 1n 1947 by Burkholder and s colleagues at
Yale Unwversity (69) It was subsequently synthesised by Crooks
and his co workers at the Parke Davis Laboratories and the sub
stance 1s now known as Chloramphenicol and 1s the first antibotie
to have been prepared synthetically
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NO,
HO—C—H
H~C—NH-CO-CHCL,
CH,OH
Phar; logy Chl ) 15 & white ervstalline powder

which 1s sparmgly soluble in waler It 15 stable m aqueous solutton
at room temperature for twenty four hours It 1s rapidly absorbed
from the gastro mtestimal tract An oral dose of 8 g of chloram
phenicol produces a maxumum blood level in two hours  after eight
hours this level 1s approximately halved and the drug 15 not detect
able after 24 hours (70)  Chloramphentcol 1s absorbed per rectum
and may be admmstered by this route m nfants or patients who
cannot swallow The eapsule 1s pricked at both ends before being
wtroduced 1nto the rectum

Chloramphenmicol 1s found 1 bile eerebro spnal flmd and bedy
fluds and 1t crosses the placental barrter (71) It 1s principally
excreted in the unne

Dosage Chl 3} ] lied mn capsules each con
tammg 025 g For adults the av emge dose 1s 50 mg per hg of
body weight duly (in divided doses) The intersal between doses
should not exceed erght hours to ensure the mamntenance of effective
therapeuttc levels m the blood When the patient has become
afebrile and there 1s a satisfactory clineal response the dose may be
halved ¢ ¢ 25 mg per kg body werght per day This dose should
be continued for two to seven days after the infection has been
controlled clmuically In mnfants and children 100 mg per hg body
weight should be given at four to six hourly intervals followed by
50 mg per hg body weight for two to seven days

Toxic Effects Chloramphenicol 1s generally well tolerated
The drug has & bitter taste and may cause anorexia nausea vomt
g diarrheea sore tongue and muscle fatigue  Transient ophthal
moplegia has been reported in children  No serious or permanent
tovie effects have occurred and the gastro intestinal upset clears
in a day or two when the drug 1s discontinued In children the
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bitter tastc may be masked by muxing the drug with honey jam
or blackcurrant purée  Chloramphenucol mhubits the growth of the
normalintestinal flora which may be responsible for the bio-synthests
of the B, group of vitamuns therefore 1t 1s advisable to give the
patient a preparation contarung all the B, complex  The normal
bactenalflora of the land v mhibit the growth
uf yeasts so chlldrm sulfenng fmm thrush should not be g“en
4 p be given wath sulpk

T 3 and yein without bl
and 1t 15 effechve aganst orgamsms within its range which have
‘become resistant to other antibiotics

A Activity Chl 118 efecty e agatnst gram
positive and gram megative pathogens the nchettsizr and ecertain
of the larger viruses

Clinical Applications
Typhoid Fever Chloramphenicol has been shown to have a
rapid curative action n thos infection  Vwoodward et al (72) m a
controlled series of patients suffering from typhoid fever showed
the effectiveness of chloramphemcol Defervescence of fever occurs
n two to three days the urine and stool cultures become negative
for § typhi and the titre of the Widal reaction falls within ten to
fourteen days Perforation of the bowel or bleeding from a typhoid
mtesuml ulcer may oceur elthough the infection 1s well controlled
C b should be carefut and prolonged
I stool or urine cultures become posttive for § typht during this
pertod or if there 1s 2 chnieal relapse a further course of chloram
phenicol should be given  The use of chlorampbemcol has been
disappomnting 1n chronic carner states with oy without gall bladder
mvolvement Negative stool cultures are produced temporarly
but relapse ivarably occurs
For an average adult pattent an imtial loading dose of 8-4 g 15
given over a period of one hour  This 1s followed by 8~4 g daily in
divided doses at eight howrly intervals until the patient becomes
afebrile thenl5 g daly exght hourly for fourteen days Bacterio
lomeal or clintcal relapse can be treated by a further course (3 g
dmly at eight hourly itervals for 8-5 days)
Fever P P fever responds to chloram
phemcol (78) n a manner sundar to typhoid fever save that larger
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doses te 100 mg per kg body weght daly 1n aduits are recom
mended  Results with chrome carners has e beent disappotnting

Salmoneiize Infections  "This group of orgamsms s extremely
sensitiy e to chloramphenteol and it has been found effeetss ¢ m gastro
enteritis duc to S oramenburg S nmewport S typle murmm
§ cholerz sws end § san diego m chnldren and adults  50-75 mg
per ki, body weight per day eight bourly for three to five days
produces climeal and bacterniologieal cure

Shigelle Infections Tins group of orgamsms 1s responsible for
bacx)lm-y dysentery  and although results of treatment with

ph Thavebieen uraginy, the morerecently developed
members of the sulphonamde group of drups remain the fisst choxce
Chlormmph an

1anee i the treatment of the I{mkcttsxmcw which mcludc epidermc
and endemic or munine typhus fever serub typhus richettsial pox
Rocky Mountatn spotted fever and € fever

Smadeletal {74) treated cases of epidernie ty phus munme ty phus
and scrub typhus suceessfulh with doses of chlorimphenicol of
50-60 mg per kg body waight followed by 02-03 g two tofowr
houtly for twelve days Q fever has been reported m England
recently {75} and this 15 the only one of the Richettsioses likely to
be found m the British Isles A case of Q ferver in 2 pathologist was
successfully treated by Whittich (76) who gave an imtial dose of
35 of chlormphenzcol folioned by 025 g every three hours for
thirty six hours

Primary Atypical P Thyy e 3t ed
by fever maluse myalm: headache pleunttic pam cough and
aften blood stasned sputum with patchy consohdation in the lungs
has been fully treated by chd X 1 There 1s rapid
symptomatic unprot exuent m one o tno days wuch s followed by
radiologieal resolution  50-"5 mg per hg body weight should be
guen daly 1n dwvided doses at esght hourly mtervels for three to
five days (77 78 79)

Yhooping Cough  Chnteal observations have shown that
chlorampherncol reduces the cough plate count controls the pyrexia
and toxema and conserts an mtrictable and lengthy disease mito
a mild arlment  Gray {80) obsersed that chloramphenicol hnmted
the course of the mfection nrespectav e of the stage at which treat
ment s started  The mitial dose 1s 50~100 mg per by body weight

N



CHLORAMI HFNICOL 3

' followed by mamtenance doses of 0125-0 3 g six howrly for seven
days (81 8” 83)

Brucellosls  Acute brucellosis due to Br abortus Br melitensis
and Br swis respond. well to chloramphentcol in doses of 50-100 mg
per Ay body weight followed by 0 mg per kg body werght six
hourly unti] the fever subsides then0 2> g three howrly for fivedays
Tf there 15 = relapse this course should be repeated  Chronic brucel
losis responds satisfactonly mtially but careful follow up studies
are nrcessaxy befnrc complete cure can be proved (84 85 86)

B Lobar p and
moma due to Str pneumonix K pneumom:c {Bact fncdlanden)
Staph pyogenes haxmolytic streptococer and H mfluenzee respond
to chloramphemicol especially 1n infants and children  The patient
becomes afebnile m forty-eight hours and radiographie findings
usually resolie in a weel  Bronchral obstruction stenle effusion
and empyemata should be treated by the appropnate methods
For adults dosage 15 3 g datly for five to eight days For cluldren
100 mg per kg body weight should be gy en at four to six hourly
wtenvals followed by 20-30 mg per kg body weight for seven
days or more when the fever has subsided {87 88)

Urinary I 1 A high of chl ); )]
13 found 1n the urme after the usual doses by mouth anda hasbeen
found of v alue 1n treating chronic and acute infections of the urinary
tract due to the col aerogenes group of bactena K. pneumonte

(Bact friedlanden) and many other strains of enterococe: and strep
tocoees Proteus vulgans and Pseudomonas infections may not
respond  In mixed infections duc to gram posm\ e cocer and gram

negatrve baeillls \ mav be d mth p

or sulph des R of mfection 15 hkely to
occur unless ‘mechanical obstruction and anatomical defects are dealt
with 1y The doses ded are an imtial daily dose

of .8 g divided mto 2 or 4 doscs followed by 02> g 4 times a
day for five to seven days after the urme has become sterile (89)
Acute b m males and
femalcs 15 satisfactonly treated by 8 g of ehloramphemcol 1mtially
followed by 1 g eight hourly for two to three days
Syphilis  Chloramphenicol has a weak action agunst Treponema
pall:dum w2 tatro but 1t has been found effectin ¢ an treating acute
primary and secondary syphulitic lesions It 1s not yet possible to

k-3
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doses 1¢ 100 mg per hg body weight daly 1n adults arc recom
mended Results with chronic carriers has ¢ been disappomnting
Salmonellx Infections  Thus group of orgamsms 15 extremely
sensitive to chlo~amphenicol and 1t has been found cffectis eingastro
entershis due to S oramenburg S newport S typhi murmm
S cholerr swis aud § san diego mn cluldren and adults  50-75 mg
per kg body weight per day eight hourly for three to five days
produces climeal and bacterrologreal cure ~
Shigelle Infections Ths group of orgamsms s responsible for
bacilary dysentery nd although results of treatment with

! 1 havebeen ent mng the more recently developed
members of the sulphonamide group of drugs remam the first choice
Rick Chlorimp! ! represents an unportant ad

vance m the treatment of the Rickettsioses whieh include epidenne
and endemic or murine typhus fever serub typhus rickettstal pov
Rocky Mountain spotted fever nd @ fever

Smadel ctal (74) treated cases of eprdemic ty phus murme ty phus
and scrub typhus successfully with doses of chloramphentcol of
50-60 mg per hg body weight, followed by 62-08 g two to four
howsly for twelse days  Q feser has beun reported sn England
recently (75) and thus 1s the only one of the Rickettsioses likely to
be found 1n the British Isles A case of Q fever in a pathologst was
successfully treated by Winttich (76) who gave an mtial dose of
85 g ot chloramphenicol followed by 02> g cvery three hours for
thirty six hours

Primary Atypical P; This wnfe haracterned
by fever malaise myalgra headache pleumtic pain cough and
often blood stained sputum with patchy consolidation i the lungs
has been Ny treated by chil h ! There 1s rapid
symptomatic tmprovement i one to tno davs whichs followed by
radiologieal resolation  50-75 mg per kg hody weight should be
goven daly 1 divided doses at exght hourly intersals for three to
five days (77 78 79)

Whooping Cough  Cluucal observations have shown that
chloramphenicol reduces the cough plate count controls the pyrexia
and tovemia and converts an intractable and lengthy disease mto
2 ymld miment  Gray {80) obsersed that chloramphenicol lumited
the course of the infection irrespectiv e of the stage st which treat
ment 1s stacted  The imtial dosc 1s 50-100 my, per hg body weight
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CyHym3N;0;, Tt consists of a basic substance streptidine
(C,H“O‘N.) which 1s ]amcd to a mitrogen contamning disacchande
called Fly- 20N by apl de hnkage

Streptomyen 15 rcadnly soluble 1n water but 1t 1s poorly soluble
i orgamesolvents  Itisstablem the dry state at room temperature
for a year and aqueous solutions heep for two months at a tem
perature of 38° C

Strep 1s poorly sbsorbed from the 1 tract even
in large doses and most of the drug can be recovered from the
feces It can only be used by mouth therefore wn the treatment
of mtestinal infections

The method of choce for on 15 by
satramuscular mjection A dose of 1 g gives a maximum blood
Jevel of 20-50 ug perml falhng to 4~10 g perml and less than
1 pg per ml at twenty four hours When streptomycin 1s given
intramuseularly 1t dufuses into pleural and peritoneal fluds but
poorly nto the cerebro spmal flud except when there 15 inflam
mation of thememnges  Streptomy cm s mainly excreted unchanged
1 the unne most of the dose beng excreted within twenty four
hours

Dosage Streptomyem 15 supphed 1n the dry state mn rubber
capped wials each 1 g of strey d

sulphate or strep caleum chloride complex

The powder 18 dissolved by mnjecting 5 ml of pyrogen free distilled
water mto the vial with a syringe and needle  YWhen the streptomy
cm has completely dissolvedit1s suched up againnto the syringe and
1njected 1nto the upper and outer quadrant of the buttock the upper
third of the lateral aspect of the thigh or into the deltoid musecle
For adult infections (exeluding tuberculosis) 1 g should be mjected
mtramuscularly every six hours This dose should be continued
for three to four days or until there 1s a satisfactorv chnical response
when the dose may be reduced to 05 g six hourly for two to four
davs Inchidren 10-20 mg per pound body weight are guven daily
1n divided doses

Streptomycin may be given intrathecally 1n doses of 20-100 mg
dissolved 1n 5-10 ml of pyrogen free physiologieal sahme It should
be mjected mnto the subarachnod space slowly  For mjection nto
the pleural space 0 5 g may be dissolved 1 10 ml of pyrogen free
distilled water  Streptomycin may be given by nhalation by means
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state that the antibiotic 15 effective n treating syplulis as manv
years are necessary before final cure ean be pronounced (90 91)

Lyrphogranuloma Venereum  Chloramphenicol m doses of
3g eeny eipht heurs hs produccd ehnseal cure

Gr h ! 1 doses ranging
from 2040 g givenovern penod of twche daxs heals large lesions
If Donor an bodies persist for fite to seven days after chiloramphemeol
ssstarted therapy should be continued until healing 13 complete (02)

Chancrold  Willcox reported 2 cases of chancrowd thich
were successfully treated with chloramphenteol  Iuctuant buboes
still required asprration (03)

Surgicat Infections Chloramphenteol ss valuable in treating
infection with gram negatis ¢ orgamsms and where mised mfections
are found 1t may be used n with other antib;

Other Infections Chloramphentcol has been found to be of
value 1w treatmng the followwmg diseases Paittacoms trachoma
ulcerathie cohirs herpes zoster infectne hepatiis acute laryngo
trwheo-bronchitis 1 children mfantile gastro entenitis m whach
& serologreally speeific type of colon bacitlus (Bact coli BCT ) nas
found chicken pos mumps infective mononucleosts and relapsing
fever

STREPTOMYCIN

Tollowing the discovery of pemcithin Waksman a soil mucro
Brologist tested many thousands of sorl fungs for anttbiotic proper
ties He paid especial attention to species which inhibited the growth
of gram negatise He @ 1 a sut called
streptothmem which had considerable antibiotic activity agatnst
gram negative orgamsms but 1t proved too towie for chinical use
Tz was followed by an anncuncement that streptomyem thch
1s denved from a soil act cete Streg griseus p
a bactenostatic action agamst many organisms 11 iro (Dl) Strep
tomyoin has since been proved to be a very valuable antibiotic
chmeally aganst o wide range of bactema wcluding Myeo
tubereulosss

Chemical Comp and Phar 1
18 & water soluble base whose salts with mineral acids gnc approa
mately nentral solutions 1 water  The empmeal formula 15
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combination of para amino salicylie acid with streptomycin in the
treatment of tuberculosis s sard to prey ent or retard the des elopment
of streptomyein resistance

Ciinical Applications

H Influenzze Meningitis  Although this 15 a rare form of
memngitts the prognosis before the use of streptomycm was very
grave Larly diagnoss is imperative and Allibone et al (97) stress
the importance of downg a lumb:u‘ puncturc on children with fever
and any evidence of 1s given by
mtermittent mtramuscular mjection and I.Ius may be combmed
with intrathecal thernpy ‘Treatment should be continued for at
least seven days after the cercbrospmal flud bhas become
sterile

K Pneumoniz Pneumonia Infection with K pneumonue
(Bact friedlander1) may occur in three ways  as an acute primary
wfection as & secondary invader 1 pneumonia which 15 prnimanly

due to some other or as a chronic Gill {98) has
drawn to the imp t 1n prog: which has resulted
from the of these of the lungs by streptomy e
with or without su]phonamldes

P 1s of value 1n treating

bacterial pneumonia when this orgamsm 1s playing a part n the
infection It may be combined with pemailhn therapy with
advantage

Urinary Tract Infections Streptomycin 1s excreted in the
urine when given by intramuscular njection It 1s more active ;.
an alkaline unite so that alkalinisation of the urnne by giving pot
atrateorsod eitrate gr 15 four hourly 1sadvisable Streptomycin
15 of value 1n treating acute and chrome urnnary infections due to
Bact coli Staph pyogenes Str feeahs or h pneumomz (Bact
friedlander:) It 15 often of value in treating infections with
Proteus vulgans and P T but these
may rapidly become streptomycin resistant  The dose 1s 1-3 g at
six hourly intervals for five to seven days or longer if the organism
1s still sensitive (39 100 101)

Septicemia  Streptomyein 1s of value m treating septiczemic
conditions due to gram negative baclh  Daly mtramuscular 1n
Jections of 2 g of streptomycin for twelve days are recommended
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of a swtable nebuliser 05 g beng dsssolied m 10 ml of stenle
physiological salme and I ml 1s inhaled every two hours  Strepto
myemn (001 g m 1 ml of sternle physiological saline) may be used
as eye drops  Hourly 1nstillations should be used

Toxicity Toxic reactions to streptomycin appear most fre
quently when 1t 15 used for long periods as 1n the treatment of
tuberculous nfections As the commercial preparations haie
become purer tovie reactions has e become less frequent  The most
mmportant tove effect of streptomyein 15 1ts effect on the vestibular

pp which 1s fest by gidd. and may be

by nystagmus This effect oceurs usually between the thmi and
seventh weeks of treatment but 1t seldom persists for long after the
drug 1s discontinued except in older patients when 1t may last for
months or even indefimtely Bignall et al (95) reported that some
success was achieved by grng antthistamines in preventing the
vestibular toxic effects but thewr results were not conclusive  Other
toxic effects which may oceur are shin rashes nausea vomiting
drug fever albuminuna and paraesthesize  Antihistamunes ave of
value m treating skin rashes and possibly 1n pres enting nausea and
vomiting  Skin sensttisation may develop through repeated local
contact This can be avaided by appropriate precautions such as
the wearing of rubber gloves by the nurse

Dihyds yein 1s produced from streptomy ein by reduction
of the streptose aldehy de group to an alcohol group by means of
hydrogen 1 the presence of platinum as 4 catalyst (96) Dihydro
sheptpmycm 1s said to have less effect on vestibular function than

1y and to be therapeutically as effective The dose 15

the ssme as for streptomyom

Antibiotic Activity  Streptomyemn 15 active against gram
negative bacilli and gram negative coccl and to a lesser extent
against gram posittve cocel It 1s often effectrv e aganst pemierllin
resistant orgamsms

Bacterial Resistance Bacterta acquire a lugh degree of rests
tance to streptomycin sometimes very quickly To achieve rapid
control of the infection 1t 1s advantageous to know the actual
degree of sensitivity of the causative orgamsm and to select the
dosage accordingly The dosage should be sufficient to attain a
concentration of streptomyemn 1n the tissues at least four tunes as
great as that needed to mhihit thewr growth wn wmtre The

.
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mouth 1 capsules  Tor adult infections 4 g are gien daily and
the interval between the dose should not exceed six hours for
although the drug remains detectable m the blood for as long as
twenty four hours after a single dose 1ts concentration begins to
fall off after six Lours  Bactenal resistance to terramycin has been
reported tn wiiro

Toxic Effects The drug may cause gastro-ntestinal upset
nausea and lodse stools being predommant  In view of its powerful
action upon the intestinal flora of the gut changes in the mucous
membranes of the mouth as seen with aureomyein and ehloram
phemcol may be expected but Linsell and Fletcher did not observe
any m therr series (110)

Clinical Usage Chmeally yemn has been used lly
n pneumoma septicermia  urinarv traet infections ameebasis
brucellosis pertussis Ttickettsioses prnimary atypreal pneumoma
and post-operative s¢psis (111)

The following table gives an indication of the best antibioties to
be used 10 vanious diseases and 1 infections with different types
of organisms 1 = first choice 11 = second choe 111 = third
choice

Tt should be emphnsised that to get the best results the orgamsms
responsible for the infection should be solated grown pure
culture and the sensitivaty of the particular orgamsm to the vanous
antibioties estimated  The antibiotic to which the orgamsm 1s
most sensitive should then be grven in full dosage at the mtervals
recommended Therapeutic fulure may be due to the orgamsm
becomng resistant or the presence of a  feeding focus  of infection
which 1s not being reached by the antibiotic  Such  feeding foa
€ g collections of pus dead tis ue or mechanical obstruction to the
normal outflow of the body secretion should be treated surgically

ol ‘ t
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Streptomyemn finds 4 place i treating sub acute bacteral endo
cavdtas due to § 1 T must be
mtensise and pro!ongcd and a constant chech must he kept on the
sensiivity of the causative organism to streptomyein {102 103)

Tolaremia T disease responds well to streptomyan 18
doses of 2 g daly  Treatment 15 seldom needed for longer than a
week (103}

Plague Streptomycin has been reported of yalue in treating
plague  In viro streptomyer 1o & concentration of 05-25 ug
per mi miubits the growth of Past pestss (105 106)

Local Sepsis  Streptomyain mov be vsed m Joeal sepsis due to
organisms withim s range snd against such orgamsms if they are
peniesilin resistant It 15 used as a powder for insufllstion or as
an omtment

Infantile Gastro Enteritis  Streptomycmisof valuein treating
gastro ententis manfants  The drug1s given by mouth before each
feed A totaldose of 2 g over sesen days 1s recommended (107}

Gonorrheea  Streptamyetn mav be used with edrantage wm
the treatment of gonorrheea A single dose of 05 g ma) cure the
disease 1 the acnte stage ond 1t does not mash an aceompanyng
sypluhitic mfection

Chaneroid  Hirsch and Taggare report streptomycm %o be of
value in chancroid (108)

TERRAMYCTN

Terramyein was first reported m Awernica by Finlay et al 1
1950 (109} It 1s derssed from a sml actinomveete Streplomyees
simosus  Te i1s a pure amphatene pound which 15
yellow m eolour and has a bitter taste Xt 1 spanngly soluble
water but it 1s reachly soluble mn solutions of strong acids or alkabs
when & salt 15 formed  Lhe aaigd solution 1s stable up to thusty days
ato C

Antibiotic Activity Terramyom 1s i general hughly astive
aganst gram posittve and gram negative cocat and gram negative
bocilli  Proteus vulgans ss hughly resistant but many stramns of
Peudonanas pyocjanea are seasttine It has boen reported as
bemng effective sgamst brueella and nchettniw and 1ts effect on
viruses s sinular to that of aureomyetn

Dosage and Admisistration  fhe drug is usuelly grven by
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Penjelln | Strepto- Aur o Chl ram | Sulphon
Type of Inf ¢t n or Dis asa [ mycin myein phenleol mide
4 Pneumococcal infections 1 1 n
5 Memingococeal infections 1 1
6 Gonococeal infections 1 1 11 1 n
7 Staphylococeal infections 1 1
8 Brucellosts m4| 1 1
sulpha
diazine
9 Whooping cough 1 1
10 Tularemma 1n 1 1
11 Typhoud fever 1
12 H mfluenza infections 14 1 1
sulpha
| dnzne
13 Urmary tract infection
(1) Bact col m 11 1 1 1
(11) Bact aerogenes 1L 1 1
(ui) Proteus vulgans 11 1
(1v) Pseudomonas pyocyanea 1 1 1
v) Str fxcalis n o 1
14 Tuberculosis I 14
} PAS
15 Chancroid 11 1 ‘ 1
18 pneumoniz. (Bacf |
fnedlanden) nfketons 1 1|1
17 Salmonell® infections | | ! } 1
18 Bacllary dysentery ! 1
}
19 Plague | |
20 Sub acute bactemal en ' I
docarditis |
® o hemolyte  strepto- ‘ | -
1
() str {‘ecnhs ’ n 2
v} Stay
}‘w} Gmgn);xegatne baellt “ T 1 1
21 Trachoma I EE
| | N
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CHAPTER 1II
‘THE ANTIHISTAMINES

In 1910-11 Dale and Lawdlaw (1) demonstrated that the injection
of b nto i d sympt lar to th
1n anaphylaxis  Tn 1927 Lewas desmbed the effects of intradermal
lstamine on the human shin and its blood vessels showing that a

tnple response  consising of capillary dilatation arteriolar

and d eapillary p bility occurred similar fo

that resultng from minor traumatic damage  In1932 Dragstedt and
Gebauer Fuelnegg (2) detected the release of histamune into the
crculationof an animal during an anaphylactic reaction  thereafter
) hasbeen identified asthe gually postu
lated by Lewis as responsible for the
symptom complex Vhen a speafic antigen combines Wlth an
antibody hinked to fixed tissue cells preformed histamine 1s released
from the cells and can be attached to adjacent cells or be carried
throughout the body  The damage thus caused gives nse to
the allergic symptoms 1n man or to the anaphylactic reaction n
expenimental ammals Most but not all of the symptoms of
allergy can be ntmbutcd to histaminerelease  for example heparin
not P for the d clotting tume of the
blood mn the anaphylucue state

Propertles of Histamine Histamine

HC=—C CH, CH, NH,
H N
et

has been synthesised and 1s 2 white water soluble strongly basie
compound Its formation in the body may be by decarboxylation
of lustidine  Whennjected 1t has powerful effects on many systems
of the body generally due to actions on smooth musele The dore
important are as follows — Shan  YWhen mjected locally mto the
skin marked capillary dilatation and an merease n capillary perme

ahility occur leading to cedema  Histanune release also causes
itching and cutaneous pan  Cardiotascular system If there 1s

pread due to
Ty

g
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CHAPTER TII !
‘THE ANTIHISTAMINES
In1910-11 Dn]e and L'udlaw (1) demonstmtcd that the injection

ofh to th
m annphyluls In 1927 Lewis descnbed the effects of mlmdermal
histamine on the human skin and 1ts blood vessels showing that a
tnp]e response  consisting of capillary ddatation arterolar
i} and d capillary bility occurred similar to
that resulting from minor traumatic damage In1932 Dragstedt and
Gebhauer Fuelnegg (2) detected the release of lustamune mto the
cu-culanonof an amimal duning an anaphylactic reaction  thereafter
has beenidentified asthe H sub ongmallypostu
lated by Lewis as resy for the ch 1 anaph
symptom complex  Yhen a specific antigen combines wnth an
antbody linked to fixed tissue cells preformed histamune 1s released
from the cells and can be attached to adjacent cells or be carned
throughout the body  The damage thus caused ginves rse to
the sllergic symptoms in man or to the anaphylactic reaction n
experimental ammals Most but not all of the symptoms of
allergy can be nttnbutcd to lustamme release  for example heparin
not k le for the d clotting time of the
blood in the aruaphylachc state

Properties of Histamine Histamine
nc=c CH, CH, NB,

“’\c
H
has been synthesised and 15 a white water soluble strongly basic
compound Its formation 1n the body may be by decarboxylation
of histidine  Whennjected 1t has powerful effects on many systems
of the body generally due to actions on smooth muscle The rfore
mportant are as follows ~— Skin When 1njected locally mto the
skin marked capillary dilatation and an 1ncrease m capillary, perme
abiity occur leading to cedema  Histamune release also causes
itching and cutaneous pain  Cardiotaseular system If there 1s
despread dul due to
“©
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then a secondary fall of blood pressure tachycardia and increase
1n cardiac output will result  Gastro wnfestinal tract Histamine1s a
powerful stimulant of the gastric and other secretory glands and
has some stimulatory action on the mtestinal musculature  Re
smratory system Histamne has o local action on the hronchioles
causing constriction by stimulation of smooth muscle and 1t also
causes sn outpourmng of mucus  In man such bronchoe constriction
does not oceur w normals but only 1 asthmaties (3)

To oppose the effects of an allergic response the following methods
nught theoretically be adopted —

1 Prevent the origmal antigen antibody reachion 2 Prevent
release of histamine from the antigen antibody reaction {antigen
desensitisation) 8 Prevent the formation of histamme (by
mhibtting” histidine decarboxylase eg by the use of rutin)
4 Destroy histatmne when released (by using a2 histammase™)

5 D the tissues toh {by d mjection of small
doses of istamime) ¢ Use drugs which have actions opposed to
thatofh ¢ g adrenaline which relaxest hwolar smooth

muscle) 7 Peripherally block the actions of histamine by compet:
tive actron at the cell receptors by usmg drugs winch have ro
direct antagonistic effects It 1s with this last class of ‘ant
hustamunes  that we are turther concerned

Chemistry of the Antihistamines
In 1933 Bovet and lus co workers at the Pasteur Institute were
studymng the spasmolytic eflects of o number of compounds cluding
929 F, of which the ant1 anaphy lactic properties were first deseribed
11937 (4) 1nthe same year the ant1 adrenalme compound 933 ¥
peridino methy! 2 b d ) was also found to be a histamne
antagomist (5) Since that date an enormous number of anti
) pounds have been f: d and used for climeal
or experimental purposes compounds varying m potency and
toxicarty but m general having the same range of action  Many of
the antilustamines are dertvatiyes of ethylenediamine

h‘\ /U

N—CHpeCHz~N
Dinaaia

Ethylenedsamine
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K@D UN /<My
N-CHCHmN
CH,

Antergan

N-CHy CHy N<
/ )
AntlLan

(neoantergan)
mepyramine

K, 4
N=CHCH,— N,
< x/ CH,
N
Pymbenzamuine
tripelennamine

Q CH,
N-CHCH{CH)-N]

N\,
b o

Phenergan
promethamine

used compounds are as follows —

Whist the structures of some other of the important or commonly

cHy

CH
25
O—CHzCHN]
CHCHY, it
929 T

* G C approved mame
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AHy
CH-0-CHyCHy-N|

O
o

Benadry |
depl enhydramne *

CH, ™
O o

N~CH~C
v “NH CH,

Antistm
anta.oline

CH N

Lhephorin
pheandamine *

* GV approved name

Pharmacological Actions of the Antihistamines

‘These drugs are readaly absorbed from the gut and reach a peak
Blood level m a few hours (depending on the compound)
degradatton occurs marnly 1n the kver and excretion i the urme

Primary Actions  This senes of drugs antagonises n man sil
the effeets of b except the stunul of hydrochlone aaid

m the h A ) The ant will
both prevent and dmmnish the effects of anaphylactic shock in
smmals Friedlenderet al (6) discuss the refativ e actions of dufferent
antilustammines They  are without effect however on the
phenomenon of the Arthus reaction as the 13 not due to histamune
relense unless given in sery large doses (¥)  SAm Vessels  Fhe
antthistarmnes sbolsh the  flare wheal response which results
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from damsage to eapillanies by listamume {dilatation—cxudation)
switable control of this effect has been used for the bioassay of
antihistarnines . man (8) The effect of an antihistarmine
{promethazine) m mhibiting ereases of capl“m‘) pcrmcnb\hty
due to drugs other than h e d ) has
alsobeendeseribed {9)  Aswellasthe antn awddator cﬂ'cct, the
drugs also have a primary vasoconstrictor action by these means
they mlubtt the hyy eflfects of | m hetised
ammals  Gastro 1 Tract The 1 fTectively
mhibit the spasmogenic effeets of histarmine on ntestinal smooth
muscle but are not g 1y lly antt dic  Tius
action on guinea g |leum (‘an be u<ed for biological assay of
antihistamines (10)  Lungs The antilustamunes mhibit histamine
induced bronchospasm and mucosal edema

Actions not due to Histarmine antagonism  Nervous System
Peripherally the antihistamines evert a local anzsthetic action
Centrally m man the vast majonty of anthstammnes have a
depressant effect (Thephorin 1s a notable exception) In ammals
stimulation 15 the general result of moderate overdosage Mascel
laneous Effects Certain antihistamines have been reported to have
an ant hyaluromdase action (I1)  Amongst other properties
described are varying degrees of anti acetylcholine sympathomi
metic or sympatholytic activity

Therapeutic use of the Antihistamines

The antilustamines like all other new drugs have been tried for
the treatment of most diseases known to medical science In the
following section only the more important therapeutic uses wall be
descnibed

‘The General Allergic Response Dunng therapeutic desenst
tisation with allergens the antihistamines have been found useful in
the control of local and generalised reactions such treatment
should however only be used for patients 1n whom reacttons
frequently oceur If severe allergic reactions  serum sichness )
due to abnormal sensitnity occur durimg treatment with normally
non allerme drugs such as msulin liver extract or peniailhin then
the use of the anfilistamines 15 adviscd  They usually give con
siderable relief to the affected shin and mucous membranes
although the jomnt symptoms and pyreua generally respond badly

. —
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Allergie Affections of the Respiratory Tract Hay fever and
recurrent \ssemotor rhwmtis are the disorders most comruonly
trented with antthistammes  Theresponse though purely palhatne
15 generally good though long standing vasomator yhumtis may not
mmprove so satisfactorile  The patient s distress 15 relieved the
sneezing and the itching of eyes and nose respond well but the
mtranasal ;edemmay require treatment wath cphednne or simtar
vasoconstrietar drugs

Although allergic cough also responds well asthma—whether
occurrng wdependently or in association with hay fever—is little
affected by the antihustamunes execptpossibly by ther sedatiy e effect

Many exaggersted elums hase been made for the efficacy of the
antthistamunes n the prevention and trestment of the common cold
wse of these drugs vas ongmalhy based on the theory that allergy
plays a role m the ohiology of coryza  In the last fen jears how
ever many catefully controlled climeal trials has e been performed
mn which the efficacy of the antihistamines has been batanced aganst
that of placebos and present opinion 15 that the autrinstanunes are
valueless 1n preventing or altermg the duration of au attack of
corvza {12 13) In large doses they may grve some symptomatic
rebief  The carher fallacious reports omitted to consuder two
wmportant factors  the differcatsation of corvza from allerme
thimtis and the value of any drug (albeit a placebo) m grvmg
subjectiv e 5y mptomatie relsef

Affections of the Skin  The true charactensuc allergic disorders
of the shin urhicans angoneurotic adema and dermographa
respond well to antthistanmunes  Jiching is the symptom best
reheved cedema in the skin responds moderately well (though the
assocated sexurn sickness edema o eg the larynx should be
treated by ephedrine) The dru,s are more effective 1 prevention
and treatment of the acute condition than mn treatment of chrome
umcarm Other allergm skin diseascs respond varably  Atopu

fitis Yesy h as the antihst reduce 1tehing
and have a sedative action  thus the patient scratches less and
the lesions moy wmprove on therr own  When used for tresting
contact dermatitis agun the stelung 1s greatly reliesed  but cure
of the condition depends on removal of the sensitising egeat

Aflections of the Central Nervous System The antihusta
mnes has ¢ been found to possess a dep t actionon the ting
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centre 8nd to be useful 1n the treatment of nausea and vomuting
due to a vanety of P emn therapy p

motion sichness  Much publieits has been guen to the successful
use of Dramamme (a denvative of benadryl) in 100 mg doses
1n the prevention and treatment of sea and arr sichness {14) The
final status of the antiistwrmnes as compared with hyoseme
demtatines mn the presention of motion sickness 1s not jet
established  Antihistarmnes have been used with moderate success
1n the treatment of Parkinson s disease (15) A benefical palhative
reduction 1n ngidity and muscular cramp 1s reported with Lttle
actiog however on the tremor and akinesia

Differential Action Dosage and Administration of
the Antihistamines

The principal actions of the different antihistamines are the same
For practical purposes the drugs may be dinided into three
groups —

{a) Less potent no sedative achon ¢g antistn (thephorm)
(b) Potent moderately sedatine eg antlusan pynbenzamune
(¢) Very potent highlv sedatrie ¢ g benadryl phenergan

Tmportant exceptions to the general properties are that thephorin
has a stmulant not a sedative action and that phenergan 1s
long acting and has a maxunum action at four to twenty hours after
oral admunistration as against the maximum action at one to four
hours of the vast majonty of the antihistarmines

It 1s impossible for the chnician to remember the actions and
properties of the nnumerable antihistammes at present on the
market and he 15 advised to become familiar with one member of
each group to be used as the chmeal condition warrants
remembenng that individual patients may vary greatly 1n therr
Tesponses

The drugs are generally given orally 1t eapsular form or as tablets
or pills (which should be swalloned whole) ~parenteral mjection 15
rarely needed Other methods of admmstration oceasionally used
and recommended for particular cases are as an omntment (eg
2/ pynbenzamime) for atopic dermatitis or as nasal drops or
aerosol spray (¢g 05/ pynbenzamme) for hay fever The usual
sigle dose of compounds 10 groups (a) and (5) 15 100-200 mg (here
thephonin 1s an exception  because of its stmulant action the
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maximum dose advised 1s 50 mg ) the usual smgle dose of the
more potent compounds of group {¢} 15 10-50 mg  When using an
anblustarnine for the first tume the practitioner 1s strongly advised
to consult the leaflet iwsued by the menufacturers before
admunistening the drug to the patient

The choice of drug to e used 1 a partientar case depends to a
large extent on the mdnydual preferences of the physielan and
should depend on the degree of sedation required and on the
sndivadual response of the patient  Lhe size and frequency of the
duose should depend on the severity of the svmptoms the sensittity
of the patient wnd also on the patient s size and age—to wmfants
give 1/20-1/4 of the adult dose (depending on the weght} to
children aged 2-5 give 1/3 of the adult dose to children aged 5-12
give 1/2 of the adult dose  Potable Ehvirs  are avadable

Some examples of suitable dos ige may be suggested —

ild hay feser 100 mg of anbistin twice duly  Serum stekness
100 mg of pymibenzamme four times dufy  Urticar withtehing
20 mg of phenergan evcry mght  Parhmsomsm 50 mg of
benadrvi four times duly

Turther reference to doses which haye been erployed m various
diseases may be found in the res ews oited at the end of ths chapter
It must not be torgotten that the antihust wnes exert a pathatine
effect only  they do not sffect the ol lesian which 1s causing
the relese of histanune

Tovic Effects of the Antihistaramnes
Despite the s of the manufacturcrs the perfect antiustamine
has neser beon produced and probaibly neser wail be—that1s a drug
which corabines the meuamum action m opposition 1o lustanune
with the mmmum of sule eflects  In general the more potent the
drug, the lugher iy tovety  Tonie wide eifects so severe that
sdministration of the antihustamine must be stopped oceur m
about &, of caves
The principle side effect of the antiustamines 1s sedation  As
piready deseribed this sedtion mw be of value therapeutieally
but i the ma)ont} of cwes 1 the ambulwt prtient at best an
pleasant ts produced and at worst there 15 & snarked
degrec of dimnished slermrsa drowsiness and detachment from
the surroundmn,s  With average therapeutic doses o5 A—-GO/ of
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patients show some symptoms of sedation Benadry! 1s the most
sedatrse of the commion antilustamunes and to asvoid ats soporific
effect 5 mg of amphetamme may be given with the benadryl each
morning

Conversely exeitation convulstons and delirum may oceur after
very large doses of an antihistamime but need not be feared with
the normal therapeutic doses Symptoms due to action on the
gastro-intestinal tract are not uncommon epigastric distress
nauses or mld colic may oceur espeetally 1n patients who already
have some orgamic gastro-intestnal disorder Other side actions
are dryness of the mouth or palpitation and tachycardin  very
occasionallv shin rashes (oceurring with systenie (16) or loeal (17)
edmimstration) and rare cases of agranulocytoss have been
reported (18)

Deaths may occur from aceidental overdosage  this has occurred
especaally in children and fatakties bave been reported (19) of
mfants or children whoate 500 to 1 500 mg of various antihistamine
tablets (presumably thinkung that they were sweets (20)) and who
died 1n conyulsions within the hour Deaths may occur indirectly
usually m adults from motor car or sumilar acerdents wiich result
from the common side effects of drowsiness causing loss of alertness

$o1t can be scen that the antihistamines are a valuable addition
to the therapeutic armamentarium but in a hrmited field  and that
their dosage and distribution need to be carefully controlled More
detailed reference to the properties and uses of the antihistamines
than has been possible m this brief survey may be found 1n the
reviews of Loew (21) pharmacology Huttrer (22) chermstry
Hunter and Dunlop (23) generalsurvey Lovelass and Dworth (24)
allergy and Femberg et al (25) general survey
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CHAPTER 1V
THE USE OF ISOTOPES IN MEDICINE

Avtnoucn radioactive 150topes were used m biologieal 1nvest
gations by Hevesy (1) Hamulton (2) and Hertz (3) and in therapy
by Lawrence (4) before 1840 their extensive use 1n medicine and
related subjects commenced 1n 1845 Since that time certain
nuclesr reactors has e become lable for the cheap prod of
radioactive 1sotopes and sumple mass spectrometers have been
developed for the measurement of stable 1sotopes  Their use m
fundamental metabolie studies 15 now established but ther
therapeutic app has proved disapp At the present
ttme only 1 one discase polyeythemua vera 1s therapy with a
radicactive 150tope the treatment of choee

TIsotopes of the same clement have the same atomic extra nuclear
structure and therefore possess stmlar chenucal properties  Therr
nuclear structure and atorme weights differ however and they can
be distinguished by physical methods ¢g their atomuic weights
can be compared. by means of a mass spectrometer  If the nuclear
structure 1s unstable the 150tope 1s radioactive and 2 certamn pro-
portion of the atoms disintegrate per second emutting particles and
rachations which can be detected by such instruments as the Geiger
counter or less tively by usmg ph ph it The
radhoactive 1sotopes can be detected with greater sensitivity than
the stable vanety and hence can be used at greater dilution
biological experiments  They can also be detected s sty 1n the
human body and these two advantages have led to ther more
extensive use m medical research than the stable isotopes
However for two important biochemiczl elements, wmtrogen and
oxygen the only suitable 1s0topes are stable
wAn1mp umt for the of t of radi
15 the cune which represents 3 ~00 x 101 atoms dxsmttgmtm’g
per second  Smaller umits which are usually encountered in tracer
work are the mli and miero-cune which are 1/1000 and
1/1 000 000 of & cune respectively The activity of any particular
radioacttve 1sotope decays with time and a measure of ths rate of
decay 15 its half hife which 1s the constant time imtervel dunng
which the amount of radioactmity halves m talue This may
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Tange from fractions of g _second to millions of vewrs for different
ssotapes 1P the half kb ton <hort then the wotope may be
unsurtable for most wvesh,ations eg the oxygen isotope of
atomie weight 15 which has a half hfe of one hundred rnd twenty
six seconds

Most naturally occurrmg doments con st of a mixture of stable
iotopes eg orygen conusts of 99707, OF 09899 O and
02049 0% Tgbeling n group of atoms by means of stable
wotopes therefore mnohves the preparation of matental which
contains an abnormal proportiun of wotopes e g 2 4 0% 98 % 01
This abnormal ratio or the degree of ddution of thus ratio by the
ox1,.en nommalhy present 1 the organem or system 15 detected by
the mass speetromcter e use of radioretne wotopes 15 sumpler
i ponesple as only one commonly orourrinyg, element potassium
contuns an sotope which 16 radioactne  Thus it 15 possible to
mitroduce 1 group of radioactise atoms all of which are Iabelled
into o system which previoush contamed no such atoms In
practice  the group of mtroduced ntoms 15 not always  carrer
free  but conswmts of 2 nxture of rachoactne and normally
oceurning atoms of an element

Usr or Isorores v MerasoLic Stupmes

The techmque of an jcotope experiment conwsts i the mira-
duetion of Mbellcd atoms which ma or may not be ineorporated
wte moleculcs ts the system wmdor imestition Although the
system n1is contam the same clement or 1ompound as the wmito
duced matrid the Jabclled domn are dstin uishable beeouse of
therr phyactd properties wnd the movement of these partienlar
itoms can be tollowed  Thus the dynamic properties of g system
may be rciealed althou, b the rie mical vtate remmns meguilsbrium

It 35 not proposed to review mn detad here the application of
tracers to fundmental metabolic iy esty, thons  The development
of the techmique his reached such o stae that it 1s now best
considered w 1ts trie place 1> ar ms wluable md umgue method to
be used and conudered 1 comunction with other methods for the
mestigation of wny prtwculw prottem A hibshography of general
reference sources for the more reccnt swork 3o presented at the end
of this chapter  Howeier st mas be ¢f 3 1hue to state some general
considerations which are sstal to such appheations —

e L e
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(a) The chemical properties of the labelled atoms must be
distinguishable from those occurnng naturally  That this as
approumately the case 15 shown by determinations of the nafural
Tatio of 1sotopes n varous body compartments  Lasmtzh: and
Brewer () have miestigated the ratio of K4k in biological
tissue and found 1t to be constant except for bone marron and
blood plasma where the ratio 15 about 3% ugher than i other
tissue The chemucal properties of the isotopes of hydrogen
however cannot be regarded as identical The atoms of the
1sotopes H3 (tritwm} and H? (¢ uterum) have twice and three
times the mass of the most abundant naturally oecurning atom I
This prod in therr ch 1 behaviour which
particularly affect certain enzyme reactions (6)

(b) The radiation from the radioactre atoms must not disturb
the normal bol Tonsing rad, mav of course
even be lethal to hving orgamisms  Thus 1t 15 advisable to use as
small a dose of radioactinity as possible but in general it 1s not
considered that tracer doses cause any short term physiological
effect (7)

{¢) If molecules are to be labelled by the mcorporation of tracer

atoms then the il of such molecules 1n a
chemical process precludes any exchange of the tracer atoms with
the correspond: of other molecul That this s

generally true has been shown by many worhers (8 8 10)
Howeser it has becn shown that hyvdrogen atoms bound to oxygen
and mitrogen are easily exchangeable with those of water (11) The
possibilities of such exchange mechanisms can be explored by mult:
labelling of & molecule Thus more than one atom of & molecule
may be labelled 1 vanous positions by different 1sotopes and the
proportion of the sotopes measured by utiising their disstlar
physical properties e g by using stable H and radwactive H3

{d) If all the atoms of a labelled element are radioactive then it s
generally necessary to introduce only about 1032 g of the element
1n a tracer expeniment  Howeser 1t1s possible that greater amounts
of the element may be necessary because of dilution of the radio
active atoms with inert atoms of the same element 1n the physieal
production process  In the case of compounds the posthion 1s less
satisfactory because the chemucal synthesis will agamn lower the
speafic activity (ratio of radicactive to mert atoms) Tracer
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tange from frictions of g second to muilhons of vears for diferent
sotopes 1 the half kfe 1 tou short then the ssotope m7v be
unsmtable for most amestigations cg the oxygen isotope of
atomse weight 15 which hus o half hfe of one hundred and twenty
st seconds

Most, naturally cecurring elements consist of « mavture of stable
sotopes €g oxypen consists of 99707 4 O 0033% O and
0204 / O™ Fabellng 2 group of atoms by means of stable
ssotopes  therefore insolies the preparation of matenal which
contams an abnormal proportion of wotopes ¢ g 2% 012 98904
This abnormal ratso or the degrev of dilutton of thus ratio by the
oxvgen normalhy present an the organism or svstem s detected by
tht mass spectrometer e use of radioackive ssotopes 15 sunpler
i principle 15 only one commonly occurting element potassiem
contams wn wsotope which s radwactne  fhus 3t 3s possible to
mitroduce 1 group of 1adoactive atoms all of wluch are Itbelled
wmta o system viuch previomsh eontamed no such ators  In
practice the group of troduced atoms 1s not always  camer
free  but consnts of 2 muxture Hf radioactne and normally
oeeurring atoms of an element

Use or Isorsres v ETasouic STUDIES

The vechmgue of an 1atope expenment conasts 1 the intro-
ducton of Hhibddicd atoms which iy ¢ may not be meorporated
nto moleonles mto the vyatem under imvestyation Although the
svstem rey contn the sime dament or campound as the mtro
duced matenal the Ibalad atoms are & tinguishable beeause of
thewr phasieal proposties and the movement of these parteular
atoms can be fotlowed  Thus the dynamie properties of a system
may be revealed althoss b the chomie il state remawms m equiibrnum

It 15 not proposed fo revien m detw] here the appheation of
tracers to fundamental metabolic Wi esty ations  The dey elopment
of the techmque has reached such 4 sta_e that 1t 15 now best
considered 1 1ts true place as an wy uable and umgque method to
be used and conssdered in conjunction with other methods for the
mvestigation of any partieular prol tem % hibhiography of general
yeference sources for the more rcccut work i presented at the end
of this chapter  However st may b e valuc to state some general
cousiderations whach are vital to such appheations —
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(a) The chemical properties of the Iabelled atoms must be in
distinguishable from those occurnng naturalh  That this s
approumately the ¢ase ts shown by determinations of the natural
Tatio of 1sotopes n various body compartments Lasmtzk and
Brener (o) have mvestigated the ratio of h*/h i biolopeal
tissue and found 1t to be constant, except for bone marrow and
blood plasma where the ratio 15 about 3% hgher than in other
tissue  The chemical properties of the 1sotopes of hvdrogen
however cannot be regarded as wdentical The atoms of the
1sotopes 13 (tntwm) and H? (¢ utertum) have twice and three
times the mass of the most abundant naturally occurning atom Ht
Tlis prod: i their ch 1 behaviour which
partrcularly affect certain enzyme reactions (6)

(b) The rachation from the radioactise atoms must not disturh
the normal bol Tonising radh may of course
even be lethal to lnmg organisms  Thus 1t ts advisable to use as
small a dose of radioactivity as possible but in general 1t 1s not
considered that tracer doses cause any short term physiologeal
effect (~)

(¢) If molecules are to be ]abelled by the incorporation of tracer

atoms tlxen the L g of such molecules ;n a
h pmcess precludes any ge of the tracer atoms with
the corresp of other molecules That this 1s

generally true has been shown by many workers (8 9 10)
However 1t has becn shown that by drogen atoms bound to oxygen
and nitrogen are easihy exchangeable with those of water (11} The
L of such exch h can be explored by mult:
labelling of a molecule Thus more than one atom of a molecule
may be labelled 1n s artous positions by different 1sotopes and the
proportion of the isotopes measured by utihsing therr dissimilar
physical properties e g by using stable H? and radioact:s e H?

(d) If all the atoms of a labelled element are radioactrie then1t1s
generally necessars to introduce onty about 10-*2 g of the element
1n a tracer expennment  However 1t is possible that greater amounts
of the element may be necessary because of ddution of the radio-
active atoms with mert atoms of the same element 1n the physteal
production process In the case of compounds the position 13 less
satisfactory because the chemcal synthesis will agam lower the
speafic actvity (ratio of radicactive to nert atoms) Tracer




58 ISOTOPES IN MEDICINE

p demand b ds of high speafic setrity and
neghgible mass or the experunent mny be cumed out under
pharmucological rather then physwlogieal eondshons Thus the
fate of 10mg of eestradiolin 4100 g 1atisof httlemterest compared
with that of X0.p  The metabolssm of 14 mg of labelled 10dine i
hureans has been shown to difer very greatly from that of
01 pg {12} and Pochin (18} has shown that the metabolsm of
labelled thyrowne differs with the amount of hormone mjected  Ag
many 1sotopes are now a1 miable carner free nad detection methods
are sery effiaent fhe onus for merease 1 overall effictency hes with
the methods of chemucal sy nthesis

Although these considerations and hmnitations must be carefully
considered m 1sotopie nvestigatrons thewr use in the field of
fund tal bolse studies tn cony with other methad:
has brought revolutionary progress m the understanding of the
dynamic state of body constitutents  Ths 1x brought out 1 the
following extract — Components of &n anumal are rapidly degraded
nta speesfic molecular groups wlich may wander from one place to
another  The cb 1 reactions must be balanced so d 2
that through regeneration the body components remam constant
m total amount and i structure  This constancy 1s not 1o be
taken &s an indication that the structural matter of the Irnung
orgamsim s mactive snd tahes Iittle part in metabolism {14 15)

Tur Use or fsorores » CLivicar Diacvosss

Radiosetix & 1sotopes are much more generally used than stable
ssotopes for chnleal dingnoss  1ven so the number of zato
1sotopes which can be used 15 westricted to those with swifable
half lives and rediation properties and which can be econormcally
produced (preferably m an atomic ple) The half life must rot
be mconvenently shart and yet must not be so long as to be
potentially dangerous to patient and i estigators

The 150topes most generally used emut § rayvs and sometimes also
» rays » adidion  Exen the most energetsie § xays which are
actually hugh veloaty eleatrons do wot penetrate more than 1 em
of tissue whereas y rays which could be descerbed as very hard
M rays penetrate tissue wath vers little absorption Thus those
1sotopes Which exmity rays can be detected an 521 by Geiger counters
byt those such as P3? Cats and O wluch enut Broys only cannot
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be located 1n any but the most superficial positions It 1s possible
to measure quantitatn ely the amount of a y ray emitting 1sotope
n almost any position 1n the body but even though a pure § ray
emutter may be superficually located 1t 15 gencrally impossible to
obtan any quantitative results other than a comparative dis
tribution survey  The 1deal 1sotope for diagnostic purposes should
have a half Iife of one to fourteen days should enuty rays of about
05 Mev and should be produced economucally if possible 1 a
carnet free state by the atomie pile  Such an wotope1s radioactive
todine 133! which has a half Iife of eight days emits a y ray of
038 Mey as well as £ rays and s avaiable at the time of wniting
m Creat Brtain carmer free at 10s per 0 5 millicurie from the
Harwell pile

The use of 1sotopes for diagnosis can be divided mto two types —
static and dynamic investigations

Static Investigations

These are d with the distnbi of &
radioactive 1sotope with position 1n 1 patient at a particular fixed
time The survey 1s usually carried out at a defimite time (often

b
o o
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The coliimating property depends on the lead shielding
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P demand 3¢ of gh speafic achwvity and
neghgible mass or the evperument may be carmed out under
pharmacologieal vather then physiologenl conditions  Thus the
fateof 10mg of cestradiol na 300 g ratis of hittle mterest compared
with that of 10zg  The metabolism of X4 mg of Iabelled 10dmem
humsans has been shown to differ very greatly from that of
01 pg (12) and Pochun (38} has shown that the metabohsm of
labelled thyroxine differs with the amount of hormone mjected  As
many 1sotopes are now avatlable earner free and detection methods
are very efficient the onus for increase w overall efficiency bes with
the methods of chemical synthess

Although these consaderntions and hmitations must be carefully
considered 1 isotopie muestigations thewr use i the field of
fundamental metabohe studies in with other method:
has brought revolutionary progress m the understanding of the
dyname state of body constitutents  This 1s brought cut i the

foll g extract — Comp of an amumal are rapidly degraded
1nto specific molecular groups which may wander from one place to
another  The ch Y t must be bal d so deb ]

that through reg tion the body p remam constant

m total amount and m structure  This constaney 15 not to be
taken a5 an mdicatton that the structural matter of the lnng
organistn 18 inzetn e and tahes httle part o metabolism (14 15)

Tar Use or Isotores v Crinvican Diaahosts

Radsoactss e ssotopes are much more genernlly used than stable
ssotopes for chmcal diagnosis  Tren so the pumber of radio
ssotopes which can be used 1s restneted to those with suitable
half fives and radiation properties and which ean be economieally
produced (preferably sn an atomic pie) The balf hife must not
be wncomentently short and yet must not be se long os to be
potentially dangerous to patient and i estigators

The 1sotopes most generally used emit B ray s and sometimes also
y Tays i pddstion  Eaen the most energetic f roys which are
actunlly high seloaity electrons do not penctrate more than 1 emt
of tissug whereas y ravs winch could be described a8 very hard
N rays penctrate tissue with very little absorption Thus those
1sotopes which ermt y rays can be deteeted 1 situ by Geiger counters
but those, such as P33, Cats and C3%, which emmut froys only eannot
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be located 1n any but the most superficial positions It 1s possible
to measure quantitatively the amount of o y ray emutting 1sotope
n almost any posttion mn the body but even though a pure g ray
emitter may be superficially located 1t 1s generally impossible to
obtam any quantitatrve results other than a comparative dis
tribution survey  The 1deal 1sotope for dizgnostic purposes should
have a half Ife of one to fourteen days should emit y rays of about
05 Mev and should bt produced economucally if possible m a
carrier free state by the atomie pile  Such an 1sotope 1s radioactive
1odine 113! which has a half life of eight days emits a ¥ ray of
036 Mey as well as 8 rys and 1s avatlable at the time of wnting
m Great Britain carner free at 10s per 05 mullicune from the
Harwell pile

The use of 1sotopes for diagnosis can be dwided into two types —
static and dynamie investigations

Static Investigations

These v are d with the distrih of a
radioactive 1sotope with position in a patient at a particular fixed
tume The survey 1s usually carried out at a defimte time (often

ass
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twenty four hours} atter the adnumistration of the wotope and its
distribution localised by means of 4 specsalls siuclded directional
Geiger counter such as 16 shownin Iy, 1

Tumour Localisation  The uptahe of 0 sotope or tbelled
compound by neoplastic tisue ms hifer from that of the sur
rounding tissue  fhus w04y vield weful diagnostic snformation
although the dfferentid uptake iy nat be geat enough for
therapeutie application  fhe property of ncoplastic tissue 5
thought to be due L the followin,, causes —

{a) Increased Metabolic ity of the Lumaunr Twswe The
specific uptake {per cent of sotipt wonntercd per ¢ of tassue}
of % partieglar tissue depeads on —

£} The amoust of the chenu oy wdenti 3 dlement or compound

present wn the tissuc

{2} The rate of turnos & of th clement or compound

In the cuse of Tapidhy growmg tisue wusch as tumours the
«econd of thewt factors 1 Micre sed anet the vt {xctor bemg the
stme tumours will show s lughor uptake of radionotope than most
normal tissue when specihc uptahe e mewured shortly after
admsnsstration of the tracer  Thus hennty ¢t al Q) found that
osteotuine sercoma Ind four tunrs the speafic uptake of P? than
had normal bonc  Tloweser dut & the lower total phosphorus
content of such trssue v browst taronoma sts speethe uptake
although hwher thn thit of nomd broast tosue 1y generally
below that of nornyl bone  Ju sdditton the speafic aetnaty of
such mahgnant tesuc Wil £t felow that of huer spleen and
sternal marrow wWhich have Iy ber turnover rites  Thay precludes
the use of 2 Tur geperat thiryn of mahignant cells exeept for
certren dise sders of the Blood 1% has heen used however by Low
Beer t 4} (17 4 1) for the detectnn g ¢ wmation of mabyg
nancy of breast tomionss Iovests, s wastnsd  torty eight hours
after admsmsts i o f the not p o by e v mcasuranents but
a8 ¥ rmmts £ rwss onht its distabutien  ndhd oudy be measuted
superfical neoplastic twne wad then not guantitatpely  Eoen
so these workess found that caromomat s hud at kasy and bemgn
Yesioms ot tht mest ¢ rre st a5y Dihe thn nomnal breast
figsue  There was o mtene i uptade 1o much o 156, wm
acute inflammotions betause of o ised yancularsation  They
clawm that using these critena as 8 bosss for dsagnosts the method
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was reltable for 899 of careinomata 91 of bemgn lestons and
100% of mflammations

Radiostrontium and radiccaleum are also taken up at Iugh
spectfic activities by osteogenic sarcomata but this property 1s of
hittle use for diagnostic purposes as both these isotopes are pure fray
emitters Xthasrecently been reported that radiogalhium (20} which
1sselectnely absorbed by bone 1s concentrated to a greater extent by
bonetumours This may be especially valuable for diagnosis as radio
gollum s ay ray enutter and 1s safe because of its short half hfe

{0y D 1 b P bility of Tumours Most 1ons
with a negative charge pass more slowly from the plasma into the
central nerious system than do other 1ons  This selective barrer
15 broken down in vessels supplymng such abnormal regons as
bramn tumours Abscesses granulomata and traumatised tissues
Thus the fluorescein radicle penetrates mnto such areas more readily
than nto normal bram tissue and may be detected there durmng
neuro surgical operations by s {luorescence under ultraviolet
hight irrad Rad dr 10dofl m which 1131 35
ncorporated also exhibits this property and a survey of the
shull after admimstration of this compound to a patient can reveal
the presence and location of regtons 1n which the blood brain barrier
has been broken down Moore et al (21) report that except for ~
very small tumours with httle assocrated cedematous tissue the
method 1s rcliable for the diagnosis and location of ghoblastomata

and

pendy pendy
tumour (i that order of dependability} but 1s unreliable for acoustic
neuromata and astrocytomata  It1s generally about 92 ¥ effictent for
diagnosis of the ghomata Ashlenzaky et al {22) who has e also done
extensive work m this field agree with this figure

(¢} Specific Differentiation by Tumour Tissue  It1s very desirable
that some radioactive compound or element be found that 1s
selectively localised by neoplastic tissue perhaps to be retamned
there as a h a bol Such a d has not yet
been discovered whuch 1s hardly surpnsing  However the normal
thyroid has the ability to absorb one particular element 1odme
and 1t also absorbs the radioactive tsotope T131 very efficiently  Thus
twenty four hours after oral admnistration of & cartier free drmk
contammg 1131 30 / of the do e 15 taken up by the normal thyrord
A survey of the thyroud after such a tracer dnnk will show the
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posion of the lobes and wsthmus i a normal gland  «Results of
such an suvestigation are best presented in the form of projection
contour maps with limes of equal actinity as shown m Fig 2
These maps may incheate to the surgeon ateas of fugh funetional
actinty before thyrordectomn and regions of residual activity after

the operation  Any 10
disturbance  of the J
normal  funchion  of s
such tssue affects the
speafiec uptake  Most
thyrod  carcmnomats 64
heve a reduced ability ©M$ 4
to eoncentrate radio A4
actve 1w0iine apd this )
may be shown i thy 2
roid surveys (Fip 2}
As sbout §% of cases
of well differentiated
adenoearcnomats e
- tam ths charactersshie
( b) of 133 retention this
w test can only supply &
L positveanswer regand
8 2 tng the possible
presence of cyst or
tumour Metastases of
3
thyroid primary
eMs & tumour of a differen
4 tiated type may also
have I'3! relaming
2 abihity and perticularly
after  thyrordectomy
these may be detected

& & & % and treated by theuse
cms of this radiosotope

Fiac 2 Dugrams of distribution of I* # in the thvroid obtained by using
irectional counter of the typeshonn inFig 1 fagurcs represent activity
{s) Shows the distnbutlon diagram obtained m u particulr case of thyzeid
2denoma  The postetan of the palpable mass 13 hown by the dotted hine
It can be seen thot this is not composed of functional fssue  (b) Shows
the type of dutnlution obiained fors normal Lland
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Technl of A aphy A d hy consists
1n the placing of a hissue section of about 10 & thichness 1n contact
thh a photographic emulsion  The presence and location of

matenal 13 d by blackenmng of the )
eg the presence of I*3! in thyroid colloid can be demonstrated
Thus & biopsy followed by autoradiography can be very informative
In statie 1y estigations A resolution of about 2 g can be obtained
by this method at the present time but 1t 15 likely that further
advances in techmque will lead to its extenston from histological
to cytologeal studies

N
Dynadic INVESTIGATIONS

These studies are concerned with the variation of the quantity
of radioistope with time at a particular position

Determination of Distribution Characteristics Vvhen a
tracer 1s mjected intrayenously and 1ts subsequent plasma con
centration followed a graph of aganst time 11
shows a multiple exponential decay curve Thus the concentration
of radiosodium Na?* 1n plasma shows a rapid decay followed after
about four hours by a much more gradual decrease  Thus has been
interpreted as a rapid diffusion of the 1sotope into the extracellular
space followed by a more gradual exchange with sodum m such
tissue as bone apatite crystal layers and in nervons tissue A
sumlar curve s obtained usimg radicactive potassum or heavy
water (water labelled with d ) but for these sut the
exponential curve 1s sumple and single The concentration of
plasma I3131 glso shows a decay curve but after about twenty four
hours the concentration begmns to increase This 1s due to the
output of protemn bound F!3! by the thyroid gland which s signuficant
at this ttme particularly for thyrotowte patients (23) However
1n the case of many tracers (Na** ¢ D,0) the concentration in
the plasma 15 very nearly constant after about twelve hours when
allowance 15 made for excretton  Then 1f 1t 15 assumed that the
tracer atoms have completely exchanged with the body con
stituents the total body content of the mtroduced compound or
element can be found  Moore {.4) and many others have used D,0
to estimate the total body water of humans He has carred out
the same measurement 1n rabbits and then estimated the water
duectly finding that the results agree very closely Also just as

\




64 ISQTOPES IN MEDICINE

snulm 18 used to estimate extracellular space so fracers can be used
to estimate sodium and potasswum spaces It should be emphasised
that these space 1alues are wseful physiolopical concepts only snd
represent the effective space occupred by the tracer at the same
concentration as in the plasma  As many elements are present in
mtracellular tissue at much greater concentratton than m blood
plasma the space values da not represent actual space occupred by
the element although in the case of sodwm this may nearl,
be so

If R represents the amount of tracer introduced r represents the
ambunt of tracer perm} plasma after equiibrium has been attamed
and 1 represents the amount of substance chemueally wlentical with
the tracer m 1 ml plasma aftcr equilibriation then, -

Rjr X 1 = total body content of the substance and
R{r == distrrbution space of substance

The nformation which can be obtamed by the simultaneous use
of heavy water K¢ and Na** and mulin measurcments includes
the values for the average llular cation Thus
heavy water measurements gne values of total body water and
nuhin measures extracellular space  Subtraction of these two values
gves the wtracellular water  Use of A and Na?* together with

flame pt me of plasma p and sodium
coticentrations g1s es v alues for totl body sodum and potassium and
b of the total e Hular sodtum and potasswm values

(obtamed from 1nuhin space x plasma concentration of sodmm and
potassum) gives the total intracellular potassum and sodium
Thus itracellular water potassium and sodium are hnown and the
average mtracellular cation concentrations can be calculated
Carrections must be made for the amount of tracers excreted

By suular methods total red ccll volume and plasma 1olume
can be estimated by the use of tracers Total red cell volume bas
been estimated by the use of tagged red cells i wiuch radioactive
1ron {25) or P (26) or Cr3t (27) are wmceorporated wto the erythro
cyte Stornask Friedell et al (28) have used 3% tagged human
serum albumun to estimate total plasma solume They report
that the method has decded ads antages over the T 1824 dy e method
which has previousty been used for this estimation z determnation
which 1s becomng increasingly unportant i chnscal medicine
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e Use oF I3 v Disenosts o Tmaroo Tuserion

The most frequent applieation of radioactive sotopes to clunend
diagnosis 15 the study of 113! metabolsm in sclected patients
suspected of suffering from disordess of the thyrowd gland

11145 ay and § rav emitter and by the use of smtably desimed
calibrated Geiger counters (79} the amount of the tracer i the
thyroid ghind can be cstimated 12 ity by external measurements
The amount of 113 yn plasma and urine 15 usually measured by a
£ ray counter

1f the content of 131 1n the thyroid expressed as pereentage of
adnmmistered tracer 1s plotted against time of measurement curves
such as Iy, 3 are obtamed  The carmier free 113! mav be gren

40| for BLOGD SAMPLE TAKEN

/ OF MAXIMUM COUNTIN  RA &
»
153

o 5 10

%

HOURS

11 3 Typieal I uptake cumes Curve \ was oftamed wit! 2
thyrotoxic patient A blood sample was taken sixty five minute
uffer the adm ni tration of approximately 15pc of It Tle
slope of the cirve at this pont st owed an uptake rat of 027 4
pes mnut  Assay of the plasma sample sl owed the T 1 content.
tabe 000041, perml thus the clearance rate of the pland was
650 m perminute  Curve B shows a typical normal uptake cunye

and curve C the tvpe of curve obtained with a myxcedematous
patient

orally of mtravenousty for apart from a shght 1mbial delay w up
tahe after oral admimstration the results are similar  As can he
seen from Tig 3 thyrond glands of &ifferent sevity show differ
ences 1n the slopc of their uptake cury es and certan characternstics
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of such graphs may be chosen as an index for diagnosis of
thyroid function The surves can be descmbed by three charac
tensties -~ Imtial rate of uptake maxmmum value of uptake and
shape of curie suter twenty four howrs  Both imtial rate of uptake
and maximum value of uptake increase as the functional activaty
of the gland mereases  Tor patients with thyroid glands of low or
normal actinaty and wath normal renal wdide clearance values the
uptahe reraams constant or mnereases slowly after twenty four hours
but for hvperactine glands the uptake decreases after this time
Tlus 15 due to & high rate of output of protein bound 133t by such
glands  Diagnosis may be based on these three characterstics as
follows —

Twenty four hour Thyroid Uptake Ths mdex s the value
of thyrord uptahe expressed as per eent of given oral dose measured
twenty four hours after admunistration It has the virtue of great
sumphicity but has two mam disadvantages — (a) The measure
ment may be made dunng the downward trend of the curve and
so may be much less than the matumum value of thyroid uptake
{b} Xt 15 dependent on renal 10dide clearance values and may gre
{alse results for patients with renal disorders

Werner Qumby and Schaudt (3¢} have published observations
on 269 patents using this method  They found that euthysosd
states give values of 10-40,/ for the twenty four hour thyrod
uptahe valye hyperthnrod condthons 1elues over 32% (mostly
over 50%) and hypothyroid conditions low svalues of less than
10/ There was a small overlap of values for euthyrowdism
and hvpertinrowdism and they found lack of correlation between
uptihe and B MR values w Hashimotos disease t
exophthalmos and general by pometabolsc states such as Stmmonds
disease  Addison s disease and anorexin nervesa

Thyroid Clearance This mdex 1s based on the mtial rate of
uptake and eorresponds in concept to the renal clearance value It
15 the mummum volume of plasma cleared of 115t by the thyrosd
per munute and s deternuned by the rate of uptake (per cent per
runute) one to two hours aftcr admnmstration of tracer divided
by the plasma concentration {per cent per mi ) at that time Hence
1t 15 expressed m ml jmun Tl ndex was fist shown to be of
value by Pochen Mayant and Goldie (31) It has the advantage
of beng a direct measure of thyrod function mdependent of rens)




DIAGNOSIS OF TIY ROID FUNCTION 67

functions and 1s probably the best of the numerous suggested
methods based on the radioiodine accumulating ability of the
M of thyroid cl should be made after
ik has been app 1y attained in body tissues other
than the thyroid and before the thyroid commences to secrete 112!
m organic form As Pochin (18) has suggested intravenous
mjechion ™may be of advantage to ensure rapid equilibration  Lut
measurements made one hour after oral adnumstration of the
1sotope are usually satisfactory  Iodine medication must not be
given in the three weeks before the test and the diet must be reason
ably normal 1n 1odine content (fish have a high 10dine content)
The following s alues has e been found by v artous British workers —

«© |
A V1 sof le
Thyrol1 Wo k rsand of lhmld 0( b yr( ity ‘ Methnd 1
condition T 1 renc 3 o admnt tr ti
wma k
Hyperthyroudism | Pochin (13)* | 12 210 Intravenous
Pochan(31) |11 |198-13% | 286 |  oml
Macgregor (23)] 31 | 30-500 163 | oral
“on tovie gotre | Poclun (18} | 1° 74 25 | Intravenous
Pochin (31) 28-100 6 oral
Macgregor (23), 1 9 3 oral
Normal Pochun (13) 12 9-37 ) Intravenous
Poch n (81) 8| o8 16
Macgregm'( 31| 157 1 oral
Hypothyroidism \ Macgregor {°3), 4| 04-84 18 oral

Hyperthyr 14 as qu t d In (13) are clinjeally mo e doubtfut than th se in (31)

There 15 no doubt that thyroid clearance rates are a reliable
measure of thyroid activity and this mdex 1s becoming of general
use 1n Great Britain  The use of this test 15 of value for examming
thyroid function m such conditions as anwetv states essential
hypertension cardiac disease and chrome alecholism in which
BMR values are nearly always rawsed independently of the
condition of the thyroid  However as stated by Keating et a] (32)
diagnosis based on radoiodine accumulating function of the
thyro:d gland 1s as hable to give false results as relyngon BV R
values so that these two tests are supplementary It should be
noted that these results are false only from the standpoint of
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of such graphs may be chosen as an index for diagnosis of
thyroid function The curves can be desenbed by three charae
tersties ~— Imbaal rate of uptake maxmmum value of uptale and
shape of curie after twenty four hours  Both imtial rate of uptake
and maxsmum value of uptahe inerease as the functional actvity
of the gland increases  For patients with thyrod glands of low or
normal actiuity and with normal renal iodide cleazance values the
uptale remamns constant or snereases slowly after tnenty four hours
but for hyperactine glands the uptake decreases after this tune
Thus 1s due to a high rate of output of protemn bound 13! by such
glands  Diagnosis may be based on these three characteristics as
follows —

Twenty four hour Thyrord Uptake This mdex 1s the value
of thyrord uptahe expressed as per cent of given oral dose measured
twenty four hours 2fter admunistration It has the virtue of great
sumphiaity but has two mam disadvantages — (o) The measure
ment may be made dunng the downward trend of the cunve and
sa may be much less than the maxumum value of thyrowd uptahe
(b} It 15 dependent on renal 1odide clearance salues and may gie
false results for patients with renal disorders

Werper Quimby and Schmidt (30) have published observations
on 269 patients usng thes method They found that euthyroid
states give values of 1640, for the twenty four hour thyrad
uptahe valge hyperthvroid conditions velues over 55% {mostly
over 50 4) and hypothvrord copditions low values of less than
10% There way & small overlap of values for enthyroudism
and hyperthyroidism and they found lack of corvelation between
uptake and BV R -alues w Haslumotos disease malignant
exophthalmos and general by pometabolic states such as Symmonds
discase  \ddison s disease and anorexia nermosa

Thyroid Clearance This mdex 1s based on the mitial rate of
uptake and corresponds in concept to the renal clearance value 1t
ss the muumum xolume of plasma cleared of I3 by the thyroid
per munute and 1s determined by the rate of uptake (per cent per
nunute) one to two kours after admimstration of tracer duided
by the plasma coneentration {per cent per mi ) at that ime Hence
1t 15 expressed 1o ml fmn This wdex was first shown to be of
value by Poelun Mayant and Goldie (31) It has the advantage
of bemng @ direct measure of thyroid function independent of renal
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have measured arm to foot circulation times by this method
Radiosodium was injected mto the antecubital vein and a shielded
Geger counter placed agamst the sole of the foot recorded the
delayed pulse of radiation Novaluable correlation was estnblished
between circulation time and chmeal condition  Prinzmetal (40)
has also applied tlus method i a procedure which he terms  radio
cardiography ~ Na ¢ was injected very rapidly into the rased
arm and a directional y ray counter placed over the heart recorded
the pulses of radioactrvity as ean be scen n Fig 4 Prinzmetal
claims that diagnosis of certain cardiae conditions ean be quckly
and surely made by this simple procedure % comparison of the
method with el hy ball Qiography and angio
cardiography would be useful

SECONDS

Tic 4 Typical cardiograms obtained by Prinzmetal et 2l {Jou n
tmer Med Ass cn 1540 139 617) Curve A was obtamned with a
normal patient the R wave repres nted blood entering and leaving
the m.ht side of the heart s hlst the L wave represented blood
entening and leaving the left side the trans tion powt T bemg the
pont Ieremost of the blood wasn th e Jungs Curve B was obtaned.
after njecting rad osodum 1nto the antecubital vein of a patient
having a superior vena caval obstruction Tte delayed and 1ll
defined R wa ¢ denoted block ng of venous return

An application of 1sotopes to ewrculatory conditions wlich 1s
rather different 1 principle 1s the study of bwldup or rate
of disappearance curves’  Quimby and Smth hase observed the
increase m radicactivity 1n a particular site after the injection of
radiosodium 1 another part of the body Tt 5 shows such a
curve  These workers claim that vanous disorders can be diagnosed
by this test and sites of amputation can be decided upon  Veall (41)
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drugnosts of tovieity ind not necessartly from cestam other aspects
of thyroul actisity

Protein bound I3t values The estimation of protein bound
non radoactry e 1odine mn plasma s 1 relable index of touleity 1s now
realised but the techmque of measurement 1s extremely difficult
‘The concentration of protem bound 11?1 1n plasma mesured forty
e),hit hours after adnnmstration of the tracer 1s o stmlar mdex but
the measurement 15 much easier technteally Clark et al (23}
McConahey Keatmg and Power (32) MeGregor (23) and Freedbery,
ctal (35) ha e diseussed 1ts value in diagnosts

The relationsirp of BM R thyroid clearance and protem bound
1odine values 1s not clear at present It seems however that the
B MR 1sanon speetficmeasurement of the rate of body metaboltsm
whereas the thyroid clearance and proten bound 1odine values are
speotfieally related to thyroid funetion  Perlmuter Martin and
Tuggs (36) have shown that although ridiorod: !
function decreases with age protemn bound 1odine 1alues remain
constant  They suggest that this 1s due to a decreasing rate of
uithsation of thyroxine by the penipheral tissues  Thus protem
bound 1odine and thyrod clearance values lso represent dufferent
aspects of thyrod function  Stanbury and Hedge (37) hase shown
that i certan cases of goitrous cretins the '3 accumulating
properties may be normal but the protemn bound 10dme values are
very nearly zero  Thus there 15 a blocking of the synthesis of
thyrosme in such glands  The evidence suggests that 131 accumu
Jatmy function represents the ability of the gland to synthese
sodine to n intermedhate compound and 1s not necessarily & measure
of the rate of secretion of thyroxine

Use oF Isotores 1v CIRCULATORY STLDILS

The flow of blood mav be followcd tn sifu by the mjection of
a 3 ray emitting 1sotope into the blood stream Radwactive
sodtum {Na2* half hife 12 9 hours) has been cxtensuels used for
thus purpose (38) It 1s not the perfuct tsotope for the purpose as
1t rapdly diffuses into the whole extracellular space and 1t ermts &
penctrating ¥ ray which 15 very dufficult to locate directionally
Jionever ratiosodrum can be used without chemcal processing
1t 15 easily produced and 15 very safe bucause of its short half Ufe
and general distribution i the body  Quumby and Snuth (39)
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Isotopcs hmc also been used for mechaneally tracing the rate of

ds from various and the cxtent

of the penelmhon through the skin of njurious compounds such
as the nitrogen mustards

Ravtoactive IsoTores 18 THERAPY

Radwm or \ rav therapy mnolves the localised wradiation of
neoplastic tissue  This localisation 1s carried out by mechameal
methods which must necessanly be inefficient and generally if
therapy 15 to be successful the mahgnant tissuc must be more
radio-sensitive than normal tissue  The possibility of selectne
uradiation of tumours by radioactiy e 1sotopes promised in prineiple
a much more efficient method of therapy However because of
the reasons outlmed mn the section Tumour Localisation  only
four diseases are now regularly treated by 1sotopes  These are
chrome myelod  leuhmmia  polyeythemin vera  functioming

of thyrod and a non mal; t condition
thyrotowcosts ‘The former two are treated with P22 and the latter
two wath [131

Chronic Myeloid Leul Pz of tius it
results in slightly longer rermissrons than does \ ray therapy  An
effective dose of € mllicunies mamntaned over six weeks will
generally result 1 a remussion of over a year (4»)  Splenomegaly
lymphadenopathy hepatomegaly erythrocy topenia and thrombo
cytopenia are rapidly mmproved The advantages over N ray
therapy are ease of treatment and lack of radiation sickness

Polycythemia Vera T3 therapy 1s now the treatment of
choice 1n this condition  Stx mullicuries are generally given intra
venously followed one to two months later by a second dose whose
maguitude 1s determmed by the mdividual response  Response to
treatment 15 delayed by a time intersal corresponding to the mean
lfe of an erythrocyte Complete remission 1s induced 1n some
patients by a single dose  In certamn other neoplastic diseases of
the hxmopaetic system particularly chrome lymphatic lenhemia
P? therapy may be of \aluc Brues and Jacobson (48) have
reviewed the P e effects of rad and
chemo therapeutic methods for such conditions

Thyreid Carcinoma  Differentiated metastases of adeno
caremoma of the thyroid may retain I1% concentrating ability
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states that tins test 15 very dependent on external conditions such
as temperature and humudits It would seem that vamation
between mdividuals 15 50 great that this test 15 of the greatest use
in the comparatne study of the progress of the mdnidual patient
with trestment  This also applies to a similar method proposed by
Tiety and Cooper (42) an whch the rate of disappearance of radio
sothura from an mmeeted site 15 followed

32t RIGHT FOOT

© RIGHT FOOT $IX MONTHS LATER
& INFECTED ULCER LefT FOOT

+ S BAONTHS LATER ULCER HEALED

a
>

L)

3
x

a
PICEE

100 COUNTS PER MINUTE PER 100 uc
&

PRV SO SRS VST SUR SN SO
4 8 12 18 20 & 28 33 36 40 44 4§
MINUTES AFTER INJECTION

Fic & Radwosodwmn bwld up  eurves i a diabetie arterioselerotic
patient with an wfected uiter i the sole of the left foot The upper
cune £7) mdicates the  bwnld up e the Jeft foot mn sts ongmal
condition and the points¢ejthe build up n the unaticeted right
foot S months later the ulcey had healed 25 o result of Joca!
therapy tte  Lumdd up  bemng represented by () The right fost

Dutld up 15 unaltered (@) (I H Quumby  Amer Journ foent
genol 1957 58 7805

Miscriraweous APPLICATION oF TracuRs 1v Curvicat, BAG osIS

Turther appheattons of 1sotopes to ehinteal diagnosis which are
mercly m 1 expertmental stage are the disgnosis of cartdagenous
tuours by mvestigation with $38 labelled sodwum sulphate {43)
and the use of 5° lobelled methionme for the study of protan
metabolism hunsel et al {41) state that patients with chrome
T er disease wdiwopathee hvpoprotemzmaa and Cushang s syndrome
showed o significant deviation of protemn metobohsm from the
narmal metabolic pattern
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Isotopes have also been used for mechanieally tracing the rate of
of pounds from varous and the extent
of the penetration through the shin of mjurious compounds such

as the mtrogen mustards

RADIOACTIVE IsoTOPES 1v THERAPY

Radium or \ ray therapy molves the localised wradiation of
neoplastic tissue  This localisation 18 earred out by mechameal
methods which must necessanly be incflicient and generally 1f
therapy 15 to be successful the malignant tissue must be more
radio sensitise than normal tissue  The possibility of selectne
wradiation of tumours by radicactive 1sotopes promised 1n prinaple
a much more efficient method of therapy Howesver because of
the reasons outlmed in the section Tumour Localisation  only
four diseases are now regularly treated by isotopes These are
chrome myeloid leukemia polycythemia vera functioning

of thyroid and a non d
thyrotoxicosis  The former two are treated with P3 and the latter
two with Y132

Chronic Myeloid Leukeemia I3 treatment of this condition
results in shghtly longer remassions than does X ray therapy An
effective dose of 6 mulhicuries mamtamed over sic weeks will
generally result 1n a remussion of over a year (40)  Splenomegaly
lymphadenopathy hepatomegaly erythrocytopenia and thrombo
cvtopena are rapudly improved  The adsantages over \ ray
therapy are ease of treatment and lack of radiation sickness

Polycythmmia Vera P32 therapy 1s now the treatment of
choee m this condition  S1x millicunes are generally mven intra
venously followed one to twa months later by a second dose whose
magnitude 1s determined by the mdiidual response  Response to
treatment 1s delayed by a time interval correspondin,, to the mean
Iife of an erytbrocyte Complete remrssion 15 induced n some
patients by a single dose  In certan other neoplastie diseases of
the hemopoietic system particularlv chrome lymphatie leukerma
P92 therapy may be of value Brues and Jacobson (46) have
reviewed the comparative therapeutic effects of radioactive and
chemo therapeutic methods for such conditions

Thyroid Carcinoma  Differentiated metastases of adeno
carcmoma of the thyroid may retan I'3! concentrating ability
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states that tius test 15 very dependent on external conditions such
as tumperature and hormdity It vwould seem that varabon
between mdeviduals 15 so great that this test 15 of the greatest use
tn the comparative study of the progress of the imdivadual patient
with treatment  Thus also apphies to a similar method proposed by
Kety and Cooper {42} i which the rate of disappearance of radie
sodjumn from ar njected site is followed

2r RIGHT FOOT
o RIGHT FOOT SIX MONTHS LATER
28k o INFECTED ULCER LeFT FOOT
+ $IX MONTHS LATER ULCER HEALED
24} Bogt

o
PINCLED

100 COUNTS PRR MINUTE PER 100 uc
>

— PR S R S
S8 T2 38 32 36 40 4¢ 48
MINUTES AFTER INJECTION
Tre 5 Radwsodiom  bmidup  curves an a diabetsc artenosclerotic
patient With un wfected uicer 1n the sole of the left foot  The upper
curse (D) mdicates the bufd wp  sn the left foot 1 s engal
conditson and the powmts (#) the  bwld up i the wnoffected right
foot 8. months later the wlcer had healid as a result of Jocal
therapy the butld up  beiny repre ented by (+) The right foot
butld up s wnaltered (o) (E 1 Quimby  dmer Journ Roent

genol 1947 58 4G )

Miserranmons Avritearon of Tracers i Cinvicar Ducrosts

Turther applications af wsotopes to chinreal disgnosts which are
merely 1n w0 cxpenimentsl stage are the diagnoss of cartilagenous
tumours by nvestigahion with $79 labelled sodmum sulphate (43}
and the vse of 5% labelled methionme for the study of protemn
wetaboksme  hansel of al {(41) state that patents with evome
Iner discase ihiopathic L peprotanana and Cushing s $yndsome
showed o sigmficant desiation of proten metabolism from the
normal metabolic pottern



Fic 6 X ray films of the pelvis sh

of adenocarcinoma of th thyro d inthe ekt os jub A w
Taken 1m June 1849 before trentment and B n Jamuary 150
six months sfter beg nb no treatment ith 100me 113 (G ren
Tait and Vorsnop Brit Journ Radwl 1951 24 148)

(Tofcep 7o
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They may then be treated after thyrordectomy by the oral admim
stration of large doses of I3t (a single dose may be as large as
200me ) ‘Very dramatic results have been obtained by such therapy
(Fig 6} However the proportion of metastases wth this ability
1s smll (approximately 10 4} and the value of this method 15 as
a demonstration of principle

Thyrotoxicosis The nghly selective uptake of I'St by the
thyrord gland provides a method of diagnosis and treatment of
thvrotosrcosis  Radiation of the thyroid by 1331 35 manly accom
p 1shed by the emitted Bravs whichl searangeof onlv 1 rm
tissue  Thus the radiation 1s very local and even the parathvrowds
are not greatly damaged Many vorkers (47) have treated Graves
disease by this method which 1s regarded by a few as the treatment
of choice  The required dose of 1-5 millhcuries 113! 15 determined
by the size of the gland the seventy of the condition and by the
uptake of a prelinunary tricer dose of the 1sotope A possible
disadv antage of the method 1s the theoretical likelthood of a delayed
carcinogenie effect but this has yet to be proved although the
method 1s now ten years old Iowever because of this rish
most climaans restmet I'31 treatment to carcfully selected
patients

Therapy with radioactive 15otopes has not fulfilled its earhier
theoretical promise but the work of biochermsts 1n this field may
alter the picture The most pronusing hine of mnx estigation seems
to be that carried out by Pressman (48) He has been prepanng
tagged tissue ant1 sern such as kidney anti serum which on mjec
tion 15 selectin ely concentrated in hidney tissue  The preparation of
tagged tumour anti sera 15 a possible des elopment

Future Development In tlus field 1t 15 safe to prophesy only
on future technical dexclop The most 1mp of these
will be the preparation of large numbers of labelled compounds of
high speeific actiatv and the development of the semtillation
counter 'This counter has twenty times the cfficiency of a Geiger
counter for the detection of ¥ rys and will probably revolutionise
i sin work

1t 15 to be hoped that the more fundamental metabolie studies
withsotopes willbe apphed in chinical diagnosis not asan interesting
novelts but as a unique method of ehmieal pathology to be used
1 conjunction with other biochemueal procedures
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CHAPTER V
THE VITAMINS

TyuE actual date of discovery of the vitamins 1s difficult to place
since early travellers even as far back as the Middle Ages were
aware that scurvy and similar diseases could be prevented only by
feeding with fresh food and more particularly fresh frut The
matter recerved its first scientific establishment through the work
of Sir Fredench Gowland Hophans and Casumir Funk who proved
expenmentally that ammals could not exist on a diet composed of
pure protemn fat and carbohvdrate Hophins showed that amimals
fed on such a diet not only failed to gron but rapsudly lost werght
and that this state of affairs could be immediatcly rectified by the
addition of small quantities of milk to the diet the quantity added
being so small as to make no appreciable difference to the calone
mtake Smce that time a great deal of work has been done on these
accessory food factors as Hophins onginally called them and they
have now been separated into a number of groups 1n all there arc
to-day some thurty-one witamins and provitarmuns which have
either been definitely isolated or their presence pros ed by pharmaco
logical experimentation It 1s proposed now to describe those which
are concerned with human nutntion —

Vitamin A This vitamin 15 present mn fats and 15 soluble i
fat solvents It was discos ered simultaneously in 1912 by McCollum
and Osborn and Mendel These observers showed that the Inver of
certain fishes such as the cod and animal fats such as butter con
tamed a substance necessary for the growth of young ammals If
amimals are fed on & diet laching this vitamun they suffer from a
senes of degeneratne conditions such as xerophthalmia and

b to Mellanby has d that
this vitamun 1s responsible for raising the general level of resistance
agatnst infection and so1t has been termed by him the antr infectin e
vitamin It has been shown that a certam chemical test grves a
rough mdication of the amount of the vitarmn which 1s present 1n a
fat or ol This test consists in treating the o1l with a solution of
antimony trichlonde or arseme trichlortde when a blue colour will
develop  The amount of vitamin may be judged by the mtensity
of the blue colour A quantitatis e estimation may be performed by

I
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(26) HAmN and Hevesy Acta Phywol Scand 1940 1 8
Hevesy and RFese  Acte Physiol Scand 1940 1 171
(27) GrayY and SteruNG  Science 1950 112 179
(28) hniecER Stomaasts Friepsir and Hotoer Proc Soc Exper Brol
and Ved 1948 68 511
StoraasLr  Surg Gynecol and Obstet 10 0 91 458
(79} Tarr Worsnor and Coox Brit Journ Radwolo,y 1951 24 14
(20) WarNER Quirsy and ScmapT Journ Chn Endocrinol 1049 9 347
(31) PocuiN Myant and Gorpre Chn Sat 1949 8 109
(32) beatrve Harves Power and WiLLtams  Jown Chn Fudocrinol
19,0 10 142,
(33) CLaR® Mos and ApaMs  Surery 1040 26 331
{84) McConaney XEariNG and Power Journ Clin Intest 1949 28 191
(85) Frerpuexc Herrzand VRExs Proc Soc Exper Biol and Med 1949

(36) Periarrr MaRTIN and Ricos  Journ Chn Endocrinol 1943 9 430
(87) Stansury and HEpGE Jouwrn Chin Endocrinol 1920 10 1474
(88) Quimny  tmer Journ Roenieénol 1947 58 741
(39) SwuTH and Quinny  Surg Gynaec and Ob ¢ 1940 79 142
(40) PrinzmeTaL Conpay Seritzirr and uiec Journ Amer Med Assocn
1949 139 617
(41) VEsarr Bnt Journ Iadiol 1950 23 52~
{42) heTy Amer Heart Journ 1049 38 8 1
Coorer  Southern Med Journ 1049 42 870
(43) LayTon and TRaniTL  Cancer 1949 2 1089
(44) hansEL MarGEN TarvER Frantz Fumcm Huteuy and MeCALLIE
Journ Chn Invest 19 0 29 23
(4s) Low Bezr  Clrmeal Use of Raamamu Isotopes P "9
(47} Brues and Jacosson Amer Journ Poent.enol 1947 58 ™74
(47) SoLeY and Muer Ved Chn North dAmerica 1948 Amer Journ
To ntgenol 1848 60 45 Journ Chn Endocrinol 1949 9 29
WERVER Quissy and ScoapT  Radwlogy 1918 51 o6+
TRUNVELL MNeéw Yotk Acad Scr 1949 2 192
PRINPMETAL  Califorma Med 1949 70 236
BromreLo Brt Journ Radwlo,y 19 0 23 560
(48) PressMaNy  Trans New York Acad Sa 1949 11 203 Journ Amer
Chem Soc 1920 72 2996 Journ Immunol 1949 63 37,



VIT MIN A it

The vitamin has Leen synthessed and has a potency of 3 to
33 mullion nternational units per g Vitanun 4 which occurs
infreshwater fish dilfersonly shghtly from vitamn A 1n constitution

Clinical Applications Coward and Morgan (1) g e the vitamin
A content of foods 1 mternational units per g or ml as follows
Butter asverage 60 egg yolk 30 carrots 19 cabbage 9 runner beans
6 mih 8to 5 In 1937 a techmcal commussion of the League of
Nations decided that an adult requires about 3 000 nternational
umts of vitarma A daly Chuldren requre about 4000 inter
national units and pregnant and nursing mothers 6000 to 8 000
mternational umts dasly A pmtofmilk Yegg 1oz of butterand a
helping of green v egetables will supply about 2 0001nternationalunits
of itamin A and 1 000 nternational units of carotene  Inwar time
the average adult only recers ed about 500 to 800 nternational umts
of preformed vitamun A daily Carotene 15 less well absorbed from
the ahmentarv tract 1n man than 1s \itamin & probably only 20
of carotene 1s absorbed Carrots spinach and broccol tops are
good sources of carotene and with the war time allowance of
milk and vitamimsed margarme (which has onlv about half the
vitamin A content of butter) 3 1b of carrots should be eaten weekly
They are best eaten cooked as they are more easily digested and the
carotene 1s not destroyed by cooking It would appear that the diet
of ordinary middle or Jower class worhers was deficient tn vitamm \
and to ths fact has been attnibuted the frequency of common ail
ments such as colds ‘htis and septic lications ete The
work of Yellanby has also indicated that lach of vitarmn A
may play a big part in the @tiology of puerperal sepsis A severe
degree of deficrency of vitamu A 1n the diet leads to xerophthalmia
which was prevalent in Denmark n 1917 and 1s a common cause
of bhindness 1n India and China to day  Further strihing evidence
of relative hypovitamnosts A o apparently normal subjects 15
found bv a study of the adaptation of the retina to light It 15 now
known that vitamin 4 1s concerned 1n the regeneration of visual
purple the photo sensitive substance of the retma which 1s respon
sible for rod vision  Investigations hate shown that a large number
of appatently healthy persons are affected with mght blindness
varying degrees which may be tested by a special photometer
Thus Jeghers (2) testing 162 meducal students at Boston found
55 deficient m vitamin A as shown by this test Harrs and
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cstimating the colour by means of 1 Lovibond tintometer The
result 13 expressed as an arbitrary unit which 15 known as the
Lovibond unitaf a 20 % dilution of the oil in chloroformisused The
vitamin may also be estimated by 4 fecding test in which young rats
are g en a diet contanung the optimum of protem fat carbohydrate
and miner il salts and the other vitarmins - The test 13 run on a senes
of amimals and as soon as they are losing weight steadily or arc
cewsing to grow the unhnown preparation 1s admumstered mn
varying quantities and the effect noted The relationship between
the chemmcal test and the physiological test 15 difficult to cxpress
stnce 14 15 Inghly probable that the efficacy of the vitamin n feeding
tests 1s dependent upon a number of other factors which arc at
present uncontrolied

As the admmistration of carotene to ammals fed on a diet deficient
n vitamm A confers all the benefits they would have recened had
the vitammn been present 1t 1s now generally accepted that carotene
15 the main precursor of \itarmin A being converted in the body nto
vitamin A and the mternational unit of vitanun A 15 taken as
06y of B carotene  From the chemical point of view the relation
ship 15 interesting since ¢irotene 1s a lughly unsaturated hydro
carbon with the formulh —

A Lamste  (Rarre )

[y
4 ot o
cn/\‘, —CH = Clt =€ = CL —LH = Cl —L! = CH = LIf =
]
¢ g-CH o o
CH ci [¢:4 Y

1
€It — €3 = € —CH = CH —CH -!.——CH ~CH —€/\Lu
o —¢

winlst vitammn A has the following formuln — o

oo
b f" (I:Ix
cu/\c~cu @ Cll (= CH ~CH = Clf C = CH —LH OH
i
C!ll L ~Cl
N/
(2l



VIT {MIN B w0

The Vitamin B Complex VitanunB was ongnally regarded as
a single substance which was necessary for the mamtenance of
normal health 1n ammals Tt 13 now known to be a very complex
muixture the following constituents of which have been 1solated
and synthesised  aneurn mboflavin micotime actd  pyndown
biotin folic acid p amno benzowc acid and pantothenie actd  The
last two compounds hate not yet been prosed to play an essentral
part m human nutrition

Vitamin B, The absence of the B, factor 1s responsible for the
penpheral neuritis of bert berr which 1s often accompanied by heart
failure and gastro mtestinal disturbances The first observations
on this interesting substance were made by Eyhman 1n 1807 He
showed whilst working 1n a prison in Java that fowls suffered from
atype of polyneuritis similar to bert ber1 which at that time affected
the prisoners with considerable seventy The fowls were fed on
polished rice of the same variety as was grven to the prisoners and
Eijkman showed that when the fowls were fed on unpolished rice
the symptoms disappeared A large scale expertment was carrted
out on the prisoners and feeding a carefully controlled group on
unpolished rice proved that the disease could be stamped out

Vitammn B, 1s soluble in water In 1932 Windaus {6) determined
1ts composition to be C,,F;,N 05 and Windaus (7) and Williams (8)
working pendently  finally blished the structure The
formula given below 1s that of aneurm thiamune or vitamin B,
chlonde hydrochlonde —

CH
N—C—NH, HCl [
,C==C—CH CH OH
ar—€ c—eH——Ng T
1 e

N-—CH

Thc naturally occurring vitamin 1s 1dentical with the sy m‘.hellc
both ck lly and physiol lly The

umit of vitamun B, 1s defined as \‘.he anh neuntic potency possessed
by 8 of vitamun B, hydrochlonide

The assay of vitamin B, has been the subject of & number of

which are by Willlams and Spies (9)

The two mam methods are the rat bradycardia test and a chemical

test hnown as the thiochrome method whereby the vitanun may
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Abassy (8) reported sumilar results i school children attending
elementary schools m London and Cambridge 40 to 50 4 were
normal 20 to 80 3 slightly below normal and 20 to 80% definitely
deficient A correlation was found between the diet and the dark
adaptation tests  Among children having £ pint of mulk at school
677, were normal on test whereas of those having § pint or less
only 87 were normal  Under war conditions n England
Yudhm (4) found low adaptation 1 9% of children at an urban
mstitution 159, among urban children from poor homes and 18%
among someillage children It hasbeen shown that the sensitivity
to dim light may be greatly increased 1n these individuals by the
admimustration of vitami A Yudhin (4) has shown that large doses
are necessary to effect prolonged improtement as much as 100 0600
international umts daily A total dosage of 300000 to 2 000 000
international units may be required and the beneficial effect may
last for weeks or months It 1s usually grven by the mouth in the
form of one or other of the fish oils At present the most con
centrated form of natural oil 1s obtained frem halibut hiver This
may be admimstered esther 1n the form of drops or in capsules
An alternative method of administration 1s to give the sanous
concentrates but it s stated by competent anthonties that these
are not so stable as the halibut lner ol The preparation Lig vt
4 Cone (BP Add) contamns 2 500 international umts in 1 rmmm
Cod I er 01l contains on an average 2 000 international umts per g
and halibut v er 011 160 000 umts per g Thus a teaspoonful of cod
liver oil contaws 6 400 units and a drop of hahbut Iner o1l 8 200
umts Vihen ad tered sub lv the prey 15 saxd
to be not so aetne as when grven orally  Although clinically the
risk of hypervitarmnosis 1 seems remote Yaoore and Yang (5)
have produced an expenmental condition i rats which they
attribute to masstie oral doses of yitamin A The symptoms
which include tenderness of the lunbs and bone fractures are sbsent
if the vitamn 1s oudised prior to admmmstration  Post mortem
tion d the of sub, and mtra
muscular hemorrhage whilst \ rav photographs showed that the
mayority of the fractures occurred at the centre region of the long
bones  Although the symptoms in mimy wavs resembled those of
seurvy they did not respond to treatment with 1 ascorlue acd or

caleiferol
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‘The Vitamin B Complex VitamunB was ongmally regarded as
a single substance which was necessary for the maintenance of
normal health 1n animals It 15 now known to be a very complex
mixture the followmng constituents of which hate been isolated
and synthesised aneunn rboflavin micotinie acid pyndoxin
biotin folic axd p amino benzoie acid and pantothenic acid  The
last two compounds hase not yet been proved to play an essential
part 1n human nutntion

Vitamin B, The absence of the B, factor 1s responsible for the
penpheral neunitss of bert bem which 1s often accompanied by heart
falure and gastro intestinal disturbances The first observations
on this interesting substance were made by Eyjhman in 1897 He
showed whilst working 1n a prison in Jasa that fowls suffered from
a type of poly neunitis similar to ber: bert whech at that time aflected
the prisoners with considerable severity The fowls were fed on
pohished rice of the same yaniety as was given to the prisoners and
Es)kman showed that when the fonls were fed on unpohshed rice
the symptoms disappeared A large scale experunent was carned
out on the prisoners and feeding a carefully controlled group on
unpolished rice proved that the disease could be stamped out

Vitamun By 1s soluble 1n water In 1932 Windaus (6) determmed
1ts ecomposition to be C,,H;,N,08 and Windaus (7) and Williams (8)
workig nd dentlv finally blished the structure The
formula gisen below 15 that of aneunin thiamune or vitamm B,
chlonde hydrochlonde —

cH,
N—C—\H H{ [
CvC-—CH CH OH
CH—C C—CH

1 ) \CH—S
—CH

The naturally occurring vitamin 1s dentical with the synthetic
b both cl lly and physiol y The imternational
umt of vitamin B, 15 defined as the anti neuntic potency possessed
by 8 of vitamin B, hydrochloride
The assay of vitamin B; has been the subject of a mumber of
bl which are d by Wilkams and Spies (9)
The two main methods are the rat bradycardia test and a chemical
test known as the thiochrome method whereby the vitamin may
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Abassy (8) reported stmlar results i school children attending
elementary schools i London and Cambndge 40 to 50% were
normal 20 to 30% slightly below normal and 20 to 30%; defimtely
deficient A correlation was found between the diet and the dark
adaptation tests  Among chuldren hasving 5 pint of rudk at school
67 9% were normal on test whereas of those having ¥ pint or less
only 87% were normal > Under war condthons mn England
Yudhin (4) found low adaptation m 9% of children at an urban
mshitution 1594 among urban children from poor homes and 18%
among some village chuldren It has been shotn that the sensitivity
1o dim light may be greatly increased mn the<e sndniduals by the
admunstration of vitarmin 4 Yudhan (4) has shown that large doses
are necessary to effect prolonged improtement as much as 100 000
mternational umits daily A total dosage of 300 000 to 2 000 000
wternational units may be required and the heneficial effect may
last for weeks or months It s usually gven by the mouth in the
form of one or other of the fish oils At present the most con
centrated form of matural oif 1s obtained from hahbut inver This
may be admmstered erther w the form of drops or wn capsules
An alternatne method of admmmstration 15 to guve the vanous
concentrates but 1t 1s stated by competent authorities that these
are not so stable as the halibut kver o The preparation Lig vt
A Cone (BP Add) contains 2 500 international umts n ¥ rmmm
Cod Iner o)l contains on an average 2 000 international units per g
and habkbut kver ol 160 000 umits per g Thus 2 teaspoonful of cod
Niver oil contains 6 400 units and a drop of hahbut Iiver oif 8 200
umts When admmistered subcutancously the preparation 1s sad
to be not <o actise as when gien orally  Although chneally the
rish of hypervitaminosis A seems remote VMoore and Wang (5)
have produced an exp 1 dit m rats which they
attnibute to massive oral doses of sitamin A The symptoms
which nclude tenderness of the himbs and bone fractures are absent
if the vitamin 15 ovidised prior to admimstration  Post mortem
1on d the of and ntra
muscular h shilst \ ray photographs showed that the
magonity of the fractures oceurred at the centre region of the long
bones Although the symptoms in many ways resembled those of
scurvy they did not respond to treatment with 1 ascarbie aerd or

caleiferol
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‘The Vitamin B Complex Vitamun B was onginally regarded as
a single substance which was necessary for the mamtenance of
normal health in antmals It 1s now known to be a very complex
mixture the following constituents of which have been 1solated
and synthessed  ancunn nboflavin micotime acd  pymdowin
biotin folic acsd p ammno benzoie aard and pantothenic acid  The
1ast two compounds have not yet been proved to play an essential
part 10 human nutntion

Vitamin B, The absence of the B, factor 1s responsible for the
penipheral neuntis of bert ber1 which 1s often accompanted by heart
faure and gastro-intestinal disturbances The first observations
on this snteresting substance were made by Eifhman n 1897 He
showed whilst working in a prisonin Java that fowls sufTered from
a typeof poly neuntis simular to ben ben which at that time affected
the prisoners with considerable seventy  The fowls were fed on
polished rice of the same vancty as was gnen to the prisoners and
Eijkman showed that when the fowls were fed on unpohshed rice
the symptoms disappeared A\ large scale experiment was carned
out on the prisoners and feeding a carefully controlled group on
unpobished nice proved that the disease could be stamped out

Yatamm B, 15 soluble 1n water  In 1032 Windaus {6} determined
1ts compositton to be C;yH,,N,0S and Windaus (7) and Walliams (8)
working independently  finally blished the The
formula given below ts that of aneunn thiamuwe or vitarmn B,
chlonde hydrochlonde —

CH,
\N—C—NH, 1IC ]
\E—¢—cucmon
o€ Cen——\ |
I ) e

N—CH

The naturally occurring ulamm 15 ldentlcal with the synthetic

b th ch fly and pl tly The international
umnt of vitarmin B, 15 defined as the ant1 neuritic potency possessed
by 3y of vitamin B, hydrochloride

The assay of vitamin B, has been the subject of a number of

which are d by Willlams and Sotes (9)

The two main methods are the rat bradycardia test and a chemieal
test, known as the thiochrome method wherebv the vitamn may
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Abassv (8) reported simmlar results in school children attending
elementary schools m London and Cambndge 40 to 509 were
normal 20 to 0% shghtly below normal and 20 to 809 defimtely
defient A correlation was found between the diet and the dark
adaptation tests  Among children having 4 pint of milk at scheol
67% were normal on test whereas of those having § pint or less
only 87%, were normal  Under war conditions 1 England
Yudlun (4}  found low adaptation 1 99 of children at an urban
mstitution 15, among urban children from poor homes and 18 4
among some iliage cinldren * Tt has been shown that the sensitnaty
to dim hght may be greatly mereased in these indniduals by the
admnstration of vitamin & Y udlan (£) has shown that Jarge doses
are necessary to effect prolonged wnprovement as much as 100 000
mternational units day A total dosage of 300000 to 2000000
mternational units may be required and the beneficial effect may
tast for weehs or months It 15 usually mnven by the mouth 1n the
form of one or other of the fish ofds At present the most con
centrated form of natural il 15 obtaned from habbut hver This
may be admimstered either in the form of drops or m capsules
An alternatn e method of admmstration i to give the vanous
concentrates but 1t 1s stated by competent authorities that these
are not 5o stable as the halibut Iner i The preparation Tag it
A Cone (BT Add) contams 2 500 international umts in 1 minm
Cod liser aif contains on an average 2 000 nternational units per g
and habibut I er oil 160 000 umts per g Thus o teaspoonful of cod
liver otf contamns 6 400 units nnd a dmp of hahbut frer ail 3 200
units  When d y the prep 15 smd
to be not so active as when pgrven oral)y Although climeally the
rsk of hypervitammosis \ scems remote Vaore and Wang (5}
have produced an esperimental condiion o rats which they
stinbute to massive oral do es of \itamin A The symptoms
wiich include tenderness of the hmbs and bone fractures are abscnt
if the vitamuin 15 oudised pror to admmmstration  Post mortem
e‘(ammntlon confirmed the presence uf subcutaneous and mntra

2} ahilst \ ray 1 phs showed that the
smajonty of the fractures oecusred at the centre region of the Jong
pones Althongh the symptoms i many ways resembled those of
seursy they did nat respond to treatment with 1 ascorbie aad or
calaiferol
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", 8 becorme red along the line of closure and the mucous
e-bone 18 i shann snd denuded Thus L hnown 2> chedosis
L rston and Taunng oceus At the AnE
:s:rbu‘: he Jesrons Anown & pericd
:’f e the patient Lieas the for w1
Corrtyrse aeonmulatons are A pob
e e nas, n the S estibutle of tbe nose 87

X s and evclids  These lesions Quappeared with the admums
2sm of 0%, mg nbofian BT AL f body waht and e
peered on duscontunung e siamn  The tongue may alo be
b“"‘“‘ bewng purph b red oF magenta 1 eoloLs deam with
ht cved or mnshroom staped papille snd 3 burning sensation
F" be complaned of Further co-watners {(«7)
‘J\e ound that sitamin Bs to Leratitss and that
. condition can be cured bo 4 t human sabyects
}\ the administration of the tamun Jolnsent and T chardt {29)
reted tharty vt patints safenss from rosaces heratibis with the
tamn gvng 3 WY anhy and found that will correct the

deficiency 1 the it

.
lendition woen 1L amses from atarmo Ba
nients whost Thet 1 not gefcent but
i tessels sre not &

"h'-" not when ;t amees 10 P8

who show h\poch‘orh)x&r\n Fngorged Lt
In order to disgnose the

should be seen by 1t

’f‘-tﬁm{e waurnhion of srbolad mosis
of the fmbal losps and

condition on euldr SIRN>
lamp mieroscop} arsmg {rom@ the apiees
preaiing on 10 the coties around the hole cirenmierence and
1 enen pye Mann as desenbes & farther corneal mam
festation of avbellas oS ath margual s asmdarities and opatities
15 the substant Propria changes duappear ® hen pboflavin
wadauastered  Jenes er Al (30) deserioed an outbreak of stomahis
due ta mhofiar® deficiensy 0 & CAMP 1n Noxth Afnica when the
anly nbofam mtake Has reduced from 1 61w to1mg perhesd
Tt was quickly O by gong 100 108 nbafiavin i fe days o
by oz of fresiv yeast Amly I artial syndromes of anboflavinoss
gue changs Hsve also been desenbed by
Duckwerth 31 and 10 one £35e andet our cbseryahun & patient ~~
comphasned of a sove hard palate the mucoug I me
nd the symptoms. W

by the adaunpirabon of3tosm ofn

nd otier remedies haung Laved




82 THE VITAMINS

for some of the symptoms often associated with pellagra Its
conshitution has been res ealed through the work on the finvie.
1t has been known for many years that all plant and aumal hssus
contam a water soluble yello v pigment hnown as riboflavin (facts
flavin) whch exhibits blue fluorescence  Thas substance has been
erystallised by many worhers from various sources such as whey

erg albumen egg yolk Iser unne ete
Gyorgyr Kuhn and Wagner Jauregz (23) suggested m 1%
tha* vitamin B, an essential growth factor for rats was s flann
They were able to show that for finely

gH ou erystaline lactoflasin a dose of 7 to 107

HO L H constituted a rat umt The Hedelbers

Ho L group of workers proved that the synthetit

He G R nboflavin 1s both bologically and chems

CHy cally sdentical with the naturally oeeumn®
RN vitamin B, The formula of mboftavin 5

4, % shownhere Inrafs the ab ence of vitamun
B from the diet causes cataract stuntmg -
Chg MM of growth Toss of har and general lowern”
# o of candstion ‘
Ribollaym The phystologieal function of mboflasn

ihe that of ancurm 1s enzymie 1 char
acter and 15 mbimately assoctated with cell respiration As 8
phosphoric acid ester 1n association v ith a protem carner mboflavin |
has been dentified twith Warburgs  Yellow enzyme The
connechion between this mmportant resprratory function and the
symptoms of anboflavinoss are not Yet understood l
Clinical Applications  The chuef source of vitamn B, 1s plant
tissue parbienfarly young green leaves but malk 15 stable and
dependable source contaming 1 to 2 v per mi  National flour .
cotamns 13 to 19y per g and doed yeast 01 1 02 mg perg |
Stannus (24} first desenbed the chief climeal features of ribo-
flavin deficiency twenty years hefore the Aiscovery of mboflayin
Sebrell Butler Vtoolev and Isbell (2a) found by study of the
nboflavin balance n ten women that the requirement of this
vitamin 15 approvmately 3 myg per day  Lack of thys ‘itamm an
man produces a condition deseribed by Sebrell and Butler {26)
as anboflmmosis  Fighteen women were given a diet with a
low mboffavin content and tlurteen descloped anboflavinosts
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NICOTINIC 101D 8a

Clinical Applications lhe distnbution of meoti gerd 1n
foodstulls has been deternuned by chemical nd microbologient
methods Tuver kidpey pork flesh and yeast are good sources
whereas milk contans only small amounts  The daily requirement
1515 to 10 mg  From 30 to .0 / of the mgested meotinie aerd s
normally excreted 1n the urme as dernatrves of mcotime aeid or
as tngontilne  The blood level and uninary exeretion of nicotime
acid 1n pellagnns does not differ markedly from the normal using
chemical methods of assay It has been shown by hark and
Veihlejoln (8) that contrary to the gencral view porphyrins are
not nceessarily present 1 the highly pigmented urme of pellgrins
The blue fluorescence of the urine m these cises 15 attributed to the
presence of a substance F, of unknown chemical composition &
sccond blwsh fluorescent substance I’y which 1s posaibly tluochrone
15 a normal constituent of unine nd 15 dinuasshed m quantity m
the urme of pelligrns  Najjar wnd co workers (36) found that the
edmintstration of mcotink aud to pellagnns decreascd the cutput
of T, while ramg the quantity of F; The mumum effective
dosage 15 still not vet worhed out esther for the cure or prevention of
pellagra but Spies Cooper and Blankenhorn (37) recommend 0 5 g
daly given 1 five doses of 100 mg  as safe and effectne m the
usual case of pellagra  For parenteral injectron they found that
50 to 80 m,, a day 1n stenle physiologic solution of sodm cliforide
were cffectne when mjected intravenowsh  Sebrell (38) hs
emphasised that the best method of prevention 15 to brin, nbout
o permanent change 10 diet by adding as mueh green vegetables
mlk and lcan meat as possible  Swnec 1t seemy hikely that <itammn
B, plays some part in the development of the pellagra syndrome
the diet must provide for an adequate intahe ot this factor also

Rang (39) suggests that Vincent s disease in man n which there
I of the mouth T by the presence of fusiform
bacill: and spirochates may be a pre pelligrous condition e
records ood results from the idmimstration of nicotmic aed
2,0 mg by mouth 1n water given duly for ten days  In glossitts
and stomatitis due to nicotinie 1cid deficiency the tip and sides
of the tongue are ficry red and swollen and uleers form on the
tongue and buceal mucous membrine  Vincent s organisms may
be tound m the gravsh exadate  On aceount of ats y wodilator
action ntras chous njections of meotmie acd (o to 10 mg ) bave
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treatment was ormtted  Scarborough (32) desenbing some cases
ot arcumeorneal imjection as a sign of mboflauin defiaeney
comments on this fendency to relypse i certan patients i whom
an abnormally lwge amount of ribollwin appears to be required
Manson Babr {33} has suggested that \itanin B deficiency (ribo
flavin and nicottme aad) may be responsible for the glossitis found
i pellagra sprue permaous anemir the nutntional ant nu~s and
1hopathie steatorrhara  Stannus (84) suggests that the first tissue
to feel the evil effect of mboflavin deficiency 1s the capillary
endothelium

Nicotinic Acld (N1aun) Fhis 15 also hnown as the pellagrs
presenting (P T) factor  Pdllagra s a deficiency disease prevalent
1n distnets where maize 1s ore of the staple foodstuffs such as the
southern states of the US A Rumama Italy Cgypt and Southern
Russia  Its symptoms are severe gastro intestinal disturbances and
wasting  assouted with charactenstie dermatitis  1n addition
many subjects develop chronic dementia,

Expenments on dogs and rats and later on human subjects
have shown that pellagra 1s essentially a defiiency disease which
can be cured by the admmstration of nicotinic acid or its somde
Their formule are given below —

co oR CONH,

Nicotime Ackd Nicotinamide
N

Aicotimte acid Ihe severil other members of the titamm B
complex 1s hnown as a W wespread and important constituent of
carboliydrogenise systems  Coenzyme I (adenosine mbose diphos
phoric ribose ncotinie amide) plavs the part of hydrogen earmer
to enzyme systems which oxidise such substrates as aleohof lactic
aed and mahic aad whilst Coenzyme IT {adenosine nibose triphos
phone ribo e meotinie amide) pliys & sumilar role in the debydra
gentron of glucose hexose monophosplate and glutamic aed
The reduced toenzvmes are subsequenth reovidised by transferring
their aequired hdrogen to W arburgs  yelfow enzyme  Tlus
mportant function has not yet been related to the chnical symptoms
which charactense pligr
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mtensify there is a mise m serum ron which runs parallel to the
anemia  There 1s marked hvpoplasia of the bone marrow and
hxmosiderosis of the hyer and spleen  Neurological disturbances
of an epileptiform character also oceur At least 1n expenmental
ammals all these svmptoms are relieved by the admimistration of
pyndovin  There s hittle doubt that much of the experimental work
1n the past has been complicated by the failure to recogmse the part
played by mcotmic acid and folic acid 1n related conditions

Our chimeal knowledge of pyndoxin 1s far from complete The
svnthetic compound has been used 1n substantial quantities 1n the
treatment of anmmmas {Viiter Schmro and Sp]es {50)) muscnlar
atrophy and dystrophy (McBryde and Baker (51)) and Parki
sonism {Spies Higntower and Hubbard (52)) The reports are
confhicting and no well defined clinical condition has yet been clearly
nssoctated with deficiency The new information regarding the
function of fohe aeid 1 macrocytie anemia may help to resolie
this problem

Biotin In 1927 Boas (53) showed that rats maintamned on a
raw egg white diet des eloped symptoms of an eczema Iike dermatitis
which was associated with a loss of hair  Factors which protect
rats from  egg white mjury  were 1solated mdependently bv
Tvogl and Tonnis (54) from egg yolk o biotn and by Du Vigneaud
et al (5.} from lier concentrate 8 biotin formerly known as
vitamuin I Despite former assurances that these two compounds
were 1dentical it now seems likely that they are indeed distinet (56)
The factor resp for the pt of biotn defi 'y has
been 1solated by T'akin Snell and Wilkams and named Avidin (5¢)
Avidin which has been erystallised (53) 15 a protemn carbohydrate
complex of molecular weight about 70000 It forms a complex
with biotm which renders the latter inactive

The constitution of § biotin has been eluciaated and confirmed
by the synthesis by Du Vigneaud and colleagues (59 60) as

£0,
N;( \m
E /H(CH,] CO0H

The natural vitamin 1s the d compound and as the racerme form
testedonrats hasonly half of the activity of the naturally occurning
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been grien n cases of cerebral thrombosis by Furtado (40) and
n angna pectons by Neuwahl (41) and m Meniere s syndrome by
Atlanson (42) with promusing results Nicotime acid may also be
given by mouth 1n doses of 25 to 150 mg daily according to the
flushing effect produced 1n cases of mtermuttent claudication In
some cases the wallang capaaity of the patient 1s considerably mm
proved  Gottheb (43) described 5 cases of acute meotime acid
defictency characterised by mental confusion or exaitement which
were relieved by the administration of meotmic acid in doses of
400 to 600 mg

Vitamin B, (Pyndoxm} In 1931 Gyorgy (44) muestigatng
the condition of acrodymia n rats showed that althongh the
svmptorns were associated with a dietary factor nonc of the hnown
members of the vitamin B compicx afforded relief  In 1938 five
mdependent groups of workers succeeded m crystallising the
essential factor for which the name pyndoxm  was finally
adopted In the same yesr degradation and synthesis (45 46)
showed that pyndovin was a pyndie dernatie with the con
stitution shown

CHAH

o CHOY
Gy o
S

Pyndovin appears to be widespread 1n the ammal and vegetable
Lingdoms Good soutces are to be found i yeast nce pohshungs
and wheat germ and although found m many other foodstuffs 1t
15 frequently associated with protemn or starch and as such 15 only
assimlated after hydrolysis by cooking

Whilst rats on being deprived of pvridoxin shos loss of werght _
cedema and dermatitis of the extremities the corresponding con
dition 1n dogs and pigs 15 assocrated amangst other things with a
Aisturbanee of erythropoiesis  Independent workers (Chick et al
(47) Vhintrobe et al (18) and Borson and Mettier (49)) working
yanousiy on pigs and dogs agree that the condrtorn &> ofe of
hy pochromic microcytic anxmia  The condition although having
elements of sumilarity with permeious anemia docs not respond
to 1ron or Wy er extract therapy On the contrary as the symptoms
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wntensify there 15 & Tise in serum tron which runs parallel to the
anermia  There 15 marked hypoplasia of the bone marrow and
hzmosiderosts of the Iner and spleen  Neurological disturbances
of an epileptiform character also occur At least in expermental
ammals all these svmptoms are relieved by the admimstration of
pyndouin  There s hittle doubt that much of the expenmental work
1n the past has been complicated by the failure to recogmise the part
played by nicotinsc acsd and folic acid 1n related conditions

Our clinteal hnowledge of pyridoxn 1s far from complete The
svnthetic compound has been used 1n substantial quantities i the
treatment of anxmuas (Vilter Schiro and Spies (50)) muscular
atrophy and dystrophy (McBryde and Baker {51)) and Parhin
somsm (Spies ¥gntower and Hubbard (52)) The reports are
conflicting and no well defined ehmeal condition has v et been clearly

d with defi y  ‘The new ding the

function of foltre acid 1n macrocy tic anemta may help to resolve
this problem

Biotin In 1927 Boas (53) showed that rats mamntamned on
raw egg white diet dev eloped symp f an eczema like d:
which was assoerated with a loss of harr  Factors which proteet
rats from  egg white wjury  were isolated wndependently by
hogl and Tonmis {24) from egg yolk « biotin and by Du Vigneaud
et al (52) from lner concentrate B biotin formerly known as
wvitamun 3 Desprte former assurances that these two compounds
were identical it now seems Likely that they are indeed distinet (56)
The factor resp ble for the t of biotm d has
been 1solated by Fakin Snell and Williams and named Avidin (57)
Avidin which has been crystallised (58) 1 a protein carbohydrate
complex of molecular weight about 70000 Tt forms a complex
with biotin which renders the latter inactive

The constitution of 8 biotin has been elucidated and confirmed
by the synthesis by Du Vigneaud and colleagues (59 €0) as

Ny(c S
CH—CH
cn,\s}mm,),coox-x

The natural sitamin 1s the d compound and as the racerme form
tested on rats has onls half of the activity of the naturally occurnng
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matenial 1t 15 questionable whether the I form has any activity
(Fmmerson (81) Ott (62)) According to Kol et al (63) the
constitution of a biotin differs sigmficantly from that put forward
by the Ameriean school but as the compound has not vet been
synthesised no chimel significance 1s yet attached toat

Biotin 15 found 1n close associztion with other members of the
vitanun B complex the clnef sources being yeast liver eggs peas
and cereals According to Sydenstricher et al {64) the daly
requurement of adult humans 1s about 150 pg

The symptoms of biotin deficency are not limted fo rats  As
an cssentinl growth, factor for manv bactern and moulds (Bios
1IB) biotin has been known for over two decades yet the recognt
tion of 1ts chnmcal mmportance 1s of very rerent development
Tspenmental deficency 10 monkeys may be mduced by hmiting
the, lnotin ntake by 1dding raw egg white to the diet or by
Suppressing the synthesis of biotin by the mtestinal flora by the
adminstration of swiphonumdes (Waisman et al (65))  The
«yndromie 1 monkeys 1s characterised by a thinning of the fur
a loss of harr colour and by a conspicuous dermatitss of the face
legs and arms all of which symptoms are rclieved by the admums
tration of 20 pg of synthetie biotin daily  Symptoms of biotin
deficiency 1n man desenbed by Sydenstricker (61) mefude a sealy
dermatitis a grevish pallor of the shin atrophv of the lingual
papille and disturbed erythropoiesis A very remarkable ease of
climeal biotin deficieney has been quoted by ¥Wihams (66)

Follc Acid The subdivision of the vitammn B complex 15
apparently so cndless that it 15 2 pleasant task to be able to report
some simphification  With the punfieation of the varous reported
essentinl factors 1t becomes ncremsingly  probable that three
factors Intherto treated as scparate entities are m fact dentieal
These are (2} folic acid the geid factor 1olated By Vilhams et
ol (67) from spinach and found by lim to be 4 growth stimulant
of the organism streptococcus lactis (4) the  nont eluate factor
reported by Snell and Peterson (68) m yeast and hiver and found to
be an essential factor for the growth of lactobaclus helveticus
and (¢} wtamin B 2 dictary factor desensbed by Tfogan and
Y arrott {69) the absence of which 1s responuble for the symptoms
of macrocytic by pochromie anemn i chicks  The enrher clum
of Mitchell and Witliams (70} that folic acid bore 1 close resem
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blance to \anthoptern 1 prgment found m butterfly wings seems
to be inconsistent with the mabiity of ties compound to rehieve
the charactenstic symptoms of vitamin B deficiency in chicks
Notwathstanding this fact the close sumlanty n phisical and
chemical properties together wath the stimulatory effect upen
Jactic neid orgamsms  held in common by these three factors
support the clam to wentity (Pfillner et al (71)) Some clanfi
cation of this problem mw be antieipated following the recent
characterisation of the Iner frctor  Angeer et al (72) have shonn
by degradation and sy nthesis that this factor possesses the following
structure

CIOOH
Hooc cit m,m—mm@ NH -CH;
OH

N {4 {{t- am no ¢ bydroxy 8 ptendvi) metl vI]anuno jbenzoylelutamie ner

N,

The presence of glutamic 1cid 1nd p ammobenzote aerd resudues
in the molecule 15 tnteresting  Hitherto the pteridi] ning has not
been encountered as such 1n the biologeal field

The synthetic compound stimulates the gronth of I Helveticus
{tase1) and 15 actine agamst anema 1 chicks  An analogous
svithetie compound prepared by omitting the glutanme aad residue
fails to do either but stimulates the growth of Streptococcus
freahs ' Angier and co-worhers al<o describe a second factor
1solated from 2 fermentation muture which as 1t can be readily
com erted 1nto the abos e compound must be closelv related to1t

Folic aeid as 1ts name mmplies 15 found m green leaves Con
centrates of the vitamun are usually obtained from spmach tops
yeast or af an ammal source 1 preferred from Iner extracts
As this factor 15 almost certanly synthesed by the mtestinal
flora 1t 15 difficult to estmate the daily requirements Established
defielency 1 adults has been cured by the admunistration of 5 mg
pee day for ten days

Rats mantamned on a diet supplemented with aneurm ribo-
flavin pantothemc aad pyndoun nicotmic acd choline and
biotin but . 1, sulph dine developed symp
of agranulocytons and § T which ded promptiv to
the administration of erystalline folic acid (Daft and Sebrell (73))
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Within four days the white cell counts rose from 2 700 to 14 400
per cubic rmllimetre with a simultaneous inerease 1n the percentage
of granulocytes from 1 to 40

That folic acid not only stimulates the production of white cells
but also exerts a profound effect upon ervthropoiesis 15 apparent
from the clinteal xeports of Spies (74 75) on the treatment of
nutrtional macrocytic anermia  Qut of 42 cases of macrocytic
anemia treated 26 responded mmmediately to treatment with
20 mg of synthetic erystalline folic acid administered erther paren
terally or orally The cases which mcluded five of Addisonian
pernictous anemia as well as macrouy tic anemia of pregmaney and
of sprue showed a sharp reticulocyte response followed by an
increase 1n red cell count and h globin content Ind dent
confirmation of the efficacy of folic acid in the treatment of sprue
has been given by Darby Jones and Johnson (76) who report the
successful treatment of 8 classical cases by intramuscular mjection
of 15 mg of fohe acd

The use of folic actd or of synthetic pteroviglutamic aeid m the
treatment of permeious ansemia 1s now uni ersally condemned It
15 true that the mmtial response 15 good Thus Willanson (77)
showed there 15 a prompt reticulocytosis with a rapid rise mn the
red cell count hemoglobin percentage and in some cases the
whte cell and platelet counts Later increasing amounts of folie
acid are necessary to prevent relapse m some cases and finally
there may be no response at all Most serous of all 1s the fact
that neurological changes are not rcheved by fohe aad and
some cases which were onginally free from nersous lesions subacute
degeneration of the cord may rapidly appear despite a good haema
tological response It seems even that folic acid may precipitate
spimal cord degeneration

Willunson and Isragls (78) treated 18 patients suffenag from
pernicious anemia with synthetic folie acid conjugates pteroyly
tnglutarme acid (teroptenin) and pteroyl a diglutamic aerd {diop
terin) The | ! 1 resp was f: y d
that the sufferers from pernicious antma can hydrolyse and
uhlise these folic acid conjugates if gisen 1n adequate doses

Para aminob Acid  Ths sub was first
as & vitamn by Ansbacher (79) He fod blach and piebald rats
on a dict which produced greying of the fur a condition known
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as achromotrichia  When this diet was supplemented daly by
3mg of p-anunobenzoic acid the ammals grew normally pigmented
fur within a month  Ansbacher {79) also showed that the vitamun
mnproved the condition of chicks reared on a heated ‘itamin
h-deficient dirt while Sure (80) found that p aminobenzoic acid
was an essentral dietary factor for lactation and reproduction in the
rat It 15 evident that the above results require further confir
mation since some workers have failed to substantiate the clams
of Ansbacher The formula of p-aminchenzoic acid which 15 one
of the B complex vitamns 15 as follows

NH,y

ceon

The sub has aroused derable interest mn recent years
because of 1ts mnhibitory effect on the activity of sulphamlamide
This ihibit on winch was demonstrated by Yoods and Fildes (81)
tn titro and bv Selbie (8.) m mice infected with streptococcus
hzmoly ticus led Fildes (83) to conclude that p aminobenzoic acid
15 an essential metabolite for bacterta The vitanun appears to be
widespread 1n plants and animals and has been 1solated from yeast
which has been found to contam 0 5 mg per 100 g Lattle 1s known
of the effect of a defictency of the vitamin 1n human subjects or of
the normal daily requirement Sieve (84) however claimed that
p aminobenzoic acid caused darkerung of the hair in 80 cases of
human achromotrichia

Micr Assay of of the Vitammn B
Complex In no single sphere of biochenustry have the methods
of microbiolosical assay been more successful than 1n the estimation
of witamun B factors As with more complex animals selected
strains of bacteria are apparently very discnminating in regard to
the composition of the medium upon which they grow Although
orgamsms will farl to grow on a medum laching 1n one essential
factor, yet over a imted range of concentration they respond mn
an almost linear manner to addition of micro-quantities of the
mussing factor It 15 upon this principle that the method of micro

7
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Within four days the shite cell counts rose from 2 700 to 14 400
per cubic mitlimetre with a simultaneous mnereasc 1n the percentage
of granulocytes from 1 to 40

That folic acid not only stimulates the production of white cells
but alse exerts a profound effect upon erythropoiesis 1s apparent
from the chmeal reports of Spies (74 75) on the treatment of
nutritional macrocytic anemia  Out of 42 cases of macrocytic
anemia treated 26 responded immediately to trcatment with
20 mg of synthetic crystalline folie acd admimstered either paren
terally or orally The cases which included five of Addisoman
permeious anemia as well as macroes tic anemia of pregmancy and
of sprue showed a sharp reticulocyte response followed by an
merease 1n red cell count and h lobin content Independ
confirmation of the efficaev of folic acid in the treatment of sprue
has been g1ven by Darby Jones and Johnson (76) who report the
successful treatment of 8 classical cases by intramuseular injection
of 15 mg of folic acid

The use of fohie acid or of synthetic pteroyIglutamic acid 1 the
treatment of permcious anema 15 now uni ersally condemned 3t
1s true that the imitial response 1s good Thus Wilkinsen (77)
showed there 1s a prompt reticulocytosts with a raprd rise 1n the
red cell count hmemoglobin percentoge and 1n some cases the
white cell and platelet counts Later 1ncreasing amounts of fohe
acid are necessary to prevent relapse n some cases and finally
there may be no response at all Most serious of all 1s the fact
that neurological changes are not reheved by folie aerd and m
some cases which were ongnally frec from nersous lesions subacute
degeneration of the cord may rapidly appear despite a good hema
tologeal response It seems even that folic acid may precipitate
spinal cord degeneration

Willanson and Isragls (78) treated 13 patients suffering from
permeious anemia with synthetic folie ad conjugates pteroyl 3
trglutarue acid (temptcrm) and pteroyl e di lutamic and {diop
tenin) The | ) T was satisf: d
that the sufferers from pernicious anema can hydrolyse and
utihse these folic acid conjugates 1f g1y en in adequate doses

Para a b ic Acld Thus su was first
as o vitamn by Ansbacher (79) He fed black and pichald rats
on & dict which produced greying of the fur a condition known
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5
as nchromotrichia  When this diet was supplemented dailv by
3mg of p amnobenzoic acid the animals grew normally pigmented
fur within a month Ansbacher (79) also showed that the vatammn
improved the condition of chichs reared on a heated vitamin
h deficient diet wwhile Sure (80) found that p armnobenzoie acid
was an essential dietary factor for lactation and reproduction in the
rat It ts evident that the above results require further confir
mation since some workers have fatled to substantiate the clauns
of Ansbacher The formula of p ammobenzoie acid which 1s one
of the B complex vitamms 15 as follows

Nty

COOH

The sub has aroused derable 1nterest 1n recent years
because of its mbitory effect on the actinity of sulphamlarmde
This inlubition which was demonstrated by Woods and Fildes (81)
 talrg and by Selbie (82) 1n mice nfected with streptococeus
heemolyticus led Fildes (83) to conclude that p amincbenzoie aaid
15 an essential metabolite for bacterir  The vitamin appears to be
widespread in plants and ammals and has been isolated from yeast
which has been found to contam 0 5 mg per 100 g Little 1s known
of the effect of a deficiency of the vitammn 1 human subjects or of
the normal daily requirement Sieve (84) however claimed that
P amnobenzoic acxd caused darkening of the hair 1n 80 cases of
human achromotrichia

Microbiological Assay of Members of the Vitamin B
Complex 1In no single sphere of biochemustry have the methods
of microbiologieal assay been more successful than 1n the estimation
of vitamn B factors As with more complex animals selected
strains of bacteria are apparently very discrimmating in regard to
the composition of the medium upon which they grow Although
orgamisms will fail to grow on a medium lacking 1n one essential
factor, yet over 2 limited range of concentration they respond in
an almost linear manner to addition of miero quantibies of the
mussing factor It 15 upon this principle that the metbod of micra
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bologmenl assny rests  1actors essential to bactera include most
members of the vitamuin BB complex and an impressi e list of antino
acids including all of those essential to man By using pure solutions
to produce standard graphs of growth agunst added factor 1t has
been possible to estimate with a greater degree of accuracy thanis
possible by chermical methods the concentration of these factors
n foodstulls

Fhe method will doubtless Iend itself to the assav of these factors
n biological matenials  In most assays 1t has been possible to
circumyent the technical difficulty of measuring the growth of
bactenal cultures by using, lactic acid producing, orgamsms and
the hnenr relation between lael ¢ acud production and the con
centration of the missing factor has been demonstrated 1 many
cases

Phycomyces Blakesleanus has been used for a number of years
m the determmation of ancurin (Schopfer and Jung (85)) Less
well known but not less accurate 1s the use of Lactobaallus
Helvetrcus (I caser €) for the cstimation of nboflyin (Snell and ~
Strong (86)) pyndoxn (Carpenter and Strong (87)) buotin
(Snell Hutelungs and Peterson (88)) and fohe acid (bnell nd
Peterson {68)) For the estimation of nicotinie acrd Lactobacillus
Aribimosus 1s the orgamsm of chowce (Barton Wnght (89) Kent
Jones and Meiklejohn (90)) Other orgamsms which hwe been
employed 1n smular assays melude Neurospora Sitoplula (Stokes
etal (91)) Streptococeus lactis (Snell Guirard and Walliams (92))
-nnd Leuconostoc Mesenteroides {Barton Wrght et al (93)) The
latter 15 also recommended for amino acid nssays

Vitamin B, The wolation from hver of the highly potent
antt anmic factor known as vitamin B;, was accomplished 1n
dependently and almost uimultancously 1n 1948 by Rickes et al
(94) 1n America and by Lester Smuth (95) 1n Fngland  Riches et al
(94) by successive punificatrons of chinicalh actise liser fractions
wolated in minute amounts 2 crystalline substance lughly actine
for the growth of the Lactobacillus lactis Dorner and they called
this substance vitamin By, Short (96) had shown that the Laeto
bacillus lactis requizes for 1ts grosth two umdentified factors ort
of which (ITD Dictor) appeared to be related to the achinity of
commeren] Iiver preprations wsed i the ticatment of pernicious

anuma It was found that vitamm By, was cither wholly or
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partilly responsible for the TTD growth actinity observed for
hiver extricts  Tuches ct 2 were therefore able to use this micro
buoloieal methad of assay of the v irous Iner frictions »olated
anstead of the more tedious and somewhat uncertain chnteal trals
employed by Ungley (97) on matenial supplied by Lester Smith

Method of Isolation from Liver Lester Smuth and his
colleagues have given details of their methods of nolation of
vitamuin By, 1 a senes of pubheations (92 98 90 100) They
used the method of partition ehromatography nvented by Martin
and Synge (101) Smuth (100) outhines the processas follows  The
methed entploys a tube packed with an mert porous powder capable
of sorhung up a considerable proportion of water without appeaning
damp  the matenal to be separated 15 applied to this column
dissolved 11 an orgame sols ent not completely msesble with water
and des clopment 1s combined with the same solvent  These columns
do not differ tn appearance from the familiar adsorption chromato
grams using alumina for example but the mechansm of separation
1s different 1t depends on differences in the partition of the various
substances present befween water (held in the pores of the solid)
and the solvent instead of upon differences m adsorbability *
Punfied liver extracts separated mto 8 coloured zones jellow
below brown ebove and pink mn between Nearly colourless material
was present between the pink and vellow zones

Smuth (10.) says that the method 1» very complicated 1nv uhmg

at least § ch d m
with other steps of punﬁcatmn such as salting out with ammomum.
sulphate p pitation with phosp tic aeid and
partition between aqueous solution and solvent mixtures The
chromatographic steps included adsorption 1n alumma silica and
charcoal ~ The aetie principle was present in two red bands
the column  Eventually 20 mg of vitammn B,
were obtatmed from a ton of Iver  Both Ruches et al (103) and
Srmth (104) showed that the red crystallne B,, contamed cobalt
to the extent of 4 / each molecule probably contuning one atom
of cobalt and three atoms of phosphorus

Cobalt had been shown by Martin (102) to prevent or cure
anzmia 1 rummants resulting from feeding on pistures deficient
n cobalt The use of the cobalt ton alone 15 meffective 1 the
treatment of pernicious anemia
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A further advance was made 1 the preparation of vitamm B,
when 1t was shown by Riches et a1 (106) that the streptomyces
gnseus from which streptomycin 1s prepared forms in its meta
bolism flud vitamm By, 1dentical with that obtamned from Iner
and producing o sumiar chncal response mn pernicious anemia
It appears probable that there are four or more actis e forms of By,
these hay e been called By, By, By, and By, Articles on these
forms of vitamm B, have been published by Smuth (107) Ungley
and Campbell (108) and Chalmers (109)

Clinical Applications Titamin By, s active 1n very small
doses West (110) tested the crystalline substance isolated by
Rickes et al 1n the chimcal treatment of pernicious anemia n
relapse He found that in two patients doses of 3 and 6 micrograms
respectively produced a rapid increase in the reticulocytes red
cells and heemoglobin  Ungley (97) tested climeally the erystalline
vitarmin By, prepared by Smuth on 53 patients suffering from
permcious ancmia most of whom had receit ed no previous treat «
ment and a few who were 1n & stage of relapse after discontinuing
treatment The vitamin was injected intramuscularly as a single
dose ‘The doses were graded logamthmically from 125 to 160
rmcrograms  The reticulocytes usually began to nse on the second
or third day and reached a peah on the fifth or sixth day A gdéod
reticulocytosis was not always a precursor of a correspondingly
good mise in the red cell count It was found tnat the increase of
red cells m fifteen davs was the best cntemon of hmatological
response to the vitatrmn  The amount of vitamin B, required to
rase the red cell count to over 1500000 per ¢ mm vared from
15 to 140 micrograms The bone marrow showed changes from &

galoblastic to a blastic pieture S of the tongue
disappeared within o few day s of the injection and allergic reactions
were not met with Ungley has also reported on the fas ourable
effects produced by vitamin By, on the neurclogical manifestations
of pernicious anzmia

Foran b d ease of pernicious anznua he
an mitial dose of 40 to 80 mcrograms Tollowed by 20 micrograms
weedy for three months and 80 merograms every three weeks
subsequently

In cases showing neurological changes such as peripheral neuritis
or subacute combined degeneration larger doses are required such

Tod
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as 40 micrograms every wech for six months and 20 micrograms
weekly afterwards Berh et al (11%) reported rapid regression of
neurologieal mamifestations and absence of allergic reactions n a
patient sensitive to injectable liver extracts The patient was a
forty one year old mulatto woman who had previously been treated
with injections of punified I er extracts and fohe acid  Esght daily
mjections of 5 micrograms of By, were given  On the tenth day of
treatment remarhable changes mn the neurological signs were noted
The numbness and clumsiness of the fingers vamshed the plantar
responses became flexor the patient could walk without support
and vibration sense returned It 1s clearly essential that the neuro
logical changes in permicious anerma should be adequately treated
before structural damage in the cord renders them irreversible
Ungley (112) has also compared the efficacy of vitamin B,, wath
that of more erude hver extracts m the treatment of subacute
degeneration of the cord He found that 1t was equally effective
and stated that  the existence of a separate neuropoietic factor
need no longer be postulated ~ Veekly doses of 40 micrograms of
B, are usually effective mn the first s1< mponths with half this dose
for the sub At the least sign of
relapse or if there 15 an mtercurrent nfection the dosage should
be mcreased

Vitamin By, 1s available in Great Britain as Cy tamen 1 ampoules
containing 20 and 50 micrograms equuialent per ml  or Anacobin
m ampoul 10 m1m! Vitamm B,, has
Also been effective m the treatment of tropical macrocytic anzmia
nutntional macrocytic anzmia and sprue It 15 meffective m
secondary anzmias and in aplastic anzmia

Jacobson and Bishop (118) have brought forward evidence to
show that the hemopoietic effect of vitamin By, 1s inferior to a
comparable dose of commercial liver extract It 1s suggested that
1n addition to the primary factor B,, accessory factors are required
These accessory factors mclude 1 tyrosine a peptide ~anthoptermn
tryptophane and guanosine If this s so then a hiver extract such
as Anahemn 15 preferable to B,, 1 the routme treatment of
permeious anxma

Vitamin G Ths substance which 1 water soluble 1s responsible
for protection agamst scurvy It 1s found distributed fanly widely
m ammal tissues and also 1n the juice of fresh fruit particularly




96 4Hr VL NS '
aitrus frutts It has een shown to be { ascorbie acid which has the
constitution shown below —
!
(44
Il(‘«—‘C [¢]
HO—C
H—C—
HO—('.H
Lln,ou
The compound 1s & powerful reducin, agent and 1s unstable m
alhaline solution It 1s estimated biologiealls by ats abiidy to
protect guinea pigs from scurvy and chemieally by titration with
phenol indo 2 6 dichloro phenol
Chinical Applications  The vitamen s admuustered 1 the
prophylactic and curatn e treatment of scursy ysually 1n the form
of fresh orange yce  Orange paice contans 0 2 to 0 9 mg per ml
rose lipsyrup 0 4102 2mg perm! blackewrrant purée 0 66to 1 mg
per m!  blacheurrant syrup € 63 mg per m! spmach 09 mg per
g human milk 006 mg  and cow s midk 602 mg per ml The
Titamin C content of cow s milk 15 fowered by pasteurnsation by
standing by further heating and by dilution
1 egetables should be cut up only Just before coohing and dropped
m small quantitics into boiling water care being tahen that the
water does not go  off the bosl  Further if vegetables are not
eaten as soon as cooked the ascorbie aeid gradually deteriorates
The daily requirernent of vitammn C for an adult 15 50 to 100 mg
for a cluld 0 to 156 mg  and for an mfant 15 to 50 mg  Alter
natinely 1t mav be given as tablets of ascorbic acid cach contanin,
50 mg of erystalline vitammn C 1 to 3 tds orin adult scurvy
ascorbic aerd mg 100 to 300 may be administered subcutancously
t1d Thereisno danger of hypervitammnosis It has been sug, ested
that man) chronic 1llnesses may be due to a degree of vitamin €
subnutntion (latent scursy) Abbasy Il and Harms (114) have
shown that m active theumnatism the ascorbic acid exeretion 1n the
unine 15 below normal and they conclude that w the infection which
underlies rheumatie fev et there 1s 4 greatly mcreased metabolic use
of and need for vitanun ¢ and - correspondin,ly lower degree of
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saturation of the body reserves haser (110) however deternunin,
the vitamun € content of the blood in norm=l and rheumatic children
found no striking difference and considered that vitamin C 1s pro
bably not a l 1 factor in rh
Thus children may show a fragility of capillaries espectally 1n the
carly spring  Campbell and Cook (116) found that gingivitis
characterised by panful and bleeding gums rapidly healed 1f ascor
bic acsd was given 1n doses of 300 mg daly for four days Glaze
brook and Thomson (117} made obsery ations on youths between the
age of fifteen and twenty years who were having a diet mn which the
vitarmin C was largely destroyed by the methods of cooking and
distmbution 33, had ascorbie acid administered daily for several
months None of them developed pneumonra or rheumatie fever
whereas 1n a group of 1 100 controls there were 17 cases of pneumonta.
and 16 of acute rheumatism Lack of healin, of wounds (Bourne
(118)) and of gastric ulcers in patients undergomng treatment
has been ascribed to deficiency of vitamin € in the diet  In some
cases of permicious anznua a satisfactory response to lier therapy
18 not obtaned until ascorbie acid 1s also administered  Harmis (119)
concluded that the addition of extra vitamin C to wartime diets
d to h d healing of wounds
and improved weight and height gains 1n chuldren
The diagnosis of vitarun C subnutrition may be carricd out as
follows arms and his co worhers (120) have studied the con
centration of ascorbic acid m the urne both before and after the
admimstration of test doses of ascorbic acid to human subjects
They found that normal indnviduals excrete siynificant amounts
of ascorbic aeid m thewr unne usually over 183 mg duly The
vitamn 1s denved from the diet  If the ascorbic acid 15 withheld
from the diet ascorbic acid 1s excreted at & steady rate for a time
the of resersc stores of the vitamin
In general the urinary excretion reaches an equihibrium level pro
portional to the dietary ntake of the vitamin Harrs regards a
daly excretion below 13 mg as suggestive of vitamun € deficieney
The effect of a test dose of 700 mg of ascorbic acid per 10 stones
of body weight depends on the state of nutrition of the subject.
with respeet to vitamin C  In normal sndrviduals there 15 a sharp
wcrease 1n the excretion of ascorbic actd usually on the first day
following the test dose A patient 15 regarded as  unsaturated
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1f the excretion rate does not show a rapid nerease abos e the resting
level When dealing with patients with a low reserie of ascorbie
acid o better 1dea of the degree of unsaturation may be obtamed if
the test dose 1s ad tered for several tive days and the
daily output of vaitamin recorded

The chief difficulty of the test 1s due to the instability of ascorbic
acid which oadises rapidly i arr  For this reason the unne
should be collected 1n dark stoppered bottles and treated with
one tenth of its 1olume of glacial acetic aid  Analysis should be
performed at once The night urine should be collected m the same
way and despatched to the laboratory for analysis early in the
morming  The whole of the urne passed in twenty four hours must
be collected Unless these precautions are taken loss of ascorbic
acid will occur and may lead to an erroneous conclusion If the
output 15 under 18 mg per day a defictency of vitamun € may east
For the test dose about 700 mg of ascorbic acid should be given for’
every 10 stones of body weight and the unne collected for the
following two or three days If a small response results the dose
should be repeated on one ot two further day s 1n order to distingush
between the milder degrees of deprivation and more sesere hypo
vitamnosis

Harms and Abbasy (121) have proposed a modified test over a
shorter period switable when the collection of full twenty four
houtly specimens may be mconvenient At 9 am the patient 1
mstructed to urmate This specimen 15 discarded The patient 1s
then nstructed not to urinate until 12 noon 1if possible when the
test specimen Tepresenting one eighth of the total day s excretion
15 obtained and analysed The same programme 1s repeated on a
second and third day 1n order to establish the resting level After
this the test dose of 700 mg of ascorbic acid per 10 stones of body
weight 15 admmistered on one or more further days In these cases
the urine samples are collected during the same afternoon over 2
three hourly period eg 2 to 5 pm and analysed at once

Investigation of the ascorbic acid content of the blood has
indicated the ewstence of a threshold value of about 1 mg per
100 ml of plasma Lower thresholds are sometimes obsersed
Normally the effect of a test dose 1 to increase the plasma ascorbic
acid over the threshold value with the appearance of the vitarmn in
the urine Ungley (122) showed that with deficiency of vitamm C
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the resting level of ascorbie acid 1n the plasma 1s low and 1s only
slightly increased by the dose However the plasma value although
dependent on the intake of ascorbic acd 1 thesiet 15 not a good
index of a sigmificant deficiency of the vitamin  Thus Lund and
Crandon (123) n a study of a buman volunteer found that the
plasma level of ascorne actd dropped to zero 1n six weehs whereas
chimeal scurvy took five months to develop 1n a subject placed on a.
diet free from ascorbic acid It was also found that the reducing
substance 1n the bufly coat of centnfuged blood presumably
consisting of ascorbic acid took four months to drop to zero and
thus provided a more rehable index to the danger of chinieal
seurvy

Vitamin D This anti rachitic vitanun 1s found 1n fish Iner oils
but ean also be prepared by the iradiation of mactive sterols found
1 nature  Thus the wrrad of leads to the f
of caloferol which was formerly thought to be the naturally
oceurning vitammn  The constitution of the naturally occurnng
vitamun is not certan since many sterols on wradiation produce
active compounds At least 10 provitamins D are known the 4
Listed below hasing been 1solated in the pure state —

1 tamin D Provitamin D
D Ergosterol
D, 7 dehy drocholesterol
D, 22 dehy droergosterol
Dy 7 dehvdro-sitosterol

The compound D, which has been wolated from tunny fisk ol
has a high activity when tested 1n chichens and 1t 15 suggested
that ths 15 the naturally occurring vstamm D The formule for
ergosterol calaferol and vitamin Dy are as follows —

cny

1 ] Hy
en cn=en—cnecnd,
o

cHy

ol Ergosterol,
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CH,
B % e
o \?H T em,
CH cH
3, CH—CH(CH 3, H
; c ,)z ,eH{en)s
c
z o, o
o oH”
Calaferol (vitamm D ) Nitamn Dy

The method of standardising vitamin D consists 1n emploving
the same type of method as already recounted for the other
vitamms  There 15 however considerable difference in that the
great importance of the presence of this vitamin has succeeded 1n
producing a defimte quantitative method of estimation Rats
are fed on a special diet contaiming no vitarmn D until mickets
develops  The stock 13 then divided mto groups and to each
group graded doses of the preparation are gnen by mouth To
another series a standard preparation of vitamin D 1s given and
by carefully grading the doses attempts are made to produce the
same effect as with the standard preparation and by this means s
defimtion of the actity of the unknown n terms of the standard
may be armved st ‘1he actual technique of determining the degree
of healing of the nichets vanes considerably For example X\ ray
photographs may he taken of the leg bones when unealeified areas
can readily be seen An alternatis ¢ method 15 that known s the

line test In this ammals are hilled and sections of the long
bones are made and the epiphyses are stained with silver mtrate
The preparation 15 then exposed to the hight with the result that
at the epiphyvseal line 4 black area 1s produced By this means the
degree of healing may be studied It 15 thus possible to obtamn the
potency of the unknown t terms of the standard  The international
umt 1S ,ghgp Mg of rradiated ergosterol  The I vitamins are stable
tWeooking

Chinical Apphications  The vitamn I content of certam foods

according to Coward and Morgan (1) 1s as follows expressed as
nternational umits per g Tpg volk 15 to u ercam 05 butter
Gitot mik 0t001 cod Iiver il 480 umits per teaspoonful and
halibut liver o1l 48 umts per drop  Fresh hernngs contam 250
nternational umts per 0z The use of vitarmn D 1s very wide and
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1t 15 usually given either mn the form of cod hiver o1l hahbut hver
ol or some similar preparation or alternatmvely as wradiated
ergosterol  As a prophylactic agamst rickets most foods grven to
children are remforced erther by the addition of irradiated ergosterol
or by the wradration of the actual product infants usually require
700 to 1 500 international umts daily and as a curative dose 3 000
to 5 000 mternational umts dauly  The British Pediatric ssociation
recommends 700 international units daily for a baby durng the
first year This 1s contamned m 8 drops of Radiostoleum 10 drops
of hahibut Iiver o1l 12 drops of Adexolin 280 drops of cod Iner ol
compound and 560 drops of 50/ emulsion of cod lver ol
(2 drops =1 mumm) Liq it D Cone (B1 Add) contams
1 500 nternational umits 1 3 rmmms  Ten thousand umnits daily
would constitute an overdosage resulting mn mcreased density of
bore fever etc Massive doses of vitamin D 1n the form of 1rra
diated ergosterol (300 000 international umits or more daly) have
been used to rane the blood caleium 1n tetany and m the treatment
of Jupus vulgans rheumatoid arthntis and has feser Such doses
are not devoid of danger Tumulty and Howard (124) record the
case of a man grven 750 000 mternational umts dauly for twelve days
to aid the umon of a fracture His blood calelum rose to 15 mg per
100 ml the serum phosphorus not falling below 3 8 mg per 100 ml
He was seized with nausea abdommal pams and severe vomiting
assoctated with renal falure  The vitamun D had been administered
n mulk 10 which vehicle 1t 1s ten tumes more potent than m ol
Dikydrotachysterol {AT 10) slthough possessing only shight
antirachitic potency has also been employed to raise the level of
blood calem 1 wdiopathic and post operatn e (hypoparathyrod)
tetany It appears to possess no special advantage over caleiferol
for this purpose Albmght (120) recommends that the urme of
patients under treatment with massive doses of caleiferolor A T 10
should be regularly tested for calcum by the Sulhowitch reagent
Thus reagent consists of 2 5 g oxalicacdd 2. g ammonura oxalate
and 5 ml of glacial acetic acid dissolved m water to make 150 ml
One ‘olume of unne 1s treated with 1 volume of reagent If no
precymtate of caleum oxalate 1s obtatned there 1s httle caleium
present mn the urine and the serum caleium level 1s probably from
51075 mg per 100 m! If there i » fine white cloud the level of
the ealcium 1n the serum 1s i the satisfactory range  If the muxture
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looks like mulk the danger of hypercalczmia 1s present  No method
has been worked out for the actual 1solation of vitamin D from the
unine and therefore we htve no defimte evidence of a sub nckets
condition

Vitamin E It has been shown that ammals fed on diets
deficient m certan vegetable substances can no longer reproduce
The feetus b bed following placental changes after
the twelfth dvy In the male this defictency leads to destruction
and atrophy of the testes The distribution of vitammn T 1n nature
1s widespread cereal gram green leaves legumes and nuts bemg
good plant sources of the mnterial As far as 1s hnown wheat
germ oil1s the richest source and most workers attempting to obtamn
the pure vitamn from natural sources have used this 4s a starting
matertal Vitamin L 1s classified among the fat soluble vitamns
and 15 destroy ed by at ) oxygen n the p of alkall

Three substances « B and y tocopherol hase been 1solated and
found to possess vitamin E activity o tocopherol has been syn
thesised by Xarrer et al (126) and Todd et al (127) and 15 as
active as the most potent vitammn E concentrates The formula
of o tocopherol 1s shown below

CH, CH, CH, CH, CH,
o]
CH,/ c/—(cn,)a én((}{,), (L,H(C}{z), ch CH,

HO CH,
CH, CH,

B and y tocopherol possess one methyl group less than o toco
pherol and exhibit only half the actisity of a tocopherol when
tested on rats

Clinical Applications Vitamm E 1s put up 1n 8 m capsules
(Viteoln) each contammng the unsaponifiable matter of 5 g wheat
germ ol or as a tocopherol tablets 8 mg (Ephynal) Fresh dried
whole wheat germ may also be grven by mouth 4 oz twice daily
One mternational umt corresponds with 1 mg of the acetate

Sterility Good results have been claimed by some authors such
as Curne (128) 1n the treatment of habitual and threatened abortion
by the adminstration of vitammn E 1n the form of wheat germ oil
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extract 8m capsules one capsule daily for three to six months up
to the onset of labour It 1s difficult, howeser to obtam adequate
controls and some authonties are sceptical of the results clumed
Drummond (179) says that 1n human beings the process of normal
pregnancy like that in the goat and unlike that in the rat may not
be dependent on vitamm E

Nervous and Muscular Lesions  Bicknell (130) suggests that
witamin E may be deficient 1n the normal diet of man and that
the nervous and muscular systems may suffer in cases of hereditary
disposttion or from tovic mfluences such as syphihs He also suggests
that the anti stenility factor a tocopherol 1s not :dentical with the
myotropic and neurotropic factors although all are present in
wheat germoil  He treated cases of muscular dvstrophy 1n chuldren
and amy otrophuc lateral sclerosts and tabes dorsalis in adults with
fresh dried whole-wheat germ 1 oz twice daily for a period up to
eighteen months He abtamed good results with the myopathies
and came to the conclusion that they are deficiency diseases and
curable Demole {181) considers that only one factor o tocopherol
15 needed to prevent paralysis in experimental ammals deficient 1n
vitamin E Wechsler (132) obtamned good results mn two cases of
amyotrophic lateral sclerosis treated with pure synthetic a toco-
pherol in the form of Ephynal tablets 3mg 2to3tds Subsequent
work by various investigators such as Sheldon et al (133} Doyle
and Merntt (134) Denker and Scheinman (132) Ferrebee et al
(186) and Fitzgerald and Micdrdle (137) indicate that vitamn E
lack does not cause muscular dystrophtes or motor neurone dis
orders n man Further administration of vitamuin E either n the
crude form or as the ) alone or bined with
vitamin B, does not cure such disorders This opmon 15 based
both on cltnical observations and on the estimation of urmary
creatme The excretion of the latter results from nutntional
muscular disturbances and 1f the patient 1s on & creatme free diet
1ts excretion should dimmush as the muscular disease wmproves
Bicknell and Prescott (138) criticise these adserse findings on the
efficacy of vitammn E and say that in many cases enormous doses
were admimstered which may act adversely by actually cansing a
fall in the sitamin E content of the blood  They further say that in
many of the unsuccessful cases the disease had lasted for many
vears when recor ery of muscular function could hardly be expected
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Vitamin h  The fustory of vitamun k the  Koagulations
Vitamun ¥, dates back to the suggestion of Dam (159) made in 103¢
that the spontaneous heemorrhages found 1 newly bom chicks
were the result of the absence of a fat soluble factor from the diet.
These I emorrhages although closely resembling those of seurvy
did not respond to the ndmunistration of I ascorbic seid and
furthermore  duffered from those of asitammosis C m that thev
were & with hypoy t and a prolonged blood
clotting time (Schonheydet (140) Dam et al (141) The analogous
chnieal conditions in man were recogtised by Brinkhaus et al (147}
m 193~ s hamorrhagie disease of the newborn and 4s 4 hamor
shagie tendency m cases of bibary obstruction

Although fat seluble vitarun b differs from vitamins A and T
m that  predomnates an plant sources Doy and lus eo
workers (143) nolated two erystalline compounds vitamin h,
{alfalfa) and starmn % (putrefied fish meal) which althouglh
simlar i phy ologienl actinity  differed in detal 1n their chemieal
composition

Vitamin K, bas been shown to be 2 methyl 3 phytytt 4
paphtt and 15 d by the fol} g formula —~

o
T,
O ¢ (CHY, Cll(l'ﬁ,\,?( ), G i
R, Gy ooy, Oy
2 methy] 3 phyty) 3 4naphthoguinone (vitamin f,)
Vitamin Iy, {144) the second of the naturally occurring vitarmns
Aiffers 1o that the phytyl group m the 3 position s repliced by
CH,
~CH{CH~€ CH CH,),CH=C<
1, Cliy
The rmolecular structure 15 nat \ery specific and many synthetie
1 4 naphtbogmnone derivatites i play wehwty  An mtact
benzene ring and methyl group in the 2 position have been fuund
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in all active compounds to date Not only can the group in the
3 position be repliced by hydrogen without loss of actrvity but
the quinonotd oxygens mav also be replaced by a varety of roups
Phthiocol (® methyl 3 hydroxy 1 4 naphthoquinene) was the
forcrunner of a scries of compounds m which lyephilic groups
{(—OI SO etc) were deliberately introduced to endow the
synthetic drugs with water solubility ~ Typical water soluble
vitamin k. substitutes such as sodmm 2 methyl1 4 naphtho-
qunone 3 sulphome acd and 2 methyl1 4 naphthoquinone
bisulphite (Stewart (145)) are reacily absorbed even in the absence
of bile secretton and are switable for oral administration (Smith and
Owen (146)) The fat soluble analogues are usually adminstered
intramuscularly 1n an oy medum or orally accompanied by bile
salts to ard absorption

] ¢
cH, CHly ~CH,
on kv S0.Na
] [
Dhthiocol Menaphthone Sodium 2 methyl 1 4

naphthoquinone 3
sulphonte acid

Some doubt exists as to the site and modc of action of vitamin I
The older school of thought maintained that the hoagulations
vitarmin  plaved no direct part in the coagulation of blood but was
only associated with prothrombin formation Ample evidence 15
forthcorming (Titzgerald and Webster (147) arh and Souter (148))
that some four hours after the administration of vitamm K to
patients suffering from hypoprothrombinzmit there 15 a distinet
nse m the blood prot and a oz
fall in prothrombin time but as to whether vitamin h 15 an essential
umt m prothrombin or whether 1t stimulates the formation of
prothrombin 1n the hiver no opinion was expressed Lyons (149)
has produced defimte evidence which bears on this problem
According to the classical theory of Moramitz supported by
Mellanby (150) thrombin reacts with or combrnes with fibrinogen
to form the wsoluble fibnn clot Iyons succeeded 1 dwiding
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Vitamin h  The lustory of vitamin K the Koagulations
vitamin  dates back to the suggestion of Dam (189) made i 1934
that the spontancous hzmorrhages found n newly born chicks
were the result of the absence of a fat soluble factor from the diet
These Iremorrhages, although closely resembling those of scurvy
did not respond to the admmistration of 1 ascorbie acid and
furthermore differed from those of avitammosis C 1n that they
were d with hypoprott t and a prol d blood
clotting time (Schonheyder (140) Dam et al (141) The analogous
chmieal conditions m man were recognised by Brinzhous et al (142)
1n 1937 as hemorrhagie disease of the newborn and as a hemor
rhagie tendency in cases of bibiary obstruction

Although fat soluble vitamin K differ~ from vitamins A and D
1n that 1t predominates mn plant sources Doisy and hus co
workers (143) 1solated two crystalline compounds vitamin h,
{alfalf2} and vitamn h, {putrefied fish meal) winch although
sumlar i phy siologieal activity differed 1n detaul mn their chermeal
composition

Vitamin K, has been shown to be 2 methyl 3 phytyl1 4

naphthoq and 1s ref 1 by the following formula —
CH,
H, CH € (CH), Cli(cH,),%'H (CH,),I':H CH,
Hy oy CHy

]
2 methyl 3 phytyl 1 4 naphthoquinone (vitamun K,)

Vitamin k, (144) the second of the naturally occurring sitamins
dffers 1n that the phyty] group in the 3 position 1s replaced by

CH,

—CH(LH=C CH CH,) cn=c<
11, CII,
The molecular structure 1s not very speaific and many synthetic
1 4 naphthoquinone deriiatives display actisity  An mtact
Denzene ring and methyl group the 2 position hasve heen found
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simvlar synthetic substance put up 1n 1 ml ampoules each con
taining 5mg for intramuscular mjection  The synthetic substances
have the advantage of being constderably cheaper than the naturally
ocenrnng vitamin  Bilemn capsules each contain gr 5 bile salts

The chief indications for the use of vitamin K are —

1 Spontaneous subcutaneous and internal hamorrhages or the
hability to bleeding during and efter operation  The predisposing
condition here 15 the absence of bile from the intestinal tract
resulting m defictent absorption of the vitamin - The most important
causes are obstruchive Jaundice bikary fistula and less often acute
hepatosis and yellow fever Imvestigations have shown that
vitamin K 15 a fat soluble vitamin which cannot be absorbed from
the ntestine in the absence of bile salts The hxmorrhagic tendency
which results 1s due to a low plasma prothrombin level The method
for cstimating this 1s describud on p 3”1 and this appears to be
the best guide to the need for vitammn K therapy If vitamin K
15 given by mouth 1 the absence of bile from the intestinal tract
bile salts must also be admimistered m order to ensure 1ts absorption
from the intestine This 15 not necessary 1f the vitammn 1s mnjected
In some cases howeser absorption appears to be slow after intra
muscular mjectton In cases of operation for obstructive jaundice
Klotogen 1 capsule or kapilon 1 tablet and Bilemn 2gr 5 capsules
are grven t1d with meals for at least four days before operation
and for three to four days subsequently Successful results hate
been obtained by Macfie et al (153) 1n cases of obstructive jaundice
ustng mtramuscular mjecttons of the synthetic vitamin K Thus
haptlon or Prohayiit 1 to 2 ml may be grven dailv by 1ntra
muscular njection for two to three days prior to the operation
and 1 ml subsequently for two to three davs In many cases of
obstructive jaundice mn which the prothrombm level of the blood
15 low there ts a failure of response to vitamin . This 1s probably
due to extensive liver damage In such cases as shown by Kark
and Souter (154) 1f the vitamn fails to rawse the prothrombin Jevel
the only alternatrie method of treatment 1s blood transfuston

2 Hemorrhagie disease of the nexborn  In newborn nfants it 1s
common to find shght hemorrhagic tendencies during the first
week but occasionally the hemorrhages are so severe as to cause
desth The mvestigations of Dam et al (155) indicated that the
cause of the h hage 1 vitamun K defi d

loping a few
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thrombin into twa active components Thrombin A and B neither
of which alone will conert fibrinogen into fibrin although a com
bmation of both will do so Thrombin A reacts with fibrinogen to
form an intermedrate compound fibrinogen B between fibrinogen
and fibnn  Tibrinogen B can be cons erted mnto 2 normal fibnn elot
by the addition of Thrombin B or a minute guantity of 2 methyl 1
4 naphthoqumnone (vitammm R}

Lyons suggests therefore that esther vitamn K s the prosthetic
group of the enzyme thrombin or that vitamun K along with &
protein carrier acts as an owudo reductase system  Support to the
former theory 1s given by the fact that the products of tryphe
digest of thrombin gre colour reactions characteristic of 1 4
naphthoquinones

Within a few davs of birth the danger of hemorthagie disease of
the newborn recedes and with the establishment of an mtestinal
flora the child becomes less dependent upon an exogenous source of
vitamin K As this synthesis and absorption from the intestine
persists throughout adult life 1t 1s dufficult to get an accurate dea
of normal human requrements Sells Walker and Owen (151)
place the requirements of the newhorn at 1 to 2 ug per day
Tigures given by other workers are substantially the same

In vitamun K therapy synthetic substitutes have largely re
placed concentrates from natural sources Phthiocal (2 methy!
8 hydroxy 1 4 naphthoquinone) the first synthette analogue no
longer finds as widespread use as Menaphthone (2 methyll 4
naphithoquinone} which 1s put up In capsules of 1 to 10 mg for
oral admimistration and 1n on for ntramuscnlar mjection For
more rapid control of hemorrhage intravenous njection of water
soluble derrvatives 1s recommended (Almquist and Klose s2)
The prompt xesponse wn these circumstances however 1s not main
tained and a prol d r-e 11 proth level 1s best achieved by
ntramuscular mjectron of an ol soluble derisative

Clinical Applications ¥ arious preparations are av arlable for
chnteal use Klotogen 1s an oily concentrate of the naturally
occurning vitamun It 1s put m capsules for oral admmstration
Tapilon 15 an atly solution of a synthehe analogue of vitamn b
Tt1sputupm1lml amponles containing 5 mg of the pure substance
formtr larnjection andmiabletsof 10 mg and Iiqud
contammng 10 g 0 3 ml for oral admimstration Prokayvit 15 2
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reduced by 16 per 1 00010 the treated mfants and recommends the
method for general prophylvas  The eurative treatment consists
in the mtramuscular jection of a preparatton such as hapiton 1
ml repeateddaily Tnseyerecasesblood transfusions should begnen

The question as to whether yitamn K deficrency may anse
through some dictary lach 1 otherwise normal subjects cannot
yet be answered A study by Rark and Lozner (159) of four non
Jaundiced subjects with dimimshed prothrombin levels suggests
that there may be a dietary deficiency of vitamin K 1n man but
1t seems likels that such a condttion can only anse under abnormal

andn with other 1 defi

4 low plasma prothrombin level may occasionally be responsible
for hamoptysis i pulmonary tubcreulosis Vie have had one such
case under our care and Sheely (100) reports four cases of hzma
ptysis ted with proth 1 which the adrmims
tration of vitammn k. appeared to be a hhely factor mn controlling
the bleeding

Readers are referred for further consideration of thus subject to
the monograph by Butt and Snell (161)

choumaml WNo account of the relattonship of vitammn k

fit to hypoprothr 34 would be without
reference to the hemorrhagic symptoms which characterise sweet
clover disease n cattle as deseribed by Roderich (162) and
Quick (163) The cause of this condition has been shown by the
Wisconsin school to be due to the action of a substance present 1.
the sweet clover diet  The active prineiple 1solated and synthesised
by Link et al 1n 1941 (164) 1s Dicoumarel (3 3 methylene bis 4
hydroxy coumarin)

o OH

cH,

0 [
Drcoumaro)

Krumer and Barker (165) and Lucia and Aggeler (166) showed
that admimistered orally this compound 1nduces hypoprothrom
binzmia wsile sex enty mo hours unless umslderable amounts of

sitamm ko are ly The fact




108 THL VITAMINS

days after birth and ceasing usually after the eighth dvy They
hasc found that i one case the adnumstration of the vitamin
together with bile salts through a stomach tube raised the pro
thrombin level to normal within forty one hours A low pro
thrombm level howeser 1s probably not the sole cause of {he
hxmorrhage as the level may be low without bleeding occurning
Subsequent 1ns estigations m America by Sandford et al (156) have
thrown some doubt on the matter Although the admmistration
of vitamin K to newborn babes lessened the normal fall in the pro
thrombin level duning the first three duys of hfe hemorrhagic
mamfestations oceurred as frequently mn the babies thus treated as
1 the untreated These however were all mnor hxmorrhages
and not those charactertstic ot htmorrhagic disease of the new
born Thev further showed that the admimstration of vitamm h
to the mother before delivery will ratse the plasma prothrombin
value of the infant Nomms and Bennett (157) determsned the
prothrombnn value of the mother and of the newborn chuld and
showed that as therc appears to be no relationship between the
two 1t 15 unlikely that the prothrombin passes directly from the
mather to the feetus and 1t may be formed in the placenta It
does not seem possible to decide by an exammation of the maternal
blood whether or not vitammn K should be given to the mother
before the birth of the cmld In addition to the pathological
hypoprothrombinemin the clotting time of the blood 15 prolonged
mn the hemorrhagie discase of the newborn The hypoprothrom
binemia occurnng 1n 1cterus gravis neonatorum anwemia neona
torum and hydrops eongemtus also responds to the admmmstratton
of vitamm K

The prophylactic treatment of neonatal heemorrhage consists 1
giving the mother Kapilon 5 tablets or 1} drams hquid by mouth
twelve to four hours before the baby 1s born and the baby 15 grven
36 drops (18 m ) by mouth on the irst day ofits ife  Lehmann (158)
1 Sweden usmg 4 vitamm k analogue sodwm 2 methyl 1
4 naphtholy droq: disulpl which 15 pletely soluble
water and absorbed without the presence of bile salts treated
13 250 full term mfants with doses of 1 mg (20 drops of & 0 1/
solution) by mouth within an hour of birth the results bemng con
trolled by prothrombin estimations Tn comparison with 17 740
untreated cases Lehmann concluded that death from blecding was
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Vitamin P Szent Gyorgy and co-workers (171) isolated from
papriha and lemon juice o substance which whilst capable of
controlling the petechial hages which ct certain
diseases such as vascular purpura wasnot 1 ascorbicacid Chemieal
i estigation of the maternl showed tl\nt it was an equilibrium
muxture of two flavanone gl d din and 1its chalcon:
eriodictin but as concentrates of the \m\mm have been produced
by Bacharach and Coates (172) which when tested by these
workers were many times more actise than erystalline hesperidin
the 1dentity of the essential factor 15 by no means established beyond
doubt

Clinical A 1 i h (173) dered that Szent
Gyorgy1s cases were unsmtable for the demonstration of a new
satamin and that the only swtable cases for ins estigation are those
of hnown Iow vitammn intake many of which show capillary fragiity
unrelated to vitamin C deficiency  Scarborough (174) says that
as the result of nutritional deficiency and vitamm P lack petechal
hemorthages occur 1n the shin with much decreased capillary
resistance  The patient complamns of lassitude with pams 1n the
shoulders and legs but there are no hematologreal changes  These
symptoms are relieved by the admunistration of vitamin P but
not by vitamm C  Scarborough (175) recorded two cases of purpurn
scnilis in whach the caprllary resistance was low and assocrated with
2 tendency to brwsc Admimstration of Perrmdm apparently
mereased the capillary reststance and controlled the tendency to
bleeding Pernndin 15 available n tablet form for climeal use
Fach tablet contamns the equivalent of 025 g of hespendin the
usual dose berng 1 to 4 tablets dally Kugelmass (176) treated
successfully two cases of allergic purpura i gnls characterised by
fever abdomnal pamn bloody stools and purpura e prepared the
sitarmn P from orange peel  The solution contained +0 mg per ml
of flavones consisting of enodictyol glucoyide and hesperidin and
the dose was 150 mg orally Vitamin P does not appear to be

efficacious 1 the treatment of purpura hxmorrhagica or of
mechamcal purpura
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that the prolonged clotting time 1n hemorrhagic disease 15 alnays
assoctated with a fall 1n blood prothrombin level together with
the relatvely slow recovery followmng protection by vitamin k
therapy suggests that dicoumarol inhibits the production of pro
thrombin by the liver Lk et al (167) have shown that in rats
with pronounced hepatic disorder recovery is verv slow exen when
ample vitamin K 1s admimstered

Clinical Applications For the prevention of post operatine
thromk pul v ol and as a prophylactic m
thrombophlebitis dicoumarol has ads antages over heparin  Apart
from considerations of chrapness 1t 1s effectns e orally and exerases
a more prolonged action The dangers of spontaneous haemorrhage
are never absent however and the course of treatment with
dicoumarol must always be controlled by daily determmations of
the prothrombin time

The drug 1s put up 1t mg 50 tablets called Dicoumarin  Allen
Barher and VWaugh (168) gave to therr patients 200 to 300 mg by
mouth on the first day and 200 mg on the second day and sub
sequently 1t was ad d m doscs suffi to heep the
prothrombin time between thirty five and sixty seconds (normal
fifteen to twenty seconds) This effect should be maintained for
about ten days after pulmonary embolism or after the onset of
agute thrombophlebitis It should not be used for patients who
are bleeding and 1t 1s particularly dangerous i subacute bacterial
endocarditis Further 1t should not be used in cases mn which
there are ulcerating lesions renal disease obstructive jaundice
severe lner damage or high fever Zucker (169) reported the
successful use of dicoumnarol 1n cavernous sinus thrombosis  Davis
and Porter (170) 1 d the daily ad of three
separate doses of 100 mg every erght hours in the treatment of
puerperal thrombosis There 1s usually a delay of twenty four
hours after the first dose before the effect 1s produced and this
may persist for two to ten days after the dicoumarol 3s discontinued
Signs of overdosage may occur 1f the prothrombin time 1s over
sixty seconds They include lassitnde aching in the costo vertebral
joints  bleeding nto the shin jonts bramn viscera or from the

ms A blood transfusion using blood not more than four days
old will restore the prothrombm time to normal Vitammn Kis

quseless for this purpose
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CHAPTIR VI
THE LIVER
A Genecrst ConsipERsTION OF HCPATITIS

Procress 1s being made m the classification of hiver diseases on
an mtiological and pathological bsis and studies over the last
ten years both in the human patient and 1n the expernimental animal
hase led to the discarding of many outworn hypotheses (Hums
worth (1))

Acute Par y Hepatitis  Pathol Ily the lesions
in tlus condition are of two types (a) zonal hepatitis (b) massive
hepatitis

(a) The common responsc of the liver to any mild nowous agent
15 a centrilobular zonal necrosis the damage bewng pan hepatie
such a nowious agent may be chemical e g chloroform (Wilcox (2))
micro biological ¢ g the virus of infective hepatitts or physteal
1 ¢ back pressure 1n the hepatic veins in heart failure {Boland and
Willlams (3)) Especially if the disorder 1s caused by an infection
aswell as the necrosis there 15 2 peniportalinflammatory cell reaction
If the damage 1s slight healing will be complete the centre of the
Iobules reconstituting from the undamaged peripheral cells  this
15 the common course  Repeated attacks of zonal hepatitis may
rarely lead to the development of the diffuse fibrosis type of

crrhosis  If the attack is severe due to a very virulent infection
a massive posoning or a liver already weakened by dietary
deficiency then the lesion will rapidly progress to 2 massive hepatitis

{b) In ammals a protein deficient dict alone may be sufficient to
canse massive hepatic necrosis (Weichselbaum (4)) m man this
probably docs not oceur  The factors responsible are deficiencies
of cystine and of tocopherol The pathologieal lesion 1s complete
destruction of parenchymal cells over large parts of the liver with
normal areas (in contrast to the picture in zonal hepatitis) left
between the damaged areas In man the condition presents as
acute yellow atrophy  many of the cases are due to an extension of
a severe zonal necrosis  TNT and eincophen are powsons very
Lkely to cause massne necrosis (Willeox (2) Himsworth and
Glynn (5)) In all these cases malnutrition and protem deficiency

w
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pathologteal lesion 1s & fatty wnfiltration of the liver cells which 1f
continued over many years will lead to the diffuse fibrosts type of
errhosts (Ruch et al (9))  VMany aleoholic cxrrhoties show a termmal
preture of muixed fibrosis and post necrotic scarnng  the latter
reaction presumably results from the general protein deficiency of
the diet

Much attention has recently been paid to  Kwashiokor
(Waterlow (10)) a complex multiple deficiency syndrome {steator
rheea, anerma di )  m und hed children n
the tropies A marked feature of the disease 1s an enlarged fatty
liver which likewise may progress to diffuse hepatic fibrosts It 1s
thought that the primary lesion 1s a pancreatic insufliciency possibly
due to protemn malnutrition and that the In er disorder and vitamin
deficiencies are secondary to this {Davies (11))

Cirrhosis of the Liver

Classification of the clinteal disorders hnown collectively as
arthosis of the liver is still a matter for argument Three main
varieties may be distingurshed and mixed types are commonly found

Biliary Cirrhosis Obstruction to the bile passages 1f continued
leads to an d hol: 15 and hepatitis with an
nflammatory reaction around each portal tract  If the mfection 15
not severe enough to cause death or gross parenchymal damage
then n the course of years the leston develops into a periportal
umlobular fibrosis without any gross disorgamsation of lobular
architecture or hy perplastic nodules

Diffuse Fibrosis As an after effect of repeated attacks of
2onal hepatitis or of fatty mfiltration of the liver from any cause
fibrosis develops linking portal and centnlobular tracts  Although
the fibrosis 15 apparently unilobular 1t differs from buliary eurhosis
as the fibrous bands mtersect the indit1dual lobules and disorganise
the 33 Unless b d by d
sequele of subacute hepatiis hyperplastic nodules are absent
Clinreally the condition may take ten years or more to develop
and when discovered (¢ g by the appearance of portal hypertension)
15 usually compatible with several more years of active lfe  the
hiver 15 not grossly enlarged and its surface 1s only finely granular

Post necroticScarring Subacute hepatitis generally progresses
to & classtcal coarse cuthosis  The Iiver 15 wregularly intersected
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predispose to an extension of the necrotic process Fndlay (6) has
described an eprdemic of infectis e hepatitis occurring 1n West Afnica
m which the mortality rate from massive neerosts was 15 times
greater mn coloured troops thah in white troops the difference being
aseribed to discrepancy n nutmtional status  Acute massive
necrosis mty hikewise oceur 1n pregnancy but in most cases of acute
yellow atrophy the causative agent 1s not known If severe acute
massive necrosis kills  1f less severe the patient will develop a
subacute hepatitis  complete recos ery of I er structure and of the
patient s health does not occur

Subacute Hepatitis This condition may be compared with the
concept of subacute nephritis m that it may result from previous
non fatal attachs of acute hepatitis (of the masstse necrosis type)
of hnown or unknown wtiology or 1t mny apparently anse de noto
In the latter mstance there may be a history of severe bactemal
infeetion elsewhere in the body some years previously the condition
may oceur following pregnancy or the menopause or the pattent
may hav e been exposed to an epidemic of infectiv e hepatitts without
apparently suffering the acute infection (Barker et al (7)) thevirus
surviving m the body and wreahing its damage 1n stealth Inter
ruption to the vascular supply of the Irver m the il attach of
masstve necrosts would leav e 1scheemuce areas more hable to dimage
by anv further noxious factors Patients rarely die mn this stage
the condition progressing to the post necrotic scarnng type of
curthosts  The pathologienl picture 15 of a Iiser showing lestons of
every stage normal lobules areas of zonal and of massive necrosis
searring and hvpertrophic nodules resulting from previous acute
attacks

Dietary Deficiency and Liver Disease It 1s now constdered
highly probable that alcohol has no direct toic action on the liver
Iner disease m alcoholies bemng caused by the deficiency m ther
diets of the lipotropic factors (principally choline and methlonine)
The prineipal reasons for this deficiency are a relative poverty (the
patient s income bemg spent on drink) leading to economes bemng
practised by not buying the needed expensive foods of high protewn
content and a gastntis caused by the alcohol diminishing appetite
and thus intake of food  Inratsidentcal lesions have been produced
by keeping the anmals on a lipotropie factor defictent diet by
feeding them exther on alcobol or on sucrose (Best et al (8)) The
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there 13 a state of ducdenal eatarrh involving the ampulla of Vater
with plugmng of the onfice of the common bile duct with mucus
In 1908 Fppinger (13) desenbed the pest mortem findings i a
girl mineteen years of age who commutted suieide by throwing her
selfout of a third floor window during an attack of Jaundice assocrated
with gastro enteritis  The Iiser was enlarged and rctene and
showed typical changes of mechanieal jaundice The common
tile duct contained dark coloured and very viscous bile The
mucous membrane of the stomach showed hamorrhages The walls
of the duodenum were catarrhal and its contents colourless The
papilla of Vater nas promment  Bile eould net be forced through
the common bile duct by strong pressure on the distended gall
bladder Eppinger thought the obstruction was due to swollen
Iymphoid tissue near the ampulln of V ater and 2150 at the junction
of the cystic duct with the common bile duct

On ciimeal grounds also certain authonties consider that
eatarrhal jaundice differs from infective hepatitis for 1n catarrhal
Jaundice prodromal svmptoms apart from depres 1on are shight,
the patient first takmg to hus bed when the jaundice 15 mamfest
In infectrve hepatitis on the other hand the patient 1s1ll feverssh
and confined to bed for several days before the jaundice appears

More recently Dible McMichael and Sherlock 15) by aspiration
biopsy observations on the liver have found changes in sporadic
cases of Jaundice identical with those met with mn infective hepatitis
Further Van Rooyen and Gordon (16) by duodenal mtubation
studies 1n 11 cases of mnfective hepatitis found no evidence of
duodeno bihiary catarrh These cxperiments offer no proof that
catarrhal jaundice dueto primary extra hepaticcatarrhal obstruction
of the bile ducts 15 a myth as some would hive us believe  All
they show 1s that the cases investigated which were assumed to
be representative of catarrhal jaundice were m reality examples of
inflammatory hepatitis It scems probable therefore that we should
not be wise mn abandoning Virchow s eoncept of catarrhal jaundice
and that as Boyd (17) writes  the basis of catarrhal jaundice may
be (1) catarrhal obstruction of the opening of the bile duct (2) toxie
necrosis of the iver and (8) cholangtis  Provading, these lesions
are transient the jaundice will be eatarrhal in type

Epidemiology  Attention was agmn drawn to outbreaks of
jaundice in Fogland by Pickles (18) 1 1930 He gave an account,
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by bands of fibrous tissue separating hyperplastic nodules of
regenerated parenchyma from the occasional normal lobulc
Climeally the condition usually develops within ten years of the
mbial Jestons and once portal hy pertension sets m the prognosis
1s poor  The liser 1s often grossly enlarged and the surface vers
mregular

Cirrhosis of the Liver in Syphills In ths disease two
1 1e types of cirrhosis mav be met lated to the main
lassification & diffuse llular fibrosis 1n congenital syphilis

¢
and hepar lobatum 1n tertiary sy phulis

Invrecrive HEPATITIS

Relationship to Catarrhal Jaundice Epidemcs of jaundice
have been deseribed for many years In 1912 Cochayne (12)
wniing on speradic and epidemic cafarrhal jaundice gave a
histoneal review of epidemie eatarrhal jaundice one of the earliest
references being to an outbreak 1n Minorea in 1745 In the British
Isles have been ded since the Bi ham autbreak
1n 1852 Lach major war has witnessed sumlar epidenucs  they
were recorded in the siege of Panis m 1870 1 the Boer War 1n
Gallipol during the 1914-18 war and agam in the 1939-45 war
chiefly in the Mediterranean theatre of operations

Cockayne concluded that simple catarrhal jaundice usually
ascribed to gastro duodenal catarrh 1s except 1n a comparatively
small number of cases the sporadic or endemic form of ep
catarrhal jaundice  He thought that the mfection was atr borne
that the incubation pertod was short about five days and that
there was often a preliminary stage of naso pharyngeal catarrh
Cochayne further considered that the liver was probably infected
through the blood stream and that inflammation may spread
down the bile duct giving nise to catarrhal changes with obstruc
tion Tlus corresponds very closcly with the view now held by
many that catarrhal jaundice1s a sporadic form of infective hepatitis
and that m all cases the I er s affected by a blood borne 1eterogenic
agent probably a virus

The evidence however still exists that isolated cases of catarrhal
jaundice are due to gastro duodenal or bile duct catarrh and we
should not readily accept ex cathedra statements to the contrary
ow (13} sn 1860 supported the view that m eatarrhal jaundice

Varchy
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changes resembling those of infectne hepatitis whereas nune
control pigs showed normal lners Cameron (°4) injected intra
muscularly six volunteers with 1 to 2 ml of whole blood or serum
obtatned from patients suffering from infectiy e hepatitis in Palestine
One man deyeloped Jaundice 1n a month one within two months
and the other four within six months  As there was infective
hepatitis in the district 1t was not possible to say that all the cases
were due to the inoculations  Sheehan (75) 1n 1944 suggested that
the icterogenic agent was conveyed by biting mnsects but this
view has not been supported by other workers
Neefe and Stohes (26} recorded an outbreak of infective hepatites
m a summer camp for boys and guls in the Pocono mountains
near Philadelphia  Qut of a population of 573 there were 350
cases It was shown that the water of the gils well was con
tamunated by fieces from cesspools Healthy volunteers were
then moculated with serum naso pharyngeal washings urme
feces and the mfected water It was shown that the icterogenic
agent was present m the serum feces and imnfected water The
serum produced the disease 1 the human volunteers only when
given orally and not when 1njected parenterally The incubation
period was similar to that occurring i the epidemues  The agent
m the fieces passed through a Seitz filter No evidence was
obtained of the transmussion of the infection by biting insects
It was concluded that 1t was improbable that the infection was
transmitted to the majonty of persons by ar fomites food mulk
or directly from infected persons Havens et al (°7) 1n 1945 also
showed that the icterogemc agent 15 present 1n faeces and that »
the disease can be reproduced m man by feeding such material
m gelatin capsules or by spraving 1t into the nasal and pharyngeal
passages  Further jaundice can be produced by feeding serum
from cases of infective hepatitis The average mcubation period
was twenty eight days The mtiologieal agent probably a virus
15 1n the blood stream before the onset of and during the jaundice
It 1s present n the frces during the acute stage of the disease
and 1t probably also occurs in the nasal washings Tt 1s filtrable
and markedly heat stable resisting a temperature of 56 C for
half an hour Infection can probably be spread by flies con
~ fammated by infected excreta as 1s the case wath typhoid fever
Findlay and Willcox (28) also showed that the oral ingestion of
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of 250 cwses of epidemic jaundice in Wensleydale The char
actenstic features were a pre ictene phase lasting from four to ten
days durng which the pattent suffered from nausea +omibing
and pamns in the back and mbs  This was followed by an ictene
stage of about fourteen days  Pichles considered that the meubs
tion persod \arted from twenty six to thusty five days that the
persod of infectiiity was short and that the method of spread was
rosy v probably by droplet inf: In 1952 N {19}
deseribed an outbreak i the 1 wvant valley m Sussex but he did
not hold that the droplet theory of infection was entwely sabis
factory  Iracer {20) i 1931 had brought forsard evidence that
the diserse might be spread by water and further evidence 1
favour of this siew will be referred to later Coohson (21) 1
194+ reported an epidemic of 246 cases i Gloucestershure chuefly
amongst chuldren attending elementary schools or Inmg m
nurseries  He rejected the wden that the infection was water
borne  Durng the 1930-45 nar euntbreaks of mfectne hepatitis
occurred  especially amongst the troops m Syma Dorth Afnes
and Italy  An interestng necount of over 1 000 cases of mfective
hepatitis amongst Amemcan troops in the Mediterranean ores
was given by Basher Capps and Allen (7) i 1935  The epidenue
aceurred between Tebruary and November 1944

Ztiology It has not been found possible to transmt the disense
to ammals althongh 4nderson (22} and Hallgren (23} reported
the ful of mfectnne hep to the pig but
other obser ers have fatled to repent the expenment It 15 usually
thought that the icterogeme agent 1s & virus  Hallgren (23}
1942 published en eccount of epidemie hepatibis m the county of
Vasterbotten in Northern Sweden  In an outbreak. at the Hallnas
Sanatorium evidence was obtained that the nfection was water
borne a corroded sewer having contamunated the well from whith
the dunhing water was obtained  Thuty fourdaysafterthe nfected
welt had been excluded the epdemie came to an end Mo new
cases developed amongst 188 fresh patients who arrved after
the exclusson of the well aithough they were 1n contact with large
numbers of sufferers from wfectne hepatitis It was found that
82 4 of those exposed to miection were susceptible A pif »as
given water from the polluted well and subsequently hilled Micro
scopical examnation resealed pocrot:e and mflammatory Lver
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changes resembling those of nfective hepatihrs whereas nine
control pigs showed normal Iners  Cameron (24) mjected mtra
muscularly six volunteers with 1 to 2 ml of whole blood or serum
obtained from patients suffering from mfectrs ¢ hepatitis in Palestine
One man developed jaundice 1n a month one within two months
and the other four within six months  As there was infectre
hepatitis in the district 1t was not possible to say that all the cases
were due to the moculations  Sheehan {20} 1n 1944 suggested that
the 1cterogenic agent was comveyed by biting msects but this
view has not been supported by other worhers
Necfe and Stokes {26) recorded an outbreal. of mfectn & hepatias
m o summer camp for boys and girls in the Pocono mountams
near Philadelphia  Out of a population of 573 there were 350
cases It was shown that the water of the grls well was con
taminated by feces from cesspools Healthy volunteers were
then 1noculated with serum naso pharyngeal washings urme
freces and the infected water It was shown that the icterogemic
agent was present mn the serum fxces and nfected water The
serum produced the disease in the human volunteers only when
gwven orally and not when injected parenterally The meubation
period was similer to that ocenrring in the epdemues  The agent
n the frces passed through a Seitz filter No evidence was
obtamed of the transmussion of the imfection by biting nsects
It was concluded that 1t was improbable that the infection was
transmitted to the majomty of persons by arr formtes food milk
or directly from infected persons Havens et 1l (97) in 1945 also
showed that the icterogeme agent 1s present in faces and that
the disease can be reproduced m man by feeding such materal
1 gelatin capsules or by spraying it into the nasal and pharyngeal
passages  Further jaundice can be produced by feedng serum
from cases of mnfective hepatitis  The average meubation period
was twenty eight days  The ®tiologieal agent probably a virus
13 1n the blood stream before the onset of and during the jaundice
It 15 present m the feces dunng the acute stage of the disease
and 1t probably also occurs 1n the nasal washings Tt 1s filtrable
and markedly heat stable resisting a temperature of 56 C for
half an hour Infection can probably be spread by flies con
—taminated by infected excreta as 1s the case with typhoid fever
Findlay and YWilleox (28} also showed that the oral ingestion of
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of 250 cases of epid dice 1n Wensleydale The char
acteristic features were a pre 1ctenic phase lasting from four to ten
days duning which the patient suffered from nauset vomutmng
and pains 1n the back and imbs  This was followed by an ictenc
stage of about fourteen days Pickles considered that the incuba
tion pertod varied from twenty six to thirty five days that the
pertod of infectivity was short and that the method of spread was
resprratory probably by droplet infection In 1942 Newman {19)
described an outbreak 1n the Lavant valley in Sussex but he did
not hold that the droplet theory of infection was entirely sahs
factory  Fraser (20) in 1931 had brought forward evidence that
the disease might be spread by water and further evidence
favour of this view will be referred to later Cookson (21) 1n
1944 reported an epidemtc of 246 cases 1n Gloucestershire chiefly
amongst children attending elementary schools or lwing m
nurseries  He rejected the idea that the infection was water
borne Dumng the 193045 war outbreaks of mfective hepatitis
occurred especially amongst the troops m Syna North Africa
and Italv  An interesting account of over 1000 cases of mfective
hepatitis amongst American troops i the Mediterranean area
was given by Barker Capps and Allen (7) 1n 1945 The epideme
oceurred between Tebruary and November 1944

Ztiology It has not been found possible to transmit the disease
to ammals although Anderson (22) and Hallgren (23) reported
the successful transmission of infectrve hepatitis to the pig but
other obsers ers have faled to repeat the experiment It 1s usually
thought that the icterogenic agent 15 a virus  Hallgren (23) m
1942 published an account of epidemic hepatitis i the county of
Vasterbotten m Northern Sweden  In an outbreak at the Hallnas
Sanatorium evidence was obtained that the imnfection was water
borne a corroded sewer baving contaminated the well from which
the drinking water was obtamed  Thirty four days after the mfected
well had been excluded the epidermic came to an end No new
cases developed amongst 188 fresh patients who arnved after
the exclusion of the well although they were in contact with large
numbers of sufferers from nfective hepatiis It was found that
82% of those exposed to infection were suseeptible A pig was
given water from the polluted well and subsequently halled Micro
scopieal examination revealed necrotic and inflammatory hver
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symptoms  there 15 a low grade pyrewa usually under 100 F

and jaundice appears after three or four diys  (2) Febnle the
temperature msing suddenly at the onset to 101 to 103 F
Jaundice occurs two to four days later (3) Ambulatory the
patient continumng with his work until he 1s noticed to be jaundiced

{4) Hepatitis without anv mamfest jaundice Hartfall (20) m
Malta observed that m 53 / the onset was msidious and m 30 /
1t conformed to the febrile tvpe Barker Capps and Allen (7) in
the Mediterranean theatre found that amongst American troops
m over 80 / of cascs there Was an acute febrile onset the tempera.

ture rsing to 100 to 108 F  associated with malmse headache

lassitude anorexia nausea and vomuting The patient complamed
of chillv sensations rarely of nigors with abdomunal discomfort
and pains and tenderness 1 the epigastrium and rght hvpo

k Urtiarta bl rashes and arthralgia were
oceastonally met with  After three or four days the temperature
fell to normal the hver gradually enlarging and becomung tender

The spleen was rarcly palpable Constipation and diarrhoea
were equally commen  Tlns pre icteric stage was followed five to
ten davs later by the icteric stage the temperature agam rising

Nausea and abdominal discomfort were more marked the jaundice
lasting from two to four weeks or 1n some cases for three months
or even longer In the aterage case recovery was complete m from
six to eight weeks In thes outbreak the stools were rarely clav

coloured 1n other eprdernics pasty stools were therule Cameron (24)
m an outbreak in Palestine amongst the troops found the Iner
cnlarged n 97 out of 170 patients and the spleen enlarged in
forty six cases Clay coloured stools were found 1n half the cases

m 17 cases the stools were normal 1n colour 1n the remamnder they
were light coloured In fatal cases which are rare the jaundice
becomes more mtense himorrhages may be seen m the skin or
there may be pulmonary ot intestmal bleedng and m some cases

ascites develops  The patient becomes wrational and dies
coma

Nervous are but

encephalitis polyneuntis myelitrs and upper motor lesions of the
pyramidal and stnatal type have been desenibed by Lescher (30)

Burne and Taylor (81) and Stokes Owen and Holmes (32) In

none of these cases could 1t be proved that the nervous lesions
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freees or urme derved from spontaneous coses of snfectne
hepatitis will cause tspeal icteric and sub icterie cnses of the
disease  Scyenteen volunteers were gmien to drnk 30 to 50 ml
of unne mived with a0 equal quantity of milk and 5 developed
hepatitis  Turther 3 & of frees were ground up in 250 m) of
muk and 56 ml were grven to each solunteer to dnnk on n cmpty
stomach  Positne results were obtamed 1n ¥1 out of 47 cascs

Alcohol appears to piny a part predisposing to infectis ¢ hepatitis
In the Services the discase had a lugher inadence «mongst officers
than amongst other Tonks possibly due to the greater amount of
spinits consumed by tre former  Hartfall (28) gres examples of
the deleternious cffects of alecohol  upon an ndiidual who 13
mcubatmg the disease 1n provohung an overt attack or in worsen
g or prolonging an attack otherwise mild andin cansing a relapse
or second delay cd attach of janndice *

Patholagy The disease 1s probably 1 systemre infection with
o predilection for the liwer Dible McMichacel and Sherlock (15)
studied the pathalogy of acute hepatitis in 56 eases by sspiration
hiopsy, and found no lustological critena for differentiating the
lessons resulting from epidemic hepatitis arsenotherapy and serum
moculations  The cells of the hepatic lahules show cvidence of
necrosis and autolyss  In the areas around the central vems
there 15 rarefaction due to the disappearance of fiver cefls  Small
mononuclear «clls of the Iustioey tie class with some polvmorphe
nuclears and eosinophils tend to accumulate m the portal zones
These nfiltribons may spread around the pemphery of the
Jobules There 1s enlargement and hyperplasin of the smusoidal
¢ endothchal cells  There docs not appear to he any fatty change
1n the cells  In over a tnrd of the cases prohferation of the hile
ducts was seen m the portal traets It appears that in the enrly
stages the lesion 1§ chiefly limted to the portal zone with Ittle
destruction of the Iner fobule  The Iner mflammation probably
begns with the prodromal symptoms  Bde thrombt may be seen
;n the ntralobutar bie conalicuh  In some cases a permanent
errvhosis develop 1n others there 1s & nuid residual fibrosis W Iich
) ultimately completely resolve

Clinical Findings Tl mode of onset course and seventy of
the iliness are sanable  Tour clinieal modes of onset hve been
recogmsed (1) Insdious with auorexia and gastro intestinal
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Bergh test usually giies & positive direct and indirect reactron
falling to normal after about forty days or less

The Urtne  During the pre cteric stage urobilinogen may or
may not be found m the urine  with the onset of overt jaundice
‘bilirubinuria oceurs

Latter Function Tests  Pollock (41) using the intras enous luppuric
aeid test found that the synthesis was to a large extent correlated
with the seventy of the attack and the stage of the disease but
varted only partly and ndirectly with the serum bilirubin concen
tration  The hippuric acid synthesis was noted to be improving
while the bilirubin level was still nsing and 1t appeared that Liver
damage was probably present in the pre 1cteric period  Gordon (42)
employmng the oral hippuric acid test found evidence of impaired
Tiver function 1n all of 14 cases examined during the first three weel s
of jaundice DBarker Capps and Allen (7) observed that the
bromsulphthalemn test was positive 1n all cases examined during the
first five weeks of the illness and the collordal gold test was usually
positive dunng the ictene stage Hallgren (23) found that the
galactose tolerance test was positive n 12 / of cases  Britton (43)
using his special techmque for the Takata Ara test found a positive
reaction beginning within two to three days of the onset of the
Jaundice the strength of the reaction following closely the seventy
of the liver damage and the course of recovery

Dafferential Diagnosis During the pre ictentc stage mfective
hepatitis may be mistaken for nfluenza gastro ententts sand fly
fever malana menngitis acute appendieitis enterca group
infections or an alchoholic  hang over

Treatment Prophylactc Gamma globulin obtamed from
large pools of adult human serum was found by Stokes and
Neefe (44) to be a potent agent 1n the prevention or attenuation
of infective hepatiis 1f injected during the incubation period
Gellis et al (45) confirmed this view mn two epidemics i the
) theatre of op This effect 15
possibly due to neutralising antibodies present in the gamma
globulin  Over 1700 men were woculated mtramuscularly with
10 ml of globulin and more than 10 000 men served as controls
The 1moculated belonged to umts m which the disease was already
nfe The medence of hepatitis 1n those mjected wnas 06 / but
of the umnoculated 3 / became infected
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were 1n reality due to the icterogenic agent in all they mi_ht have
been due to intercurrent causes  The death rate from infective
hep titis 1s very Jow but 1n the Mediterranean area 1t was higher
m natise than n white troops  Relapses are rare but we have seen
one patient who had three relapses and died suddenly from hemor
thage due to ruptured cesophageal \anices

Infectine hepatitis mav not be the innocuous disease that was
once though and as deseribed above the sequence of pathological
changes leading to one or other form of cirrhosis of the liver has
been reported by many workers Wang (33) found that of 447
antopsies of airrhosis of the Iiver over a pertod of sixteen years,
42 could be defimitelv attnbuted to previous hepatihs  Sumlarly
Rosenak et al (84) clueidated a Iustory of jaundice 1n If out of
106 cases of cirrhosis and Howard and Watson (35} confirm the
Ingh proportion compnred with 1 control series T urther pathologieal
studies of cirrhosis following hepatiis are reported by Wylhe and
Tdmunds (36) on 5 fatal cases 1o children  they conclude that it
1s 1npossible to tell 1n the 1cteric stage which cases will go on to
cirrhosis  Sherlock (87) stresses the value of Irver biopsy as a gwde
1o progesss 1n a study of 9 cases of eirthosis following acute hepatitis

Laboratory Findings The Blood The white cell count 1
nomal or there 1s a shight leucopema A leucocy tosis would indieate
that the diagnosis 15 probably incorrect and leucocy tosis 1s a feature
of Wells disease  The scdimentation rate of the red cells was
found by Miles {38) to be usually normal during the 1cteric stage
of the disease but often rarsed in the pre 1ctenc period and dunn,
convalescence  This author suggests that an exeess of bile salts in
the blood 15 resy ble for the low sed ation rate during the
achise phase of infective hepatiis  Barker Capp and Allen (¥)
also reported that the sedimentation rate 15 usually normal in the
presence of jrundice  Fuans (39) found that the sedimentation
rate may remam rawed for some weeks after an attach Hoagland
and Shank {40) 1n a series of 16 cases found that the sedimentation
rite was normal or only shightly rmsed durn,, the first days of the
disease but frequently rused to values of 2u to va mm per hour
during con alescence and gradually falling to normal late n the
period of recovery The serum lirubin 1s gencrally nonnal during
the pre-icteric stage Tsing later to levcls of 10 mg /100 mi or
Tagher according to the mntensity of the joundice. The Van den
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an untreated control semes  Schemm and Layne (u3) found a igh
flud 1ntake and an a2cid ash and low sodim diet valuable i the
removal of ascites whilst mfusion of salt poor human albumm 1
not generally recommended (Faloonetal (54)) Rosenahetal (au)
used testosterone propionate n doses of 20-100 mg three tumes
weehly this caused a marhed improvement in therr patients
feeling of general well being

ToxoLogous SERUM JAUNDICE

It 1s believed that homo]o"ous serum jaundice results from the
duction of an mto man by the mjection
of human blood serum or plasma The amount of serum mjected
may be very small aslittleas 0 0o ml
As far back as 1882 Lurman (506) reported an outbreak of
jaundice following v acenation against small pox with  glyeerinated
humanised lymph Qut of 1289 worhers sovaccnated 1n a ship
bulding yard at Bremen 191 des eloped jaundrce ses eral weeks later
whereas 500 others vaccinated with a different batch of Iymph
were unaffected
We now know that homologous serum jaundice may arise 1n a
vanety of ways of which the following are the most important —
By the njection of yellow fever vaccme prepared with human
serum a3 the result of prophylactic noculation with measles
convalescent serum or mumps convalescent plasma  and following
transfusion with whole blood plasma or serum It may also
result from the use of syringes contaminated with infected blood
and employed erther for intras enous mtramuscular or subcutaneous
or for g blood by This latter
group mcludes post ars:mcal Jaundice oceurning in veneral disease
chmes jaundice following the mjection of pemeillin or Pentothal
and occaslonal outbreaks of jaundrce in chinies for the treatment of
diabetes mellitus and arthritis or 1n sanatonia  These vanettes wall
now be considered in more detail

foll g Yellow Fever V: TFindlay and
MacCallum (57) 1n 193" and subsequently drew attention to the
of jaundice foll agamst yellow

fever with a vaceine consisting of - yellow fever virus suspended 1n

human serum  They observed 89 cases among 3100 persons

mmmuns ed over a peniod of five years the latent period varymg
@ —g
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Curatue  Complete rest in bed from the onsct appears to shorten
the course of the discase 1n the majonty of cases It 15 usually
advised that the diet should be high in protem {200 g) and n
carbohydrate (100 g ) and Jow m fat (40 g) Darmady (46} on
the other hand considered that there 1s no difference 1n the results
of treatment whether a Iugh or o Iow protein diet 1s grien A hght
diet with plenty of muk from which the top lnyer of cream has
been rumoved 1s usually perfectly suitable Dunng the acute
stage the patient should take fluds up to 5 pints a day  If this
amount cannot be tahen by mouth 109 dextrose 1n water should
be given mtrwenously or if somiting persists 5% dextrose n
saline should be transfused to make up the deficency If there
are hamorrhages or if the plasma prothromlnn content 1s low
witamun X should be injected mtramuscularly in doses of 5 mg
daulv and for serious humorrhage a blood transfusion should be
given  Fhe patient should take no alcohol during the disease or
for a year subsequently Methionine an essential amino nad and
& hipotropie factor wlich promotes the transfer of fat from the hiver
to the storage depots hns been ded asanmd tot
but Wilson Polloch and Harns (47) gring 5 g of methionme druly
by mouth {o aiternate patients in 2 series of 100 eases of wfectne
hepatitis found that the methonine as judged by clinieal and
biochemical entenia had no sigmificant effect upon the seserty or
duration of the disease or the ineidence of relapses  Similar results
were obtamed by Higgims et al (48)  Aureamycin has been tried
1 the trcatment of wnfectne hepatiis It appears to hase no
curitnie effect 1n the acute phase but was reported as bemng some
what bencfimal 1n the treatment of comn or of ¢hrome Inn er discase
(Tarquhar et al (40) Shaffer et al (50)) Finally the patient
should not be allowed to get up until the temperature 15 norm1l,
the liner has returned to 1ts accustomed size and 1s no longer tender
there are no symptoms such s lassitude and nausca and the serum
bilirubin has been normal for a weck

Treatment of the arrhotic stage 1s the same as treatment of
currhosts of the Iner of other mtiology—rest and a basie diet
(contasmung ample quantities of the vitamin B comple) are probably
stitl the most important factors (hatshi and Y esner (51)) Rallietal
(52) report that treatment of enrthosis for three years with u:tm
venous lis er extract resulted 1n a 449 suriiyal rate against 1.%m
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from the Mimstry of Health n 1943 (64) as the matter was now
considered to be one of major importance It was thought that the
jaundice was due to the mjection of human blood products and
that probably further cases would occur particularly after trans
fusion and such indeed has proved to be the case Cochburn
et al (65) have reported some cases of homologous serum hepatitis
followmg measles prophylaxis using dried human plasma  Ten
children were moculated using a batch of plasma which was
subsequently found to be icterogeme Seven of the children
developed a severe form of Jaundice and three of the seven died
One of the fatal cases had symptoms of encephalitis without
apparent Jaundice

g Mumps Ci Plasma Beeson
Chesney and MeTlarlan (66) m 1944 reported the occurrence of
101 cases of jaundice following the moculation of 266 men with
mumps convalescent plasma  The onset was i the majonty of
cases between the fifty ninth and ninety fourth day after mocu
lation The Jaundice was considered to be due to 2 hepatoue
agent 1n two batches of plasma

g Tr Cases of jaundice following
at an interval of about three months after blood transfusions were
recogmsed 1n England in 194” Morgan and Wilamson (66)
reported that 9 patients who were treated with large transfusions
of plasma or serum 7 sufferng from ntermuttent claudication
1 from diabetes mellitus with gangrene of the toes and 1 from
calemnosts circumseripta deseloped jaundice seven to ten weeks
later Tt was not possible to trace the icterogemic agent to definite
batches of serum or plasma The authors stated that the jaundice
mught be due to & virus or to some towic chemieal substance such
as altered plasma protem but there was no evidence to favour
one or other of thesc hypotheses Beeson (65) m Amenica m
1043 reported 7 cases of Jaundice oceurring one to four months
after the transfusion of whole blood or plasma and concluded
that 1olated cases may not mfrequently be met with  Stewmer (69)
also recorded 5 cases of yaundice following transfusions with whole
blood or human plasma gven to soldiers when they were wounded
two to three months previously There was no proof 1n any case
that an agent was t) d by the fi the
evidence being purely presumptive
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between thirty six drys and seven months and as eraging between
two and three months  They shoned that the occurrence of the
Jaundice was not dircetly due to an infection wath the yellow fever
virus and considered that there was presumptive evidence that
the post inoculation jaundiee was identical with infectine hepatic
yaundice  Findlay MacCallum and Murgatroyd (58) later showed
that the icterogenr agent bore no relatronship to the stram of
yellow fever virus used but that experiments suggested the presence
of an extraneous virus in the human serum used mn the preparation
of the vaccine  In 1939 Fox Manso Penna and Para (53} published
an account of an outbreak of inoculation jaundice 1nBrazl nfterorer
a mullion people had been inoculated there a ainst vellow fever
Qut of a group of 304 persons moculated with one batch of vacone
277, des eloped jaundice four to five months later one case proving
fatal The occurrence between January Ist and July Ist i 1942
of 28 585 cases of Jaundice 62 of which proved fatal out of between
two and two and a half million Amencan troops noculated again ¢
vellow fever was commented on in Editorials 1n the imercan
medical press (60) Videspread attention was directed to this
variety of jaundice which was again shown to be due to the presence
of an 1cterogenic agent in the serum used as a 1 ehicle 1n the prepara
tion of the vaceme  The latent period in this sertes yaned between
twelve and exghteen weehs  In 1941 Findlay Martin and Mitchell
{61) reported on a senes of 689 cases of jaundice follomng yellow
feser vaceme mjechions gis en dunin, 3942 the ay erage latent period
bewng 1015 days There was one fatal case Human serum ¥
1o longer used m the preparation of the vaceme and this type of
yaundice has now ceased

Jaundice following Measles Convalescent Serum In the
Annua) Report of the Cluef Medical Officer of Health for 1937 (62)
there was a brief account of the occurrence of 87 cases of Jaundice
7 of which prov ed fatal 16 to 100 days after the injection of measles
comsalescent serum from two small batches into between 82 and
109 recypients  Propert (68} 1 1938 drew attention to the cases of
7 cnldren moculated with consalescent measles serum of the same
batch whe all developed jaundice 78 to 83 day s later 8 cases proving
fatal The pooled serum used was the same as that referred tom the
Mimstry of Health veport A fuller account was reconsiru::fﬁi
records and published m a

from 3
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orderlies at a venercal disease clinie who helped 1n the injections
and had therr hands contaminated with blood from the patients
developed jaundice presumably through scratches mn the shin
Beattie and Marshall (72) tned to lower the mewdence of post
arsenical jaundice at a chimic by giving the patients a casem digest
a casemn digest with cystine or methiorune  These measures had
no effect on the over all meidence of hver damage and jaundice
but tended to shft 1ts 1neidence to later in the course of treatment
and to render the jaundiee less sexere

Jaundice following the Injection of Pentothal and Pemi~
cillin Dermady and Hardwick {74) observed 6 cases of jaundice
following the intray enous injection of Pentothal between tlurty one
and one hundred and fifty one days previously and 4 cases sixty
four to onc hundred and thirteen days after the intramuscular
injection of hn for the of heea or syphilis
They suggested that here again the jaundice resulted from the use
of dirty syringes They further considered that some cases of
transfusion hepatitis may be du~ to the same cause and not to the
blood 1njected Pentothal or pemaillin having been gven at the
time of the transfusion  Howells and Kerr (73} treated 47 patients
suffering from jaundice who had previously recerved njections of
pemeilin the average latent period being 97 days Of these
cases 41 had been given llin for the of g 1
or syphilts They concluded that pemecillin 1s not the direct
cause of the hepatitis which may be due to some icterogemc
agent—e g a virus—transmitted by faulty injection techmque

Jaundice following the Withdrawal of Blood Graham (76)
was puzzled by the occurrence of 28 cases of jaundice developing
during a period of two and a half years m patients suffermg from
diabetes mellitus treated at hospital none bemng noted 1n private
patients during the same period He wrote I have come to the
conclusion that the jaundice must be due to an nfective agent
passed from patient to patient at hospital  He suspected that
the infection was conveved by the symnges This might have
occured when blood was removed for sugor esttmations or when
nsuln was mjected  Droller (77) desenibed an outbreak of jaundice
m o dibetes clime m which 62 patients were affected during a
pertod of two years 4 of the cases proving fatal Blood was
collected for sugar estimations in syringes which were not boiled
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Inaseries of 760 recipents of transfusion of  large pool plasma
Lehane et al (70) found 54 cases (11 9%) in whom jaundice was &
sequela 1n their opinton 095% of donors carry the 1cterogenic
virus

Ve now pass on to the other type of serum jaundice m which
stisbeheved that the causatns e agent 1s transmitted by contarmimated
syninges

Post-arsenical Jaundice Bigger (71) 1n 1943 drew attention
to the mereased inadence of post arsemeal jaundice m \enereal
disease chinies  In one of these the case mcidence rose from 4 2%,
m 1941 to 165 4 mn 1942  Beattie and Marshall (72) found an
meidence of over 50%, of post arsemeal Jaundice at a clime 1z 194”7
and 1913 the jaundice usually developing betwecn the nimety first
and one hundred and sixty sixth day from the first mjection
Bigger (71) showed that the cterogenic agent was probably trans
mtted by symnges contammated by a trace of blood {rom an
infective patient and hence the term  synnge jaundice’ or

¢ syringe transmutted hepatiis  came mnto use  When an ntra
venous mjection 15 given a munute amount of blood enters the
synnge after the needle 1s put into the vem, and Bigger using 1n
his expenments citrated blood contammated with staphylocoea
showed that the methbods in use at the clinics for stertising the
synnges such as soaking in 1/1 000 bmiodide of mercury and
washing 1n four changes of water were not adequate to remove
yunute quantities of mfected material  He recommended that the
syringes should be boiled between each patient It was subsequently
proposed by the Medical Research Council Syrnge Stenlisation
Commuttee that all glass syringes should be stenbised by dry heat
at 160 C for an hour Salaman ¥ung Willams and Nicol (73)
suggested that the inerease in post arsemical Jaundice during these
years might be due to a varety of causes such as a shortage of
syringes and an ncrease n the number of patients witha consequent
duninution of the time the synnges could be soaked in disinfectants

and also to an mcreased ineidence of infectne hepatitis if we
accept the theory that the blood from patients mcubating nfectrve
hepatitis 15 the source of the icterogenic agent  There 15 a further
possibility the low protein content of the war time diet or increased

Jcohol may have d hed the t of the

Liver to the 1cterogenic agent  Sheehan (25) observed that some
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Mitchell (61) 1n 1944 failed to produce jaundice 1 volunteers by
the mtranasal stlation of whole blood or the subcutaneous
njection of wholeblood from p il frompost mocul:
jaundice  MacCallum and Bauer {(81) showed that serum from a
presumed case of homologous serum jaundice was icterogenic when
or int mto 2 yolunt on
the seventh day after the onset of jaundice but not so fiftv
nme and one hundred and thirty four days later A further
pomnt n favour of the view that mfective hepatiis and serum
jaundice are mamfestations of the same disease 1s afforded by the
work of Dible MeMichael and Sherlock (15}  They exammned nucro
scopieally specimens obtamned by hver puncture and could detect
no difference 1n the appearance of the hner n infective hepatitis
post arsentcal Jaundice and serum jaundice On the other hand
there 1s evidence that infective hepatitis and serum jaundice are
not due to the same virus  Homologous serum jaundice does not
afford immumity aganst wfective hepatitis  Sufferers from serum
jaundice have not been proved to wfect contacts although there 1s
some evidence that this may very occasionally happen The meuba
tron peniod of the two diseases 1s very dufferent about thirty days
for infectrve hepatitis and about one hundred days for serum
jaundice Some authomties have also pomted out dufferences i
the chimeal features especially the occurrence of erythema multr
forme sl jomnts splenomegaly and the usually apyrexial course
in serum jaundice MacCallum (87) has summed up the position
as follows ‘There are many debatable ponts 1n fayour
of and agamnst the 1dentity of infective hepatitis and homologous
serum jaundice but there 1s no conclusive evidence one way or
the other Tt 1s essential to find a satisfactory susceptible expert
mental ammal before much further knowledge can be obtamed

Liver PoncTurE Biorsy

Historical One of the earliest recorded examples of diagnostic
Tiver puncture 1s that performed by Stanlev (83) in 1833 for dramage
of a hepatic abscess  In 1895 Lueatello (84) mtroduced the practice
of exploratory puncture of the Irv er using a needle 1 mm 1n diameter
The httle fragments withdrawn were then lacerated and exammned
fresh but 1t was not possible to establish a histo pathological
diagnosis of the disease process Von Hansemann (85) m 190%
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and 1t was thought that small amounts of mfective material might
have contamimnated the needles Damodarw and Hartfall (78}
obsersed eases of jaundice 1 a chimc at which patients suffering
from arthritis were treated with gold mjections They do not state
whether blood was remosved for sedimentation readings In 1935
there were no cases of jaundice but later when there was & sparse
outbreak of infeetrne hepatitis up to 8 4% of the patients at the
chinic developed Jaundice  Thev did not recognise infected sy nnges
as a possible cause of the Jaundice Sheehan (25) 1n the same year
reported cases of jaundice occurring in o sanatorum It was
noted that a patient who dev cloped jaundice had had .+ ein puneture
for the estimation of the sedimentation rate of the red cells about
three months carlier and on the same day as another patient mn the
ward who was destined to develop jaundice a month or two later
the mcubation penod bemng therefore about twelve weeks In all
these cases 1t 15 1s probable that the syvringe was contaminated by 2
small quantity of blood contaming the icterogenic agent and that
as was shown by Mendelssohn and Waitts (79} on removing the
needle from the ven 1f the tourmquet 1s released before the ncedle
15 withdrawn a small quantits of blood 1s sucked back from the
needle and the synngento thevem  If the syringe therefore 1snot
stenle the patient 1s exposed to infection

The Nature of the Icterogenic Agent It has been suggested
that nfectine hepatitis and homologous serum jaundice are both
due to the same agent a virus but there 15 no proof of this view
There 35 ndeed evidence that the two conditions are dissimular
and result from different causes

The 1cterogenic agent has been found to behave in many respects
like avirus 1t passes through Seitz filter pads and resists freezing
and drying for long periods but it has never been transmitted to
the loner ammals  Findlay and Martin (80) in 1943 instilled nasal
washings from patients suflering from jaundice followmg yellow
fever mnoculation ntranasally imto solunteers In 3 out of 4
instances jaundice resulted at intervals of twenty eight thirty and
fifty six days  They suggested that infective hepatitis and
homologous serum jaundice are due to the some virus the
difference m the incubation penod being due to the infection occur
nng intranasally m mfectrne hep and by sub
mjection In homologous serum jaundice T'indlay Martin and
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Mutchell (61) 1n 1944 failed to produce jaundice in volunteers by
the mtranasal nstillation of whole blood or the subcutaneous
1njection of wholeblood from patients suffering from post inoculation
jaundice  MacCallum and Bauer (81) showed that serum from a
presumcd case of homologous serum jaundice was 1cterogenic when

or mtr mto a volunteer on
the seventh day after the onset of jaundice but not so fifty

nme and one hundred and thirty four days later A further
pomnt m favour of the view that infective hepatitis and serum
jaundice are mamfestations of the same disease 1s afforded by the
wark of Dible Meichael and Sherlock (15)  They examned micro

scopieally specimens obtatned by liver puncture and could deteet
no difference in the appearance of the liver m infective hepatitis

post arsemical jaundice and serum jaundice On the other hand
there 18 evidence that 1nfective hepatitis and serum jaundice are
not due to the same virus  Homologous serum jaundice does not
afford immumty agamnst infective hepatitis  Sufferers from serum
Jaundice have not been proved to infect contacts although there 1
some ex1dence that this may very oceasionally happen The mncuba

tion peniod of the two diseases 1s very different about thirty days
for infective hepatitis and about one hundred days for serum
Jaundice Some authorities have also pomted out differences m
the chinical features espectally the oceurrence of ervthema mults

forme stiff jonts splenomegaly and the usually apyrexial course
1 serum jaundice MacCallum (82) has summed up the position
as follows There are many debatable ponts m favour
of and agamst the tdentity of infective hepatitis and homologous
serum jaundice but there 15 no conclusive evidence one way or
the other It 1s essential to find a satisfactory susceptible expent

mental animal before much further knowledge can be obtamed

Liver Puncrure Bropsy

Historical One of the earliest recorded examples of diagnostic
Liver puncture 1s that performed by Stanley (83) 1n 1833 for dramage
of a hepatic abscess  In 1895 Lucatello (84) introduced the practice
of exploratory puncture of the I er using a needle 1 mm i diameter
The httle fragments withdrawn were then lacerated and examined
fresh but 1t was not possible to establish a lusto pathologieal
diagnosis of the disease process Von Hansemann (85) in 1903
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used a speeral tracar to obtam small fragments of liser tissue and
by this method made 1 diagnoss of syphihs of the hver Yn 1927
Shupfer (86) employed a special bevelled needle with an internal
diameter of 14 mm attached to a 10 ml syninge By this means
he obtuned specimens of liver up to 2 cm 1 length which were
usually sufficient for a hustol 1 diagy Irersen and Roholm
(87) 1n 1939 ntroduced therr method of liver puncture with o
cannula of 2 mm bore through which they aspirated specimens of
Tnver tissue suitable for paraffin sections and hustological examimna
tion  Tlus has lead to a widespread use of aspiration liver biopsy
as a rehinble a1d to diagnosis

The Indications Aspiration or as it 1s sometimes called
needle v er biopsy 15 of value in enabling the nature of pathologieal
changes m the hver to be determined dumng Lfe without the
neeessity of 2 laparotomy By this procedure many conditions
affecting the kver may be diagnoscd omongst which may be
mentioned mfectine hepatitis  obstructive jaundice  urrhosis
neoplasms  fatty changes amjlodosis sarcoidosis leukema
Gauchers discase reticuloses miiary tuberculosis Kala azar

) hamocl nfectious 1 and

brucellosis

The Contra indications Because of the msh of spreading
fection 1t 15 wise not to perform liver puncture 1 suspected cases
of Iner abscess or hydatid disease or 1f there 1s infection in the
lungs or pleurs It 15 contra indicated 1f there 15 severe anzmia
or 1 tendency to bleeding which does not respond to treatment
Tt 35 also best avorded when the Liver dulness cannot be delineated
by pereussion owing to emphysema or 1n asates unless the flud
has been previously removed It should neser be attempted if the
patient 1s uncooperative and unwilling or unable to hold his breath
Some authorities such as Cogswell et al (88) consider 1t unwise
to perform Iiver biopsy m passtve congestion due to heart failure
owng to the possibly inereased misk of bleeding

The Method The prothrombim bleeding and clotting times and
the blood group of the patient should be determined and two pints
of compatible blood shauld be at hand with facilities for transfusion
1n case of hemorrhage followmg the puncture Twenty mg of
Synhkavit are impeeted intramuscularly daily for three davs or onger
of neecssary  before the biopsy 1s performed  The punctire should
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not be made until or unless the prothrombin bleeding and clotting
tumes are normal  If there 1s aseites the fluid should be aspirated so
that the ltver comes incloseapposition to the chest wall Itisusually
recommended that morphine sulphate gr 1/6 to 1/4 should be
njected subcutaneously half an hour before the operation but mn
cases of advanced cirrhosts such & dose of morphine may prote
dangerous or even fatal and should not be given  In such instances
sodim phenobarbitone gr 1 1n 1 ml of water may be injected
intramuscularly half an hour before the puncture The patient
lies 1n bed on his bach with lus night hand behind his head the side
of the chest parallel with the edge of the bed and the left buttock
raised on a pillow so as to tilt the body shghtly to the right The
upper hmit of the hepatic dulness 1s percussed out with the breath
held in full expiration and the puncture site selected one intercostal
space below the upper border of the Liver dulaess just behind the
anterior axillary lme  Thus 1s usunlly the seventh intercostal space
The shin over the proposed site of puncture 1s painted with 1odine
end the slin subcutaneous tissues intercostal muscles pleura
diaphragm and pentoneum down to the capsule of the liver are
freelv mfiltrated with at least 10 ml of 2 4 procaine hydrochlonde
solution  The patient should now be mstructed how to breathe in
breathe out deeply and then stop breathing It 1s explamed that he
will be told to do this when the puncture 1s bemng made and that
he must hold his breath in full expiration until the word 1s given
that he may breathe agun

For the puncture a trocar with a handle and cannula are used
The cannula 15 15 em long with a bore of 1 8 mm  and 1its end 1s
bevelled and sharp It 1s fitted with a metal guard and can be
attached by an adaptor toa ®0m] all glasssyringe The slun at the
site of the puncture 1s mcked with a tenotomy kmfe and the sterilised
trocar and cannula are pushed sluwly through the intercostal space
until the t ts indicate that the
diaphragm has been reached The guard 1s now adjusted to allow
the cannula to be pushed 8 em into the liver the trocar is wathdrawn
and the syringe 1s fitted to the cannula The patient 1s now told
to breathe 1n breathe out fully and stop breathing It 1s essential
for lom to reabise that he must hold his breath until told he mav
breathe agam  The cannula 1s now inserted sharply and with a
shght twisting movement nto the Iiv er until the guard 1s in contact
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with the shan The syninge plunger 1s withdrawn and the cannula
and sinnge removed mamtuning suction as ths is done  The
patsent 1s now told he may breathe agmn  The cannula 15 only
m the lner for about five seconds  The hopsy specimen 15 found
either n the cannula or in the synnge and 15 placed 1 1 speermen
bottle contaming 169 formol i saltne  The wound is sealed with
cotlodion and the pattent mnstructed to he flat for twenty four hours
The pulse rate should be taken every fifteen mimnutes for two hours
and every hour for twenty two hours and if it nises the physician
must be sent for  If there are signs of wternal hemorrhage a blood
transfustone s grven There may be pan on the nght side of the chest
or at the top of the night shoulder requurmg an analgesic such as
aspinn or Vegamn

Variations in Technique A canmula of 2 mm bore with
three shayp tecth was used by Isersen and Roholm {87) but this may
merense the nsh of tearing the lner capsule with subseguent
hamorrhage  Sherlacl (89} uses a trocar and cannula with s bore
of 1 mm ond mserts the cannula into the hier for 3 tach before
removing the troear and then pushes the cannula info the Iner
further £ to Sem  Silverman (90) m 1938 mtroduced 4 spht needle
for obtamung Iner specymens It consists of an outer needle or
cannula of 16 gauge and an mner needle of 18 gange which 15 sphit
longitudinalhy down to the bub  The outer needle or cannuta with
obturator 1n place 1s msested into the hver  The obturator s then
remot ed and the sphit needle mserted 1n its place and pushed nto
the lner cutting a cyhinder of tissue between its prongs The
cannuia s now advanced over the spht needle into the hyer for &
distance of about § inch  The entite instrument 13 then rotated
shhtly and the mner needle withdrawn with the speamen A
Vim Sulserman needle was cmployed by Cogswell et al (88) the
fragment of Iner tissue remosed bemg 1-2 mm wm diameter and
1-2em Jomg  Terry {91} used a modified Gallman needle s which
the sty let 1< attached to the plunger of the syringe  Theneedlehasa
arneter of 18 mm with a beselled pont mternally bored ta grse
2 hasfe hke edge  Other sites of puncture are sometimes preferred
Thus Iversen and Roholm {87) punctured the mnth imtercastal
space 1 the posterior axshary hne Gillman and Gillman {(92) the
costo xiphowd angle betw cen the wiphoud and the right costal margi
and Davis et o} (93) used the subcostal route  The needle eithera
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Silverman or a Roth Turkel needle with small saw fecth was
nserted a few centimetres to the nght of the xiphoid process and
below the costal margin and directed upwards and to the nght
toward the centre of the liver

Some Difficulties and Complications Fadure to obtain a
satisfactorv spectmen of liser may be duc to the presence of asates
ncreasing the mobilits of the liner  The chief dufficulty 1n detaching
and removing a suitable piece of Iner 15 met withn curhost  The
nsk of fatal hemorrhage has dimnished with unproyements n
technique and with the use of vitamm K Terrv (91) refers to
2 469 biopsies performed between 1939 and 1848 m which there
were @ deaths  Cogswell et al (88) performed 403 biopstes on 345
patients without any sertous reaction  Qther comphications mclude
pneumothorax  hemothorax empvema and air embolism  Davis
etal (93) performed biopsies by the subcostal route on 68 patients
without serious complications but state that the mshs mnclude
extensive bleeding into the pentoneal cavity and abdomunal wall
perforation of the large or smail intestine or gall bladder intreduc
tion of 1nfection or spread of localised infection nto the general
pentoneal cavity and mjury to the kidnev adrenal or pancreas

Conclusions  Liser biopsy 1s usually but not mianably
not dangerous or panful when performed by a slulled physician
and when due precautions are taken but 1t should not be under
taken sporadically by the unimtiated Ve have found 1t of value
m distinguishing between obstructive jaundice of short duration
and jaundice due to hepatitis In the former the biopsy reseals
accumulation of the bile in the hiver eanaliculi near the centre of
the lobules 1n the latter there 1s loss of lobular structure ballooning
of the polygonal cells and focal areas of small mononuclear cell
wfiltration  The eatly fatty changes n etrrhosis are well shown (sce
Fig ™) and enable a diagrosis to be made when the changes are

stll ble with ad diet Wehavealvo found
ofvaluein the diag dary ofthelrer
(see Fig 8) thusavoidingan At

correct diagnosts may be made in obscure cases of hepatomegaly

I er Funerion TesTs

Investigation of the Pigmentary Function of the Liver
Hamoglobin released from ery throcy tes destroyed 1n the retrculo
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endothehal system 15 converted to bilirubin and bili erdin which
are excreted mn the bile  The probable route 1s (1) the porphyrn
ring 18 opened leadmng to the formation of 4 v erdohzmoglobm —
probably a bihyerdin— globin 1ron comples Tembergetal (94)
() the 1ron 15 sphit off to travel thereafter with the § globulin
fraction of the plasma proteins and some of the (green) biliverdin
1s reduced to {orange) bilirubin which remains 1n assoctation with
plobm

Authonties disagree regarding the nature of the protein binding
of the plasma bilirubm and regarding changes taling place n this
linkage when the hihrubin protemn complex passes through the
Iner (Watson (9)) The subject 1s entically discussed by Wath (96)
The consensus of present dav opinion s that the pre hepatic (type A
ndirect £y pe I) balrubin s closely bound to protein 1t 1s converted
to post hepatic (type B direct reading type II) bilirubin probably
in the Kuppfer cells and 1s excreted by the parenchymal cells
(Schaffner et al (97)) This bilicubin 1s only Joosely associated
with protein and 1s probably 1n the form of a sodium salt

In the intestincs bilirubin 1s reduced by bacteral action to
urobilinogen (a misture of two colourless chromogens mesobilt
rubnogen and stercobilinogen}  Some of the urobilnogen s
excreted 1n the frees and 1s oxidised by the air to urobilin  the
remamder 1s absorbed nto the portal circulation and returned to
the hver where o part 1s excreted unchanged a part re ouidised
and excreted as bilirubin and a part returns to the general circulaton
and 1s excreted by the kidney

[31PES OF JAUNDICE AND THE VAN DEN Brren Reacrion

In view of the casily available hterature (e g McNee (98}) onls
the briefest summary of this important work will be gnen here
Jaundice at the time of Virchow was considered to fall under two

gs hepatog and anhep Thus 10 the hicpato
genous variety the condition resulted from obstruction of the bilary
tract whilst 1n the second enhepatogenous variety the bile pig
ment was thought to onginate in tissues other than the hver Tater
owng to certam expenmental work which need not be detuiled
here the possibibty of dice was excluded Thus
Eppinger (99) stated that all jaundice was obstructne and m
those cases where obvious obstruction could not be seen the set
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of the trouble was said to be in the fine bile capiilanes  Later
however the work of Aschoff (100} and lus co-workers pointed
rather to the ongnal separation of jaundice mnto hepatogenous
or obstructive and hmmolvtic or anhepatogenous s work
has completely changed the views on the formation of bile pigments
from hzmoglobin  Thus 1t used to be thought that this change
was effected by the polvgonal cells of the lner but in the newer
conception 1t 15 held that these sumply pass the pigment on from
another group of cells to the lumen of the bile capillary

Jaundice may be classified erther ding to the site of the
prmary disturbance mto obstructine post hepatic hepatie or
pre hepatic (MeNee (98)) or alternativelv depending on the
path taken by the excess bilirubm mto retention jaundice 1if the
bule has not passed through the Liver cells and regurgitation jaundice
if this has taken place A combrned classification 1s shown in the
table after Lichtman (101)

e cacse TYPE OF JATNDICE:
Pre hepatic Excesstve destruction of R.E Cs Retention
Hepatie

Intralobalar () l’amlhnl byperbilirubinzmia - Retention

ht (102) due to sub-
hepato-ccliutar function
() pavenchymzl cell neeroms or Regurgitation
{tome  or nfective
hepmm)

() cholangolitis Regurptat on
Extralobular {1v) cholanoitis Regurmtation
(v) distortion of cell-canalicular con  Regurgitation
tinuty {as i ewshosry )
TPost hepatic Obstruction_to bibary outflow Regurptation
(stone carcinoma ete )

In retention Jaundice the excess bilirubm 1s principally type
1n regurgitation yaundice type B A chemieal reactron to distingush
between these would have diagnostic value

Thus has been devised by Hiymans van den Bergh (103) who em
ploys Ehrlich s azo reaction Ths consists in adding o the solution
of bilirubin a diazonium salt in acd solution causing the appearancc
of a purple P bilirub; The
provided by muung a solution of sulphambe aeid 1 HCX m!h
sodium mtnte  Van den Bergh noted that rctenic sera, when treated
in this manner either gave an immediate colour or else a very
delayed reaction  He was able to assert that the first type of reaction
was gven by bilirubin which had passed through the ler cells
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and that the delay ed reaction resulted with pigment formed without
the agency of the polygonal cells 2e absorbed direct from the
Kupfler cells  The present day view 1s that colour developing
within 1 minute of adding the dinzo reagent to the serum {prompt
direct renetion) 15 probably & mensure of bibrubin type B colour
developing when the muxure 15 allowed to stand or on adding
alcohol (Duees and Watson (104}) or on adding caffeine and urea
{{ ray and Widbourne {105))1s 2 measure of total bilrubin (A 4 B)

Interpretation of the Results Normal serum contawns both
bshrubm A and B approumnately 30% being tspe B In chiueal
work the only sigmficant obsers ations are of total serum biliubin
(as measured by any swtable method) nd of the presence of &
prompt direet reaction 4 visible colour appearing witinn a minute
of adding the dinzo reagents to the scrum  ‘Bipbasie  and

delayed direct  reactions have no significance  Many wo kers
such as Wlatshi snd Dnlf {106) consider that a positive direct
reaction ot alteration of the prompt total serum bilirubin ratio 18
of no dingnostic ssgnificance whatst contransise Schaffacretal (97)
find that the neragey of ut B s significantly higher
m abstructi e Jaundice and toxie hepatitis thann infectin e hepatitis
In our expenence a raised total serum bihrubm with 2 negatne
prompt direct reaction indicates retention jaundice  if the prompt
durect reaction is positi e {more than 45% bang type B) then there
15 regurgitation Jaundice The total serum bulirubm level serves
to follow the progre s of the disease as chnsenl jaundice may not
be noticrable for sexveral davs after the serum level 1s raised end
the pigment will remain in the skin for a hittle while after the serumt
Jesel has returned to normal  Jaundice generally appears when the
serum bilirabin 15 1n the range 1 5-2m,, %  In retention joundice
the range 18 0 »-1 mg 7 fugher for biirubin type A

Icterus Index s this measures onlt the colour of the serum
and not chermucally s bimbin content other matemals {¢f
carotenowds  hrematin) are also detected and the test 15 of bitle
value except as o simple method for the small thoratary to follow
the degree of joundice It mav have value 1n the control of by
verdm joundice (Larson b ol (U0TY) s cosis of long standing
obstruction or of receding jaundice for biliverdin docs not gue 8

Y an den Bergh renction
Billary Pigments in the Urlne The lidney does not exerete
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biirubin type A {hence the term acholumc jaundice ) whilst
bile pigments can be detected 1n the urine by simple tests when the
total serum bilirubin level 1n cases of regurgitation jaundice 1 more
than approximately 2mg / This  threshold 15 not 2 true one
and 1n hepatitis urmary bile pigments can be found at serum
Biltrubin levels of about 1 mg /

Normally a small quantity of urobilinogen 15 detectable
freshly passed unne by the use of Ehrlich s aldehyde reagent In
retention jaundice (due to overproduction of biluwubin) the unne
and frecal urobilinogen are greatly mereased 1n the obstructive type
of yaundice urobil 15 absent from both unne
and feces In early liver damage eg mn infectine hepatitis one
of the first hepatic functions to be altered 15 the power to oxidise
urobtlinogen to bilrubin hence an 1nereased unnary urobiinogen
1s a sensitive sign of minimal imparrment  As the liver damage
proceeds an obstructive element supervenes and the unnary
urobiinogen disappears to return on recovery Viatson (108)
discusses urobilinogen excretion in greater detall and gives quantita
tuve details of the findings mn varous diseases

The Bilirubin Excretion Test The measurement of the
excretion of bibirubin 1njected intravenously as a means of est
mating hepatie function was onginated by Eilbott (100) The
techmque deseribed below 15 that of Soffer and Paulson (110} The
test 1s however rarely used today

A total amount of bilirubin equal to 1 mg perhg of body weight
but not exceeding 70 mg 15 dissolved 1n 15 ml M/10 sodium carbo
nate which previously has been boiled and then cooled to 80 C
A control sample of blood 15 collected 1n a dry syrnge to prevent
haemolysis after which with the needle 1n sitw the bihrubin solution
15 mjected  Further specimens of blood are taken five minutes
later and after four hours Twoml of plasma from the control and
from the four hour speeimens are treated with 2 ml of acetone and
centnifuged while 1 ml of the plasma from the five rmnute spectmen
1s treated with 4 ml of acetone The supernatant flurds are filtered
and promptly matched against smtable standards These are
prepared from stock 1 mn 2 000 solution of potassium dichromate
which yields a colour identical with that of 1 mg of crculating
bilirubin per 100 m] plasma  Switable standards contain the equiva
lentof09 0807060504 03and02mg of errculating bilirubin
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and that the delased reaction resulted with pgment formed without
the ageney of the polsgoval cells 12 absorbed direct from the
Kupfler cells  The present day view 1 that colour dey eloping
within 2 minute of adding the diazo reagunt to the serum {prompt
direet resction) 1s probably a measure of bilrubm type B colour
deseloping when the mixure 15 allowed to stand or on adding
aleobol (Duees ind Watson (104)) or on adding cuffeme and urea
{Grav 1nd Widbourne (105} 15 s measure of total bilrubin (4 + B}

Interpretation of the Results  Normal sernm contams both
bilrubin 4 and B approuimately 809, bung tvpe B In chincal
work the only sigmficant obsertations are of total serum bilrubin
(7s measured by any swtable method) and of the presence of 2
prompt dircet rcaction o visible colour appeaning within a minute
of addmg the diazo reagents to the scrum Biphaswe  and

delryed direct’ reactions have no sigmificance  Many worhers
such s hlatsh and Dnll {108} consider that s positne direct
reaction or alteration of the prompt total serum bilirubmn ratio 15
of no diagnostic significance whilst contrarmne Schaffacretal (97)
find that the 1< erage pereentage of bilirubin Bs sigmific itly hagher
wmobstructi ¢ jaundiee and toxie hepatitts than in infectis € hepatitis
In our experience a raned total serum bilirubm with a negatine
prompt direct reaction mdicates retention jaundice f the prompt
direct reaction 1s posttice {more than 45 4 bemng type B) then there
15 regurgitation jaundice  The total sczum bufirubin level serves
to follow the progress of the disease as chmeal jaundice may not
be noticeable for several days after the serum level is rased and
the pigment will temain 1n the skin for a hittle while after the scrum
level has returned to normal  Jaundice genernlly appears when the
serur bilirubin 1s 1 the range 15-2mg %, In retention joundice
the rangeis 00 1m,, ° higher for bilitubin tvpe A

Icterus Index As this measurcs onlv the colour of the scrum
and not chemmeally s bibirulnn comtent other materale {og
carotenoids  heematin) are abo detected and the test s of hittle
value except 15 8 simple method for the small taboratory to follow
the degree of jaundice Tt miy have value m the control of bilh
serdin jaundice (Lorson ¢t sl (107)) m cases of Jon, standing
ohstruction or of reeeding paundie for bilnerdin does not grve &

Y an den Bergh reaction
Billary Pigments in the Urine  The fadaey does not exerete
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Findings Mateeretal (115and 116) ustng thistest comparedit
with the oral method and found that the mtrasenous test 1s more
delicate yrelding positis e results (dminished hippune acid exere
tion) 1n 85 / more cases of i er damage than does the oral test The
test 1 sensttine but has the disadiantages that the degree of

positivity 15 pot proportional to the extent of hrer damage
and that false low outputs of luppuric acid are found if there 15
renal damage deh)drauon or obstructise amuna  The test s

licable to d and non} patients 1t 1» not
\cq rehable if used 1n the dilferentt 1! diagnosis of hepatic from
post hepatie Jaundice as ynor degrees of obstruchon generally
give a positrs e result

IxvEsTIGATION OF THE CaPscITS OF THE LvER To EXCRETE
FOREIGN SUBSTANCES

The Test R hal and White m 1924
(117 2nd 118) proposed a h‘er funchon test b:\scd on the abxht)
of the liver to remove {ph
disodium sulphonate) from the blood The dye 1 the plasma is
‘bound loosely to albumn and the rate of removal from the plasma
by the i er 1s a constant proportion of the plasma level and depends
on the blood flow to the hver and the functional capaeity of the
parenchymal cells Ingelfinger et al (119) discuss varnation m this

percentage disappearance rate  normally 10-16 //mun  In very
severe liver damage there 15 some extra hepatic bromsulphthalemn
uptake (Mendeloff et al (120))

For chinieal purposes a simple satisfactory method of estimating
bromsulphthalemn clearance 1s as follows  The test 15 performed with
the patient fasting and at rest Inject intrasenously bromsulph
thalemn solution 5 mg fhg body weight Some authonties use 2
2mg fhg dose this does not give a suflicient load to the paren
chvmal cells and we have not observed any of the reported toxc
effects of the higher dose At five munutes and at forty five minutes
after the mnjection withdraw 10 ml samples of blood for esttmation
of the dye content of the sera

Analysis of the five minute sample serves as a check on the
correctness of the quantity mjected normally 1t contamns between
15/ and 8a / {compared with the 100 / standard) At forty five

Lowm -
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per 100 ml of plasma and are made by diuting 9 8 7 6 5 4 3
and 2ml of the 1 1n 2 000 dichromate to 16 ml wath water  When
acrdificd with one drop of dilute Iy drochlonse and these stondards
are stable for some time and may be hept i seled tubes

Colculation 200 ¥ (mg % biirubin found 1n four bour
filtrate ~—~mg  bilubin found i control filtrate) duided by
(5 xmmy, 3 bilubin found in five mun filtrate~2 xmg 9 bilirubin
found m control filtrate} mses the percentage of hiwrubm retamed

Findings Normaflv not more than 5 to 6% of the mjected
bihrubin should be retained st the end of four hours  An advantage
of the test 1s that the liver 13 guen & natural prgment biirubin
to excrete although thie substance 15 expensive and diffteult to
procure It shonld be borne in mind that the test 15 mappheable
to pattents swith jaundice and 1s most useful 1n cases 1n whach the
bilirubin does not eveced 1 mg per 100 ml plasma  Severaf
workers have reported favourably on the rehability and dehicaey
of the bilirulun test  Thus Soffer (111) found that the normat
retention of birrubin was exceeded m recosenng cases of diffuse
hepatstss ;0 which the jpundice had subsided ns well as 1n cases of
eicshosts and malignanes  Sweet Gray and Allen (112) concluded
that the test was more delicnte than the galactose tolerance brom
sulphthalein and hippunie aod tests m the detection of hepatic
damage sn cases f mimmal or no symptomatic &1 dence of exrhosis
of the Iner

INVESTIGATION 0F TuE AnTiToxic Powers or tus Lner

The Oral Hippuric Acld Excretion Test This test winch
was devised by Quick (113) depends on the abibty of the liser to
congugate benzow amd with ghane It has now been lugely
replaced by the mntrayvenous test

The Intravenous Hippuric Acid Test  In 1038 Quch et al
(114) showed that luppuric aeid 15 svthesised i man following the
atravenous wjectian of sodium benzoate 177 of sodmm
henzoate 18 dissolved m 20 ml of distilled water and mnjected
slowly mtravenously tahing five minutes over the mjechion  The
biadder ss emptied before the test and the unne 13 collected one
hour sfter the mjection  The ppunc and 18 estimmted 1 the
urine Normally 67 g to 095 g 15 eercted ns happurie acid

the first hour
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hepatitis damage to the hier cells results 1n changes 1n the plasma
proteins detectable by the normal methods of quantitatis e analysis
the albumin leyvel bemng d d and the globul, ed In
acute parenchymal hepatitis (¢ g infectss e hepatitis) the changes in
the protemns are not detertable by methods of routice analysis
there 15 a qualitative alteration 1n the albumin and an nerease of
the y globulin fraction
TIn order to detect these quahtatne alterations of the plasma
proteins tests are used n which the patient s serum 15 added to a
sustable colloidal system  condition are arranged so that normal
{but penerally not hepatitic) albumin stabiles the system
and mhibits flocculation whereas generally speaking y globulin
1 excess (especially hepatitic globulin} destroys the stabihty and
flocculation or precipitation results (MacLagan (124)) A ~ery
large number of such tests have been developed depending on the
nature of the precipitant and the conditions of the test amongst
those 1n use are tests employing 2inc sulphate (hunkel (125))
cadmium sulphate (Wunder)y and Wuhrmann (126)) and  colloadal
red  (Ducar (127))
The tests that we employ are as follows —
Thymol Turbidity (MacLagan (128)) The reagent used 15 &
buffered solution of thymol the resultant turbidity 15 read m
with artificial standards  (Normal 0—4 units ) Precipt
tation oceurs with excess B andy globulins and with a ipoud factor
and 1s mhibited by normal alburmm
Colloidal Gold (MacLagan (128)) The reagent used 1s a
collodal gold solution 2s employed for the Lange test on cerebro
spinal flmd VW hen the test 1s done using serum 1mstead of a colour
change precipitation eceurs and degrees of precipitation 0-5 are
distingmshed  (Normal 0-1) Preeipitation oceurs with excess
y globuln and 1> mhibited bv normal a and g globulns and by
albumins only shghtly
Cephalin Cholesterol (Hanger (1°9) Stanberg (130)) The
reahent now used sn our laboratories 1s an artificial emulsion of
ycholie acid + chol z the ongnal il of
bramn extract - ehol Complete 1s termed 4 +
(normal 0-14) Precipitation occurs with excess y globulin and
hepatitic « and 8 globulins and 15 inhubited by alburmn
These tests m general give paralle] results and are much used
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nunutes the dye content of the serum 15 normally between 0 and
9%  avalue above 16 4 indcates defimte hiver damnge and the
height of the forty five minute level 1s proportional to the degree of
damage

This test 1s sensitive and 15 wost satisfactory for the detection
and s estigation of iffuse hepatocellular damage m the absence
of yaundice 1t should be noted that in children bromsulphthalem
excretion does not follow that of tabrbin  The test cannot be
used to differentiate hepatic discasc and post hepatic ob truction
{(whieh cqually causes retentron of dye)  muldh posttive results
are often also found tn heart fatlure and febnle states At the time
of wnhog the dve was obtamable onhy from the US 4 and the
cost of matersal per injection was about 15s

InvesTIGATION oF muL METasouie Tuscrioss o toE Liver

Carbohydrate  Of the three sug ars that could be used 1 tests of
tolerance plucose and ley ulose are not satisfactory for liver func
tion tests because of thew extra hepatic utilisation Maclagan
{121 and 122) has used galactose with consistent resnlts

Galactose Tolerance Test This sugar 1s absorhed freely from
the gut and readily stored as ghcogen bv the normal Iner  More

factory results are ok 1 if the patient 1s fasting  Tahe
a xesting blood <ample  the patient then cmphes the bladder
completely and drmhs & solution of 40 g galactose m Jemon water
bload sumples are taken every thuty munutes for twe howrs and
the total urne excretion collected over five hours  Normally the
blood galactose level reaches a peak At sivty minutes of 10-40
mg /106 ml  the sum of the 4 blood galactose valies~termed
the galactose index —is normally about 70 mg  an mndex over
160 ndicates hepatocellular damage  Normally the uroary
excretion m five hours s less than 8, an excretion of over £ 8
must be led with suspieron  an retion of oier 6 g
ndicates severe hepatocellular damage

Thas test 1s moderately sensitive ang has the adyantage of giving
normal results 1 most cases of uncomplicated mechames! obstrue
tve yaundice (Bensley {123)) The test gnes nvahd resuits f

there 1s malabsorption of the carboby drate from the gut as m the
sptue syndrome or mysedems
Protein The plasta protews are made n the bnver  In chronte
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the back pressure of the pent up biliary sccretions to produce excess
of the enzyme

The methods of assay generally 1n use in this country (modtfi
cations from hung and Armstrong (183)) mvolve mcubation of the
serum with a buffered phenyl phosphate solution ~ then estimating
the phenol liberated under standard conditions—the normal being
3~13 kung Armstrong units nadults  In the US A the method of
Bodansky (184) 1s commonly employ ed mnvols ing the measurements
of phosphorus liberated from glycerophosphate the normal being
1-4 units 1n adults

Lhis estimation 15 valuable in the differential diagnosis of obstrue
tive from hepatocellular jaundice especially when used 1n combina
tion with the sumple flocculation tests  In an obstructive jaundice
the level 15 generally above 85 umts (kang Armstrong) whilst i
hepatocellular jaundice 1t 1s usually between 10 and 25 umts  High
values are also found m cirthosis of the hy er more especially m
biliary curhosis and n It
must be remembered 1n interpreting alkahne phospbatase levels
that the enzyme 15 also produced by osteoblasts and high values
are obtamed 1n such bane diseases as richets hyperparathyroidism
primary and secondary malignant disease and Paget s disease

The Prothrombin Time Prothrombin 1s synthesised mn the
parenchvmal cells of the bver The production depends on the
amount of vitamin k reaching the cells and on the functional
state of the cells  Accordingly in hiver disease the production of
prothrombm may be dimimished for two reasons (1) damage to
parenchymal cells (u} absence of bile salts from the intestine
leading to dimnished absorption of vitamin K

Estimation of the prothrombin time by 1tself 15 not satisfactory
as a liver function test To differentiate between low prothrombim
times resultmg from liver damage and from deficient absorption
of vitamun K recourse may be had to the mtramuscular injection
of a switable preparation of vitammn K (e g 2 mg of 2 methyl 1 4
naphthaquinone  Lord and Andrus (185))  this returns the
prothrombm time to normal when deficiency s caused by
malabsorption but not when caused by hepatocellular damage

‘The Serum Cholinesterase  This enzyme which destroys
ncetylcholine 15 & protein synthesised by the Iver  and attention
has been paid 1 Tecent years to aits estumation as an index of hiver
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the dffercntanl dmgnosis of hepatic from post hepatic jaundice
In hepatic disease the tests give posshive results tn an uncomplicated
obstruction the tests tend {o be normal

When used m the mvestigation of hver function the cephal
cholesterol test 3s the most sensitive and best employed n the
deteetion of las er damage 1n the ab: f d It1s bl
for differenttal diagnosis as 1t frequently yields a positsse result m
apparently uncomplicated obstructite jaundice  If the thymot or
gold test 1s positise m obstructive jrundice then there 15 super
imposed fiver damage  The flocculation tests are freguently

gative in or it ted cxrrhosis of the Tver

The thymol turbidity test 15 often positise 1 diseases assocsated
with hyperhpmmia an the absence of any protem changes and has
heen sometimes found to gne positive results in glandular fever
The cotlaidal gold test tends espeanlly to s1eld  false positives”
1n theumatord arthritis and the cephahn chol 1 in th t
heart disease and malaria  though all these tests are sensitss e fo such
mscellancons diseases (svith possibly some secondary In er damage)
associated with changes in the globulins

Lipoid  Alterations in the scrum levels of free and ester
cholesterol oceur in vanous types of hnver disease (Athrinke et of
{131)) however these changes are rot generally employed for
diagnostie parposes

Obstructive jaund free chol 1 greatly d  ester

cholesteral mereased
Hepatocellular damage  free cholesterol vanable ester choles
terol greatly diminished

In joundice due to chemreal agents (e g NAB) and dunng re
covery from ncute parenchiymal damage an hypercholesterolerma
1 frequently found

INVESTIOATIONS OY ENZYsES

“The Plasma Alkaline Phosphatase Roberts (132) was the
first to note an icrease 1n the plasma alkaline phosphatase m some
cascs of abstructive jaundice  The reason for this alteration 15 not
Lnown for certan  The mam hypotheses are that dunng obstrue
fi0n the enzyme normally excrcted mn the e 15 foreed bach into
neral circulation  that the parenchymal cells fuil to exerete

the ge
the fnzyme , or that the parenchvmal cells are  stimulated * by
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function (MeArdle (136)) The scrum cholinesterase level 1
decreased 1n hepatocellular jrundice and 1s normalin uncomplicated
obstructive jaund The 35 tech Ny difficult, and
the umts of measurement depend on the method employed  Yorhaus
et al {137) describe studies u mg & simphfied technique

Gonclusions  The chaice of hver function tests to be performed
on a patient depends on the purpose for which the tests are to be
done  As 1n a1d to the Gifferential diagnosss of jaundice the urtae
and ficecs should be tested for bile and urobiinogen the Van den
Bergh reaction and total serurm bibrubun estimated and th bina
tion of analyses for serum nil ahine phosphatase and a floccutation
test (¢g callaidal gold) considered  Yor the estimation of Iner

i Y the o phthalem clearance the estimation ot total

and differential serum protemns and aflocculation test (e g cephahin
cholesterol) are switable

There 1s 1o single compreliensive test for lier function and the
tests desenbed each deal with himited functions of the lner
1 xteasion of abnormahty detected m one aspeet of iy cr metaboltot
to the conclusion that there 15 global damage to the Iner s nob
alwzys jushfiable It must be emphassed that only when
considered wn conjunction with the more tmportant clhintest evidence
< reliable conclusions be drawn from the resulbts of Iner function

tests
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GASTROSCOPY Too

A biopsy attachment to the Wolf Sclundler instruruent has been
deseloped i Amencr  The patient should be examned fasting
using 2/ Anethamne as a local anestheti A prebmmary sub
cutancous mjectron of morphin sulph gr } and atropmn sulph
gr 1/120 1s given three quarters of an hour before mstrumentation
and 2 gr 1} Anethame pastille 15 suched thirty munutes later If
the pharynx 15 still sensitive 3 ml of 2/ Anethame are used 1n
addition as a gargle  Overdosa ¢ may result 1n toxic svmptoms
Rodgers (4) gives the foll for py When
the skiagram has shown some nbnormaht) but no definite diagnosis
has been made or when a diapnosis having been made some
additional information 1s requiwed It s helpful n case of
dyspepsia 1n which the shiagram has res ealed no abnormality In
certamn cases of anxnua its use 1s of mierest although of little
practical value There are alo contra indications which mclude
local conditions such as trnismus cesophageal stenosis enlarged
mediastinal glands an aneurysm or severe curvature of the spine
A large carcinoma near the cardiac orifice may render the examina
tion 1mpossible and 1t should not be performed within a few days
of a severe hematemesis The abolition of the hlind area n
the stomach has been largely effected by the use of the Hermon
Taylor gastroscope In some cases of doubtful X ray diagnosis
of caremoma a defimte diagnosis exther positive or negative may
be made by gastroscopy  On the other hand a lesion which has
been seen through the gastroscope and diagnosed as an uleer may
be proved by operation to be a carcinoma some weeks later  Like
most methods of mx esti ation gastroscopy 1s not infallible  Gastric
ulcers may frequently be visuahised and be seen to heal under
medical treatment  In some cases an ulcer mav be seen which 1s
not demonstrable radiologically and the converse 1s also true
Lintott (5) found that gastroscopic healing of gastnc ulcers did
not oceur until one to several weeks after the disappearance of all
N ray deformity A gastro jejunal stoma 1> not always easy to
sec

It 15 1n the diagnosis of gastnti that gastroscopy appears most
useful as has been emphasised by Bank and Renshaw (6) and by
Freeman (7}  Dunng the artne stages of mflammation the
mucous membrane shows Iy peremia cedema exudation hmmor
thages and superficial wceration  The results of mflammation




CHAPTER VII
THE STOMACH
\ ray Examination

Exaurvation of the stomach and of the duodenum by means
of the X rays after the ingestion of an opaque meal 15 2 usefut
adjunct i the differentral diagnos:s of ulcers of these organs

Investsgations should be made both under the screen and with
fitms  The opague meal used mn the screen exammation usually
consists of 3 oz of banum sulphate m half & pint of mik By
this means the shape of the stomach and its filling propertaes can
be mvestigated

The motor power snd rate of stomach emptying are better
studied v s5th a more solid meal such s pornidge or bread and mul
contaming harum sulphate  There should be no residue of such
a mealin the stomach after six hours

Persistent deformaty w the outlne of the stomach or duodenum
affords some radiological indication of ulcer  Thus 1n gastne ulcer
the banum may be seen tilling 2 niche in the wall of the stomach
or there may be a defimte organic hour glass appesrance  In the
duodenum + persistent alteration 1n the shape of the duodenal cap
may be scen  The \rav examination will also revet prjone
obstruction

Vanations 10 tone of 1n the posibon of the stomach are not
diagnostie  of wulceration  bubsequent exammation after the
admmstration of belladonna ¥ of 1 alue 1 distinguishing between
constriction of the stomach due to spasm and that due to
aieatrisation

Study of the rehef pattern of the gastrie and duaden! rucous
membrane has been stunulated by the work of Berg {1)  Corduner
and Calthrop (2) have published detuls of this method as apphed
to the radiography of the duodtwtk crp and they emphasise s

smportnee

Gastroscopy
3 a3l

The itroduction of the flexible n 1032 by
and Wolf and of the Hermon Taylor (3} madel with controllable
flexibihity sn 3951 has further advanced the stady of gastne diseases

_—
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records & mortality of 1 3 / 1n 368 cases of the hospital elass treated
by carly feeding  The more rccent mortaltty figures are not »o
good  Thus Avery Jones (14) 1 1947 recorded o mortahty rate of
8/ 1n 1 series of 697 cases admitted to hospital between 1916 and
1947 Baker (15) 11 a sertes of 476 cases admitted to Sclly Oak
Hospital between 1910 and 1945 found 13 4% proved fatal and
Lewin and Truelove {16) n 1949 showed a mortality figure of 19,7
in a scries of 302 ca es ad d as Needl and
MeConachie (17) have analvsed the records of 476 cases of haxma
temests admtted as emergencies to the \berdeen Royal Infirmary
from Jenuary 1941 to Deccmber 1948 The mortality rate was
139/

Discussions at the Royal Society of Medicine London m 19"’4
and again m 1934 (18) empt i that the
of acute hematemesis due to gastric or duodenal ulcer 15 almost
always medical It has usually been considered that the lLike
lthood of death mses with the recurrence of hamorrhage a primary
1 h not bemng so as a one This
view 13 not borne out by statistics from Seattle (USA) Thus
Blackford and Allen (19) in 1942 recorded 120 deaths 1n men and
81 deaths 1 women from bleeding peptic uleer Seventy seven
per cent of all fatalities occurred during the first hemorrhage
and only 8 deaths occwred in patients under forty five years old
Needham and McConaclue s (17) figures do not support this view
They found the risk of dying was eight to ten times greater n the
recurrent group In patients under forty years of age fatalities are
almost unknown but the mortality rate rise steeply after mddle
age The surgical view pomnt will be referred to later

Medical Treatment of Severe Hematemesis It must be
clearly understood that the type of patient for whom this treatment
15 required 15 so desperately 11l that he 1s not able to take feeds by
mouth  (a) The patient 1 put to bed hept warm and very still
(b) Morphine sulphate gr } and atropmne sulphate gr 13 are
mnjected subcutaneously  This may be repeated up to 2 total of
morphine gr 1 m twenty four hours Willcox (20) has drawn
attention to the danger of T n case of due
to cirrhosis of the liver when the detovicating power of the hyer
may be so dimimshed that even gr } may cause death our
experience supports this view () Nothing 1s given by mouth for
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are granulanty of the mucous membrane, narrowng and dis
tortion of the folds and atrophy Gill et al (8} examming 217
service cases of dyspepsia gastroscopeally found gastmtss as an
1solated leston in 829 and gastritis was present as an associted
lesion 1n B0 of cases of gestre uleer and m 60 ¥ of cases of pylorie
and duodenal uleer  Berry (9) studied gastroseopseally 100 aleohol
addiets and found that only B5% had unequnocal alcohohe
pstnhs

In permcious and simple achlorhydric anemias the mucous
membrane 1s thin pale wnd as described by Hartfall (10) the most
charactensstie ferture i permcious anemmin 15 the presence of
branching submucosal 1essels whteh nmpart a blush network to
the thin pale wash leather bachground  The pallor 15 probably
due to anxmir and 15 much less niarhed after adequate treatment
but the mucous membrane remams thin and docs nat appear to
regenerate  The changes in the simple achlorhydne anzmmas are
rery simslar but the atrophy is less severe  There does not appear
to be any evidence of a precedump gasintis

PrivesPLes oF TPRATMENT OF GASTRIC AMND
Duongnar Ureers
Varous modihications 1 the treatment of uleers of the stomach
and duodenum have heen mtroduced during recent years From
the practical pownt of view the subject can be considered under the
followmg headings —
The treatment of hematemesss due to gastne or duodenal
uleeration
The medical treatment of ulcers not at the tume compheated
by hamarrhage
The indseations for surgical ireatment of gastrie and duodenal
uleers not complicated by hemorrhage
Heaematemesis It 1s probable that between 10 4 and 30% of
all peptic ulcers bleed but the hemerrhage 1s not necessarily severe
end the avernge death rate from hemorrhage has been Levousty
estumated as follows  Cullinan and Price (11) gue mortlity
of 10% 1n 1 senes of 10s cnves of the hospital class 4 of which
were treated surgieath il dvng, Hurst end Ryle (12) m 67
cases of the private practiee class hnd 2 moriahty of Yo/ Thre
of thewr eases were treated surgically and all died Menlengracht (18}
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alternately beforc three other feeds A teaspoonful of an alhaline
powder (see p 163) or of Aludrox should be guven after five feeds
and a double dose at mght ~ Ferrt ¢t ammon caitrat gr 30 should
be given three times a day between the feeds The subscquent
medical treatment 1s as for the treatment of wlcer not complicated
by heemorrhage and 1s detailed later

Routine Medical Treatment of Hmmatemesis In the
majority of cases of humatemesws the patient can tolerate early
feeding and does better with it The stomach 1s not rested by
starvation The starvation treatment is now bemng generally
abandoned except 1n the very sesvere cases as mentioned above
Wath a turn of the wheel we are back where we were 1n 1904 when
Lenhartz (24) mtroduced his diet for immedrate feeding i hema
temesis which was described in earlier editions of this book
VMeulengracht (13) has published figures showmg a lower mortality
rate than has been obtained by other methods of treatment and
he advocates a hiberal dietary from the first day of bleeding The
routine he recommends 1s a5 follows 6 am Tea white bread
and butter 9 am Oatmeal with mulk white bread and butter
1 pm \selection from meat balls timbale broied chops fish
balls vegetable gratin fish gratn mashed potatoes vegetable
purée vegetable soups cream of vepetables stewed apricots apple
sauce gruel mice and tapioca puddings 3 pm Cocoa 6 pm
Whute bread and butter shiced meats cheese and tea The patients
are allowed as much as they ke In addition one teaspoonful of
the following powder 1s given  Sod bicarb gr 30 mag carb lev
gr 80 ext hyoscyam sicc gr 4 andfernlact gr 5 tid

We have tried this method with satisfactory results m a few
cases but in others 1t has proved mmpracticable as the patient
could not take the diet  We doubt whether the true Meulengracht
diet 15 now ever employed n this country the fact bemng that we
can seldom stomach 1t There are 1ndeed numerous modifications
thereof which masquerade under the name of Meulengracht and
cause much fi WWitts (°2) ds a diet which 1s
more flud than that of Meulengracht and contawns no meat but
which conforms to the primciples of feeding by mouth on the first
day of the hemorrhage This has proved of great value i the
treatment of many cases of hematemesis Thus Pickenng (25)
writing mn 1942 says that during the last six years he has treated
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one ta two days  Ice should not be suched but attentian must be
guien to the tordet of the mouth st being nnsed ot from tane to
time with water  (d) Ar hourly pulse chirt should be hept (2} The
blood pressure and I globin § should be d d
every tnelve to twenty four hours () The blood urea should be
eshimated and f rmsed deternupations should be made dady untl
1t falls to normal  (g) The bowels should not he opened for four to
seven days an enema then bewng gnven () Rectal salines of 6 to
8 oz with dextrose 2% shoukt be gren every four hours ora
sectal dop may be used with a Vuephy vuleante sectsl nozzle
which allows free escape of flatus backwards along the tube to the
reservorr ss desertbed by Marriott and Iehwach (21) Sicto 8 pints
of water normal or notonrc sshne (082%, sadium chloride} or
ssotome dextrose (59, dextrose} may be run m slowly every twents
four hours restng the bowel esery other hour by mterruptng the
flow (3} Blood transf: 15 tad; d ding to Witts {22
if the hamoglobin s below 40% the sy stohe blood pressure below
90 mm Xz the pulse rate over 140 or the blood nrea over 100 mg
per 100 ml Needham and MeConachie {17) howeser found that
in many pabrents who died the pulse rate did not e s high 2s
120 The transfusion may be erther s small one of 250 m} repested
as required or the dnp method advecated by Varmott and
Jsekwich (23} may be used  The amount of blood given by either
method should raise the hremoglabmn to about 6% One pt of
blood admumstered to an adult will merease the hamogiobn by
sbout 164 By the drip method this 10 / nerease shonid be
acheved every four hours (7} The \alue of hemostaties 1 open
to question  Fite or 10 mi of Stipren contaming 05 mg or
1 mg of Russell 5 viper venom mav be gnen by mauth ot & ml
caleram gl te {105} ularky once daily

After persods of one to two davs and when the bleeding has
been arrested as Judged by nbsence of hrmatemess and the genernl
condiion of the patient 4 oz of half strength normal salne
(0 42% sodwm chlonde) should be given by mouth every four
houts for tnelve hours Mk feeds mav now be begun fisst with
sodl. L o water 1 oz and emulsio mag owd m 30 cvery two
Jours and then mith 2 0z esers two hours and gradually mereassog
the mill feeds to 5 oz every two hours  Twcture of belladonna
{m 30-15) should be piven before three feeds and ol e ol (31 0z )
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alternately before three other feeds A teaspoonful of an alkaline
poswder (sec p 163) or of Aludroy should be given after five feeds
and a double dose at mght ~ Fern et ammon aitrat gr 30 should
be gven three times a day between the feeds  The subsequent
medical treatment 1s as for the treatment of ulcer not comphlicated
bv hemorrhage and 1s detailed later

Routine Medical Treatment of Hmmatemesis In the
majonity of cases of hematemests the patient can tolerate early
feeding and does better with 3¢ The stomach 1 not rested by
starvation The starvation treatment 1s now being generally
abindoned except n the very severe cases ss Tmentioned above
With a turn of the wheel we are back where we were 1n 1904 when
Lenhartz (24) mtroduced hs diet for immediate feeding 1n hema
temests which was deseribed 1n eatlier editions of this book
Meulengracht (13) ha published figures showing a lower mortality
rate than has been obtamed by other methods of treatment and
be advocates a hiberal dietary from the first day of bleeding  The
routine he recommends 1s as follows 6 am  Tea white bread
and butter 9 am Qatmeal with mlk wlate bread and butter
1pm A selection from meat balls imbale broied chops fish
balls vegetable gratin fish gratin mashed pofatoes vegetable
purée vegetable soups cream of vegetables stewed apnicots apple
sauce gruel nce and tapioca puddmgs 3 pm  Cocos 6 pm
White bread and butter sliced meats cheese and tea The patients
are allowed as much as they like In addition one teaspoonful of
the following powder 1s gven  Sod bicarb gr 80 mag carb lev
gr 30 ext hyoscyam sice gr 4 andfernlact gr 5 tid

e have tried this method with satisfactory results in a few
cases but mn others 1t has proved impracticable as the patient
could not take the diet Ve doubt whether the true Meulengracht
diet 15 now ever employed 1n this country the fact being that we
can seldom stomach it There ate 1ndeed numerous modifications
thereof which masquerade under the name of Veulengracht and
cause much i YVutts (22) ds a diet which 1
more flnd than that of Meulengracht and contains no meat but
which conforms to the principles of feeding by mouth on the first
day of the hwmorrhage This bas proved of great value in the
treatment of many cases of hematemesis  Thus Pickermg (25)
wniting 1n 1942 says that during the la t s years he has treated
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one to two days  Tce should not be sucked but attention must be
given to the tonlet of the mouth 1t bemg rinsed out from tune to
time with water  {d) An hourly pulse chart should bekept {e}The
blood pressure and hzmoglobin percentage should be determmed
every twelve to twenty four hours (f) Ihe blood urea should be
estimated and 1f raised determinations should be mde daly until
it falls to normal (g} The bowels should not be opened for four to
seven days an enema then bemng miven  (A) Rectal salings of 6 to
8 0z wath dextrose 2% should he prven every four hours or 2
rectal drip may be used with a Murphy vuleamite rectal nozzle
whach allow  free escape of flatus backwards along the tube to the
reservoir s deseribed by Marnott and Kekwick (21) Six to 8 pints
of water normal or 1sotonie salne (085% sodwum chloride) or
1sotonie dextrose {5 % dextrose) may be run m slowly every twenty
four hours resting the bowel every other hour by interrupting the
flow (1) Blood transfusion 1s indicated according to Witts (°2)
if the hemoglobin 1s below 40 4 the systolie blood pressure below
90 mm Hg the pulse rate over 140 or the bloed urea o1 er 100 mg
per 100 ml - Needham and McConachie (17) however found thet
1 many patients who died the pulse rate did not mse as high as
120 The transfusion may be etther a small one of 250 ml repeated
as requred or the dmp method advocated by Marriott and
Trehwich (23) may be used The amount of blood given by either
method should raise the hemoglobm to about 80% One pint of
blood admumstered to an adult will mcrease the hemoglobm by
sbout 10% By the dnp method this 16% ncrease should be
wchieved every four hours (1) The value of harmostatics 15 open
to queston  Fune or 10 ml of Stypven contmming 05 mg of
1 mg of Russell s viper venom may be given by mouth or § ml
caleiam gl (10%) mnt larlv once duly

After perods of one to two days and when the bleeding has
been arrested as Judged by absence of hematemesis and the generl
condition of the patient 4 oz of half strength normal saline
(0 42 4, sodum chlonide) should be fiven by mouth esery four
hours for twelte hours  Milk feeds may now he begun first with
mik 1 oz water 1 0z and emulsio mag oud m 20 every two
hours and then milk 20z every two hours and gradually increasing
the milk feeds to 507 every two hours Tincture of belladonna
(m 10-15) should be g en before three feeds and oliveoil (31 oz )
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found that not all the patients could take even his fluid dret from
thestart The diet 1s as shownon p 160

The ik 15 not citrated but may be flavoured with Horlick s
malted wmulk or Osvaltme Vitammn C1s given as fruit yuce or as
ascorbic acid tablet 50 mg t1d  Sips of water or of dextrose
solution or half strength normal sahne are allowed between feeds
up to 5 0z an hour The total flud intake m the twenty four
hours should be about 5 pints  Neutrahising substances or alkalis
are only given if there 1y abdominal pam which 15 unusual Mo
purgatives are grven and if the bowels are not opened an enema
15 given on the seventh day  Transfusion 15 gisen according to
the entera laid down shove Violdman (26) treated 21 cases of
hematemesis admitted to St Luke s Hospital Cleveland Ohio
by the 1 hydroude dnp method
and they all recovered In addition during the first twenty four
hours the patients were given by mouth 2 oz of milk and cream
every two hours and after that the diet included cooked cereals
gelatine custard cream soup and rice and tapioca puddings
Morphine was not used but barhiturates and other sedatives were

d as required  Wold considers the drip 1s a further
advanceon the principle of early feeding  This compares fav ourably
with the 8% cases of hematemesis admutted to the hospital during
the previous five years who were not treated by the dmp for
11 of these cases died

The Surgical Treatment of Hm=matemesis  Gordon
Taylor (27) urges that the surgeon should not be cxcluded from

1 until the last stage of ulcer b hage and

supports the view expressed by I'insterer (28) that the first forty
exght hours 15 the optimum penod for operation  The practwcal
difficulty 1s to decide mn any individual case whether death will
oceur 1f medical treatment 13 adopted and whether life could be
saved bv an early operation Further 1t 1s often smpossible to
decde at this stage whether the patient has an acute or chrome
ulcer or chronie gastntis  The cluef indications for operation are
(a) The erosion of a large vessel (b) Conconutant hzmorrhage
and perforation of the stomach (¢) Hzmorrhage which cannot
be controlled by blood transfusion (d) A primary hemorrhage
may require surgical treatment 1n elderly people whose vessels are
thickened and blood pressure rased Needham and McConachie

. —
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Al ns patients (over 40 in number) suffering from gastrie and
duodenal hremorrhage by the dict recoramended by Witts with
only onc death and he supports Yatts view that  the results of

Dirienic Ir1a1MENT OF GASTRO DUGDLN AL H 3 MORRMACE
ARRANGED 10R Two HOURIy IEEDX\(‘

| Buttercd rusks or eream erickers
oz

; o
Feeds Food
by Day 1 °
)
1 [ Whole mlk (fresh or dned) z !, 5 5
Tatent barley or strained porndge | Portion | Portion | Pottion
2 | 1 eggbeaten up in mlk o F 5 5
Buttered rusks or cream crachers - 1 hd
3 VWhole milk (fresh or dried) oz . 5 v
Marmite to taste - - -
Tarley sugar 11t
| Ihia crustless white bread and butter ’
shees - 1 | o2
) Strained orange or tomato juce 07 b1 o]
‘Vegetable pure Tortion | Portion § Portwon
1uddmg
Cream oz 1 1 1
Botled or steamed fish - ~ | Portion
« ' 1eggbeaten up i milk oz - 5 2
Barley sugir oz 1 1 } 1
Ruttered tusks or ercam crachers - | 1 2
6 | Whole mukh (fresh or dried) oz v v 5
Frnt. puree Lortion | Yortian | 1 ortion
Tudding !
| Cream oz 1 1
Thin crustle.s white bread and butter
shees| - 1 2
7 | 1epp beaten up i mlk oz “ 5 3
Black treacle or barley sugar oz 1 } 1
8 | Whole mulk (fresh or dnied) 5 5 5
JFrut purée Tortion | ]ortmn[ Tortion
! Puddm,
t |
F,’f.;’ﬁ? 111 V$hcle ok (fresh or dned) oz - s s
{when [2 1 cgg beaten upin milk oz o v | e
awake)

1
cn  Stramed orange or tamato Juice oz 1 1
B;‘:‘e‘c | Approximate calorle value 258, 1118 36 3

date feeding suppl ted when necessary by transfusion
are much supenor to starvation or operation  The advocates
of early feeding to the exclusion of the mouth stary ation method
raust however remenber that in Witts onginal series of cascs he
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owing to its expense to the slaty colour it gues to the fxces
which mterferes with the detection of blood and because 1t 15 said
neither to relies e pamn nor to neutralise aadity  Cleally however
sruth undoubtedly exerts a sedatne effect  Magnesum oade
and magnesium hvdrode are both powerful neutrabsing agents
Sodium and potassxum atrate tnbasic calerum phosphate and
tribasic hate neutrahse hvdrochloric acid without
producing an alhaline solution (30 31) Crohn (32) 1 1920
ntroduced collordal alumimum hydrovide as an antactd  Six
daily doses of 60 to 120 m of a preparation such as Aludrox (58 /
glummium hydroxide) 1n water may be gnen between feeds
Fauley et al (33) have shown that alurumum hydroxade gel m
relatively large doses mterferes with the absorptton of phosphates
in man and dog and that 1t may produce a phosphorus deficiency
m the presence of a relatne deficiency of pancreatic jumce of
drartheea or of 2 low phosphorus diet  Tlus s however not Likely
to oceur with a patient on an ordinary ulcer diet They also
showed that aluminimm phosphate gel will prevent the formation
of a peptic ulecr 1 Mann Williamson dogs (in which a gastro
jejunostomy 15 performed and the pancreatic juice and bile are
diverted nto the last 20 to 25 e of the ileurn) In such dogs a
jejunal ulcer dev elops with deathn about eleven weeks  Alurmmum
phosphate gel does not interfere with phosphate absorption
Alurmimum hy droade gel did not prevent wleer formation i these
dogs The use of alurmnium phosphate gel i a few cases of patients
suffering from peptic ulcer indicated that it was as effective as any
other neutralising agent and 1t 15 probably preferable to aIumuuum
tndrowade gel w cases ted wath defi
diartheen  Muteh (34) has obtamned good results with a synthehc
1y drated magnesium trisiticate 10 doses of gr 5 to 21 (anhydrous
weight) between each feed It possesses antacid and general
adsothent properties Cohn etal (8o)record the case of a granuloma.
of the stomach following the ingestion of & medication contatning
hydrated alununrum sihcate which the patient had been tahmng for
a long, time for a duodenal ulcer

There 15 some risk of produeing alkalosis if large doses of
magnesta or sodium biearbonate are giien but th nisk 1s dumimished
if magnesum trnsiliate or collodal alummium hydrowde are
employed
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(17) consider that surgreal treatment 1s indicated 1n the majority
of patients over 50 who suffer a further hemorrhage after admission
to hospital ~ An operation 1s rarely 1f ever advisable m primary
hemorthage under other eircumstances and acute ulceration of
the stomach prob ibly never requires surgical treatment

The position with recurrent haemorrhages 15 somew hat different
Previous . ray mvestigation will probably have been carried out
With a large penetrating ulcer a fibrotic uleer with pylorie or
duodenil stenosis or with mid gastric narrowing an operation
may be required to prevent further bleeding It should not be
perf d untal the h: lobmn has been rmsed to 609, by blood
transfusion  In no case should an operation be advised unless very
shalled surgery 15 avalable with adequate facilities for blood
transfusion for the mortality rate for operation for active hzmor
rhage from chronte ulcer 1s at the best about 10,4 In all cases
which the patient is under forty five years of age an operation 1
best avoided

The Medical Treatment of Ulcers not Complicated by
Hemorrhage The modified Sippy treatment 1s now usually
employed

The Sippy Treatment (modified) or The Alkaly Treatment
Sippy (29) of Chieago introduced this treatment m 1915 Its
object 1s to protect the ulcer from hydrochloric acd  Thus s
accomplished by giving large doses of alkals after and of belladonna
before the feeds and by using as the basis of the diet milk and eream

Modsfications of the Sippy treatment have been found to yield
good results and are more easily carried out than the ongnal
method The feeds are given nt two or two and a half hourly
mtervals an alkaline powder or neutralising substance 15 taken one
hour after and olive o1l or belladonna before the fueds There 1s
some dufference of opimon as to the hest alkahs or neutrilising
substances for the purpose  Sippy (20) recommended sodmum
bicarbonate  heavy magnesia and bismuth carbonate All
carbonates have the disadvantage of liberating CO, and causing
gaseous distension which pros es distressing i some cases  Sodwm
biearbonate and magnesium ouide provoke a secondary secretion
of gastric Juce Bismuth carbonate has no neutralistng power
and theoretteally 15 of ittle value as 1t 15 improbable that 1t forms
& protectine coat to the ulcer Itis however out of fashion now
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owing to 1ts expense to the slaty colour 1t grves to the fmces
which interferes with the detection of blood and because 1t 15 said
nether to reheve pam nor to neutralise widity  Chnyeally however
bismuth undoubtedly exerts a sedative effect Magnestum oxide
and magnesium hydroide are both powerful neutralising agents
Sodium and potassmm cxtrate trlbaslc caleum phosphate and
tribasic hydrochlore aeid without
produang an alkaline solution (30 31) Crohn {32) 1n 19°9
mtroduced colloidal alumimum hvdrovide as an antacid  Six
daly doses of 60 to 120 m of a preparation such as Aludrox (58 4
alummmm hydroxide) 1n water may be gnen between feeds
Fauley et 4l (33) have shown that aluminum hydroude gel 1n
relatively large doses interferes with the absorption of phosphates
1n man and dog and that it may produce a phosphorus deficiency
n the presence of n relatne deficiency of pancreatic juce of
diarrheea or of a low phosphorus diet  This 15 however not Likely
to occur with a patient on an ordinary ulcer diet They also
showed that alumunum phosphate gel witt prevent the formation
of & peptic uleer mn Mann Will:amson dogs (mn which a gastro
jejunostomy 1s performed and the pancreatic juice and bile are
diverted mto the last ®0 to 25 cm of the leum) In such dogs a
jejunal ulcer develops with deathin about eleven weeks  Alummum
phosphate gel does not interfere with phosphate absorption
Alumimum hydroxide gel did not prevent ulcer formation in these
dogs The use of alurmmum phosphate gel 1n a few cases of patients
suffering from peptic ulcer indieated that it was as effective as any
other neutralising agent and 1t 15 probably preferable to alumunnum
hvdroxide gel m cases d with or
diarrheea  Mutch (34) has obtamed good results with a synthetic
hydrated magnesium tristhicate 1n doses of gr 5 to 21 (anhydrous
weight) between ench feed It possesses antacid and general
adsorbent properties  Cohnetal (35) record the ease of a granuloma
of the stomach following the mgestion of a medreation contammg
hydrated alummium sihicate which the patient had been taking for
a long time for a duodenal ulcer

There s some msk of producing alkalosis if large doses of
magnesta or sodium biearbonate are grven but this rish 1 dummished
1f magnesum tnsibeate or collodal alummwm hydroude are
employed




164 THI STOMACH

Milk 15 the best neutrahsing food sub.tance and the addition of
sedium estrate gr & to the ounce not only prevents curds formin,
but also nereases the neutrahsing, effect atty substances tend
to dimimish gastric seerction carbohydrates have hittle neutrahsing
power

Dunng the stage of healing of the ulcer the patient must be
hept in bed and feeds given at not more than two to two and a
half hourly intervals duning the day by rught a feed should only
be gienaf the patient wahes  [he time for an ulcer to heal as
Judged by X ray appearances and negative tests for oceult blood
n the feces vanes according to 1ts size from four to eight weehs
It 15 improbable that a deeply cxcavated and adherent uleer could
heal so quichly  Although some authonties mamntan that it 18
urational to ncrease the diet until the ulcer 15 healed n our
experience thns can be done with advantage by carefully graduated
changes

The treatment we adopt 1s as follows —

Healing Stage (Diet 1) Tecks 1 and 2 Feeds of 5 oz are
ghenat7am 9am llam lpm 3pm Spm 7pm
9pm 11 pm and once dunng the mght 1f awake The feeds
consist of milk (warm and contaning 3 gr soldium citrate to the
ounce) Horlich s malted milk or Bengers food At least fise of
the feeds should be of milk which may be coloured with tea  Sugar
may be added to the feeds as desired  If the patient 1s hungry the
feeds may be increased to 6 oz oreven 8 oz and § oz of glucose
talen 3 times a day  Stramed orange or tomato juice 1 oz
should be given daily thoughout the treatment to supply vitamin €

Theeh 3 Add one raw egg to two of the mll. feeds 1f avalable
A Little thin brend and butter 15 given with one feed and a rush or
plain biscwt may be taken with the other feeds  In addition the
patient may be guen once a day a httle of one of the following
sweet jelly mulk Jelly custard or junhet The fecds arc still given
two hourly

Treeh 4 The feeds are given every two and a half hours from
7am tol0pm They consist of 50z of aitrated mulk everv other
feed with one egg 1 two of the feeds 1f avaulable the tun bread
and butter tush or plan buscwt and sugar as in week 3 The
alternate fecds are composed of o sunilar quantity of potato soup

arrowroot comflour or mulk pudding (s3go or tapioca) and once
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aday ahttle sweet July mulk jelly eustard junket apple or prune
puree or honey

Teek 5 The feeds are gien every two and a half hours The
milk may now be reduced to three times a day at7am 5pm
and 10 pm  Additions to the diet are a small helping of porndge
made from very fine oatmeal pounded fish 2 oz hghtly boiled egp
cnisp toast or rush (well chewed) with butter sponge or Madeira
cake

Tieck 6 Feeds stll every two and o lalf hours Add 2 to 4 oz
munced meat daily

Take mnmedhately before three feeds 3 oz of olve wl and
mmediately before three other feeds tnet bellad m w10 aq
chlorof adfl oz } or atrophinc sulphate gr 3~ 1nm 60 of water
Take one teaspoonful of the magnesmum trsihicate or of Aludrox
one hour after five feeds during the day and two teaspoonfuls the
last thing at mght 1n a little water during the first two weeks of
the treatment

During the third and fourth weeks take a teaspoonful of the
powder or of Aludrox three times & day after feeds and two tea
spoonfuls at ght  In the fifth to erghth weeks take a teaspoonful
of the powder or of Aludrox twice a day after feeds and two
teaspoonfuls ot mght It 15 very important to neutralise as faras
possible the gastric secretton dunng the mght  The patient should
always have a milk feed by lus bed to dnnk 1f he wakes The
mouth should be cleaned after each feed with bicarbonate of soda
solution gr 60 to 5 oz of water This 1s 1mportant as parotid
suppuration may oceur 1f 1t 15 neglected  No smoking 1s allowed

Convalescent Stage (Diet 2) Dunng this period of about a
month the patient 15 allowed up for gradually increasing periods
and additions are made to the dietary

780 am Brealfast One egg (hghtly boiled 1if available} or
2 oz of steamed fish thin bread and butter or cnisp toast buttered
when cold (to be well chewed) honey or apple jellv sugar and
mlky tea

10 am Dk 5 oz (contamung 15 gr of sodwum citrate) or
Horhick s malted milk or Benger s food

1280 pm Lunch Mk soup (potato or artichoke) fresh white
fish (boiled or stcamed) or rabbit chicken or tender mutton
mashed potato  Custard or mulk pudding or stewed apples (with
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To pips sk or core) or prune purce and the juice of an orange
if available

3 pm  Thin bread 1nd butter or biscuits and butter or one
small slice of sponge or Madeira cahe and milky tea

530 pm Mk 5 oz (contaming 15 gr sodwm aitrate) or
Horliek's malted mulk

8 pm Dinner As for lunch

1030 pm Wk 5 oz (containing 15 gr sodum cttrate) or
Benger s food

The neutralistny powder or Aludrow should be taken ane tes
spoonful after breahfast and two teaspoonfuls last thing at mght
aud the olive o1l or belladonna before breakfast lunch and dinner
The meals should be small and eatenslowly  Nosmokingis allowed

After Treatment (Diet 3) 8am Breakfust A selection from
porndge made from very fine oatmeal  egg boled pogched or
scrambled  white fish grilled or stewmed cold ham  tongue
toast ¢nisply made and well chenwed  breakfast bisemts  honey
apple Jelly butter sugar and milky tea or coffee

1 a¢m A tumbler of mikh Ovaltine Horliek s malted mulk or
Benger s food and a bsemt

1 pm Lunch A selection from soup made from mufk snd
svegetables such as potato or artichoke  Fresh whte fish boiled
gnlled or steamed with white sauce or fish soufllé  Meat such as
minced fresh beef mutton rabbit lner or veal gnlled lamb
cutlet, borled or roast chichen  If the meat 1s not minced 1t must be
well masticated  Cheese souffié  Vegetables such as mashed
potato steamed or borled green 1 egetables marrow peas (if tender)
Sweets such as custard boiled or baked junket mulh pudding
very well cooked cornflour stewed apples (with no pips core of
shin) chocolate soufflé plam steamed or baked pudding Cnsp
toast butter and the juice of one or morc oranges

1pm A cupof milhy tea thin bread and butter Jelly Jam or
lioney, sponge or plain cake

¢ pm Dinner Asforlunch

jopm Afiedasatllam

The brenhfast Junch and dinner should be small meals well
¢hewed and eaten slowly  The patient should rest for half an hour
after meals  No condiments should be eaten and nothung taken
nch cannot be redured to a soft pulp i the mouth It it as

w)
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1mposstble to obtain the iquid feeds between all the meals a bisemt
or some chocolate should be eaten A teaspoonful of the lising
powder or of Aludrox should be t1ken every mght on retining to
bed No smoking s allowed
The following articles of food are forbidden Smoked salmon
luppers whitebait tough meat porh high game sausages brawn
curry made up dishes fried foods cheese (except eream cheese)
meat extracts and meat soups pichles spices ginger salads
uncooked vegetables celery carrots cucumber omwons or amy
fibrous vegetables new or wholemeal bread buns Ryvita Vita
wheat digestiie and oatmeal biscuits hot buttered toast unripe
orraw frnt thubarb plums nuts rasins sultanas figs Jam with pips
marmalade with peel strong tea or coffee aerated drinks and alechol
The Danger of Alkalosis Large doses of alkalis especially
of sodm 1} oude and cark may
produce tovic symptoms (Hardt and Rivers (86)) Alkalosis »»
ltable to oceur 1n cases of gastric stasis especially associated with
duodenal ulcer or renal insufficiency It would appear that this
observation 1s difficult to reconcile with the rationale of the alkal
treatment of nephritis for renal nsufficiency wsually tends to
produce actdosis The symptoms are headache vertigo loss of
appetite distaste for milk malaise nausea vomiting drowstness
or coma A determination of the alkali reserve of the blood 1s of
value 1 confirming the diagnosis  All alkalis should be stopped
devdrose given by mouth or mn rectal salines ammon chlor 05 g
) should be ad by mouth every six hours or
by rectum 1n doses of 4 g every six hours and an intravenous
njection made of collosol caletum (1 ml) repeated next day if
necessary
Continuous Intragastrc Drip Treatment Winkelstem (37) mn
1932 determuned the gastric acidity duning the night m cases of
duodenal ulcer gastric uleer and normal controls A Rehfuss tube
was wserted in the stomach at 7 pm and specmens of gastric
Juice removed every two hours durmg the mght He found a high
continuous acid secretion mn cases of duodenal ulcer a moderate
acid secretion m gastnc uleer but 1 the controls the curve was
very low and in 4 out of every 6 cases no free hydrochloric acid
was secreted dunng the might He introduced a contimuous
Murphy drip through a Rehfuss tube for the treatment of peptic
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50 pips shin or corc) or prune purce apd the ymee of an orange
if avadable

3 pm Thin bread and butter or biscwit and butter or one
small shice of sponge or Madeira cahe and milhy tea

530 pm Mk 5 oz (contaming 15 gr sodmm ctrate) or
Horlick s malted mil

8 pm Dinner As for lunch

1030 pm Mk 5 oz (contaming 15 gr sodwm citrate) or
Benger s food

The neutralising powder or Aludrox should be taken one tea
spoonful after breakfast and two teaspoonfuls Iast thing at ni bt
and the olive o1l or belladonna before breakfast lunch and dinner
The meals should be small and eatenslonly  No smokung 1s allowed

After Treatment (Diet3) 8am Breakfast A selection from
porndge made from very fine oatmeal egg boiled poached or
scrambled  white fish gnlled or stexmed cold ham  tongue
toast crisply made and well chewed  breakfast bisemts  lLoney
apple jelly butter sugar and milhy tea or coffec

1 am \ tumbler of milk Ovaltine Iorlick s malted milh or
Benger s food and a biseuit

1 pm Lunck A selection from soup roade from mufh and
vegetables such as potato or artichohe Tresh white hsh boiled
grilled or steamed with white sauce or fish soufflé  Meat such as
mnced fresh beef mutton Tabbit liver or veal golled lamb
cutlet borled or roast chicken  If the meat 1s not minced 1t must be
well masticated  Cheese souflié  Vegctables such as mashed
potato steamed or botled green vegetables marrow peas (f tender}
Gweets such as custard boiled or baked junket muilk pudding
yerv well cooked cornflour stewed apples (with no pips core of
shin) chocolate soufflé plain steamed or baked pudding Crisp
toast butter and the juice of one or more oranges

4pm A cupof mlky tea thin bread and butter yclly jam or
honey sponge or plamn cake

7 pm Dinner  As for lunch

10pm Aferdasatllam

The breahfast lunch and dinner should be small meals well
chened and eaten slowly  The patient should rest for half an hour
after meals  No condiments should be caten and nothing tahen
which eannot be reduced to a soft pulp n the mouth If 1t is
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The Medical Treatment of Chromic Ulcers  Flus 1s m all essentials
similar to that detatled above for acute ulceration of the stomach
or duodenum 1n fact apart from the history of the duration of
the case 1t 1s difficult to distinguish between the two conditions

It will be noticed that throughout this section gastric and
duodenal uleers have been considered together as if their treat
ment were the same  Duodenal ulcers are of much more frequent
oceurrence and are more easy to dtagnose

The Surgical Treatment of Ulcers not Complicated by
Hzmorrhage hile on the one hand 1t 1s clear that in certain
crcumstances medical measures are of no avail i the treatment of
gastric and duodenal ulcers yet patients are frequently seen who
have had operations for these conditions and who have recerved no
permanent benefit Indeed their last state s not mfrequently
worse than their first It 1s therefore profitable to endeavour to
decrde what are the indications for surgical treatment In this
way patients should dertve the maximum benefit possible and not
be subjected to operations which either give no relief or are followed
by only o temporary ameloration of the symptoms

The foll g are the chief ind for op —_

Surgical treatment 1s umperative i cases of perforation or of
pengastric abscess although some cases of perforation have been
successfully treated by continuous gastric suction

Ogilvie (41} makes the following further recommendations —

Gastric Ulcer  Operation 1s required for the following reasons
(2) Orgame stenosis causing delay 1n emptymng (b} If cancerous
t; ton of the uleer 15 susp (c) If medical treatment
fails as will oceur 1f 2 chronic ulcer becomes fixed to neighbouring
structures  The acid secretion 1 gastric ulcer 15 not usually
raised and gastrectomy 1s generally the most satisfactory operation

Duodenal Ulcer  Operation 1s requred for orgame stenosis
A posterior gastro or a gastro duod: should
be performed  As the gastric aeidity 15 wsually low owing to the
presence of chromc gastntis recurrent apastomotic or jejunal
ulceration 1s unhhely to ensue TRecurrent ulceration of this type
15 probably due to the operation of gastro enterostomy bemng
performed 1n the presence of huigh gastre acidity  Further the
average time for the appearance of the recurrent ulcer 1s several
years Castro Jejunostomy alome 1s therefore absolutely contra
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uleer using alkalised mulk  Woldman and Rowland (38) m 1946
published their results m cases of peptic ulcer treated with a
continuous intragastric dap of 200 mi of 7% collodal aluminum
hydronide mved with 600 ml of water These authors (39)
reported further that gastnie and duodenal uleers which were quite
apparent radiologieally disappeared after about seven to fourteen
days treatment further only 8 or 4 small bland feeds a day
Were Tequired such as mik cream junket custard jelly cereals
etc  Rutherford and Fmery (40) m 1939 and 1940 used Creamaln
(55% aluminium hydroude) 1 part to 3 parts of water 3s a
dnp runming at 15 drops a minute  They treated 28 severe cases
of peptie uleer whteh had previously failed to respond to medical
or surgical treatment or to both  They gave the drp usually for
a wech and subscquently the alumimum hydrovide was adminis
tered by mouth for several months  ¥u a follow up fifteen months
later of 14 of their original 28 very severe cases they reported
that 8 were well 2 doubtfully improved and 4 were unsatisfactory
Ve use 4 mivture of milk 1 pint dextrose 2 oz and sod atrate
gr 10 A Ryles tube 1s passed through the nose into the stomach
and jowned by a glass connection to rubber tubing, attached to the
dnp  The flmd flows at the ratc of 40 drops a muaute day and
nght 1¢ 6 pints 1n twenty four hours If the tube blocks 1t 13
flushed through with a syringeful of milk A specimen 1s removed
every four hours for the first twenty four hours and titrated for
free HCL 1€t 15 present 3 fl oz of Aludrox s added to each pmt
of miik  Ifthepatientis hungry the amount of dextrose 1s mercased
The Ryles tube 1s changed everv other day cleaned and boiled
and the rubber tubing and glass connections are washed and
bolled We have found that some cases of gastric or duodenal
ulcer which have not healed after six to erght weeks treatment in
bed on the conventional Sippy lines has e healed after treatment by
the drip method 1 periods of three to scyen weehs

YWVhatever form of treatment 15 adopted 1t 15 mmportant that

s soon as the patient 15 1n a fit state a search should be made
for any posstble focus of mnfection which should be eradicated
when found The teeth should be N\ raved the nose and sinuses
examned and prorrhaa should be treated A search for signs of
appendicitis OF infection of the gall bladder or uro gemtal trict

should also be made
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per twenty four hours to 800 to 600 ml per twenty four hours and
gastric uleers did not develop  The gastric acidity was also lowered
It was this experiment which led Dragstedt to divide the vagt i
man for the treatment of peptic ulcer Since then vagotomy has
been more extensively used as a therapeutic measure especially
as so much emphasis 1s now lawd on the effect of nervous stress
emotton and frustration in the production of peptic ulcers
Vagotomy Tesults in the abolition both of gastric hypersecretion and
hypermotihity and gastnie actdity and secretion tend to return to
normal
In 1916 Dragstedt (46) reported very promusing results from
vagotomy in the treatment of peptic ulcer and observed no
recurrence of ulcers although he cautiously stated  a longer perrod
of obsersation and a more extensrse series of patients are obviously
necessary to provide final answers  Thorek (47) reviewed in 1947
the anatormical nerve supply of the stomach and emphasised the
relative ments of the transabdonmnal and transthoracic methods of
h T luded that th d to be ind d
1 duodenal and stomal ulcers which do ot respond to medieal
treatment He advised that gaslnc uleers should be resected owmng

to therr tendency to mal The bd
operation has the ads antage that the lesion can be mnspected and
a gastro d to for obstructive or

atonie complications "It has been shown by many obseryers that
if all the vagal fibres are not divided the gastric acidity tends to
return to its previous values Thompson and James {48) believe
the vagi can be more completely divided by the transthoracic
approach  They report satisfactory results in 4 patients with severe
and recurrent peptic ulceration  Orr and Johnson (49) have tried
vagotomy as an alternative fo gasiro jejunostomy which they
state 15 a failure as a routine procedure for 1t does not cure more
than half the patients and has an operati e mortality rate of about
2,/ Gastrectomy they say 1is more successful if sufficiently
radical but has a mortality rate of about 5/ and a recurrent
ulceration rate of 2 to 9/  These surgeons performed vagotomy
or vagal resection on 50 patients without a death The operation
they prefer 15 post hiatal vagal resection from below A gastro

enterostomy mav subsequently be necessary 1if the stomach does
not recover sufficient tone to drive the meal through the narrowed
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mdicated when the gastnic acidity 1s high and the rate of stomach
emptyingy 1s rapid with the following esception In o patient
over the age of fifty 1f symptoms of duodenal ulcer persist usually
because the patient will not adhere stnictly to his medical treat
ment a short g Op may be perfi d even if there
15 no stenosis  The gastnc acdity tends to fall progressively after
the age of fifty and so the chance of a recurrent uleer 15 shght

Vacoroxmy
Division of the vagus nerves to elminate gastne secretion due
to nervous stimull would appear to be 2 sound procedure 1n cascs
of peptic ulcer as such ulceration 15 believed to result from the

ding effect of lised gastrie hydrochlonie aeid  Vago
tom) will not influence the pastnie secretion which resuits from
¥ 1 and which p the takung of food

The presence of the meal in the stomach however probably protects
the gastne mucosa from the effects of the hydrochlone aed  The
nervous secretion occurs as the result of psyehie stimulation at
the thought or sight of a meal and also accounts for the considerable
secretion of gastrie Juice which 15 poured out dunng the niht
Bv dimmishung or abolishing such nocturnal secretion vagotomy
should evert a powerful influence both m the healing of peptic
uleers and n preventing their recurrence

As far back as 1814 Brodie (42) showed that the mntrasenous
mnjechion of arsemic m dogs causes the stomach to be filled with
mucus and watery fimd  If the vag were cut before the arsenic
was mjected the stomach remaned empts  In 1891 Palov (43)
found that division of the vagt in dogs prevented the gastric
secretion of hydrochlone acsd  In 1923 Carlson {44) pointed out
that although vag bolished the a secretion there
still remamed the humoral secretion due to the formation of gastrin
1n the pylone mucosa which 1s carned by the blood stream to the
stomach In 1930 Dragstedt and Ellis (45) ssolated the stomach
1n dogs heeping the blood and nerve supphes mtact and man
tamng 1 3 by an ocsophago jejur y  The
gastnc secretions were collected through a gold plated eannula
Chlondes had to be supphed to heep the ammals aline  In suclt
ammals gastne uleers developed  When the vagy were divided the
t of gastnie sceretion was reduced from 1000 to 2 00 ml

amoun!
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per twenty four hours to 300 to 600 ml per twenty four hours and
gastric uleers did not develop  The gastric acidity was also lowered
It was this expenment which Jed Dragstedt to diide the vagi m
man for the treatment of peptic ulcer Since then vagotomy has
been more extensively used as a therapeutic measure especially
as so much emphasts 15 now lud on the effect of nersous stress
emotion and frustration m the production of peptic uleers
Vagotomy results in the abolition both of gastric hypersecretion and
hypermotihty and gastric acdity and seeretion tend to return to
normal
In 1946 Dragstedt (46) reported very prommsing results from
\agotomy mn the treatment of peptic ulcer and observed no
recurrence of uleers although he cautiously stated  a longer period
of obsersation and a more extensive series of patients are obviously
necessary to provide final answers  Thorek (47) reviewed in 1947
the anatomical nerve supply of the stomach and emphasised the
relative menits of the transabdommal and transthoracic methods of
h He d that the op ppeared to be mdicated
m duodenal and stomal ulcers which do not respond to medical
treatment He advised that gasmc ulcers should be resected owing

to therr tendeney to mal ton  The
operation has the advantage that the lesion can be mspected and
2 gastro formed to comp for obstructnye or

atome complications It has been shown by many observers that
if all the vagal fibres are not divided the gastric acidity tends to
return to tts previous values Thompson and James (48) believe
the vagi can be more completely divided by the transthoracie
approach They report satisfactory results in 4 patients with severe
and recurrent peptic ulceration  Orr and Johnson (49) have tried
1agotomy as an alternative to gastro Jejunostomy which they
state 1s a failure as a routme procedure for 1t does not cure more
than half the patients and has an operatiy e mortahty rate of about
2/ Gastrectomy they say 1s more successful if sufficiently
radical but has a mortahty rate of about 54 and a recurrent
ulceration rate of 2 to 9/ These surgeons performed vagotomy
or vagal resection on 50 patients without a death The operation
they prefer 15 post luatal vagal rescction from below A gastro

enterostomy may subsequently be necessary 1if the stomach does
not recover sufficient tone to drive the meal through the narrowed
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indicated when the gastrie acidity 1s ugh and the rate of stomach
emptying 1s rapid with the following exception In a patint
over the age of filty 1f symptoms of duodenal uleer persist usually
because the patient will not adhere strictly to lus medical treat
ment a short circmting operation may be performed even f there
1s no stenosis  The gastnie acidity tends to fall progressively after
the age of fifty and so the chance of a recurrent ulcer 15 shght

Vacoromy

Division of the vagus nerves to ehmmate gastne secretion due
to nersous stimul: would appear to be a sound procedure in cases
of peptic uleer as such ulceration 15 believed to result from the

ding effect of lised gastric hy drochl acid  Vago-
tomyv will not nfluence the gastric secretion which results from
hormonal infl and which p the tahing of food

‘The presence of the mealin the stomach however probably protects
the gastne mucosa from the effects of the hydrochlone and  The
nervous secretion occurs as the result of psyclue stimulation at
the thought or sight of a meal and also accounts for the considerable
secretion of gastric juice which s poured out durmg the night
By dumimshing or abolishing such nocturnal secretion 1 agotomy
should exert a powerful influence both mn the heahng of peptic
ulcers and in preventing their recurrence

As far back as 1814 Brodie (42) showed that the mntravenous
mjection of arsenic 1n dogs causes the stomach to be filled with
mucus and watery flmd  If the vag were cut before the arsenic
was mjected the stomach remained empty  In 1894 Paslov (33)
found that diision of the vagl mn dogs prevented the gastrc
secretion of hvdrochlonic aeid  In 1923 Carlson {44) pointed out
that although vagotomy abolished the o there
still remarned the humeral sccretion due to the formation of gastrin
1n the pylonc mucosa which 1s carried by the blood stream to the
stomach In 1930 Dragstedt and Ellis (45} 1solated the stomach
in dogs heeping the blood and merse supplies imntact and main
tammng intestinal contmuity by an ocesophago jejunostorny The

astric secretions were collected through a gold plated eannufa
Chlondes had to be supplied to heep the ammals alve  In such

gastic uleers dev ecloped  Yhen the vagt were divided the
2400 ml

animals
amount of gastrie secretion was reduced from 1000 to
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recurrent ulcer symptoms  Beattic had to operate agan on w4 of
lus 103 cases of simple vagotomy to reliese retention symptoms
In order to present these Beattie advises performing pylorectomy
together with vagotorny and consmders that gastrectomy should
be reserved for those less common cases in which the uleer has
penetrated deeply mto the surrounding 3iscera

Conclusions  Vagotomy offers a physiological method of
reducing the gastric acidity wiich leads to the formation of peptic
uleers and 1s now being more extensnely used especially when
combined with some other operation  The disturbances of motor
function and the tendency to the secondarv development of pylorie
spasm ma) lead to a recurrence of ulcer symptoms causing

derable distress and reqp Lk gastro

It 15 not yet possible to say whether vsgotomy will become the
operation of choice in the majority of cases of duodenal ulcer but
1t does seem probable that vagotomy should be combined with some
other procedure to ehmmate the probable delay m stomach
emptying  Although the physician should understand what types
of operation are available for the treatment of peptic ulcer the
ultimate choiee 1s the responsibility of the surgeon

REFERENCES

(1) Ber  Ronfenuntersuchun en am wnnenvelief des terdanun, skanals
19 0 Thieme Leipzig

( ) CorpINER and Cavuror Brit Journ of Sur, 1036 23 7100

{3) Tavior Lancet 1941 u 276

{4) Rovoers Proc P'oy Soc Med 1038 32 519

(5) Lintort Proc Roy Soc Ved 1438 32 533

(6) Banrk and RENsuAW Journ 1mer BMed Assoen 1039 112 13

(7) FreemaN  Journ Amer Med 1ssocn 1939 112 217

{8) Grir BEnrmnor and Jone  Lancet 194% @ 727

(9) Brary Journ tmer Ved f1ssocn 1941 117 33

{10) Hanreats Proc Ioy Soc VMed 19 8 32 5.7

(11) CunLiNaN and Price  Bart s Hosp Rep 1932 65 18

(1°) Hurst and Ryrz  Lancet 1937 1 1

(13) MeuLENGRACHT etz med Scand 1934 Supplement o9 375 Lancef
193> w170 Wien hlin Pock 1936 49 1481  Munch med
Tacl 1037 84 156

(14) Jo~es Bt Med Journ 194" 1 441 477

(15) Baker GuysIop Rep 1937 96 1

{18) LEWIY and Trurtove Brit Med Journ 1949 3 383

(17) Neepnas and McConscme  Brit Wed Journ 1950 1 133

(18} Proc Roy Soc Med 1924 17 1 1934 27 1437

(19) BLaCKFORD and ALrex Journ Amer ed fssorn 194° 1 0 811

( 0) Witrcox Lancet 1998 1 43



172 THI sTOMACH

prloru Ihey consider that vagal resection 15 parbeularly
wdicated 1n young subjects who suffer from relapses of duodenat
uleer whereas gastrectomy 1s the operation of choce for gastne
uleer  Vagal rescetion may also be used with advantage i cases
of stomal ulcer, erther with or without other operat e procedures
The nsubin test 1s of value in determmning whether the vagal
fibres have been adequately dnided  With an intact vagal supply
the intras enous 1njection of 16 umits of mnsulin causes & sharp nise
1n the free and total acidity of the gastnie juce This 1s due to
hypoglveenna  affecting the vagal nerve centre and 1s not a
primary insuln effect  After vagal resection no such nse oecurs
Valters et al (50) 1n 1948 reported the results of vagus nene
Tesection 1 118 eises of gastro duodenal and jejunal ulceration
The authors operated on patients suffering from duodenal uleer,
when treatment had faled  Such cases they would formetly have
considered switable for partial gastrectomy  Veagotomy was com
bined with gastro enterostomy when indicated  Relief of pant
and healing of the uleer 1s much more hikely to occur with duodenal
than with gastriculeer  Rob (51) has recounted a case of recurrence
of symptoms of duodenal ulcer s1x months after complete freedom
of symptoms following biateral vagotomy The msulin test
indicated that the vagal resection was adequate and there was no
evidence of nerve Tegeneration when the svmptoms recurred  Rob
found that 1n a series of 87 operations for peptic uleer the results
were very good m 5 cases with secondary uleeration following
gastrectomy or gastro enterostomy  In the other 32 cases with
duodenal ulcer there were numerous eatly complieations such as
porary severe dysphogia p diarrk and t
of fonlgas Beathie (52) review ed 1n 1950 the results of gastrectomy’
and vagotomy 1n dnodenal uleers  The after results of gastrectomy
for dvodenal ulcers are often dwapponting  He says that the
stormach 15 too smAll to hold a sufficiency of food or to digest 1t
Pmpcrlv and recurrent gastro intestinal upsets oceur 1n about &
s1xth of the cases which are suificiently severe to upset the patient 8
economic Iife  In a senes of 8 000 successful v agotomres pen'crmed
durmg an eight year period up to 1950 1t was found that recurtent
ulecration 1s extremely rare when the msulin test has shown
complite nere section Sccondary pylorospasm due to o\el;l
action of the sympathetic nerves however frequently cause




CHAPTER VIII
THE CARDIOVASCULAR SYSTEM
Carpiac IRREGULARITIES

Porar (1) m 1867 obtamed tracings from the jugular vein 1
man He used as a recenver of 1ts pulsations a glass funnel which
was connected bv a tubber tube with a Marey sphygmograph
and recarded at the same tune tracings from the apex beat carotid
and radial artenes In 1892 Sir James Mackenzie (2) using a
small metal cup as a recener devised the mstrument ongwnally
called a phlebograph by means of which simultaneous tracings of
the pulsations of the jugular vern and radial artery were obtamed
The records were tahen upon smoked paper but by the use of
1nked pens the polygraph was evolsed

Our knowledge of the essential nature of the different forms of
cardiae uregulanty 15 matnly due to Sir James Mackenzie s pioneer
work with this mstrument by means of which he obtained records
representing the actiities both of the auricle and of the entricle
Further light has been thrown upon this subject and upon myo
cardial disorders by the use of the electrocardiograph

The chief vareties of cardiac uregularty are as follows
(1) Sinus arrhythmia  {2) premature systoles  (3) heart bloch
(4) auncular flutter (5) aurtcular fibnllation (6) paroxysmal
tachycardia and ¢7) pulsus alternans

The Electrocardiograph

The clectrical currents produced by the contraction of the
human heart were first recorded by Waller (3) 1n 188~ by means

of the capullary With this the m
of a fine column of mercury are photographed on a moving plate
The strmg gal was later duced by Einthosen (4)

mn 1903 and modifications of i1t are now known as the electro
cardiograph
TImmersion electrodes have been largely replaced by small
electrodes of German silser plate about $ square inches 1n size
Cambndge electrode jelly 15 smeared over the electrode and rubbed
1
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Certain time relations are tmportant —

The P-R interval 1s normally 014 sccond Prolongation of
this indicates delay n conduction 1n the A~V node or the upper
part of the bundle of His

The QRS intersal 1s normally Just under 0 10 second  Prolonga
tion of this occurs 1 the vanous grades of heart block and 1n
ectopic ventrcular beats

The R-T mterial 1s normally 032 second Prolongation of this
oceurs especially mn complete A~V bloch

The QRST curves are produced by cutrents ongmating n the
two ventnicles and represent the algcbraic sum of the waves
produced by the two ventricles contracting separately

of the d 1n the first three
Ieads should now be studied (see Fig 9) The R wase 1s normally
greatest 1n Lead II and R, and R; are together approximately
equal to R,  (The figures below the wases indicate the leads
which the waves occur) The P and T waves are also usually
larger 1n Lead IT than in Leads Y or IIT

The of certain Al in the Form of the
Deflections The P Wiae This may be mverted indicating that
the mmpulse onginates at a new focus m the auricle (at times
m the A-V node as mn parovysmal tachycardia and 1n nodal
extrasystoles) The P wave ma) be absent or replaced by a small
series of oscillations of a fine or coarse vanety as 1s seen 1n auncular
fibrillatien It may be abnormally large and notched ndicating
auncular hypertrophy as may occur n mutral stenosis P, may
be greater than P, as may be seen 1n auncular flutter

The B Waie A maximum R wave 1 Lead I indicates left
axis deviation which when present to a high degree 15 most often
due to left ventricular preponderance It may also be assocated
with an unduly transverse lie of the heart associated with a hugh
dizphragm  In nght aws deviation which also includes nght
ventncular preponderance the R wate 1s greatest 1n Lead ITE

Normally the left ventricle 1s 1 8 tumes heavier than the nght

The § VWare A masimum S wave m Lead I mdicates mght
axis deviation whercas a maomum S wave 1n Lead IIT 1s a sign
of left axis deviation

Thz T Ware Itisheld that the T wave is of great importance
as the cond of the v muscle A negatine
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iV
s i kol o e

1i¢ © “ormal Clectrocardiogram (Lead IV R left arm electrode
anteniorly right arm electrode on right arm)

gently mto an area of sl corresponding with the size of the
electrode

The lends usually adopted are as follons — =

Lead 1 (transverse) Right and left hands

Lead I (as1al})  Rught kand and left foot

ZLead 11T (left lateral) Left hand and left foot

Lead 1V (chest leads) Seep 188

Umipolar leads  See p 190

Curves representing the changes in potential caused by the
heart s beat are photographed A single beat from the normal
heart shows the followmng waves (see Fig 9) —

P 15 due to auncular systole and constitutes the aurcular
complex QRST occur durng ventneular systole and constitute
the ventneular complex Q and S are often absent ‘T-P represents

duastole
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Cerlan tune relations are tmporlant —

The P-R interial 1s normally 014 second Prolongation of
this mdicates delay 1n conduction n the -V node or the upper
part of the bundle of His

The QRS intersal 1s normally Just under 0 10 second  Prolonga
tion of this occurs m the vanous grades of heart block and
ectopic ventncular beats

The R-T mtersal 1s normally 032 second  Prolongation of this
oceurs especially 1n complete A~V block

The QRST curves are produced by currents ornginating m the
two ventricles and represent the algebraic sum of the waves
produced by the two ventricles contracting separately

The ct of the defl n the first three
leads should now be studied (see Fig 9) The R wave 1s normally
greatest m Lead I and R, and R, are together approxumately
equal to R,  (The figures below the waves indicate the leads in
which the waves occur) The P and T waves are also usunally
larger in Lead I than in Leads T or 1T

‘The Significance of certain Alterations in the Form of the
Deflections The P Wate This may be mverted indicating that
the mmpulse onginates at a new focus in the aurncle {at times
m the A~V node as mn paroxysmal tachycardia and m nodal
extrasystoles) The P wave may be absent or replaced by a small
series of oscullations of a fine or eoarse vanety as is seen m auncular

It may be ab y large and notched indicating
auncular hypertrophy as may occur i matral stenosts P, mav
be greater than P as may be seen 1n auntcular flutter

The B Wate A maxuimum R wave m Lead T indicates left
axms denation winch when present to a ngh degree 1s most often
due to left ventricular preponderance It may also be associated
with an unduly transverse lie of the heart associated with 2 high
diaphragm  In mght axis deviation which also includes mght
ventncular preponderance the R wave is greatest in Lead 11T

Normally the left ventricle 1s 1 8 times heavier than the nght

The § Wate A maxumum S wave 1 Lead I indicates mght
axis devation whereas a maximum $ wave m Lead III 1s a sign
of left axis deviation

The T Wate Itis held that the T, wave s of great importance
as the cond: of the v lar muscle A negatine

Aot
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F, wave 15 always pathological and a negative T, watve usually
indicates a pathological condition With full doses of digtalis
the S-T segment 1s usually depressed and the T wave mverted 1
allleads A negative Ty wave 1s not necessanly pathological

“h

A

SO i =

-

Fi¢ 10 Bundle Branch Block (Type I

Prolongation of the QRS Complez In the condition known as
bundle branch block the nght or left branch of the bundle of
His 1s mmpaired and fails to conduct The QRS complex 15 pro
longed or spread out and lasts longer than the normal maumum
of 010 second The R wave may be notched The T waveisn
the opposite direction to the mam mitral deflection (R or 8) and
1s usually of a greater amphtude than pormal The ventricwlar
complex 1s therefore diphasic

Two types of curves are met with in patients suffermg from
bundle branch block depending on which branch of the bundle
15 obstructed The old classification was based on ammal expert
ments and according to the type of curve obtaied right or left
bundle branch block was diagnosed Later work on human
subjects has thrown doubt on the applicability to man of these
conclustons drawn from ammal experiments and there 1s therefore
uncertainty as 1o which type of curve corresponds with nght or
Ieft bundle branch block  The curves are referred to now simply as

Type I and Type IT
TypelBundle Branch Bloch (old termmology nght) Themain
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imtial deflection (R) 1s positive n
Lead I and negative (S) m Lead 11T
{see Fig 10) Tius 1s the common
vanety

Type 11 Bundle Branch Block
(old termmologv left) The mamn
mitial deflection (8) 1s megative mn
Lead T and positive {R) 1n Lead 11X
(see Fig 11) Type ITa This was
deseribed by Walson and us co workers
(5) 1 1934 and 1n 1937 was called
by Evans and Turnbull (8) the
newer electrocardiogram  denoting

Fic 11 Bundle Branch
Block (Type 1) nght bundle branch block It

more common than the hitherto stan
dard TypeIlcurve The distinctive features are Lead] Rand S
almost equal in size R narrow S broad and notched T up
nght Lead II 8 broad and deep T usually upright Lead
III QorSusually deep T inverted (sec Fig 12)

/

ST

Fic 12 Bundle Branch Block (Type IIa)

¥ i
= s
==

LIkt

The QRS complex 15 also prolonged n traentricular block m
which the terminations of the bundles 1 the ventmeular sub
endothehal tissue are destroyed  The R wave 1s also often notched
and the T wase 15 m the same direction as the imtial main deflec
tion
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In congenial devirocardia all the waves 1n Lead 1 are mverted
whereas Lead X may represent the normat Lead HT, and vice versa

Absentce of the PRT Compler This oceurs 1 sino auncular
block, m which the sumudus arsing 1n the $~4 nade at times fals
to cause a contraction of the nunicle  The whole heart therefore
mmsses & beat but the succecding contraction occurs at appron
matdy the normal mterval  This 1s not necessanly a senous
condition {sce Fig 13)

Fic 12 Sino-lunicwlar Bloch

In addition to the Lght wiuch the dlectrocarchograph throws
upon the 4 of the m hum and cond tissue the
artous types of eardiac wregulanty ¢an be accurately determuned

Sinus Arrhythmia  Vamations s the length of the T-P
mtervals arc seen but the wricular and 1 eatricular complexes are
normal

Prematuore Systoles  furiculor  The prematare mupulse may
anse at the 5-4 node near it or some dwtance anay  In the tno
former instances the P wase caused by the premature contraction
5 10 the normal direction 1 the lattcr 1t 15 myerted wdicating
that the impufse spreads through the aurmecle along sbnormal

e 1Q
g
To 14 Prematuse \sncalar Systole
tricular comples following the pre
ths (see Fig 14 The ven
Paahmf auzxcu?ar stumutus 1 usually of normal type  The premature
gwme may oceur $0 early mn diastole that it fuses with the previous
Tt e
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Usually the diastole following the premature beat 1s not fully
compensatory

gy jenwae

¥ic 1 Premature Nodal Systole

Modal ‘The prematurc mmpulse arises 1n the Junctional trssue
uniting the auncle and ventricle ¢ e 1n the A~V node or the A-V
bundle before disiston The sentricular contraction may occur
Just before or abnormally
shortly after the auncular
but 15 scen to be supra
ventrieular in ongin because
the QRS complex1s of normal
appearance (sce Fig 15)

Tentricular A premature
Fic 16 Prematare Ventr cular stimulus anses in the ven

Systole iricle below the division of

the main A-V bundle The

ventrieutar com

plex resulting has the same

duration as a normal ven

theular complex but ats form

15 altered the wmtial deflec

Fro 17 P'g';ﬁ:‘;:’ Ventrieular tons of the premature beat

bemg larger than normal

The auricular waves occur at regular wntervals and may be fused

with the premature venticular deflections or appear just after

them The premature entricufar beat 15 followed by a prolonged
duastole and the succeeding pause 1s thus fully compensatory

Two types occur (see Figs 16 and 17) formerly called left and
npht sentnicular premature systoles  As with the site of bundle
branch block the localisation of 1 entricular sy stoles 1s now a matter
of doubt but of httle clintcal sigmficance  According to the old

logy based on expeniments on dogs the mam ventmeular
deflection 15 upright m Lead Y and iverted in Lead 111 with left




180 THE CARDIOV SCUI AR S} STLY

In eongenital deztrocardea alt the waves i Lead T are imverted
whereas Lead 1 may represent the normal Lead 11T and vice vers:

{bsence of the PRT Compler  This occurs m sino aurieular
bloch m which the shimulus ansing 1 the S~A node at funes fads
1o eause o contraction of the qricle  The whole heart therefore
mmsses a beat but the succeeding contraction oceurs at approxt
mately the normal sterval  This 1s not necessardy a serious
condition (see Fig 18}

v 18 5o Aureniar Block

In addition to the lght which the electrocardio raph throws
upon the condition of the myvocardium and conducting tissue the
various ts pes of cardinc wrregulanty can be accurately determuned

Siaus Arrhythmia Vavations sn the length of the T-P
mtervals are scen but the wuncular and v catricular complexes are
normal

Premature Systoles  furiculur The premature ympulse may
anse ot the S~ node ncarit or some distance away  In the tso
former mstances the P wave caused by the premature contrachion
15 1n the normal direction in the latter it 1s mverted wduating
that the impulse spreads through the auncle along abnormal

I'c 14 Iremature \urwular Systole

dar complea followmg the pre

ths (see iy 14) The ventricu p)

lr);]at:m( a\mcu:iar stumulus 1s wsually of normal fvpe  The premature
P was e may oceur so early 1 diastole that it fuses v ith the presious

Twave
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oceur (see Fig 13) If the rate s slow as 15 usuilly the case on
exeraise 1t may increase to about double

When the heart 1s beating at such a slow rate the ventricle may
1nterpolate a beat on its own (tentricular escape) the P-R interval
bemng shortened or the P and R wates may partially fuse

Nodal Rhythm The impulse may anse at the A-V node
mstead of at the S-A node the auricles and ventricles contract
stmultaneously and no P waves are seen or they oceur shortly
after the R-S complex and are usually mverted (see Fig 19)

F1c 19 Nodal Rhythm,

Auricular Flutter An electrocardiogram shows the auncular
contractions occurning at a regular rate with ventricular com
plexes superimposed upon the cury e at regular or irregular intersals
Heart block of varying grades 1s almost mvariably present

The P waves oceur at regular intervals and have a dome shaped
appearance (see Fig 20) In some tracings the T wave 15 also
apparent

el

Fic 20 Auncular Flutter

Pressure on the vagus in the neck may slow the rate of ventn
cular contraction but the P waves continue to come through at
regular and rapid intersals

The auncular contraction 1s no longer believed to pursue an
bnormal eircular path in the auticle  When the normal rhythm 1
established as the result of the admnistration of digitalis or of
qumdine the gentle undulahons of the P waves of flutter are
replaced by the sharper p aked waves of normal thythm
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ventricular prematute systoles and with night hundle branch block,
With wsght sentrieular premature systoles and with left bundle
branch block the deflections occur in the reverse direction  Barker
MeLeod and Alevander (7) tn 1930 mntroduced the new termunology
which 15 the exact oppostie of the old interpretation

Heart block  Vamous degrees of smpairment of conductity
of the heart musele en be & hed by the eleetrocard h

Stght  Prolongation of the P-R tenal to more than 02
second

Occasional Dropped Beats  'The P-R ntersal gradually becomes
longer untd finally the «entrcular compley fuls to follow s
precedmg aurtculnr complex  The P waves are quite regular but
the ventricular complexes oceur at different mtervals and the
Pand T waves mas it times fuse

Regular Dropped Beats  Frery fourth third or second yeatnt
cular contraction m1y be omitted constituting 1 4 3 3 2 or
2 1 heart block  Other varteties incfude 8 ~ ¢ 6 6 5 5 ¢
3 14 Yand § 1 heatt block  The first figure 1n each couple
indicates the number of aunicular and the sceond the number of
ventnicultr beats

Complete Heart block  The sentride contracts at its own
independent rate of about 30 beats a munute  The P wanes ocour
regularly and may be seen solated on the electrocardiogram o€
fused with R or T waves  The ventricular complex 1s of normat
duration and configuration nd so the mmpulses gnmg mse to 1t
are supratentrcular but as they do not orgnate n the surcle
they must be dernved from the junetional tissue (see Fig 18)

3
TP I BB BT jj;g:
= ('g; h‘ it

P
T
e, e

Bundle trarch Block and Intratentricular Block have already
been desemibed {p 178) {see Fi5 10 11 nud 12)

Swio auricular Bloch {Tortoise Heart)  Some of the pulses
ansing m the 5-3 vode ful to reach the mam mass of aureutar
muscle and occasional intermittences of the whole heart ma)
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Fic ™  Sunple Paroxysmal Tachycardia st owing fuversion of the
P wave

When the paroxysm ceases there 1s a pause which 1s immedi
ately followed by the restoration of the normal thy thm

Auricular Flutter (secp 183)

Aurnicular Fibrillation (see p 18%)

Aodal ansing 1n the A-V node Here the aunicle may contract
first and the P-R intertal be shortened and P inverted or the
auricle and ventricle may contract sumultaneously and the P and
R be fused

Tentneular A rare d h bv a of
ectopie ventricular systoles

Pulsus Alternans This condition which 15 revealed by av
tracing from the artenal pulse 1s not alwavs shown by the electro
cardiograph  Thus the R waves may be of equal height although
the pulse shows marhed zlternation At times the R waves may
show alternation but the large R waves may correspond with the
small pulse waves and vice versa Occasionally the electrocardio
gram shows alternation of the R wnes although the pulse tracing
1s regular

Coronary Thromb Besudes d m rhythm
coronary bosis often causes ch changes 1n the form
of the ventricular compleves These changes were first observed
by Smith (9) after expersmental coronary occlusion m dogs and
later by Herrich (10) and Pardee (11) 1 man Rothscluld and
hus co workers (12) and Parkinson and Bedford (18) have demon
strated that serial records at mtervals after coronary throm
bosis show that the electrocardiographic changes usually
occur n a defite sequence corresponding with the patho
logical events 1n progress 1n the myocardum

R-T Denation Wathin a few hours up to a week of the onset
the T waves take off from the RS waves above or below the
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Auricular Tibrillation  Here the P waves arc absent QRS
deflections oceur at irregular intersals and are of varying height
The ventnieular complex 15 of normal form  Oscillatiens of
wregular size may be seen 10 distale cnused by the Rbnllating
aurile  these my be tine or coarse  They nre usually best seen
in Leads I and III  They so occur dunng systole and may
alter the shape of the T wase although the QRS deflections are
not affccted  In rapudly be wing hearts the osciiations are nsually
not well cen in diastole but thewr effeet upon the T wave 15
generally noticeable (see 11z 1)

Sl PR
] Tt G F s

L6 21 Aurcubur 3ibntiabon

The QRS deflections may  accaswonally br seen at regular
mtervals althouyh the aurcle i hbnilatimg and no P waves are
present but osullations due to fibnllation may be seen m dustole
This octurs when the s entnicle has adopted its independent rhvthm
owing to complete hieart block

Letopre heats may anse dunng fibritlation  they are ventricular
m ongtn  They may occur regularhy fter cach QRS deflection
due to a supraventneular stunutus conststuting the coupled beats
This 15 vsually due to exces | e digitals admnstration gnd 15 3
sign for immedsate discontinuance of the drug

Ventricular Fibrittation  Although compatible with hfe
man 1f only of short duration (( allavardip and Berard (8)) it s
the probable cause of sudden death from heart fadure such as
oceurs under 4n Tstheties ete

Pavornysmal Tachycardia  Swmple Parozysmal Tackycardia
{Aurtcular) A stecession of ectopic wirsculwr contractions occurs
arsing at a new focus i the auncle  This 35 shown 1n the electro
cardwogram by a rapid regular rinthm of ubout 150 m which the
ventrieular complexes aze normal  The wnpulse has therefore 2
suprat entoicular ongin The P wave is often inverted in Leads 1
and XTT, and wsually modified 1 Lead I The anricular impulse 18
therefore eetopic 1 oz and if not mverted sn T eads T and 11X

1t s usually smaller than normal {see Tig 22

!
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Fre ® Elee
trocardiogram
taken one mont!
after coronary
thrombosis
showing the
T3 type of

curve (D E

Bedford ) Bedford )

L3 R R
LeAD1
a b e
v 3 »
LeaD I —P- ‘vf
13 s s

Tie 26 Diagram lustrating the chan,es m 1 \entr “lar eamglexes

' Leads T and TIT stter ¢o onary thrombo s =T deviat on

(b) T waves be oming endent  (c) R-T devition d sappeared

“The T waves po.at 1 the opposite direct on 1o the R-T dev ation
in each lead (T arkinson and Bedford )
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zero level so that RS s succeeded
by a plateau shaped elevation
or depression (sce Itz 23) R-T
deviation 15 most marhed m
Leads ITand IIT and 1s1n opposite
directions 1n these two leads
thus R~T elevation 1n Lead I 15
assocrated with R-T depresston in
Lead III and vice versa

T Wawe Changes Vithin about
a weeh the R-T segment returns
totheiso electricleseland Twaves
develop pomting away from
the direction mn which R-T %as  pi; 53 Eiectrocardiogram taken
displaced m each lead Thus If’our da}s after cfmz:xqtthmrzl
R~T elevation 15 succeeded by an c:::: st‘l(::mi‘é'lp pertod ’I;Peek
wverted T and R-T depression ;;tedd Ix!nl Lead ; ::?e geg"fi:;?“'s“
by anupright T Inversion of T (P:‘.kmmﬁx\; Bedford )
occurs ertherin T ead Tor Lead ITT
but not i both and often to a lesser degree in Lead II  Accordmg
to the d of R-T dispk and quently to the
direction of the T waves in Leads I and IIT two types of curie
are common

1 T1 Type T 1s deeply nverted in Lerd I often slghtlv
mserted or flattened m Lead IT and upright m Lead ITI (see
Fig 24)

2 T8 Type T 1s deeply nverted i Lead IIT often shghtly
mverted or flattened in Lead IT and upnght in Lead I (see Fig 20)

Changes mn the direction of normal usually follow i the course of
the first s months after the attach The nversion of T dimnishes
fist m Lead 1T then m Lead I or Lead IIT  eventually T may
become upright 1n all leads but m some cases mverston of T persists
almost unaltered  Evidence 15> accumulating that the TI type of
curve corresponds with mfarction of the antenor wall or apex of
the left ventricle (occlusion of the left anterior descending coronary)
and the T3 type of curve with mnfarction of the postertor wall of
the left ventnicle (occlusion of the right coronary (Barnes and

yhitten (14))
¥ Change(s m QRS Notching and widening of QRS are qute
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mfaretion Iead IV shows an abnormal curve 1n the majority of
cases Thus usmng the nght arm chest lead of Roth (Lead IV R)
the typreal findings are an elevation of the R-T segment with
an mve-ted T wate The R wave 1s small or absent (see Fig 27)

Fic 28 Lead IV RinT type of coronary thrombosis

The T wave may be huge over 10 mm In the T type of electro
cardiogram (see Fig 28) which 1s met with 1 acute postenor
infarction the changes 1n the fourth Jead are not so constant and
not so characteristic as i the three conventional leads The
R-T segment 15 depressed and the T wate 1s upnight (see Fig 28)

When acute antenor and posterior mfarctions occur simultan
eously Wolferth and Wood (17) have shown that the R-T segment
1s ratsed 1n all the limb leads espectally in Lead II InLead IVR
the R-T segment 1s also elesated YVood and Vwolferth (18)
suggest that the huge T waves (over 10 mm 1n amphtude) m

Lead TV whether positive or negative indicate localised apreal
nfarction

Muvtrrie Coest LEaDs

In 1938 (19} the American Heart Association endeavoured to
standardise the use of multiple chest leads the chest electrode
beng placed on six different sites over the precordium and on the
left side of the chest These Ieads were not then adopted in Britain
but the exact positions now recommended both by the Amertcan
Heart Assowiation and by the Bntish Cardiac Society for chest
leads are described later (see p 191) Viath brpolar leads the distal
electrode which 1s pared with the chest clectrode may be placed
on the left leg the lead then being known as CF 1 to 6 according
to the position of the chest lead or the distal electrode may be
placed on the nght arm, CR 1to 6
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frequent 1 curses after coronary thrombosis though not mn any
way special to this condition  Low voltage of the QRS waves
1 all leads 1s also a common finding A Iarge Q wave n Lead III
has been notteed 1n many cases of coronary thrombosis and 1t 1s
regarded as a suggestive sign of coronary disease though 1t oceurs
in the chronic stages and oceasionally 1n other forms of heart
disease or mn displacement of the heart It 1s thought to indieate
damage to the posteror part of the mterventmcular septum
(Pardee (15) Fernichel and Kugell (16))  The reader s attention
15 also directed to the diagram (see Fig 26) which illustrates the
electrocardiographic changes described aboye

CuEest Leaps 1n CoBONARY DISEASE

Wolferth and Wood (17) 1 Pennsyliama in 1932 mtroduced
chest leads 1n the electrocardiographic study of coronary occlusion
as  there arc ‘silent areas 1n the heart where mfarction may
occur without producing a deviation of the S-T interval from the
150 electric Iine 1n any of the three conventional leads  The lead
which 1s now commonly emploved 1s IV R or CR IV The lead
switch 1s turned to Lead I the left arm terminal 1s connected with
the praecordial electrode and 15 placed on the extreme outer border
of the apex beat as determined by palpation or auscultation The
right arm electrodle 1s placed on the night arm By this method
both P and T waves are normally upright If the electrocardio
Jraph cable has four leads the pectoral (PC) lead 15 attached to the
praccordual electrode and the right arm lead attached to the nght
arm

The preecordial electrode should be arcular 2 to 8 em 1
diameter and made of German silver

R P |
L -
N/

b
=y

gy Vel —

Fic 2= Lead IV Rn T, type of coronary thrombosis

Results 1n Coronary Thrombosis In the Ty type of electro
cardiogram (see Fig 27) which corresponds with an acute anterior
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away with the necessity of disconnecting one of the Limb leads
from the right arm left arm or left leg when taking the respective
lunb leads This disconnection 1s effected 1n the switch so that it
15 only necessary to turn the switch to the appropriate position as
labelled 1n order to obtain all the leads required The positions
on the umipolar lead switch we use are labelled S V aVr aVl
and aVf Vith the umpolar lead switch turned to § the three
standard Limb leads can be taken by placing the patient switch on
the electrocardiograph to position ¥ II and III as for talang the
ordinary bipolar mb leads By turming the patient swatch back
to the Lead I position and the umpolar lead switch to positon %
the 6 or more unipolar chest leads are taken by moving the chest
electrode to the appropriate position By turning the umpolar
switch to positions aVr aVl and aVf the umpolar imb leads are
taken
The standard positions for the chest leads have been lad down
by the Commuttee of the Brtish Cardiac Society (22) in 1940
and they are as follows —
V1 right margin of sternum 1 the fourth ntercostal space
12 left margin of sternum at the same level
V4 md clavicular hne 1n the fifth left ntercostal space
V3 a pomnt midway between 2 and 4
V5 left anterior axillary hine at the same level as V4
V6 left mud axillary hne at the same lenel as V4
V7 left postenior axillary hne at the same level
V8 below the angle of the left scapula at the same level
VL may be used the electrode betng placed over the tip of the
~«photd cartilage
The corresponding ¥ positions to the nght are shown by the
letter R eg VSR
If there 1s hypertrophy of the heart with a foreible mpulse
visible m the sixth space V4 must not be placed over the apex
beat but m the position described above otherwise no information
concerning rotation of the heart can be obtaned
As the voltages of V leads are often hugh half standardisation
may be used (1 mV = 5mm ) If this reduction 1s used 1t should
be employed umformly 1n all chest leads and indicated N/2
The electrode jelly must be carefully applied when recording the
chest leads as positions 2 8 and 4 are often very close together
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Unipolar Leads

In 1934 Wilson and hus colleagues (20) mtroduced the untpolar
leads Thesc are known as V leads  In this method the distal
clectrodes on the right arm left arm and left leg ave connected
each through 1 resistance of 5 000 ohms with o central terminal
The chest clectrode 15 then pared with the central termmnal 1t
order to take the chest leads which are knownas V1 to V8 according
to the position of the chest electrode

Vhith bupolar leads the diferences in potential between the tno
prured clectrodes are recorded nnd the actual potential at either
electrode 1s not indicated

With unipolar electrodes we have an exploning electrode placed
either on the chest for the chest leads or on one Iimb for the hmb
leads and an indifferent electrode resulting from connecting the
three limb electrodes to n central termunal  The potential of the
mdifferent clectrode may for chiniea] purposes be tahen as zero
although 1t can never actually become zero otherwise no current
would flow  Wilson has shown that the voltige at the so called
mdifferent electrode never mscs above 03 mV  WWith bipolar
electrodes there are therefore two vanables of potential whereas
with the unipolar clectrodes there 15 only one 1 anable that of the
exploring electrode

It was later noted that with the three distal electrodes connected
witha central terminal i the majonty of cases it made no difference
1n the electrocardiogram if the resistances were omitted from the
ciremt and 1n 1932 Goldberger (21 ) constructed a umpolarndifferen*
clectrode which could be made 1n a few mmutes at a cost of less
than 10 cents  Goldberger further found that he could augment
the galvanometne deflection by 50% i the Limb leads 2f the
ndifferent electrode was left off the limb from wlich the tracing
wasmade These augmented imb leads are now generally employed
and were known as aVR aVL and al\F a stands for
augmented 1 for voltage indicating the umipolar lead and

r L and F for mght arm left arm and Jeft leg respec
tively As augmented Limb leads nre now always emploged the

a s usually omutted

n order to take the umpolar leads whether chest or hmb Teads
the switch on the dectrocardiograph 1s placed in Lead I position
Flectrocardiographs are now supplied with a switch winch does
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away with the necessity of disconnecting one of the Lmb leads
from the right arm left arm or left leg when talang the respective
Tumb leads  This diseonnection 15 effected 1n the switch so that it
15 only necessary to turn the swatch to the appropriate position as
labelled 1n order to obtam all the leads required The positions
on the umpolar Jead switch we use are labelled 5 V a‘r aVl
and aVf Vith the unipolar lead switch turned to S the three
standard Limb leads can be taken by placing the patient switch on
the electrocardiograph to position I II and IIT as for taking the
ordinary bipolar imb leads By turning the pattent switch bach
to the Lead I posttion and the umpolar lead switeh to position ¥
the 6 or more unipolar chest leads are taken by moving the chest
electrode to the appropriate position By turming the umpolar
swtch to positions a¥r aVl and aVf the umpolar hmb leads are
taken
The standard positions for the chest leads have been laid down
by the Commnttee of the British (ardrac Society (22) mn 1949
and they are as follows —
V1 right margin of sternum m the fourth intercostal space
1 left margin of sternum at the same level
V4 md elavicular line 1n the fifth left intercostal space
V3 a pomnt mudway between 2 and 4
V5 left anterior axallary hine at the same level as V4
V6 left mud axillary line at the same fevel as V4
V7 left posterior axillary lne at the same level
V8 below the angle of the left scapula at the same level
VE may be used the electrode being placed over the tip of the
siphoid cartitage
The corresponding ¥ positions to the right are shown by the
letter R £ g V3R
If there 1s hypertrophy of the heart with a forcible mpulse
visible 1 the sixth space V4 must not be placed over the apex
beat but m the position described above otherwise no information
concerning rotation of the heart can be obtamned
As the voltages of ¥ leads are often lugh half standardisation
may be used {1 mV = 5mm) If this reduction 15 used 1t should
be employed umiformly 1n all chest leads and indicated Nf2
The electrode Jelly must be carefully applied when recording the
chest leads as positions 2 8 and 4 are often very close together
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The Jelly m cach lead must be hept separate otherwise if thete 1
contact of the jelly the tracings will be distorted
There 15 a corrclation between the standard Iimb leads and the

umipolar limb leads forTead VL = 1 ~,1{l Lead VR = ~I -tll
and Lead VI™ = I +2HI

If the position of the heart 1n the thorax 1s considered 1t will be
appreciated that the chest lead 1n position 1 and 2 15 over the nght
side of the heart 3 15 over the septal region 4 1s over the septum
or the left ventricle and 5 and 6 are over the left side of the heart
With an extensiy ¢ antcrior infarchion of the heart changes may be
scen m all the chest leads 1 to 6 with an anterolateral nfaret
changes mas oceur n leads 4 to 6 and with an anteroseptal wmfarct
mleads 1 to 8 The Bnitish Cardiac Society Commuttee state that
¢ the full clectrical exploration of the heart imolves the talang of
at least twelve leads and sometimes more  The twels e basie feads
are the three standard limb leads the threc umpolar hmb leads
and six unipolr precordial Vfeads  For ordnary routme testing
the following are recommended V1 and V2 or V4 and V5 or V5
and V6 according to the size of the heart together with VL and
VF  The nght ventricular leads V1 and V2 show best some
myocardial anfarets pght bundle branch bloch nght yentncular
hy pertrophv massive pul y embolism and lar axrhyth
mias  The left ventricular leads V4 to 6 are used to demonstrate
some myocardial nfircts left ventricular hypertrophy and left
bundle branch block  Mvorarcial 1schemia 1s shown by V1 to 6
VL and VF  For practically all purposes the leads tahen may be
reduced to the three standard leads with VF V4 and V6

Basic Normal V (Umpolar) Lead Patterns

Goldberger (28) deseribed five basic ventricular umipolar lead
patterns depending upon the surface of the heart the Jead faces
Jurther 1f the pattern shown m 2 hmb lead 15 simlar to that
obtamed from & chest lead 1t 1s presumed that the hmb faces the
surface of the heart from which the corresponding chest tracing 15
obtamed

Electrocardiographically the ventricular muscle can be drvided
imto three groups the mters entricular septum, and the night and
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left ventricles A transyerse section through the chest at the level
of the 4th costal cartilage shows that the right ventncle faces the
anterior chest wall only a small portion of the nght ventricle being
found to the mpht of the sternum The greater part of the left
ventticle lies over the diapliragm but in health these relationships
1ary according to the position of the heart The posterior wall of
the heart 1s composed of the left auncle the left ventricle faces to
the left side of the chest the right auricle to the nght side of the
chest and the intersentricular septum runs obliquely from behind
forward to the left 1its nght ventncular surface facing anteriorly
and to the right 1ts left + lar surface facing g Iy and
to the left

The urupolar leads whether chest or limb record alterations 1n
potential produced by electrical changes m the ventricular muscle

ups

With the heart in the usual position the chest leads V1 2 and 3
face the mght ventricle and the nght side of the septum V4 5
and 6 face the left ventricle and left side of the septum  The Limb
lead VR faces the cavity of the right ventnicle The hmb leads VL
and VF are much influenced by changes m the position of theh art

Vhhen a unepolar lead faces the epicardial surface of the left ven
tricle the ventricular complex consists of a small g wave followed by

alarge R and Trs usually upright AT, When thelead faces

the left ventricle near the septumthe q wave1s absent butthe Rwave
1s large  The mmtial small q wave 15 due to the electrical mpulse
spreading through the septum from the left to the right and so
travelling away from the lead As soon as the stunulus spreads
outwards through the Ieft ventricle the R wave results The
mmpulse 15 stmultaneously spreading through the mght ventricle
which would give a downward deflection but this potential 1s too
small to affect the R wave appreciably - This pattern can be expected
with V5 and V6 occasionally with V. 3 4 and with VL and VF
When a unipolar lead faces the epicardial surface of the ri ht
tentricle the ventneular complex consists of a small r and a large

S oralargeRandalarge S Tmay be up or down =i s rst
o y be up -

T s
o wlea ST
5
o -3
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Thus as the chest lead 15 moved from the 11 and V2 positions to
the V5 and V6 positions the § wave disappears and the R nave
Increases in amplitude up to the V4 position and then diminishes
again  The pont at which R = 8 15 called the transitional pont
and indicates the Ime of the interventricular septum In some
cases the transitional pomnt 15 situated farther %o the nght than s
shown 1n V1 or farther to the left than 1s shownn V6 Theren
usually & small q ware in V6 The T wave 1s often inserted in'V1
and 1t may be inverted in V2 1f the heart 1s vertical In children
with normal hearts the T wave may be imerted in V3

W hen a unipolar lead faces the cavity of the right rentricie as 1t
VR the pattern of the tracing 1s rS with a downward T The r
wase 15 due to spread of the impulse through the septum towards
the nght arm lead the S wave results from the stimulus spreading

through the night and left ventricles away from the lead "{s/?‘fﬂ

Then @ umpolar lead faces the cavity of the left rentncle asm VL
or VR or mn a lead taken from the upper back of the chest the
pattern 15 QS with a downward T The Q wate 15 due to the
stimulus spreading through the septum away from the lead the
S 15 due to the stimulus spreading through the 1entricles still away

from the lead Q\/s’“"T ast

When a unipolar lead faces the back of the heart with the electrode
placed n the interscapular region 1t faces the eavity of the left
ventricle through the cavity of the left auncle and a portion of
the eprcardial surface of the left ventricle The pattern 15 QR
folloned by a downward T The Q 1s due to the lead facing the
cavity of the left ventricle the R 1s caused by the stimulus passng
out to the postenior wall of the left ventricle It will be scen that
<when the main QRS deflection 1s upward T also tends to be upward
and vice versa A small round or U wave may occasionally be

R
seen between the T and P waves an
Q

Axis Deviation

The umpolar leads enable a distinction to be made between
deviation of the axis of the heart and preponderance of the ven
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tncles  Normally the cardiae axas runs obliquely downwards
forwards and to the left The three standard leads six V leads
and three umipolar lmb leads with the heart in the normal sem
vertieal position are shown 1n Fig °0  The R wase 12 VF 1s tall
and the deflections of VF resemble those
of the leads from the left of the pra
cordium such as ¥6 When rotation
occurs about a horizontal antero postersor
axs 3t may be i a clochwise directron
towards the vertical or m an anh
clockwise direction tow irds the honizontal
The heart may also rotate along its
longitudinal ax1s I 1t rotates mn a clock
wise direction as loohed at from below
the right ventricle b comes more anterior
and the left sentricle more postenor
Rotation of the heart around its trans
terse awis will bring the apex of the
heart either nearer to or farther away
from the anterior chest wall accordmg
to the direction of rotation

Rotation around the hor: ontal antero
posterior aris Six positions have been
deseribed  vertical sem vertical 1nter
mediate sernt horizontal horizontal and
==y L====x, Indetermmate
Fic 23 Semm vert cal Viith the vertical position the pattern

heart i DO B0 the v entrieular complet .nereimbles

i{‘,‘:‘;"‘;"l‘ n“]:::d‘; ;ml that of V1 and ¥2 1¢ the nght ven

comy lexes of VL are triculir pattern The ventricular complex

small of VE resembles that of V5 and V6 2¢
the left ventricular pattern (see Fig 80) When the heart
Les i the horizontal position the ventricular complex of VL
resembles that of V5 and V6 and the ventricular complex of VF
resembles that of V1 and V2 {see Fig 81)

Rotation around the lon itudinal ozis In recording the chest
leads of a normal heart the transitional pomnt ndicating the
position of the interventncular septum 15 as described above
between V3 and V4 leads If the heart rotates around the longt
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tudimal aus m 2 clochwise direction the transitional pomt shifts
to the left as between V5 and V6 The VL lead may foce the
right ventmeular cavity when 1t will show a RS followed by 2
downward T wave (sce Fig 82) 1If the rotation 15 1n an antt

Fi1o 30 Vertical heart Fic 31 Honzontal heart
Tlie heart 1s seen to be The heart 15 horizontal
1 the vertical position Lecause the R wave 13
clectrically because tall ;m VL ond the S
Yead YFshowsatall R wive 13 deep m Y
wove and Lead VI o Also the form of YL
deep S wave resembles that of ¥6

clockwise direction the transitional point shufts to the night between
31 and V2 or even farther to the nght (see Fig 33)

Rotation around the transierse azis It 15 considered by some
that the heart can rotate about 2 transierse aws and that this
may affect the hmb lead records although 1t does not apprectably
affect those of the chest leads IT the apex rotates backward
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VF may face the nght ventricle instead of the left ventricle as 1t
usually does  The left leg Jead will now show a RS mstead of the
normal QR deflection

T1e 3 Considerable Fic 33 Considerable
amount of clockm e amount of anti clock
Totat on around the wiserotation The T P
lonmtud n Tavis Tle 13 seen to Iie between
T1 les between V5 Viand Vo
and \6  The heart is
vertieal

‘Ventricular Hypertrophy

The diagnosis of hypertrophy of the ventrcles from electro
cardiograms still remaims somewhat uncertain  The curs es obtamed
1 the standard imb leads whneh were onginally taken to mdicate
nght or left ventricular preponderance were found at autopsy to
be musleading 1n some cases The term axis deviation was then
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used nstead of ventreular preponderance for 1t was shown that
with decp mnspiration a tracing which was charactenstic of left
ventricular preponderance might become normal  In long standin”
cascs of ventricular hypertrophy changes occur in the standard
limb lead curves the S-T segment 15 displaced 1n the opposite
direction to the man imtial deflection and the T wase also pomts
away from the QRS Thus with advanced left sentricular pre
po~derance RS-T 1s depressed and T 1s mverted i Lead T and
RS-T elevated and T upright in Tead HI  In advanced nght
ventricular preponderance the reverse changes occur  elevation
of RS-T and up ight T in Lead I and depressed RS-T and
mverted T 1n Lead TIT These curves have been said to mdieate
tentricular strain although the term 15 not unusersally accepted
Curves of this type probably indicate 1schmia of the nght or Jeft
yentricle but not nfarction

The chest umpolar leads are helpful in diagnosing nght or left
ventricular hypertrophy  The cluef electrocardiograplue changes
due to ventricular hypertrophy are high voltage QRS waies
widening of the QRS so that it may resemble the complex
charactersstic of bundle branch block and delay 1n the  intnnsi
deflection  1n the lends over the hypertrophied ventncle The
term ntrinsic deflection  which was mtroduced by Lews and
Rothschild 15 used to denote the moment when the impulse spreading
outwards through the yventncular wall reaches the sub eplcardlﬂl
musele It begins at the peak of the R wave and ends either 2t
the 1soelectnie Jevel or at the nadir of the S wave However i
climical cardiography 1t 1s usually 1 from the beg of
the deflection to the peak of the upward deflection In human
cardiography 1t should more properly be called the mtrnsicord
deflaction as the exploring clectrode even m chest leads 15 com
paratiy ely far from the surface of the heart The R waves sre small
and the S waves deep n the tracings taken from the leads over
the ventricle which 15 not hypertrophied  Further m left ven
tricular hypertrophy the transitional point may be displaced to the
nght and nnght s entricular hy pertrophy to the left The electro
cardiogram of left ventmeular hvpertrophy is shown in Frg 8%
Tall R wares and inverted T wanes arc seen in V5 and V6 with

of the RS-T mnterval The T wave 15 mverted in VF
, the R waves

depression
In nght s entricular hypertrophy as shown in Fig 3.
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F1o 24 Leftventrieular Tic 35 Riht ventrn
hvpemoply The R cular hypertrophy In
wavesin VI and V2 are %1 Ve and V3R 3
even smaller than nor stiormally large and
mal but the S waves its pak s late QRS
are deeper than nor 18 e wdened and
mal InVSand V6 the T s wrverted

prak of R 13 abno
mallylate R1 tootall
the RoT egment 13
depressed and T1s 1
v rted

are tall and T myerted m V1 V2 and ¥8 ORS 15 a httle wide
and the T wave 1s inverted m VR Depression of the RS-T seg
ment and mverted T waves in the chest leads facing the epicardial
surface of the affected ventnicle with normal QRS compleves 1s
sard to indicate 1schxmia It can be shown with the combination
of the chest and hmb leads that nght axs deviation may be present
with left y entricular hypertrophy



Fio 36  Complete left Fio 87 Complete nght bundle

bundle hranch  block branch block ‘The GRS com
QRS 15 at least of plex 1s prolonged to 01° se¢
01. sec duration In or more V1 and 12 show
V1and V2 Rissmallor broad notched R wave which
absent_and a decp 15 preceded by a very smal
broad 8 is present In prmary R and S wave In{s
V5 and V6 2 broad R hnd V6 the It wave Js slender
oceurs Whieh may be and followed by a broad $
notehed or bifid Yt 1s seen that the pattern of

ripht bundle branch block ean

closely simulate that of nyht

\entricular hypertrophy

Bundle Branch Block
The use of chest leads has confirmed the view that the common
dnergent or I'ype T bundle branch bloch as shown in the standard
Timb leads 1s due to left bundle branch bloch  The characterisc
features of the umipolar chest leads im bundle branch block are as

follows —
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Left Bundle Branch Bloch Leads V1 and V. facing the right
ventricle show r small or absent S deep and broad Ieads V5
and V6 facing the left ventricle show R large broad and notched
(see Fig 86) If a small g wave s present there 15 probably left
ventricular hypertrophy and not bundle branch block

Right Bundle Branch Bloch Leads V1 and V. show a wide
RSR or RSR § with usually a downward T wave Leads Vo
and V6 show a narrow qR wave followed by awide § T 1s usually
upnght (see Fig 37) The pattern closelv resembles that of rght
ventricular hy pertrophy but in the latter the qRs pattern 1s normal
n Leads V5 and V6

Goldberger (°3) states that left bundle branch block may be
transient or permanent  As a transient condition 1t may occur for
no apparent reason or followmg nfarction congestive failure
during acute mfections or it mav result from quimdine  Permanent
left bundle branch block because 1t 1s almost albways due to orgame
heart disease usually shortens hfe Right bundle branch bloch
may also be transient or permanent The transient variety may
occur for no apparent reason of follow pulmonary embohsm or

3y ocardial i nght bundle branch block 1s
associated with rheumahc arteriosclerotic and hypertensive heart
disease and coronary 1 When dial and

pulmonary erabolism are absent right bundle branch bloch 1s not
of serious sigmificance

Mpyocardial Infarction

‘When a portion of the wall of the heart 1s the site of an infarct
1t becomes electrically mert and an electrode placed opposite this
area 1s deseribed picturesquely as looking mto the cavity of the
ventnicle through a window of mactine tissue  The Q wave may
be abnormal 1n depth and width sigmifying the presence of dead
muscle tissue  The electrode remsters the negatrve voltage of the
ventricular cavity  The R wave 1s dimimshed m size over the
damaged muscle Whether or not 1t 1s present depends on whether
there 1s muscle on the surface of the mfarct A tall R wave may
occur at the edge of the mfarct The RS-T segment 13 displaced
abose or below the 150 electnic level An electrode facing the
injured surface will show a rise n the RS-T scgment an electrode
facing in the oppositc direction will show a depressed RS-T segment
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“WIZ=== The T wave pomts 1a a direction opposite
to that of the RS-T displacement

The unipolar chest leads enable the
site of the infarct to be determined mith
some degree of accuracy  The following
types are descnibed —

Anterior infarction  The standard leads
are often normal 1n this type of infarction
V1 2 and 3 however show the displaced
RS-T segment and i erted T waves (see
Fig 38)

Antero septal infarction  If m the abose
type of curves the QRS 1s widencd and
the Q waves are deep 1n V1 2and 3 the
infarct has probably spread into the
septum wath 1nsolvement of the nght
bundle branch

Antero lateral infarction V4 5 and 6
show the charactensstic changes  Thev
are also seen 1n the standard Lead I and
unipolar Lead VL (see Fig 39)

Frlensue anterior ainfarciion  Changes
F’ﬁll‘.ﬁit Sm%l.’; a,':f_s:: are seent 1 all the chest leads and T 1

does notrevealitselfn  1nverted in standard Lead Y and ynumpolst

thestandardleads V1 Joaq VT

to V4 are chefly

affected Posterior anfarction  The chest leads are

often of no help 1n diagnosing postenor
mfarction although occasionally the T waves are abnormally
lugh The mmportant lead here 15 VI' which shows elevation of
the RS-T segment and sharply mmerted T waves Lead III
shows sumlar changes (se¢ Fig 40) Similar changes in the
standard Lead IIT may occur without mfarction 1n which case
\F 1s normal The umpolar lead VF will indicate whether &
suspected QT3 i the standard Lead III indicates infarction
or not or whether the pattern in Lead ITL 1s really S,T; indicating
a transyerse he of the heart Vhen 1n addition to the changes 10
VF V6 or V5 and V6 show an abnormal RST the infarct may be

deseribed as postero lateral
Septal anfarchion Here the standard hmb leads indicate 8
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Fic 30 Anterolateral Fic 40 Posterior

infarct Maximal farction  The typical
changes are seen n V4 changes_are seen m
to V6 but often all Leads VF and III
chest leads are n ‘Althon_h the V chest
volved T 18 mverted leads are often dis
always in VL and T appointing they mav

show abnormally tall
and  symmetr cal T
waves as In this case

posterior mfarction and the chest leads ndicate an antero-septal
mfarction
Acute Pericarditis

Vhen the epicardial surface of the heart 1s injured the electrode
facing the mjured surface will show eles ation of the RS-T segment
Thus both myocardial mfarction 1f 1t imvolves the epicardral
surface of the heart and pericardihis 1f that also does so will both
show RS-T scgment changes With infarction a pathological
O wave 1s wually also present but 1t 1s absent 1n pericarditis

If we consider three leads namely VL VF and an anterior chest
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lead 1t will be seen that 1n anterior nfarction the RS-T segment
15 elevated i VL and also in the chest lead but 1s depressed in VF
Consersely m posteror infarction the RS-T segment 15 depressed
i VL and 1n the chest lead (althou,h commonly it 1s not very
greatly depressed in chest leads) and elesated in lead VI

In generalised pericarditrs leads facing both the front and back
of the heart will show eles ation of the RS-T scgment  Therefore the
VL T and chest leads all show elesation of the RS-T segment

When pencarditis 15 complicnting anterior mfarction lead VI
will show elevation of the RS-T segment both as a result of the
mfarct and of the pericarditis and 2 deep Q wave will be present
m this lead  Lead VI will show elevation of the RS-T segment
owmg to the pericarditis at the back of the heart but the Q wave
will be normal The chest leads will show eleyation of the RS-T
segment owing to the presence of the infaret and the penicarditis
and pathological Q waes will be prescnt too

When pencarditis complicates postersor infarction lead VI will
show elesation of the RS-T segment owing to the pericarditis at
the front of the heart but no pathological Q wave wilt be present
Lead VI' wall show elevation of the RS-T segment due both to the
posterior infarct and the pericarditis at the back of the heart
and a pathological Q waye will be present s a result of the wmfarct
The chest leads will show elevation of the RS-T scgment owing to
the pencardiis but no pathological Q wave will be present
Fig 41 tlustrates the five possibibities —

Anterior Pty Peearhtu  Percardis  Pewa diu
w thor ¢ nd Anterror  and J ogterior
Ifacton Infrten T[S don Infa ction ez on

RR’\T
ufxfwﬂqﬁh

Q

VFV -\f{ J‘\" N }f“"
a Q
R e R I
¢ i} N !A_ N
Q

Fie 41 Diagram showing electrocardiograplue changes 1
Infarction and I encarditis
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Massive Pulmonary Embolism

In acute cor pulmonale associated with an extensive pulmonary
embolus electrocardiographic chingesmay befound  Inthe standard
Iimb leads there 1s & deep S wave m Lead I and a Q and mnerted
T wave in Lead IIT together with an mverted T wave in the chest
lead V1 These changes do not usually persist for any length of
time although rarely they may be seen for several months
“Transient right bundle branch block may also be associated with
pulmonary embolism

Conclusions The use of the unipolar leads has enabled a more
exact Jocahsation of miyocardial infarcts to be made but this does
not imply any altcration erther n the treatment of the case norin
our views as to prognosts These leads have also allowed a more
definite diagnosis to be made 1n cases of suspected postenor
infarets  Bundle branch block the presence of ventricular hyper
trophy nnd changes m the position of the heart can also be

more ly The y of the unipolar over
the brpolar chest leads 1s not universally accepted Thus Evans (24)
states  Anyone who customanly used CR leads need not change
to the umpolar chest leads m the hope that they would gam
additional information m the chinical diagnosis  Eivans says that
CR, portrays P waves better than does V1 and so 1s more useful
1 arthythmias  Further the T wave 1 often inverted m healthy
adults n V1 rarely so 1n CR1 as the R wave 1s better portrayed
m CR1 than n V1 It will be admitted by all that the reading of
the unipotar leads 15 often difficult and uncertarn and the theoretical
basis for their interpretation 1s at times unconvineing  For more
detailed information on unipolar leads the reader 1s referred to the
book by Goldberger (23) and to articles by Hill (*5) and Oram (.6)
on whose writings this section 1s largely based

Carprac CATHETERISATION

By the use of what 1s known as the Fick prmerple physilogists
have determined the cardiac output i dogs  The method depends
upon ascertainng the output of the nght ventricle from the amount.
of blood passing through the lungs i & given umt of time The
output of the nght ventricle equals that of the left The volume
of blood passing through the lungs can be calenlated 1f the amount
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lead 1t will be seen that in anterior wfarction the RS-T segment
1s elesated n VL and also i the chest Jead but 1s depressed m VF
Conversely 1n postertor infarction the RS~T' segment 1s depressed
m VL and m the chest Jead {xlthough commonly 1t 15 not very
greatly depressed in chest leads) and clesated i lead VF

In generalised pencardibis leads facing both the front and back
of the heart will show eles ation of the RS-T segment  Therefore the
VI, VF and chest leads all show elevation of the RS-T segment

When pencarditis 15 complicating anterior infaretion lead VL
will show elesation of the RS-T segment both as a result of the
mfarct and of the pericarditis and a deep Q wave will be present
w this lead  Lead VI will show eleration of the RS-T segment
owng to the pericarditss at the back of the heart but the Q wave
will be normal  The chest leads will show elevation of the RS-T
segment owing to the presence of the infarct and the pericarditis
and pathological Q waves will be present too

When pericarditis complicates posterior mfarction lead VI wilt
show elevation of the RS-T segment owing to the pencarditis at
the front of the heart but no pathological Q wase will be present
Lead VF will show eles ation of the RS-T segment due both to the
posteror infarct and the perearditis at the bach of the heart
and a pathologteal Q wave will be present as a result of the infarct
The chest leads will show elevation of the RS-T segment owing to
the pencardiis but no pathologieal @ wate will be present
Fig 41 tlustrates the fise possibilittes —

A tror Pt r Per dis  Pepwardtts P rdds
o and A teror  and Postencr
Info con Ifron 7 farct on Infaret on Infarct on

ta .?‘\1 o -LT-
\L-!"— H —‘5[\_
VF-I.{ ‘\i\L J{ N ‘\!“Y'

3 . T S nY
P S N }f‘ N

s

a
1 Inagram showing clectrocardiograp] ic changes 1
Tio 4 e ction and 1 encarditis
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As the catheter passed through the subclavian ven I experienced
an mtense feeling of warmth behind the collar bone under the
msertion of the sternomastord muscle and at the same time
through umtation of the branches of the vagus a dry cough 1
proved the position of the catheter by an X ray mcture and I
observed the progress of the catheter myself on the screen 1n & mirror
held by the sister

A truly remarhable experiment {

Since then the method of cardiac cathetemsation i man has
become more and more extensively employed and reference will
be made to some of the publications durng the succeeding years
In 1932 Grollman (8) employed catheterisation of the nght auricle
to determine the cardiac output m man  Further advances were
made 1 1941 by Cournand and Ranges (-9) They allowed the
catheter to remain 1n the heart for an hour or longer  [hey were
thus enabled to determine the intra suncular pressure and by
analysing the gas content of the auncular blood and of arterial
blood they determned the cardiac output according to the Fick
principle  In 1944 McMichael and Sharpey Schafer (30) published
their obseryations on the effect of posture venous pressure changes
and the admmustration of atvopme and adrenahine on the cardiac
ontput n man as determined by cardiac catheterisation Their
nestigations were made on normal male volunteers and took
place two hours after the mdday meal A cardiac catheter was
passed mto the right auriele and the oxygen unsaturation of the
nght auncular blood was determined by a Haldane gas analysis
apparatus The oxygen capacity was determmed by hemoglobme
metry and with normal lungs arterial puncture was not performed
It was assumed that arterial blood was 95 / saturated and m
this way the arteriosenous oxygen difference was calculated The
mean figure for the arteriovenous oxygen difference was m the
regon of 45 ml /itre  The average resting cardiac output m the
recumbent position was 53 htres a munute and in the standing
position 4 htres a mnute  Raising the heart rate by the intravenous
mjection of 1 mg of atropine mereased the cardiac output and
caused a fall in the mntra auricular pressure  Intrasenous mjection
of adrenaline increased the cardiac output 1n doses that did not
accelerate the heart orraise the blood pressure - Sharpey Schafer (31)
n 1944 made observations by means of cardiac catheterisation on
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of carbon diovide given off ar the amount of oxigen taken up i
determined together with the artenovenous difference of esther of
these gases  The oxygen utilised or the carbon dioude produced
can be ascertamed by spirometric and gas analysis methods  The
artenal blood 1s obtamed by drect artenial puncture and the mned
artenioyenous blood 1s withdrawn erther s puncture of the nght
ventriele or by pissing a catheter down the external jugalar ven
wto the night ventriele  The swmples of blood are then analysed
either for thewr O, ar therr (Q, content. 1f the Q, content i
determuned the cardiac output 15 determsned from the formula —
Cardac output n itres per minute = O, consumption i m! per
nunute dnvided by the arterion cnous O, difference in ml per Iitre
Thus if the O consump*ion 15 200 mifmnute the artenal Oy
content 200 mi /htre and the venous O content 150 m} fhtre then
the
cardiac output == 250
200100
Forssmann {27} i 1329 pissed a ureferic catheter through &
Ve his armnto bt heart  His paper makes intcresting readmg
and the translation of the relevant section 1s as follows —

After successful evperiments in passing a catheter on the
cadwver I nndertook on my sclt the first experiment on hiving man
First 1 submitted mnself to an experment by a colleague who
kandly placed humsclf for thus purpo.e at my disposal and punctured
with a thick needle my ri ht antecubital vesn  Tthen passed asia
the experment on the eadvser o well orled uretenc catheter size
4 Chatrieres through the cannula m the vein  The catheter Wos
passed quite castly for a distance of 35 em It then appearcd to
my colleague to be dangcrous to go farther so the experiment »as
stopped although T was quitc undisturbed

4 seeh later T undertook anather experiment on my onn As
a vem puncture with a thick needle on one s own body presents
certam techmcal difficulties wath a local anesthetie I made a ven
section n my left antecubutal fossa and passed 1 catheter with
Itttle resistance for tts whole length of 6s em  This length appcnrl‘d
to me after measuring the distance on the surface of the body 10
correspond with the distance from the left elbow to the heart Al
1 felt dunmy the passage of the catheter was a shghtly warm
ntion such 65 results from an mntraxenous tnjection of ealem

= o htres per auunute

sens!
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that the average dilference between ventneular and auncular
samples was for CO, 0423ols % and for 0, 02610ls ¥/

Thork was now directed towards the investigation of congenital
heart disease by means of cardiac catheterisatton Brannon et
al (82) demonstrated that tn cases of atrial septal defects oxy genated
blood passes from the left to the nght atnum  In cases of hyper
trophv of the right ventriele and prominent pulmonary artenes
due to other causes cardiac catheternsation resvealed no evidence
of an atrial septal defect

Dexter et al (36) m 194¢ showed that the cardiac catheter could
be passed into the pulmonary artery and its branches In 5 cases
of patent ductus artenosus theyv found a higher oxygen content
m blood drawn from the pulmonary artery than o blood taken
from the nght ventricle  This was due to oxy genated blood passing
from the aorta 12 the ductus to the pulmonary artery

Johnson et al (37) 1n 1947 introduced the method of hepannising
the pattent and not the saline Thus 15 referred to later under the
section } anations 1 Techmque

Howarth ¢t al (38) imestigated cases of congemtal heart
disease  The magmtude of a left to mght shunt through an
auricular septal defect can be caleulated from a companson of the
gas content of specimens removed from the supenor and wmfenor
venwx cav-e with that of specimens obtamned from the night auncle
and right ventnicle Blood obtawned from the nght auncle and
nght ventnele contamed more oxygen than 1ena eaval blood 1f the
shunt 15 from left to right A reduced artenal oxygen saturation
when the lungs are functiomng normally suggests mght to left
shunt  In pulmonary hypertension with enlarged pulmonarv
arteries and a normal artenal oxvgen saturation the oxygen
content of the blood obtamed by cardiac cathetensation showed
no evidence of shunt but the mean nght \entneular pressure was
greatly ncreased

Hollmg and Zak (39} 1t 1820 published ther obsersations on
cardiac cathetensation of 70 cases of congemital heart disease
which arc referred to later

Tue Mernop
The reqrurements are as follows —
Cardiac Catheters These are of a modified urcteral type

L EDrTvE— 3
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the cardiic output in scvere ancmus  He found that the resting
minute ovygen consumption w1s not reduced m chronic and post
hemorrhagic ancmia The cardiae output was wncreased up to
12 to 14 htres per munute which huped to mamtam the
ovygen supply There was also an mnereased removal of ovygen
m the periphery md 4 reduced blood volume wlich caused a
greater total remoglobin concentration  MeMichael and Sharpe
Schafer (32) i 1944 used the method of cardiae catheberssation to
determine the cffect of digoxn on the cardiac output of man m
normal persons and i patients suffermy, from cardiae fature  In
all cases there was a fall mn the nght auncwlar pressure It was
found that if the iutinl cardiae output was normal or high the
fall 1 gurtcular pressure was nccompanied by a folf m cardiae
output  If however the cardiac output was law the fall m
lar pressure was panied by 4 rise w output  Theremay
therefore, be cardiac fufure wath hu b or with low output Diptahis
lowers the venous pressure and the cardine output i normal persons
and in patients suffering from some tvpes of enemr and cor
pulmonale and so they conduded that diatilis ¥ unlihely to
benefit the group of cases m which there 15 a hiyh cardiac output
This view howeser 1s not unversally 1ccepted  In the low output
cases of heart fatlure which includes mose cases of congestive
farlure jonermg of the venous pressure by diptahs and other
methods 1s often followed by a mse of cardiac output  The authors
also concluded that as mechameal lowering of the right aurcular
pressure produces effects on cardric output simiar 1 degree to
those produced by digoxmn the major bencfical effect of digoxtn
results from a penpheral action on venous pressure and not from
a tonic effect upon the heart  The slowing of the eardire rate vy
digoxin m cases of aunicular fibniition did not appear to hate 8
heneficial effeet on cardiac output
Cournand (33) m 1045 deserthed lus modified techmque for
sampling blood from the myhit aurtele and the femordl artery and
Cournand et al {33)mn thesame year published further obsers ations
on measuru,, the carchac output m man by cathetersstion of the
nght auncle or ventricle  The catheter was left in the heart for
up to twenty four hows tad 2 special needle was desised for
cannulsation of the fumoral nrtery  the needle was strap 1";
position and a Joch synn,e attached for samphag  They foun
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made of nylon with 2 smooth unwettable plastic coverng fleuble
and radio opaque The catheters are obtamable from the US
Catheter and Instrument Co  Glens Falls 3% They are 100 em
or more m length and varous sizes should be avatable such as
87 8and 9 Foran mfant a No 6 will be requred whilesaNo 8
15 used for the aterage adult 4 short distance from the tip of the
catheter there 15 a shght bend or angulation winch enables the
direction 1o be changed by rotation of the external end A Luer
fiting metal adaptor 15 fitted to the external end  The catheters
are stenhsed by weans of formalin vapour

A Saline Manometer This s used to record the mean pressures
1 the chambers of the heart and 15 stenhsed by steam It
mounted on & stand which rests ou the floor adjacent to the table
on which the patient hies It can be adjusted 1 the s ertical plane
so that the zero mark can be sct level with the sternal angle
Alternatis ehy a metre rule with spinit level attached can be used
to determune the zero level on the manometer i which case the
manometer i not moved up and down to the lesel of the sternsl
angle The metre rule 1s placed horontally from the angle of the
sternum %o the manometer and the marling on the manoreter
which cortesponds with the zero readm,, 15 noted  To the lover
end of the manometer 1 connceted 1 sterrle rubber tubmg with an
adjustable chp attached  fhe distad end of the rubber tubimng is
connected as required with the T ucr fitting adaptor of the catheter
A short distance above the lower (nd of the manometer 15 & side
tube to which 15 connected by a stenile rubber tube fitted with an
adjustable chp a salime reserionr held by elips to the top of the
manometer stand  The resenvoir previousiy sterthised by botling
15 nearly filled with stenle physwlogic saline The manometer ts
filled almast to the top from the reserson before use and 1t can
be replentshed by releasing the chip on the rubber tubing connecting
the two {see big 42)

Sterile Screw capped Bottles  [hicse contam a few mi of
sterile paraffin and one drop of heparn salution  These battles
are for the collection of bloed samples for gas analysis

Cutting Down  set for shin 1nasion sad isolation of yen

Sphy gmomanome{e! or tourmquet

Fypodermic synuges tmi 2ml 5ml and 20 ml

Hypodermie needles Nos 20 17 15 and 1
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taken to atoid exposure of the hands smee 3t 1s not possible to wear
leaden gloves '\ ray screemng should be lumited to about 25 4 of
the erythema dose which means about twenty runutes mn all
Wood (40) states that the sereeming time should be hmited to
thirty minutes at 1 mi or twenty minutes at . mA or fifteen
minutes at 3mA  The same operator should not regularly perform
more than two eatheterisations a weeh It 1s desirable but not
essential to have facilities for taking films to check the position of
the catheter subsequently The patient should be made as com
fortable mentally and physically as possible before the operation
starts and 1ts nature should be explamed to an adult The cardiac
output may be increased by anxety without a corresponding
merease n the oxygen consumption This will decrease the
arteriosenous difference A vemn m esther arm may be used for
the cathetersation but the left 1s preferable as the course of the
1ens to the right auricle 1s a more gradual cury e than on the nght
side and so a hold up 1s less likely to occur  Whichever arm 1s
selected the cephalic vem should not be used as 1t jowns the axillary
vemn almost at a nght angle which causes difficulty 1n passing the
cathetex beyond tlus pownt The medial anteculntal vewn 1s best
suited for the operation and the pomnt of msertion of the catheter
should be a short distance distal to where two vens join  This
will ensure a continuouys flow of blood along the cathetensed vemn
both during and after the operation and will munimise the nisks of
thrombosis

The selected arm 1s abducted to about 45 and bound Lghtly to
a well padded arm sphnt The sphygmomanometer cuff should
be i place and all but the antecubital fossa covered with sterile
mackintoshes nd towels The exposed skin 1s cleaned with ether
and the vens yendered prominent by mflation of the sphygmo
manometer ¢uff The skin and subcutaneous tissues iround the
site of the proposed inciston and the pernenous tissues are now
whiltrated with 2/ procame solution  Adequate intradermal
an@sthesia with the formation of a wheal at least the size of o
half erown 15 important to prevent the subsequent occurrence of
venospasm  An mesion about 1 em long 1s then made through
the shin i line with the van and the vemn nolated by blunt
disseetion Two fine catgut hgatures are passed round the vein
and the distal one 15 tied off but not eut The upper hgature 15
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Procame hydrochlornde solution 2 /f

Servm needles 21 meb 17 gange

Ten 10 ml all glass svenpes Tuer fitting  The synnges are
stershsed by boihng m water and then lubricated wternally with
stertle paxaffin

"Ten blood samphing bottles as deseribed abote

One ampoule of hapann contamng 50 mg

Catgut No €000

Sterrle normal saline

Lther for shin preparation

Sterde gowns eaps and mash.

Stersle machintoshes towels towel elips and dressings

Stenfe bowls and gallipots

On an emergencey trolley vhould be placed an oxvgen apparatus
and BL B mash A mouth gag Tongue forceps Brandy
coramune adrenahine and unyl mtnte  Two fine needles (4 inches
long) for emergeney cxrdiac puncture

Preparation of the Patient The pahents sensiivhy to
quimdine sulphate should be tested two davs beforchand by guing
3 gr I he shows no ihesvacrasy &g of qunidine sulphate and
3 gr of Amytal are given by mouth one hour before the operation
The quitiding 55 giien to try and present cardme wregulardies
from developing dursng the cithetersation It 15 2 wise precantion
to gne 100 000 units of pemelln ntramuseniarly twice o day on
the day of the operation and to contsnuc with thus dosage for the
next two days  Phenobarbntone 1103 gr by mouth may be given
to an adult and to chnldren over ten vears of age two hours before
the operation  Chuldren under ten years of ae require a general
anvesthetse and rectal Pentothal 14 per 50 b of body weight 15
satssfetery  Tf necessary tha dose can be supplemented Iater by
smyeebon of more Pentothal throu, b the cardine catheter Inhalation
anmsthesin 15 unstitable as 1t interferes with the blood gas
anal} s

The Operation  The operation w ¢ uried out i the N\ rav
department with the patient hng honzontal on 2 table covered
with & rubber mattress  The table w provided with a horizontal
fluoroscopic sereen controfled by % foot switch  Ir addstion to
observing rpd surgical ssepsts operators must be well protected
from scatter by means of lead aprons  Particuler care should be
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15 prolonged Further Warren (41) states that samples of blood
from the proximal pulmonary artery appear to be most representa
tive of mrved senous blood samples from the ventricle or atrium
are more vartable

Recording the Intracardiac Pressure Yith the tip of the
catheter 10 the pul y artery the 15 d by
the rubber tubing to the outer end of the catheter in place of the
syminge care having been taken to exclude all arr from the rubber
tubing by allowmg the heparimsed sahne 1 the reservorr to run
freely through 1t and then clipping the tubing between the
manometer and catheter and the resersoir and manometer 1n this
order The chip betw een the manometer and catheteris now released
and the saline level m the manometer will gradually fall until the
pulmonary artery pressure 1sreached It will then remam stationary
or oscillate shghtly The readmg 1 noted the clip between
the manometer and the catheter closed and that between the
reseriorr and manometer opened so that the manome ter 1s agam
filled

Removal of Blood Samples The rubber tube from the mano
meter 15 disconnected from the catheter and 8 or 4 ml of blood
are drawn back mnto a saline filled syringe These are discarded
as they will be diluted with the saline 1n the catheter A sterle
10 ml syrnnge previously lubrcated wath stemle paraffin and
contang about 1 ml of paraffin free from air bubbles 1s now
attached to the catheter and 5 to 10 mt of undiluted blood are
withdrawn  The syringe 1s detached and the blood 1s injected
through a serum needle under the liquid paraffin 1 one of the
specimen bottles and stirred to mix with the heparin to prevent
clotting  In order to prevent air embolism the it of the catheter
must be hept below the level of the right auricle when removing
samples of blood The outer end of the catheter must never be
left open so that when a symnge contaming a blood sample 1s
detached erther a fresh syninge filled with saline or the manometer
tubing should be immediately attached in its place A Lttle
hepunised salme 15 now allowed to run through the catheter to
displace the blood contents

The catheter 15 now gradually withdrawn further pressure
readings and blood samples being taken from the upper part of
the nght ventncle the lower part of the right ventricle the mght
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not bied but sts ends are secured with Spencer Wells forceps This
higature 1s used to apply gentle traction on the e fo steady 5t
while 1t 15 opened and to control hemorrhage  To the external end
of the catheter which has been well nnsed mside and out with
sterile normal saline s attached 1 10 ml all glass syninge charged
with stenile normal saline contaming 25 mg of hepann Allaws
expelled from the eatheter by depressing the plunger of the syninge
and both are laid on g steride towel close to the operator s nght
hand  The other 2o m,, of hepann wwe added to the sahne i the
reservort comnected to the manometer and the latter 15 filled to
near the top with this solution

Passing the Catheter ‘1he segment of cxposed 1em 15 now
rawsed by traction on the provimal loop of catput and a smnll fish
mouth sheision s made i 3ts nall with pomted sassors  The tip
of the catheter 15 smmediatels wserted nto the vesn and gently
pushed up 1ts lumen for serert] centimetres  The heparmn solution
1s then ngented v1a the catheter and the synnge 1s left ptiached to
sts outer end Further progress of the catheter 15 watehed on the
fluoroscapic sereen with short exposures at frequent interrals Yoree
must be avoided and considerable patience 15 sometunes necessary
Latry of the catheter mnto the nech )ems 1s prevented by turmog
the patient s head to the side of the operator and if obstruchon
oveurs at the thorace mlet sh, bt oy ement of the arm or shoulder
or a decp mspiration by the patient v} usually perrst it to pass
eashy  Should the catheter take 1 wrong dieetion 1t must be
withdrann some distance and another attempt made after rotation
of 1ty external end  Onee 3t has roached the superior yens cava it
passes Yeadify down wmto the i ht auncle  Mampulation of the
outer end will direct st through the trieusped valve mto the cauty
of the right sentricde  Premature svstoles are commonly observed
when the tip s 10 the viomity of the tncuspid ring and delay at
thus powmnt should be avorded »f possible  Having entered the nght
\entricle the catheter can be peouaded to turn upaards mto the
outfiow tract thence throu,h the pulmonary vafve wmto the maw
pulmonary arters and if further sdsanced it widl enter one oY
other pulmonary artery It 35 wise to psy the eathater as far &8
the pulmonan artery before tahin, the first hlood sample and
ading for senospasm may occur and prevent further

pressute Te
gress of the catheter especually af the opesation time

forward proj
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15 prolonged  Further Warren (41) states that samples of blood
from the proxtmal pulmonary artery appear to be most representa
tive of mixed venous blood samples from the ventricle or atrium
are more variable

Recording the Intracardiac Pressure ith the tip of the
catheter 1n the pul y artery the 15 d by
the rubber tubing to the outer end of the catheter i place of the
syringe care haying been taken to exclude all arr from the rubber
tubing by allowing the heparmised saline i the resersorr to run
freely through it and then clipping the tubing between the
manometer and catheter and the resersoir ind manometer m this
order  The clip between the manometer and catheter 1s now released
and the saline level i the manometer will gradually fall until the
pulmonary artery pressure s reached It will then remam stationary
or oscillate shghtly The reading 1s noted the clip between
the manometer and the catheter closed and that between the
reservorr and manometer opened so that the manometer 15 again
filled

Removal of Blood Samples The rubber tube from the mano
meter 15 disconnected from the catheter and 3 or 4 ml of blood
are drawn back mto a sahne filled syringe  These are discarded
as they will be diluted with the saline mn the catheter A stenle
10 ml syringe presiously lubnicated with sterde parafin and
contaming about 1 ml of paraffin free from air bubbles 1s now
attached to the citheter and 5 to 10 ml of undiluted blood are
wathdrawn The syninge 1s detached and the blood 1s mjected
through a serum needle under the hqud paraffin m one of the
specimen bottles and stirred to mix with the hepann to prevent
clotting  In order to prevent air embolismn the hult of the catheter
must be kept below the level of the nght auricle when removing
samples of blood The outer end of the catheter must never be
left open so that when a synnge contaiming a blood sample 15
detached exther a fresh syringe filled with saline or the manometer
tubing should be immediately attached n 1ts place A httle
heparinised saline 15 now allowed to run through the eatheter to
displace the blood contents

The catheter 15 now gradually withdrawn further pressure
readings and blood samples bewrg taken from the upper part of
the might ventnicle the Jower part of the nght ventricle the night




216 THE CARDIOY ASCUX AR S1STEM

mud auricle and the superor vena ewa Ll normal mean
pressures  referred to the sternal angle Ievel are — Pulmonary
artery 16 to 20 cm sabne (10 to 15 mm Hg) Right sentricle
11 tol6em sahne (8to 12mm Hg) Rightauncle —3to +-8em
saline (—2 to +-2mm Hg)

The catheter 15 then completely withdrawn and the proamal
eatgut higature tied to arrest bleeding A shin suture m1y hot be
necessary  but should be avaulible  After the operatson movements
of the arm should be encouraged to mummise rish of thrombosis
Immedately after withdraval the catheter must be well washed
through with water under pressure for severd mimutes then
hydrogen peroxide (10 voh )} 5 trichled slowly through untd
bubbhing censcs and at 1 finally washed agam with tap water
The blood samples should be analy sed mmmeciately and not allosed
to stand granght  Arterial puneture 1 only required when the
eardiic output is beng determuned and then some authorties do
nat perform it thor cakulrtions bemng based on the 1ssumpton
that the arterial blood 35 95 ,, siturated with ovigen In cases
m which there 1s a shunt between the two sides of the heart the
cardise output cannot be determmed by the Fick prmople I
artensal blood 1s required  direct puncture s employed It
thought by Cournand that the brachial rather than the femortd
artery should be punctured  The tissues nround the artery are
first anfiltrated viath - procaine solution  1or sennl observations
an wndwelling needle » emploved A specaal Cournand needle 1s
used and 15 sserted with the sharp open bore stilet i place  When
the artery 15 pierced 1 small drop of blood appears through the
fine bore  The sharp stict 1s now ramoved when the blood spurts
out  Fhe sharp stiet 1 now replwed by o blunt one and the
needle 15 threaded up the artery 4 short dhstance and s thet
strapped an posttion Vhen the atilet 1 remon ed for blood samphng
1t should stand 1 peroade solution to present clottng when it is
replaced  The blood samples are remored as is done for the intra
carchiae samples  Vwhen the cardiae output 1 bemy determmed
the ovygen consumption s determined at the end of the operation
using the Benedict Both appartus

Varlations in Technique The catheter may be stenhsed by
boting for ten mnutes it i then left to (ool i the stenle towel
untt it becomes sufficsenthy ngid for uve
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Some worhers employ a three way stopeock to connect the fhud
m the reservorr the manometer and the sampling syringe with
the catheter A T\cos manometer may be used 1nstead of & saline
one Xn this case a few mt of sahine solution ave introduced into
the tubwng 1n the part adjacent to the catheter attachment to
mmmise the nsh of air embohism  There 15 thus an air lock
between the manometer and the saline m the manometer tubing
Johnson et ul (37) take the zero level as one third of the distance
from the sternum to the back at the level of the third costal
carhilage The saline manometer readings average 1l mm less than
those recorded by the Tvcos mnstrument The saline manometer
has the disadvantage of reacting slowly especially when the
catheter 13 full of blood The Tycos manometer 15 bnsk in lts
response  Electrical ding devices are now being
employed These give pulse tracings from which systolie diastolic
and mean pressures can be recorded and the form of the pulse
wave studied In young children the catheter may be introduced
nto the saphenous vemn and passed up the inferior vena cava

When a three way stopcock 15 used the tap 1s placed so that the
lumen of the catheter communicates with the flwid 1 the resers oir
and as the catheter 15 itroduced into the vem a slow flow of fluid
1s maintained through the catheter at a rate of 20 to 30 drops a
mnute  As soon as the catheter 15 mside the heart shadow the
saline flow 1s adjusted to 5 or 10 drops a minute

Silk, ligatures may be employed instead of catgut ones At the
end of the operation hoth lygatures are removed and bleeding 1s
controlled by pressure When the artertal needle 15 removed firm
pressure must be maintaned over the artery for at least five
minutes and the pulses below carefully cheched

Some workers such as Johnson et al (87) prefer to heparimise
the patient instead of the salme  In this case a hepann curve must
be done the day before tlte operation from which the necessary
dose can be worked out to mamtamn the clotting t me dunng the
operation and for twenty four hours afterwards at ten to twenty
munutes (normal three to seven munutes) by the capillary
method

Cournand et al (42) advise that a direct, vis10n electrocardiograph
should be used during cathetemsation to record the cnrdmc
rhy thm and enable ab lities to be de tected

Iy
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Compticatsons  Varren (41) says that seseral thousand
human cardiie catheterisations have been done 1n vamous fabors
tones with no record of setious untow ard effect  Thereare however
eertam rishs attached to the procedure

General Reacttons Famnting sweating nausea or ombing
may occur dunng cathetersation  Rigors axe due to pyrogens m
the entheter which has not been properly cleaned

Veno spasm  This is due according to Vood (40) to the
shan not bemg adequatehy  anwsthetised to the catheter not
being washed free from divnfectant or to the catheter bewng two
large

Alr Embolism  “trict precantions are essential fo prevent s
entening the catheter for i cases of congemtal heart disease mith
night to left bluod shunts air embol: could pass nto the systemie
areulation  Thr has very rareb occurred the air bubbles passing
to the bran producng transient neurological signs

Thrombosis  Thr may sceur either m the vemns or m the
heart  I£ the saphenous vem 15 used it should be tied off as close
to the fernoral v i as possible ot the end of the operation  Shght
Jocal thrombophlchits at the sitc of the mtroduction of the
catheter wite the awn vaw hos been ftom time to time reconded
Johnson et 1} (87) record the case of 2 marhedly evanotic mfant
werght 18 tby 4 catheter was mtroduced into the night saphenous
vem pear the femoral junchion and passed easihy mnto the nght
auncle  The infant was hepanmsed dunn, the operation &4
month later death orcurred when A chnscalh unsuspected well
orgamsed thrombus was found occludin, the mferer venn case
both comraon 1hac temns md the nioht renal vemn and a large
thrombus was attached to the r ht aurscular wall at the base of
one leafiet of the truuspud valve  Holhng and Zoh (39) found
evidence aither of systemic or pubmonary thromboss or embalt
1 6 of thewr 70 cises of conemty] hoart disease within fourteen
davs of catheterssatron and one case ched

Disturbances of Cardiac Rbythm (ournand ¢t al (42)
consider these are the most wnp rtwnt compheations m cases of
congenital heart disease  Thes mclude premature contractions
runs of tentmeulsr tubicardie cntrenlar  fibnllaton and
ar tachycardia I curchac cathctensation s done under

auneul fnthm exn be

leetrocardiographse eontrol  the divturbance of 1
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recogmised carly and the catheter withdrawn  ‘lhese workers
record sudden death in two adults onc with a long history of
angna pectorss  In nelther wmstance was the catheterisation
d with phic control  Vood (40} records
one fatal ease of ventricular fibnllation in 233 cathetenisations
Cardine catl ton grves physiological m
formation concermng the hearts action as opposed fo angio
cardiogriphy which reveals the anatomical condition of the heart
and mamn vessels The deterrnation of cardiac output 1n health
and disease 15 of 1alue as a physwological expeniment and 1n
deterrmning the types of heart fulure The chief value now 1s n
the mvestigation of caces of congerital heart disease n which
surgienl d are lated  Cath may also
help 1n deciding whether a pulmonm'y systemic ahastomosis or &
valvulotomy may gne better results i certamn types of congemtal
heart disease A defimte clinical diagnosis 1n any case of congemital
heart disease 1s often very difficult owing to the frequency with
which multiple defects are present Hollng and Zak (39) state
that cardiac cathetersation will enable certan malformations to
be proved Thus if the catheter passes through a septal defect 1t
can be seen to do so on the X ray screen On the other hand 1t
must be understood that the passage of a catheter from the right
to the left auricle does not prove that there is a functioning defect
n the auricular septum  In about a quarter of normal subjects
the foramen ovale may be patent although functionless allowing
the passage of the catheter In these cases the presence of a shunt
from one chamber to another can only be proved by blood gas
analysis  If the catheter tip 1s passed 1nto the pulmenary artery
the pulmonary stenosis can be recogmised by the fall in pressure
as the tip passes through 1t An atnal septal defect with an
artenovenous shunt will result 1 blood 1 the nght atrium bemg
more oxygenated than 1s the blood 1n the venz cave  Sumilarly
in uncomplieated ventricular septal defect blood samples from the
nght ventricle especially from the region of the outflow tract
will usually show an ncrease mn oXvgen content as compared with
vena caval and right atnal sumples  Thus indicates a left to nght
shunt between the ventricles With a patent ductus arterosus
the blood 1 the pulmonary artery 1s more oxygenated than 1s the
blood in the mght ventricle By cardiac cathetensation Eisen
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menger s comples m be distingwished from Tallots tetralogy
The lesians 1w Rallot s tetralogy consist of stenosis or hypoplasa
of the pulmonnry artery 2 defect m the interscntricular septum
the aorta 15 displaced to the nght and communieates with both
ventricles and the it ventude Inpertzoplued o the
Lisenmenger compley therc 1 m ancrease m the size of the
wfundbulum  pulmony safsc and artery  together with ar
mtementriculr septal deteet enlarged nght ventncle and dextro
rostien of the wrtr  In I venmengers complex therefore the
systolie pressure m the nght ventrcle equals that m the pulmonasy
artery 1s there 1s ne pulmanary stenosis Sy stemec pulmonary
anastomosss wisch 1 helpful in the Tallot s tetrlogy would not
be bhely to wmprove the patient suffermng from Ersepmengers
complex

Cardiae cathetersation Wit who ostabheh the dignosts of
transposttion of the reat vessels of 1t 1s found that the blood m
the pulmonary artery 1s nicher 1 oxygen thas the aortic blood
In cwses of pure pulmonary stenoss  or s it s sometumes
calted  pulmenars stenoss with closed ventricular septum’
cardine eathetersation wilt decide whether pulmonary stenosis 1
present  Severe peupheril evanosts mav result from reduced
cardiie output without intr1 cardine shent In such a ense the
artertsl blood wonld hive 3 normal ovigen saturation  Cardine
catheteniantion 1 also uad to determune the increase i pressure
w the pulmonary artery and riht 1entncle before the operation
of vahudotomy s mutril stenoss  The fall m pressure after
operttio a can be sl dononsteated

THIOCYANATI S AND LHF LREATWFNT 0F Hyrr asrision
FPotwssam and sochum thioey mate were onnathy recommended
for the treatment of esxntnd Inpertenson by Pauh (43) 10 1003
The mode of action 1 vbsenre but it b been s gested that they
enuse @ Telaxation of smooth sriscde  They we oy absorbed
from the gastro mtestinal tract d we didnbuted throughout
bedy flnds m the same w iy e chlorsdes and bromudes  they do
pot penetrate into the el dhey e owrcted mamdy through
the hidnery but thes exerctwae cm vy s mnch as 400/ m

Qllerent indn schwrds
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Ihiocyanates offer one of the fuw means of trcatment of hyper
tension but ther use was hmited owing to toxie effects unti
the dosige was controlled and rendered more safe by serum
esttmations  Barker and his colleagues (44 1o and 46) who have
treated many patients successfully over a number of years
emphasise the impaortance of frequent determination of serum levels
of thiocyanates while trestment 15 in progress  They consider g
concentration of 8 to 12 mg per 100 ml to be a safe level mn the
majonty of eases  They d ¥ the by
grng 03 g per day and making blood cyanate determmations
every week for four to six weeks and subsequently every month
Tt1s readily soluble 01 g m } oz of water being given three times
a day or it may be preseribed as Elrar Sodum Thiocyanate
(gr 20 1nfl oz 1) one teaspoonful twice a day Dnterc sealed
tablets contaming 02 g or 0065 g of potassum thiocyanate
are also sometimes given  If the blood pressure drops sharply or
if p of fatigue or d are marhed the dose can be
decreased  If no blood pressure chinge or toxic symptoms occur
after three to four weeks and the blood roncentration has nat
reached 6 mg per 100 m] the dose may be doubled Barker and
his colleagues who reported on 216 «ases found that the systolie
pressure may drop during the first two to four weeks whereas the
diastolic pressure may not be reduced for three to four month
The best climeal results were obtamned with patient whose
erythrocyte count was high and sedimentation rate low ang
whose blood pressure was of the fluctuant type Out of 246
patients 76 / showed some improvement There were no tovie
deaths hut patients showed touc mamfestations of one kind or
another  Another series of 40 cases treated over eleven years
was reported by hurtz Shapiro and Selby Mills (47) These
authors followed Barker s method of laboratory control —Sub
lective improvement was very definite in €3, of cases and fan
m 17/ Satisfactory reduction of blood pressure was obtained
178 / of cases There were no deaths that could be attributeq
durectly or indirectly to thoeyanate Fischmann (48) treated 40
cases with thiocyanate .5 proving successful and 15 being failures
Of thesuccessful cases 3showed nofall mblood pressure but improved
symptomatically especially as regards headache  Of the 16 fadures
the blood pressure fell m 6 cases without subjective unprovement
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To 3¢t agamst these sneouraging results there hatve been some
reports of fatalities and toxac effects follow g the use of tuocy anates
Toulger and Rose (40) 1 1948 and Potter {o0) mn 1944 reported
cases of acnte ,mtre due to Muocyapate therapy  Other towe
effects wctude exfolintiv e dermatitis weahness dizziness andresia
thrombo phiebitry  and  haeforrhe e encephalomalaca  The
smport mcec of 4 strict contsol of dosae based on werkly and Jater
monthly serum deternunations and 2 carciul wateh for untoward
svmpioms <annot be over emphaened  Further  thuocyanate
should never by guen f there & s evidence of repal fature T
our experen ¢ & my ot Jower the Llond pressure or the falt
produced 35 onby termporars

MPTHONIUS Sax oy asp riF Tararseny or b pERTEssIos

Drugs of the methomnm serses Bave been miroduced for the
treatment of high blood pressure  Paton wd Zaymis {o1) pownted
out the posssble chrmed vslue of hexamethomum wdide {€y) 10
B3 pertension and s ascufar discase as 1t differs from tetraetinl
ammonium wdide (UF %) omoats reater patenty  slover action
and more profouged cflert  Obaom stions were nent made by
Qrgwe Patun and Famms (w2} w the w tion of pentamethonum
wdide ({g) on o On mtras cnous mpction these drugs produce
A fall m blood pressure merca ¢ m pakse rate 3 asodifatation which
13 more marked an the ower than s the upper hmbs  dumnation
of sweating expreeially m the feet ciatrtion of the pupids with
possible disturbance of wiommrdation  ausca hesdache and
dryness of the mouth ms be noted 1v side effects The action of
the dngs s on the gan Jun cells of the autonomic ners ous sy stem
both sympathetic md pricmpith fic 4 blochage of ipubes
being produced thee

{ ampbell and Robrerfson (33} repn 1t on the treatment of eight
eases ol D pestenson and papladeng with hex wcthoronm
bromude  Treatment wa  conmenced with the rtrunuscular
infection of 300 m. every b hours and subse pentls the drug
was grten by mouth by dsspfiine 10 bt 0wl of water
The dosage adopted was 0.z ke dult on the st dy 820 g
tid for the next two dne with 4 yradual ncresee up toadg
four to s times o dn The drug, 1w mest effectine when tahen
before meals  Cood zesults werc obtamed  the hiood pressure
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faling headache dnappeinng and papilleedema  dimumstung
Certatn unpleasant reactions may occur such as blurring of vision
firyness of {he mouth nausea heartburn and constipation More
serious side effects include paraly tie leus distension of the bladder
postural hypotension and famnting In addition to the effect 1n
lowermg the blood pressure Cg has a profound nfluence m
dmunmshing gastnic motility and gastme secretion  hay and
Smuth (54) showed that the intramuseular injection of 100 mg of
hexamethonium jodide produced achlorhydria lasting for three
hours The action here 15 by vagal blochade and the drug prevents
the development of a true msulin response such as 1s noted with
a complete vagotomy (see p 172) When Cq 15 given with msulin
the gastric aadity first falls and then nses to Ittle above the
resting value Cg fals to prevent a hstamine response of acid
gastric sceretion for 1t 15 thought that histamine acts directly on
the parietal gastric mucosal cells  hay and Smuth (55) also showed
that the 1odide and bromude of methonum were more powerful
Lastne depressants than 1s the cblonde

P 1 10dide {Lyten 1) 1s put up 1n ampoules for
injection contamning 100 mg /1 ml  Hexamethonmum 1odide
(Hexathide) 1» also available i ampoules containing 50 mg /2 5 ml
The hexamethomum bromide (Vegolysin) tablets contain 250 mg
They are soluble in water

In one of our cases of es ential hypertension treated by C; we
found that when hexamethomum todide was given mtravenously
m a saline dnp the blood pressure fell from 220/130 mm Hg to
140/108 mm Hg after four doses of 10 mg given at intervals of
three munutes The pressure began fo rise agan after one and a
half hours Hexamethonum bromude was subsequently given by
mouth 1 doses of 250 mg tablet crushed in water four times a
day before meals but the blood pressure was not so well controlled
although there were no unpleasant side effects

The dosage should be controlled by blood pressurc readings
taken weelly as the drug may have a cumulative effect and
bromusm or lodism may ensue Postural hypotension 1s one of
the most dangerous of the side effects It 1s especially hable to
occur when the patient 1s standing stil Turner (56) records the
case of @ man who was el night when walkung from hospital to
the bus stop but the trouble came on when he was standing 1n the
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quene An abdomnal belt or binder 15 4 uscfal correetnie and
the patient should be instructed to contract his abdernmal museles
and 1f possible lie down if he feels faint  Ananjection of adrenshne
should be prven m severe hypotensty e reactions

Conclusions It 13 too earhy to svy whether the methonun
cempounds wilf prove as disapposmting as the various other drugs
recommended 1 the past for the treatmentof hypertension  They cer
tamly should not beused mdiscrimmnately and without proper control
They appear to be of most + alue 1n cases of threatened left v entrieniar
farlure drmnution of v wswn due to retinal chrnges mmprured senal
function and when there appears to be a possibihity of a strohe

The absorption of the pentamethomum and hexamethomum
salts when gien by mouth appews to be very uncertaw and
1n order to obtam an 1dcquate falt i blood pressure as much 25
3 to 4 g per day muy be necesswy  Postural hypotension may
result from these Jarge doses  Further the danger of bromwm or
sodism 1s enhaneed when the patent 1s on a low salt diet  The
drugs are evrcted by the kadueys ond of there 1 renal failure
much smaller doses must be employed

Tuy Ricr Dirrorv Haws s aston

Remprer (o7 ) m 1944 wtroduced the ree diet for the treatmont
of patients sufferm,, from ranal and hypertensise 1 ssculrr disease
1fe found improvement i the blood pressure nd also m the siz¢
of the hicart retmal changes wnd clectrocardio rams A chweal
trial of the dict was carried out for the Mcdien) Rescarch Counel
and the report was publnhedin 1050 (38} Patients were encouraged
1o eat 250 to 840  of rice {dry wer bt} duly It was boded m
water or steamed with no added salt milk or fat It ean be
fiavoured with st ar fomcn quice or frnt and served dry or wet
The flind s Drted fo § btre m tsents four hours  The diet
contamned sodium 171 m patwsum 11, <hionde 105 mg
and mitrogen 3 4 g {egun dent t0 14 of protem}

A sumple mesu 1s 3o follows

Breakfast Cxape frut (preparcd) s boskd rice {dry weight)
2oz sugar 1oz mmbOraEyeR: %o

Md mornmg  Lemon juice 3oz withwater Soz and supar oz

Lunck Boted rce (dry werht) 3oz golden ssrup doz
blacheurzants (Fan) 302 sugar jos and blach yrapes 60z
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Tea Boled nce (dry weight) 1 o7 sugar 1 oz banana
slices 140z orange jurce oz and lemon jutee -} o7

Supper Botled rice (dry weight) 3 0z suzwr 3 oz fresh
peaches o2 o, and orange Juice 8 oz

On retirin,,  Dessert cherries 5 oz

This diet contains C 49.¢g P _6g and F 8¢ sodium 83 mg
chloride 139 mg

The Commttee confirmed hempner s findings of a fall in blood
pressure  The average fall in 30 patients treated by the Comnuttee
over pertods rangmg from twenty to mnety five davs was oo mm
Hg systolic and 26 mm Hg diastolic

1t appears probable that the fall in blood pressure 15 due not to
the low protem content but to the low sodum in the diet s
soon as the sodum chlorde mtake 1s 1ncreased even slightly the
blood pressure tends to mse  The diet 15 not without danger as
urzrua has been recorded during treatment by Schroeder (59) i
1948 If i non cedematous patients the ummary sodum or
chlonide does not fall to a low level within a few days of starting
the diet the Commuttee emphasise that a careful watch must be
hept on the blood nrea 1nd blood sodium content

Vie have tried the diet on patients suffenng from heart falure
with hugh blood pressure and cedema and n these cases we have
found that the patient 15 usually too 1ll to take the diet

SosE CARDIO THLRAPEUTIC VEASURES

The Use of Digitalis  Dhgitalis still remains supreme smongst
the drugs used 1n the treatment of heart discase  Vvithermg (60)
i1 1785 was one of the first to draw attention to the value of
diptalis 1 producing druresis 1 certam cases of heart farlure
Since then the indieations for its use hate become more clearly
defined and 1t 15 recogmsed that its most benefieial effects are
obtained in cases of cardiac uregulanty due to auncular fbrllation
Ve no longer believe 1n the cireus movement but the ventrile 1
slowed by mereasmg the depree of heart block It 15 also of value
1 aunieular flutter and indeed m heart failure from anv cause
High blood pressure 15 not now considered 2 contra mdication
85 1t has been shown that in therapeutic doses diitalis does
not cause a Tse of systohic pressure although the pulse pressure
may be increased as the result of a fall i the drastolie level n cases

A X pe
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of cardiae fulure  Whether or not 1t acts as a direct cardiac foae
and should be employed in disorders assoctated with smus rhythm
has been n matter of dispute It 1s usually held tint digitals 1
such cuses 18 a cardine torue wnd slows the shole heart by 1ts action
on the vagus thus prolonging diastele incrensing the foree of systole
and rmpros ing the coronary cireulation 1nd 5o the nutntion of the
cardiae musele

In heart failure of a severe degree Jarge doses 1re usually required
On gecount of the danger of producing severe towic effects the
total quantity necessary 15 1y ad d 1n deaded doses
ab several hours snterval but the beneficial effect 1s therehy
mevitably postponed  This delay 15 partidly due to the fact
that digatahis takes about six hours before 1t 1s absorbed from the
stomach 1t 15 so ehnsnated slowly by the mtestines and kidneys
and so eumulati e results may octur

Dimtals mav be admmntered esther i the form of = good
tincture or s 1 tablet of the dned leaves  Oue eat unm tablet
corresponds approwunately with I ml (m 17) of the tincture or
01 g (gr 15) of thib digtahs pubv (BP 1dd) Tn order to
obtamn tesults o guickhy qs possible m cases of severe heart fadure
the mamum amount of digst ths which can safely be admmstered
to an mdnrdual should be gnen within twenty four hours  Thy
may be taken to be m 17 of the tincture or gr 15 of the dred
leaf for every 10 Ibs of body weight  Thus for a man weighg
10 stonty the amount ropured s m .10 of the tmeture or gr 21
of the dried leaf tablet Vhen the weight of the patient 1s not
known tccuratels as wilf often Be the cise throo quarters of the
above amounts should he the muvwmum ,nen  Digitalis should
not be admunntered more often than evers six hours  Thus m
an urgent case m which o di itahs has been taken wathin the Iast
ten davs m 60 of the tind ture 1 v be grs on six hourly for 4 doses
and then the dove reduced to m 30 af ditahsation has net yet
been effected s soon 1e this ovcurs i drug should be dis
continued for 8 diy r sa aud then m 20 of the tineture ot less
may be required three times 1 s to dllow for day elmmatian
and to heep the patient under the wflacnce of the drug  1f diptalis
ias been admmmstered within the last n dus the total caleulated
amotnt shanld be reduced to theer quarters if no signs of dintabis
over action are shown by the chctrocardiogram such os henrt
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bloch or premature entricular systoles and to one half if they
are present In cither case the total calculated amount 15 given
1 three equal doses at six hourly ntervals

In conclusion 1t may be said that massive doses should only be
used 1n cases of heart farlure of extreme urgency and generally
admimstration 1 smaller doses 1s the safest course to adopt

The wndications for discontinuing the drug are according to
Eggleston  Nausea or vomiting unless this 1s dee to venous
congestion of the stomach which 15 usually the case when 1t
occurs shortly after the commencement of digitahs admumstration
(Jensen (61)) The apex rate lower than 60 The occurrence of
frequent ectopic systoles heart block phasic arry hthmia or coupled
beats The latter are caused by a regular sequence of premature
ventrieular systoles following each normal < entricular contraction

Tt 1s usually foundf the digitalis 1s going to rehiey e the heart failure
that diresis takes place 1f there 15 no duresis benefiaial results
are not hkely to ensue and diminution 1n the secretion of the
urme 1s an additional sign of digitalis toxzma  The druresis 1s a
manifestation of the effect of digitahs 1n filing the arteries and
emptying the vems and 15 due to an mereased renal circulation
and relief of renal congeston Diuresis does not follow the
admmstration of digitahs even in masstve doses unless cedema
15 present

Ihgitals should not be administered more frequently than at
six hourly mtervals as this 15 the time taken for its absorption
from the stomach and m cases of auricular fibrillation 1t has been
shown by Canby Robmson (62) that an effect 1s produced 1 two
to five hours after oral admmistration  Sufficient warning of any
tovic effects which may be produced by its admmstration 1s
thereby given

Digoxin Viokes (63) i 1929 showed that the leaves of the
foxglove Digialis lanata are physiologically nearly four times as
potent as are those of Digitahs purpurea the species used n
medicime  Smith (64) 1 1930 1solated a pure crystallne aleohol
soluble glucoside Digowan from the leaves of the Digitahs lanata
It possesses the advantage that it does not require hiclogieal
standardisation It 15 absorbed and excreted more quichly than
15 digitalis and can be given orally or intravenously  Intrasenous
smjection 15 only advisable when an extremely rapid effest 1s
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of cardiac fatlure ¥ hether or not it nets as o direct cerdiac fone
and should be employ ed 1 disorders associated with smus rhythm
bas beers a matter of dispute It ss usually held that dytalis m
such enses 15 a cardiae tonie and slows the nhole heart by its action
on thevagus thus prolonging diastole mereasmg the force of systole
and improsing the coronary arculation and so the nutrstion of the
cardiae muscle

In heart failure of a sex exe degree large doses are usvally required
On account of the danger of producing sevese toxic effects the
total quantity necessary ts generally admmstered m dnded doses
at several hours mterial but the benefial effect 15 therehy
mewitably postponed This delvy is partafly due to the fact
that digatabss takes about sre hours before 1t 1s absorbed from the
stomach  it1s also eliminated slowly by the intestines and hidoeys
and so cumulative results may oecur

Dimtalis may be admunstered either i the form of 2 good
tmcture or 15 2 tablet of the dred Jeases Onbe cat umt tablet
corresponds approxumateh with 1 ml (m 17) of the tincture or
01 g {gr 15) of tab dimtabs puls (BP Add) In order to
obtam results s quichiy 1 possible 1n cases of severe heart failure
the maamum wount of digitalis wlich an safelv be adrmstered
to an mdnadual should be grnen within twenty four hours  This
may be taken to he m 17 of the tincture or gr 15 of the dued
1caf for evers 10 by of bode we ht Thus for a man woghing
10 stones the amount requred v m 210 of the tincture or gr 21
of the dned leaf tablet VWhen the we st of the patwnt 15 not
Lnown aceurately as will often be the case three quarters of the
abave amounts should be the maumum gnen Diptalis should
not be admimstered more often than ¢very ax hours  Thus in
an urgent case i whicl no gt dis Bas Yeen tahen verthin the last
ton days m 60 of the tmcture wmay be nen sic bourhy for & doses
and then the dow reduced to s 30 1 st thsation has not et
been offected % soon as ths ovcurs the drug shoukd be dis
continued for & day o w0 and then n .0 of the tineture or fess
may be required three times 2 dn fo allow for daly elmnation
and to heep the paticnt under the wffucnce of the drug If digitahs
Jas been admamstered wathin the last ten dvs the total caleulated
amount should be reduced to three quarters if no signs of dintalss
oL er actwon are shown by the eltcirocardiogram such as fieart
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obtaned 1 fibrillation of less than siv months duratron and
those cases m which the symptoms increase with the onset of
fibullation  The 1nfective group of cases ts more suitable than
the degenerative The drug can be tned n paroxysmal aurcular
fibrillation s digitalis does not usually have any beneficial elfect
here (Parhinson and Nicholl {69)) It may be of value 1n aurcular
flutter the normal rhythm bemg restored direct without an
mtermediate stage of fibmllatton It 15 at times successful m
those cases of flutter which have been converted to fibmllation by
the use of dinitalis but which do not return to the normal sinus
thythm on discontinuing the drug It does not appear to have
any beneficial effect on prematuré svstoles

Contra wndications  There are certam defimte contra mdications
which apply no matter what the niture of the cardiac disorder
may be Thus qumdine must not be given if the hearts greatly
enlarged  Vhen there 15 congestive failure the patient should
first be treated with rest dimtahs and diuretics until compensation
wstestored  Then after o week s cessation from the use of digatalis
qumdine may be given if thought advisable Heart block 13 also
a contra indication It must not be given 1if there 1s & history of
recent embolism It 15 considered inadvisable to admimster
qumdine if fibrillation has lasted for six months or to use quinidine
and digitalis stmultaneously

Reoumen The patient must be hept 1 bed and preferably
at absolute rest during the mntial week of the treatment This
usually mmples the necessity for shalled nurses  Attention must
be pmid to the bowels and the diet should be such as wll not
grve nse to flatulence

Methods of Adwmunistration and Dosage The drug s grven by
mouth m powder form in gelatine capsules Probably the safest
method 15 to give on the first day a test dose of 02 g (3 gr) to
determme whether the patient has any 1diosyncrasy to the drug
If no toxemic symptoms appear on the second day 04 g (6 gr)
3 given every three homrs for four doses and this 1s mereased to
five doses of 04 g at three howrly intervals on the thud day
This dosage 1s then mamtained until the end of the week and if
the normal rhytbm has not been restored by this time the drug
will probably not prote successful The pubse should be tzken

before each dose 15 mven and 1f 1t 15 found to be regular the drug
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required ar when the patient vomits anything tahen by month
It must never be ,nen mirenousty of the patient has tahen
digntals elorn,, the previons two weeks  In auvncalar fibnilabon
the average wtial mtran enous dose for an adult of 10 stones or
over 1s 075 to 1 mg 4 solution 15 obtamable 1 ampoules each
ampoule contans 65 mg Dgovta m 1 wd 70% aleohol It msast
be diluted before wse with 9 times the < clume of freshly prepased
steride normal salice solutton  The solution thus obtawed 25
ajected slowls into o sewn takin, three to five mnntes over the
mjection The solution 15 very irnitant and must not be mjected
outstde the lumen of the sem  VWayne (65) has shown that the
ventricular rate rapudiv slows after such an injection and that the
maxmum effect 15 obtuned m one to tno hours  Subsequently
Digovin as admimstered by mouth as desenbed below

For oral admmsiration the mitial dose v 1 5 mg for patients
weighing 10 stones or more and 1 ta 1 20 mg for highter patents
Digoxin wust never be given by mouth 5f the patient has takes
dhiptahs duning the previous weck It 13 put np . Tablod
farm erel contuning @ 25 Mg to be taken w water or s 30 m}
ottles contumng 0 > mg 1 cach mmlthtre of 40 / alcohol The
solution 15 hest gisen n chloroform water to disguuse the bitter
taste  After oral «launstration the sentrieclsr tate begms 1o
slow i about an hour and the maxurura effeet is obtamed w about
six hours  Six hours after the imtal dose 0 20 mg 15 given ever)
six hours untit the ventncular rate falls to 67 or 76 Subsequently
a mamtenance dose of .o mg twie o dav may be requured
mdefimtely

Quinidine Thas 1s 2 devtro rotatory emchoba alhelad which
weas first used by I rey {£6) n 1918 1 ¢ 1o of auneular fibrdlation.
Wenchebach (67) bad previously 1y 1933 obtaned 4 lemporary
arrest of auncular fibnflation 1 one patent by gnasg L g of
qunme oy Frey m a seres of 2o cases of fibnilation obtamed
2 restoration of normal chythm m o0, e gue the drug to
dosesof 0 4 ¢ (6gryt ds by mouth for three to aght daxs

The ason af ¢ i Iph mav be
under the folloning hesdngs —

Selectron of Case Qundine 15 of greatert value s cases of
cuncalar Sordlation  especialh whea there s neither casdisc
enlargernent nor salvnlar disease (Cotton (08)) Best results are
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The detion of the Drug  The effect of qumdine upon heart
muscle can be summansed thus The aunicular rate 1s slowed
‘The rate of conduction 1n the aunicle ventricle and \-V junctional
tissues 15 reduced The absolute refractory period of auncular
muscle 15 prolonged

Qumnidine has also some effect upon the vagus nerve causing
a parhal paralysis which tends to increase the ventncular rate

The electmcardmm-apluc changes which may occur during

are ding to Hay {~0) Slowing of
auncular rate  the onset of auncular flutter and 2 1 heart bloch
increase of ventricular rate  appearance of ectopic ventricular
beats  restoration of normal rhythm m 50 / of cases of fibnlla
tion

The Value of the Drug The admuustration of qumdme has
very definite dangers and the cases n which it 1s worth a tral
require careful selection and very close watching duning the
treatment  Even 1f normal rhythm 1s established the general
condition of the patient 1s not always improved while the under
lying myocardial degeneration still remams

Mercurial Digretics and Ammonium Chloride  These drugs
include mersalyl Neptal Mereupunin Mercuhydrn Novurit and
Esidrone They are of great value 1n the treatment of congestive
failure (nght ventricular fallure) and 1n acute cedema of the lungs
(left ventricular failure)  MersalyL1s an orgamic mercurial compound
which was reported on clinically by Brunn (73) and by Bernheim (~4)
m192¢ It contains 36 / of mereury and 1s put up in 10 / solution
m1ml and 2ml ampoules Versals] has now replaced novasurol
which was mtroduced by Saxl and Heihg (*2) 1n 19°0  Novasurol
has been abandoned owing to 1ts toxic effects whereas mersalyl 1s
not usually toxic Andrews {7¢) reported a case of heart failure
without renal disease m which the first intravenous mjection of
05 ml of mersalyl re ulted 1 headache epileptiform convulsions
and unconsciousness but the patient a woman aged twenty two
did not die  In the case deserbed by Higgins (7~) there was
hypertensine heart discase with congestive failure About 10
doses of mersaly! or Mercupurm had been grien when an ntra
muscular mjection of 1 m! of Mercupurin was followed an hour
later by 1 severe chull fever dvspnea cyanosis fall in blgod
pressure and prostration Death seemed imminent A monith
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should be discontinued 2t v rite temporanly unbil & traeng
has been taken  Further indieations for discontmuing the admuss
tration of quimdine are ¢ slowing of the suncular rate to about
250 per munute or au incrense of the ventreulrr rate to over 160
In the former case there 55 1 danger of the ventricle foliowing
directly the aunculnr mte  The exact rate of the nuncle and
ventricle are best determined by an electrocardiogram

Hay (70) recommends that qumidine should be gien overy
two hours by day n ten equal doses as its action soon passes off
Starting with a test dose of 02 g {3 gr) on the fist day 2 ¢
{30 gr) are gnen on the second day m ten doses of 62 g each
If necessary  the dose may be mcreased to 3 g (45 gr) 2 day n
ten doses of 03 g (45 ,r) The smallest beneficsal dose appears
to be one of » gr which restored the normal rhy thm n a case of
auncular fibrsdintion of recent ongn under our care which was
assoented with 4 toxie gortre  4s much ns A total of W75 iy hos
honerer been required before < satisfiwtory result was-obfamed
and it may be necessars to continue sndefimitels with small doses
of 5 gr duly espeenily if a redpee acours on omitting the drug

Symptows of Toxema and Dangers  Frey (66} in 1918 dress
attention to the possibithty of quinidime sdiosynerasy resulting 18
such symptoms os respiatory fadure and cerebral parahss
Benjamm and ¥ Rapff (71) m 1921 recorded mstances of embolus

durm,, the ad; tration of g Ty 15 espeaally

hable to follow restoration of normil rhyvthm and 13 o all
probability due to the detachmunt of & dlot from the wall of the
auricle ¥ mbolus formation 1 not ucecssanhy fatal  The onset
of 1entncular fibnilation may «ause sudden death

Headache 55 neardy alwass expenenced while quimdine is beiwg
tahen Other towic symptoms mnclude sweating nausea vomubiny
diarthoen abdornal pan and 1 scarhiimform rash  Dimuoess of
wsion of the occurrence of frequent eotopre ventrieular beats 18
an indication for the smmedinte discontinuanee of the drug

Results of Quumdine Admunstration Cunphbelt and Gordon {72)
found thet quinadine restored normal nthm m 64°% of a series
of 18> tases of aunculwr fibnitaton In 30 of these however
fibnilation recurred after an mveri¢ penad of two vears but
thenother 8% , the normal rhythm was still masntamed after sn

u\cr‘age pertod of nearly four ycars
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cases we have found that the adminzstration of ammonwum chlonde
alore will produce a good diuretie response

1t 1s important that the weekly mjections of mersalyl with the
corresponding admintstration of ammonium chlonde  should be
continued for an indefinte period providing a good diurests ensues
and that the patient does not become unduly dehvdrated Vie
have patients who have recened thi treatment for two years or
longer and who are still continuing with it thereby bemng enabled
to mamtam a fair degree of health and actisity  In other cases we
have noticed that dehydration appears excessive after a prolonged
course—the pattent feeling weak and 1ll after each mjection Here
the 1mections should be discontinued and 1f required again later
they should be given at longer wtervals Rechtschaffen and
Gittler (80) record a case of acute dehydration following the
subcutaneous administration of Meralluride (Mercuhy drin) Sodrum
Within four hours of the mtial dose the patient suffered from
peripheral vascular collapse bradycardia elevation in temperature
and a shaking chill  Recovery occurred within two hours Dunng
the four hours after the injection there was a diuresis of 1 800 ml
It should be remembered that as much as 8 to 10 pints of excess
fluid may be retained 1n the bodv tissues without pitting edema
being apparent  Such a condition may be termed latent cedema
and 1s with p and cedema of the
lungs and with an engorged lver I 1 much reliesed by the
admintstration of mersalyl or Novurit

Tue Crrcuration Tne

Varous methods have been employed to estimate the ewrcula
tion time mman  Bornstein (81) 1n 1912 made the patient breathe
a muxture of air contaiming 5 to ™ / CO; The time taken for the
arterial blood to carry an increased amount of CO, to the
respiratory centre was shown by an increased depth in the breathing
Since then varous substances have been injected intrayenously
such as fluoresen  histamine ealeium chlonde sacchann  ether
sodwum dehydrocholate caleium gluconate and mignesium sulphate
Tarr Oppenh and Sager (82) 1 1933 gaveanl account
of the methods w huch hav ebecn used and reported their experiences
with sodium dehydrocholate (Decholin Sodium) ‘Thus measures
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later the patient died and the hdnoys showed some mid artenot
selerosis with very shyht necrosis and calatfication of the tubules
probably due to mercury  Volnt et al (78) reported 3 cases of
very sudden death foliowing the antray enous wjection of mercunal
dwreties 1 from VMercupurm and 2 from Ludrope In 2 of the
cases electrorirdiograms showed the development of ventnenlar
tbrdlation Frans and Perry (79) have also published 6 cases of
mnmediate death due o the same cause and suggest that 1t mas
be ads1sable to gise mercurnal drureties mirymuseulatly fo patients
with 2 Jow plasma protein  In other eases cramps mny develop n
the legs due to depletion of chlorides and these can be relieved by
the admumstration of soduum ehlonde  Vereuria} diureties should
not be given n eases of acute neplutts an hpord nephrosis of if
the unne contwns some granular or bleod casts or if there 1
hematura A test dose of 65 mi mersalyl 15 first wjected mtra
musculardy and f there s no intolerance s shown by hematuns
diarrheen or wenstation of the shin 2 course of intras enous injections
16 begun  In order to render the urnne gerd ammemum chlornde
m dases of gr 40 33 mven by mouth every six hours  The
ammomum chioride ¢in be ndmimstered s a mixture  Ammos.
allor gr 30 ext ,hevrthiz g m 20 sp eblorof m T aquamad
1oz ornthe formof four 09 ram  stewrettes On the thuwd
day of the ad: tration of the cldonde 1 ml af
mersalvl diluted with & ml of stenlc normal saline 15 mpected
slowly toto a vem n the anm  Th arm s then rased to prevent
venous th by The chivnde 15 ad d daily
On the 6ifth and ninth ds 2 ml of mersaly! difuted with 8 mi of
sterile normol saline are injected intrunenaushy, ¥ a good diurebi
nsponse ts obtmned such 15 90 to 180 o7 of unme the mpections
of mersiyl should be rpated it mtemaly af a weeh the
ammonwm chlonde bem, pren by mouth for two davs before
the dav of and the day after the mycction @ # for four days cach
weeh  The total flmd mtike durm, the taenty four hours must
be sestricted to 83 oz or less and full Qgiiehsation should be
mamtawmed to contro} the rate of the heart  Lhe flud ntake and
output should be recorded each twenty four hows and the patient
weighed at first daddy md hter weekly The dugree of dehyration
1 reflected n the loss of wapht Mo salt should be used i the
ebolngs of the food and nonc sdded when it 1 eaten  In some
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serial readings are of value as the circulation time n an indisidual
svartes according to changes m hus conditton being prolonged when
he 15 worse and vice versu  They also found 1t of value in deter
mimng whether there 1s or 1s not cardiac farlure 1 the presence
of emphysema te whether the dyspncea 15 predommnantly
pulmonary or cardiac  If the circulation rate s rapid then the
heart 1s well compensated In 7 cases of bronchul asthma the
arm to tongue cwrculation time was found to be shortened The
ether circulation (arm to lung time) 15 measured by injecting into
an antecubital vem 5 m of ether well shahen with 5 m of normal
saline using a tuberculn syringe and a large ncedle  The time 15
recorded from the moment of injection to the moment when the
patient or the obsers er smells the ether in the breath  The average
normal time 15 57 seconds (extremes 6 to 10 seconds) 'The
arm to tongue time measures roughly the crculation rate as a
whole the arm to lung time mndicates the functional capaaity of
the right ventricle In might sided failure therefore the ether
time 15 prolonged the lung to tongue tune (the Decholm or the
magnesium sulphate time minus the ether time) 1s a test for the
functional capacity of the left ventricle Thus Hitzig (84) showed
that 1n 1solated falure of the left ventriele the arm to tongue
circulation time 15 almost always prolonged sometimes up to three
times 1ts normal value but the arm to lung time may be simul
taneously normal Occasionally however with severe left sided
fallure the arm to tongue crculation tme 15 normal possibly
owing to a very powerfully actmg right ventrcle Cottrell and
Cuddie (85) have used the Decoholn method to mvestigate the
cireulation time 1 1 cases of bronchial asthma and found 1t to
be normal both during and between the attacks

Conclusion In our experience using the Decholin method the
arm to tongue circulation time has proved of value 1 distin
gushing between cntdxac and pulmonary dyspnoea especxa\l) m
cases of emphysema or b asthma
fibrllation myocardial degeneration or a valvular ]esmn
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the arm Lo tongue exreulation time  The test 15 carned out before
breakfast with the patient lywng as flat s possible the rght anm
bemg supported at the level of the aunicles Fae ml of a 20 4
solution of Decholn are tnjected through a wide bore needic wto
an, antecabital vemn takng one to two seconds over the mgection
The patient 15 told to raise his left band darectly he pPercenes &
Intter taste under the tongue  The time 15 taken with o stop watch
from the beginming of the injection of the Decholn to the agnal
that 1t ias reached the tongue  The axerage normal time 1s thirteen
seconds {extremes ten to sixteen seconds)  Otcassionally the patient
complains of nausen after the mjection or of pam m the rogion of
the gall bladder  The cirenlation tume » not affected by the weight
height pulse rate or blood pressure of the patient It 15 prolonged
m eengestine hewrt fadure m the majonty of cases to betweea
twenty and forty seven seconds Ihe eirculation fime 15 aba
prolonged 1 myxecdema and polycvthera but shortened m
fevers anemia and hyperthyroidism  when the Iatter 13 not
complieated by heart fature  Bernster and Simbans (83) w1239
used m il to the arm to topgue o
culation tune  Six ml of a 0, solution of magnestum sulphate
are mjected mtraenously imtto an antecubstal vem and when 1
reaches the mouth the patient experiences a transient hot sensation
m the pharvay and tongue which spreads rapudly to the face

hands peoneum and Jegs It 1 adviable to bave ot hond on
amponle of 10 caloum gluconate for unmediate trasenous
wmgection should ap undue magnesum suiphate reachion oceur
Vhath ths method Bernstan and Sunhans found the ayverage stm

0 tongue errouistion time 12 9 secunds (extremes 7 to 1™ § sceonds)

They elassified cases of heart fadure chmeally nlo groups

(1) well compensated (-} with dvspnaa on enertion {3} with
dyspnea and evanosss  (4) with additional pulmonary congestion

{23 with ascites or cedema  In the majonty of cases the ewcalation
fime was prolonged proportionatcly to the degree of heart fulure

up to about thirty seconds  Lessons such as omtral stenosts oF
auncular fibrillation #f not accompined by decompensation bid
siot affect the cureudation twe  The authors state howeier that
the circutation time 15 not  the infalbble diagnostie tool  2£ s
once supposed te b sntitis not realiy uncommen to find o norral
on time 1 4 marhed)s decompensated patient  Hovwever

cxrculaty
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senial readings are of value as the circulation time 1n an indisidual
saries according to changes 1n his condition betng prolonged when
he 15 worse and vice versa  They also found 1t of value in deter
mimng whether there 1s or 15 not cardiac failure 1n the presence
of emphysema e whether the dyspnoea 15 predommantly
pulmonary or cardiac If the circulation rate 1s rapid then the
heart 15 well compensated In 7 cases of bronchual asthma the
arm to tongue circulation time was found to be shortened The
ether circulation {arm to lung time) 1s measured by mjecting into
an antecubital vemn 5 m of ether well shaken with 5 m of normal
salme using a tuberculin syringe and a large needle The tume 1s
recorded from the moment of injection to the moment when the
patient or the obsers er smells the ether m the breath The average
normal time 15 57 seconds (extremes 26 to 10 seconds) The
arm to tongue time measures roughly the erculation rate as a
whole the arm to lung time 1ndtcates the functional capacity of
the nght ventricle  In nght sided falure therefore the ether
time 15 prolonged the lung to-tongue time (the Becholin or the
magnesium sulphate time smnus the ether time) 15 a test for the
functional capacity of the left ventricle Thus Hitzig (84) showed
that 1n 1solated falure of the left ventnele the arm to tongue
circulation time 1s almost always prolonged sometimes up to three
times 1ts normal value but the arm to lung time may be simul
taneously normal Qccaswonally however with severe left sided
failure the arm to tongue circulation time 15 normal possibly
owing to a very powerfully acting night ventricle Cottrell and
Cuddie (85) have used the Decoholin method to mestigate the
creulation tune m 1 cases of bronchial asthma and found 1t to
be normal both durmng and between the attacks

Conclusion In our expenience using the Decholin method the
arm to-tongue crreulation time has proved of value 1 distin
Juishing between cardrac and pulmonary d)spnma especlzﬂy m
cases of emph or hial asthma comp by aurcular

it my ocardual d or a valvular lesion
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Longeope (2) observed areas of deep red moist soldification
the Iungs with purulent matenal m the broncht  The alveoh in
the aﬂ‘ected areas were filled with coagulated serum contaning

red and Jear cells polymorphonuclears beng
rarely seen Campbell et al (3) conslder that the primary process
5P bronchitis and b 1

with swellmg of the bronchial epitheltum and exudation mto the
broneht and bronchioles resulting m cedema absorption of the
contamned arr and locahsed areas of collapse The alveolar walls
become thackened and the alseoli contain mononuclears  4reas of
encephalttis were slso seen Perrone and Vright (1) reported a
fatal case of pnmary atypical pneumoma compheated by
encephalitis the patient dymng on the fourteenth day of the dlness
Foor of increased cellularity were seen n the cerebrum cerebellum
basal gangha and paraventricular tissue  The cells forming these
foct were astrocytes and microcytes There were also areas of
Iymphoey tie pern ascular filtration n the memnges

Clinical and Laboratory Findings The mcubation perrod
vanes from two to twenty one days or longer The onset 1s fre
quently msidious with malaise severe headache a racking dry
cough and muscular pams i the limbs and abdomen Anorexia
may be a marhed feature and at tumes the patient complains of
patn m the chest and dyspnea  or the illness may begin with an
upper respiratory tract catarrh Some cases are apyrewial the
patient hasing a persistent cough with catarrhal symptoms and
the nature of the disease 1s only recogmsed when the lungs are

The usually mses to

100 or 103 F and after remaining at about this level for eight
to ten days falls by lysis although secondary mises of temperature
are sometimes met with

The sputum 15 usually mucod and at tumes contamns a few
streaks of blood or small hamoptyses of a teaspoonful or so
ocur but the expectoration 1s never rusty or of a  prunc
Jwmee appearance It contains no predominating or charactenstie
organisms but mononuclear cells may be seen The physical signs
in the lungs are indefinite and varable small ateas of collapse
ndicated by slight dullness and weuk air entry may appear from
day to day The most charactenstic finding 1s the presence of
showers of stichy rales heard especially after cough over the




CHAPTER IX
THE LUNGS

Pangary AtvricaL PNevvonia
{Virvs PNetaoNia)

Qwivo perhaps 1o the greater facitties for, and importance
attached to radiographic exammuation of the lungs attention has
been wncreasingly direeted during recent years to certan catasrhal
pulmonary conditions usually of a benign chiracter n which the
X ray 8lms show soft shadows 1 the fun,, fields  The term primary
atypical pneumoria has been used to cover a group of allied diseases

such as virus § b ¥ il ! p
broncho pneumoma of unusuil or undetermmned mtiology acute
diffuse bronchiohtts acutet huolitis with atel and atypieal

preumonia with leucoperia  When we have excluded conditinns
of which the cause is thought to be known such as influenza due
to Pfeffer s bacillus or to the viruses A B or X gssocated with
staphylococer or streptococei  the hdation of
psittacosss Ruchettsia mnfections such as the @ fever of Australa
Amercan Q fever and ornithosis we are left with a group of cases
1n winch the cause 1s unknown but 15 probably a xarus and which
may be designated as primary atypical ppeumonm virus pneu
monia OF virus pueumonitis

Primary atvpieal pncumonia tends to appear m small epidemics
and probably alse evists endemically It 35 not hi hly contngious
but may infect doctors and nurses Jooking atter cases m hospital
wards Young adults ate chiefly affected and there 1s no partieular
scasonal incidence  The dietase has not been transmtted to
ammals but Brag,, (1] in 1945 successfully conseyed 1t to human
volunteers by spraying the nose and throat with a bacterum free
filtrate obtamed from the throat washings and sputum collected
{rom patients suffermg from atyprcal pneumoma  Thus 3 out of
12 men recenng this moculum developed the disease twehe o
fourteen days later and cold agglutinns for group O human red
cells were found 1 their scrum n ttres varying from 1/128 to
1 094 twenty to twents seven days after mfection

The mortahts rate of the disense 1 Iow abont 027 and few
obseryations hve been published on the post mortem findings

"
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site for the shadow and owing to areas of atelectasis the dia
phmgm mm be ralsed on one side and the mechastmum corre
if Complications are rare the violent cough
lms been tlmunht to gie mse to multiple fracture of ribs and
halitis 1s & dread devel Venous thrombosts m the
legs and polyarthnitis have been occasmnally desenibed

Cases mav be mistaken for y tubereul pecially
when the  ray shadows are situated near the apex and in other
instances an erroneous dragnosis of primary atvpseal pneumoma
has been made on radiograplic evidence when the patient was i
reality suffering from IJung abscess or bronchial carcmoma At
times the prolonged continuous type of fever with a relatively
slow pulse rate and low white cells count suggests enteric fever
In influenza no 2bnormal shadows are likely to be seen on X ray
exatmunation of the lungs  Difficulty may alse anse with cases
of pneumonia which have been treated with sulphonarudes when
the signs 1 the lungs persist there 1s no leucocytosts and the
\ ray shadow has a reticulated appearance Further an area
of basal bronek with "y changes
may lead to diagnostic dufficulty The lesions of primary atypieal

preumonia do not give mse to subsequent pulmonary fibrosis
Treatment It 15 most important to heep the patient mn bed
until the temperature has been normal for a week and he should
not. resume work until the scdimentation rate of the red cells 15
normal and the N roy shadows hate disappeated Pemieillin
and the sulphs des are useless and the latter may
be dangerous gtving nise to a hemolytic erisis  Dramatic results
are obtamed with the use of aureomyein Ve have seen the tem
perature fall to normal within thirty s:x hours of commencing
treatment with a rapid inprovement 1 the patents condition
The dosage recommended 15 given below 1n the article on Q fever
Steam halations may relieve the distressing cough but 1t 1s wise
to avoud the use of oplates except 1n small doses For severe

cyanosis and dyspneea oxygen should be admimistered by nasal
catheter or the BL B mask

Q FuvER 1¥ GREAT Brream
Dermnek {8) m 1937 fust descnbed @ fever 1 Queensland
Austraha and by mjecting infected blood and unipe into gumea
—e
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affected portions of the lungs  In some mstances there 1s dry
pleunsy and rarely & pleural effusion develops The pulse rate s
often lower than would be expected from the temperature  In more
severe cases there is marhed dyspnacs and cyanous the temperature
is bugh and irregular the patient being severely prostrated  lhe
white cell count 15 usually normal but there mav be g shght leuco
pera  The presence of 2 leucoey tosis would indicate the adyisabality
of reconsidenng the dugnosis  The blood VWassermann reaction
may be positive for @ short period and dursng the acute stage of
the illness the sedument tion ratc of the red eells 1 mereased to
between 20 and 40 mm pluma at one hour

Peterson Ham and Fwlwnd (a) deseribed the presence of cold
agghitinins 1 ha b titre sn the serum of patents suffering from
primary atypieal preumonma and this observation has been con
firmed by Horstoann and Tatloch (6) and others  In the majonty
of cases the reaction is posstive between the sceond and fourth
weeks of the dlness  Didutions of the patient s serum are made
from 1/4 to 14096 1in 1 mi volume and to each tube 15 added
01 ml ofa? / suspension of washed group O human ery throcytes
Thetubesareheptat & C overnight andrexdings mademmediately
on removing them from the e box and mgam after they bave
stood at room temperature for several hours to see whether the
reaction 1s reversible at room temperature and so wdiwative of
the presence of a true cold agglutimn  fhe test 15 not entarely
specific as 1t s been obsersed s Afncan try panosomsss

Although there are no typical X\ ray findings the diagnosis
cannot be made i the abscnce of abnormal shadows i the shia
gram of the tungs  There 1 often a marhed discrepancy betweer
the extent of the chimcal and radiological findimgs the latter being
moore extensne  further the shidows i the film frequently persist
for some tsme fter contalescencd i establshed and the patient 18
afebriie  Patcky opsoties may be seen somewhat resembling
those cast by areas of bropchopncaumem . Lhey are often rregulae
mn shape and vague in outhne and may hase 4 hazy of ground
glass appearance mgratng m posttion from day to day At
fimes the affected areas present 1 yenicnhited appearance Camp
bell et ol (3) found that &k of the lesions were situated at the
base each side bang oqually affected  Drew ot al (7} observed

that the costo-phreme anglc copeci iy on the loft sude 15 6 commIOn
AT -,
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with lobar consolidation pleural friction or pleural exudation The
spleen may be palpable Derrick described conjunctival congestion
1n 2 of hus onginal 9 cases ™\ ray examunation of the lungs shows
patchy rather umform shadows which may persist after the patient
15 apparently recovered Rickettsial affections mn man are usually
accompanted by shin rashes but this 1s not so i Q fever There
15 no naso pharyngeal catarth The temperature often falls by
Iysis after a weeh but the febrile period may be prolonged to three
or four weehs There 1s usually no anzmia and the white cell count
18 generally withon normal hrmts although there may be a relative
ar absolute Iymphocytosis  The virus was found i the blood of
8 of Dernich s cases but in only 8 cases 1n the urine The serum
taken by Dernick an the twelfth and twentieth days of the disease
showed an increase 1 agglutination titre with a nickettsial emulston
from 11 4 to 1 m 20 The death rate 15 low some authorities
placing 1t at 1 1 500 cases and the prognosis 1s worse 11 patients
after the age of fifty

MacCallum and hus co worhers (12) wha mvestigated the cases
described by Harmn concluded that the nurse two pathologists
and the post mortem attendant who were victims of the disease
were all infected from the same pattent  The 1ncubation period 1n
the case of the post mortem attendant was fifteen days which
agrees with Dernick s figure of fifteen days or less  They further
found an endemic focus of Q fever at a town mn the South East
of England I' burnct being molated from the raw milk from
some of the farms m the neighbouring area although the cows
appeared to be healthy Ywhittrck (13) reported on the post mortem
findings 1n the fatal case 1n Harmans series Richettsie were
found in the lungs spleen testis bram and kidneys The mucro
scopical appearances of the lungs resembled those found
psittacosis and virus pneumonia

Manderson (14) deseribed a case in Bristol m 1949 which pre
sented the chinical features of Q fever and m which specumens of
serum tahen on the twenty sixth and thirty mnth days of llness
gave a positrve agglutination 1n a titre of 1 1n 80 This was con
sidered to be diagnostic and as the first specimien was obtamed
over three weeks after ithe onset of the illness a nise 1 htre was not
to be expected  Further obsertations on the strans of B burnefs
1solated in Great Britan Faay e been made by Marmion and Stoker (15)
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pigs Bumnet and Yreeman (8) found the cousattve agent to be o
rickettsia the Rechettsia burnett  Dernek descrbed 9 cases occurning
among employees 1n s large meat works and said the name @
fever was chosen untyl a fuller hnowledge showld allow a better
name Q fever has subsequently been recogmsed 1 Turope
Afnea and America  Spenific agglutmation or complement fixation
reactions are gnen by the mekettsin with serum from Q fever
comalescents the antibudies persisting for seseral years The
b buraet has been found 1 the bandicoot o small bush ammal
and w various tichs It was first thought that infection oceurred
m man by mhahing, dust contaming dued tich excreta It was
subsequently shown that occupational exposure to dauy eattle
and dnnkmg raw mulh from infected cows were the most lihely
sourees of human nfection  The cows do not appear il but have
a chronie wfection of the udder from wluch the mulk becomes
contamsnated

Stoher (10} 1n 1949 workmng 1 Cambndge tested speamens of
serum from patients diag 1 as sufle from atvpical p
and found Q fever complement fixing anhibodies 1n 3 specumens
ontof 24 exammned  Puo of these patients had nes er been oy erseas
and this was regarded 55 es idence that Q fer er oceurs m the Brtish
Isles  Later m 1949 Harman (11} desertbed 8 cases of Q feser
treated at the Roval Lancer Hospatal London  The diagnos:s was
confirmed by serological tests and by wsolating the B burneti m
one case

Chnicat and Laboratory Findings  The disease 15 charactensed
by @ sudden onsct The temperature often res ripdly to 103
or 10t F It meay fall to normal onee or twice 1 the twenty four
houts and this 1s thought ot to be due entuely to taking antt
pyreties The pulse ts slow and there are often heavy sweats w ith
FIgOTS M SCYLTE cases Prostrtion delinum and even coma have
heen desertbed  Headache  both retro orbital and ocapitt 18
sesere together with generthned muscular acng Within 2 few
days a dry wntating cough pppears which aggrar ates the headache
Occastonafhy o bitle blood stamed sputum b cpectorated  Chest
signs although shght <an Ye found on carcful examination  there
are small areas 1 the tungs of lugh pitched bronehial breathmg
with fine raies suggestive of localined akeolar cxudation with
lobular collapse or consolict ttion & fow crses ha ¢ been deseribed
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Norway Finland Guernsey and Amenca the former method has
been adopted 'The cattle are tested by the injection of tuberculin
and the positi e reactors 1ncluding those infected with tubereulosis
are disposed of erther by slaughtermg or by remos al from the herd
The ammals are retested with tuberculin every s1x months In
this way  attested herds  are formed wluch are free from tuber
culosis and yield a pure mulk supphy  Area eradication 1s the most,
effectine method of stamping out the disease in cattle Al the
herds 1n regions large and small must be attested  In this
country a certificate of attestation 1s 1ssued by the Vhnistry of Agn
culture and Fisheries and according to the quarterly statement of
the Mmustry of March 1920 the numbers of attested herds
were England 20968 Vales 14 204 and Scotland 120.7 It 1
probable that in Great Britamn about 20/ of milk comes from

attested herds whereas the average meidence of tuberculosis
1n dairy cows not so attested 15 20 to 2. /

The designations m force n connection with the sale of mulk 1n
this country are as follows —Tuberculin tested midk  Ths 1s mulh
from cows which pass a 1 vetermary ton and
tuberculm test If the mulk 1s bottled on the farm 1t may be de
seribed as Tuberculin tested milk (certified) Tlns milk may also
be pasteunised  Accreduted malk This 15 raw milk from cons whieh
pass a dical 1eterinary e but not a tuberculin test
It must satisfy the same bacteriological tests for cleanliness as raw
tuberculin tested milk  Pasteurised mulh  Thus 15 milk, which has
been retamned at a temperature of 145 to 150 F for at least thirty
minutes or which has been retamed at a temperature of not less
than 16> F for at least fifteen seconds It must pass a methylene
blue reduction test for cleanliness and keeping quality and a
phosphatase test to mndicate whether the heat treatment has been
adequately carmred out

In order to stamp out n addition to tuberculosis brucella and
other mfections conveyed by nulk the only safe way 1 that of
unnversal p to which unf there 15 & good
deal of opposition at the present

Infection by Human Tubercle Bacilli

1t used to be taught that nurses and doctors and others in contact
with open cases of pulmonary tuberculosts were not 1n danger of
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Differential Diagnosis Demnch constdered the possibility of
the following conditiens when he was miestrgating hus cases —
Lyphus feser undulant fever typhoid and paratyphod fevers,
leptosp and mfh It 15 probable that cases 1n this country
have been mistaken for virus preumoma

Treatment  Apart from symptomatic treatment for relief of
headache the drug of chowee 15 sureomyain It should be gnen in
capsules by mouth each capsule contaimng 250 mg  Smaller
capsults of 50 mg ar. made which can be used for ehiddren  The
dailv dose recommended 1s 15 to 20 mg per hg bodv weight For
on adult 250 m,, 1s gren every six hours for the first twenty four
hours then 500 mg es ery six hours for two days and then 1,000 mg
every six hours untd the temperature has been normal for forty
eght hours  The response to aureomycin 15 often dramatie the
temperature raprdly falling to normal the headache vamshing the
sweatmg ceasing and the patient feeling well and ashing to get up
In very severe cases the temperatur. may not fall to normal for
over ten davs  Towe regctions are rare but nausca and somting
may occur which can usually be relteved by alhalss

Iup Prrerstion oF TUBLRCOLOSIS

The Irrge number of cases of tuberculyss m thus country and
abroad constitutcs a challenge to the public health authorities and
mvites us to consider what ste ps can be t1hen to control and eradtcate
the discase  There are two types of tuberele bacillus which affect
man the bovine ‘mnd the human  bovine tuberculosis 15 a disease
of cattle and children areite chiref v sctims the source of the infietion
bewm,, ik or butter contaimny, hiving bovine baedh

Basige Tuberculosts

Cinldhood tubcreulosts due to bovmne nfecton msolves €5
pectally the glnds bones ind testines although sometimes the
Jungs are affected both in cluldrcn and mn adults  Bottne tuber
culosts could be completehy eradicated by the applcation of
efficzent public health measnres to ensure « pure milh supply and
10 certam countrics such us Ameney and Seandmavia ths has been
svery lnrgely effected This destrable result can be acleved m twe
wavs esther by stamping out the disease from the dairsy herds or by
Lling the tubercle bl in nfected mulb. by pasteurnation  In
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Norway Finland Guernsey and Amerca the former method has
been adopted  The cattle are tested by the mjection of tuberculin
and the positive reactors including those mfected with tuberculosis
are disposed of either by slaughtenng or hy remoyal from the herd
The anumals are retcsted with tuberculn every six months In
this way  attested herds  are formed which are free from tuber
culosts and yield a pure milk supply  Aren erdication 1s the most
effectne method of stumping out the discase m cattle Al the
herds 1n regions large and small must be attested  In this
country a certificate of attestation 1s 1ssued by the Munsstry of Agn
culture and Fishenes and according to the quarterly statement of
the Mimstry of March 19,0 the numbers of attested herds
were Ingland 20 568 Viales 14 704 and Scotland 125 7 It 1
probable that 1n Great Brtun about 20 / of milk comes from

attested  herds whereas the average maidence of tuberculosis
m dairy cows not so attested 15 20 to 20/

The destanations i force m connection with the sale of milk 1
This country are as follows —Tuberculin fested mulk  Ths 15 ik
from cows which pis a periodical vetermary evamination and
tuberculin test  If the mulk 1s bottled on the farm it mav be de
scnbed as Tuberculin tested milk (certified) This milk may also
be pasteunised  decredited malk This 15 raw mulk from cows which
passa dical 1 etermary but not a tuberculin test
It must satisfy the sxme bacteriological tests for cleanliness as raw
tuberculn tested mulk.  Pasteurised malh  This 1 mulh which has
been retained at a temperature of 145 to 150 F for at least thuty
munutes or which has been retamed at a temperature of not less
than 162 F for at least fifteen seconds It must pass 4 methylene
blue reduction test for cleanliness wnd keeping quality and a
phosphatase test to indicate whether the heat treatment has been
adequately carried ont

In order to stamp out m addition to tuberculosis brucella and
other mfections convcyed by mulk the only safc way 1s that of
universal pasteurisation to which unfortunately there 15 a good
deal of opposition at the present

Infection by Human Tubercle Bacilli

Tt used to be taught that nurses and doctors and others in contact
with open cases of pulmonary tuberculosis were not 1 danger of
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contracting the disease and that adult pulmonary tuberculosis
was 1n the large majority of cases due to a reactisation of a cluld

hood infeetion  Such a view has fortunately been discredited

23 1t engendered a false sense of secunty and led to a neglect of
adequate precautions It 15 now unwversally recogmised that
pulmonary tuberculos:s 1s a herd discase transnutted usually by the
mhalation of tubercle bacill:  Those closely associated with tuber
culous patients may become infected from the patients cough by
droplet infection or by contamination of the fingers by touclng
objects infected with drying sputum  Nurses when making beds
may mnhale dust containing tubercle bacilli disturbed and seattered
n the air when the blankets and sheets are shaken Children 1
homes where onc or both parents suffer from open tuberculosis
are almost certain to become infected  The same apphes to children
taught by a school or schoolmistress who has  open ’
disease or who are looked after by a nurse stmilarly affected By
an ‘ open case 1s meant one m which tuberele bacilli are found
m the sputum

The Mantoux Test

This test enables us to determine when children and young adults
become 1nfected with tuberculosis It 1s performed by njecting
mto the shin of the forearm 0 1 ml of old tubereulin (O T ) diluted
to 3/10000 The arm 15 observed forty ught hours later and &
positis ¢ Teaction consists of a central zone of oedema not fess than
5mm 1n diameter surrounded by a zone of erythema If the test
15 negatiie 1t 1s repeated twenty four hours later using now 01 mi
of /1000 0T If this 1s negatir ¢ o thurd test 1s made with 01 ml
of 1/160 O T The first test should be m1de m the lower part of
the forearm the succceding ones at higher levels At birth all
chuldren are Mantoux negatise  In cluldren of the hospital class
at the age of two to three years 709 are Mantoux positive when
they have been in contact with  open  cases of pulmonary tuber
culosis whereas only 12 / are positive when they are non contact
cases  During school life 40 % of these non reactors become infected
with tuberculosis This 1s known as the primary infection % 1th tuber
culosis and In many cases g es nse o no symptoms of 1l health
T ater when the pnmary focus has ealeified 1t may berev ealed by
\ ray exammation About 20 to 30% of medical students and
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nurses who begin work at hospitals are Mantoux negative in

dicating that they have not been infected with tuberculosis and
during their work n hospital the majority of the negative reactors
becorne positive showing that infection has occurred At the time
of conversion from Mantoux negative to Mantoux positive the
indinidual may notrce symptoms of 11l health  He or she may lose
werght become easily tired run a shght temperature or erythema
nodosum mav appear Others show more defimte evidence of
pulmonary tuberculosis A shadow may be seen 1 the lungs on
X ray examination or a pleural effusion may form It has been
found 1n Great Britain by Damels (16) that of 2 120 nurses who
were Mantoux positrve when first exarmined 43 or 2/, developed
tuberculosis while working in hospital and of 45° negative reactors
27 or 6/ developed the disease

No nurse who 1s a negative reactor should be allowed to work 1n
a sanatorium or look after cases of tuberculosis elsewhere  Special
care should be taken 1n general hospitals of nurses or students at
the conversion pertod  Lhe chest should be X\ rayed and the nurse
taken off duty for three months A second X ray should be taken
at the end of six weehs Esxtra mulk and eggs should be ordered
1f at any tune during this observation period any of the symptoms
of 11l health mentioned above are noted the nurse or student should
be warded a record of the temp taken the sed
rate of the red cells d termined and the sputum if any and
stomach washings examned and cultured for tubercle bacilh

The following precautions should be taken by nurses looking
after open cases of tuberculosis 1n a hospital or sanatorum —

1 Nurses must wear masks and gowns when carrying out any
nursing treatment Masks are to be worn once only and after use
placed 1 a special contamer for sterbisition Gowns must be
changed daily

« Sputum pots must contam 2 / lysol and must be changed
twice & day  Chey are to be soaked i 2 / lysol for twelve hours
before emptyng  Gloves must be worn when handling sputum pots

8 All crockery and cutlery used by patients must be boiled 1 &
special crockery boiler and then washed

4 All sheets pillow cases blankets pillows and mattresses must
be put 1nto a special container prior to stenhsation Nurses must
wear mashs and gowns when handling the bedding
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5 Patients must wear a mash during exammations of the chest

6 TPatients must use paper handkerchiefs These are to be placed
mn a special paper bag after usc and burnt  Handkerchiefs must
not be hept under the pillow

7 Allnewspapers and books are to be placed after use 1n a dressing
bin and then burnt

8 Any food not eaten by the patient must be put in the rubbish
bin and burnt

9 On admussion the patients day and might clothes must be
sterthised and then sent to the relatries or hept until the patients
discharge  The patient shall wear hospital clothes wlich are
subsequently sterilised with the bedding

In hospital unsuspected cases of pulmonary tuberculosts
especially 1n surgical wards are a source of danger to nurses This
has been shown by S (17) The meid 15 probably about
4 per 1000 4l patients admitted to hospital should have a chest
exammntion by minture radiography a soon after admission 2$
possible

B CG Vacanation

For many years after the discovery of the tubercle baallus by
Koch 1n 1882 attempts were made to rase the resistance of the
ndrvidunt agamst the disease by means of a vaceine

The Bacille Calmette Guénn saccine (B CC ) 1s a stable lning
culture of bovine tubercle bacilli produced by Calmette and Guérin
(18) 1n France 1n 1906 from an orgamsm 1solated from the milk of
a tuberculous con By subeul over 1 period of thirtren years
its virulence was reduced so that the bot ine bacilli beeame avirulent
to wumals and man  On imjection nto an ammal the yaceine
produced a localised nodular lesion with no cissemination of the
disease It was found that virulent tuberele baeilli could be njeeted
mnto the vaccmated wmal without harmful results In 1971
Well IIE (19) first used B € to vacanate children an Pans
and Irvine (20) states that by 1931 oy er a milhion chuldren through
out the world had been so vaceinated  In 1930 BCC fell inte
distepute owing to & tragedy at Lubech in Germany when after
noculating by mouth 271 infants 77 died of tubcreulosts It was
Jte proved that the vaccme used was a micture of BCG and 8
virulent strun of hiving tubercle bacill hept m the same incubator
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Those responsible for this malpractice were imprisoned (21)  Smce
then 1t 1s probable that no fatalities have followed the use of the
vaceine

Attention has been directed to possible difficulties and disadsan
trges in the use of B C G by Wilson (22)  Thus the vacene should
be used withm fourteen days of 1ts preparation It should be kept
at a temperatutc of 3 to 6 € The virulence of the vaccme s not
fixed so thatifits too virulent there may be harmful local reactions
and 1f the virulence 15 too feeble mnadequate protection will be
afforded The vaceine must be injected into the superficial layer of
the skin 1f 1t 15 given deeper long standing ulcers may form  When
used to vacemate infants born of tuberculous mothers the mfant
must be tahen away from the mother at birth or 1if taken awav
later the infant must be observed for six weeks after separation to
make sure that it has not eontracted tubcreulosis  After vacemation
the infant must be kept away from a tuberculous parent for two to
three months to allow wnmumity to deselop  The fict that the
vaccmation has taken 1s shown by the conversion of the Mantoux
Teaction from negative to positive and this oceurs n over 85 / of
cases vacemated mtradermally

‘Very satisfactory statistics have been published from Scandinavia
Heimbeck (°3) mn Scandwavia found that a large proportion of
student nurses became nfected with tuberculosis early m ther
hospital tramng 50, of the nurses bemng negative reactors on
entermg hospital  Of the negaty e reactors 79 6 / developed tuber
culosis but only 26/ of the positive reactors  With the use of
BCG toconvert the negative to positive reactors the incidence of
tuberculosss fell to 23 4 n this group

Nordwall (24) 1n a traimng school for nurses n Stochholm found
that before the use of B C G 10 / of the negative reactors dey eloped
tubereulosis duning, therr trammg  After vacoimation with BCG
only on¢ nurse dexeloped tuberculosis and that 1n a mid form
Malmros (5) wnting from Oerebro Sweden powts out that

conscientions tubereulin testin  has perhaps been used to a
greater extent mn Scandinavia than elsewhere and 1t has been
obsers ed continuously that previously Mantousx negatrs e adolescents
falt 11l with tuberculosts

Vallgren (26) who 15 largely responsible for the widespread use
of BCG vaccination 1n Sweden savs that revaccmation 1s not
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commaonly donein that countrs  The tuberculin sensitivity persists
for three to ten years or more and affords protection during the
most susceptible childhood ages

Hertzberg (27) of Oslo g es authontatiy ¢ statisties of the results
of BCG vacanation m Norway where such 1accmation 15 now

p v All those 1 d were negative reactors and the

majonty became positrig reactors two months later In many
cases the tuberculin reactions became stronger as time went on and
this 1s considered to be due to the supers ention of & reaction due to
the human type of bacillus 16 to the vaccimation allergy
induced by the BC ( 15 added o supennfection allergy ~ due to
contact with human tubercle bacitl as bov ine tuberculosis has been
eradicated from Norway  Hertzberg found that protection 1
greatest when supennfection follows BCG sacanation at an
ntersal of about four vears

Rosenthal (28) and s colleagues in America record thewr ex
periences of thirteen ycars study of BCG They found that the
application of the vacene to all age groups is a safe and effectine
procedure  They used the method of multiple puncture scarification

BCG vaceination 1s now being used in certamn hospitals n
England to give protection to the staff It should be offered to
nurses or students who are negatni e on two consecutisc tests made
at an interval of two weehs to O T 1/100 The second test should
be made with a different batch of O T from that used on the first
oceasion  No vaceination must be given to an indinidual suffenng
from measles whooping cough eczema furunculosis or to one
bemng moculated sgunst another mfection such as diphthena
The BCG must be done dately after the second
negative Mantou test  The vaceine must be shahen well before
use 1if there 1s more than a faint haziness or if clumps are observed
10 the flmd after shaking the ampoule should be discarded A glass
tuberculin svringe fitted with a Luer needle No 2o0r 26 (BW G)
1 or 4 inch long 1s used for the injection  The shin over the left
deltord 15 cleaned with spuit and 0 1 m! of the yaccine contatning
05 mg per ml 15 njected strictly mtradermally A wheal about
5 mm m dameter 1s produced Mo dressing need be appled  In
\nfants the injection may be made into the shin of the outer surface
of the buttoch  Vacemation may also be performed by multiple
or by scanfieation A stronger vaceine 15 then required

puncture
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contamung 20 mg per ml  This vaceine 1s not obtamnable m ths
country  For further information the reader 1s referred to the
Ministry of Health Vlemo (29)  \fter vacemation the nurse must
be segregated from exposure to tuberculosis for six weeks The
Mantoux test 1s then repeated and should now be positie to
1/100 O T If the test 1s negative yaccination should be repeated
mmmediately and segregation agam enforced for six weeks A local
reaction with a small shallow ulcer about 10 mm 1 drameter may
develop after three to sxx weeks which may take two months to
heal The VMantoux test must be repeated every twelve months
after successful vaccmation and if 1t becomes negatise re
vacewation should be carned out

It 15 hoped that the results obtamned in England will be as good
as those 1n other countries but in every case of exposure to  open
tubereulosis there should be no relaxation of other safeguards
agamnst infection such as disinfection of sputum and avoidance of
contact with droplet infection and with mfected articles Pul
monary tuberculosis developing in adults over the age of forty
accounts for 2 large number of ¢1ses in all countries  The incidence
1 this group will not be affected by vaccination himited to children
and young adults Further as stated above these infected adults
are largely responsible for the desel of pul y tuber
culosis i young children In the programme already planned for
the control of tuberculosis little attention has yet been paid to the
problem of the re infection of adults oy er the age of forty

Mass Miniature Radiography
The use of mass mimature radiography for selected groups of
Bts such as factory workers and those in the services has
_aled an madence of about 4 per 1 000 unsuspected cases of
aonary tuberculosis  In some cases a shadow 1s scen 1n others
vity The discovery of a shadow often causes unnecessary
and despondency as frequently the disease » not active
such a shadow 1s seen the patient should be admitted to
Lin order to try to deeide whether or not the disease 1s active
wctical difficulty 1s the long watting period before a bed 15
= and what the unfortunate mdiadual 15 to do in the
tle Those cases with a cavity are almost certainly actise
Jequate accommodation can be provided for the 1solation
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and treatment of the active and  open* ¢ases mass radiography
appears of httle value erther as a preventive or curative measure

ARTIFICIAL PNEUMOTIORAN

Historical  Carson (30) of Liverpool in 1822 first suggested
that air might be wdmitted mnto the pleural cavity as o therapeutic
measure n certam diseases of the lungs  Cayley (81} 1 1885
at the Middlescx Hospital London was responsible for the
establish of a horax by pleurl masion m a case of
intractable hemoptysis  Torlamm (32) 1n Italy must undoubtedly
be regarded as the originator of the modern pneumothorax treat
ment by puncture “or pulmonary tuberculosis hus work dating back
t0 1882 Lillingston (33) 1n 1910 was one of the first to adopt this
method n England

Tue IxpicaTions

Collapse of the lung by the mtroduction of -ur mnto the pleural
space 15 chuefly of value mn the t of pul y tubercul
Xt 15 sometunes used for the relief of pain 1n dry pleunsy associated
withp or with a peripherally situated bronchral
Ad 1¢ artifiern] p 1 may be helpful in determining
whether a shadow shown by X ray examination 15 ntrapulmonary
1n the chest wall or d with the diapl or m

Pulmonary Tuberculosis There 1s a tendency now not to
hasten to establish an artificial pneumothorax immediately
pulmonary tuberculosis 1s dragnosed but to sce first how the patient
responds to bed rest combmed with streptomyem and P A 5
therapy  Artificial pncumothorax 1s of value 1n umlateral dnease
with or without thin walled ecavities when dense fibrosis 15 not
present It may also be employed m simular types of bilateral
lesions either as a bilateral p horax or as a umlateral
pneumothorax combined with a phrenic erush operation on the
other side and an artificial pneumoperttoneun  In cases of
hxzmopty sis which do not respond to other methods of treatment
the introduction of about 800 ml of ar inta the pleural space may
sometimes control the blecding It should only be attempted af 1t
15 reasonably certamn which lung s the source of the lrcmonmz:
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I ContRA INDICATIONS

An artificial pneumothorax should not be induced 1n mulary
pulmonary tuberculosis nor 1 verv touc exudatis e lesions of the
pneumonic or broncho pneumonic type  In such cases the dyspooca
15 increased by an artificial pneumothorax and the general condition
of the patient rapidly detersorates There 15 also a senous nish of
the formatton of a tuberculous empyema A satwfactory collapse 1s
not usually obtained 1n chronie fibrotic lesions or with thich walled
cavities  Actnve tuberculous tracheo bronchitis especially when
there 15 bronchial stenosis as shown by bronchoseopy 1s another
contra indicatton  Here again there 1s a rish of tuberculous em
pyema Tension cavities m the lungs resulting from partial
bronchial obstruction so that air enters on mspiation and does
not come out on expiration often become larger when the lung 15
collapsed by artificial pneumothorax

A cavity at the apex of the dorsal lobe 15 difficult to collapse by
an artifical pneumothorax alone but an additional phrene erush
on the same side together with an artificial pnenmoperitoneum has
m our experience at times been successful In some cases a fawr
degree of collapse 1s obtained by the pneumothorax but the diseased
portion of the lung 1 not adequnbely refaxed owing to adhesions
Under these should not
be made for four to six wecl\s as the wdhesmns if fine often stretch
The thoracoscopist should always err on the side of caution
attempting to divide thick or awkwardly situated sdhesions as
serious sequele may result from heemorrhage or empyema  Despite
what 15 said to the contrary those who have carried out practically
every refill themselves on patients for many years will agree that
many of thewr most satisfactory cases engaged n full work have
what 1s known as a bad horax with dense adh and
much pleural thickening  Cavities with flmd levels however which

do not close are an indication that the pneumothorax should be
abandoned and some other form of collapse treatment attempted

As poimted out by Young (31) the greatest cause of fallure of an
artificlal pneumothorax is lack of continuity personnel The
trouble has been that the techmique seems so easy that 1t 1s carmed
out by mexpentenced workers who do not understand either the
proper selection of cases or the finer pomts in its conduct  The
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patient should always be screened immediately before the refill
and the whole treatment lasting for seseral years should be carned
out by one mdividual

Tne Mernop

The requirements are as follows —

Pneumothorax Apparatus There are several tvpes 10 use
The Lillingston and Pearson apparatus 1s that which we usually
employ It has the advantage of simphiaity, and can be used both
for mnserting air and also for 1emoving 1t 1n cases of spontancous
prneumothorax

The of the p horax apy can be seen by
arefercnce to the diagram and a detailed deseription 15 not necessary
(see Fig 43) A and B are glass bottles B being graduated n ml
from 0 to 1100 € 1s ~ glass manometer D 15 a four way glass
connection I 1s 1 glass connection I" and G are glass filters
contanming sterile wool 1I I T and k are glass tubes L M N
O and P are rubber tubes Q15 the needle 1,2 3 and 4 are chps
on the rublber tubes

a3

&
Duagrammatic representation of Wodifie! Illingston an
Fl?mﬁun l'nf\rxmml orax Apporatus The bottle B is graduated in

ml from 0 to 11
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Pneumothorax Needles The needle used for the primary
induction 1s often referred to as the No 1 needle The form devised
by Chve Riviere 1s commonly employed It consists of a blunt
ended <annula with a thin edge for pencrating the pleura and a

8¢

Fic 44 Chve Riviere Deedle {(No 1 Needle)

trocar for prereing the fissues of the chest wall The needle used
for refills 1s of 2 different pattern 1t may be referred to as the No 2
needle The Saugman pattern 1s the one we prefer Thus 15 shorter
than the No 1 needle and has a bevelled cutting edge Iike an
ordmary hypodermic needle It is provided with a stilette for
clearing purposes These needles are illustrated 1n the text (see
Figs 44 and 45) The Morland needle has a solid pomt with &
lateral opemng near the tip It must be dry stenhsed as a drop of
mossture 1s very hable to cause bloching

A 2 ml syrnge and hypodermic needle of sufficient length to
reach through the chest wall to the pleura (This distance 1s
rarely more than 3 em )

Stenle 2 / procawne hydrochlonde solution

Jodme spirit lamp and stenle towels

Some restorative such as brandy or adrenalne should be at hand

Asc

_— D

Frc 45  Saugman Needle (Mo @ Needle)
with Rubber Cap to act as & Stuffing box
Preparation of the Apparatus  The glass bottles rubber tubes
glass tubes and glass filters are all sterilised by boiling  The needles
are sterilised by placing them 1n spint and subsequently flarung
The manometer 1s filled to the zero point with water coloured with a
hittleredink  This does not stamn the glass and makes readings easy
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The glass filters ave filled with stenle cotton wool ‘The tubes are
placed m position  Bottle A 1s filled with coloured solution of
perchloride of mercury (1/1000) or with 1/100 carbolic acd  The
flurd 15 passed o cr to Bottle B, by blowing o little aw into bottle L
with 1 Higginson syringe attached to the tube H wlich starts the
siphon action  With the chips 1 2 and $ open the flwrd 1n the bottles
can now be run from one to the other by raising or lowerng onc of
them Half the fluid should be left 1n bottle B and half m A The
apparatus should be ¢ xammned to see that there are no leaks before
use This can be done by closing clips 8 and # and apening clips 1 and
2 If now, bottle A 1s raised arr will be driven from bottle B into
the manometer and the flmd 1n limb € depressed  The levelin the
manometer should remam constant as long as the bottle A 1s hept
m the same position  In the same way 1f bottle A 1s lowered the
flmd 1n mb € will mse It can easily be ascertaned that air ean
be driven through the pneumothorax needle by opening elips 1
2 and 4 and closing 3 If the end of the needle 15 now put under
methylated spint, having withdrawn the trocar and closed the side
tap aw will be scen bubbling from the end of the needle on rasing
bottle A
Preparation of the Patient The patient 1s mbed  He should
be giien an aperient the mght before the operation and the 1
duction should not be made immeditely after a meal  Half an
bour before the opcration an mjection of } gr morplun sulph
should be given 1n order to calm the patient and dimmsh any
tendency to pleural shock  If the pneumothorax 1s to be nduced
on the nght side of the chest the pattent hies on Ins back turned
towards lus left side With the nght arm forward above the head
which 15 kept low and a pillow 1s placed under the chest and left
shoulder so as to widen the intercostal spaces  The site of efection
for the first puncture 15 i the sixth space in the anteror avilfary
regron  The shin over this area 1s painted with rwdine and stenle
towcls placed on the bed clothes and agunst the chest
The Operation The procame solution 15 mjeeted about 2 ml

beng used  The shun over the intercostal space 1s held taut with
two fingers of the left hand  The needle 1s then wnserted obliquely
Just m front of the flogers and 2 little procmine njected mtra
dermally 10 cause a bleb After a sbort pause the necdle 13 mmc‘d
mto a posttion 2t nght angles to the chest wall and gradually
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pushed through the intercostal space  Procame 1s slowly injected
as the needle moves downwards to the pleura Care should be
taken to mject the solution right down to the pleura as this
probably plays 1 part mn the presention of pleural shoch winch
may cause a fatal result

The patient must now be warned agamnst coughing dunng the
operation  If the destre to cough 1s irresnstible due warming must
be given otherwise the sudden increase 1n the pleural pressure
when the patient coughs with the pneumothorax needle 1n the
pleural eatity would dme the flmd out of the monometer  This
can be prevented if warning s guen by squeezing the tube N
leading from the needle to the manometer or by closimng the clip 4

The rubber tube N leading to the manometer 1s attached to the
side arm of the No 1 needle Clips 1 2 and 3 are closed and clip 4
opened With the trocar m position the needle 1s pushed through
the shin at the anmsthetised spot and through the mtercostal
muscles for about 1 em or less 1f the patient 1s very thin It must
be held firmly 1n the hand with the top of the trocar n the palm
and not 1n the position of a pen between the fingers The trocar 16
now withdrawn and the stopeoch turned so that the lumen of the
needle 15 1n communteation with the tube leading to the manometer
The cannula 1s now pushed on throuph the remainder of the inter
costal muscle down to the pleura

When 1t 15 1n contact with the pleura but not through 1t an
oscillation will probably be observed n the manometer not drectly
synchronous with respiration and of small extent The cannula 15
now pushed through the pleura which can often be felt to gre way
with a snap  Great eare must be taken here not to penetrate the
lung  VWhen the cannula 15 1 the pleural cavity the flmd i the
Lmb C of the manometer falls below zero and oscillates with
resplrsmon These oscill ly with the

ts fallmy, with m the imb C of

the manometer and nsing with expiration A readin,, 1s now taken
each centimetre of fall of flmd 1n the hmb ¢ correspondmg with a
change of pressure in the pleural cavity of 2 em of water The
oscillations should be at least 3 to 6 em  and are often as much as
10 em  Thus s reading of — 10 — 2 may be obtained giving a
mean negative mirathoracic pressure of — 6 ecm water The
respiratory fluctuations are greater when the patient takes a very
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decp breath but the reading should be taken with ordinany
moderately deep breathing  The needle m 1y become bloc! ed duning
1ts passage through the deeper parts of the chest wall m which caset
can be cleared with the stilette which 1s supplied with the No 1
needle  The visceral laver of the pleura may also come in contact
with the end of the cannula and cause obstruction Letting in a
small quantity of aur by opening clips 1 and 2 1s the best means of
dealing with such a conditton  When 1t 15 certain that the end of
the cannula hies free 1n the pleural cavity air may be admtted This
1s accomplished by opening the clips 1 and 2 when the air 1s sucked
from the bottle B into the chest and fld passes over from bottle
A into bottle B to take its place  When about 100 ml hase thus
passed m by suction the bottle A can be raised shightly and another
200 ml of mir admitted The clips 1 and 2 are then closed and the
manometric readings taken for mspiration and expiration with the
patient breathing quietly and moderately deeply as before  They
il still be negative unless the ar has been mjected into a small
loculated pleural space  These readings may be — 8 — 1 The
mean pressure would 1n this case be — 4 5 The pressure changes
and the amount of air mjected would then be recorded as follows
—6 300m! —35 Itrstobenoted that with this ppeumothorax
app watus readings of mtrapleural pressure cannot be tahen while
air s flowaing in The clips 1 2 and 3 must be closed in order to
obtam a reading  The needle ss now withdrawn from the chest and
a little 10dine agam apphied to the site of the puncture A collodion
dressing 15 not usually required  If there 15 a tendency to cough a
large pad and a firm chest binder should be used 1n order to minimise
extravasation of air  The patient 15 hept 1n bed at rest for the first
month of pneumothorax treatment
Refills The same apparatus is required as for the imtial pret

mothorax operation but a No 2 needle (Saugman) 1s used The
patient 1s prepared as before but it 1s not usually necessary to gre
a prelminary njection of morphine unless he 1s yery nervous It
1s wise however not to omit the anmsthetisation of the pleura with
procamne as death may follow from pleural shoch i refills as well as
dunng the pnmary nduction A spot close to that used for the
snduction 1s chosen  The rubber tube leading to the manometer 15

attached to the sde arm of the Mo 2 necdle with the stilette shg;n;l‘y
4

withdrawn so that 1t does not protrude beyond the point
-
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pneumothorax apparatus has already been prepared with the flind
1n bottle B up to the 100 mark the remaimder bemg i bottle A
The chps 1 2 and 8 are dlosed  The needle 15 now pushed straight
through the chest wall at the anesthetised spot 1nto the pleural
cavity Durectlyt 1s felt to enter the stilette 1s withdrawn and the
stopcoch closed so that the lumen of the needle 15 1n communteation
with the manometer The flnd 1n the manometer will now oscillate
The pownted needle 15 used as the air mtroduced at the primary
induction {on the previous day ) will prevent the lung bemng injured
The reading 15 then taken This will be found to be lower than
the final reading at the previous injection as ome of the arr intro
duced has been absorbed Clips 1 and 2 are now opened and air
allowed to enter the pleural cavity  After about 200 ml have passed
1 the clips should be closed and a reading taken to make sure that
the needle 1s 1n the pleural cavity and that the pressure 1s not nsing
too quickly  About 400 or 500 ml will probably be enough for the
first refill 1n order to reduce the negatie pressure n the pleural
cavity by about 2 or 8 em of water ‘Thus the readings at the first
refillmaybe — 55 400ml — 2 If there are many adhesions and
the lung 15 not collapsing well a smaller quantity of air should be
required to reduce the negatise pressure to a similar degree  The
needle 15 then withdrawn
The spacing of refills and the determunation of the correct amount
of air to be injected are matters of extreme importance and are
ble with the of avacome  In netther case
15 1t a matter of rontine n each the personal factor of the patient
15 of paramount mmportance Usually the second refill 1s miven two
days after the first and the thurd three days after the second The
nterval can then be gradually lengthened to a week ten days a
fortmght three weeks and a month High mtrapleural pressures
should be avoided as they cause mediastinal displacement possibly
tend to promote pleural effusion and seem to have a drrect relation
o loss of weight on the part of the patient
If there 1s a mise of temperature after the imtial induction the
first renll should not be guen the next day The temperaturc
should be allowed to subside first A rise of temperature Just before
a refill 15 due probably indicates that the refills are being gtven at
too long intervals and that the lung s starting to re expand A
nise of temperature after a refill 1s sometimes an indication that too
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decp breath but the reading should be taken with ordnary
moderately deep breathing  The ncedle may become bloched duning
1ts passage through the deeper parts of the chest wall in wlich easert
can be cleared with the stdette winch 1s supphed wath the Mo I
needle  The visceral layer of the pleura mny also come in contact
with the end of the cannula and eause obstruction  Letting i a
small quantity of air by opening chips 1 and 2 15 the best means of
dealing with such o condition  When 1t 15 certamn that the end of
the cannula lies free m the pleural ety mir may be sdrmtted This
15 accomplisher! by openmg the chps ¥ and 2 when the air i sucked
from the bottle B mnito the chest and fwd passes over from bottle
1 1to bottle B to take its place  When about 100 mi have thus
passedn In suction the bottle A can be raised slightly and another
200m} of ar admitted  The clips 1 and 2 are then closed and the
manemetric readings taken for mspration and expiration wath the
patient breathmy quietly and moderately deeply as before They
will still be negatine unless the air has been injected mnto a small
loculated pleural space  These readings may be — 8 — 1 The
mean pressure would i thus case be — 4 5 The pressure changes
and the amount of mir injected would then be recorded as follows
— 6 300ml —45 Tt o be noted that with this pneumothoras
apparatus readings of wirapleural pressure cannot be taben while
air 15 flowng o The chips 1 2 and 3 must be closed 10 order fo
obtain o reading  The needle 15 now withdrawn from the chest and
a hittle 10dine sgmm apphed to the site of the puncture A collodion
dresseng 15 not uswally requaired  Xf there is a tendency to cotgh 3
large pid and a firm chest inder should be used w order to mnimise
extravasation of mr  The patsent 15 hept in bed at rest for the first
maonth of pneumothorax treatment

Refills  The sune apparstus 1s required as for the inttal paew
mothoray operation but 8 “o . necdle (Saugman} 1s used  The
potient 15 prepared as before but it 1s not wsually necessary togne
a prel ary injection of morphine unless he 15 very nenous it
15 wise Bowever not to ormt the anmsthetisation of the pleura with
procane as death mav follow from pleural shoch m refills os well as
dunng the prmary mductton X spot cose to that used for the
induction 15 chosen  The rubber tube leading to the pianometer 15
attached to the sude arm of the No 2 needle with the stilette shightly
withdrawn so that 1t does not protrude bevond the pont The
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preumothorax apparatus has alreadv been prepared with the flud
m bottle B up to the 100 mark the remainder being in bottle A
The clips 1 2 and 3 are closed  The needle 1s now pushed straight
through the chest wall at the anmsthetised spot mnto the pleural
cavity Directly 1t 1s felt to enter the stilette 1s withdrawn and the
stopeoch elosed so that the lurmnen of the needle 1s in communzcation
with the manometer The fluid in the manometer will now oscillate
The pomnted needle 1s used as the arr introduced at the primary
induction (on the previous day } will prevent the lung beng mjured

The reading 1s then taken Thy will be found to be lower than
the final reading at the previous mjection as ome of the air intro-
duced has been absorbed Clips 1 and 2 are now opened and air
allowed to enter the pleural cavity  After about 200 ml have passed
1n, the clips should be closed and a reading taken to make sure that
the needle 15 in the pleural cavity and that the pressure 1s not nsing
too quickly  About 400 or 500 ml will probably be enough for the
first refill 10 order to reduce the negatrye pressure i the pleural
cavity by about 2 or 8 cm of water Thus the readings at the first
refillmaybe — 55 400ml — 2 If there are many adhesions and
the lung 15 not collapsing well a smaller quantity of air should be
required to reduce the negative pressure to a sunilar degree The
needle 15 then withdrawn

The spacing of refills and the deternunation of the correct amount
of air to be njected are matters of extreme mmportance and are
comparable with the admumustration of a vacane  In neither case
151t a matter of routine 1n each the personal factor of the patient
1s of paramount importance Usually the second refill 1s given two
days after the first, and the third three days after the second The
intersal can then be gradually lengthened to a weeh ten days a
fortmght three weeks and a month High intrapleural pressures
should be asoided as they cause mediastinal displacement possibly
tend to promote pleural effusion and seem to hase a direet relation
to loss of weight on the part of the patient

If there 15 2 nise of temperature after the 1itial induction the
first vefill should not be giien the next day The temperature
should be allowed to subside first A rise of temperature just before
a refill 15 due probably indicates that the refills are being given at
too long intervals and that the lung 1s starting to Te expand A
rise of temp after a refill 1s an that too
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much ur has been mjected  An X ray should be taken at the end
of the second week to determne the degree of pulmonary collapse
and the subsequent treatment should be subjected to X\ ray control
m order to determine what degree of collapse 1s necessary to pro
duce the optimum effect as judged by temperature pulse and body
weight and also so that the range of mtrapleural pressure which
produces such collapse can be ascertamed It 15 not usually
necessary to use a posittve pressure to produce satisfactory collapse

Some Difficulties and G 1ons  The ter has
been described as the heart of the pneumothorax apparatus It 1s
certanly of vital mmportance not for the actual mtroduction of
the air but for ifs safe introduction

The character of its oscillations affords the only rehiable guide
as to whether the end of the needle lies free m the mtrapleural
space These typical moements have already been described

Certain abnormal evénts may occur tn which case no arr must be
admutted into the chest —

A negative pressure may be obtaned on nserting the needle
mto the chest but the flid 1n the manometer may show this as &
stationary negative pressure without any respiratory excursions
"1 s indieates that the needle has beenin the pleuralcavity butisnow
erther blocked or in the lung The negative pressure may nerease
for a little with each mspiration wathout any oscillations eccurring
1f the needle 1s mn the lung  The pressure may be shghtly positise
durmg expiration at the primarv induction and negative during
wmspiration mndieating that the needle 15 1 a bronchus or small
cavity m the lung  The manometer may show a positive pressure
which nises stowly or rapidly mdicating that the needleisina blood
vessel Blood may then be seen passing through the glass con
nection I 1n the rubber tube attached to the needle The pressure
may be negatne but show irregular respiratory oscillations 1f the
needle 15 1n a pleural cavity much loculated by adhesions From
such cvamples s these 1t will be reahised how important 1t 15 to be
certain that the manometer mdicates that the needle 15 n the pleural
cavity before any air 15 admitted A refill may be very difficult 1f
the lung has expanded and 1s touching the chest wall Insucha
ease the patient should expire deeply and hold the breath in eX
piration 83 the needle 1s mserted through the pleura  In this way
the pleural space can often be found
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Complications [ leural shoch mav occur espeesally af the
patient 1s very nersous and 1f the pleura 15 mflamed and not
anaxsthetised  Some authonties deny the existence of pleural
shock but thetr evidence 1s not conclusive

Surgical emphysema mav deselop within a few hours of the
mjection of arr either as the result of coughmg or of mjury to
the lung or because the ar has been mjected extrapleurally
between the pleura and the intrathoracic fasera  If a lung which
15 bound down to the chest wall by adherent pleura 15 punctured
surgieal emphysema may dexelop without the introduction of any air

Aw Lmbolus This may oceur from introduction of air mto
a vessel especially a pulmonarv vem n which the pressure 1s
negative

Effusion  This 15 especially hable fo oceur if adhesions are
present and 1f high positr e mtrapleural pressures are used  Ybout
20/ of pneumothorax cascs develop an effusion m the pleura
durmg some e of thewr treatment  This may he  Swall g,
nse to Dittle constitutional disturbance and often unrecogmised
except by X rays Lar,e causing constitutional disturbance with
pyrexta  The flwd 1s serous rich mn cells and frequently contans
tubercle bactli It indieates an active tuberculous pleunsy
Infectize often accompanied by ngors  This 1s pyogenie m ongn

In any case pleural adhesions are likely to occur both at the
apex and the base and it 1s improbable that a satisfactory collapse
will be obtamed afterwards unless the fluid 1s repeatedly removed
as soon as 1t forms and 1s replaced by air  The aprcal adhesions form
because the flud runs up to the top of the pleural space when the
pattent lies down

Atelectasis  In some cases of artifictal pneumothorax especially
after disision of adhesions a portion of the collapsed lung becomes
atelectatic  Maher Loughnan (35) hes drawn attention to this
complication and 1ts frequent association wath pleural effusion and
considers 1t an important cause of relapse 1n cases of pulmonary

berculosis treated by umlateral artificial pneumothorax  Vwe
have treated several cases of this type and found that by altcrnately
allowing the lung nearly to expand and subsequently collapsing 1t
again 1t 1s often possible to effect re aeration of the atelectatic

portion of lung It 15 also helpful to tilt the foot of the bed on
8 inch blocks
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DuraTion oF TREATMENT

It 15 2lways difficult to decide when the pncumothorax should be
abandoned 1n cases which are mamtaining good health A refill
every three to six weehs or at longer mtervals 1s o small price to
pav for health and there 15 no means of knowing whether the
disease will become actrs e again when the lung 1s allowed to expand
Further when the pneumothorax has been mamntauned for several
years there s a possibihity that as the lung expands 1t will displace
the mediastinum to the affected side and cause respiratory difficulties
As a worhing rule 1t may be said that the pneumothorax should
never be abandoned 1n less than two years that five years is an
average life for a pneumothorax and 1if 1t 1s contmued for over
seven years it 1s probably wiser to go on with 1t indefinitely

P horax had been d for six years 1n one of our
patients m whom there had onginally been a cavity mn the nght
upperzone  The nght lung appeared el controlled and the patient
was mn good health She wished to abandon the pneumothorax
She came 1nto hospital and the lung was allowed to expand with
dimmishing refills under streptomycmn cover  Three and a half
months later she did not feel well and on X ray exammation we
found an oval shadow (55 x 25 em ) of umform density m the
night upper zone just above the night interlobar fissure The
disease wAs onee more active

ARTIFICIAL PNEUMOPERITONEUM

Historical By intred arr into the p I space the
draphragm 1f free from adhesions can be raised 8 or 4 or more
mches with a corresponding diminution 1 the +olume of the lungs
(see Fig 46) The nise 15 usually greater on one side than the other

pecaally when the 1 p 15 bined with a phrenie
crush A lateral view of the chest howeser may show that only
a portion of the diaphragm 15 elevated

The method was introduced by Vapda (36) m Hungary n 19
for the treatment of bl ! pul v tul \! and
1954 Banyat (37} combuned pneumopenitoncum with phrenic
paml) s to obtamn a more effective pulmonary collapse Dunng
the last decade this method has been more extensny cly employed
and representative articles published on the subject in Amenes

33
m




lic 46 Pneumoperitoneum and left phremc crush
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DuraTION OF TREATMENT

It 1s always difficult to decide when the pncumothorax should be
abandoned 1n cases which are maintaining good health A refill
every three to six weehs or at longer mtervals 1s 2 small prce to
pay for health and there 1s no means of hnowing whether the
disease will become actin e again when the lung 1s allowed to expand
Further when the pneumothorax has been maintuned for several
years there 1s a possibility that as the lung expands it will displace
the mediastinum to the affected side and cuse respiratory difficulties
As a worhing rule 1t may be smd that the pneumothorat should
never be abandoned mn less than two years that five years is an
average hfe for a pneumothorax and if 1t 15 continued for over
seven years 1t 15 probably wiser to go on witli 1t indefimtely

A preumothorax had been maintaned for six years in one of our
patients m whom there had ongmally been a cavity m the nght
upper zone  The night lung appeared well controlled and the patient
was i good health She wished to abandon the pneumothorax
She came mto hospital and the lung was allowed to cxpand with
d 1 refills under ptomyun cover  Three and a half
months later she did not feel well and on X\ ray cxamination we
found an oval shadow (55 X 25 cm ) of umform density in the
night upper zone just above the night interlobar fissure  The
disease was once more actine

ARTIFICIAL PNEUMOPERITONEUM

Historacal By introducing air into the perttoneal space the
diaphragm f free from adhesions can be raised 3 or 4 or more
inches with a corresponding dimmution in the 1olume of the lungs
(see Fig 46) The nse 15 usually greater on one side than the other
especaally when the pneumoperitoneum 15 combined with a phreni¢
crush A lateral view of the chest however may show that only
a portion of the diaphragm 1s eley ated

The method was mtrodured by Vajda (36) i Hungary m 1933
for the treatment of bilatcral pulmonary  tuberculosis and 1n
1934 Bamat (37) combined pneumoperitoneum with phreme
paralysss to obtamn o more cffectne pulmonary collapse  During
the Iast decade tins method has been more extensiv cly employed
and representatne articles published on the subject 1n Amernca
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melude those bv Rilance and Warring (33) Anderson and Winn
(39) Crow and Whelchel (40) Mitchell and lus colleagues (41)
Gilmore (42) and Murphy (43) In Great Brtamn reference mas be
made to the thngs of Keers {44) and Edwards and Logan ({2)
The I peritoneurn 1s of v alue in the treatment
of basal mid zone and apical lesions  Anderson and Winn (39)
found that mn a senies of 113 cavittes 586/ of apical 577 4 of
md zone and 58 8 / of basal ones were closed by pneumopen
toneumn treatment In 91 eases with a positive sputum 56/
became negative with the treatment Ve have employed 1t with
satisfactory results m vamous types of pulmonary tuberculosis
meluding apical lesions in which an artificial pneumothorax was
mpossible owing to adhesions 1 eases of pneumothorax in which
adhesions were present to try and divide which would have been
dangerous and 1n bilateral lesions In the majonty of cases a
phrenic crush should be performed on the side on which the dlsease

15 most ad! d and or 1n bined with
PAS (para ammosahc)hc aad) can with adv antage be admmus
tered P 15 helpful in controlling

small areas of disease 1n one lun" 1n preparation for a thomcoplasuc
operation on the more affected side A dorsal lobe cavity which
does not collapse 1n response to an artificial pneumothorax combmed
with a phrenic erush ma) sometimes be successfully closed by a
1 also of help m the

emergency treatment of a sc\ ere hremoptysis 1 which case 1t 15
not necessary to know from which side the bleeding 1s ocenrnng
We usually prefer to establish the pneumoperitoneum three to four
weehs pror to the phreme crush but with an apical dorsal lobe
cavity the pneumopentoneum and phremec crush should be in
stituted at about the same time

As Mitchell and hus co workers (41) state with almost no exeep
trons can be doned and re bhished at
will as the space does not become lost owing to an adhestve pen
tombis

The Method The requirements are the same as those for artifieial
prnenmothorax but a Saugman refill needle 1s used both for the
nduction and for refills The find n the bottles of the pneumo
thorax apparatus 1s adjusted for the mduction and for refills with
the fluid in bottle B at the 100 mark the remainder being 1n bottle







ARTITICIAL PNCUMOPERITONFUV 260

a confirmatory sign that the needle 15 1n the pentoneal space  The
needle 1» now withdrawn and the puncture sealed with gauze and
collodion  The patient should L flat for twenty four hours after
the induction

The first Tefill 15 grven the next day the second refill four days
Tater and the third refill five days after that Subsequently
efills are prven every seven days  ‘The amount of sir Tequired 1>
usually 800 to 1000 ml and the pressures are found to be positive
such as +6 1000 ml 12 em water It 15 unwise to rawse the
final pressure above a mean of 417 At each refill a few bubbles
of atr should be suched back into the syringe on mjecting the local
anzsthetic to indicate that the needle 15 1n the pentoneal space
Some writers ads 1ce the patient to wear an nbdonunal belt after the

lish of the p P but we have not found

this necessary unless the abdominal muscles are very lax  The
electrocardiogram shows changes due to rotation of the heart with
displacement of the apex upwards and outwwds T becomes
flattened T, inverted and Qq 15 apparent

Some Difficulties and Complications The chuef difficulty
1 to be sure that the needle1s in the pentoneal space It 15 probably
not uncommon for the intestine to he perforated but usually no
harm results and 1f the wr 1s mjected nto the colon 1t 15 quickly
passed per rectum Perforation of the stomach may give mise to
more serous symptoms  In one of our cases & pneumopentoneum
was induced at 11 am The readings recorded were 0 500 ml +4
At 7 4. pm there was a sudden attack of dyspneea with severe
collapse  The patint was pale sweating the pulse rapid and
frequent and severe pam was complamed of 1 the left subcostal
r¢gion and top of the left shoulder Ihe temperature rose to
1004 F falling to normal during the next three days There was
no vomiting and no abdomnal ngndity  The next day the patient
was improsng although he still looked pale and 11l  An X rav
exammation showed air below each draphragm It was thought
that there had been a small perforation of the stomach which
tapidly sealed over Other severe complications nclude mtra
vbdommal hxmorthage from perforation of mesenteric yessels
which may eause death  Ar embolism with the rapid onset of
convulsions 15 not necessanly fat1l Perrtoneal effusion forms in
about 4, of cases and 15 probably present m a larger proportion
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A ¥f the patient 15 nervous phenobarbitone gr 2 should be gen
by mouth three quarters of an hoeur before the mduction The
patient hes on lus back in bed with fus head resting on a pillow
Lhe smtial puncture should be made on the left side 1§ inches below
the subcostal margin at the onter edge of the rectus muscle  Some
authorities such as Gilmore (42) prefer a pomt 2 to 3 1nches to the
left about an mch below the nmbibens ¥ the puncture 15 wade
on the Tight side there 1s danger of m)unng\the Inereor gall bladder
Provurmity to an abdonunal sear must always be asoided owag to
the nish of abdommal sdhiesions beneth the sewr  The shan s
pamted with jodine and 2 ml of 29 procaine are injected through
the shan and subcutaneous tissues down to the pentoncum  The
Saugman needle with stidette mserted but not passed through to
the needle pomnt 15 attached to the rubber tube N of the paeumo

thorax apparatus znd slowly pushed through the abdernmal wall

the clips I 2 and 8 on the rubber fubes of the npparatus bemng
closed  The patient must raise his hesd and shoulders off the piflon

not resting on s efbows while the needie 55 beng nserted 1
order to render the abdonunal muscles tense  The pentoneum can
usually be felt and there may be some pai as the needle penetrates
it The prtient now rests hus head agan on the piilow  When the
¢nd of the needle 1s m the peritaneal space 1t will be found that
the stalette can be passed through to the hult the end of the shietie
now projecting just hevond the needle tp  This is not possible
when the end of the needle 1» m the tissues of the abdorunal wall
The common rustake 1s not to msert the needle far enough The
stilette 15 now ithdriwn the stopeoch on the needle closed so that
the lumen with the Lsually no swing
3 seen on the manometer 9+ the patient breathes  About 40!

of air are Tun tn by opentn, the <hps 1 and 2 The watial pressure
35 now taken by clesmg chp 2 This 5 uswadly € and on breathong
a shght manometric swing ¢ be seen the pressure nstog with
sprration and falhing w ith expiration  In some cases there s 2
pegrine pressure 3f the necdie s mseried just undernenth the
diaphragm  After runmin, n about 500 ml of atr the pressure
My Toe 10 48 - cm watcr or it mas shit reman nt 7ero The
T er dulness usu dly drappears as the wr s sntroduced often bcfﬂf;;
A pressure rebing ean be obtmned  Thehing the nbc}omzm; \"“ .
1n the nght tiac region mns cause 2 manometne swing and this
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1n a report to the Medical Researeh Counal in 1950 tried the effect
of varying the admimstration of streptomyan i four ways  In
one group of cases 05 g of streptomyein was injected sxx hourly
1n alternate weeks 1n the second proup 05 g was given six hourdy
1n alternate months 1n the third yroup 025 g was admustered
six hourly without intermission  snd 1n the last group 1 g of
streptomy cin was injected once a day without mtermission  The
total course in each group lasted for sic months  The cases cho en
were those of acute progressive bilateral lesions of presumably
recent ongin 1n the age group 15 to 80 years No delay m the
emergence of streptomyen resistant bacillk was found m any group

and from the chimeal pont of view there did not appear to be any
difference between the continuous or mtermittent forms of treat

ment The method of choiee appears to be to give 1 g of dihydro

streptomyein 1 a single dose daily and this causes least incon

vemence to the patient

Para amivossnicyrxc Acio (PAS)

Bernheim (49) mn 1940 showed that the addition of sodum
salicylate to a phosphate bufler solution of pH 6 7 contamning hving
tubercle bacilli stimulated the rate of oxygen consumption
Lehmann (50) 1n 1946 found that only pathogenic tubercle baedh
showed an increased oxygen consumpton in the presence of
<alicylates or benzoates After testing over GO allied compounds
Lebmann (51) subsequently found that para ammosaheylic acd
was the most active m producing a bacteriostatic effect upon the
tubercle bacillus  Favourable results were soon obtained with the
use of P A'S on animals mfected with tubercle bacilli and Lehmann
(51) 11916 first employed the drug clmically to treat tubereulous

following tl it which had d

for several months before being so treated Daily local anjections
of a 10/ neutral solution of P 4§ were gien with favourable
results e also adminntered the drug orally in doses of 10 to
15 g daily in courses of exght days  There was a rapid improvement.
m the patient s condition with fall sn temperature and decrease mn
the sedimentation rate of the red cells \allemm («®) m 1946
used P A S inthe of p b tubercul:

mhary tut 1! and tubercul No
fay ourab]e effect was noted m the tase of milary tuberculasxs or
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although i msufficient amount to be detected climcally  Cohen
(46) has pomted out that a tuberculous ascites may develop in cases
of pneumoperitoneum even when the pulmonary lesion 1s probably
arrested or healed Ths 1s very hable to be followed by adhesiy
p P; P should be abandoned drately
ascites 1s detected In cases of m dial weakness the establish
ment of a p ) may precip an attack of con
gestive heart failure

In some cases the digestion and appetite are serously mmpaired
and nausea 3omiting or pan may necessitate the abandonment of
the pneumoperttoneum  Pain mav be referred to one or other
shoulder 1if there are diaphragmatic adhesions and we have noted
such pamn to disappear after the phrenic crush has paralysed the
affected side of the diaphragm  Air may pass from the peritoncum
mto the mediastinum 1nto the pleura into the subeutaneous tissues
or along the ingumnal canal mto the scrotum forming there a
preumocele In other cases a small umbilical hernia may appear
Rdance and VWarrmg (38) in 1944 noted 7 cases of acute appendicitis
1n 101 cases und: s 7 t t anned
eleven times greater than in other sanatorium patients

STREPTOATY CIN AND PARA AMINOSALICYLIC ACID I\ THE TREATMENT
or Purnovary TUBERCULOSIS

Streptomyein 1s still being used n the treatment of pulmonary
tuberculosis  The two maun drawbachs are the possibility of
vestibular nerve mmolvement with giddmess which often persists
for long periods and mav be p and the app of
drug resistant tubercle baeih which renders further admmistration
of streptomyemn useless With smaller doses of streptomvem and
possibly owing to greater punfication of the substance gddimness
1s 2 less frequent complication  We have treated a considerable
number of patients suffe from pul y tub fosts with
streptomyemn and have only had two cases of sciere gddiness
The drug should always be discontinued directly any et 1dence of
yestibular 1mvolvement appears It was lhown in a report to the
Medical Research Council in 1948 (47) that resistant organisms are
generally found within two months of beginning treatment  Eaen
before treatment a minute number of streptomy cin resistant tubercle
bacith can be found in the sputum Bignall and Ins colleagues (48)
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1n a report to the Medieal Rescarch Couneil i 1950 tried the effect
of varying the adminwtration of streptomycin in four ways In
one group of cases 05 g of streptomycin was njected six hourly
1n alternate weeks 1n the second group 0 5 g was given six hourly
in alternate months  1n the third group 020 g was adminstered
stx hourly without intermussion  and 1n the last group 1 g of
streptomycin was wmjected once a dzy without mtermussion  The
total course tn each group lasted for six months  The cases chosen
were those of acute progressive bilateral lesions of presumably
recent ongin 1n the age group 15 to 30 years o delay m the
emergence of streptomy ein resistant bacill was found n any group

and from the chinical pomnt of view there did not appear to be any
difference between the continuous or ntermittent forms of treat

ment The method of choce appears to be to give 1 g of dihydro

streptomyen 1n a single dose daly and this causes least mncon

venience to the patient

Para smmosavieviic Aap (PAS)

Bernheim (49) 1n 1940 showed that the addition of sodium
salicylate to a phosphate buffer solution of H 6 7 containmg Ining
tubercle baeilll stimulated the rate of oxygen consumption
Lehmann (50) 10 1946 found that only pathogenic tubercle bacills
showed an increased oxygen consumption in the presence of
salicylates or benzoates After testing over 60 allied compounds
Lehmann (51) subsequently found that para ammosalicylic acid
was the most active m producing a bacteriostatc effect upon the
tubercle bacillus  Favourable results were soon obtaned with the
useof PA'S onanimals infected with tuberele bacalli and Lehmann
(51) 1916 first employed the drug chincally to treat tuberculous

foll g t which had d

for several months before bemg so treated  Daily local injections
of a 10 / neutral solution of PAS were gven with fasourable
results  He also admunistered the drug orally 1n doses of 10 to
15¢ daily 1n courses of exght days  There was a rapid improvement
i the patient s condition with fall in temperature and decrease m
the sedimentation rate of the red cells Vallentin (52) n 1946
used P A'S m the of pul y tuberenl. b

ruliary and tub 1! No
favourable eﬂ'ect was noted tn the case of mibary tuberculos:s or
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tuberculous meningitis  In exudatiy e pulmonary tuberenlos:s there
was a rpid clinieal and radiological 1mproverent with Joss of
tuberele baedl from the sputum but on discontinmng the treat
ment relapse frequently occurred  In 1947 Dempsey and Logg (53)
reported sumlar encouraging results 1n cases of pulmonary tuber
culosis 1n Bratan and *hey noted a reduction 1n the size of casities
during trcatment  Trder (54) 11948 commented on thevery great
smprovement mn the patients general condition which was usualiv
noted 1bout the tiurd dav of P A S trentment In 1949 Joules and
Nassau (o) treated 10 cases of extensive biateral pulmonary
tubereulosss and although some henefit was noted i half the cases
they concluded that m none of the patients wns the prognosis
matenally altered for the better as the effect of the drug was only
teroporaty  Nagley and Logg (56) considercd that the mamn value
of PAS 1 in the treatment of the acute exudative type of pul
monary lesion especiaily m tendering such patients fit for collapse
therapy It lins the adeantage over streptomy en that 1t dors not
produce P AS resistant struns of tubercle baalli except possibly
after prolonged treatment  Thus Carstensen and Andersen (57
teported from Sweden that resistance to P 4 S developsinover 50 4
of cascs treated for four-five months  Graessle and Pretrowshe {(53)
n Amenca produced ovidence that the combined use of PAS
rcdately low concentration with streptomyan (pprovimately
0 5 mirrograras to 1 umt) prevents or greathy retards the in ulro
derclopment of streptomycn resistant tubercle baeilh It was
shown 1 4 Teport to the Medieal Rescarch Council 1 1949 (59)
that the snaidence of streptamy an reststant baaill ean be constder
ably Jowered bv the combimed use of streptomyein and para
aminosalicyhic aaid  Tlus 1s the method which 1s beng used more
extensisely at the present tunc

Method of Admumstration P AS 1s gnen as the sodum
salt by mouth 1 doses sarying from 12-2f g every twenty four
hours It can be admumstered as sugar conted tablets (Paramisan
sodm) each contatag 8 33 or 0. ¢ of the sodum salt s sugar
conted geanules (Pararmisan sodium) contaming, 333% by weght
of the sochum salt as entene conted tablcts (Thaety Jan) contamng
a6 g of the sodmm st or as ¢rehets (Paramisan sodm} eich
contuning 1 > & Alrernatinely 1t en be presenbed o mixture

which however flnoured has 4 bitter and unpleasant taste  The
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preseription which we use as an alternative to the tablets 1s Sod
para ammosaliev] gr 81 (3 g) sacchann gr ' unulsio cassie
m 5 emulsio chloroform m 1o syrup sunplic m 60 aq ad
oz 1 This 1s taken after 2 little food every two and a half hours
from9am to930 pm (= 18 g ) for six days a weeh It should
be freshly prepared cach weelh In some patients PAS causes
nausea vomuting or diarthcea but this often passes off i a few
davs  An alhal taken just before each dose will often relieve the
gastric symptoms and the diarrhcea may be cheched by a bismuth
chalk and opium muxture  If these measures fail the dose of PA S
should be halved Some of our patients have been unable to take
the drug the sight of the bottle or of the tablets or the thought of
the next dose provohing mtolerable nausea

Other side effects are uncommon but they include a skin irritation
or rash drug fever hematuna or albumwmuna and hypopro
thrombmama  In casesin which there s albummnuria or hematuria
the drug should be stopped and the urme rendered alhaline By
heeping the urine alhaline 1t may then be possible to continue the
course as soon as the urine 1s clear

Madigan and his coworkers (00) showed that hypopro
thrombinzmia can be prevented or cured by the daily oral admims
trationof 10mg of syntheticvitamm k. Caylev (61) drew attention
to the depression 1n the serum potassium level which may oecur
during P A4S treatment Ths leads to paralytic imb lesions and
disturbances of cardac rhythm It seems probable that the fall
1n blood potasstum 15 due to the sodum 1n the salt admimstered
as suggested by Nagley (62) A caleium salt (Pararmisan calerum)
15 also available in powder form for prepanng solutions and
cachets This would probably aveid this compheation

TAS 1s rapdly exereted 1o the urme and m order to obtun
the best results a blood concentration of 5 to 10 mg per 100 m!
should be maintamed The PAS treatment may be contmued
effectusely for periods up to 5 or 6 months

Conct Neither strep norPAS can be regarded
as the long awaited cure of pulmonary tuberculosis although
stnlung and notable results are achieved 1 many mstances
especially 1n the recent exudative types of lesion and m tracheo
bronchial tuberculosss Ve have not seen tubereatous eanities of
any size close during the treatment P A'S has the ady antage that
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1t can be safely adminstered at home while the patient 1s awaitg
adrmssion to hospital or swnatorium

Broncunocrarny

It 1s not possible to visualise clearly the outline erther of the
bronch and their ramifications or of pulmonary cavities by means
of a direct X ray exammation If however some substance
opaque fo the rays s introduced into the bronchi ther configuration
15 clearly revealed

Lapiodol or Neo Hydriol (ol 1odisat BP Add ) 1s a compound
of 10dine m poppyseed ol which contains 409 1odine It 1s s
transparent o1l of a hght brown colour which 1s opaque to the
X rays and so heavy that it sinks m water  On prolonged exposure
to amr 1t darkens and should not then be used for injection  Sicard
and Torestier (63) 1 1922 mjected Lipiodol into the trachea 1n
man using a cannula mtroduced into the glottis with the aid of &
Iarvngoscope or else passing 1t through a eurved needle mnserted
through the crico thyroid membrane

The Indications X ray photographs of the lungs after ntra
tracheal injection of Liprodol afford a graphic representation of the
position of the trachea and main bronchi of cavities in the lung
connected with patent bronchi of bronchral and pleural fistulz
and of the relative permeability of the bronchial fields m different
portions of the lungs

Thus 1t will show displacement of the trachea and broncht due
to pulmonary fibrosts or other causes the presence of bronchiectasis
1 1ts various stages and whether or not the lumen of the bronch
1s obliterated by obstruction withmn or without such as that caused
by a foreign body new growth or fibrosis  Laptodol injections arc
of value in suspected cases of b T to d e whether
there 1s a cavity present and if so the extent of lung mvolied
They also show the condition of the apparently sound lung A
Jobectorny for } would g Hy be contra indscated if
the Lipiodol mjection showed that the opposite lung was also the
seat of broncluectatic changes

The X rav of the lung mn 1

PF h after Lipiodol
on 1s shown 1n the accompany ing plate (sec Fig 47)
Jodised ot (heo Hydnol Lipiodol ete) may be
Inal tree to render 1t radio opaque by

1mnject
Methods
introduced 1nto the brone!



Fi6 47 Rad ogram of lung after inpection of Lip odol showing normal
and dilated bronch

1T jacep 270
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1t can be safely administered at home while the patient 1s anaiting
admussion to hospital or sanatorium

Brorcnocrarm

It 15 not possible to visualise clearly the outhne either of the
bronch and their ramifications or of pulmonary cavities by means
of a direct X rav exammation Jf however some substance
opaque to the ray s 1s introduced mnto the bronchi their configuration
15 clearly resealed

Liprodol or Neo Hydrol (ol 1odisat BP Add ) 1s a compound
of 10dine 1 poppyseed o1l which contans 40% 1odine It s a
transparent oil of a light brown colour which 1s opaque to the
X rays and so heavy thatit sinks m water  On prolonged exposure
to air 1t darkens and should not then be used for mjection  Sicard
and Forestier (63) 1n 1922 1njccted Lipiodol nto the trachea m
man usig a cannula introduced into the glottis with the aud of &
laryngoscope or else passing 1t through u curved needle inserted
through the erico thvroid membrane

The Indications X ray photographs of the lungs after ntra
tracheal mjectron of Lipiodol afford & graphic representation of the
position of the trachea and mamn bronch: of cavities 1n the lung
connected with patent bronchi of bronchial and pleural fistule
and of the relative permeability of the bronchual fields in different
portions of the lungs

Thus 1t will show displacement of the trachea and bronel: due
to pulmonary fibrosis or other causes the presence of bronchiectasis
m 1its vanous stages and whether or not the lumen of the broneht
15 obliterated by obstruction within or without such as that caused
by a foreign body new growth or fibrosis  Liptodol injections are
of value mn susp d cascs of b t to determme whether
there 15 o cavity present and if so the extent of Jung imohed
They also show the condition of the apparently sound lung Y
Jot y for bronct would g Hy be contra ind: dif
the Liptodol mnjection showed that the opposite lung was also the
seat of bronchiectatic changes

The X ray appearance of the lung in bronchiectasis after Liprodol
imjection 18 shown 1n the accompanying plate (see Fig 47)

Methods Todised ol (Neo Hydriol Lipiodo! ete) may be
introduced into the bronchial tree to render 1t radio opaque by
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one of the three following routes — (1) Through the cnco-thyrord
membrane  (2) Over the back of the tongue  (3) Via the nose
With practice any of these methods can give satisfactory results
1n a high proportion of cases but the most consistently relable s
the crico-thvrord route It 15 easter to Sl the upper Jobes by this
method a minmum of surface anzesthetic 1s required and the whole
procedure can be completed 1n fifteen minutes It should be avoided
however in patients having large quantities of purulent sputum
owng to the nsk of subsequent cellulitis of the nech. Whichever
method 15 to be used a few dayvs prelumnary postural dramage s
adyisable to empty the bronchi of sputum as far as possible In
addition the patient should be tested for sensitivity to 10dine and
cocaine dermatnes Ten gramns of potassium iodide by mouth
tds should be gnen for three days to see if rodism results as
Judged by lachrymation nasal catarrh and a skinrash  In patients
who are 10dine sensitive an erythematous rash mav appear one to
three days after the operation or an urticanal rash about the
tenth day and fatalities have been reported If therefore the
patient 1s sensitive 1t 1s wiser not to proceed with the mvestigation.
After a satisfactory 10dide test two minums of 2/ amethocamne
hydrochlonde or 5 / cocaine solution are mjected subcutaneously
diosynerasy to the drug being shown by famtness pallor dyspncea,
tachycardia and tremors Unfortunately a negatnie test 1s not a
guarantee of insensitivity butif such symptoms do anse the invest:
gation should not be continued except under a general anwsthetic
Premedication 1s seldom required but an apprehenstie subject
should be given morphune sulphate gr } by mjection or gr 4 of
hexobarbitone orally half an hour beforehand
"The operation should be earried out in the X ray department with
the patient lying on a table capable of bemng tilted 1n exther direction

Crico TE ROID ROUTE

Apparatus Vimm syninge with fine needle (o 17 hypodermic)

Mimm syringe with stouter needle (\o 1- hypodermc)

Liprodol syringe  Thus should be strong as considerable pressure
15 required to force the oil through the needle Ve use a 25 m!
syringe with three finger nngs the needle being straight (No 15
S G #inchlong) short bevelled with a bayonet fitting to the
syninge - .
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nght the head bemg hept extended  \ further 3to 3 ml of ol are
mjected and another half mnute atowed for this to £l the ruddl
Jobe He 1s then replaced m the senu recumbent positon but
Jying completely on hus might side 4 further 4 to 5 ml of ol are
ntroduced and the needle 15 then withdrawn 4 few seconds are
allowed for the ol to reach the upper lobe bronchus  All pllows
except one for the head are pow removed The patient s feet arc
raised and the head lowered by titing the adjustable table m order
to fill the upper Jobe  The pectoral branch ts best filled by turwng
im for a few seconds mto the proue posttion X ray films m
mspration are now tahen o autero-postenor and lateral positions
wath the patient recumbent and then repeated with hum erect The
needle 1s then remtroduced through the enco thyroid membrane
and the left lung filled 1n exactly the same wav but with the patient
turned alwavs slightly to the Jeft It should be remembered that
on the Jeft side as the upper lobe bronchus comes off rather more
anteriorly the patient should be inchned somewhat more to the
prone posttion durmg its fillng  Films are then taken m the
antero-postenror and Jeft posterior oblique posifions  If only the
left stde has been filled & left lateral film can also be taken 'The
procedure 15 a stmple appheation of a knowledge of the anatomy
of the bronchial tree as depicted 1 Fig 48

After completion of the operation postural drainage 1s advisable
t0 remore most of the mnjected ol and the patient 1s not allowed
to eat or dnnk unt! the anasthetic effect has worn off

Osss Rovre
Apparatus 2 ml syninge
€ursed metal ecannala (Record fittng)
Lapiodal syringe
Curt ed metal cannula with bavonet fitting
Conscal measuring ¢y hnder graduated m ml
Stenle 2 / amethocaine hy drochlonde solution
Adrenaline Iy drochlonde solution 11 1000
Neo-Hydnol
Gauze swabs
Sodsum thropentone ovygen and carbon diowide for emergency
use
‘The Operation  The patent sits on an armless charr facing the

oowDL —
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Sterile § % procainc hyvdrochlonde solution

Sterile 2% amethocane hydrochloride solution

Neo Ivdriol

Todine nd wool

Sodum thiopentone or other rapidly acting intravenous bar
biturate should always be immediately available along with oxygen
and carbon dioide m the event of idiosyncrasy to the surface
anzesthetic manifesting 1tself

The Operation The patient lies 1n a sem1 recumbent position
on the adjustable table supported by three or four pillows beneath
the shoulders the head and ncck bemng straight and extended as
far as possible over a sandbag The skin of the neck 1s pamnted
with 1odme the crico thyroid membrine identified and the shin
subcutaneous tissues and crico thyroid membrane anwsthetised by
mjecting § to 1 ml of £9 procaine through the finc needle Next
using the stouter needle m 7 to 10 of 2 /4 amethocarne hy drochlonde
are mjected rapidly imto the larynx through the same puncturc
wound A few bubbles of arr should be suched back imto the
syringe before the mjection 1s made to ensure that the pownt of the
needle 15 m the lumen of the larynx and the mnjection should be
made at theend of expiration  The needles withdrawn immediately
after the mjection wiich will produce a bout of coughing The
patient 15 now told to sit up and cough until he no longer feels a
desire to do so  He should spit out and not swallow the excess of
local anwsthetic  When the coughing has subsided he 1s warned
that any cough after injection of the 1odised oil will spail the
subsequent X ray films He now resumes the semm recumbent
position with the head well extended as before The Neo Hydriol
1s poured 1nto the special syringe and the needle introduced through
the crico thyroid membrane while the farynx 1s steadied with the
operator » free hand  On withdrawing the piston a bubble of air
will mdicate that the ncedle 15 1n the corrcet posttion and this
should be cheched at frequent intervals durmg the injection
especially after a change in the patients posttion He 15 now
turned shghtly to the nght side and instrueted to breathe quictly
through the mouth  Fouror five ml of 1odised oil are then mjected
and about half a munute 15 allowed for this to run down to the
broncht of the lower and dorsal lobes  With the ncedle still
sity the patient 1s carefully sat up and inclined forwards and to the



BRONCHOGRAPHY 25

operator with hus tongue protruded and protected from the lower
masors by means of a gauze swab  Four ml of 2%/ amethocamne
and 1 ml. of 1 11 1000 adrenaline are now poured imnto the conical
measuring cylinder and this total amount should not be exceeded
Oneml of this muxture 1s drawn mnto the 2 ml syringe and injected
rapidly over the back of the tongue by means of the curved cannula
This will cause the patient to cough and so dissemunate the local
anzsthetic  He should spit out any excess and avoid swallowng
1t A further 1 ml 1s then mjected into each pyriform fossa in turn
1n the same way  Alternatnely a pledget of wool twisted on the
end of a malleable probe and soaked m the anzsthetic solution may
be held gently i each pyniform fossa until the destre to cough and
retch has subsided Some minutes are allowed for the an@sthetic
to take full effect and the index finger of the left hand 1s then hooked
gently over the back of the epiglottis and base of the tongue If
swrface analgesia 15 adequate this should cause no distress and the
superior aperture of the larynx can be 1dentified A further 1 ml of
the anzsthetic solution 1s then njected down the trachea between
the vocal cords by guiding the curved cannula along the side of the
left index finger and mto the upper part of the larynx. Some
operators prefer to use a laryngeal murror i order to see the exact
posttion. of the cannula rather than to rely on palpation When
coughing has subsided the patient s tongue 1s held well forward by
means of a gauze swab wrapped round its anterior third, as in this
posttion 1t 1s almost impossible to swallow The patiest 15 1n
structed to breathe quetly through his mouth and to lean towards
the nght but heeping lus head upright By means of the Lipiodol
syringe and its attached cannula the 1odised ol 1s then dnpped
steadily on to the back of the tongue  Provided the patient does
not swallow 1t will flow round erther side of the epiglottis and down
the larynx  Whle the first 5 ml are being injected the pattent 15
mclmed backwards and to the mght to fill the nght lower lobe
during the injection of the next 4 or 5 ml he should lean forward
and to the might to fill the nuddle lobe and as soon as the thid
5ml have been injected he should Le on the adjustable . ray table
and be postured for filuing the branches of the upper lobe as des
cribed for the enco-thyroid method When films have been taken
of the nght side the procedure 1s repeated for the left lung but with
the patient 1nclined towards the left side throughout
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operator with us tongue protmded and protected from the lower
incisors by means of a gauze swab  Four ml of 2 /4 amethocame
and 1 ml, of 1 1n 1 000 adrenaline are now poured mto the conical
measuring eyhnder and ths total amount should not be exceeded
Onem! of thuis mixture 1s drawn into the 2 ml syninge and injected
rapidly over the back of the tongue by means of the curved cannula
This will cause the patient to cough and so dissemunate the local
anzsthetic He should spit out any excess and avod swallowing
it A further T ml 1s then injected mnto each pynform fossa in turn
m the same way Alternatively a pledget of wool twisted on the
end of a malleable probe and soaked 1n the anzsthetic solution may
be held gently mn each pynform fossa until the destre to cough and
reteh has subsided  Some munutes are allowed for the anzsthetic
to take full effect and the index finger of the left band 1s then hooked
gently over the back of the epiglottis and base of the tongue If
surface analgesia 1s adequate this should cause no distress and the
supertor aperture of the larvnx can be sdentified A further 1 ml of
the anasthetie solution 1s then mjected down the trachea between
the vocal cords by gurding the curved cannula along the side of the
left index finger and into the upper part of the larynx, Some
operators prefer to use a Jaryngeal nurror mn order to see the exact
position of the cannula rather than to rely on palpation When
coughing has subsided the patient s tongue 13 held well forward by
means of a gauze swab wrapped round its antenor third, as m this
position it 1» almost impossible to swallow ‘The patient 15 m
structed to breathe quetly through s mouth and to lean towards
the right but heeping hus head upnght By means of the Lipiodol
svringe and 1ts attached cannula the 1odised o1l 1s then dnpped
steadilv on to the back of the tongue Provided the patient does
not swallow 1t will flow round esther side of the epiglottis and down
the larynx  While the first 5 ml are being injected the patient 15
snclined backwards and to the nght to fill the nght lower lobe
during the njection of the next 4 or 5 ml he should lean forward
and to the nght to fill the mddle lobe and as soon as the thrd
5ml have been injected he should Le on the adjustable X ray table
and be postured for filing the branches of the upper lobe as des
enibed for the enco-thyroid method  When films have been taken
of the right side the procedure 15 repeated for the left lung but with
the patient 1nclined towards the left side throughout
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Nasan Rovrr

The Operation ‘Lhe patient sits facing the opetator with bis
bead fully estended hus tongue protruded and held by means of &
gauzeswab A short prece of steride thin rubher tubing 14 1o 2nches
fong 13 attached to the 2 m} synnge and mserted for 2 distance of
1 to 33 mches mto the more prtent nostnt beneath the mfenor
turbinate  The sime anesthebse solution 1s used ss for the oral
route  He s then told to inhnie deeply through the nose and at
the beginmg of nspiration I md of the surface anwestheti 13
sected through the rubber tubing  As the solution renches the
phiryny and larnx he will cough nnd should spit out the sveess
A further T mi 1o then injected m the syme way wnd thus wilf usuaily
be found 1o produce satisfactory anmsthesia after wathing for some
mmltes  Ehe pece of thin rubber tainng or another simstar uece 15
then attached 1o the nozzle of the hiprodol syrnge g the odised
ait 15 injeeted steadds through tins nto the anesthetsed nostri
Vith the prtient breathing through Its nose head ctended and
tongue held well fornard to prevent swaffowing the oif wil flow
down the pillars of the faures R} up the pynform fosse and then
overflow and spifl down the farvax  Dunng the myection of the oof
posinnng 15 the same as already descrbed for the oral roste

Brosenooraeny v Culr prov

Children wndir the age of &n wsll neundly require o generat
anwesthetse «f suihesent depth to sholoh the cough refley  Pre
medication s whmable and Ommopon g 1730 per stone of body
weaght to,ether with atropine <ulphate gr 3/150 to 1/100 15 vety
sabssfaetory  Anmsthesss s indured @il evdopropane and an
endotracheal tube 1o mscrtcd Vi the mouth with the ad of &
{aryngoscope  The anasthctic v then continued with gas oxgun
and ether I tier e be rccommended Lecause of s broacke
dilator actton A% prcce 15 attached to the outer end of the endo
truchesl tube and one onfice 1 corhed duning the mduction When
anvesthesta is fully established thes cork sy remar ed and the bronehial
tubes are aspxrqtcd thretsgh a gum elastie eatheter connected to o
sacher  Jo he Iiprodol swange s miached n soft nasal entheter
s Ineh has & mark on st wdicating the Jength of the endotrache?
twhie  \ter aspiration of the branchs this eatheter is mnserted downt
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the endotracheal tube up to the mark the anxsthetie bemg con
tinued v1a the other hmb of the T priece  Postuning duning mjection
of the o1l 1s exactly the same as for the enco thyroid route but two
assistants should be mimlable to support the child mn the correct
positions  The smount of il wmjected nto each side should not
exceed 1l per vear of apparent age  As soont as the ot has been
myected the anxsthetist may cause the child to hy pers entdate for
a short time by the addition of 2 httle carbon dioade and the
\.ray films are taken dunng the penod of apncea which follows
When the films of both sides have been taken most of the oil 15
rentoved by means of the gum elastic eatheter and sucher as before

The avatomeal distribution of the bronchial tree should be
horne m mind m all these operations as depieted by Brock (64)
(sce Tig 48)
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Nasin Roun

The Operation  Lhe patient sits facing the operator with hus
head fully extended Ius tongue protruded and held by means of &
gauzeswab A short prece of stente tiun rubber tubmg 13 4o .- mches
long 15 attached to the ¥ ml syninge and amserted for a distance of
1 ta 13 nches mto the more patent nostrit bencath the inferor
turbimate  The same anesthetic solution 1s used as for the ol
route  He is then told to mhale deeply through the nose and at
the begmming of mspration 1 mi of the surface anwsthetic s
njeeted through the rubber tubing  As the soluton reaches the
phuynx and faryox he will cough and should spit out the execess
A further 1m} 25 then myected 1n the same way and tus nill ususlly
be found to produce satisfactory anesthesia after warting for some
runutes  The prece of thin rubber tulung or another sumdar prece 15
then attached to the nozzle of the hipodol syrimge and the odised
o2 15 mjeeted steadils through tius wmto the anwesthetised nostr!
hath the patient breathing through his nose fiend extended and
tongue held well forsard to prevent swallowmg the orf will flow
down the pillars of the fauers 63 up the pymiforn foss and then
overflow and spifl down the larynx  Dunin,, the ingection of the ot
postuning is the same as altcady deseribed for the oral route

Broveuocrarns 1 Criaprr

Children under the 1,c of ten will ustally requue a general
anwsthetie of sufiuent dipth to abolish the eough reflex Pre
medication 15 advisible and Omnopen pr 1/30 per stone of body
weight together with atropine suiphate ,t 1/150 to 1/100 1s very
satisfectory  Anvesthesia 15 induced wath «yelopropane and an
endotrachcal tube 15 amserted 1ia the mouth with the ad of o
faryngoscope  The paasthetic 1 then continued with gas oxygen
and cther  Fiher ean be recommendud becanse of sts broncho
ilator achion VT mece ss attached to the outer end of the enda
tracheal tubc and one onfice s corhed durmg the induction  When
anksthest is fully estabished ths cothas removed and the bronchual
tubes are aspierted tirouph o gum elastic eatheter connccted fo &
sucher T the Lipodol ssringe 15 attacked & toft avsal cathater
whch has & muk on it mdicabtin, the length of the endotracheal
tube  Mper aspuation of the bronchy this eatheter is wsested down
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the endotracheal tube up to the mark the an-esthetic being con
tinued v12 the otlier imb of the T piece  Posturing during injection
of the otl 15 exactly the same as for the erico thyroid route but two
assistants should be available to support the child 1 the correct
positions  The amount of oil 1njected mto cach side should not
exceed 1 ml per year of apparent age s soon as the o1l has been
mjected the anvesthetist may cause the ehild to hypers entilate for
a short time by the addition of a httle carbon dioxide and the
N ray films are taken dunng the period of apneea which follows
When the films of both sides have been taken most of the oil 15
remot ed by means of the gum elastic catheter and sucker as before

The anatomcal distribution of the bronchial tree should be
borne 1a rund 1n all these operations s depicted by Brock (84)
{sce F1,, 48)
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Nasan Rovro

The Operation  Lhe patient sits facing the operator with ins
head fully extended his tongue protruded and held by means of 2
gauzeswab A short mece of sterile thin subber tubing 14 to 2anches
fong 15 attached to the 2 mi symnge and mserted for o distance of
1 to 1} mches mto the more patent nostrt beneath the mienor
turbimate  The same anesthetic solution 1s used as for the orst
route e 15 then told to smhale deeply through the nose and at
the beginnng of mspiration 1 ml of the surface anmsthebie s
wjeeted through the rubber tubmg  As the solution reaches the
pharynx and Jarvnx he will cough and should spit ont the exeess
A farther Lol s then wmyeeted m the same way and thus will usually
be found to produce satnfactory anesthesia after wating for some
mmutes  The prece of thim rubber tubing or another sumlar prece 15
then attached to the nozale of the hpodol syringe and the wodised
it 15 mjected steadils through thus into the an-esthetised nostnl
Wath the patient breathing through bis nose head evfended and
tongue held well forward to provent ssallowing the od will flow
dowa the pillars of the fauces Hill up the pyriform fosse and then
overflow and ypulf down the lary oy Dunn,, the snjection of the ol
posturmg is the same as already deseribed for the orl ronte

Broscyoc raruy 1y Cnnoris

Children under the a,e of ten will noually Tequeee o general
anesthetie of suflicient depth to abofish the cough reflex Pre
medication 1 by ible and Umnopen gr 136 per stone of body

cght together with atropime sulphate 4 ¥ 160 1o 1108 15 2e0v
satisfactory Anestheea a5 indueed with Ovelopropne and an
endotrashenl tubc p» mserted vin the mouth with the md of o
Iryngoscope  The anxsthetic i then continued with gas oxygen
and ether T ther can be recommended bectise of ats broneho
difator action 41 prece 15 attached to the outer end of the endo-
tracheal tube and onc onfice s corhed durm,, the mduction When
anssthestt s fully established this corhoas tomosed nnd the bronclual
tubes are aspirsted thoough o gum ebutie catheter connected fo 8
sucher  To the Jynodol syrmge 1y attached & soft nassl eatheter
whick has o marh on st mcheating the length of the endotrachenl
jube  After aspration of the bronchs this eatheter is mserted down
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the endotracheal tube up to the markh the an-esthetic bemng con
tinued via the other hmb of the T piece  Posturing during imection
of the o1l 15 exactly the same as for the erco thyroid route but two
assistants should be available to support the child m the correct
positions  The amount of o1l imjected mto each stde should not
exeeed 1 ml per year of apparent age  As soon as the oil has been
njected the anesthetist may cause the child to hyperventilate for
a short time by the addition of « httle carbon dioxide and the
\ ray films are taken during the period of apneea which follows
vhen the films of hoth sides have been taken most of the ol 1s
removed by means of the gum elastic catheter and sucher as before

The anatormeal distribution of the bronclunl tree should be
borne 1n mind 1n all these operations s depicted by Brock (64)
(sce F1, 48)
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Masiu Rovts

The Operation ‘the patient suts facung the opesator mith Iy
hiead fully extended Ins tongue protruded and held by means of &
gauzeswab  Ashort piece of sterile thin rubber tubing 33 to 2inchies
Iong 35 attached to the 2 ] syrmge and mserted for a distance of
1 to 34 mches into the more patent nostrd beneath the wnferor
turbwnate  The swme anwsthebie solution s used as for the oral
route  He 15 then told to 1hale deeply through the nose and st
the begmnimg of insprration 1 mil of the surface anwstbetic s
mnjected through the rubber tubing  is the sofutson renches the
pharynx wad tarvnx he will cough and should spit out the exeess
A fusther Lwnt 1s then injected 1 the same way and ths will usuafly
be found to produes satisfactory ancsthesa after wasting for some
munutes 1 he prece of thin rubbee tubing or another simlar prece 15
then sttached to the nozzie of the Iipiodol symnge and the odised
ol s anjected stendih through tins into the anwesthetised nostrt
With the patient breathing through his nose head extended and
tongue held well foruard to provent swallowing the ol wall flow
down the pillars of the fauces i} up the pynform fosse and then
overflow anad sl down the larvas Durin,, the injection of the o
posturing s the s yme 15 slready described for the oral route

Brovenoc gariy 1~ Cartpns s

Children mnder the 3,0 of ton wall usually requue a genernt
nnesthetie of suficent depth to hohsh the cough reflex  Pre
medication s wdvmable and Omnopon L1 1 30 per stone of body
weight toether with atropne sulphate o1 1,150 to /100 » very
satisfactors  AnTsthesa 1 mduced with rdupropane and an
endotrachca) tube 5o mmserted vis the mouth with the md of a
laryngoscope  he on rathetss s thon costnned with gas axygen
and ether  1ther cw e reommended beeanse of sts broneho
dilator aetton 11 preee s sttach < to the outer end of the endo
¢racheal tube and vnt ortfice 1s torhed durm, the mdurtion When
anesthestt s fulhy established thay cork s rmor ol and the Lrosscinal
tubes sre aspirated thron b & gum dastic eatheter copveeted to s
sucher Lo the ¥ piaclol wrmpe 35 attachied o soft pasal catheter
which has & mark on 3t mdeatinp the leagth of the endotrachenl
tube  After aspuation of the broncla this eatheter 15 inserted dovn
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ANTITHYROID SUBSTANGES
JopiNe

Previous to the pubhcanons of Plummer and Boothbv {1} in
1924 there was of opimion o the
advisabiity of admmistenng odime to patients sufferng from
Graves dwsease In this year Plummer showed in a seres of 400
cases that large doses of Lugol s solution 10 to 15 m once or twice
daly given as a pre operative measure caused a lowenng of the
basal bolic rate and an imp: t 1n the patient s condition
1t has been found that 1if the 10dine 15 continued for a longer pertod
the BMR nses agam and the patient s condition detenorates
although the final state 1s often better than before the treatment
was begun  The use of 1odine as a pre operative treatment has
rendered t} d a ely safe op and has
resulted in enormous benefit to the sufferers from thyrotoxicosis

GOITROGENOUS SUBSTANCES

Closely linked with the discoverv of other antithyroid agents
was the cbservafion that certun substinces when admunistered
by mouth produce hyperplasia of the thyroid gland  Thus Chesney
et al (?) found that cabbage and other plants of the Brassica
family when fed to rabbits cause thyroid hypertrophy The
active agents appears to be mitrile derivatives and Marne etal (3)
observed that acetomitrile when added to the food of rabbits
produces enlargement of the thyroid gland

In 1941 the Mackhenzies and McCollum (4) while engaged m a
purely screntific enquiry chanced upon a discovery of considerable
chnical mmportance They were mvestigating the possibihty that
sulphaguanidine  when fed to rats on 2 punfied diet contamntng
synthetic B vitammns would prevent the synthesis of additional
essential nutrients by the intestinal flora  They observed that
after periods varying from six to sicteen weeks a hypertrophy and
hyperemia of the thyroid gland with loss of colloid was mvanably
produced It was later found that this effect was not abolished
by adding 1odide to the diet but could be neutrahsed by adequate
doses of thyroxine
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CHAPTLR X\
ANTITHYROID SUBSTANCES
JopiNe

Previous to the pubhcahons of Plummer and Boothby (1) 1
1024 there was T of opiion the
advisabibty of admimstering 1dine to patients suffering from
Graves disease In this year Plummer showed n a senes of 400
cases that large doses of Lugol s solution 10 to 15 m once or twice
daly given as a pre operative measure caused a lowering of the
basal bolie rate and an imp: t n the patient s condition
Tt has been found that if the 1odmme 1s continued for a longer pertod
the BMR mses agan and the patients condition deteriorates
although the final state 1s often better than before the treatment
was begun The use of 10dine as a pre operative treatment has
rendered th d ly safe operation and has
resulted 1n enormous beneﬁt to the sufferers from thyrotoxicosts

GOITROGENOUS SUBSTANCES

Closely linked with the discovery of other antithyroid agents
was the observation that certan substances when administered
by mouth produce hyperplasia of the thyroid glind  Thus Chesney
et al (2) found that cabbage and other plants of the Brassica
farmly when fed to rabbits cause thyrord hypertrophy The
active agents appears to be mitrile denvatives and Marne etal (3)
observed that acetommtmle when added to the food of rabbits
produces enlargement of the thyroid gland

In 1941 the Mackenzies and McCollum (4) while engaged 1 a
purely scientific enquiry chanced upon a discovery of considerable
clinical 1mportance They were mvestigating the possibility that
sulphsguamdine  when fed to rats on a punfied diet contaning
synthetic B vitamins would prevent the synthesis of additional
essential nutnents by the intestmal flora  They observed that
after periods varying from six to sixteen weeks a hypertrophy and
hyperzma of the thyroid gland with loss of colloid was mvarably
produced It was later found that this effect was not abolished
by adding 1odide to the diet but could be neutralised by adequate
doses of thyroine
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and then duodotyrostne  Sulphonanudes effect their antithvrowd
achion at ths stage by competing with tvrosine for the wdne and
so they mhibit the formation of duodotyrosme Duodotvrosine is
next comerted 1n the presence of a cvtochrome enzvme 1into
thyrowine  This 15 stored 1n the thyroid as thvroglobulin a sub
stance with a large molecular weight of 700000  Thyroglobulin is
acted on by a proteolytic enzvine and thyroxine with a molecular
weight of 69 000 1s now liberated  Todine 1s believed to produce its
antithyrord effect partlv by mactnating the proteolytic enzvme
and partly by mactisating the T ST of the antenor pitwtary
Clinical Applications  All types of thyrotovicos:s respond to
thiouraen] treatment and as has been deseribed by Himsworth (11)
Nussey (12) Reveno (13} and others equally good results have
been obtamned in cases of pnmary and secondary Graves disease
although the response may be slower with a touc adenoma
Cramger Gregson and Pemberton (14) on the other hand found
that prnimary cases responded much more fasourably than do
secondary ones n fact the longer the duration of the goitre the
less favourable the response to thwouraal Al observers agree
that patients who have recently recerved 1odine show a delayed
response when treated with thiouracl Thiouractl is equally
mn the of thy resulting from recur
rence after thvroidectomy  hing and Rosellm {15) successfully
treated a case of acute thyroditis admumistermg 200 mg of
thtouracl three tumes datly The patient was free from symptoms
m a weeh and was cured after a further two weehs treatment
taking 200 mg daly Thiouracl has also been used by Raab (16}
n angina pectoris and he found that 4 out of 10 cases were entirely
free from symptoms durmg the treatment Thiouracil 1s considered
by some to be more efficacious than iodine m the pre-operatne
treatment of thyrotowicosis for by its use the surgeon can operate
on a non tovc goitre  Bartels (1) reports that 1t 15 especially of
advantage n very severe cases of Grates disease especially those
of long standing which either do not tolerate or fail to respond
to 1odine therapy Further by giving Lugols solution after the
BYMR has been reduced to normal by thiouractl the operation
may be rendered easier the gland bemng less vascular less hyper
plastic and less fable  erther pregnancy nor disbetes are contra
ndrcations to the use of thiouracll  In pregnancy it 15 wiser not
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hennedy wd Purves (5) in the same yeur showed that vape
seed and ally) thiourer were powerful gottrogenic substinces and
m 1918 the Machenaies {8) found that thiourea and thiourea
dernatines especially 2 thiouraedl produced thyroxd hvperplasis
with inhubttion of hormone production  Astwood (7} used thioutea
and thouried i the treatment of patients suffenng from thyro
toweosts snd shoned that the daily admnstration of 1 to € g of
thioures or of 02 10 1 g of thiouracil resulted m the relief of the
prtient s symptoms and a retumn to normal of the serum cholesterol
and basal metrbolic rate wsually after a latent penod of two to
three weeks  These resuits were rapudfy eonfirmed by VW iibams ond
Bissell (8) and by Humsworth (9)  Both thiourea and thioumal
hmye 2 silar actson 1 enses of thyrotovicosss but because of the
action of side effects such as nunen vomiting and an unpleasunt
smell 1 the breath which mny wecompany the use of thioures
thuouraeat methyl thiouracit or props 1 thiowracil ave the drugs now
usualhy employed

Modes of Action  Fodme sulphonarmdes and thioures
derinatives are beheved to exert ther antithvrord properbies
different wavs  There 15 1 balwnce between the actithies of the
prtautary and the thyrowd for the th rotropie hormane haows alse
45 the thyrowd stimulatin, hormone or T SH  hbersted from the
antenor lobe of the pitwitwy  stimulates the thyrod to form
thyroume by mere s, s poscr of tiking up todime and also by
ereasing the rate of the refease of 1odine. probably a5 thyreane
This was shown by Stanley and Astwood (10} by means of radio
wodime Thyroxine on the other hand nhints the piustar
production of ISIT The TSI n addition to wmeresing the
output of thvroxine is thou,lit to eause b perplasia and smereased
snsculanity of the thyroid gland and sn some cases to accentuste
the degree of exophtinimos

Radiowodine expersments alsn support the siew that thyrone
15 formed from tyrosnc comiined with 1odme  Fhe synthesss 5
effected i cortasn stages  Yodine 15 hherated from sodides it the
presence of perovidise manganest 1d ovigen Thioures and 1ts
Jepsatnes prevent the hberation of 1odme from todide by inter
fering with this peroidase systam and so block the formation of

Yodine thus Dhberated combines with tyrosne iR the

thyronne
. ot monosodoty rosine

presenee of & cstackrome canimn to form A
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and then dunodotyrosime  Sulplionamudes effect ther antithvrod
action at this stage by competing with tyrostne for the 1odine and
so they bt the formation of duodotyrosme Drodotyrosine 1s
next comverted in the presence of a cytochrome enzyme nto
thyroune  Ths 15 stored 1 the thyrod as thyroglobulin a sub
stance with a large molecular weight of 700 000 Thyroglobulin 15
acted on by a proteoly tic enzyme and thyroxine with & molecular
werght of 69 000 15 now hiberated  Yodine 1s beliey ed to preduce its
antithyroid effect partly by mactivating the proteolytic enzyme
and partly by mactisating the T S H of the antertor pituitary
Clinical Applicati All types of thyrotos respond to
thiouraeil treatment and as has been deseribed by Himsworth (11)
Nussey {12) Reveno (13) and others equally good results have
been obtamned 1n cases of primary and secondary Graves discase
although the response may be slower with a tovic adenoma
Grainger Grepson and Pemberton (14) on the other hand found
that primary cases responded much more fasourably than do
secondary ones 1 fact the longer the duration of the goitre the
less favourable the response to thiouraell All observers agree
that patients who have recently recenved 1odine show a delayed
response when treated wath thiouracl Thiourael 15 equally
efficactous 1 the treatment of thyrotoxicosis resulting from recur
Tenee efter thyrodectomy  hang and Rosethim (15) soccessfully
treated a case of acute thyroiditis admimstermg 200 mg of
thiouracil three tumes daily The patient was free from svmptoms
m a week and was cured after a further two weehs treatment
taking 200 mg daly Thiouraen has also been used by Raab (16)
1 anga pectorss and he found that 4 out of 10 cases were entirely
free from sy mptoms during the treatment Throuraeil 1s considered
by some to be more efficacious than iodine 1n the pre operative
treatment of thyrotowcosts for by its use the surgeon can operate
on a non tovic gostre  Bartels (17) reports that it 1s especially of
advantage i very severe cases of Graves disease especially those
of long standing which erther do not tolerate or fail to respond
to 1odine therapy  Further by guing Lugol s solution after the
BIR has been reduced to normal by throuracml the operation
may be rendered easier the gland bemng less vascular less hyper
plastic and less friable  \either pregnancy nor diabetes are contra
indieations to the use of thiouraell In pregnancy 1t 1s wiser not
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Jennedy and Purves {5} i the same year showed that zape
seed and allv thioure1 were powerful gottro eme substances and
n 1043 the MacKenzes (6) found that thuourea and fhioures
dernatives espeandly 2 th 1 produced thvrosd hyvperplasa
with rnhih of b prod Astwood (™) used thioures
and thouraet m the treatment of patients suffering from thyro
toieosts and showed that the duly admnistration of 116 2 g of
thiourea orof 0 2to 1 g of tluour il resulted in the rehef of the
patient $ symptoms and 1 return to normal of the serum cholesterol
and bisal metabolic rate usually ofter a latent penod of tno 10
three weehs These results were rapidly confirmed by Wathams and
Bissell {8) and by Humsworth (9) Both thiourea and thiouraed
have 4 sunslar action m crses of Ui rotosicoss but because of the
action of side effects such as nauser vomting and an unpleasant
smell 1n the breath wiich miy accompiny the use of thiourea

3} J ety ) th 1 or propy) th } are the drugs now
usually emploved

Modes of Action Jodine sulphonarmdes and thioures
dernatries are believed to cxert ther antithyrowd properties m
different wayvs  There 15 8 balnce between the actnties of the
pitwtary and the thyroid for the thyratropre hormone known alse
as the thireid stimulating hormone or TS H  hberated from the
antertor lobe of the pitwtary  stymulates the thyrod to form
thyroine by moreasin,, its powcr of takang up todme nd 4lso by
mereasing the rate of the rdetse of odine probabls as thyroane
Thus was shown by stinfev wd Astuood (10) by means of radio
wdine  Thyrovtne on the other hand mhibits the pitutary
production of TSH  The TSI n addition to wcreauing the
output of thvroxine 1 thought to cause hiperplasia and wereased
vasculanty of the thyroid gland and i some cases to ascentuate
the degree of exophthalmos

Radisodine experiments also support the view that thyrovmne
15 formed from tvrosme combined with rodine  The synthess 18
effected 1 certamn stages  Todine 15 hberated from rodides m the
presence of peroxidase mangatese nd ovvgen  Thuoures and its
dernvatives provent the hiberition of wdine from sodide by mter
fering with this peroxidase svstem and so block the formation of
thyroune  Todine thus liberated combunes with tyrosine mn the
presenee of a e tochrome ¢n7vme to form first monoiodoty rostae
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which 15 usually mn about four weeks the thiouraci dosage
15 reduced to 100 mg three tumes or twice a day  Vhen the BM R
has fallen to between 0 and — 10 {Aub du Bois) a maintenance
dose of between 100 to 200 mg daily should be given  The dose
must be sufficient to heep the BM R at thislow level The progress
chart of one of our patients a woman aged forty six years with a
small hyperplastic goitre 1s given below —

TurouracinL Case SHELT

Bood
BAMR | OO L Puhel Bl 4
Dt (lubd |8t 1[Ee oxte pr|Fres e |we | Thiows 1
104 l B1) |majioo pe cmm ‘mm rphe |min | mm Hg |1 mg
Oct 2a| 44 {18 7800 | 68 102 140/70 ( 83| 200 t1d
Dov 1| 4019 6 0D | numerous |100| 123/68 | 87| o0 tid
Nov 15| + o | 190 | 8700 137/7% | 96{200 t1d
Nov 21{ 419 | 718 | 9 00 84| 110/80 | 99200 t1d
Nov 9 | 414 46 | 6300 88] 11 /60 103|200 t1d
Dec 6| 47 | 236 ' 8800 84| 12065 |108|100b1d
Dec 13! 45 | 26 1 5600 ~6| 118/66 {111(100b1d
Dee o‘ 0} 70 | 10000 | , ~6| 120/62 |117|100ba1d

A low white cell count before the commencement of thiouracil
does not appear to be a contra indication to 1ts use  Thus 1n one
of our cases the white cell count was 8700 per cmm with 55/
poly before t and dunng the
count rose to 5100 per cmm with 60/ polymorphonuclears
Thus pomnt has also been noted by Nussey (12) Aurcular fibrilla
tion may require swnul d 1on of qunidme although
some cases are restored to normal rhythm by the use of thiouracil
alone as recorded by McGavack et al (20) 1r 12 out of 18 cases
If there 15 congestive failure 1t 15 wise to admumster dimitalis

Overdosage of thiouracnl 15 shown by marked increase m the
size of the thyraid gland or by symptoms of hypothyroidism such
as a bloated appearance a feehng of heavmess lassitude and
depression  If there 15 any increase of exophthalmos duning any
stage of the treatment or 1f the goitre enlarges considerably gr 1
of dried thyroid should be given daily by mouth to diminish the
output of thyrotropie hormone from the pitmtary

Maintenance Treatment It 1s quite probable that the dosage
of thiouracil wall have to be frequently adjusted dunng the early
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to continue the thiouraett dunng the Iast month but to subststute
it then by wdine for 1 onc case treated with theouracil by Eaton
(18} up to the confinement the child at birth had an enlarged
thhroid  Dhabetes melhitus assoctated with thyrotowcoss may be
mproved by thiourael treatment less wsulin being subsequently
required but this 15 not 5o an every case for Rose and McConnell
{19) treated a thirteen vear old gul wath thouracd the result beng
that there was no increase i carbohydrate toleranee and oo
¢ syl requireme

Contra indications  Thowrnerl should be used with great
caution i the poitre 1s causing sufficient pressure symptoms to
warrant surgiexd mtervention s & rapd enlargement of the gland
might result sn a catastrophe  Thiouracil 1s contra wndicated of
the patient has to go abroad after the stabahsng treatment 15
completed Where adequate supervision nith blood counts and basal
metabolic readings are not avadable

Stabilssing Treatment Some authorties do not heep thewr
pattents 3 bed during the subal penod of treatment allowmg
thern to contmue at work prosidin, adequate laboratory controls
ate carned out  ¥We prefer the patient to be mn hospital dunng
the stabilsing treatment and i bed for the first thtee or four
weeks DBefore the thiouraed treatment 15 begun the following
observations should be made The weight of the patient the
pulse rate the blood pressure the cireumference of the nech the
basal metabolic rate the total white coll count and percentage
of polymarphonuclear cells and the blood cholestero}  The drug
35 gnven an tablet form by mouth 200 m, bid  In some coses a

factory 7 13 not obt: untd the dose 2 raised to

20¢mg t1d The nhute countas repeated tniee 3 weck during the
early stages of treatruent the other obsers ations apart from the
dmly temperatures and pulse record bemng carned out wewhly
Dred yeast tablets (DCL) tao tid may be guen dunng the
treatment with thedea of prexenting the development of agranulo
cytosis but they are of doubtful satue The first effects of the
thionraci! treatrment ave usually scen witlun ofie of two wecks the
lag bemg due to the tme taken to use up the stores of thyrod
hormone and present the formatwon of more In some cases no
noted for four to tuctieweeks cspecally ifsodinebas

Hprot ement 1§

peenrecently grien  Assoonas the B MR s fatlig satisfactorhy
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by which 15 meant a white cell count below 3 000 per ¢ em without
evidence of mfection Pemtcillin should be piven n any case of
leucopema to prevent the secondary nfection which so often
proves fatal Thus Rothendler and Vorhaus (°4) successfully
treated a case by 1njections of 20 000 units of pemerlim exery three
hours for four davs together with daily injections of 2 m! of crude
Iner and a whole blood transfuston of 500 ml

Other toxic reactions mahe a fornndable hist but fortunately
are not often seen They include drug fever usually about the
eighth day morbilliform or urticanal rashes allergic arthnitis
nausea vomuting  ahbd 1 pans  drarrh headache enlarge
ment of lymph glnds or of the submaxillary glands cedema of
the Jegs jaundice of an obstructive type increase of exophthalmos
thrombocy topeme purpura acute haemoly tic anerma heart bloch
mental stupor confusion and delustonal msamty

METRYL THIOURACH, AND PEOPYL THIOURACIL

These substances were 1ntroduced as being less toxic and more
potent than thiouraes!  Radioiodine and climieal tests indicate
that methyl thiouracil s from two to one and a half times as effective
as thiourac! wheress propyl thiouraell 1» probably no more
effectsve than thiouraci! dose for dose  The imtial dose for methyl
thiouzacil 1y usually 100 mg bid  and for propy] thiouracil 100 mg
t1d Thedosageissubsequently reduced when the BM R has fallen
to marntain 1t at a figure between ¢ apd — 10 Himsworth (5)
considers there 1s Little to choose between the towicity of these
three drugs The American worhers such as Beierwaltes and
Sturgts (2t) prefer propy] thiouracl but methyl thiouracil 1s often
employed m England and 1s the preparation we use Propyl
thiouracil 1 certamly not free from towie effects  Agranulacytosis
developed mn the first two cases in which we used 1t 1 doses of 50
mg ti1d but neither proved fatal Bartels (°7) i America also
reported three cases of agranulocytosis and eleven of leucopera
durmg propy 1 thiouracil treatment Juhar and Harns (28) have
further described a fatal case of agranulocytosis due to propyl
throuraell

The Combined Use of Todine and Thiouracil Derivatives
Whether 10dine should be simultaneously admmistered with a
thiouraci] dernvative 1n the routine treatment of thyrotoxicosis 1s a
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stages of the mamntenance trentment  The BM R and leucocyte
count should be determmned every month until the condition
firmly stabihsed subsequenthy three monthly readings should
suflice  As a routme measure every case should be treated con
tinuously for ten months

Toxic Reactions  Fhese has e been met wath 1 from 10 to 20%
of cuses treated but with the general use of smaller doses than
were ongnally preserbed they appear to be less frequent The
most dangerous piication s agranulocytoss and
ately it may apperr without any warmng and rapudly prove
fatal despste repular control of the doesage of thiourac by BMR
and white cell rexdings  In 2 survey of 1091 cases frented at
ceven chnies i Amenes and at Unnersty College Hospatal
Landon Moore (21} reported thit 18 patients developed agranu
Iocytosis of which » proved faéxt Tt s therefore probable that
the mortality from a_rmuocviosty 15 about & / or fess and xts
smport tce mwwst not be oter cxaggerated  Yosrha and Braua {22)
reported a fatal case m a weoman aged fifty jears who had taken
2 total amonnt of 20 ¢, of thiouwraed dunng eleven wechs m
avernge sized doses  The response of the thvroteweoss fo the
thiurteal hnd been good  The symptoms of the agranulocy tosis
conmsted of fuier sore throat with redncss and n duty winte
exudate and restlessness  The patient died 1n coma mx six days
the white cells fallmg to 000 per cvm with . complete absence
of neutropiuls  The usuatly nerepted forms of treatment were of
ne avall pentaucleotide jellow bane marrow  ascorbie acd
thamme hydrochlonde whole blood Iner fohe acid and prmatln
Cargll and Lesses (23) bad « fatal c1sc Just a vear after the it
tion of trextment which bad been most carefully controlled
throughout The development of x,ranulocytosis appears to be
& matter of whosynerasy unpredictable and probably unpresent
able but fortunately rare  The patient should slwavs be wamed
o discontinue the thsouracil direeth he feels a sore throat enlarged
cervieal glands or malase or af he develops a cold er shan rash
He shold then immedntely seport to his doctor for a blood count
Aoore {21 ) found that there s 1 peniod of maanal danger of agrany
loeytosis between the fourth and exghth neeks of treatment se
hat ot this stage particulsr vigilance 15 nocessary and 1t 18 aho
t ths penod that there i the greatest b hihood of feuropents
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by which 1s meant a white cell count below 3 000 per ¢ em wathout
evidence of mfection Penmeillin should be given mn any case of
leucopenta to present the sccondary sfection which so often
proves fatal Thus Rothendler and Vorhaus (24) successfully
treated a ease by mjections of 20 000 umts of penicilin every three
hours for four days together with darly injections of 2 ml of crude
Iner and a whole blood transfusion of 500 mi

Other toue reactions make s formidable List but fortunatelv
are not often seen  They include drug fever usually about the
eighth day morhilliform or urticaral rashes allcrgnc arthnitis
nausea vormting abd 1 pans diarrheea | he enlarge
ment of lymph glands or of the submaxillary glands cedema of
the legs Jaundice of an obstructive type increase of exophthalmos
thromboeytopenic purpura acute hemolytic anemua  heart block
mental stupor confusion and delusional 1nsanity

METIIS L THIOURACIL AND PROPYL THIOURACIL

These substances were introduced as being less toxac and more
potent than thiouracl  Radiotodine and chrucal tests indicate
that methy! thiouracil is from two to one and a half times as effective
as thwouracil whereas propyl thiouracil 1s probably no more
effective than thionracil dose fordose The mutial dose for methyl
thiouraclis usually 100 mg brd and for propyl thiouraeil 100 mg
t1d Thedosageissubsequently reduced when the B MR has fallen
to maintam 1t at a figure between 0 and — 10 Himsworth (25)
constders there 15 little to choose between the toxiaity of these
three drugs  The American workers such as Belerwaltes and
Sturgs (26) prefer propvl thiouracil but methyl thiouracil 1s often
employed 1n Fagland and 1s the preparation we use Propyl
thiouracil 15 certamnly not free from toxic effects  Agranuloeytosis
developed 1n the first two cases 1n which we used 1t 1n doses of 50
mg ti1d but neither proved fatal Bartels (27) 11 America also
reported threc cases of agranulocytosis and eleven of leucopema
durng propyl thiowracil treatment  Jubar and Hamns (°8) have
further described a fatal case of agranulocytosts due to propyl
thioyraeil

The Combined Use of Jodine and Thiouracil Derivatives
Whether 1odine should be simultaneously admimstered with a
thiouracil dervative in the routine treatment of thyrotovicos:s s a
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matter of opimion  Wedonot doso  Bererwaltes and Sturgs (26)
recommend that 5 mumms of Lugols solution should be gnen
daily together with propyl thiouractt  They claim that if an opera
tion 1s subsequently performed the thyroid 1s fess friable and bleeds
less easily and further as the rodine acts at a different powt i
the formation of thyroxine than dees thiouracyt the restoration to
health of the patient 1s accelerated Astwood (29} however
behes es that wodine should not be used with a thonraal denvatise
a1 the treatment of thyrotowicosts as there 15 4 fugh frequency of
recrudescence of thyrotoxicosts durmg prolonged treatment with
the two substances

Pre Operatne Treatment There is here also s difference of
opmion  Should 1odine be used alone or combined with a thouract
derivatie * Beterwaltes and Sturgns (26) recommend that 100 mg
of propy1 theouraci shonld be ginnent1d ac together with 4 drops
of sodine solution dasly until the BM R bas fallen to zero  The
operation should be performed provided also that the chnical
features of thirotoxicosis have been controlled  No antithyrod
drugs are required after the operation  This treatment s suitable
both for cases of exophthalmic goitre and of toxic adepoma
Bartels (30) savs that the pre operatrie use of propy] thiouract
has reduced the operatiie mortality in surgical thyroid ehmies from
3% to 01 /4 and it should always be used 1n severe cases  Vve are
sccustomed to prepare our patients for operation by the use of
lodime alone except in very severe cases in which a satisfactory
response cannot be obtained  In such instantes we believe that
methy ! thiowracil should first be used and if a satisfactory response
results 10dme s also preseribed during the list two weehs of the
pre operatyy ¢ treatment

Results of Treatment with Thiousracil Derivatives A
satisfactory assessment of the results of thwuraal treatment con
oniy be made after the patient has discontinued the drug for several
years In themajonty of the reports the figures are based on perods
of one or two yers obscrtatson or lss and there s considerable
camation m the results obseried  Danowsha et al (31) wsed
thiourea and odme s thes conuder that thioures 13 not only at
Jeast as effective as thouracd but 1lse less towie One hundr:;!
and exghteen patients were 1o treated and of these 83 were follow -
for pestods of sty smonths to more than £wo years Fight patsen
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were observed for five to sixteen months following a course of
thiourea which had lasted from G ~ to -4 months The BMR
remained satisfactory 1n all of these cases but there was recurrence
of chnieal symptoms of hyperthyroidism in one of them Poate
(32) behieves that methy! thiouraeil 1s supersor to other thiouracil
preparations and 1 a series of 200 cases constdered there 15 an
80 4 chance of cure without operation The ayerage pertod
of treatment was nine months and with a large thyroid a year or
longer might be required  If thyroideum siccum has also been
used the treatment should be prol d for another
two to four months Verel (33) observed a sertes of 62 patients
treated with thiouracil or methyl thiouraell for periods between
six months and four and a half years  In all cases the thyrotoxicosts
was successfully controlled and the majonty were back 1 full
employment within siv weehs of startng treatment Thyroid
ectomy was performed 1n two cases tn one 1nstance on account of
persistent granulopemia In the other because of excessie thyroid
enlargement In 33 cases the result was satisfactory after the
thiouracil had been discontinued for three months or longer One
patient developed myxcedema after being off thiouracit for nineteen
months  In 5 cases i which no thiouraail was taken for thirty
three to thirty nine momhs no relapse occurred  Ravdm et al (34)
believe that after for six to twelve
months can be expected m about 50 / of cases McCullagh and
Sirnidge (85) found recurrence of hyperthyrordism n 2 cases out of
6 who had been treated with methyl thiouracl and 10dine for
peniods of five to twelve months with complete control Meulen
gracht and Kjerulf Jensen {86) treated 180 patients with methyl
thiouracil for an average period of twelve months  An examination
was subscquently made of 111 patients who had been without
treatment for three months and mn 10 cases relapse had occurred
Unfas ourable results have also been reported by Starr et al (37)
who treated 28 patients with propyl thiouracil for periods up to
ten months and m nearly every case relapse occwrred on dis
continung the drug  Frisk (38) 1n a senes of 126 patients treated
‘with methy] throuraeil found that 14 / had a rerussion of at least
erghteen months duration

It 15 quite clear from the above figures that the tendency to
relapse 1 but when prok

2 do oceur
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several years must pass after discontemmnce of treatment before
the real efficaey of the thiouracy drugs ean be determined  VWhen
however relapse dees ocenr the svmptoms of thvrotosicons sre
usually amrenble to 1 further course of treatment

Ravtoacrin: Jopin

Radwattne wodime with a mass of 191 and a half hife of eght
davs 15 used both for the d and of thy
It 15 sad to have o half {ife of exght davs because at the end of that
pertod it hms lost 50 4 of its tetnaty Tahen by mouth s a colour
Iess solutton m water 1t 15 queckhy absorbed from the stomach
The greater part of the abserbed radiosodne 15 concentmted in the
thyrord Xt s essenttal that the patient shall hat¢ tahen no rodine
for at Jeast four weeks before the tests for thyrotoxicoss are made

D of Thyrotoxi The p ge uptahe of radio
todine s determmed by gromg by mouth 5 tracer dose of 30-50
mycrocurtes of 1332 the perceatoge amount present m the thyrod
bemng estmated by v Geyer Muller counter at twenty four hours
Normalh theglndretuns 36 to 40, b perthy rordism between
40,4 to 98, 3 present m the thyrowd and in by pothyroidism the
figure 1s betwen | and ~ 16, fhore 35 some overlap of these
values for 4t tuney m thyrotovicoss Jevs than 30/ 1s retruned 10
the thyrord at twenty four hours  In onc of our cases of diffuse
thyrotoxicosss the BMR w1 + 1% (ub du Bos) and the
percentage rwoehne uptake w90 The drignosts of thyrotovscosis
mav also be made by the plasma clearance test A simiar tracer
dose of I8 1y ginen by mouth and the rite of clearance of the
radiotedine from the bioost 15 detcrmmed  Normally about 540 m!
of plasma e eleared of odme per ramute n thirotoxicoss the
clearance rate 15 rused to ihout 100~ 300 ml per minute and i
iy pothvrowsm the figurc s low wslly fess than 5 ml per nunute

The Treatment of Thyrotoxicosss 1 tracer dose of 80-50
merocuries of I35 36 gnen v mouth ind the percentape uptahe
at twenty four hours 1 detcrmancd  Irom thes figure and the
estimated wei bt of the thvrowd the therpoutic dose ss ealeulated
Thus 18 usuelly equialent to 300 .30 micrecunes per gram of
thyrod the total dose bewn,, betsween I-a ar 30 mulhieunes  The
normal neight of the thyroid s thout 20 grams - The beta partscles o;'
radsowodine exert their effect Yocath m the thyrord with a sange o
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about 14 mm  The gamma rays carry a distance of about one
metre and are piched up by the Gerger Muller counter

Special precautions must be taken when radiolodine 15 admmnrs
tered  Space does not allow detarled rules to be given here but
they are usually drawn up by the spectal departments concerned
with the mvestigation and treatment of patieats with radioactine
substances The patient should be n a smgle room  Contamunation
with the dryg 15 thost hikely to occur through the urine or if the
patient 1s sich through the vomit Bed clothing night clothes
handkerchiefs bed pans laiatories or baths may be affected
Murses and attendants must wear gloves gowns and mashs when
attending to the patient dealing with bed pans or cleaning the
room Crockery must be kept separate The urme 1s not thrown
away until the rad 4] hed

V anious reports on the results of treatment of patients suffering
from hav e been published by Hertz and Roberts {89)
m 1946 by Prinzmetal et a1 (40) m 1939 and by Gordon and
Albnght (41) m 1950 Some authorities consider that the duuse
thyrotoxic gostre 15 more switable for radiolodine treatment than
1s the toxic adenoma  Gordon and Albright (41) treated 83 cases
of diffuse gortre and 87 of nodular gortre and found the response m
both types similar  Owing to the error in estmating the size of
the thyroud 1t appears safer to grve a small dose of 3 millicunes
and after two to three months to repeat the dose i the thyrotowcoss
1s not arrested  Gordon and Albright (41) found that 59 of ther
Ppatients responded satisfactonly to a single dose of this size 36
patients required 2 doses 16 patents were given 3 doses and ™
patients needed 4 doses Only 2 patients had more than 4 doses

Radioactin e 10dine 1s of value not only in the treatment of primary
and secondary Graves disease but also m thyrotowicosts associated
with severe heart failure 1n cases comphicated by extreme emotional
disturbances and m multiple recurrences after what appeared to
be adequate surgical removal It should not be used during preg
nancy after the fourth month or when the gortre 15 large hard or
nodular  Chapman 2nd Evans (42) found that the depree of
exophthalmos chinges very little after radiolodme treatment but
the appearance of the eyes is improved from loss of chemosis Lid
retraction and cedema

Complications It 1s too carly to hnow whether carcinoma of

—9
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the thyrord may develop after many years i the gland which has
been treated with rachoredine  There appears to be no danger of
causing sterthity  In the early davs of trextment radioiodine was
lumted to patients over the age of forty fne years now it 1s gisen
to patients of any age Muvxedema may result from overdosage
but this can be controlled by the adminitration of thyrmdenm
siecumn No damage to the hidneys has been noted

Treatment of Carcinoma of the Thyroid Racoadime 18
only taken up by certain ty pes of carcinoma of the thyrord Inall
cases to be treated as complete o surgieal remosal of the gland a3
posstble should be made first and then sufficient radiorodine gven
to mnduce a complete state of myxoed which 15 suk 4

lled by the oral ad ration of thy roideum siceum  Good

results may be obtamed in the treatment of secondary bony deposits
of carcinoma of the thyrod A prehminary thyroidectomy or the
adm of thy retropee ke appears to assist the uptshe
of radioiodine by the secondary deposits

Conclusions  Itis not clamned that thiouracil or its dernatives
remove the cause of thrnotovicons ond there 35 hitle difference
between the rishs of medical and surgieal treatment m Graves
disease  The operatrne mortthty rate mn the best hands 1s below
1,/ and the chance of death from the thwuracd derivaties 15
possibly a little less It 15 smd that i the exophthalmic class of
Graves dusease the chance of cure 15 as high as 80 / whercas
with thyroidectomy the caraine rate s ugher up to 85% The
hkehihood of & permanent cure with thiouracil has been dis
cussed above  The chuef drawbacks of thyroidectonny are the
possible complications of the operation espeetally tetany recurrent
Jaryngeal nexve palsy ond the subsequently des elopment of exoph
thalnue ophthalmoplegrn  Further refapse may tahe place as long
as twenty years after the eperation  Thyrowdectomy 15 especially
mdicated 1 toxic rdenoma and the high percentage of corcmomas
wwhich develop tn foetal adenom s of the thyrord 1s another pornt m
fmour of operation Medical trextment with thiouracil dematives
15 indseated m the elderh  and 1n patients unsuitable for surgesy
owing to cardwo saseular degeneration or who have had a provious
thy roid operation “Fhuouracd dens atises are also useful as 2 pre
pperative treatment 1 those who have become 1odine fast owing
to prolonged 1odine treatment  They can be recommended m £ase$
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1 whuch the goitre 15 not large or in those who refuse surgery An
operation should be advised of during thouraail treatment a large
gottre persists despite the admimistration of thyroideum siccum
Fally the cosmetic effect resulting from the remosal of a large
goitre cannot be achieved by thiouraell or its dervatives the
maimntenance freatment 1s apt to be difficult with thiouracl and
there remams the never ending possiblity of the sudden develop
ment of agranulocytosis

Tt 15 too early to assess the ultimate results of treatment with
radiolodine but 1t may become the method of choice m the majority
of cases Elaborate equipment and a specially trained team of
workers are required and so 1t 15 not suitable for use m the general
wards of a hospital or 1n private practice
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CHAPTER XX
THE NERVOUS SYSTEM
ELECTRO ENCEPHALOGRAPTY

TIr has been hnown for over sixty years that electrical currents
are produced 1n the brains of anumals both at rest and durmng
stimulation In 1891 Gotch and Horsley (1) recorded such currents
produced m the exposed brawmns of ammals using a strng galvano
meter or a capillary electrometer Berger (°) m 1029 first showed
that changes mn electneal potential ansing m the cerebral cortex
could be demonstrated 1 man with electrodes appled to the scalp
He used ongmally a Siemens galvanometer and the deflections
were very small There was at first some doubt as to whether
the electnical changes did actually amse i the bram but in 1934
Adnan and Matthews (3} confirmed Berger s findings and demon
strated that the waues recorded arose i the parieto occipital region
m both sides of the bramn near Vogts area 19 all extraneous
causes of change in potential such as muscular actinity eye move
ments ;md electrode artefacts were excluded Electro encephalo
graphy 1 le with electro card: hy but
the potcntml changes led off from the scalp are oﬁen more than a
hundred times smaller than those recorded from the body surface
in electro cardiography  Thus the normal scalp potenttal changes
are 1n the region of 5 to 100 nuerosolts but occastonally under
abnormal conditions they may nse to 1 millivolt (1 mcrovolt = 1
milhonth of a volt) The electrical potential changes on the brain
surface are ten to fifty times greater than those obtained on the
scalp

‘The Electro encephalograpt There are many duifferent types
of electrode the most usual ones bemng either a saline pad which
may be moved about the head st will or a solder pledget sealed
to the scalp with collodion 1he second 1s commonly used for
prolonged amvestigation  The dufferent techniques used have been
fully described by Gibbs Davis and Lennox (4) Fornmuller (5)
Walter (6) Balado Romero and Nowseux (7) 1nd others

The harr should be eut short or pushed aside under the electrodes
It should be moistened if 1t 15 very dry and the portion of

203
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CHAPTER AI
THE NERVOUS SYSTEM
FELECTRO E\CEPHALOGRAPHY

Ir has been hnown for over sty years that electrical currents
are produced m the brains of wmmals both at rest and during
strmulation  In 1891 Gotch and Horsley (1) recorded such currents
produced n the exposed brains of ammals using a strng galvano
meter or a capillary clectrometer Berger (2) 1n 1929 first showed
that changes 1n electrical potential ansing 1n the cerebral cortex
could be demonstrated 1n man with electrodes applied to the scalp
He used lly a Siemens galt and the
were very small There was at first some doubt as to whether
the electrical changes did actually anse 1n the bran but m 193¢
Adrian and Matthews (3) confirmed Berger s findings and demon
strated that the waves recorded arose in the parieto ocerpital region
m both sides of the bram near Vogts area 19 all extraneous
cawses of change 1n potential such as muscular actinty eye move
ments and electrode artefacts were excluded Electro entephalo
graphy 1s ble with electro card hy in technique but
the potential changes led off from the scalp are often more than 4
hundred times smaller than those recorded from the body surface
m electro cardiography  Thus the normal scalp potentral changes
are mn the region of 5 to 100 microvolts but occasionally under
abnormal conditions they may nse to 1 millivolt (1 mucrovolt = 1
mitlionth of & volt} The electrical potential changes on the bran
surface are ten to fifty times greater than those obtamed on the
scalp

The Electro encephalograph There are many diferent types
of electrode the most usual ones being either a saltne pad which
mav be mosed about the head at will or a solder pledget sealed
to the scalp with collodion 7he second 15 commonly used for

I my The different tech used have been
fully described by Gibbs Davis and Lennox (4) hornmuller (5)
Walter (6) Balado Romero and Noseux (7} and others

The hair should be cut short or pushed side under the electrodes

It hould be moistened 1f it 15 very dry and the portion of
203
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scalp under the electrodes should be
cleaned with aleohol  Lither pured
electrodes or 2 single sealp electrode
syStem may be employed Ir the
pared clectrode system four eleetrodus
{1 b cand d) are placed on the scalp
conneeted with three amphfiers {1 2
and 3} as shown mn the dwgram {see

PARED ELECTRODES Fig 49) The amphfiers ave thernonie

Fic 40 Pared electrades - m of
(atter Wotliams. and valses whereby an amphficatio

Gibbs (8)) more than 1 mithionfold ean e obtamed

The potentidds thus amphfied ave Jed
to three recording oseitio raphs
Recording can also be carried out on paper by an nk writing
oscillograph or phetograplientls by means of cathode ray tubes
As the frequencies encountered are relatively slow the b writing
oseitlograph m virtue of ity simplcity
and cconomy of time and money 1
superseding the more unstable eathode
ray tube
Single sealp dlectrodes are emploved
with an  indifferent  electrode placed
on the car and ewrthed  The arrange
ment of 2 three an ke clecirode

systerm 1x shown m the dingram (sec SINGLE EM:CTRODESmd
Fic 50 Smgle slectrode

Fig 50) o b and ¢ are electrodes ‘(ﬂr‘;" Wiltarne and

placed on the scalp and ¥ 2 and 3 are Tabbs (8))

amplfiers

The single scalp electrode records the potential change ocowrring
at 2 smgle pont i the brun and gncs a truer reproduction of 2
pure wate than do the pawed electrodes Tt therefore records
aceurately the abnormal wwe forms which are encountered in
grand mal petit ml and psvchomctor epdepsy  The pared
eleotrodes are used to locahse foot of actnaty for with pawed
electrodes changes m potential common fo both clectrodes are
clumnated andt although 3 true picture of the electreal erents
occurnng 1 the cortex ss not gnen the Iocal discharges are
rendered more prominent  As Williams and Gibbs (8} pont m;f
i the polential gracient 1s visuabised a3 a full the single scalp
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electrode records the height of thc hill above ground level

d by the dufT de whereas the pawred
electrodes measure the difference between the two points on the
hill under examination without indicating the actual height of
either pomnt above the ground level Thus with the single scalp
electrode system when the il top or preatest change in
potential 15 placed under one elecirode whichever way the elec
trode 1s moved the potential will fall off as shown by the recorded

A .
e N
7N
TV
3 A

Fio 51 Local sation of focus of activity by paired electrodes
{after Willimms and Gibbs (8))

deflections  Wath paired electrodes 1f the hill top 15 at the
end of the row of electrodes the potential will fall 1n the same
direction m each parr and will cause a deflection of each of the
recorders 1n the same direction the maximum deflection occurnng
from the electrode situated over the focus of actnity If how
ever the hifltop occurs at one of the middle electrodes the fall
will be away from that electrode m both directions and so wall
pass through the cirewt on each side in opposite directions making
an upward signal or deflection 1n one and a downward in the
other the waves are then said to be  out of phase indicating
that the focus of actimity 15 situated under or adjacent to the
middle electrode comrmon to the two pairs

The apphication of this method for the localisation of the focus
of activity by means of paired electrodes 15 shown in the diagram
(see Fig 51)

The Alpha Waves or Berger Rhythm Berger placing one
electrode on the frontal and the other on the occipital region
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demonstrated the occurrence of waves amsing from the bratn
health  They hate an amphtude of 10 to 100 mucrovolis snd &
frequency of about 10 Herz {10 cyeles per second)  In childhood
the frequency 1s sbout 6 per second and after the age of fifty the
frequency dimmshes  They are present when the eyes are shub
and wsualfs disippear when the eyes are open  In g few people
they are not present They nre nearly sinusmdal and come and
go at regular mtervals (see Fig 523)  When the eyes are shut
mental conventration or a sudden nowe will cause the ware fo
dimmish m amphtude Rarely with sufficrent mental relaxation
the waves persist even with the eves open  The alpha waves are
veplaced by other wave forms dunng sleep They are present m
bind people but nowes or tactdle stunub may couse ther dis
appearance  The perstence of the waves therefore appears to
depend upon that part of the cerebral cortex winch 1s concerned
with the mtegration of the snual simuk  They are thought to
be produced by groups of neurones acting 1 umson  thew
svachronisation bemng due to a loeal pace maker whose activity
15 modified when the neurones arc brought into action Thus
thev are evident when cortiead actissty 1s suppressed and abolsshed
durmg funetional aetity  Temere (9) has used this method 10
distmguiti between bhindness and hysterical blindness or makn
genng  In true blindness the alpha wan¢s persist when the eyes are
opened and the person attempts to look at wn object i feigned
or hyvsterical blindness the alphiy waves cease on opening the eyes
and locking at an object  This suggests that in hystena netther
the sensory not motor pathw sy s nor the cortical centres are affected
‘The Bets Rhythm  Berger also deseribed beta waves oceurnng
i health They arc smalkr than the alpha waves and have &
frequency of 18 to 25 per sccond  Thev are beliered to amse 1t
the pre frontal region of the cirebral cortex Sumiar wases et
be produced by eontraction of the frontal and temporal museles
and thev are mor< propmment w reeords from andn sduals wath
wrinhled foreheads wd rused exebrows  Tittle w1 hnown about
these mimute wves and Hiesr s, ssfieance 1s not vet understood

Changes in the Electro encephalogram in Health

Sleep Leomss Harov and Hubast (10} hine shown that the
alpha w xes persist during the prelnunary drowsy stave silule the
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subject 1s still conscious  VWith the onset of sleep the alpha waves
cease and intermittent groups of waves appear hnownas spindles
with a frequency of 13 or 15 per second  Later m addition to
the spindles’ larger and more prolonged waves hnown as delta
waves are seen A dream may be accompamed by the appearance
of alpha waves

Hypnosis The alpha rhythm 1s sometumes slowed during
hypnosis but the electro encephalogram does not resemble that of
natural sleep

Cerebral narcotics cause the appearance of slower and larger
waves and basal narcotics result in quicker and larger wales

The Electro encephalogram in Disease

Studies have been chrefly directed to changes seen 1n the electro
encephalogram m ncreased ntracranial pressure 1n cerebral
tumours and i the epilepsies

Increased Intracranial Pressure This may be due to obstrue
tion of the ventricular system to cerebral tumours concussion or
menngitis  Berger (11) in 1931 showed that slow delta waves can
be detected all over the skull The waves may have an amplitude
up to 100 micror olts and a frequency of 3 persecond  Willlams (12)
has shown that the abnoymal wax es are not directly related to the
raised intracramal pressure but are caused by changes in the water
content of the cerebral hemispheres which is probably lLimited
to the white matter If the mcreased pressure 1s due to a cerebral
tumour reduction of the pressure by intratenous njection of
hypertomie sodium chloride solution may cnable the site of the
tumour to be located as the slow waves are now confined to the
site of the tumour as shown by Walter (6)

Cerebral Tumours In 1933 Berger (13) demonstrated similar
slow waves ansing over the affected part of the bran mn two cases
of cerebral tumour The waves appeared when one of the elec
trodes was placed over the tumour and they were not present
when the tumour was mudway between the electrodes In 1035
hornmuller (5) and Foerster and Altenburger (14) demonstrated
that the potentials arse in the surrounding cerebral tissue and not
1 the tumour itself  Walter (15) has ev ols ed a method for locatmg
certan tumours by means of the electro encephalogram

Walter s method of localising a cerebral tumour with paired
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demonstrated the occurrence of wases ansing from the bram
health Thev have an amphtude of 10 to 100 microsolts and 8
frequency of about 16 Herz (10 cycles per second)  In childhood
the frequency 15 about 6 per second and after the age of fifty the
frequency dimimshes  They are present when the eyes are shut
and usunlly disappear when the eyes are open In a few people
they ave not present  They are nearly surusoidal and come snd
go at regular mtervals {see Fig 52A)  When the eyes are shut
mental concentration or a sudden nose will cause the wave to
chomnish 20 amphtude  Rarely with sufficsent mental relaxation
the waves persist even with the eves open The alpha waves are
replaced by other wave forms dunng sleep They are present in
blind people but nowses or tactile stmuh msy cause ther dis
appearance  The perssstence of the waves therefore appears to
depend upon that part of the cerchral cortex winch is concetned
with the integration of the visnal sumult  They are thought to
be produced by groups of neurones acting 1o umwson thew
synchronisation bemng due to a local pace maker whose achaty
15 modified when the neurones are brought into petion  Thus
they are evident when cortical actiuity 15 suppressed and abolished
during functional actnaty  Temere (9) has used ths methed to
distingussh between bl and hystencal bh or mals
gerng  In true blindness the alpha was es persist when the ey es sre
opened and the person attempts to look at an object 1 fesgned
or hysterical blindncss the alpha waves cease on cpemng the eyes
and looking at an object Tlus suggests that i hystena nether
the sensory nor motor pathways nor the cortical centres are affected
The Beta Riythm  Berger also described beta was es ocowrmng
1 heslth  They are smaller than the alpht waves and hue s
frequeney of 18 to 25 per second  They arc beheved to anse
the pre fronts! remion of the rerebral cortex  Simmjar waives ean
Ve produced by contraction of the frontal and temporal muscles
and they are more promsnent m records from adsiduals with
wrmMled forcheads and rmsed eyvebrows  Yittle 15 hnown thout
these munute waies ind thew 1 15 not 1 ¢t understood

Changes in the Electro encephalogram i Health

Steep Loomus Yarvey and Hobast (10) have shown that the
alpha waves persist during the preliminary drowss stage while the
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lesion was demonstrated by operation or by autopsy and in 15
the diagnosis was established by other means A single focus was
found m 36 cases and all were correctly located In 7 cases two
foer were found mn 4 of which the pathologieal cortical areas were
confinned In 7 cases generalised abnormal waves were found
In 41 cases of suspeeted wnh 1 lesions the elect
gram was normal and further clmcal mvestigations revealed no
abnormahty

In general 1t may be stated that any tumour causing progressive
destruction of cortical trssue will cause abnormally large slow
waves of electrmical potential to arse 1n the damaged cortex
Sinilarly any other lesion such as an abseess or a demjyehnating
disease resulting 1n cerebral dysfunction will be associated with
wdentical wave forms It follows that diserete and non progressive
cortical lesions or deep tumours not affecting the cerebral herm
spheres or the cortex itself or cerebellar tumours are unhkely to
be unmashed by indirect electro-encephalography  Walter and
Dovey (16) have descnibed a method using a needle electrode
by which the electrical actinity of the subcortical structures ean
be determined This can be used to supplement consentional
methods of identifymng and locatmg subcortical tumours at
operation

Epilepsy In 1937 Golla Graham and Vvalter (1*) showed that
there are changes 1n the electro-encephalogram m 50 / of patients
under the age of forty suffertng from convulsive epilepsy even
though no fit 1s seen at the tme of examination The majonty
of such abnormal electro encephalograms occurred 1 patients
suffermg from grand mal An abnormal electro encephalogram
15 rarely seen 1n a patient who first has epileptic fits after the age
of forty The abnormality between fits consists m the occurrence
of intermittent wrregular slow waves  Vialter states that in grand
mal the focus of discharge 1s usually found 1n the region of the
supenior frontal gyrus on one or both sides  hrvnauw (18) says
that foer of discharge are also quite commonly post central or
even ocapital i grand mal and other workers have been unable
to find a predilection for any particular cortical area In petit
mal the abnormal wases are widespread but the focus 1s usually
‘post central Seizure  wates ocour dunng a fit the focal dis
charges becommg greater and the arca of discharge spreading
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Fio 52 Method of locatisation of a casetiral turouz with patred
clectrodes (after Witk s und Gibbs (8))

Qectrodes s Wustrated m the dugrams (see Fig 52) reproduced
from an article by Vlhams ond Gibbs (8) There are five stages
1 the 1nvestigation A Right bnf of brain normal B Abnormal
focus 1 left paretal region € \bnormal focus confirmed left
sde of bram D Abnormal focus localised antero posteriorhy
£ Abnormal focus Jocalised transversely

Walhams ond Gibbs (8) nvestigated 50 cases m 35 of winch the
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The tvpes of waves met with 1n epuepsy are dlustrated m the
accompanying dtagram (sce Fig 53)

Head Injuries  Vilhams (23) has my estigated with the electro-
encephalograph ~4 patients suffermg from acute head mjuries
due to war wounds The tests were made within twenty days
of the mnjury  He found that widesprexd abnormally slow waves
suppression of normal frequencies and outbursts of lugh voltage

RORMAL
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CRAND WAL PETIT MaL PSYCHOMOTOR
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Fic 53 Types of wates i epilepsy (Lennox (18))

sine waves with a frequency of 2 or 8 per second indistinginshable
from sub cluueal epileptic attachs occurred i the acute stage
Further the degree of abnormality corresponded with the clinieal
state of the patient and progressive changes indicated mprove
ment or deteroration The epileptic type of waves bore no
prog as regards the of post
epilepsy  Villlams (3) also investigated the electro encephalo
grams n chronic post traumatic states followin, head njuries
The electro encephalogram was abnormal in 50% of cases and
there was a defimite relation between the electro encephalogram
the seventy of the injury the persistence of symptoms and the
presence of dural penetration

Psychopathic Disorders  Attacks of uncontrollable anger or
negatinsm and behaviour disorders 1 children may be accom
panied by cerebral dysthythmia and an abnormal electro
encephalogram  The electro encephalogram will alyo ndicate
whether the cerebral cortex 1s affected m cases of Sydenham s chorea

C Elects phal which started Lfe as
suspeet 15 now accepted 1s a genuine method of studying electrical
changes in the cerebral cortex It has already become a useful
adjunct to other chmeal methods i investigating the site of
cerebral tumours and abscesses and 1t has special value 1 ging
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Thew v esarethenslower butiwger and moze wrregular  Transston
bursts of  semure  wrves are often seen m the absence of &
fit and Lennox (19} has calfed them  subchmcal sermures  An
inerease i the number of these outbunts often precedes a grand
mal fit by days and can be used m predicting the onset of a eon
vulsion  Gibbs Gubbs and Yennox (20} descnbe the  sezure
wases w grnd mal as sharp spihes oceurring at twenty five to
thurty per second 1w petit mal there are quich shrp spikes alter
nating with slow round waves and m psycho motor attacks
{psychee v amants) square It waves occur 2t about three to four
per second  As epilepsy 1s associated wath the development of
abpormal rhythms w the cerebrd cortex they have called it a
paroxysmal cercbral disry thma  According to Gibbs (21) about
10 4 of normal people show 1 cerebral dyvsrhy thmia indutingush
able from that oceurring betneen the serzures m epilepsy and i
15 possible that such mdniduals are suffern,, from asy mptomatie
epilepsy  Further shout 5, of the near relatives of epephies
show an abnormal electro cncephalogrum  Despite this corto
boratn & evidence of petit mal provided by an electro encephalogram
was successfully used by the defence i« murder case w England
m 1642 when prolonged chimcd observation of the aceused m
prison showed no essdence moeprlepsy

Symptomatic Epilepsy  lhere v no difference between the
record of & fit resulting from triom: tumour or any other lesion
And that scen i sdopatiue epdepsy The fit may not necessanly
be associated with any focal dectnical abnormality

Hysterscal Fits  Noabnorm iy ss seen in the clectro encephalo
gram durin, the fits wnd except that unstable people are smore
hable to show abnormakties in the eleetro encephalogram than
are stable subjects the resting, re ord 1s usunlly perfectly norsnal

Golla Mekhumssoch and Walter (27} have shown that surgeal
removal of the portion of the ccrebral cortex i which the delta
waves ongnate may abolish the fits for a few months but they
wltimately reeur  The nchsdd on.an of the fit therefore appenrs 1o
be due to generalined cerebeal chane

Antt consulsant diugs such as bronides and Luminal which
are used for the trestment of eptlepsy  seduce the numbes of
sbnormat dectrietd sutbursts 11 subchnwl fits  espeenaily an

grmd meal epilepsh
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The tvpes of waves met with m epslepsy are ustrated 1n the
accompamvang diagram see Fig 53}

Head Injurtes Vi illiams {23) has v estigated with the electro
encephalograph 71 patients suffering from acute head mjures
due to war wounds The tests were made withue twenty days
of the injury  He found that widespread abnormally slow waves

Pp of normat and of lugh volta,e
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Frc 83 Types of wasves 10 eplepsy (Lennox (18))

sine waves with a frequeney of 2 or 3 per second indistinguishable
from sub cluncal epileptic attachs oceuwrred wn the acute stage
Further the degree of abnormality cortesponded w th the chinseal
state of the patient and progsesstse changes mdiented smprove
ment or detenoration  The ¢pleptic type of wases bore ne
proguostic sigmficince as regands the ocerrence of post traumatie
epilepsy  Vilbams (23) also investigated the electro encephalo
grams in chrome pust fraumatic states following head impuries
‘The electro encephalogram was abnermal 1 LB/ of cases z2ad
there was a defimte relation between the electra encephalogram,
the seventy uf the mjury the persistence of symptoms and the
presence of doral penctration

Psychopathic Disorders  Attacks of uncontrollable anger or
negatism gnd behaviour disorders in children may be nccom
panied by cerebral dysthythmia and an abnormal electro
encephalogram  The electro encephalogram will alse wndicate
V\hclhtrthc cerebral cortex 1s aflected in cases of Sy denham s chorea

Electro phalography  which started Lfe 2

suspcct 15 now accepted as a gepune method of studying electrical
¢han,¢s 1n the cerebral cortex It Das already become a useful
adjunct to other ehimical methods . investigating the me of
cercbral tumours and abscesses and 1t has special value m g ng
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objective proof of the presence of epilepey and the cxact type of
fit m subjects whose history 1s inconclusiie It s of value m
desnonstrating wnparment of function of the central nervous
system 1n cases of head mypunes It 15 alse helpful m the dignosis
of lepsy sul i h cerebral trauma mepingitts
encephalitis Schilder s disease and disorders of behaviour Setere
degrees of dementia may oceur w 1th & normal eleetro encephalogrim
For a more detaded discussion of electro enceplalography the
veader s referred to the ook edited by Hut and Parr (21)

Triamerony v MrastiENTY GRA®IS

In 1901 Weigert (20) recorded a ease of myasthema gravis with
hyperplasia of the thymus  “imce then numerous observations
have been made and 1t appears that the thymus 15 always per
sistent hypertroplued or the seit of a bempn tumour m myss
thenia gravis Norrs {26) su,gests that i myasthenta gravis the
thymus shows speafic histoloial changes consisting of hyper
plasia of the epithelinl cells of the medulla  In the hyperplastic
arens the normal structure of the gland may be preserved or an
undifferentiated synevtial mass of epithelum is found oblterating
the round cells snd Hasalls corpuscles s structure closely
resembling that of the feetal thymus  The causal connection which
1s now well ostrbhshed betwesn changes m the thymus and myas
thema gravis is umhnows but st has been suggested that o substance
35 formed sn the thymus which nbibuts the chobnergie fransmission
from neme to muscle  Swerbruch (27) w 1912 introduced the
operation of thymeetormy for myasthenia gravis the patient was
alse sulfenng from byperthyrodisyn  Blaloch et 31 (28) an 1911
reported on thymeetoms m 6 cases of myasthema gravis One
patient died 8 were symptom free three months fter operation
one was mproved but still requircd prostipmen md ene was un
changed two months later  Vaeds | ) reports on 86 patients
suffensng from myasthema griay treated by thymectomy at
Massachusctts from 1931 to 1842 Serven of these pahents bad
thymomas and 28 showed 1 wns degrees of myolution and the
formation of germunal centres wm the thvmie trssue Good 1o &
cetient results were obtawned wn about 50 4, of the cases  Neostig
gne may be gren with adh antage mtra enoush dunng the opern

yon 05 g of neoshgrune metdn Julphate mtravenously baing
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approumately equivalent to 15 mg of neostigmine bromide by
mouth

Reynes (30) has done much to lower the operative mortality of
thymectomy which should now be below 5/ He obtamed the best
results 1 cases with a short history  Of 190 patients who did not
have thymie tumours 79 hax e shown a complete or almost complete
remission of symptoms heynes 1s opposed to a transpleural
operation as even temporary collapse of the lung 1s harmful to the
myasthenic patient He also emphasises the danger of giving an
enema to a patient after thymectomy almost invartably the
patient will collapse with syncope and such an experiment should
never agam be made  Fatalities after operation are nearly always
duc to pulmonary complications A myasthenic cnisis may cause
excessive bronchisl secretion with pulmonary consohdation and
death Viets however has not seen such a myasthemc ensis and
considers that when patients drown m their own secretion 1t 15 due
to excessive orall considered use of neostignune  Primary operation
m the case of thymomas was found to be very unsuccessful The
operation here 1s more difficult  and although the immediate result
may be good a sertous and irrevocable relapse 1s very hable to
occur  Such cases are best treated prmanly by deep X rays
Later 1t may be possible to remove the thvmus with the tumour

Conclusion It 1s probable that thymectomy 1s mdicated 1n
rather less than 50 / of all cases of myasthena gravis It 1s
contra ndicated 1 cases well controlled by neostigmne or by
tetra ethylpyrophosphate  With neostigmme remussions may be
observed equal m length to those following thymectomy Further
tolerance to neosttgmime 1s unlikely to occur
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objective proof of the presence of eptlepsy and the exact type of
fit 3n subjects whose hustory 1s meonclusne It 15 of value 1

rating of of the central nervous
system m cases of head injunes It 15 also helpful m the dingnoss
of lepsy subdural b cerebral trauma mentngiis

encephahtis Schilder s disease and disorders of behaviour Severe
degrees of dementia may ocour with a normal electro encephaloram
For a more detailed d of electro phalograply the
reader 18 referred to the book edited by Hall and Paxr (24)

Ty mEcTouy v W asTHEVIA GRAUIS

In 1901 Weigert (20) recorded a exse of myasthema gratis with
hyperplasia of the thvmus  Since then numerous obserations
have been made and it appears that the thymus s always per
sistent hypertrophied or the stat of a benign tumour 1 myas
thensn gratss  Norris {6) sug.ests that 1 myasthema gravis the
thymus shows specific histelowal changes consisting of hyper
plasiz of the epithehal cells of the medulla  In the hyperplastic
areas the normal structure of the gland may be preserted or an
undifferentated syncyvinl mass of epsthelium ss found obhterating
the round cells and Hasalls corpuscles s strueture closely
resembling that of the feetal thymus  Fhe crusal conneetion which
15 now well established between changes w the thymus sad myas
thema grav s 15 unhnown but it has been sug, ested that a substance
15 formed tn the thymus wiich minints the cholimergie transmission
from perve to musele  Saverbruch {27) 1 1812 mntroduced the
operation of thymeetormy for myasthent: graas the potient was
glso suffering from hypertbyrowhism  Blalock et ab (28) m 1981
reported on thymectomy m 6 cases of myasthema gravis QOne
patsent died 3 were ssmptom free three months after operation
one was improved but still required prosti_mun and one was ur
changed two months later  Vaete (29) reports on 36 patsents
suffering from myasthenia gravis treated by thymectomy af
Massachusetts from 1041 to 1843 Seven of these pateents had
thymomas and 29 showed varous degrees of svolution and the
formation of permunal centres m the thyme tssue Good to ex
ot resuilts were obtamed i about w0 of the cases  Neostig
drants, e mtr nenously dursng the opera
thy lulphate mtrarenoushy bang
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approumately equivalent to 15 mg of neostigmme bromude by
mouth

Keynes (30) has done much to Jower the operatis e mortahty of
thvmectomy which should now be below 5/ e obtained the best
results 1n eases with a short hustors  Of 190 patients who did not
hat e thymic tumours 79 hay e shown a complete or almost complete
remission of symptoms heynes 1s opposed to a transpleural
operation as even temporary collapse of the lung 1s harmful to the
myasthenc patient He also emphasises the danger of gsving an
enema to a patient after thymeectomy almost mvanably the
patient will collapse with syncope and such an experunent should
never again be made  Fatalities after operation are nearly always
due to pulmonary compheations A myasthemc crisis may cause
excesstve bronchial secretion with pulmonary consolidation and
death Viets however has not seen such a myastheme cnsis and
considers that when patients drown in their own secretion 1t 1s due
to excessive or 1l dered use of

Primarv op
m the case of thymomas was found to be very unsuccessful The
operation here 1s more difficult  and although the mnmediate result
may be good a senous and wrevocable relapse 15 very lable to
oceur  Such cases are best treated pnmanly by deep \ rays
Later 1t may be posstble to remove the thymus with the tumour
Conclusion It 1s probable that thvmectomy 1s mdicated mn
rather less than 50/ of all cases of myasthema gravis It 1s
contra mdieated mn cases well controlled by neostigmme or by
tetra ethylp, ph Tith may be
observed equal m length to those following thymeetomy  Further
tolerance to neostigmine 1s unlikely to occur
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objective proof of the presence of epilepsy and the cxact type of
fit 1n subjects whose lustory 1s meconcluste 1t 1s of value
d g img of of the central nervous
system m cases of head injuries 1t 15 also helpful 1 the dingnoss
of narcolepsy subdural rematoma  cerebral trauma memngiis
encephalitis Schilder s disease and disorders of behaviour Severe
degrees of dementia may oceur with o normal electro encephalogram
For a more detailed d of electro hal hy the
reader s referred to the booh edited by Hill and Parr {24)

Tuyseerom 1™ A asTaEnis Gravis

In 1901 Wergert (o) recorded a case of myasthena gravs with
hyperplasis of the thymus  Since then numetaus absercabons
have been made and it appears that the thyinus 1s always per
sistent hispertrophied or the seat of a betugn tumour m myas
thenia gratis  Norrs (26} suggests that n myasthema grasss the
thymus shows speafic hstological changes econsisting of hvper
plisia of the epithebal cells of the medulla  In the hyperplashic
arcas the normal structure of the giand mav be preserved or
undifferentsated syncs tial mass of epithelium 1s found obhterating
the round ceffs and Hassalls corpuscles its structure closely
resembling thit of the fetal thymus  The causal connection which
15 now wefi established between changes m the thymus and myas
themui gravis ts unhnown but 1t has been suggested that a substance
15 formed 11 the thy mus which wfubits the cholinergic transrmssion
from nere to muscle  Sauerbruch {27) n 1912 sntroduced the
operation of thymectomy for smyasthentt gravs the patient was
also suffering from hyperthyrohism  Blalock et 4l (28) m 1981
yeported on tinmectomy 8 caxes of mvasthennn geavs One
patient dsed 3 were symptom free three months after operation
one was xaproted but stilf required prost, min and one was o
changed two months later Viets {9} reports on 36 patents
suffenng from masthauwa gravss treated by - thmectomy at
Massachusetts from 1941 to 1949 Seven of these panents had
thy momas and 22 showed v intous degrees of molution and the
formation of germinal contres 16 the thmme tissue  Good to €3
celtent results were obtuned in about 50 7 of the cases Neostsg
mine may be gnen with adt antoge miravenoushy dunng the opera
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CHAPTER \II
THE HZEMOPOIETIC SYSTEM
TiPES OF ANEMIA AND THEIR TPEATMENT

As our hnowledge of the causation of the varous anemias
1ncreases ztiol 1 cl become more factory The
following elassificatton 1s based on that of Dastdson (1)

1 Nuintwnal Definency Anamas  These mav be due to
(a) Lack of the ants anemic or hemopoietic principle This 1s a
prmary defect {the dict being adequate) 1n pernicious anzmia
and a secondary defect (1 ¢ resultng from a recognisable cause) in
the anzmias of sprue and of dysentery 1n tropieal megaloevtic
anemia in the perntcrous anmemia of pregnaney 1 Diphyllo
bothrium latum infestation 1n carcinoma of the stomach and after
gastrectomy  In the latter group there 1s also often an error 1
iwon assimilation  There may be a deficiency of storage of the
hamoposetic factor 1n ads anced airrhosis of the biver () Lack of
the hzmopotetic factors such as wron copper thyroxine ‘itamun ¢
and a proper salt balance i the food This defictency may be
primary  as i simple achlorhydric anemia and the Plummer
Vinson syndrome m which the food ntake is often satisfactory
but the abscrice of hy drochlone acid results 1n impaired absorption
of 1ronor secondary to a recogmisable food or endocrmne defect
as n the simple nutritional anemia of wfants ehlorosts chronic
gastntis and ententis cochae disease starvation prolonged milk
feeding as 1n the treatment of peptic ulecrs and m myvxedema

2 Post hamorrhagic Ancmias  These occur after acute or chronic
hxmorrhage

8 Hemolgtic 4nemas (a) \cute hemolysts may result from
blackwater fever malara paroxysmal hzmogolobinuna  septs
cemia or toxins such as snake venoms It alvo occurs in Lederer s
anmmia (8) A hemolysis as 1n 1 or acquired
acholune jaundice sichle cell anzmua Cooley s anxmia Von
Jaksch s anemia and lead porsoning

4 Anamas due to Inkibition of the Bone Varrow Funchon
These may be primary as i aplastic anema or secondary as
aplastic anemia due to agents such as \ ravs radmum benzol

Ed
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There 15 little doubt that the ongin of the 1dea can be found i the
researches of Whipple {3) and lus collaborstors These workers
produced a severe secondary anzmua in dogs by bleedung and
proceeded to study the effects of 1anous food substances on blood
regeneration They found that if kver were added n large quantities
to the diet there was a remarhable mcrease m the blood count
whach appeared to be entirely due to the ner Shortly after the
publication of these results Minot and Murphy (4) described the
L of the same p les to the treatment of pernicious
anzmua In 192 they reported the effect of a diet rich 1 ver in
45 cases of permicious anzmia These results were very stnhmg
mdeed since they showed that one month s treatment wereased the
blood eount by about 2 000 000 red cells 4 senes of publications
followed with the result that the regrmen was fully upheld and now
expenence has proved that the blood picture can be restored almost
to normal 1n practically all patients
Castle and his colleagues of Boston (o 6} by means of a large
number of expeniments on the action of healthy gastne jmce on
beef muscle have been able to show that the jurce of the healthy
stomach contams some unknown mgredient (intnnsic factor)
which through its action on an extrinsic factor contained in muscle
protemn results in the formation of the ant1 anzetuc or hemopoletic
substance Ths 1s able to produce a remission 1n pernictous anemia
equal n degree to that produced by Iiver extract The identity of
the intrinsic factor has not been established but 1t 1s believed that
it 15 quite unrelated to HCl or pepsin and the work of Taylor
et al (") suggests that it 1s probably a ferment Formyne (8)
concludes that no reaction can oceur in zafro between the intrinsic
and extrinsie factors and he suggests that the reaction occurs 1n the
intestinal wall It 1 thermolablle and capable of actng m a
neutral medium These bhshed the l 1
mnportance of the stomach and 1ts secretion 1 the development of
permuous anzma The ant anzmic substance thus formed 1s
absorbed from the ntestine and stored 1n the liver and to a lesser
degree in the lidneys and spleen  In permcious anzmra the mtrinsie
factor 15 absent from the gastric Jwice and achylia gastrica 1s usually
present  Cohn et al (9) have shown that the active prnciple 15
netther protem lipoid nor earbohvdrate but s exther a mitrogenous
base or & polypeptide




300 THE HEVOFPOIETIC SYSTEV

lead or mercurn A leuco erythroblastic anemm results from
mvolsement of the bone marrow m carcmomatoss 1y elomatosss
Hodgluns disease and osteosclerosis By some writers Groups 1 and
4 m the _bove classification are called the dyshemopoietic snmmias

An slternative classifieation 15 based on the size of the red cells
and thew hiemoglobin content  Thus 15 of great climcal value 88
it emphasises the fact that m general the macrocybic anemas
respond to hver and the hypochromue wnmmuas to won therapy
Tron s however required sn addition to hver for macrocytic
anemias i the saturation wdex is low  The following classification
follows that of Wintrobe (2) —

Y Macroeytic Anemias In this group the avernge size of the
red cell 15 mmereased  The mean corpuscular volume 15 greater tha
9% ¢ The group mcludes permicious anxmia achrestic snema
the anTima associated with hver disorders and with mywordems
the anemia of sprue the permicious anemua of pregnancy  the
anemma of chylows durthoea and of Diphylobothrium latum
mfestation

2 Normoeytic Anemuas Here the average size of the red cell
1s normal  The mean eorpuscular volume 15 between 78 and 91 cp
The cells may be normochromie or hypochromie The ananuss
mecluded are aplastic anemia the anmmua following an acute
hzmorrhage wnd that due to malara

8 Sumple Maeroeytie Anwmias There 15 a shght decrease 10 the
size of the ved colls Fhe mean corpuscular volume 15 less than
58 o The cells are normochrormie duch anenuas may oecur 1
chronte infections and 1n caranoms

4 Aherocytic Hypockromae  fnzmws  The red cells are smaller
than normal and thewr b lobint content 1s terably reduced
The mean corpusenlar concentration is fess than 82, Examples of
anzemas of this elass are simple achlorhy dne anerua the aneme
of the Plummer Vinson sindrome the anemn resulting from
chronie hamorrhage or from anky lostormasts the simple putntionat
anxma of mfants and chlorosss

Tar VMACROCITIC ANAMIS
Pernicious Anmmua  The use of liver s the treatment of
permeious gnamua constitutes a therapestic adrance of sumilar
unporstance to the dsscatery of mnsulin for the treatment of diabetes
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There 15 httle doubt that the ongin of the 1dea can be found 1n the
researches of Whipple (3) and his collaborators  These workers
produced a severe secondary anemiz i dogs by bleeding and
proceeded to study the effects of various food substances on blood
regeneration They found that if liver were added 1n large quantities
to the diet there was a remarkable mcrease 1n the blood count
winch appeared to be entirely due to the liwer Shortly after the
publication of these results Vinot and Murphy (4) described the
appheation of the same principles to the treatment of pernicrous
anemia In 1926 they rcported the effect of a diet nch 1n iver
45 cases of pernicious anrma  These results were very stnhing
ndeed since they showed that one month s treatment mereased the
blood count by about 2 000 000 red cells A senes of publicatons
followed with the result that the regimen was fully upheld and now
expenence has proved that the blood picture can be restored almost
to normal 1n practically all patients

Castle and his colleagues of Boston (5 6) by means of a large
number of experiments on the action of healthy gastnic juice on
beef muscle have been able to show that the juce of the healthy
stornach contams some unhnown mgredient {intrnsic factor)
which through its action on an extnnsie factor contained i muscle
protem results tn the formation of the anti anzmc or hamopoietic
substance This 15 able to produce a remission 1n pernicious anemia
equal 1n degree to that produced bv hver extract The 1dentity of
the intnnste factor has not been established but 1t 1s believed that
1t 15 quite unrelated fo HCE or pepsin and the work of Taylor
et al {7) suggests that it 1s probably a ferment Formyne (8)
coneludes that no reaction can oceur 1 r2tro between the mtnnsic
and extrinste factors and he suggests that the reaction oceurs in the
mtestmal wall It 1s thermolabile and capable of acting 1 a

neutral medum These blished the
mmportance of the stomach and 1ts secretion m the developruent of
permcious anema  The anti anzmic substance thus formed 1s
absorbed from the mtestine and stored i the liver and to a lesser
degree in the kidneys and spleen  In permicious anzmua the mtrinsie
factor 1> absent from the gastric Jutce and achy ba gastrica 15 usually
present  Cohn et al (9) have shown that the active prmeiple 1s
neither protem lipoid nor carbohydrate but 1s either a mtrogenous
base or a polypeptide
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lead or meroury A leuco erythroblastic anemia results from
ol ement of the bone marrow m careinomatosts 1wy elomatosss
Hodghins diseasc and osteoscleross By some wniters Groups 1 and
410 the bove clussification are called the dyshamopoletic anzmmas

An alternative classificatson 1s based on the sue of the rod cells
and thexr hemoglobin content This s of great climeal value as
it emphanses the fact that i general the macrocytic ancms
respond to Iiver and the hy pochromic anemias o wron therapy
Iron 15 howeser requwed m addition to lner for maerocytic
anemuas if the saturation index is low The follow ing classification
follows that of VWntrobe (2) —

1 Macrocytic dnemas  In this group the average suze of the
red cell 1s d ‘The mean cory lar v olume 15 greater than
9% ¢ The group mefudes permcious anxmma achrestic anemi
the anemia assocated wath bver disorders and with mysodems
the anemin of sprue the permcious anemia of pregnancy  the
anzmua of chylous darthea and of Diphslobothnum latum
mfestation

2 Normoeytic inemas Here the aterage size of the red el
15 normal  The mean corpuscular volume is between 78 and 08 cp
The eclls may be normochromic or hypochromic  The anwmmas
wmeluded are aplastic wnymma the anmmia folloning an amte
hemorrhage and that due to malama

5 Simple Miereytic Ancemins There 1s 4 shght decrease in the
s1ze of the red cells The mean corpuscalar olume 15 fess than
78 cp The cells are normochromie  dSuch anzmias may cecur
chromue mfections and 10 caremoms

4 nerocytic Hypockromie dnamias The ved cells are smalier
than normai and thew globin content 1§ derably reduced
The rean corpuscular eoncentration 1s less than 32, Examples of
anenuas of ths class are simple achlorhydric antrma the anemid
of the Piummer Vinson syndrome the anmmia resulting from
chronse lremorrhage or from ankilostonmasis the sunple nutritsonal
anemia of mfants and chlorous

Tux MACROCYTIC 4 TMIAS
Pernicious Anemias  Fhe use of Iner m the treatment of
pernicious anEImid constitutes n therapeatic advance of sumlar
ymportance 1o the discovery of insulin for the treatmment of duabetes
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the ant: anxmue prineiple  Goldhammer (15) has shown that the
solume of gastric Juice 15 reduced 1 pernreious anema from a
normal of 150 ml per hour to 20 ml per hour 1a pernicious anxma
The ant1 anerme activity per umt volume however was the same
1n pernicious anzmia as m health  This obsersation supports the
view that the change 1n permicious anemia 1s a quanhtative
rather than a qualitative one

Very httle can be stated with ngard to the mode of action of
Liver extract The changes produced i the blood as the result of
successful treatment nclude the restoration of a normal red cell
count return of the colour index to normal and an ncrease m the
number of white cells with disappearance of the relative lympho-
cytosis  Specal attentton 1s directed to the retiendocytes present 1n
the blood These are inmature red cells normally present in the
blood to the extent of 01 to 1/ of the red cells They cannot be
seen 1 dned stamed films but ate demonstrated by wital
staining 1n wet films A blood film 1s made on a shde which has
prevously been coated with a thin dned film of a dye such as
eresvl blue A cover shp 1s then placed on the blood film which1s
examned wet (Davidson et al (16)) The reticulocytes contam o
networh granules or dots stamned blue They probably correspond
with the red cells showing polychromasia in the ordinary dry
films In untreated pernicious anzmia the reticulocytes are usually
somewhat increased 1n number as 2/ or more of the red cells In
cases of pernicious anxmia treated with Iver i which a good
response can be expected the reticulocytes rse rapdly to 1o or
30/ a week and then fall suddenly (reticuloeyte emsis) to reach
normal in about three weehs The merease in the red cell count
begins usually about the tine of the reticulocyte crisis and persists
for several weeks after The excess of bilirubin 1n the serum dis
appears early at the time of the rise m the reticuloct te count, as
shown by Dyke and Greener (17) 4n merease 1n the eosinophils
after the admmstration of raw liver has been noted by Whitby (18)
and other workers  this usually reaches a moamum which may
be as high as 26 / between the exghth and twelfth weeks of treat
ment Achlorhydria persists after Iner treatment

h Pro Fo 2 the nutial papers of Castle

Sturgis and Isaacs (19) published their observations on the anty
anemic puneiple contamed 1n drted whole hogs stomach The




308 THE HIVOPOIETIC SYSTEU

The Source of the Intrinsic Factor Meulengracht {10) usmg
the pigs stomach found that preparations from the pylone gland
regon were highly achine as regards the presence of the ants
anemne factor wwhereas those from the fundus gland region were
mactite It therefore wppeared probable that the  intrnnsie fostor
15 conneeted with or produced by the pylorie glands  Antt anmmie
actss sty was afso d rated 1 prep from the duod
and 1t was conssdered that tlus was due to Brunner s glands which
are hustologically identical with the pylonc glands The two sets
of plands are called the pylorie gland organ  The cells 1n the fundus
of the stomach wluch produce hs drochlonic aaid and pepsin would
not appear from these findings to be concerned with the production
of the mtunsic factor It has been hnown for many years that there
1s atrophy of the gastric mueous membrane 1w pernicious Spems
and 3t therefore appeared probable that the atrophy would affect
the cefls whuch produce the mtrinsse factor  Almost simaltaneously
nvestigations on this point wese ¢ wred out by Yenlengracht {11}
and by Magmus and Ungley {12} Meul 3 hustok
allv the stomach and duodenum m 8 cases of pernicious anema
and to fus surprse found that although changes were present i the
fundus portion with atrophy of glands and dusappearance of the
panetal and cluef cells 1n all the cases the ghnds m the pylone
region seemed relatinels well presersed and no hustologieal changes
could be demonstrated m Brunsers giwnds  Magnus and Ungley
examumned the stomach from ™ cases of permcous ancrua  Fo all
a characteristic non mflamm itory  atrophie leston was fourd
Joenhsed to the region of the body mucost winch did not afleet the
pyloro ducdenal rejton  fhe work of L ox and Castle (18) appears
1o ovplan thus anomaly  Extracts were made from the human
stomach shorthy after death and it was shown that those areas
contasming the fundus tvpe of <ol viclded a substance ughly
actite i hemoposktie propertis wherras the pylone pland organ
extracts were mactsie  Mansy stemsch differs therefore sa this
respeet from that of the 1, 1f this 15 50 the findings of Schenlen
ctal (14) are contrdictan They prepared Iner extracts i cases
of carcinoma of the stotach ¢ suan  ind determined ther anft
anmie properties Vb hen the carcinoma i ohied all the stomach
except the pylonc portion  the Inr extract was potent  VWhen

the pylone portion was affected the Diser extract did not contait

1cht g
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The activ e factor 1s not vitamm B; B, nboflavin or nicotinic acid
but it may be the extrinsic factor It 1s now generally agreed as
Dasidson {°7) stated that marmite alone will not cure pernicrous
anemia during the acute stage He states that many cases m the
relapse stage fail to respond to vitarmn B and that marmite cannot
replace Iner or hogs stomach extract Marmute 1s efficacious 1n
the treatment of tropreal macrocytic anema the anxmua of sprue
and of ccehac disease In these diseases however there 15 no
achlorhydna and the stomach produces the mtrnsic factor
which acts on the extnnsic factor to form the ant anmmuc
substance In those cases of pernicious anzmia in which a response
to marmite 1s obtamned there 1s possibly a small amount of the
mtrinsie factor  present m the gastric yjuice In subacute com

bined degeneration of the cord associated with pernicious anerma
marmite 1s not of value  Berk et al (28) suggest that the extrnsic
factor of Castle present 1n food may be closely related to vitamn
B, =and that the intrinsic factor m the gastric juice 1s necessary
for the optrmum utilsation of vitamun B, or of chenucally related
substances present n various foods Further Bethell et al (°9)
have shown that 1n cases of untreated permecious anemia vitamun
B,, 15 found mn the feces i amounts greater than are required to
treat such patients by injection of the vitamm This supports the
siew that pernicious anemua results from defictent ghsorption
of By

TREATMENT OF PERNICIOUS AN TMIa

In a very severe case a prelumnary transfusion of 500 ml of
compatible blood given slowly is of great value 1f due care 1s taken
1n matching blood

Parenteral Administration of Liver In addition an intra
venous Injectton of a hiver extract such as \eo Hepatex or Hepastab
Forte 5ml should be admimstered slowly or 6 to 8 m! of Neo
Hepatex or Hepastab given mtramuscularly the first day and
2 to 4 ml on the following days until a reticulocyte response ts
obtained For bseq such as Neo
Hepatex or ¥ 15 myected ly The mamten
ance dose Is 2 to 4 m! weehly until the blood 1s normal and there

are no symptoms  Later 2 to 4 ml are required every two three
or even six weehs
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mdieations for its use are the same as those for huer and lner
extract Accounts have been published in which stomach extract
has produced a resmassion where hver has fasled Thus Renshaw {70}
describes a patwent refractory to lmer and liver extrict but
responding readily to stomach extract No definite explanatson has
been offered for ther action but the most wgemous ss that of
Castle who suggests that the autolysts which occurs after death
results ity the mteraction of the healthy gasine yuice with the muscle
protemn of the gastnc musculws and that by this means the
necessary factor s formed  Wilkanson (21) showed that the mucous
membrane and the muscle laver of the hog s stomach 11eld 4 Iight
powder when desiceated at 40 C inzaeno Preparations from both
sources are effective mn the treatment of permcious angma and
weight for werght are equal to or befter than o nver diet Healso
shovwed that normal human gastric juice when gven durmg meals
to a patient suffening from pernicious anemua causes wpros ement
Later Vidlsnson and Kien (2.) demonstrated that an actue
gastric extract can also be obtasmed by expresston of the stomach
jmce using a pressure of 2 to 3 tons per square inch and subse
quently tresting the juice with aleohol This active prinetple they
termed hemopoietin They vegard this as the same as or closely
allied to Castle s mtrmsic Nietor  Wilhinson and hlem (23} further
showed thit when hemopoietn 15 Hlowed to act on beef outside the
body a relstsvely heat resistant substance s obtmned wiich
resembles the liver sctive prnaple  Vwillmson (23) considered
hemopozet to be an enzyme fike substance which 1s very easly
destroyed by heat and which requires a substrate for its action
Tius heroposetin 1s only found i the stomach of carnnorm
Yeast Preparations The benefiernd effect of marmite the
of certmn megaloey e requires derat
and the facts obserred mas be briefly stated Marmute s a yeust
extract mieh an the vitamin B comples contaming the antneuntic
wtamun B, and ncotmie ad  Wills (u3) m Indie found that
mermite was 8s actine as er sn causmg regencrabion of cells 1
the permcions anxms of pregnancs and m tropical macrocy HiC
snemie Waills and Esass [%6) have subsequently shown that
tropieal macrocytie sz does not Tespond to the highly punﬁl‘d
tver extracts which cure permicious anemia It does respond
er to crude ner extract and to sutolysed yeast extracts

honey
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Admunistration of Iron and Vitamin C If the mean
corpuscular hemoglobin 1s below 3. 4 won should be given by
mouth m the form of ferr et ammon at gr 36 t1d m addition
to the hiver treatment Pairmsthetic symptoms may be relieved by
the ron  In some cases of refractory perniious anxrma as
deseribed by Wilkimson (3°) ascorbie acid 100 to 150 mg must be
given by mouth 1n addition to the Iiver in order to obtan a remussion
of the disease

Oral A ration of Pro it These are
made as deseribed above by desiceation and are not extracts
Willmson (33) m 1931 showed that patients suffering from
pernicious anemia rapidly improted with ®40 g of fresh uncooked
mucous membrane of hog s stomach daity Desiccated preparations
of whole hogs stomach are also available such as Pepsae or
Gastrosic  Twenty five grams are equivalent to 100 g of fresh
whole hog s stamach The usual dose 15 10 g three times a day
The powder must be given cold either m soda water cold milk
oxo bovnl port or burgund;  Wilkinson elaims that tlus treatment
1> superior to Liver treatment in the speed of remussion the relief
of gastro intestinal symptoms and m the rate at which normal
health 1s regamed Thus Wilkinson (84) has found that i seven
to tnels e days the reticulocy tes reach a peak of 80 to 70 / followed
by a rapid nise of the blood count The mamtenance dose 15 up to
28 g of Pepsac duly The stomach treatment 1s considerably
cheaper than liver treatment In conclusion there are three
essentials i the use of stomach preparitions (1) The preparation
must be active  (2) It must be free from micro orgamsms Neglect
of this smple precaution has resulted 1n the death of the patient
{3) Lhe preparation must be gn en cold

Parenteral admmnnstration of stomach preparations 1s not possible

The Treatment of Nervous Lesions When nervous lesions
such as subacute combined degeneration of the cord are present
the dose of liver extract should be . or 3 times that given for
uncomplicated cases F € Willunson (personal communication}
s1vs that hughly refined liver extracts such as Anahemin mav be
used provided the batches have been tested and shown to be potent
The use of vitamin By, 1 these cases 15 descibed on p 94
Wilkinson (34) states that patients who has e been bedridden owing
1o postero lateral sclerosus of the spinal cord hate so mmproved
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In Amernica Iser extracts are standardised in units the unst bemg

the amount of matersal which when given dumly to patwnts
sufferin,, from pernscious anmmin has produced satisfactors hemo
polctic response  In o severe ease 15 units of Iner extract should
be given m a single or in divwded doses withun the first six hours
Five 1o 10 units should then be injected dmly for 4 weeh and
subsequentls 10to 15umits weekly until the blood countisnormal 4
mantenance dose of 10 to 15 umis every one to four weehs 1s required

In 1035 Dakan end West {30} obtaned the antt wnxnue principle
of yver 1n a stalf move concentrated state Xt 1s hnown as Anahvmin
and 1s put up 1 ampoules contaiung 100 m, n 1wl The miial
dose for a severe case of permicous anema 1> 05 ml repeated
dasfy for 1 weel or a single intramuscular injection of 4 ml may
begiven Subsequentls a mantenance dose of 2 i 1simjected every
too tofour weehs Lxamen or Hepastah Forte mny be used wmstead
the dose beng spproumatdds double that of inshemun  Pro
teolysed bter was prepared in 1913 by Daviset al (31) by digesting
munced Lner with papun a proteolvtie enzyme which reacts at the
natural I of munced Iner approumately 56 The product 1s put
up asa dry powder freely soluble m cold water It 1s admmstered
aissolsed 1 warm water flasoured with pepper and salt the dose
being 2 dr to Loz dmb It has been found of value m cases of
megiloblstic anvoua refractor to the parentersl admmistration
of ner wmeluding shopathsc eises and those assoemted with preg
nancy sprue and the puerpenum

Hypersensitivats to [ iver Extracts A prumary reaction may
occur after the first mjection of a Iner extract especially if a
crude extract s used  There may be nise of temperature shivenng
malwse flashing headache addiness shortness of bresth and
collapse  Secondary reictions may accur with later mjections and
are allergie m pature  fhowe mcdude shin rashes tachycardia
dyspnen eosinophsitn ngors wdaadath At the first sign of a8
allergic Teaction an mjection of 1 m} of adrenahne should be given
followed by an antihntamme den,, such as Bepadnd mg 50 oF
Antlusan mg 50 Subsequentls treatment should be mamtased
Iy theussof 3 stomach preparatt nor by ke B,

Fohe zed must not be wweed in the traatment of pernicous
anemie {see p 90} The ust of vt B, the treatment of

perpiiony anemtt I consiclered np H
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body 1n adequate quantities  Clinieally 1t duffers from permcrous
anmmia 1n that the age of onset 1s between early adult Iife and old
age the sexes are equally affected the gastnic acidity 1s normal or
almost normal there 1s no 't of the gastro 1 tract
or central neryous system and no pyrexia or evidence of hemoly sts
The Iiver and spleen are not usually enlarged Examunation of the
Liver 1n one case showed that the ant: anemic prineiple was present
m sufficient amount to produce a reticulocyte ensis mn a patient
suffering from true permeious anema It was found in about 1,/
of cases thought to be suffering from permieious anzmia  Achrestie
anema has not met with universal acceptance  thus some workers
such as Vaughan (39) suggested that 1t 1s 2 megalocytic anzmia
associated with liver discase and others such as Castle and Vinot
(80) Zanaty (41) and Davidson and Tullerton (42) have pomted
out difficulties in differentiating 1t from aplastic anwmia  Mahler
and Greenberg (43) has e reported a case of hyperchromie macrocytie
an@ma refractory to liver extract in which they say the weight of
evidence strongly favours achrestic anema as deseribed by Istagls
and Wilkinson Israéls and Wilkinson (44) after a further study of
s1X new cases have strengthened their tiews as to the eustence
and nature of achrestic anzmua They say that the only changes
m the liver are fatty ones associated with a severe anema and
study of the bone marrow differentiates 1t from aplastic anzrma
(see p 328) One case of achrestic ansema with achlorhydria was
found 1n 1 100 cases thought to be suffering from permicious anzmia
Bomfort and Rhoads (45) are mclned to believe that achrestic
anzmia 1s not a specific syndrome

Tr Life may be prol d by repeated blood trans
fusions and by mntensive anti anemic treatment Liver extract
2mt should be given intramuscularly t 1 d for ten to fourteen days
Subsequently 4 to 6 ml should be mjected weehly In addition &
stomach preparation such as Pepsac 1 oz should be given daily
by mouth Despite treatment the disease appears to be mevitably
fatal

Macrocytic Anzmia assoclated with Hepatic Disorders
Wintrobe and Shumacher (48) found eleven nstances of macrocytic
hyperchromue an®mra among 43 cases of hepatic disorders which
mcluded such conditions as curhosis passive congestion carcinoma
and acute yellow atrophy Free hydrochloric acid was present
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with stomach preparations that they have been able to return to
worh
The Prognosis in Pernicious Anmaua  The immediate prog
nosts 1 permcious anenua has been revolutionised by the mtro
duction of liver therapy  Pretious to 1928 the mortality rate nas
rearly 1003, and death oceurred 1n peniods up o two and a half
years after the dingnosis was made  Now 1t 1s very rare for s patient
to die dunng the acute stage 1f adequate treatment 1s gren In
every case the correct smamtenance dose of liver or stomach pre
paration must be determmed and controlled by regular blood
exammations The position 1s parable with the
of msuhn and 1ts control by blood sugar readings  Witts (80) has
emphasised the importance of adequate after treatment m cases of
PermicIous anemia as ever) patient 1s under the threat of subacute
combmed degeneration of the cord The maintenance dose ether
of & bver or stomach preparation must be suflicient to heep the
hemoglobin over 90 4, and the red cells over ¢ 000 000 per ¢ mm
The blood should be examined every month The advantage of
gring wtramuscular injections of Lver extract every two to four
weehs 15 that the patient is compelled to remamn under medient
superviston  Fhll (36) has drawn attention to the fact that the death
rte from pernicious anmma fell substantially 1928 following
the mtroduction of biser treatment mto England mn 1927  Swee
1931 there has howeier been a mise agun in the death rate This
may be due to madequate after treatment to the disease becormag
vefractory to treatment after : time or to patents dying from
other diseases than permicsous anxmia  especially sntereurrent
mfections e to faulty certfication Wikmson (37) writes In
Jannary 1948 I have stilf alivc 1170 patients on stomach or fner
therapy ncluding 1 patient of 100 vears of age ~ over 90 93 over
80 and 396 over 70 In genernl health they compare more that
favourably with contemporars non nemic people
Achrestic Anemua {/pyefa = to utihse)  In 193, Walkinson
and Jsracls (38} descrbed a tipe of severc macrocytie anEmid
which m some respects resembles permicious anema but 1s resistant
o Iner therapy  They conwdered that it 1o due  to mabihity to
utslise or possibly mobihise from the storage depots {such as hver
antt anerie priseiple responsible for the correct

ladney bram) the
maturation of megaloblasts  although such may be present in the
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Osler (51) 1 191) desenibed 2 severe anenua of pregnancy
and this 1s of o pernicrous type It 15 more common 1n India than
10 tempcrate zones and uswnlly shows atself between the sinth and
eighth months of pregnaney  \s descnibed by Whitby (5 ) 1t may
be plastic or hypoplastic in type In the former cuse there 1s
megalocytosis with a hugh eolour mdex and signs of blood regenera
tion but 1 the hypoplastic or aplastic varety there 1 no sign of
regeneration of crythrocytes the colour index 1s Ingh and there 1s
mepalocytosis or normocytosis A chlorotic type of anemia due
to deficient wron supply may also comphieate pregnancy Here the
colour index 1s low and there 1 no megalocytosts The  pernicious
anzemia of pregniney  differs from Addisoman permicious snmia
1n several respeets  fhus achlorhydna 1s usually absent and there
15 a tendency to spontancous recoverv after the pregnancy s
terminated Clinically the patient has usually been in good health
and there 15 no evidence of mfection The patient becomes deadly
pale with severt dyspneea and often cedema or pyreia  Hrmemor
rhage mav occur from the nose gastro mntestinal tract or yagina
The condition may be mistaken for an mternal hmmorrhage
Dawnidson et al (54) have investigated 16 cases of severe megalocytic
anemia oceurrng durin, pregnancy or the puerperum  The
colour sndex mav be below umity  Some of these were refractory to
treatment by liver extract iron and veast and in such cases Iife
has to be mamtained by blood transfusions until the hematime
treatment takes elfect

Treatment  In very severe cases blood transfusion of 500 ml
should be given at short intervals followed by the daly admums
tration of Iner by mouth or injection or of stomach extract by
mouth 1 oz daly Tlus treatment should be continued until the
pregnancy ts termunated and the anmemin 1» cured

Tue NORMOCYTIC ANZMISS

Aplastic Anemia In this disease there 1s a progressive falure
of function of bone marrow The anzmua 1s progressie without
remissions  The colour mdex 15 usually between 09 and 1 There
are no reticulocytes  The total white cell count 15 low about
1000 and the polymorphonuclear cells are much reduced There
15 no achlorydria

Treaiment  Laver 1s not effectinc  Blood transfusions are the
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the gastric yuice of 6 out of 10 cases cxamuned  The anemis was
fiot setere and remsssions are bikely to occur apart from trextment
The authors suggest that the antmin 1s possibly due to mmpairment
of storage of the hmopotetic principle 3n the Iner or to 2 com
mation of partial gastrie disturbince and imcomplete liver dama e
Rosenberg (47) mvestigated 48 cases of ewrrhosts of the liser mosthy
of an advanced type In 43 cases there was macrocy tosss but it
only 8 was the red cell count below 2 5 mithons

Macrecytic Anemsias m Myxadema  These are of three
types simple macrocytic normochromie  Addisonian maerocy e
normochromic 1nd maeroes i or normocy tie hypochromie anamis
In other cases of mywewdema o hy pochrorme or normochrome
aneemue 1 found  Anenua of some type 1s present m about 50 A
af Wl ewes of myvadamn Fhe ssimple ny wrocy tie hy perchromic
wrenmia can be eured by the adminstration of thyrod «lone a3
was shonn by Bomford {#8) Ihe anzmii 1 never seiere but
1t my take senord moonths to affect a eure  The Addsontan type
of anemuy required thyroid and Incr extraet nnd the hypochromie
anxrma is curable wath thyrod and won

‘Fropical Macroeytic Anzemisa  The Anmemia of Sprue  The
Anzma of Celiac Disease These anwmuas pre probibly
nutnitional e ongn the gastre sceretson bemng normal - Response
to treatment therefore will occur erther with Iner extract or with
marmute  Thus Vaughan and Hunter (49) bave recorded good
results with marmite in the megalocybic Anemis occurnng
coehiae drscasc

The Nutritional sfegalocytsic Anmmia of Pellagra  This has
been studied by Moose and his co worbers {00} Lhe diets of thew
25 patiente had been very deficrat m wumal protesn and the
vtamn B complex  Tree (1 was present in the gastre juice m
the majonts of aises and from ther experiments Moore concluded
that the anemss was not due fo vidrhaonos of the itrmsc factor
but to a prolonged lack of Castles estrinsic factor m the diet
assocnted m mAmy eases with pocr theorption from the inteshmes
\zerocy ie ancma due 1o food deficcncy can therefore oceur with
out myitaminests

The Pernicious Anxmm of Pregnancy Scveral types
occur 1 assetiation B sth pre,nmey wd the puerpertum s

may
nbe true Vddisonsan permeious anTout

pregroncy m cotrpl
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1In some cases a mixture contamung Acd hydrochlor &it m 60
tne aurantn m 10 aquam ad m 120 1n a glass of water tds
with meals rclieves the digestive symptoms  The fern et ammon
ot may produce diarthera 1 which eise Blaud s pll should be
substituted 1n doses of gr 15 tds or Tab Fersolate one tds

The Nutritional Anemia of Infants  Vackay and Goodfellow
(61) hase studied this subject in the hospital type of mfant
London They estimate that 51 / of artificially fed babies and
45% of breast fed babies are anzmic {taking as the standard of
anemia 2 Hb figure 10 / below normal) They consider this 15
due to n defimeney of iron and ymneral substance in the food

Treatment This should be started before the age of two months
as a prophylactic measure A muxture contamnung Ferri et ammon
et gr 1} aq chlorof ad m 60 can be used At first a few drops
are gnen tds and the dose can be mereased to m 60 or 90 or
more tds as requred As an alternative measure a medicated
dned milk can be used contarning ferrs et ammon it 1 such
proportion that between 4 and O grams are given daly It was
found that m the infants treated with iron the morbidity rate was
halved as compared with a control series not so treated and the
weight showed a defimte 1ncrease 1n the treated cases

THE INTRAVENOUS ADMINISTRATION OF IRON

1t was formerly thought that ron given by mouth 1s absorbed
from the stomach and duodenum and exereted into the colon Itis
now believed that no 1ron 1s excreted mnto the intestine and that the
excess of won n the foces which 1s noticed when 1ron 15 taken by
mouth 13 wron which has not been absorbed Ferrous salts are more
readily absorbed than are ferric ones and wron 15 probably absorbed
10 the ferrous state The 1ron 15 thought to combine with an acceptor
substance a protemn called apoferntin in the mucosal cells of the
stomach and duodenum Thus results i the formation of ferritin
The won s refeased from ferntm to the blood when the plasma
content falls below a certain lesel The wron combines in the plasma.
with 8; globulin Tt has been shown that before the adranistration
of wron there 18 very little ferntin or apofernitin 1n the mucosal
cells The absorption of wron causes the formation of apofernitn
and when ferntin yields its 1won to the plasma the apoferntin dis
appears It 15 possible that 1n the wron refractory types of anema
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most hopeful line of treatment and the use of concentrated red cell
suspensions the preparation of which 1s described by MacQuade
and Mollison (5¢) and Wilhams and Dasse (55) avouds an undue
mcrease of the blood volume

Tue MicrocyTic Hyrocurowre ANDiss
Simple Achlorhydric Anemia (Idiopathic microcytic anzma
Essential hvpochromie anemia) This condition was deseribed
by Taber (56) i 1914 and attention has been especrally directed
to 1t n England bv Witts (57) Hartfall and Witts (58) and
Davies (20) and 1n America by Damashck (60) It affects particu
larly women between the ages of thirty five and fifty the chief
symptoms bemng those of flatulent dyspepsia and dvspneca  The
tongue may be smooth and red and the nails brnttle or coneave
(hotlonychia) The dietary has usually heen laching 1n meat and
green 1egetables for some time and owiny, to the achlorhydna won
absorption 15 deficient The average amount of 1ron 1 a normal
diet 15 10 to 20 mg  of which 7 to 9 mg are available There1sa
daily loss of 5 to 20 mg m the feces and 05 to 1 mg 1n the urnine
£ ke blood The red cells may number 4 millions per ¢ mm with
a hemoglobin percentage of only 40 Frequently there 1s micro

cytosis  There 15 no merease of bilirubin 1n the blood
The stomach The gastric ymee contans mucus 1n excess and an
absence of free hydrochloric acid 1n 70 to 804 of cases The
stomach empties rapidly or 1n normal time  Injection of lustamme
provohes some secrction of hydrochlorie acid 1 from 15 to 254,
of eases showing arhlorhvdria  Further the gastrie jurce 15 not
defictent 1n the mntninsic factor  of Castle for on meubation of
the juice with beef protem the antt anemic principle 1s developed
which 1s curative of pernicious anemia  Martfall and Witts (58)
found the intnnsie factor  below normal in some cases of simple
achlorhydric anemia but 1t has not been conclusively shown to be
completely absent 1n any case This probably expluns why the
patient does not desclop pernicious anzmia although Damashek
(60) suggests that the gastric Juice 1s deficient 1n the power to digest
1ron
org;::;"::m Iron should be given 1n large doses such as Fern
et ammon ait gr 80 ag chlorof adfl oz 1 IT oz 1tds In
about six or eight weeks the hemoglobm figure 1s usually normal
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contaimng about 3 4 of rietall ¢ iron mn a sucrose solution  The
saccharated oxide was feund to be far less toxic than the ferne
hydroude 1t s however a vanahle compound and hable to pre
cpitate on autoclaving  Slach and Wilkinson (65) mn 1949
published the results of their experiments with s anous iron pre
parations The most satisfactory was an iron sucrose sclution
abtamed from anhydrous fernc chlonde sucrose anhydrous
sodium carbonate and sodum hvdroide  The final solution after
filtration and autoclavin,, was ciear and darh brown with a pH
of about 105 It contaned 2/ elemental won and was guen
initras enously 1n repeated doses to over 120 people It was found
that the total dose of elemental ron rcquired in sron deficiency
anzmia 15 24 5 mg for each 1/ defiat of hamoglobin as deter
mined on the Haldane scale plus <0/ to restore the won reserie
1n the tissues to normal  Alternatiely 100 mg of elemental iron
should ncrease the hentoglobin by 055 g per 100 ml  The plan
of dosage adopted was 25 mg on the first day 50 mg on
the second day 100 mg on the third day and 200 mg on
the fourth and subsequ nt days It 15 not wise to gve a larger
single dose than 200 mg of this preparation The solution
used contatned 2 / elemental iron w1th 200 mg in10ml ANo 2
stamnless steel Record needle was used The rate of injection should
be 2 ml a munute and the same vem should not be used on con
seeutive days  To avod local thrembophlebitis no pressure should
bemade over the vem when the needle 1s withdrawn and mos ements
of the arm should be made to encourage the rapid removal of the
won from the site of injection Fermvenun 1s another form of 1ron
sucrose preparation nsed by these workers  Vost of the 60 cases;
of 1ron deficiency anwemua were treated as out patients and onh
one deseloped a mild reaction at the 200 mg dose Ten of these,
patients had proved r fractory to full doses of ron gi en by mouth.
It was noted that reticulocy te peak may reach 10 / to 18 /4 in seven
to ten days from the beginning of the treatment In almost, all of
the cases there was a rapid symp and b lomical reopom
ta treatment and unless chrome wnfection was present, nearly
100, of the mjected tron appeared to be utilised ‘Thus & woman
suffering from rheumatoid arthntis with a caleulated rron deficiency,
of 15,0 mg requised a total of 290 mg in three scparate courses
before there was a satisfactory response

0
a ke
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theressadisturbance oftheapofernitin ferratmmechansm Tnanyesse
the uthsation of rron when adrmmstered by mouthsonly about 14

Some patients suflenng from 1won deficiency snamia do not
respond to the orl admnistration of yron even though they tolerate
1t others are unable to tahe ron by mouth owing to gastro intestinal
disturbances  To meet the requirements of these two classes of
patients vanous expeniments and iy estigations have been made
to produce o preparation which can be safely admrmstered 1m
travenously m doses sufficrently large to cause hmmug]obm Tegeners
tion The BP njectio fern contams ferne chiorrde  The maximum
dose for intramuscular injection 15 30 mms and this 15 cquivalent
to gr 1/E0 of 1ron or gr 3 of won and ammonsum atrate Sucha
small dosc 1s msuffictent o reliesc wron deficzency anmmua

Vanous 1onssed 1ron compounds  such as ferme ammonum
atrate hase been used for parenteral admmstration but when
given intramuscularly they are pamful and when injected antra
venously they are powonous i amounts larger than 10 to 20 mg
of elemental iron

Cappell (62) 1 1930 investizating the distribution of 1ron sn the
tissues and #s subsequent fate showed that n 10 / solution of
saccharated evide of wran s amounts up to 08 ml per 20 ¢ body
weight was well tolerated by mice on imtray enous mjection  There
was 10 foar of producing hwmochromatosis as the won was not
deposited n the pancress A consuderable mtersal elapsed before
these findings were apphed chnseally

Goetseh and Ius colleagues {68) m 1946 wjected collowdal ferme
hydroxide or collodal ferrie ovide intray enousty mto 8 patients
sufferng from hypochromie microcs i anemia A single masstie
mgection 1 aryin,, from 0603 ¢ to 182 g wos used  The retien
locyte response was hugher thin would be expected 1n oral therapy
and there was good hamoplobmn regencration Severe tovie re
actions however occurred mm all but 2 cases wlneh contra indicated
the wse of tlis measur as a therapentic procedure The towie
reactions are largely due to precipitation of tran in the blood leadmg
to pulmonary and 1n scnic cases to systenme embolr  There may
also be gastro intestinal disturbances and depression of the rervous
system resultmg in comia and death “asuim (63} « year later
tred the ntravenous mycctian of collodal ferne hydroude and
saccharated oude of wron The latter was a BPC preparation
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contang atout 3/ of retall ¢ iron i a sucrose solution The
saccharated oxde was fcund to be far less towe than the fernc
hydroude 1t is however a vanahle compound and lable to pre
cpitate on autoclavnz  Slack and Willinson (62) m 1949
published the results of thetr experiments with vanous wron pre
paraticns The most satisfactorv was an 1wron sucrose solution
obtaned from anhvdrous ferne chlonde sucrose  anhvdrous
sodium carbonate and sodium hvdroxide. The final solution after
filtration and autoclavm, was c.ear and dark brown with a pH
of about 100 It contained 2/ elemental ron and was given
mtravenously 1n repeated doses to over 120 people It was found
that the total dose of elemental wron required i trou deficiency
anzmia 15 24 2 mg fo each 1/ defieit of haemoglobin as deter
mined on the Haldane scale plus 50 / to restore the 1ron reserve
m the tissues to normal Alternatively 100 mg of elemental iron
should merease the haxmoglobm by 022 g per 100 mL The plan,
of dosage adopted was 2> mg on the first day 50 mg on
the second day 100 mg on the thed dav and 200 mg on
the fourth and subsequ-nt davs It 1s not wise to give a larger
single dose thar 200 mg of this preparation  The solution
used contaned 2 / elemental iron with 200 mz ! 10ml. A No 2
stainless steel Record needle was used. The rate of injection should
be 2 ml a mmute and the same vemn should not be used on con
secutine days To avoid local thrombophlebitis no pressure should
be made over the vetn when the needle ;s withdrawn and mos ements
of the arm should be made to encourage the rapid removal of the
wron from the site of njectton Fernventn 1s another form of on
sucrose preparation used by these workers Vost of the 60 cases,
of won-defictency anzema were treated as out patients and onh
one developed a mild reaction at the 200 mg dose Ten of these
patients had prosed refractory to full doses of ron giv en by mouth.
It was noted that reticulocyte peak may reach 10 / to 18 / in seven
to ten days from the beginning of the treatment. In almost all of
the cases there was a rapid svmptomatic and bxmatological response,
ta treatment and, unless chromic mfection was present, nearly
100 of the mjected 1ron appeared to be utilised Thus a woman
suffenng from arthntis sth a tron deficsency
of 19,0 mg required a total of .00 mg i three separate courses
before there was a satisfactory response

e

)
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there1s a disturbance of theapofernitin ferratinmech Inany case
the utilisation of iron when adrmnistered by mouthis only about 14
Some patients suffering from iron deficiency anemia do not
respond to the oral administration of 1ron ey en though thev tolerate
1t others arc unable to take tron by mouth owing to gastro wtestinal
disturbances  To meet the requirements of these two classes of
patients various experiments and mvestigations have been mde
to produce a preparation which can be safely admstered mn
travenously in doses sufficiently large to cause heemoglobmn regenera
tion The B P 1njectio ferr contans ferric chlonde 'The maxtmum
dose for ntramuscular mjection 15 80 miums and this 1s equivalent
to gr 1/10 of won or gr 3 of 1ron and ammonium citrate  Such a
small dose 15 insufficient to reheve won deficiency anxmra
Various 1omsed iron compounds such as ferre ammonium
aitrate have been used for parentera) admimistration but when
given mtramuscularly they are pamful and when mjected mmtra
venously they are poisonous m amounts Jarger than 10 to 20 mg
of elemental ron
Cappell (62) m 1930 mvestigating the distrsbution of ron 1n the
tissues and its subsequent fate showed that a 109 solutton of
saccharated oxide of 1ron m amounts up to 03 ml per 20 g body
weight was well tolerated by mice on mtrvenous mjection  There
was no fear of producing hemochromatosts as the 1ron was not
P d n the | A derable mterval elapsed before
these findings were applied chmeally
Goetsch and his colleagues (63) n 1946 mjected collmdal ferne
hydrowde or collordal ferne owide intrasenously into 8 patients
suffering from hypochromic microcytic anema A single massie
mnjection varymg from 0608 g to 132 g was used The reticu
locy te response was higher than would be expected in oral therapy
and there was good hxmoglobin regeneration Severe fovie re-
actions honever occurred 1n all but 2 case, which contra ndicated
the use of this measure as a therapeutic procedure The toue
reactrons are Jargely due to precipitation of iron m the blood Jeading
to pulmonary and n some cases to systerme embolr  There may
also be gastro mntestinal disturbances and depression of the pervous
system resulting 1 coma and death Nissim (64) 2 year 15“"]
tried the intraxenous mjection of colloidal ferric l-)dmﬂdc and
saccharated oude of won The Iatter was a BI'C preparition
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end between the syringe and needle A little blood withdrawn from
the vem can be clearly seen 1n the glass connection The blood
serves as a buffer for the 1ron solution  The injection must be made
slonly about 2 m! s minute as rapid injection appears to cause
venospasm  If the needle becomes displaced from the lumen of the
vem duning the mjection the skin around 1s quickly stamned a slate
grey colour The mjection must then be stopped immediately
The 1ron solution must never be mixed with saline as an unstable
preparation may be produced If it i wished to admumster the
won slowly by dnp 4ransfusion as m o case of a child m which
1t has been necessary to cut down on the vein the calculated amount
of the 1ron solutton 15 added to 900 mt of 5 / dextrose solution and
runn at the rate of 80 to 45 drops & minute In this way 85 or 40 mi
of 1on solution (700-800 mg 1ron) may be run i during the course
of exght or nine hours

AGRANULOCYITIC ANGINA AND MALIGRANT NEUTROPENIA

The term  agranulocytic angina  was applied by Schultz (70)
m 192° to describe the illness of patients exlibiting severe pro
gressive oral sepsis with marhed prostration and neutropenia
Schilling {71) 1 19.9 suggested the alternative name of mahgnant
neutropema Two vareties of acute cases are now descrtbed—
primary agranulocytic angina and secondary malignant neutro
penia  In the former occasionally without any hnown cause the
patient 1s tahen 1ll with fever severe prostration and ulcerative
lesions 1n the mouth or other mucous membranes such as the
vagina There 1 a total reduction of the white cells often to below
1000 per emm and a very low polymorphonuclear count Many
of these cases are now thought to be due to amdopyrine or to
an d and bark d to which the patient
has become p bya dose

Plum (72) m Copenhagen recorded seven cases of agranulo
ytosis due to anudopyrine and since 1933 many cases of agranulo
eytosis have been recorded developing after the therapeutlc
adnunistration of such as P
Gardan and Amidophen or to barhiturates contaimng amudopyrine
such as Allonal Cibalgin Compral Somnosal Veramon and Vero
pyron  Agranulocytosis has also followed the admumstration of
dimitrophenol dinitrocresol benzol arsenic preparations Sedormid
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Govan and Scott (66) njected Fermsenmn in 25 cases of the
anzmua of pregnancy and found that about 40 mg of elemental
1ron were required to rase the hzmoglobin by 1% The larger
amount of 1ron required may be due to the feetus using some of the
won  The response to freatment was rapid, but n one case there
was a severe reaction with famtness giddiness, a sensation of
bursting 1 the head vomuting slow pulse and extra systoles The
attack passed off 1n a few mmutes but no further mpections of 1ron
were grven n this case It 1s possible that the reaction was due to
the fact that there had been an interval of 12 days between the
previous ijection and the one which proved towie The rapd
response enables the treatment to be given during the last few weeks
of pregnaney for it 1s at this time that the anzmia becomes sesere
‘Lhe necessity for a blood transfusion 1s thus avoided Nissim and
Robson (67) also 1n 1849 published their worh on the methods of
p ion and dardisation of harated tron oxide wsing
mice as test ammals They claimed that their preparation of won
sucrose was less toxie than Fermvenin and that a dose of 300 mg
was not folloned by reactions A preparation of thus nature 1s
available under the name of Iviron 100 mg of won being contatned
i 5 m! Impurties i the sugar used in preparation may cause &
severe anginal like pamn 1n the chest arms and back Smclair and
Duthie (68) used Ferrvenin 1n a series of cases of hypochromie
anzcmia assoctated with rtheumatoid arthntis A test dose of 56 mg
was mjected followed by 4 daily doses of 200 mg Poor responses
were obtamed n those cases 1n which the sedimentation rate of the
red cells was high  Ramsey (69) using Fernvenin tnied to see 1f
1t were possible to give the amount of 1ron required 800 to 800 mg
i 2 single ntrasenous injection  This somewhat bold expertment
was quickly followed by a severe toxic reaction in the 11 cases 50
treated The toxic reaction could be avoided by giving an mtial
dose of 100 mg  which 1s slowly increased to 200 or 300 mg
The dose we are accustomed to employ 1s 50 mg on the first day
100 mg on the second and third days and 200mg on the subsequent
dsys until the calculated required dose 1s given  Owing to the darh
colour of the wron solution 1t 15 not possible to see whether the necdle
18 10 the lumen of the vein by withdrawing a little blood into the
The difficulty can be overcome by using a short glass
sigtfeed  with a metal adaptor at each

syrnge
connection hnownasa
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may appear worse during the first days of the treatment but the
1mprovement 1s usually defimtely noted by the fourth or fifth day
and the blood count returns to normal by the erghth or tenth day
In addition to the mjections a careful scarch should be made for
uleeration of the mucous ik or local abs 1
and these should be appropmately treated Blood transfusions are
of doubtful value but if the patient 15 intolerant of pentnucleotide
as shown by symptoms of cardiac distress after a trral dose a small
transfusion (500 ml } should be given  The use of pemerllint in the
treatment of agranulocytoss 1s deseribed in Chapter IT

Results Jackson and his co workers (80) have reported sixty
nme cases treated by pentnucleotide by themsclies and other
phystcrans with a recovery rate of 749 In cases treated previously
bv various other methods a cure was only effected in 20 / of cases
Cases successfully treated in Fngland by pentnucleotide have been
recorded by Bulmer (81) Marriott (82) Willunson and Israels (83)
and by Smith (84) and we haie il treated t severe case of
mahignant neutroperua with good results Fairley and bdeott (8.)
report a fatal case of agranulocvtie an ina 1 which there was a
complete absence of response to nucleotide I 96 injections It must
however be remembered that the \mercan observers report a
recovery rate of only 74, Israels and Wilkinson (86) say that
pentnucleotide has little effect i chrome neutropema Tor the
latter Gupta and ¥v1tts (87) recommend the intramuscular injection
of lver It should be noted that pentnucleotide 15 useless in the
treatment of aplastic anzmia of leuhzmia or of sepsis without
neutropena and leucopenta We have also successfully treated with
peniillin a case of agranulocy toss due to thiouracil

StrrNAL Punerure

Ghiedim (88) of Genoa 111908 1ntroduced the method of human
bone marrow hiopsv by puncturing the shaft of the tthia and
withdrawn,, a small amount of marrow for microscopical examina
tion  Seyfarth (89) 1n 1923 recommended that the sternum should
be trephmed rather than the tibia and Annkm (90) i 1077
advised that a thick needle should be used for sternal puncture
Peabody (91) m 197 mucstigated bone marrow obtamed by
trephine from the tibta. 10 cases of prmcsous s Salth (99
m 1937 deseribed the needle which now forms the model of that
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bismuth and gold st A fatni ease following the admmistration of
prontosil flavum lias been recorded i Hotland by Borst (73} and
i Ameriea death has folloned the use of sulfantlamide as recorded
by Schwartz and lus co workers (74} and by Berg and lus
workers {75} It has also resulted from the use of other sulphonanude
drugs espeaally s ymproperly gnven 1n small doses for profonged
penods or i amonnts totathng more than 25ta S0 g and from the
use of thiouracsl Botfi ty pes of disease 1f untreated m the majonty
of cases pursuc a rapdly fatal course The blood changes m

h neutropema hle those of agranulosytic angma but
they are dary to some mnft stich as 1 sinusitin
bsteomy ehtis staphy lococeal septicermn or hver abscess  Further
chrome cases of nestropenii have been desenibed by Doan (76) m
which the wiute cells from time to time {21l below 4 000 per ¢ mm
owing to a reduction of the granulocytes with accompanying
svmptoms of il health nd a habihty to septie mfections Barsby
and Clase (77) deseribe a cuse of a recurrent agranulocytosis m
which the symptoms recurred for three to seven duys after the
munstrual penods for four vears and during the last seven months
of the patient s hfe werc panted by & phil agranul
cytosis

Treatment In 1824 Jachson (78) dumonstrated the eastence
m norma} human blood of pentose nucleotides  Jackson and hiy
co workers {79) in 1931 and 193. reported the effect of treatment
of cases of sgranulocitic anguy and mlignant neatropenin with
a preparatron calted  nueleotide K96 This ss nown avalable
as  pentnucteotsdc  and 1 put up n vmpoules of 10 mE con

tamn, 07

In very acute ¢ sts 07, <f peatnueleotude i 100 mi of saline
15 snjected stowls mtrivcnoush, very morming for four davs and
07 g of pentnutivatide i 10 ml of dntilled water 15 injected n the
evemng mntramuscularh  The intramuseslie inycctons are con
tinved subsequentls twie dube wotd the white cell count his
defimntely rsen and then an wyechion 1 given ance 2 day until
the white count has been ewsentially normal for three cansecuine
doys I theress myocardiaf de,eneretion the intray enous shjection
shoxtld not be gver %0, 1o msk of hear fmlure from the reaetion of
palustations winch s often provohed In the average

dyspooea and
e daily mitramuseular tnjections are given  The patient

casc only the
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may appear worse during the first days of the treatment but the
mprovement 15 usually defimtely noted by the fourth or fifth day
and the blood count returns to normal by the eighth or tenth day
In addition to the injections a careful search should be made for
ulceration of the mucous b or local ab: Isewt
and these should be appropriately treated Blood transfusions arc
of doubtful value but if the patient 15 intolerant of pentnucleotide
as shown by symptoms of eardiac distress after a trial dose a small
transfusion (500 ml ) should be given The use of pemenlln n the
treatment of agranulocy tosis 15 deseribed mn Chapter IT

Results Jachson and his co workers (80) have reported sixty
mne cases treated by pentnucleotide by themselies and other
physicians with a recovery rateof “¢ / In cases treated previously
by various other methods a eure was only effected 1n 25 / of cases
Cases successfully treated 1n England by pentnuclestide have been
recorded by Bulmer (81) Marriott (82) Wilkinson and Israels (83)
and by Smuth (84) and we hive also treated a severc case of
malignant neutropema with good results Faurley and Scott (85)
report z fatal case of agranulocytic angina 1n which there was
complete absence of response to nucleotide h 96 injections It must
however be remembered that the Amercan observers report a
recovery rate of only 74, Israels and Wilkmson (88) say that
ventnucleotide has httle effect m chrome neutropema For the
latter Gupta and Wtts (8") recommend the mntramuscular mjection
of hver It should be noted that pentnucleotide 15 uscless mn the
treatment. of aplastic anxmia of leubzma or of sepsis without
neutrop: and Wehave also fully treated with
penieillin 2 case of agranulocy tosts due to thiouracil

StrrnaL Puncrure

Ghedimi (88) of Genoa m 108 1ntroduced the method of human
bone marrow biopsy by punctunng the shaft of the tbia and
withdrawing a small amount of marrow for mtcroscopical examna
tion Seyfarth (89) 1n 1923 recommended that the sternum should
be trephined rather than the tima and Annlm (90) mn 19.7
advised that o thick needle should be used for sternal puncture
Peibody (91) m 10.7 mnestigated bone marrow obtawed by
trephine from the tibla 1 cases of perntcions anemia Salah (92)
m 1937 described the needie which now forms the model of that
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used for sternal puncture He used  a lumbar puncture needle
(made of hard steel) with wts stillet {swe) cut to 8 ems length s
pomnt sharpened but made broad so that it will not break A
movable shield 15 made to fit round the needle with a serew to fix
1t at the required distance

The figures for the normal range of marzow celfs have been
worked out by Nordenson (93) Young and Osgood {93} Vogel
Exfand Rosenthal (85) and by Hynes (98) Tn some cases especially
1w aplastic anzemia and myelosclerosts 3t is necessary to hnow the
lustologieal structure of bone martow  which can be done by
Temoving a disc of bone with o 1 em treplune

Method A Salah or hlima pattern needle 1s stenhised 1 hot o1
The patient 1s gis en an mjection of morphme gr } or aspmn gr 10
and nepenthe m 15 by mouth half an hour before the operation
‘The sken over the manubnum sternt 1s sterihsed with akoohol or
wdine  The shin subcutancous tissues and periosteum are wfil
trated with about 1 md of 2% procane by drochionde solution 18
the mud hine at the Jevel of the third costal cartilage using a fine
mitradermic needle with a short bevel The patient hes on lus back
with o pitiow between the shoulders The Salah needle 19 then
passed through the skin down to the sternum  The edjustable
stop1s fixed 5 mm above the skin and the needle 15 forced through
the outer table of the bone by means of gentle taps with a small
hammer When it 1 felt to enter the medullary cavity the stylet ss
withdrawn and a dry 1 ml synnge 15 attached  Marrow jusce 1s
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then suched mto the syninge Tlus produces a sensation of discom
fort or even of actual pan Hynes (96) recommends that 0 25 ml
of marrow flud be withdrawn and placed n a tube contaiming
Thintrobe s dry oxalate mixture The tube 1s prepared by placmng
m 1t 01 ml of asolution of 02/ potassum oxalate and 03 /
ammonium oxalate and drying 1t in the mncubator Smears are
then prepared stained by Leishmans method and a dufferential
count 15 made of 400 or 500 cells

Dangers Death from perforation of the right ventricle during
sternal puncture hos been recorded by Scherer and Howe {97) and
by Bardhan (98) In Scherer and Howe s case the needle penetrated
the sternum to a depth of  :n  and in Bardhan s 2 cases the screw
guard was fixed at a level of 8 mm and 11 mm Heemophilia 1s
usually regarded as a contra indication although successful cases
have been recorded by Limarzi et al (99)

Normar. Magrow FINDInGS
The normal ranges n the bone marrow differential count as
described by Hynes (96) are shown i Table I The cells in the
lymphocyte series nclude the lymphoblast when 1t 1 possible to
distingwish 1t from the myeloblast and a vamety of mtermediate
forms The first s1x types of cell in the table are mveloid 1n nature
and the last three are erythroblastic

ApNorman Marrow FINDINGS

Leukeemia Sternal puncture 1s of great value n the diagnosis
of aleukzemic (leucopeme) leuhenua The marrow changes here
are similar to those found 1n leukemia with leucocytosis

The Acute Leukeemias The marrow 1s very cellular 70 to 999
of the marrow eells being primitrve white cells erther of the myeloid
or lymphatic senes ‘The proportion of prumtrve red cells 1s low
but the erythroblasts almost equal in number the normoblasts
There 15 no premature hemoglobimsation of the erythroblasts
such as occurs i the bone marrow n permicious anemia  This
maturation defect 15 probably associated with the macrocytic
anzmia which 1s s0 often present 1n leukermia

Chronic Lymphatic Leuh@mia Here 40 to 90 / of the marrow
cells are lymphocy tes which may be normal small Iymphocytes or
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used for sternal puseture He used 2 lumbar puncture needle
{made of hard steel} with sts stadlet (sic) cut to 8 ems Jength sts
pomt shurpened but made broad so that it will not break 4
motable shield 1 made to fit round the needle with a screw to fis
1t at the vequred distance

The figures for the normai range of marrow cells have been
worhed out by Nordenson (93) Yeung and Osgood (84) Vogel
Erfaud Rosenthal (95} and by Hynes (96) Insome cases especutfy
w aplastie anxmia and myelosclerosis b 15 necessary to hnow the
tustologieal structure of bone marrow which can be dome by
remoring a dise of bone with o Lom trephine

Method A Salah or hhma pattern needle 1s stershised m hot ouf
"The patient 1s miven an mjection of morphine gr  oraspn gr 10
and nepenthe m 15 by mouth half an hour before the operation
The skin over the manubrnium sterm 15 stenhsed with alechol or
wodine The shin subeut, fissues and p arc infil
trated with about 1 ml of 2/ procame hydrochlonde solution m
the mud line at the level of the third costal cortiage using a fine
iptradermic needle with a short bevel ‘The patient Jies on his back
with & pilfow between the shoulders The Salah needle 1s then
passed through the shin down to the stermum  The adjustable
stop 1s fixed 5 mrn above the skin and the needle ss forced through
the outer table of the bone by means of gentle taps with a small
hammer When it 15 felt to enter the medullary cavity the stylet 15
withdrawn and a dry 1 ml syringe 1s attached Marrow juice 38
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then sucked mnto the syrninge  1lus produces a sensation of drscom
fort or even of actual pain  Hvnes (96) rccommends that 0 25 ml
of marrow flud be withdrawn and placed m a tube contaming
Wintrobe s drv oxalate mixture The tube 15 prepared by placing
m st 01 mi of a solution of 02% potassum oxalate and 03/
ammonium oxalate and drving it in the mcubator Smears are
then prepared stamed by Lewshman s method and a differential
count 1s made of 400 or 500 cells

Dangers Death from perforation of the nght ventricle durning
sternal puncture has been recorded by Scherer and Howe {97) and
by Bardhan (98) In Scherer and Howe s case the needle penetrated
the sternum to a depth of  n  and in Bardhan s 2 cases the screw
guard was fixed at a level of 8 mm and 11 mm Haemophilia 1s
usually regarded as a contra indication although successful cases
have been recorded by Limarzi et al (99)

Normar Marrow Finpines
The normal ranges in the bone marrow differential count as
deseribed by Hynes (96) are shown m Table I The cells mn the
Iymphocyte series include the lymphoblast when 1t 1s possible to
distmguish 1t from the myeloblast and a varety of intermediate
forms The first six types of cell in the table are myeloid 1n nature
and the last three are erythroblastic

ABNORMAL Marrow FINDINGS

Lenkzmia Sternal puncture 1s of great value mn the diagnosis
of aleukzmic (leucopemc) leukserma The marrow changes here
are similar to those found n leuhzemmia with leucocytosis

‘The Acute Leukzemias The marrow 1s very cellular 70 to 99 /4
of the marrow cells bemng primitive white cells exther of the myeloid
or lymphatic senes The proportion of pmitrve red cells 1s low
but the erythroblasts a\mo:t equal m number the normoblasts
There 15 no of the ery
such as occurs 1n the bone marrow m pernicious anemia  This
maturation defect 15 probably associated with the macrocytic
anemia which 15 so often present 1n leuhermia

Chronic Lymphatic Leukzernia  Here 40 to 90 / of the marrow
cells are lvmphocy tes which may be normal small lymphocytes or
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show abnormahbies in the size and structure of the nucleus  The
myelond eclls and the erythroblasts show n maturation defect
Ghronic Myeloid Leukeerma The marrow n carly cises
shows n merease m mycloblasts premyelocytes and myeloeytes
Iymphocytes and monocvtes are few or absent There 15 4
maturation defect n the nucleated red cells  In the final stages
of the disease the marrow resembles that found in acute myelod

leuhsemia
'Pernicious An®mia In untreated cases 25 to 45, of the
marrow cells are megaloblasts and ery throbl and

hemoglobimsation 15 present  The polymorphs 1rlc greatly
decreased but the number of earlter mycloid cells 1s not affected

Aplastic Anemia  The bonc marrow shauld be studied by
histologieal sechion and not by needle puncture The marrow Is
usually hypoplastie showing 4 lack of mature cells particularly of
the mycloid type and an increase of primtive cells resembling
small lymphocytes In other cases the marrow 1s hyperplastie
with many primitne cells  Tstaels and VWilkmson (100) state that
megaloblasts are nat found

Achrestic Anzemia  Isragls and Wilkmson (100) found megalo
blastic hy perplasia resembling that of pernicous anvruia  Hynes
(96) examuned the marrow 1n one ¢ase and recorded an ncrease In
the early hemoglobinised ery throblasts 4nd also in the normoblasts
The megaloblasts were normai  AMahler and Greenberg (101) found
merensed megaloblastie 1etiity with diminshed numbers of
normoblasts

Other Macrocytic Aniemias  In sprue and 1n carcinoma of the
stomach marrow changes are found simiar to those i permictous
anema

Secondary Anmmias Young ind Osgood (94) demonstrated
an erythroblastic reaction 1n the bone marrow 1n the anemia
which accompanies hemorrhage tovemias and mfections

Polycythemia  In some cases there 1s an ncrewse m the
crythroblasts and myvelord cells n the mirrow  In others the only
change found 1s an mereise the segmented polymorphs

Acholuric Jaundice In chronte cases the marrow 1s usually
pormal  1n the acute phases howesver there 15 an Increase of the
normoblasts ery throblasts and megaloblasts

Agranulocytosts In some cases there appears to be a
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maturation defect the bone marrow having its normal number of
cells but all the myclod cclls being mycloblasts In others there 15
an aplasia of the marrow lymphocy tes and plasmn cells bemng the
only white cells present

Gaucher s Disease The typical Gaucher s cells are present
the marrow

Kala azar The Leshman Donovan bodies are seen i the
monocy tgs i the marrow

Mataria Parasites are more numerous than m the blood being
seen 1 the red eells and leucoeytes in the marrow

Myelomatosls An excess of plasma cells may be present in the
marrow

Carcinomatosis In secondary carcinoma of bone ecarcinoma
cells 1n groups orisolated are found mn some instances in the marrow

The appearances of the bone marrow 1n the abnormal conditions
deseribed above are largely based on the article of Hynes (96)

Conclusions  Sternal puncture 1 chiefly of value in the
diagnosis of leukema with leucopenta enabling a confident
opinion to be expressed which cannot be done by blood examina
twons alone It 15 also of value 1n the diagnosts of ohscure cases of
anema and certain other diseases as described above

Bove Marrow TRANSFUSION

In some eases 1t 15 extremely difficult 1f not tmpossible to
mtroduce fluds to the body by the direct intrivenous route
This 15 ikely to be so 1 adults if the veins are collapsed owing
to shock or if they are compressed by cedema of the subcutaneous
tissues  Symilar difficulties are met with m young children pro
foundly dehvdrated as the result of gastro enterits and 1n infants
whose veins are either too small to receive the cannula or too tender
to retam 1t even if successfully introduced

That fld may pass from the bone marrow cavity through the
emussary \ems mto the general eirculation was demonstrated by
Tocantws and O Nedll (102) 1 America 1 1936 Experimenting
on the transplantation of marrow from ammal to animal they
observed that if two needles were mserted mto the marrow cavity
of the rabbit s femur one at exther end of th= boae and 5 ml of
salne wjected through the proximal needle only about 2 ml of
flnd would come up through the needle at the distal end Further
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show abnormalities 1n the size and structure of the nucleus The
mycloid eelfs and the ery throblasts show a maturation defect
Chronic Myelold Leukiemia The marrow 1n carly cases
shows an increase in mycloblasts premyelocy tes and myelocy tes
Ivmphoevtes and monocvtes are few or absent There 1s a
taturation defect in the nucleated red cells In the final stages
of the discase the marrow resembles that found m acute myclod
leuhzomit
‘Pernicious Anmia In untreated cases 25 to $5% of the
mArrow eells are me,aloblasts and crythroblasts and premature
hemoglobimisation 15 present  The polvmorphs are greatly
decrcased but the number of earlier myelod cells 1s not affected
Aplastic Anmmia The bonc marrow should be studied by
histologieal section and not by ncedle puncture  The marrow 15
usually hypoplastic showg a lack of mature cells particularly of
the myclowd type and an increase of pnimitnve cells resembling
small lymphoevtes In other cases the marrow 15 hvperplastic
with many primitive eclls  Israels ind VWilkinson (100) state that
megaloblasts are not found
Achrestic Anzemia  Israéls and Wallinson (100) found megale-
blastic hyperplasin resembling that of permeious anzmin  Hynes
{96) exammed the marrow m one case and recorded an mcrease mn
the early hemoglobimsed erythroblasts and also in the normoblasts
The megaloblasts were normal  Mahler and Greenberg (101) found
mereased megaloblastic actinity  with diwmmshed numbers of
normoblasts
Other Macrocytic Anemias In sprue and 1 curcinama of the
stomach marrow changes arc found similar to those m permerous
anerma
Secondary Anmmias loung and Osgood (94) demonstrated
an ervthroblastic reaction n the bone marrow m the anemia
which accompanies htmorrhage tox enuas and mnfections
Palycytheemia In some cases there 15 an increase in the
ery throblasts and ravelowd cclls i the marrow In others the only
change found 15 an increase in the segmented polymorphs
Acholuric Jaundice In chronie cases the marrow 15 usually
normal 1n the acute phases however there 1s an inerease of the
normoblasts erythroblasts and megaloblasts
Agrnnulo:ytosls In some cases there appears to be @
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svange half filled with 88 4 sodum citrate solution s attached
to the cannula a hittle aitrate solution njected into the marrow
cavity and onslowly withdrawing the piston the syringe 15 seen to
fill with the red bone marrow  Some more eitrate 15 now injected
the syringe disconnected and the cannula jomned to the transfusion
apparatus the tubing of which must be free from air bubbles The
wings of the eannula and the tubing are held 1n position by strapping
attached to the chest wall and the transfusion allowed to proceed
Lhe contamer holding the flud should be between 4 and 6 feet
above the level of the sternum 1f the pressure 1s too hugh pain
will ensue The flow of blood ean be aided by oxygen pressure or
by the use of a blood saline mixture

Tibial Transfusion This 15 the method of chowce for infants
and young chiidren The feg must be mamntaned m a sem
externally rotated position by means of a splint the other leg
being loasely tied to the
side of the cot to prevent

dislocation of the cannula

by hiching Gunz and !
Dean (105) found that the f
legs were most satis

factorly  controlled by (or)

firmly bandaging the soles

of the feet to a padded

N e oaon

splint  the feet being
about 9 mches apart and
the ends of the sphint tied
to the sides of the cot
Gimson (106) has devised
four needles and stylets
of different length and
size for tibal transfusion
wn nfants and  joung
children (see Fig  o4)
The flange 1s fixed and
each needle has its own
stylet  The needles
measure  below the
fhwge fwmch  §inch

~ . e

F1a o4 Necdle etc for bone marrow
transfusion
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mvestigations proved that the flmd passed direct from the bone
marrow mto the general circulation  Eocantins and O Nell were
not slow 1n applying therr experimental results to chnical medicine
and using the bone marrow of the sternum the lower end of the
femur and the upper end of the tibia successfully wfused eitrated
blood citrated plasma 5% dextrose solutton and physiologicat
saline 1nto the general circulation both of adults and of chuldren
‘These workers cansidered that the method was Iikely to prove of
value i patients suffering from extensive burns mutilating wounds
generalised cedema circulatorv collapse or where the veins are
poorly developed or have been rendered useless by repeated
punctures or by ijections of hypertonic saline A case of diabetic
coma was successfully treated by infusion of insulin and dextrose solu
tion nto the bone marrow attempts at intras enous injection having
failed as the patient was pulseless and the veins were collapsed

Hamilton Bailey (103) i 1944 reported on his expenences of
the method m England and concluded that not only 1s the
medullary cavity of the sternum as good a receptor as a vemn for
all kinds of fusions and for Pentothal to mduce anxsthesia but
1t 1s particularly aluable for the resuseitation of the very shoched
and the tery young Again in 1946 (104) he recorded how a
patient was rapudly revived after a severe surgical operation by
the 1njection of over a pint of saline nto the sternal marrow cavity
the infusion being completed withun three mimnutes using a sternal
puncture trocar and cannula and Record syringes

Sternal Transfusion Strict aseptic precautions must be taken
to prevent the kelihood of osteomyelitis developmg as a com
pheation  In the method described by Hamilton Bailey (103) the
patient Lies flat and 2 ml of 1/ procame hydrochlonde solution
are mfiltrated 1nto the shin sub t1 sues and p
1n the midhine Just abave the manubno gladiolar junction the site
of the mjection then bemng massaged with a sterile swab so that the
bony landmark can be clearly felt The special trocar and cannula
for sternal puncture 1s now pushed with n boring moy ement through
the outer plateof the bone just abos e the manubrio gladolar junction
and directly the outer plate s felt to be penetrated the direction of
the instrument 1 changed the point being directed upwards towards
d and the wings now prevent the pomnt from pereing
f the bone The trocar is withdrawn and a Record

the patient s sea
the nner plate o
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Massey (108) hasreviewed the hiterature of bone marrow infusions
and concludes that the mtra t1ibial method 1s very satisfactory for
the adminsstration of parental fluids in nfants when difficulty 1s
found with the mtras enous method

HEerARIN

MeLezn (109) 1n 1916 extracted from dog hiver a substance which
retards the coagulation of blood wn witro  Further mvestigations
were carried out by Howell and Iolt (110) mn 1918 and the antt
coagulant substance was called hepann  In 1923 Howell and
Holt (111) described an improved method for its preparation and
defined the unit of heparm as being that weight of substance which
would prevent 1 ml of eat blood from clotting for twenty four
hours when kept in the cold McHenry and Glaister at Bests
suggestion subsequently prepared smill quantities of hepann from
beef liver and Charles and Scott (112) 1n 1933 evolved a process
by which 1t could he prepared i much larger quantities from Iis er
They also obtamed a blood ant1 coaulant presumably heparnn
from skeletal musele and lung  In 1936 the same worhers (113)
prepared a crystalline barium salt of heparin having 4 lugh potenev
of about 500 umts per mg They gave the empincal formula of
heparin as C,He Oy N,S; By treating the crystallme banum
salt with excess of ammonum carbonate solution at 65 C the
banum was removed the hepann was then precipitated by acetic
acid centrifuged down washed with ether and dried Lor use a
solution 1s prepared to which tricresol 1s added -nd 1t 15 sterilised
by passing through a Berhefeld filter Jorpes and Bergstrom (114)
classified heparm as a mucoitin polysulphurte actd elosely related
to chondroitin sulphuric acsd  Best (115) has suggested as a stan
dard that the umt 15 the activity contatned m 001 mg (10y) of
the barum free material ¢ 100 umts in 1 mg  There 15 ex1dence
to suggest that heparin 15 either formed m or stored mn the mast
cells a3 had been shown by Jorpes Holmgren and Wilander (116)

Mode of Action It 1s believed by Howell that heparn 1
normally present in the blood Howell and Holt (110) showed that
heparin has no effect n preventing coagulation when added to
muxtures of thrombin and fibrinogen and differs 1 this respeet
from hrudin  They suggested that it delays congulation by
mhibiting the activation of p
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} wch and § inch  The two shorter needles are size 18 SWE
the twoe longer ones 16 S WG The § mneh needle 15 for premature
infants and the newborn the § inch and § snch needles for chuldren
of about 5 years but the size of the eluld and the amount of sub
cutancous fat must be token mio consideration m selecting the
needle  The handle (see Fig 54) 15 screwed on to the stylet
and the needle nnd stylet mserted after prelummary ceaning of
the skin and westhetisation with procane mnto the subeutaneous
surface of the tibia and at mght angles to the subcutaneous hony
plate  The site selected 15 snferior and medial to the antenor
tibial tuberosity below the epiphyseal hine and abose the nutnent
artery  The flange rests on the shin the pomt of the needle bemng
m the marrow cauty The stylet 15 withdrawn and = smali
unount of marrow wells up or 1s suched up nto a synnge partly
filed with saline attached to the necdle A little saline 15 wmjected
nto the marrow cavity to makhe sure that the needle 15 1n position
The ndaptor (sce Fig 54) filled with transfusion flusd and connected
to the tubing from the dripper and bottle from which air bubbles
have been excluded 15 fitted to the needic and the fransfusion
begun A screw ¢hp on the tubing can be used to adjust the rate
of flow and m one case Gimson mmntuned the transfusion for as
long as sk days  Owing to the diffienlty n judging the size of
needle required Behr (107) prefers for tibial transfusion a modi
fication of the Hamlton Badey trocar and cannula furmshed with
adjustable sings  Hartmann s solufion is valuable 15 a transfusion
for infants sullering from dehydration due to gastro entenfis 2s 1t
mamtams the aud base equilibriurs It contains sodwimn chionide
G g potassium chioside 6 4 ¢ calcum chlonde 0 2 ¢ lnctic avid
24ml N/10NaOH qs to neutralise the lactic rerd and water to
1 000ml There may be difficulty sn tr g blood 3f luted
even if the contatner 15 rassed to as much as 7 feet above the needle
snd Gunz and Dean (100) consudered the method unsutable for the
transfuston of blood Tor dehydrated infants Behr (107} recom
mends the transfusion of half strength Hartmanns solution m
59, dextrose the rate of flow being + wted according to the weight
of the patient  Bor infants wes, hung less than 5 Ibs the flow shouid
bie 4 drops a ramnute Hunder 73 s 6 drops a minute under 10 ths
8§ drops a minute and under 1o s 1o drops a mimute  The drops
y to adnp bulb debverm,, 1 mit m 16 drops

apph
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Massey (108) has rexiewed the literature of bone marrow infusions
and concludes that the intra tibial method 15 very satisfactory for
the admimstration of parental fluids 1n 1nfants when difficulty 1s
found with the intrayenous method

Herarrv

MeLean (109) 101916 extracted from dog Ins er a substance which
retards the coagulation of blood zn witro Further mvestigations
were carried out by Howell and Holt (110) i 1918 and the ant:
coagulant substance was called heparin  In 1923 Howell and
Holt (111) described an improved method for its preparation and
defined the unit of hepann as being that wesght of substance which
would prevent 1 ml of cat blood from clotting for twenty four
hours when hept in the cold McHenry and Glaister at Bests
suggestion subscquently prepared small quantities of heparin from
beef Iver and Charles and Scott (112) m 1933 evolved a process
by wluch 1t could be prepared 1 much larger quantities from Inner
They also obtamed a blood anti congulant presumably heparn
from sheletal muscle and Tung  In 1936 the same workers (118)
prepared a crystalline barium salt of heparin having a ugh poteney
of about 500 umits per mg They gave the empmeal formula of
hepanin as CoiHgOpl 55 By treating the crystalline banum
salt with excess of ammonium carbonate solution at 65 C the
banum was remosed the hepann was then precipitated by acetic
acd centnfuged down washed with ether and dried  For use
solution 1y prepared to which tricresol 1s added and 1t 1s sterilised
by passing through a Berhefeld tlter Jorpes and Bergstrom (114)
classified hepann as & mucoin polysulphunc and closely related
to chondrortin sulphuric acid  Best (115) bas suggested as a stan
dard that the umt 15 the activity contamed i 001 mg (10y) of
the barium free material :¢ 100 umits n 1 mg  There 15 evidence
to suggest that heparn 1s esther formed m or stored 1n the mast
cells as had been shown by Jorpes Holmgren and Wilander (116)

Mode of Action It 1s believed by Howell that hepann 15
normally present in the bloed Howell and Holt (110) showed that
heparm has no effect 1 presenting coagulation when added to
muxtures of thrombin and fibrmogen and differs n this Tespect
from hiudin  They suggested that 1t delays coagulation by
mhibiting the activation of prothrombin to thrombimn  Meltanby
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(117) considered that hepann acts as an antithrombase and says
1t 35 smprobable that heparin 1s responsible for the normal flmdsty
of blood Me suggests that hepann 1s concerned with the pre

h hh hood

sention of localised 1 b mn the d gl ood
of disintegrating tissue  Beat (118) 1n 1939 upheld the view that
heparn app ly b with the antithrombin of the seram

albumn fraction and thus acts as an anti coagulant by inereasing
the affimty of this substance for thrombin

Clinical Applications Hepann has been used in surgerv 1n
medicme and in blood examinations  Ieparn 1s available m stenle
solution i rubber capped ials of 8 ml (§% = 5 mg perm!} of
Sml (1% == 10mg permi) andof 5ml (5% = 50 mg perml}
This preparation contains §00 umts per mg  Heparised tubes
{10 m!) each contamning 1 mg are avadable for collection of
blood samples In man X mg of hepann per kg body weight
when guen intravenously prolongs the coagulation time to
approxamately forty minutes  Tor climeal use the average dose for
an adult 15 75 to 150 mg given ntravenously m the form of &
59, solution  Thus dose 1s repeated every thurd or fourth hour four
or five imes a day and the effect should be cheched by deter
mmation of the coagulation rate which should be hept at about
fifteen to twenty minutes by the Lee and White method (normal
four to seven minutes)

Surgical Murray et al (119) after showing that hepann will
prevent thromb it from h 1 and chenucal mnjury
to blood vessels n dogs first admunistered hepann fo a patient
2 surgical word of the Toronto General Hospital i 192 The
solupion was mjected mto the brachual artery under local anesthesia
and samples of blood from the verns of the mjected arm showed &
mse m clotting time from the normal of six minutes to that of
eighteen minutes Subsequently heparin was administered post
operatinely 18 2 prophylactic measure against thrombosis  The
njections were commenced two to tfiree hours after the operation

nd were continued for twenty four to 120 hours An cffort was
svas made to heep the clotting time at fifteen to twenty mmutes{
i 1 of

The operabions included app
ete Hepann has also been used m arteriotormies forembolism

thatn these cases 1t may be necessary tostart
hie operntion \When heparm has thus beent

colon
Crafoord (120) adwvises
heparinisation during t
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gnen or when hemorrhage unexpectedly sets i during the course
of heparin treatment the original coagulation time of the blood
mav be restored by the injection of protamune Chargaff and
Olson (121) described this neutralising effect on heparin and Jorpes
etal {12°)state that 60 mg of p (Clupein}
neutralise the effect of 100 mg of heparin  They say however that
the protamine njection should only be used as a last resort, and a
blood tranfuston will usually effect the necessary hemostasis
Richmond (123) records a case which shows that the intravenous
mjection of hepann to prevent post operative thrombosis 15 not
devord of danger An intravenous injection of 20 mg of heparm
1n normal sahine was given to a girl aged eleven years after removal
of a twisted ovanan dermoxd  Massive hematuria occurred sixteen
hours later the blood coagulation time being seventeen minutes
The patient was very collapsed but recovered with bladder
nmigations and a blood transfusion

Medical Ploman (124} used hepann in the treatment of acute
thrombosis of the central vemn of the retina  Intravenous injections
of & 5 / heparin solution were given with a fine needle Four i
Jections were made daily the first three of 50 mg and the last of
100 mg Marked improvement or full restoration of vision was
obtamed Mapnusson (125) recorded a case of thrombosis of the
posterior inferior cerebellar artery mn a woman aged forty eight
Intravenous njections of a 5/ solution were used 150 mg m
the morning and afternoon of the first day and the same amount
three times a day for five days He states that the case was a
severe one and that improvement was more rapid than would be
expected normally kelson and White (176) have reported some
favourable yesults i the treatment of subacute bactenal endo
carditis by the combmed use of heparn and sulphapyndine
‘Their method 15 as follows The contents of & 10 ml vial of
hepanin (10 000 umts) are added to 500 ml of normal salne and
the solution 15 grven by continuous mntravenous drip for fourteen
days The rate of flow usually 15 to 20 drops per munute 15
regulated to mamtain as well as possible the venous clottmg time
at ly one hour Sul g 4-6 daily 15 gren
by mouth for a week befare durmn, and = weel after the hepann
treatment Blood transfusions are given if there 1s an anema of
35 million red cells or lower All patients are saturated with
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(117} considered that heparmn acty as an antithrombase and says
st 15 smoprobable that heparin ts responsible for the normal fndity
of blood He suggests that hepanin is concerned with the pre
vention of locahsed thromt i the d ghbourbood
of disintegrating tissue  Best (118} 1n 1939 upheld the view that
hepann 1y bines with the antthromin of the serum
albumm fraction and thus acts as an ant: cosgulant by increasmng
the aflimuty of this substance for thrombm

Clinleal Applications Heparan has been used mn surgery
medicine and in blood exammations  Hepnrin 15 available in stenle
solution m rubber capped vials of 3mt (3 4 = &5 mg permi} of
sml (1% = 10mg permt ) andof 5wl (3% = 50 mg permd}
This preparation contams 500 umts per mg Hepanmsed tubes
(10 ml } each contmmming 1 mg are avadable for collechon of
blovd samples In man I mg of heparm per hg body weght
when grven ntravenously  prolongs the coagulabion tme to
approxamately forty mnutes  For chnical use the ayerage dose for
an aduft 15 75 to 159 mg  gven mbravenously w the form of 2
5% salution Ths dose is repeated every third or fourth hour four
or five times a day and the effect should be cheched by deter
munation of the coagulation rate which should be kept at about
fifteen to twenty mmutes by the I ee and White method {normal
four to scven munutes)

Surgical Murray et ot {119) after showng that heparn will
present thrombosis tting from h 1 and ¢t ! snyury
to bicod vessels 1n dops first admimstered hepann to a patient i
o surgical ward of the Toronto General IHospstal m 3933 The
solution was myected into the brachwal artery under Jocal anmsthesa
and samples of blood from the vems of the wjected arm shoved
rise 10 clottng time from the normal of six mmutes to that of
exghteen minutes b 1y heparin was ad d post
operatisely as a prophvisehe measure agmmst thrombowis  The
injections were cormmenced two to three hours after the operation
and were continued for twents four to 1.0 hours An clfort was
sas made to heep the clotting time at fifteen to twenty nunutes

t mcluded append y b y rescchion of
te Heparn has also been used 1n arteratomies for embohsm
120} advises that i these cases st may be necessary to start
the operation  When hepann has thus beent

e
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gien or when hemorrhage unexpectedly sets 1n during the course
of hepann treatment the onigwnal coagulation time of the blood
may be restored by the injection of protamine Chargaff and
Olson (1°1) described this neutralising effect on heparin and Jorpes
etal (122) state that 60 mg of p (Clupein) 1
neutralise the effect of 100 mg of hepanin  They say however that
the protamine mjection should only be used as a last resort, and a
blood tranfusion will usually effect the necessary hemostasis
Richmond (123) records a case which shows that the intrasenous
mjection of heparin to prevent post operative thrombosis 1s not
devoud of danger An intravenous injection of 20 mg of heparin
1n normal saline was given to a gurl aged eleven years after removal
of a twisted ovanan dermoid Massive hematuria occurred sixteen
hours later the blood coagulation time bemng seventeen minutes
The patient was very collapsed but recovered with bladder
imgations and a blood transfusion

Medica! Ploman (124) used hepann in the treatment of acute
thrombosis of the central vein of the retina  Intras enous mjections
of a 5/ heparin solution were given with a fine needle Four m
Jections were made daily the first three of 50 mg and the last of
100 mg Marked improvement or full restoration of vision was
obtamed Magnusson (125) recorded a case of thrombosis of the
postenor infersor cerebellar artery mn a woman aged forty eight
Intravenous 1njections of a 5/ solution were used 150 mg
the mormng and afternoon of the first day and the same amount
three times a day for five days He states that the case was a
severe one and that improvement was more rapid than would be
expected normally Kelson and Winte (176) have reported some
favourable results in the treatment of subacute bactenal endo
carditis by the combined use of heparn and sulphapyndine
Their method 1s as follows The contents of a 10 ml vial of
heparin (10 000 umts) are added to 500 ml of normal saline and
the solution 15 grven by continuous intravenous dnp for fourteen
days The rate of flow usually 15 to 25 drops per minute 1s
regulated to mamntan as well as possible the venous clotting time
at approximately one hour Sulphapyndine g 4-6 daily 1s given
by mouth for a week before during and a week after the heparin
treatment  Rlood transfusions are given 1f there 15 an anemia of
35 mullion red cells or lower All patients are saturated with
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ascorbic vend 200 mg bemng gien by mouth four fimes a day for
three days and subsequently 100 mg a day

We have used this method m 2 cases of subacute bactensl
(strep viridans) end sthout benefit the patients
dymg a few weeks Iater  If the sulphapyndine which 13 gisen
before the hepann fails to stenbise the blood there appears to be
an mereased rish of the oceurrence of vaseular acaidents such s
cercbral eemorrtnge MeLean Meyer and Griffith (127) reviening
67 cases treated by this method report very unfavourably on st

Heparm has also been used in the trextment of thrombophlehibs

Tud, the tory type i pul boll wd m
coronary thrombosis Murray (128) states that m phlebits the
effect of heparn s Most noticenble when given eardy 10 the disense
In the mugratory type although the hepann will probably reliese
the symmptoms of thrombosis 1t will not affect the cause of the
discase  In an average case of thrombophlebitis hepann ts gnven
for ten days After the first three to four days the pateent 1s
encouraged to move actively in bed snd he should get up by the
tenth o twelfth day Murray (128) records that 22 cases of
massie pulmonary cmbolism have heen treated with hepann with
pleasing results 110 patient died from the embohsm and dyspneea
and distress were rapidly rettesed  Some cases of coronary throm
homs bave been treated but esperimental results wdeerte that
hepanin may provent the occurrence of mural thrombosts with
subsequent risk of perpheral embolus formation  Stansfield {129)
treated fully & casc of puerperal cerebral th boph
with hepann using an nteasenous drip of BY, dextrose salme
contamng 200 mg heparin in cach piat The coagulation time was
prolonged fo forty ymnutes by this treatment Other cases of
recosery have however been recorded without the use of hepinn
Masaise heeraatuna has resulted from the treatment of a c1se of
cavernous sinus thrombosts with sulphathnazole and heparn as
described by Ershler and Blawdell {130} The evidence gen it
the article mdieates that the bleecing was due to the hepann and
not to the sniphathiazale

Bload Transfusions Hedemus (151} tn 1937 reported on the
use of hepare m blood transfusion 4 5 / solution s uscd 1 mg
¢ body werght bemny, mgeeted intrasenousty to the donor

3
r[;::c Hlood coagulation Wme 3 profon_cd rapidly at frest mud returns
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to normal 1n one and a half hours Ten munutes after the mjectron
blood 1s removed from the donor with any standard equipment
and the whole blood 1n ats natural state injected into the recipient
If syringes are used the plunger should be moistened with a drop
of stenile paraffin to prevent cell destruction and hinase production
The coagulation rate of the recipent 1s not affected The techmque
employed m citrate transfusions may also be used hepann bemng
added to the drawn blood mstead of citrate using °0 mg heparm
(04 ml of a 5% solution diluted with 10 m} sterile saline) for 500
ml of blood These methods have also been reported on fas ourably
by Sappington (132) m Amernca

Blood Examinations Heparimsed blood may be used for
bioch 1 and cytological 1ons but 1s not smtable for
performng the Wassermann reaction The blood 1s placed 1n 2
10 ml tube contaming 1 mg of heparin which 1s distributed as 2
smear on the inside of the tube A leucocyte count should be
carried out within two hours of collecting the blood

Conclusions It 1s evident that the admmstration of heparin
15 not devoid of danger from cerebral or renal hemorrhage and 1ts
use seems only to be justified 1n cases in which the treatment 1s
very carefully controlled

Prassta TRANSFUSION

Chnically many occasions anse where plasma 15 preferable to
whole blood for transfuston They occur where there 15 marked
fluid loss but no loss of red cells as m post operative shock and 1
shock following burns and wounds It may also be used to restore
blood volume after a hemorrhage should no blood be available
In burn shock with marked haxmoconcentration the hematocnt
reading 1s a weful gmde i treatment Infuston of plasma until
the plasma-cell ratio 1s normal and constant greatly reduced the
mortality

Whilst plasma has the advantage of being easity and quickly
admunsstered to any patient without matehing and requires no
special storage the nsk of transmutting the virus which produces
serum hepatitis with the possible complication of liver necrosis
and eirthosis must be borne i mind  (Sce Chapter VI ) At first
large pool plasma batches (2 ¢ at least 300 donors) were used with
varying reports for the meidence of serum hepatitis In the series
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of Brghtman and horns (283} it was 459 and Havens (134)
reported it as high as 16 Xt 1s now recommended that only smalt
paol batches (¢ not more than 16 donors) should be used when
the meadence falls to a rate comparable with that of whole blood
transfusion  In the sercs of Lehane and others (135) the wmeidence
from small pools was 1 3% and from whole blood 082,

The early claims that nradiation with ultea siolet hght would
destroy the virus has ¢ been disproved by the reports of Rosenthal
Bassen and Michael (136) James Jorns and Wrght (187) and
others

n 3943 Gronwall and Ingelman (138) 1n Sweden began work ons
plasma substitute named Detran winch 15 now samlable Itz
non antigeme polysscchande built entirely of glucase molecules
a 6% solution having a viscosity sumidar to that of plasma Itis
metabolised wathin five days of adminustration angd carmes no rish
of transmitting serum hepatitis

Dextran produces very heavy rouleaux formation Thereforc
blood samples reqs 1 for grouping and h should be taken
before the admmstration of Dextran

Tur Reesvs Broop Guoue SysTEM

In 1946 Landstemner and Wiener (139) showed that the antthody
produced by the tion of rabbits with the blood of the
Macacus rhesus monkey agglutinated the red cells of 85% of
the white population of New Yorh Those persons whose eells
are agglutinated are termed Rh positive and the remamder Rh
negatne  YWiener and Peters (140} desentbed antibodies which
reacted i the same way as the ant: Rh robbst sera mn 8 patients
who deseloped transfusion reactions from the admmustration of
homologous ABO blood In 1941 Levine hatzin Burnham and
Vogel (141} d that crythrobl faetalis 15 due to
rhesus ancompatibiity between mother and child

Further antbodies agglutmating 80/ 76% and 80/ of test cells
were discovered and m 3843 Fisher {147) suggested that the rhesus
system consisted of 3 paus of allelomorphic genes which he called
Cande Dandd Eandp Al genes are alterpatne
genes capable of occuplmp the same locus on a chromosome
These 8 allelomorpluc pairs give rise to eight phenotypes
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Fashers Comenient  shorthand
notation nolation

CDe R,

3y R,

cDe R,

Cde R

1] R

CDE R,

CdE R,

cde r

Further alleles some very rare have since been described
mereasing the number of Rh phenotypes Three alleles of C and ¢
are C" reported by Callender and Race (143) and C andc by
Race Sanger and Lawler (144) Stratton (145} desembed D an
allele of D and d Recently two alleles of E and e were reported
E by Armytage Ceppelim Ikin and Mourant (146) and e by
Gilbey (147)

However from the climeian s pomnt of view the important factor
In most cases 15 whether or not the patient 15 D positive or D
negative

Production of Rhesus Antibodies These antibodies are
immune and rarely 1if ever occur naturally They oceur either
from 1 due to multiple p or from repeated blood
transfusions During pregnancy some of the feetal red cells escape
into the mothers crrculation via the placenta and should thev
carry an Rh antigen dernved from the father but not possessed by
the mother they mav act as a foreign substance sensitise the
mother and cause the production of antibodies i her serum
Generallv the first pregnaney sensitises the mother and antibodies
appear in future pregnancies These antibodies return to the feetus
via the placenta destroy feetalred cells and produce ery throblastosis
fetabs  Similarly of blood of k Rh group
may sensttise the patient with the production of antibodies at
subsequent transfusions As small a volume as 1 or 2 ml of blood
may be sufficient to sensttise even 1f given 1 early childhood

Obyiously blood of a different Rh type to that of the patient 15
frequently transfused and many mothers earry a feetus of another
Rh ty pe to that of themselves and 3 et antibody production 1s much
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of Bughtman and horns (158) 1t was 45% and Hasens (134}
reported 1t as bagh 25 16% ¥t 15 now recommended that only small
pool batches (ze not more than 19 donors) should be used when
the madence falls to a rate comparable with that of whole blood
transfusion  In the series of Lehane and others (135) the madence
from small pools was 1 3% and from whole blood 08¢

The carly clams that wradition with ultra violet lght would
destroy the virus have heen disproved by the reports of Rosenthal
Bassen and fichael (136) James homs and Wnght (137) and
others

In 1943 Gronwall and Ingelman {138} in Sweden began work ona
plasioa substitute named Dextran which 1s now avmlable Ttasa
non antigeme polysacchande built entirely of glucose molecules,
a 6 4 solutton having a wviscomty similar to that of plasma It 1s
metabolised within five days of admmstration and carnes no nish
of transnutting serum hepatitis

Dextran produces very heavy rouleaus formation Therefore
blood samptes required for grouping and matehing should be taken
before the admimstration of Devtran

Tue Ruesvs Broop Grour SysTen

In 1540 Landstesner and Wiener (359) shos ed that the antibody
produced by the wnmumisation of yabbits with the blood of the
Macacus rhesus monkey ngplutimated the red cells of 85% of
the white population of New Yorh Thase persans whose cells
are sgglutinated are termed Rh postne and the remawmder Rh
negatve  Wiener and Poters (140} descnbed antibodies which
reacted 1 the same way as the ant Rh rabbat serq 1n 3 patients
who developed transfusion reactions from the sdmsrustration of

Jomolagous ABO blood In 1941 Ievine hatamn Burnham and
Vogel (141} & ated that erythrobl foetahs 1s due to
rhesus mcompatibility between mother and chid

Turther antibodies agglutinating 80 4 70 / and 307 of test cells
were discotered and 1n 3643 Fisher (142) suggested that the rhesus
system consisted of 8 paes of allelomorphic genes which ke called
Cande Dandd INande \Helomorplue genes are alternatyse
genes capable of occupying the same iocus on a chromosomie
These 8 allelomorplic poirs give nse 1o exght phenotypes
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example an Rh negative mother who has produced ant1 D should
the husband be homozygous D posittve all future children will
almost certamnly be affected but if the husband 1s heterozygous
D positive only half the children may be affected

How 15 1t possible for a chuld to suffer from erythroblastosis when
both parents have been reported as Rh positise? In routine work
because the full genotyping sera are very rare and as D s the most
powerful antigen blood 1s exarmned for the presence or absence of
the D antigen only with anti D serum  Therefore a “mother
(R;R,) (CDe/CDe) and father (Ryr) (eDCjede) would both be
reported Rh positive but the mother might develop anti E or
ant ¢ as she lacks both these anttgens while the faetus will carry
either or both of them

Anthropologtcal Value of Blood Group Systems The blood
group frequencies vary in races throughout the world and are
valuable n anthropologieal studies  As people migrate and inter
marry with local populations frequency diflerences tend to merge
but small racielly pure communtties may still be found The
Hunganan gipsies are known to have come from India many
generations ago and a study of therr ARO groups Lelps to confirm
this Their frequency for 4 and B s very close to that of the Indian
Hindus but quite different from that of the ordinarv Hunganan
population

Group B increases m frequency towards the Fast In Great
Brtamn 1t has 4 frequency of 8 / m Eastern Lurope Poles 20 /
Russians 23 / and in the Pekin  Chinese 1t 15 3v

Even 1 Brtam the frequen tes show significant varations
Travelling from Southern Fngl nd to Northern England the value
for O steadily imereases and that for A decreases The Icelandic
people hase an ABG frequen y similar to that found w Northern
Scotland suggesting a comme 1 ancextry Changes occur also m the
Rhesus distribution  The Bisques have the highest R'h negatise
frequency known while the North \merican Indians and Chinese
are almost entirely Rh positine The latter are said to develop
ery throblastosis fcetalss only very rarely

ABO Grouping To each of . tubes one contamn, a volume
of anti \ serum and the other a volume of ant1 B serum add a
volume of % 2 / salime suspension of the washed unhnown cells
Sinntarly add a volume of the unknown serum to each of two tubes
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less frequent than might be expected  Lhe explanation 1s that the
genes have varying antigemie potency :e  varying ability to
produce an antibody 1f introduced 1nto the circulation D 1s'by far
the most powerful antigen followed by C and the great majonty
of Rh antibodies are ant1 D or ant1 C+ D E and ¢ are weaker
antigens and antibodies fo exther are not often encountered whilec
and d are very weak antigens and only two examples of antt d have
been reported  Thus ery throblastosis mainly affects infants of Rh
negative mothers and seldom those of Rh positie mothers  For
the sime reason 1t 1s important that Rh negative persons
particularly young girls and women m the childbearng period
should be transfused with Rh negative blood only

People vary m ther ability to produce wntibodies and this may
explun why only 1 1 10 or 15 of Ith negatiie women marned to
Rh posttive men have infants affected by erythroblastosis feetals
In Great Britan approxumately 1 1n cvery 200 nfants at birth have
their red cells sensiised by matcrnal antibodies  not all are
clinically aflected a positive direct Coombs test on the mfant - red
cclls at birth sometimes bemng the only evidence of sensitisation
n vt

In the prognosis for future p n a famih
where a cluld has suffered from erythroblastosis 1t 15 an advantage
to know the Rh genotype of the husband Taking as a common

CDe/cDE cde/ de
W o4— -0

LJ
CDetde  CDekde  cDE/ede  CDekde  cDEfde

CDe/cde cde/ede
2y

CDelcde CDetde cdefede CDekde ede’ede

0 Normal male B crythroblastosis (male)

© MNormal female @ erythroblastosis (female)

Homozygous D positive husband CDe/cDT
g; ]l:!nmy)ggou! D) positive husband Chc/ede
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agglutate n the presence of Coombs rea,ent and 15 vatuable m
testing newborn childrun suspected of suffering from crthroblastosis
feetalis and n cases of acqured hemolvtic anemia  Coombs
reagent (rabbit ant: human globulin serum) can be prepared by
immuntsing a rabbit with serum from a group O person or with
punified globuhns

o perform the test the red cells are washed 8 tumes m salne to
remove any trace of plisma protemns and then mixed on a shde
with the Coombs reagent Should any antibody (globulin) be
attached to the cell enyelope agglutination will oceur

Indirect The indirect test will deteet incomplete antibody 1n a
patients serum  The unknown serum 1s meubated with cells of
known group at 87 C for one hour or more The cells are then
washed three times and mixed with Coombs reagent as m the
direct test Both 1 the direct and indurect test red cells of known
type must be tested concurrently to act as controls

Detection of Antibody Samples of blood from persons
requiring transfusion and who have had previous transfusions or
borne children and from pregnant women who have an obstetnc
history suggestny e of hemolvtic disease should be examined for the
presence of immune antibodies Their serum should be mcubated
at 37 C with cells of known Rh type suspended in salme and
albutmn and an tndirect Coombs test performed By roting the
reactions with cells of known genotype the particular type of ant:
body may be 1dentified The 1dentification of the rarer antibodies
mn generally be done only in pecial laboratones

hing Blood for T Donor s cells mived on a
shde with the patient s serum 15 not a satisfactory test of com
patibility for transfusion purposes This method will not detect
tmmune antibodies in most cases as they normally react at 37 C
and are often incomplete (albumin agglutinating)

The patient s setum should be mncubated at 37 C for one hour
m tubes with the donors cells suspended both m saline and
albumin  This method will detect any mcompatibility and it 1s
most mportant that such a method be used in all cases of trans
fusion

Only 1n cases of the direst emergency where any delay 1n trans
fusing may endanger the hfe of the patient 1s 1t permissible to use
blood without matching and 1n these cases blood hnown to be
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one containing a volume of known A cells and the other a volume
of known B eells Tap the tubes to mix the contents and leave at
room temperature (about 20 C) for one to two hours The
tests may then be read macr 1y andaf apy 1y negatie
pieaily by t g the on to a glass shde

hrnown A B and O cells must be added to tubes contaiming ant A
and ant1 B to act as controls for the tests

Determination of Rh groups A volume of the unknown eelt
suspension 1s added to iwo tubes each contaming a volume of
different ant1 D serz as some I) posttive red cells will not react
with all ant1 D sera  The tubes are incubated at 37°C for tvo
hours and then the cells are gently transferred on to a glass shde
and read mcroscopically  Rh ngglutinates are fragile and rough
handling will break them up and cause errors  Both I positive and
D negative red cells must be used as controls This method guves
the most accurate results but two rapid methods are deserbed
That of Chown (148) requires the mixing of a hugh titre antt D
serum with the unknown cells i thar own serum in a capillary
tube and meubating at 87 C for fifteen to twents mmnutes In
the method of Diamond and Abelson (149) a drop of high titre
anti D serum 15 mixed with test cells in their own serum on a shde
which 1s warmed and rocked on a special box for three mnutes
Not all anti D sera are sustable for these two rapid methods

Rhesus Antibodies These antibodies are immune {1 result
from 150 1mmumsation) and 1n common with other inmune blood
group antibodies react most stronglv at 87 C Two forms ewst—
complete and icomplete

Complete antibodies are saline agglutinating antibodies  t¢
a serum contaimng a complete antibody will agglutinate red cells
carrying the sppropriite antigen when they are suspended in saline
Incomplete sntibodies are also termed bloching antibodies of
albumin agglutmating antibodics  An incomplete antibody wilt
not agglutinate approprate ved cells suspended 1n saline but will
s0 affect them that they can no longer be agglutmated by a saline
agglutinating antibody e the cells are bloched ~ Howeser
incomplete antibodies will agglutinate appropriate red cells 1f they
nare suspended m 20 / bovine albumin

Coombs Test [t Thas test depends on the pre ence of an
the red ctil reeeptors and the fact that such cells will

antibody on
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agglutinate m the presence of Coombs reagent and 15 valuable m
testing newhorn children suspected of suffering from erthroblastosis
fetalis and 1n cases of acquired hremolytic anzmia  Coombs
reagent (rabbit anti human globulin serum) can be prepared by
immunising a rabbit with serum from a group O person or with
punified globulins

To perform the test the red cells are washed 3 times 1n saline to
remove any trace of plasma protewns and then mixed on a shde
with the Coombs reagent Should any antibody (globulin) be
attached to the cell envelope agglutination will oceur

Indirect The ndirect test will detect incomplete antihody mn a
patient s serum  The unknown serum 1s mcubated with cells of
known group at 37 C for one hour or more  The cells are then
washed three times and mixed with Coombs reagent as in the
direct test Both mn the direct and indirect test red cells of known
type must be tested concurrently to act as controls

Detection of Antibody Samples of blood from persons
requiring transfusion and who have had previous transfusions or
borne children and from pregnant women who have an obstetric
history suggestive of hemolvtic disease should be examined for the
presence of immune antibodies ‘Thewr serum should be tncubated
at 37 C with cells of known Rh type suspended mn saline and
albumun and an indirect Coombss test performed By coting the
reactions with cells of known genotype the particular type of ant
body may be identified The 1dentification of the rarer antibodies
can generally be done only m  pectal laboratories

Matching Blood for T Douor s cells mived on a
slide with the patient s serum 1s not a satisfactory test of com
patiblity for transfusion purposes This method will not detect
immune anttbodies 1n most cases as they normally react at 37 C
and are often ncomplete (albumin agglutinating)

The patient s serum should be meubated at 37 C for one hour
in tubes with the donors cells suspended both in saline and
alburun  This method will detect any incompatibihty and 1t 1s
most ymportant that such a method be used m all cases of trans
fusion

Only 1n cases of the direst emergency where any delay in trans
fusing may endaneer the Lfe of the patient 1s 1t permussible to use
hlood without matching and 1n these cases hlood hnown to he
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one contaimng a volume of hnown A cells and the other a yolume
of knawn B cells  Tap the tubes to mix the contents and leave at
room temperature {about 20 C) for one to twa hours  The
tests may then be read preally andif apy 1y negatre
pically by transferring the contents an to a glass shde
Rnown A B3 and O cells must be added to tubes containng anti 4
and antt B o act as controls for the tests
Determination of Rh groups A volume of the unknown cell
suspension 1 added to two tubes each contamning a volume of
diflerent anti D sern a5 some D positrve red cells will not react
with all ant1 D sera The tubes are meubated at 37 € for two
hours and then the cells are gently transferred on to a glass shde
and read microscopieally  Rh 2gglutinates are fragle and rough
handimg will break them up and cause errors  Hoth D positn e and
D negatne red cells must be used as controls  This method mues
the most accurate results but two rapid methods are deseribed
That of Chown (148) requires the mmising of a high titre antt D
serum with the unhnown cells in ther own serum m a eapilfary
tube and meubating at 37 C for fifteen to twenty muutes In
the method of Diamond and Abelson (148} a drop of high titre
anti D serum 15 mixed with test cells i ther own serum on a shde
which 1s warmed and roched on a specinl box for three mnutes
Not all anti D sera are sutable for these two ripid methods
Rhesus Antibodies These antibodies wre tmmune {te result
from 5o womunisation} and i common with other smmune blood
group antibodies retct most strongly at 37 € Two forms exist—
complete snd ncomplete
Complete antibodies are saline agglutinating antibodies 1 e
a serum contmmng & complete antibody will ngglutinate red cells
carrying the appropriate antigen when they are suspended m saline
Incomplete antibodies are also turmed blocking antibodses or
albummn aggl bod An plete antibody will
not aggiutimate appropriate red cells suspended mn sahne but will
so affect them that they can no longer be agglutinated by a saline
agglutinating antibody 2¢ the cddbs are  blocked  However
complete antibodics widl a glutinate ippropriate red cells 1f they
e suspended w 20 7 bovine albmn
Coombs Test furct Flus te tdepends on the presence orn;;
antibody on the red cell rueptors snd the Fact that sueh eclh wi
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rejected A bottle of blood opened and not used within tnelie
hours should be discarded as bacteria may hax e been introduced
Paternity Testing In English law it 15 only possible to use
blood grouping tests to exclude patermty and Race and Sanger (150)
have shown that about 60 / of men wrongfully accused of patermity
could be exonerated provided the tests could be carned out agamst
all the blood group systems for which ant sera are available
Secretion The A B H and rarely O antigens are secreted 1n
various body fluds particularly saliva of some persons and this
ability to secrete 15 inhented as a Vedehan dominant character
Grubb and Yorgan (151) shoswed that about 7~ / of the London
population are secretors  Grubb (152) observed a close relationstup
between secretion and the Lewis blood groups Brefly Lews
Ppositive persons are non secretors of A B or H substances and the
majonty of Lew:s negative persons are secretors of A B and H
MNS Blood Group System  In 19°7 Landsteiner and Levine
{153 151) described the M and N antigens which give nise to three
genotypes MM VIN and NN An antibody now called anti §
was discovered 1n 1947 by Walsh and Moatgomery (355) S 1s
closely assomated with M and N and wcreases the genotypes to 6
MMS MsMs MNS Ms\s N\S and Ns\s (s denotes cells which
do not react with ant1 S )
Antt M ad antt N occur both as natural and 1mmune antibodies
while anti § sera are usually tnmune They rarely are the cause
of hamolytic reactions  Ant: s has so far not been demonstrated

Bioat . w Num o oot
Ll Tty ‘req ¢ of m Iytic
S’ Fint reportod B'ra atbody  sction.

r ! Landsteme: andLene P31 {\e usually very rarely
&

54) natural
— )
hell \Coombs l!oumn! and K10 +ve immune occasonally
Race )
Lews ‘I\Ioumnt 1946 (157) Le ® +ie usually very rarcly
matural

-
Lutheran  Calfender and Race Lu "5 +ve immune very rarely
1948 (158)

Dulty Cunmm, \lnms.m and Fy G tie uDmune veryrrely
Partkn 19 9
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group O Rh negative should be used unless the patient has been
presicusly grouped

Blood Transfusion Hazards (1) Pyrogens Pyrogens may
cmse mid pyreva mgors and backache These reactions ean
be reduced to a mummum by the use of pyrogen free water for

1 and by pulous aseptic technique m use and cleaning
of matenals

(2} Overlonding the Circulation  Great care is essentral in the
transfusion of patients with cardiovasenlar disease andfor ehronie
anema A nsmg pulse rate and fathng blood pressure, together
with a persistent nse in venous pressure may herald the onset of
pulmonary cedema or congestive cardiae falure  Generally ths
type of patient should be slowly transfused swth small volumes of
pached red cells

{(3) Incompatible Transfusions These may be dve to the
followang —

{z) Presence of cold agglutimins

{) Mistalung rouleaux formation for agglutination
{c} Fatlure to cross group with patient s serum

{d} Lrrors m ping techmugne or £ 10n
{e} Clerical errors m Inberatory or ward

{f} Failure to carry out a satisfactory matehing test

The first three pitfalis will be nvoided if the cells to be tested are
wasked n saline and the grouping done as described above

If the matching of the donors cells and recipsent s serum 15
carned out at 87 { with saline and albumin as suspending flwds
and when necessary with the use of the mdirect Coombs test
then meompatible transfusions rarely occur

Homologous blood should always be used Very rasely 5 person
of group O may have an extremely lugh anti A titre and if this
bleod should be transfused to 1 person of group A a reaction may
well ocewr  The indiserimmnate use of group O blood throws an
unuecessartly heavy stramn on group O bleod doners

4) Transmitible Disease The virus cousmg serum hepatitis
is the preatest danger wnd Lehane and others (135) reported
08% as the madence followng whole blood transfuson 1
e ulso to transmut both syphihs and malarin by bl
s7ve had any of these diseases should be

15 possibh
transfusion  Donors wha b



RFFCLICNCES HT

(30) Daxry and West Journ Biol Clem 193 109 489

{31) Davis Davipeow Ripmne and Smaw Bt Med Journ 1943 @ (50

(3 ) Wixnson  Practtioner 1940 149 234

{33) Waminsow Bt Med Joumn 1931 1 8

(34) Wiiginsox  Chn Journ 133 63 449 Larerpool Med Chir Journ
1993 4

(3 ) Wirts Bt Med Jaum 1933 1+ 1091

(3¢} Hirr. Lancet 1932 3

(37) Wxivson  Lancet 1949 T 836

(38) WiLkrvsow and Israkrs Bt Med Jorrn 193 @ 139 and 104
Iseakrs and Wikivson  Quart Journ Med 1036 29 69

(39) Yaveman  The fnemias  2nd Edit 1931 Oxford University Press

London
(40) CasTee and Mot T7e Patholigical and Pty rlogical Description of
the tnemas 1936 Oxford Umversity Press London
(41) ZaNaTy Lancet 1937 i 136
(47) Davinsov and Frrrerton Quart Jowrn Med 1939 31 43
(43) MaBLER and GREENRERG Journ tmer Ved Aswen 1930 112 1t 0
{+4) Tsmaess and WiLkinsoN Qua f Journ Med 1940 32 163
{45} Rovrorn and Rnoap  Quart Journ Med 1941 34 17
(46) Wrvtnore and SmincackEr Jr Bull Jotns II phans Hosp 193u 52

(47) RosenpEre  imer Journ Ved Sci 1930 192 8¢

(48) Boxrrorn  Quart Jours Med 1938 31 49

(#9) Vaveuay and Huvren Lancet 193° 1 8%)

{(50) Mooax Viter Mrvick and Seres Jorm Lab Chn Med 1944 29

106

51) Oster  Brt Med Journ 1919 3+ 1
5°) Wurrsy  Journ Obstet and Gynawe of Brit Empire 193” 39 207
53) Davinsony Davis and INVEs Brit Med Journ 194° u 81
54) MacQuarne and Mort1son Bnt Wed Journ 1040 w55
5 } Witeasts and Davie  Briz Med Journ 1941 1 641
(56) Faser Berl hln Wock 1913 50 9 8
(57) Wrrrs  Lancet 1932 1 4%
58) HARTFALL and WITTs Gujs Hosp Rep 1933 83 3 and 74
59) DaviEs Quart Journ Med 1931 24 447 Lancet 1931 u 38
60) Damasaes Journ Amer Med {ssoon 1933 100 510
61) MacgAY and GoonrELLOY  Ved Pes Counc Pep 1931 No 157
8 ) CarpErrL, Journ Path Bact 1930 33 175
03) Gorrsce Moore and Mrvwcn  Blood 1946 1 1 9
04) N1ssor  Lancel 1947 u 49
8 ) Srack and WiLxinson  Lancet 1849 ¢ 11
66) Govax and Scorr Lancet 1949 + 14
(67) Nissiy and RoBson  Lancet 1949 1 686

Sovcrams and Dutms  Lancet 1039 1 640
€0} Ramsey Brit Med Jorrn 19 0 v 1109
("0) Scnutz  Deutsch med Wock 19% 48 1495
{T1) Scnxune  The Blootd tre 1979 C V Mobs St Lou
¢ ) Pruat Laneet 193 3 14
(3) Borst Laai et 183~ 1519
{4) S anvz Camviva dlowershs J wm ( er Ved fssoon 1913
110 368




346 THE HFMOFPOIETIC SYSTF

Furthes Blood Group Systems Fne other hload group
s)stems ate very briefly deseribed 1n the table on the pressous page
All nre weal. antigens and so rarcly stunulate antshody productson
Anv antibody which they may stmulate can be detected by the
use of sthne and albwmin as suspending fluds for the red cells
except in the case of the Duffy antibodies the majonty of which
can be demonsirated only by the use of the mdirect Coombs test

Kidd System  This blood group system was described 1n 19a1
by Allen et al (160} It was diseovered du;mg the 1nvestigation of
a maternal serum the child of the mother having suffered from
typieal erythroblastosis feetais 77 4 of Amencans were shown to
be Iudd posttive (Jh +ve )
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CHAPTER XIH
BIGCHEMIGAL METHODS

The essential requirements of methods used for routine analyses
are accuracy speed and ease of {y col
methads are used as satisfymg these conditions  for certam types
of analysis howeser volumelne or gravimetrie procedures or the
use of specinl appavatus are recommended

CovonrMETRY

Pr lectrie col are now My wsed anstead of
direet vision colosimeters as they have a wider field of apphestion
and ehmmate the personal error  there 13 very little to cheose
between the different commercial makes of single cell maclunes It
1s essential however to use a double cell null pomnt insteument for
those analyses where it 15 inconvement or ot possible to prepare
a standard for each anWysis and where 2 calibration curve must be

used

Tue Cotrrerson any STORAGE or BiooD SPECIMENS

The first prerequistte of an accurate bload analysis s a repre
sentative bicod sample The collection of blood by eapillary
puscture 15 not to be recommended cxeept in shilled hands because
of the ddfficulty of avouling adulteration of the blood by tissue
fmid Oun the other hand vene puncture affords a cons entent method
of withdrawing blood samples ample m solume for any sesses of
estimations

The techague of blood withdrawal by sencpuncture 1s o matter
of coramon hnowledge n the mediead field Mot so well hnown
howeves re the lmmitations set by chemieal eonsiderations Tactors
which sometimes averioohed by the umndtzated can vibate the
most careful analysis

A most freguent source of crror ltes tt the chowee of anticoagulant
ecd m making & deetsion whether an anticoagulant should be

ar 1nd
66
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used at all For example fluonde a speafic enzyme nhibitor 1s
useless for any estumation mvolving the use or assay of an enzyme
{e g urease m urea or for the of phospt

actisity)  Paradoxically 1t 1s just this property of fluoride which
makes 1t pre emmentl) surtable for the collection of blood samples

far hate deter where fallure to mactivate
the blood phosphatase will lead to the hberation on standing of
from lly bound phosphorus yelding a falsely

hl(,h result Fluoride 1s best known for its use to present glycolysis
where a sugar has to be estimated

Potassium oxalate 1s probably the most effectine common antt
coagulant  fluonde is commonly used mixed with oxalate as
fluoride alone 1s a poor anticoagulant For ohvious reasons both
these anticoagulants potasstum ovalate or sodwm fluonde are
quite unsmtable for use when sodum or potasstum themselves are
bemng estimated and since oxalate or fluonde precipitate caleium
they also insalidate thus analvsis

Tor certam analyses namely chlomde bicarbonate and blood
gases 1t 15 essential that the specimen be collected under hquid
paraffin to axoid loss of gas from the sample and consequent onte
shift

As far as posstble the tendency nowadays is to use serum for as
many analyses as possible for the use of any solid anticcagulant
will alter the water distribution between cells and pla ma and
wherever there 1s any choice scrum s to be used

Haemolysed specimens should always be treated with reserve
especially when estimating the serum or plasma content of any
substance known to be present m much hugher concentration 1n the
erythocytes e g potasstum or the phosphatases

For the coll of where 15 required
a suitable concentration of potasstum oxalate 15 2 mg fml of final
sample and where fluoride 1> desired this 1s added as well as the
oxalate to a concentration of 07 mg /ml  Suitable concentrated
solutions of these substances may be prepared and the approprate
amount of solution placed 1nto a bottle  the amount calculated for
an average sample of 10 ml of blood The solution 1s run over the
sudes of the bottle wlnch 1s then dried 1n an oven at a temperature
not exceeding 110 C leaving the anticoagulant distributed m a
finely divided easily soluble form




CHAPTER XIIL
BIOCHEMICAL METHODS

Tre essential req ts of methods used for routine analyses
are accuracy speed and ease of t: G Hy col t
methods are used 83 satisfying these conditions  for certamn types
of analysis however volumetne or gravimetric procedures or the

use of special apparatus are recommended

CoLormerry

Thotoelectrie colorumeters are now generally used instead of
durect s 1ston colommeters as they have a wider field of apphestion
and ehrmnate the personal error  there 1s very httle to choose
between the different commeraal makes of smgle cell machines It
15 essential however to wse a double cell pull pomnt nstrument for
those analyses where 3t 1s meonvement or not possible to prepare
a standard for each antlysis and where a eahibration curve must be

used

Tue COLLECTION AND STORAGE o1 Broop SpEcruens
The first prerequisite of an accurite blood analyss s a repre
sentatrs ¢ blood sample  Fhe collection of blood by tapiliary
p 18 not to be ded except n shalled hands hecause
of the diffieulty of avauding aduiteration of the blood by tissue
flmd  On the other hand \enepuncture affords « cons ement method
of wathdrawing blood sumples ample i volume far any seres of

cstimations
The techrique of blood withdranal by vencpuncture ts a matter

of vommon knowledge 1 the medical field  Not so well known
howeyer are the limtatsons sct by chermical considerations factors
which sometimes oerdoohed by the ummiterted ean vatate the
most careful analysis

A most frequent source of error hies in the chotoe of anticongulant
or indeed m making a decision Whether an anticongulant should be

w
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B Urine

(Values as g /24 hrs unless otherwise stated )

Caleium
Chtonde (as C1)
Corticoids
Creatine
Creatinine
Dastase (amylas
17 hetosteroids (talal neutral}
Males
Females post menopause
premenopause
Phosphate (as F)
Potassium (as b )
ined ol
Aales and females (follicular [ luse}
Females (luteal phase)
Sodium (as \a )

01-05

69
14 mg f-4 hrs
0-00>
1020
2-50 umts/ml
15-25 mg [+ 4 hrs
4-10 mg /% hrs
6-18 mg (24 hrs
0520
1540

0-05mgfStrs
1-10mg/ § hrs
2-6

Urea 1040
Unie aend 01-20
Vitarun C 0-80 mg /24 hrs.
C Fxzces

‘Total fat !

Split fat fatty acd.
s0aps
Unsplit (neutral fat)
Trypsm

1022 of dried Leces

| 3-10 / of dred faces
310  of dried faces
28/ of dned faces
200-2000 amts per g

wet fzces
Urobilinogen (= stercob | nogen) 00503 g /7% hurs
D CSF (Values as mg /100 ml }
Luuba ¥ trienta
thanrle (as NaCl) 790760 790-"60
1040 515
Sug;u- as glucose) 40-80 50-100

Fraue ProTOMETRY

Flame phowmetr} 15 an analytical techmque now bemng applned

to chneal b y The

of flame pt are

(1) certain elements on sitable exeitation emut light of ch:\mc
teristic wavelength (2) the intensity of the hght emitted s

* socwa—sy
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P11y 510L0GICAL NORVALS

(By methods desenbed 1n text)
A Blood

(Values as mg /100 ml unless otherwise stated )

Whale Blood Fla ms or Serm
e
Alkal: RReserve {as HLO, ) — 2435 mIqN
Amuno scid nutrogen 37
Bihrubsn (Van den Bergh) 01-08
Calcium (total) 9-11
Calowms (d1ffusible) 4226
& Carotene — 00203
Chioride (ss C1) ~¢-87 mEq/l 96-100 mEq/l
{-"0-310} {340-370)
Cholesterol (total) 110-230 140-280
Creatin 2-8 02-08
Creatinine 0020 0.2
ron — 008018
Liver Fuuction tests
Colloada) gold — 6-1 uaits
Thymol turbidity - 0-3 umts

Oxygen Males
38 arte

ert 15-24 m! 100 m) —
venous 11-17 mi (100 fl —
Temales 2 mi  lesain each ease
Phosphatase {acrdy — 1-3 h-A umtsf100 m!
Phosphatase (alkaline) - 2-13 h~A umits/100 m!
Phosphate (wmorgame} (s 1) St 2435
{as 110 ) o 9 (t2-26 mkq/h

Potasseum {as h ) 3364 mEq | 6 miqfl
Proten total — < -8 0 g [100 mi

Albummn — 3 .-60g /100 m!

Globuhn -—_ 15-30¢g /100 ml

AJG Ratio - 130 1

Fibrinogen — 02-0 4 g7 {106 ;i
Prothrombin time — 14 -16

Concentration — 70/ <140/
Sodsum (33 Na) 74 98 mbq ! 139-150 mEq/t
Supar {88 glucose)

Total fasting

yenous of caprlar 10110 60-110
roeal
e p to 1 up to 1.0
up to 186 —

u":“‘“"m 1430 10
Lne aerd 14 1.

et —
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B Urine

(Values s g /25 hrs unless otherwse stated.)

Caletum

Duastase (amylase)
17 Retosterods {total neutral)
Males
Females post menopause
premenopaase
Phosphate (as P)
Potasstum (as b }
Premaned ol
Males and femates (folbcular pliase)
Females  (luteal phase)

0-1-0-5
6-9

1-4mg/hrs

o

10-20

2-,0 umts mt

1o-25 g 124 hrs
4-10 mg />4 hrs
6-18 mgz (24 hrs

02-20

140

0-0-> mg /4 brs
1-10 mg /24 hrs
26

1050
Unc aad 0120
Vitanin € 0-80 mg /24 hrs
C Fzces

Total fat
Splt fat  fatty sod.
s03ps
Unspht (neutral fat)
Trypsmn

Lrobilinogen (= stercobilinogen)

10-2>  of dned fzees
3-10 / of dned faxces
3-10  of dned feces
38, of dned fzces
200-°000 units per g

wet
0-05-0 3 g /24 hirs.

D CSF (Values as mg /100 m! )

Lumla " entricular
Chlonde (as NaCl) 70-760 ~20-760
Proten 1040 5-1a

Sugar (as glucose) 40-80 “0-100

Frawe ProToyETRY

Flame ph 3 15 an analy
to chmcal 'y The |

mow berng applied

of flame p

P

ry are
(1) certain elements on sutable exeitation et hght of ch:lrac
tenstic wavelength (°) the mtensity of the light emitted 1s

& Ay
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PrySIOLOGICAL NORMALS

(By methods desenibed 1n text)

A Biood

{Values as mg /100 ml unless otherwise stated }

Wholo Biood Plasma ot Serum
Athsh Reserve (as HLG ) — 24-3> mEqt
Armno acid mtrogen 4-8 37
Bafimbin (Van den Bergh) —_ 0168
Calerum: {total) 5" 911
Calaum (diffusible) -~ 420 €
8 Carotene — 0,03
Chionde {as C1) 76-87 mEq/l 96100 mEq,1
{270-310) {310-370)
Cholesterol {total) 110-230 140280
reatine w8 02-08
Creatyne [P ——
ron ind 008018
Liver Function tests
Coliordal gold - 01 antts
Thymol turbidity — 04 units
Oxygen MMales
artenil 1 -28m) 100 ml —
\enous 11-17 ml {106 mi —
Females 2 o) lessin each cose
Phosphatase (acid) — 1-3 h-A umits/100 ml
Phosphatase (alkaline) — 3-13 h-A umtsf100 ml
Phospbate (worgnme) (as I ) "500 E
(as H1 O} {102 J; 12-26 mFqM)
Potassum {as k) 8¢t nCqgl 44-56wi gff
Protein total ~— w80 g {100 ml
Albumin — 8 960 g /100 mi
Globulm — 15-30 g /100 m)
A/G Ratio — 15 184 1
Fibrinogen — 02-03 /100 m!
Prothrombin tune — 14 -16
Concentrotton — ~p /14D
Sodium {88 N3 ) 73 98 mig ! 139-1,0 mLg{1
Sugar g,,; glucose)
astin,
“taenous o capilt s 3110 60-130
ea)
il ot to 1 up 10 3,0
up to —
Um»mwmry 1o 4D 140
Une acid 1-4 1.6
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B Urine
{Values as g /23 hrs unless otherwise stated )

Calewm 010,
Chlonde (as C1) 6-9
Corticoids 1-3mg A hrs
Creatine 0005
Creatimine 10-20
Diastase (amjlas 240 umts ml
17 hetosteroids (taul neutral)
Males 15-2> mg {25 hrs
Females post menopatse 4-10 mg /& hrs
premenopause 6-18 mg {24 brs
Phosphate (u P) 0520
Potassium (u ) 1040
Pregnanediol
Males nnd lcmales (fnlhcuhr phase) 0-05 mg /24 hrs
Females (luteal phase] 1-10mz f 4 hrs
Sodium (as \a ) 26
Urea 10-40
Unie and 01-20
Vitammn C 0-80 mg /24 hrs
C Fzeces
Total fat 10-2>  of dried fzces
Spht fat fatty ad 3-10 / of dned feces
s0aps 3-10  of dned fzces
Unsplit (neutral fat) 3-8 /7 of dned firces
Trypsiz 200-2000 units
| wet feces pere
Urobilinogen (= stercobilinogen) | 0003 g /24 hrs

D CSF (Valuesasmg/100ml)

Lumbar Ventricula
Chlonde (as NaCl) 7°0-760 120~ 60
Protemn 1040 515
Suga (as glucose) 40-80 50-100

Fraye ProToMeTRY
Flame photometry 15 an analytical techmque now bemg apphed
to clmcal ry The ples of flame
(1) certain elements on suitable excitation ermt hight of c!mrac
tenstic waselength (2) the intensity of the Dght emitted 15

. EoK—
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proportional to the concentration of the appropriate element i the
matenial tested By means of an appropnately designed burner
atomser system operating under controlled conditions 1t 1s possible
to provide stable and reproducibl. means of excitation and con
sequently of estimation of certam metals (see Fig 55)
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1o wo  The Flame I hotometer

The Courtauld Institute Tlame Photometer was constructed for
the routie estmations of sodium and potassium n biological flinds

The asprrator situated at the centre of the burncr draws the
solution from the beaker atomuses it in the stream of oxygen and
passes 1t into the flime  The intensity of the light produced 1s
measured by means of emission type photo cells appropnate filters
bemng used to scparate the sodium and potasstum radiations A
bridge amplifier system modified from that desentbed by Bills
et al (1) 1s employed to measure the phote cell current

The burner atormser system used 1s a modified form of that of
Weichselbaum and Varney (2} with the novel feiture that it
be completely dismantled for cleanm,, bemng constructed from
only two prece> of metal  Other features include the elmination of
bach finng (troublesome 1n the onmnal design) and jection
muing of the fuel (butane and oxygen)

may
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In routine use the photometer illustrated gives readings con
sistent t0 10/ The range of concentration 1n the aspirated
solution normally emploved for sodim esttmations 15 0-004-0-$
mEg/l and for potassum 0002-0-2 mEqfl. At these concen
trations the calibration 1s for practical purposes hnear The final
volume of the matenal used 1s lunited by the size of the beakers
convenient to handle (2 mL flwd 1 a 5 ml beaker)

The layout of the nstrument 1s as follows The vanous optical
components burner and photo cell compartments are mounted on
2n optical bench. The compartment on the left houses the pressure
gauges and needle valves that indicate and regulate the pressure of
the fuel and oxygen. The burner on the left 15 water cooled (as 1s
the clumney) The optieal system and filter shde are mounted on
the nght of the nstrument and on the extreme nght 1s the photo
cell compartment carrying two photo cells one for potassum and
one for sodium  These cells are mounted side by side and are easih
interchangeable. Qutput from the photo cell 15 led by screened
cables to the amphfier On the extreme left 15 the stabihsed power
supply  The photo cell current 1s measured by the large calibrated
dial which 15 attached to 2 potentiometer A detailed descnption
of the workang of this mstrument 1s not given here because 1t 1s not
commeretally avarlable and different makes of nstruments would
naturally have to be differentlv operated For those laboratories
not possessing a flame pbotometer a swtable method for the
estimation of serum sodmm 1s that of MeCance and Shipp (3) and
for the esttmation of serum potassium that of Jacobs and Hoffman
{4) which may be sustably modified for the eshmation of urmnary
sodmm and potassrum

GasoamTRIC AdaLysis
Alkal: Reserve Estimation {macro-method)
Method of Peters and Yan Shike ()

Reagents (1) Lactic actd 1N Take one volume of lactic and
SG 100 and dilute with mne yolumes of distilled water Place
wnto a flash and draw 8 stream of air through the solution for at
least onehour The meoming atr should be freed from earbon dioude.
by means of a soda lime tube
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(2) Lactic acid 01N Ddute the above solubion ten bimes with
distitled water and agam sevate

Method The blood 1s collected into a plan tube and eovered
with a layer of hiqud paraffin Xf an urgent estimation 15 required
1t 15 permussible to use an axalate bottle and carry out the analyss
on plasma  Upon g the sp at onee fy and
transfer the serum to & lusterod plastic test tube  For the analyws
the samnple must be equiltbrated with carbon dioade at the con
centration present i alveolar air  To do this slowly blow through
the serum & stream of ar contaming 5% cwbon dwonde (tus
rarcture can be obtammed commereially m cyhnders)

Whilst the blood 15 being gassed mspect the apparatus and test
for leaks 'To test for leaks zun about 16-15 ml of distilled sater
mto the shaking chamber  seal the top cock of the chamber with
mercury Jower the mereury level n the chamber to the 50 mi
warh and shake for three minutes to remoy e the air from the water
Rase the water level to the 2 m} mark and read the level of the
mereury i the manomster tube  Re lower the mercury level agamn
shake for onc minute rase to the 2 ml mark and read the mano
meter Repeat this process three or four times  If there are no
leakages then a constant reading will be obtamed a shght difference
hetseen the first two readngs 1s pernusuible

For the analyvsis & drop of capryhe aleokol s placed wmto the cup
and the reservorr placed i position 1 Open cocks C and D Alfow
the mercury to nise o the cup  Close cocks Dand € Flace resery oir
m position 2 Open coch € Slowly open cock D until the eapryhe
aleohol 15 tn the capillary of the stopeoch D (lose D ruse
reservoir to posttion 1 Close € Lower veservorr to posthion 2
Measure 15 m} of 0 1IN Jactic acid into the cup 1 ml of gassed
serum ts drawn up iato a volumetnic 1 mi pipette with the tip
protected by a rabber cufl and the pipette 1s inserted into the cup
as shown  Fag 568 (Method 2) Yihen the pipette 55 sn positon
open coch D and let the serum flow mta the chamber by turnmg
coch € (Cock € 15 used wstead of eock D as the flow of mercury
15 more easily controlled than the flow of serum } The delivery 1
inued untid the erum has entirely left the pipette and & munute
bubble of air has followed the serum into the copiffary at the
bottom of the cup close cock D The tmbhile should float to the
top if ths does 1ot happen then remose the bubble using a prece

con!s
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(2} Lactic acud 0 1N Dilute the sbove solution ten times with
cistilled water and ngam aerate

Method The blood 1s collected mte o plan tube and covered
with & Jayer of hgud paraffin  If an urgent estrmation 15 required
1t 38 perrsstble to use an oxalate bottle and earry out the analyus
on plasma  Upon recerving the speamen ot once centnfuge and
transfer the serum to a Justerord plastic test tube  For the analysis
the sample must be equilibrated with earbon dioxide at the con
centration present in alseolar arr  To do thus slowly blow through
the serum o stream of auw contatming 5% earbon diwade {this
mixture ean be obtained cormmercially 1 ¢y hinders)

Winlst the blood 15 being gassed wmspeet the apparatus and test
for leaks o test for leaks rug about 10-15 ml of distsied water
into the shaking chamber  seal the top cock of the chamber with
mercury lower the mercury leve! sn the chamber to the 50 ml
marh and shake for three minutes to remove the air from the water
Ruse the water level to the 2 ml marh and read the level of the
mercury in the manometer tube Re lower the mercury level agmn
shake for one minute raise to the 2 ml mark and read the mano
meter  Repent this process three or four times  If there arc no
leahages then a constant readmg will be obtamed a shght dufferonce
between the first two readings 1s pormussible

For the analysis 3 drop of esprvhic alechot is placed wto the cup
and the zeservorr placed 10 posittion 1 Open cochs Cand D Alfow
the mercury to nise mto the eup Close cocks Dand € Place resen ot
m position 2 Open coch € Slowly open coch D until the capryhe
alcohol a5 m the capillary of the stoprock D (Jose D ruse
resersour to position 1 Close C Lower reservoir to position 2
Mensure 1 5 ml of 0 IN lache acd into the cup 1 ml of gassed
serum 15 drawn up into a volumetrie 1 mi ppette with the tip
protected by a rubber euff and the pipette 1 inserted into the eup
as shown m Tig 56 (Method 2} ¥ hen the pipette 1s iy postion
open coch D and fet the serum flow wnto the chamber by turming
coch € {Cock € 15 vsed mstead of cock D as the flow of mercury
1s more eastly centrotled than the flow of serum ) The debvery 55
coptinued unt the serum has entirely left the pipette and s mimnute

pubble of aw ha followed the serum snto the eapulary at the
bottom of the cup  close cock D The bubble should float to the
top if this Joes not happen then remose the bubble using a piece
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of mercury 1n the cup Slowly open coch D and fill the capillary of
the coch with mercury Close cock D Lower the reservorr to
position 3 and close cock € when the mercury reaches the 50 ml

mark Return the reservoir to posttion 2 Shake the chamber for
two munutes at a speed of three movements per second After
shaking allow the fluxd to drain then slowly open coch C and by
careful control allow the {lwd level to rest on the 2 ml mark Read
the gas pressure on manometer scale {=P,) Open cock C and
brin,, the reservoir level with the flud in the chamber 1n order to
bring the gas pressure to shghtly above atmospheric  Close cock €
and open coch D 1f the previous mampulation has been correctly
performed no movement of the gas should occur Raise the
reservoir to position I By the cautious adjustment of cock C expel
the gas through coch D and fill the cock with flud  Place some
mercury 1n the cup fill the cock with mercury by lowenng the
reservorr and close coch D Lower the reservor to position 3
and close cock C when the fluid level 1s exactly at the 20 ml mark

Read the gas pressure on the manometer (= P, ) Take the tempera

ture of the water jacket P,— P, = corrected pressure Read
Yols CO, on the nomogrm of corrected pressure ngamst
temperature (see Fi, 57)

Alkali Reserve Estimation (micro method)

Reagent (1) 001N Lactic aced Dilute 0 IN lactiec acid ten
tumes with distilled water and acrate as in the macro method

Method The serum or plasma 1s gassed with & / carbon diovide
m air exactly as for the macro method For the analysis a drop of
outyl aleohol and 0 70 m! of the saturated serum or plasma are
run 1nto the chamber of the apparatus followed by enough 0 01N
lactic acid to bring the volume of the solution 1 the chamber down
to the 20 ml mark The same analytical techmque 1s used as
the macro method  the reading of the pressure of the extracted
gases bemng made at 05 ml volume The pressure observed 1s
applied to the nomogram as in caleulating the results of the macro
determination and the final result 1s multipled by 1 6 to grve the
cotrect eapacity

This correction 15 necesswry to compensate far the different
volume of reading and the re adsorption diffcrence



858 BIOCHEMICAL MEFHODS

of wire moistened with eapryhic aleoho! Open coh € Slowly open
weh I} and allow the 15 m! of aexd to flow wto the chamber
nathont atlowing any mr to enter  Clost cock I and place 1 few drops
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The burette C 1s connected by rubber tubing, to a levellng tube F
which also contams water plus trace of sodtum taurocholate At
the start of an analysis the two water memsa: are brought to a
Ievelling mark on tubes X and ¥ by raising or lowering the levelhie,,
tube D while the 8 way taps are open to air The taps are now
turned so that the bottles A and B commumicate only with \ and
Y but are shut off from the arr and the analysis 1s begun

If dunng the course of the analysis the volume of gas in A 15
altered by a change of external temperature or barometne pressure
a smilar change will oceur 1o the compensator bottle B and the
memscus 1 Y will be displaced from the mark  this change can
be d by suitable of the levelling tube D and
as this levelhng tube communicates with X as well as with Y the
compensation will also be applied through X to the bottle A
provided that the memscus 1n X 15 also brought back exactly toits
mark by adjustment of E If these precautions are taken every
time a reading of the burette has to be made all the readings will
be stnetly comparable with one another without further correc
tions for changes of external temperature or pressure

The whole apparatus (including bottles A and B) 15 rmmersed
to the level of the taps i a stired glass fronted tank of water
mamtained at a constant uniform temperature To heep the water
tank free of moulds the use of methyl p hydroxy benzoate } oz
to a gallon 1s advised

Reagents (1) Borate solution Add 12 404 g of pure dry bonc
acid t0 100 ml of N caustic soda and dilute to 1 htre

{2) Borate buffer pH 10 Add 300 m] of the above solution to
200 ml 0 IN caustic soda

(8) Sapomn ferricyamide solution  Dissolve 03 g of saponn
of known high lyhie power and 06 g of potassium ferncvanide m
10 ml of water

Mettod
Oxygen Unsaturation
Place m bottle 4 3 ml of buffer solution and cool 1n the tank
8 ml of blood which has heen collected mto heparn under
paraffin 15 drawn up mto an Ostwald Van Slyhe pipette and care
fully deliscred under the buffer The amount of blood wsed 1s
determmned by the degree of unsaturation of the sample for the
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Blood gas Analysis by Haldane's Method
Afte Douglas & Prestley (8}

The general form of the npparatus is shown 1 Fig 58 The
gases hibernted from or taken up by the blood in the small thun
walled bottle A winch 15 connected to the rest of the apparatus
by nurrow bore rubber pressure tubing arc measwred in the burette
€ (o1 ml measuring pipette graduated to 601 m! and capable of
bemngreadto0001ml ) Thesecond thin walled glass bottle Bwithats
connecting tube having the same volume as the analytieal bottle
and comnecting tube serves ns a thermo harometer to allow for

~{°F

Fig o8  I3sldane Apparmatus

compensation of changes of temperature duning the course of an
experiment and should contamn about 2 mi of water to ensure that
the air 1 it 15 alnays saturated with aqueous sapour  The two
bottles A and B are connceted through 8 way taps to the gruge
tubes N and ¥ respectinely winch unste with pne another below
and are wn commumeition with a fevelng tube I N Y oand D
are parth filted with water contarmn, & trace of sohum taum
cholate to lower the surface tension and ensure free mosement
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Reagents 1 005N Caustic soda

2 Phenolphthal. 1 0 20% alcoholic solution

3 Sodium biborate A 2/ aqueous solution

4 Amino acid reagent  \ 0 5% aqueous solution of sodium beta
4 sulpt 1 within five munutes of

P i prep
using

5 Acetate buffer solution 100 ml 50 / acetic acid + 100 ml 5%
sodiurn acetate

6 Sodwm thosulphate A 4 / aqueous solution

7 Stock standard Take 536 mg of glycine dried to constant
weight over sulphunic acid n tacue and dissolve m 0 07N hydro
chlone acid contaming 02/ sodium benzoate and make up to
1 hitre with this solution 1 ml = 01 mg nitrogen

8 Ylorking standard Dilute 2 ml of the stock standard to
50 ml with distitled water

9 Dilute tungstic ard solution Take 4 ml 10/ sodmum tung
state + 4 ml 2/3N sulphunc acid and dilute to 100 ml with dis
tilled water (This solution must be prepared and used within
three hours )

Method To 6 ml dilute tungstic acid 1 a 15 ml centnfuge
tube add 02 m! blood Allow to stand for five minutes and
centrifuge Into a graduated tube place 5 ml filtrate and mto
another tube 5 ml water for blank  Add 1 drop phenolphthalesa to
each tube and neutralise to 2 famt pink colour with 00N caustie
soda To each tube add 1 ml 2/ sodwm borate and 0 4 mi of
ammo acid reagent mux and place 1n a boling water bath for
exactly three mimutes Cool the tubes immediately m runmng
water and add to them 1 ml of acetate buffer and 1 ml 4/
thosulphate Dilute to the 10 ml mark with distilled water and
compare the colour of the unknown with the colour produced
from the range of standards described below setting to zero with
the reagent blank and using a blue filter mavimum transmssion
450mp  The reading of the standard taken should be that nearest
the reading of the unknown Prepare standards tahing 1 2 3 4
and 5 ml of working standard making up in each case to 5 ml
with water and treating as the 5 ml of filtrate above After
expenence with the method 1t 1s sufficient to use only the standards
prepared from - and 5 ml
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brighter red less unsaturated samples (¢ ¢ artenal blood) 4 or 5 ml
should be used Connect the bottle to the apparatus with the
taps open to the awr 1mmerse adjust the menisci in tubes X and Y
to the marks the pipette readmng to about 07 ml and close the
taps If the apparatus 1s swtably designed flush it through with
carbon dioxrde free air to reduce the time necessary for equlibrium
by obviating absorption of carbon diouide from the gas by the
buffer Allow to stand when no further change i the pipette
reading 15 noted return the memsa to therr marks and read the
pipette  Shake bottle A to oxvgenate the blood  complete satura
tion has occurred when no further change 15 registered on the
pipetteorthelevelling tube X which usually takes about 10 nunutes
Readjust the memse1 X and Y and take pipette rending

Calculation
ml O, absorbed
“ml blood used
per 100 ml blood

X 100 {correct to ST P } = ml oxvgen absorbed

Oxygen Capacity

Oxygenate the blood sample provided by rotating it in a separat
mng funnel  Place into bottle C 2 ml of buifer followed by 1 ml of
blood Into the side arm of bottle C place 6 5 ml of saponin fern
cyamde solution Adjust the memsc: as for determination of
unsaturation except that the flud level in the prpette 1s set at
03 ml Close the taps and shake the bottle until equilibrium 15
reached taking care not to mix the contents of the bottle with the
sidearm Adjust thememsci X and ¥ and note pipettereading 2
Tult the bottle to run the saponn ferncyamde solution into the
blood buffer mixture Shake again to expel all the oxven from the
blood and until a steady reading 1s obtatned on the pipette and
thus usually takes about ten mmutes  readjust the menisct N\ and}
and take the pipette readin, b

Galculation (b—1) X 100 (Correct to S TP ) = m! 0, c1pr

oty per 100 ml blood
Soue CoLorniETRIC MrTHODS

Estimation of Amino Acids in Blood
Adapted from themethods of hravel {7) and VWihson & T'yles (8)
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Method Into a 15 ml conical centnfuge tube place 5 ml of
serum and 1 ml of 5N hydrochloric aad  stir with a clean
glass rod and allow to stand for about fifteen minutes Add 1 ml
of sodium acetate followed by 3 ml of 25 / trichloroacetic acid
shake and allow to stand for five minutes Place 1 a gently borling
water bath for about one minute to complete precipitation of the
protein Cool and centnifuge at about 8000 r pm for half an hour

Place 6 ml of clear supernatant flwd m a test tube followed
by 01 ml of concentrated mtric acid shake and allow to stand for
fiveminutes then add 2ml of 5N potassium thiocy anate with gentle
shaking

Blank To 5 ml of redistilled water n place of the serum add
10ml of hydrochloric acid and proceed exactly as for the test

Reading Read blank and unknown 1n a null pont colorimeter
using a blue filter maxunum transtmssion 500 mp The unknown
and the blank reading are converted to serum 1ron concentration by
means of the calibration chart  If the blank gives a reading greater
than 25% of the total then the test 15 unsatisfactory because the
reagents contain overmuch wron

The Estimation of Urinary Corticoids

Adapted from the method of Heard and Sobel {11)and Pincus (12)

Reagents Dilute immediatelv before use the phosphomolybd:c
acid reagent (described for blood sugar estimation on page 37.)
with an equal volume of glacial ncetic acid  The precipitate that
forms readily redissolves

Method Adjust to app ly pH1 with d
hvdrochloric acid & twenty four hour unne speeimen  collected
without any preservative Stand the aadified urme at room tem
perature for twenty four hours to seventy two hours Extract the
total sample four times in aseparating funnel each tume with a quarter
of 1ts volume of chloroform Combine all the chloroform extracts
1n a separatin,, funnel and wash them with 3 x 100 ml of 1ce cold
0 1IN caustic soda solution followed by washing with 8 x 100 ml
of 1ce cold water Dry the washed chloroform extract by means of
anhydrous sodum sulphate evaporate the washed dry chloroform
extract to dryness i an all glass vacuum distillation apparatus
keeping the temperature below 50 C and dissolve the gummy
tesidue m 10 ml of dry chloroform Take an aliquot of this chloro
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Calculation

tmi standwd = 25wmg wnuno seid mitrogen/100 ml bleod

2ml = §0mg

3 ml = T5m,

4 ml =100m,

5ml = 12omg

Blood amimno acid _ Reading of unhnown _ concentration of
comentration  Readin, of standard standard

Estimation of Seram fran
Modified from Hover (9) and Dabhl (10)

Reagents 1 Vairr doubly redistilled from glass

2 Concentrated hydrocklorie ecid

8 Concendrated natric aced  Reagents 2 and 8 are the constant
boshing pure aouds prepared by redistiling A B concentrated acids

4 25Y 1r chigroacetsc acrd  This 13 prepared from A R tnchloro
neette qeid burther distilled using 1w all glass aur cooled stilf and
the 1c Lstitled aad dissobed 1n gles distidled water

& Appror N pol h solution prepared by dis
solving 10 ¢ of AR thuocrvanate in 20 m! of redistifled water
Thss solution must be prepared on the day of the test

6 Stock standard won solution (1 ml = 100 micrograms iron)
0864 g of AR ferne ammonium sulphate 15 dissohved mn about
100 ™) of rechstilled water 10 ml of pure hydrochlone aad (-}
are dded end the muxture 1s mde up to 2 htre Trom thus solution
smtable ditutions can be made and a e dibratron curi e constructed
covering the range 0~100 micro s of ron/100 mb

7 Sodun acetate selubion A .0, solution of 4R sedwm
acetate w redsstitled wotcr

All these rea ents must be storcd s prrex bottles

Precounions  The estimation is carried out on serum which has
peen collected with special care to avuid contammation wath free
on At Jenst 12.mal of blood are nceded which should be tahen with
adry all glass syringe using a new st anless steel needle  The blood
1s allowed to clot and the serum scpartted o minimal amount of
hemolyss daes not interfire wath thr stimntwn All glassware
wsed for the test munt b specaatly de e d (s nked wm dichromate and
doubly distifled s stor) to ensuretts bemg iron free

finalfy runscd wath
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hydroude in 16 m! of absolute alcohol using a mechanical shaher
Filter through hardened filter paper (Whatman No 50 or 55} The
solution should be crystal clear

7 Meta dinidroben.ene  This material must be very pure The

pound as supphed 1y 1s further punified as follows —

Dissolve 20 g of m dimitrobenzene tn 750 ml of 95 4 aleohol and
warm to 40 C Add 100 ml of 2V sodium hydronde  After five
minutes cool the solution and add 2 500 ml of water Collect the
precipitated  m dimtrobenzene on s Buchner funnel wash
thoroughly with water suck dry snd recrystallize twice In succession
from 120 m! and 80 ml of absolute alcohol by dissolving m the
quantity of aleohol stated and evaporating off aleohol until erystal
lization commences

The punified matenal must be well erystallized almost colourless
needles of meling pont 90 51091 € & mxture of a1/ alechohe
solution of the compound with an equal volume of aqueous 2\
caustic soda shounld g ¢ no colour after an hour

Use a 20, solution of punfied m-dimtrobenzene 1n absolute
ilcohol as the reagent  Store in a dark bottle at 6 C This solution
keeps for approximately one month but each time before use the
excess sohd should be brought into solutton by gentle warmmg

Method Hydrolysus and extraction  Measure the urine volume
Into a 500 ml round bottomed flask place an aliquot of the mixed
specamen (100 ml 1 swtable) add 15 ml of concentrated hydro
chloric acad and 50 m] benzene Boidina 500ml ground glass flask.
for thirty nunutes under 2 reflux condenser Cool fauly rapidly
Transfer to a separating funnel withdraw the benzene and re
extract the aqueous phase with two further 50 m! amounts of
benzene

Combine the three benzene extracts and transfer to a separating
funnel and wash consecutively with 2 x 25 ml of N sodium
hydrowde followed by washuing with 2 25 ml of \/2 hydrochlone
acd and finally washing with 8 ¥ 25 ml of water Evaporate off
the benzene from the washed extract by distilling on a water bath
under reduced pressure By means of about 20 m! of petrol ether
transfer the A extraet ly to a test tube
making several nnses (the petrol ether imsoluble matenal 15 non
steroid prgment) Carefully evaporate to dryness 1 2 water bath
and dissolye the residue 1 1 ml of absolute alcohol

'
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form solation {contang 001 to 0 my of corticend  matenal)
and evaporate to dryness w & test tube (02 ml s usually a con
venient amount) Dissolve 1t in 81 mi of glacal acetic acrd and
useanother0 1 mil of seid in another tubefor the blank  Toeach
add 2 mt of phosphomolybdic acid reagent Plug the tubes very
tightly with cotton wool wrapped i Silter paper to present ingress
of water vapour and umterse the lomer third of the tubes m 8
gently boiing water bath for sixty mmutes  Cool the tubes for tno
munutes n runming water and dilute cach with & further 8 mi of
phosphomolvbdic acd reagent mux and allow to stand for two
minutes for gas bubbles to rise

‘The colour denstty 15 rerd on a null pont colorimeter agamnst the
blank determination {which should be colourless to the naked eve
if the reqgents are pure) using red filters wath maximum trans
rssion at 650 mp

The colorimeter resding ts comserted to mg of  cortword
present in the tube by means of a calibration curve

A calibration curte 1s prepared using as the standard matersal
001 to 0 mg of deoxyeorticosterone wn sutable steps  This
method pgres a straght line calibrabion curve so 1t 1s legthmate
and convenient to use a factor multiplying the colorumeter reading
to give mg deovycorticosterone equivalent to the  corticouds
present in the estunation tube

MOTE —Ths method although givmg consistent figures 15 not
now consudered to estimate the true urmary eortieond content

Estimation of Total “eutral 17 hetosteroids

Adapted for rapid chinical estimations from the method of
Talbot et 1 {13)
Reagents 1 Sodmm hydrozid I {ny 1\ solution
()2 5V solution
2 Nj2 hydrochloric acrd
8 Absolute cthyl aleokol  Aldehs de content must be fower than
60025 /
3 Duethyl ether  Perovide free—14 R qualitsy
5 Berent tcnsuxll:mblc)
dromds
6 2508 p
The solution 1s made

1 m ahsolute ethil aleohol solution
fresh dasfy by dissolving 14g A R potassum
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aadified urme add 1 ml of 20 4, sodium acetate and one drop of
002 alcoholie methylred Add strong ammonta until just alkaline
then aadify with glacal acetic acid and add 1 ml of ammomum
oxalate solution  After allowmg to stand eentrifuge Discard the
supernatant flurd and dissolve the preciprtate 1n 1 ml of normal
hydrochlone aaid Titrate at 60 C with decinormal potassium
permanganate until the solution has a distinet pink colour  Add
one drop of 3 / hydrogen perouide 1ml of sodium acetate solution
and 1 ml ammomnum oxalate solution Centnfuge wash the pre
cipitate and titrate exactly as for the serum ealerum

The 1onised calcrum (Maclean and Hastings (16)) 1s obtained
by estimating the serum total calerum as given by the method of
Clark and Collip (15} and the serum total protemn by any sumitable
method

hnowing both of these values the percentage of 1onised calcium
can be read off the nomogram shown (see Fig 5J)
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Serum earotenoids ave estunated by the method of Connor (17)
For this method & working standard curve 15 prepared from potas
sum dichromate calibrated by companson with pure 8 carotene
(obtamable from the National Institute of Medieal Rescarch}
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Seleet two glass stoppered tubes of approximately 15 m! capaaity
and pipette m resp ely 02 ml of alcohohe solution and 62 ml
aleohol for the  blank  Into each tube pipette 02 mi of 253Y
sleobolic 1 dimtrobenzene solution and 02 ml of 25N aleoholie
polassium hydroxide solution  Mix and plice the tubes m a
water bath at 25 C for one hour Add 10 m} of absolute alechol
to each tube Mix and read 1 a null pownt colorymeter witiun fise
minutes of dilution usmg yeliow green filters of maxmmum trons
mission 550 mpu If the unknown gives an optical density reading
above the range of the calibrition curve repent the colour devclop
ment using 2 smaller guantity of aleohole selution

A caltbration curve 15 prepared using as the standard matenat
10 dehydre and Far eahbrat; purp & sutable
range to construct 1s from zero to ¢ 4 mg of sterone per 02 mi of
aleohol

Patterson Reactson for Iso Dehydro Androsterone
Method of Patterson (14}

Evaporate to dryness 02 mi of the neutral aleohol extract
obtamned from the estumation of 17 ketosterods Add 3 mt of
concentrated sulphuric aced and shahe untl the sterod gum
completely dissolies Place into a water bath st 25 C for twenty
snutes  Cool by immersing i cold water and add 1 m} of distilled
water drop by drop with constant shahing  Heat the mixture 1n 2
boiling water bath for one minute dunng which fime a blue cofour
develops if the test 5 posstive

Oruer Rourne AnatyTicar Merions

In tius section are hsted the methods necessary for the chmeal
tnochemstry laboratory which are not fully descrbed above and
which comply with the essentsal requirements of routine analysis
{page 850) Uscful d of the dard p i are
deseribed under the appropriate headings

The method generally used for the estumation of scrum
colerum s that of Clarke and Collip {15) (A) This imolves the
precipstation of caletum as an ovalate which 1 switably washed
and titrated with polwsium pormanganate It enn be adapted for
the estimaton of unmany calewm provided a dowble preesp
uwsed Tor this purpose tahe » ml of shghtly

tation techaique 28
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20 30 10 50 60 70 80 and 90% and these after beng made
alkaline read on a null point colonmeter

For the galactose tolerance test Maclagan (27) has desernibed a
method of estnating the blood galactose after glucose has been
removed by yeast fermentation by a modification of the Schafler
Hartman blood sugar techmque

Para aminosalicylic acid 1 serum may be eshmated by the
method of Tarnoky and Brews (28) the p ammosalicyle acid 15
1 1 d

dand them h d by a
procedure
b methods are available for the of the serum
hospt For acd phosph a standard procedure 1 that of

Gutman and Gutman (29) (A) and for alkaline phosphatase that of
hung et al (30) (4) 15 probably the best method

Quinaldine red 1s a reagent which has recenthy been proposed for
the of phosph by Soyenkoff (31) A
method using this reagent which forms an msoluble dye phos
phomoly bdate complex which rermaius n suspensien can be used
with very small quantities of blood (or other materal) to gne
sery relable results

The standard method for the esttmation of plasma proteins
15 by means of the hjeldahl techmque of mitrogen assay (C) This
procedure has been used for many years and 1s probably shll the
most accurate Its mam disadvantage 3s the lnmtation of the
numbier of analy ses which may be performed at the same tune and
other procedures such as the method of hungsley (3°) (B) based
on the buret reaction have been proposed The biuret methods
enable more analvses to be made at the same time but these methods
do not possess the same degree of accuracy as does the kjeldahl
method The fractionation of the protemns 1s usually achieved by
means of sodm sulphate sodium sulphite or ammonium sulphate
and most lab d on one dure and hasve their
own normal values although such salting out methods do not
necessanily agree with the pattern of the plasma proteins given by
electrophoresis

Aggeler et al. (33) and Biggs and MacFarlane (1) bave proposed
methods for the estunation of prothrombin fime and concentration
The essential pomnt of these methods 1s the preparation of the
brain thrombopk: as a fine d powder This 15 done
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To estmate chlordes ux wnne blood or cercbro spinal flud the
method of Van Shile and Hiller (18) (B} 15 recommended The
advantage of thus method 1s that 1t can be adaprted for the znalyss
of 83 hittle 25 0 64 ml of matenal

Serum or plasm cholesterol 15 best estimated by a raethod
based on the ongmal techmque of Bloor {19} such as that of
Schoenhermer and Spezry (20) (B) The dsady antage m the use
of these methods 19 that they tend to give higher results than these
it which the materral to be extrocted 15 first ahsorbed on to
sodswm sulphate or filter paper The only pomts of techmque
worth notng are that water must be excluded duning the des elop
ment of the colour and any filter papers used must first be
rendered bipod free by extraction with chloroform

Por the estunation of creatine and  ercafimne the best
method 15 that of Peters (21) Tius method mav also be
adapted for urine estimations by suwtable divuon of the urne
based upon its specific gravity  dolute the umne ¢ x the Inst
taw tigures of the specific grasty {1 ¢ 8G 1008 didute twenty
four times) and the unne is then treated exactly ay for the blood
method

The } tests ded tor amy Iner
function are the cephalin cholesterol colldel gold and thymol
turbidity  For the thymol turbsdits 1nd codlordal gold the methadsof
Mackagan (22 and 23) are d In the cephahn chol i
test the method of Stemberg (24) 15 most satisfactory as a chemuwal

antigen  1s used ® ek as very stable and ean be Lept for months
without detenoration  This ants en eonuists of a mixture of pure
desoxycholic acrd and cholestero}

The serum bxloubin may be cstimated by several different
metheds none of whieh are absolutely te 4
method 1s that of hang and Covon (25)

The estunttion of serumm bromsulphthalen w best achesed by the

method of Rosenthal and White (26} As we find that the colour
t allalised phthalemn tends 1o fade 1t 55 sds1s1ble

ration curve The stindard curve 1 constructed
by taking & pooled nurmal sample of scrum wiuch bas bromsulph
thalein added to 3t 10 a coneentration of 0 mg pey 100 ml This
concentration is considered ps 100°%, and suttable ditotions are then
made with more serum to obtmn coneentrations equinateat to 30

of p
to prepare o cal
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20 30 10 50 60 70 80 and 90/ and these, after being made
alkaline read on a null pownt colorimeter

For the galactose tolerance dest Maclagan (27) has described a
method of estimating the blood galactose after glucose has been
removed by yeast fermentation by a modification of the Schaffer
Hartman blood sugar techmque

Para aminosalicylic acd m serum may be estmated by the
method of Taml)k} and Brews (28) the p-amnosaheylic aad 15

ylated and them henol dbyad
procedure
\umemus methods are a» atlable for the estimation of the serum
h For aad p k a dard dure 15 that of

Gutman and Gutman (29) (8) and for alkafine phosphatase that of
Rung et al (30) (A) 1s probablv the best method

Quinaldine red 1s a reagent Which has recentlv been proposed for
the estimation of tnorganic phosphorus by Soyenkoff (31) A
method using this reagent which forms an msoluble dye phos
phomolybdate complex which remams 1n suspension can be used
with verv small quantittes of blood {or other matenal) to gune
very relisble results

The standard method for the estimation of plasma profeins
1s by means of the hjeldahl techmque of nitrogen assay (C) This
procedure has been used for many sears and 15 probably stil the
most aecurate  Its mamn dvadsantage 1s the hmitation of the
number of analy ses which may be performed at the same time and
other procedures such as the method of hungsley (32) (B) based
on the bret reaction have been proposed The biuret methods
enable more analvses to be made at the same time but these methods
do not possess the same degree of accuracy as does the hyeldahl
method The fractionation of the protemns 1s usuallv achiesed by
means of sodium sulphate sodum sulphite or ammonum sulphate
and most lab dise on one p dure and have therr
own normal values although such salting out methods do not
necessanls agree with the pattern of the plasma protems given by
electrophoresis

Aggeler et al (33) and Biggs and MacFarlane (81) have proposed
methods for the estimation of p time and
The essential pant of these methods 15 the preparation of the
brain th as a fine lated powder This 1s done
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by macertting fresh human brain from the post mortem room
{or rabbit bran of human 13 not obtamable) with acetone and
repeatedly extracting with further quantities of acetone and
finally drymg at 37 C The ponder 15 stored 1 small quantities
m n evacunted desiecator over calaum chlonde mn a refugerator
It s standardised by testing against at least a dozen normal plasms
spercmons and determmnig the necessary quantsty of bram powder
and concentration of caltium 1on to yield a prothrombin time 0
rormal plasma betwecn fourteen and sixteen seconds A standard
curve is comptled by pooling the normal samples wich fall within
this standard range and diluting the (theoretically 100% pro
thrombin) pooled batch with physiologieal sahine to contan 50 30
20 10 and 5 4 of plasma then plotting the graph of prothrombn
time agawmst concentration  Thos graph must be reconstructed
for each fresh batch of thromboplastin and also cheched monthiy
agunst known normais

"Ihe old and well tned method of Fohn and Yiu (35) (B) 15 still one
of the best for the rontine estimaton of blood sugar A mod:
fiention whach mas be made 15 that after the fina) colour hns been
deseloped with phosphotungstic acd the mixture should be agan
heatedd m the hoiling water bath for three munutes then coofed
diluted and read m a colormeter  Thus re heatn, tochmque
renders the coloured matenal more stable over the pened of reading
The same method may be used for the estimation of wrinary sugar
after the urine has been diluted to bring the concentration of sugar
to between approumately 01/ and 02% It 1 also advisable to
remove mterfening substances from the umne before dilution  ths
15 best done by adding to 1 mi of the urme L ml N10 sulphurie
awd 02p of Ioyd s alkaloadal reagent 12 of permutit and 8 mf
of water i a steppered tube vigorously shalan,, tor five munutes
filtertag and dduting the fltrate ns necessary

Fhe Barrett urease method (36} (1) for the estimation of ood
urea s sahsfactory and his recommunded technque of addisg &
few drops of 10 4 sodium hvpochionte solution to the Nesslers
solution (hoch & MeMeahn (371} s well worth the extra time
the modification has the advantage that any frace of

i olved
:7 nie matenial presest 1m the onmnal solutien does not nterfere
a.:fin cause o cloud of the final col i solutton The same

method may be sdapted for the cstumation of wrndry red
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dilution of the urmne bemg effected by a calculation based on the
spectfic gravity 1 m! of unne 15 diluted to 3 10 25 or 50 m!
the final v olume being the figure nearest the last two figures of the
speaific gravitv eg Unne SG 10 1 dilute 1 ml of unne to
2o ml

‘This method of diluting unne ma+ be used for numerous estima
tions such as urtnary phosphate urea or uric acid

Apart from slight modifications no real adv ances have been made
on the method of Folin {33) (B) for the estimation of uric aard
and for climeal use this method 15 still quite satisfactors  If used
for urne 1t 15 first necessary to employ the silser precipitation tech
mque (38) (B) where the unmne 1s buffered silver mitrate added
and the precipitate redissols ed in the urea cvamde reagent

The comp of cerebro-spinal flurd which are lasa
routine are chlonde sugar and proten The chlonde may be
assayed by the sa.ne method as alreads outhined for serum chlonde
namely that of Van blvke and Hiller (18) (B} although some labora
tories prefer to titrate the chloride direct with silser mitrate using
dichlorofluorescetn as the indicator (Rose (?3)) Sugar 15 estimated
exactly as for blood sugar whit t the proten level 1s obtmined by
the method of Fung and Haslewood (#0) a method ako of use for
uninary protemn The sarv for these
protem methods mas be purchased commeretally

For the routine estunation of fwecal fals the method of Cam
midge ($1) still gives satisfaction although a more accurate estima
tion may be obtamed by one of the methods where a prolon_ed
Soxhlet extraction 15 emploved (Harrson (C})

Estmations of fecal trypnn are based on the digestion of
diferent substrates by means of the enzvme 1n alkahne solutinn
Anderson and Early s method (4-) relies upon the hquefaction
of a standard amount of gelatin by vanng the amount of faces
mixed with sodtum bicarbonate solution  The result 15 expressed
1n umts representing the reciprocal of the hnuting didution necessary
to digest a gien amount of gelatm eg lmuting dilution 1 g
of fzces{100 g of sodium bicarbonate solution—result 100 umitsfg
wet feces It should be noted that this analysis may only be carned
out on fresh fieces as trvpsin raprdlv decomposes  The method may
also e used for he assay of trypyn i didenal jurce

Ihe estunation of fecal urobilinogen 1s now comin,, nto more
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general use and a swtable method for its estmation 1S
that of Maclagan (43) In this method an artifical standard
s used conssting of a alkahne solution of phenolphthalen
and this 1 compared with en extract of frces which has been
trested with aihaline ferrows sulphate to reduce any urobthn
present to wobilinogen before reacting it with Erhlich s aldehyde
reagent

For the routmne clinieal estimation of wrinary ascorbie acid
the use of 2 6 dichk dophenol 1s still the simplest tech
Harms and Ray (44) have produced a method based on this reaction
but 1f @ more accurate estimation 15 required ot if 1t 15 desired to
estimate the ascorbic acid n blood use should be made of one of the
methods where the ascorbic acid s reacted with2 4 dimtrophencl
hydrazine {Roe and Kuether {45))

When estimating urwnary diastase by the method of Viohige
muth (46} 3t 1 essential that the unne should first be suitably
buffered at pII 6 I with phosphate buffer (B page 813}

The estimation of urinary galactose may only be required for
the galietose tolerance test The method for blood galzctose 15
satisfactory after sustable ditution

After the mtravencus mjection of sodwm benzoate where it 3
desired 1o esimate the everetion of luppuric ecid the method of
Quuck. et al {47) 1s emunently switable The most difficult poat
in this techmque 15 to obtam the erystals of Juppune acid from
the concentrated acidified urme Friction 1s the best method
to mutmte therr formation from the unine after st has onee been
cooled although in cases of extreme difficulty 1t 1s permssible to
seed with 2 very small crystal of pure hippuric and

Uninary pregnancdiol 1s best estunated by shght modifieation
of the method of Somersiile and Varman (48) where the urme
1s hydrolysed by bohng with hydrochlonie acd and extracting
with toluenc as one operation  The toluene 15 washed with cawtie
soda to remose impunities evaporated under dryness and the preg
nanediol prccxpxtutcd from an alcohoke solution of the gum under
carefully controfled conditions with caustie soda The precspitoted
materiat 35 then reacted with concentrated sulphunc aad 1o gne
the ycllow colour by w Ieeh 1t~ estimated n companson with a
pre\muslg constructed  cabibrition e prepared  from pure

preguane 3 ¢ 20 o diol
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