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PREFACE

THERE are several excellent textbooks concerned with metabolism but
they tend esther to deal with metabolic diseases (usingtheterm disease
i the sense developed 1n the medicine of the mineteenth century) or to
deal with metabolic abnormahities and disturbances from the point of
view of the biochemist The present book attempts to steer a course
between these two and to describe for the practising chmictan some of the
more mmportant of those disturbances of metaboltsm which he may
encounter 1 the course of his work It 15 of course impossible and
undestrable to be confined by any hard and fast barriers and therefore
1t has at times been necessary to enter 1nto certamn brochemical details
and at others to describe so called metabolic diseases Nevertheless 1t
1s hoped that the physicran who has not specialized in this aspect
of medicine will be able to gain some insight nto 1ts more recent
developments and to obtain defimte practical help m diagnosts and
therapy
The metabolism of disease 1s one of the most rapid growing points of
1nternal medicine and a complete presentation 1s beyond the scope of
any textbook A book suitable for the purposes outlined above should
be neither too large nor too expensive and thus nevitably there must
be many omusstons In selecting suttable subjects duphcation has so
far as possible been kept to a mummum Thus there 1s no section
devoted spectfically to the almentary tract for many of the results of
for example malabsorption are dealt with 1n other connections Nutrt
tion being the study of those substances forming the necessary raw
matenals for metabolism and endocrinology the study of the system
devoted to the chemical regulation of metabolic processes are vast
subjects 1n themselves and no attempt has been made to consider them
in 1solation instead they are woven where appropriate umto the general
theme Selection of matenal has also been made as a result of expertence
1n both undergraduate and postgraduate teaching so far as possible
those subjects of common 1mportance which are least understood being
ncluded
1t 15 difficult with a very rapidly advancing subyect to include all of
the most recent knowiedge 11t a book of this kind There are menitable
delays which are more annoying and frustrating to the contributors
than to anyone ¢lse since they mean constant revision 1f the werting 18
still to be topical at the time of publication Every effort has been made
to ensure that this 1s so and the opportunity 1s taken here of thankmng
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the coatnibutors for all the efforts which they have made to this end
1 would also like to thank those authors editors and publishers who
have kindly allowed 1llustrations from thetr works to be reproduced
G A Smarr
Newcastle upon Tyne
1958
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CHAPTER 1

PROBLEMS OF GENERAL NUTRITION IN
CLINICAL MEDICINE

G A SMART

The Calorie Balance
SINCE energy 1s derived from ch 1p itis ble that the
body should mamtain a calone balance with its environment This
fundamental concept can be represented as follows

Calone value of food ntake = heat output (cal )}
-+ calonie value of unnary organic
chemucals
+ calore value of faecal organic
constituents
< change 1 calone value of body
tissue

In normal health the body weight remains substantially constant
over long periods of time and under these conditions the proportions
of various tissues do ot significantly change It follows therefore
either that the calore value of food intake 15 accurately correlated with
energy expenditure or that if the calone mtake vares there must be a
corresponding variation 1 one or more of the three other terms of the
equation It can easily be shown experimentally that substantial changes
1 calorie mtake are not 4 with any corresponding change mn
the calone value of facces and unne It 1s technically a good deal more
difficult however to measure the total heat output of the body over
long periods of time and the question has often been posed whether
changes 1n calone mput are followed by compensatory changes m heat
output The chemical processes mvolved 1n the metabolism of nutnients
require 1n themselves a certain amount of energy particularly mn the
case of protein matersals (the spectfic dynamic action) so that to some
extent there may be an increase mn heat production and loss with an
tnerease m calorie mtake This however 1s small and 1s m no way
sufficient to maintam the equbibrium of the equation The possibality
of any additional change 1n heat loss 1n association with an alteration
mn calone mtake has been carefully mvestigated by many workers 1n

Particular by Wiley and Newburg (1931) and more recently by Pass
METAB Dis—1




2 METABOLIC DISTURBANCES IN CLINICAL MEDICINE

more, Meikiejohn, Dewar and Thon (1955) There has n fact been no
evidence of substantial change ether i basal metaboltc rate or 1n the
metabolism resulting from actvity, which would compensate for
changes mn calorie tntake

The evidence fully summanzed by Newburg (1942) would thys
seem to potnt to the Iikelihood that calone balance 1s ultimately main
tamed to the largest extent by regulation of the intake This would
appear superficially to be a hat surpristng 3| at vanance
with everyday expenence During discussions of this kind one 15 always
reminded of people who remam lean despite a larpe appetite, and of
others who tend to become fat although therr food ntake 1 only
moderate The work already quoted however by Passmore and his co
workers was carned out on lean individuals who were able to increase
therr calone intake from 2100 to 4000 per day There was no evidence
of a fi m b nor d 1n absorption re
sulting from the mcreased mtake of calones and the subjects did 1
fact gam weight, although not as much as would have bscn expected
from a consideration of their calorie balance Moreover 1t has been
shown by McCance and his assocsates (Edholm Fletcher Widdowson
and McCance, 1955 and Boovens and McCance 1957) not only that
the basal metabolic rate of normal ndviduals may depart from the
average of normals much more than was at one time anticipated but
that the amount of energy expended when lying sitng standing or
at other forms of exercise might also be very different from indivadual
to mdnidual Thus different people outwardly simiar, mught expend
very different quantities of energy although their activities might not
appear to be so very different ‘Those who carry out their daily actvities
efficiently 1 the physical sense require a smatler calorie intake to main
tain weight than their more thermod lly neffictent t
parts This does not mean that persons who tend eastly to get fat
necessanly use less energy 1 standing situng or lying etc than thin
people such people evidentlv have an appetite which tends to cause
them 1o ingest more calories than in fact they require

1t 15 mmportant, therefore to mquire mto the mechanisi of appetite
regulation and of satiety and into any other factors which control the
amount of food which 15 eaten It 1s obwious that the capacity of the
orgamsm atself will set crude outer lumits to the intake of food and 1t
may be that this partly deterrmnes the frequency with which patients
who have bad a partial gastrectomy are found to be underweight How
ever that the crude mechameal of h d isnot
erucial 1n the normal animal has been suggested by Adolph (1947) He
showed that 1n young rats the calone content of the diet seemed to be
the overnding factor winch governed the amount of food ngested

Nar would 1t anpear that hunger contractions which have been
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shown to exsst both m ammals and m man (Quigley 1955) and which
greatly increase the drive to obtam and eat food are more than a crude
but urgent mechanism which tends to set a Jower limit to the food m
take They would certamly seem to be of munor importance m com
munities where food 1s easy to come by

In 1940 Hethenngton and Ranson discovered that anmmals with cer
tamn lesions confined to the hypothalamus would become obese and
this obesity was shown by Brobeck Tepperman and Long (1943) to
sesult from hyperpt bseqy wark d that another
centre existed in the hypothalamus destruction of which caused
aphagia (Anand and Brobeck 1951) On the basis of these findings 1t
has been suggested by Brobeck (1955) that two centres exist one a
satiety centre sitvated medially destruction of which causes hyper
phagia by increasing the level of satiety and the other an appetite
centre situated laterally destruction of which will cause aphagia be
cause of a complete lack of appetite Thus mcreased food intake may
result from overactivity of the appetite centre (more frequent eating) or
from vnderactivity of the satiety centre (bigger meals) by contrast the
1ntake of food will be decreased 1f the appetite centre 1s underactive or
if the satiety centre 1s overactive so that smaller meals are eaten How
the particular activity of each of these centres 1s controlled so that the
normal precise calore balance 1s mamtaned has not yet been shown
Brobeck (1948) has suggested that it 1s the speafic dynamic action of the
ngested food which 1s mainly responsible that a centre 1s sensitive to
temperature changes Although 1t 15 possible that this may be one factor
Kennedy (1952) has produced evidence which would suggest that 1t
probably plays only a mimor part if any and seems to be of little 1m
portance when causes of expenimental obesity are considered The
work of Gasmer and Andre Mayer (1939) would suggest that there 1s a
short term day to day regulatron of food mtake dependent in some
way upon energy requirements and that there 1s 1n addition a long
term mechanism which can correct errors in the day to day regulation
and which 1s related m some way to body weight

Jean Mayer (1955) has put forward evidence suggesting that appetite
1s dependent upon the rate of utdization of glucose Thus there will be
no desire to eat when glucose 1s being rapidly utilized—when there 15 a
large difference between concentrations of glucose 1 artenial and venous
blood by contrast an increase mn appetite will occur when there 15 little
difference between these concentrattons (Van Itallie Beaudomn and
Mayer 1953 and Mayer 1953) It should be noted however that
several investigators have failed to suppress food intake 1n anumals or
subjective dewire for food i humans (Bornstein and Grossman 1956)
by means of intravenous infusions of glucose It was also noted by
Bruce and Kennedy (1951) that apart from changes 1n palatabiity or

i
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gross adulteration the calone intake of hyperphagic or lactating rats
remained much the same regardless of the composition of the diet This
would suggest that metabolites other than glucose might be mvolved 1n
the regulation of food mtake

Kennedy showed that lns hypothalamic rafs ate ravenously whilst
they were gaming weight 1¢ dunng the dynamic phase of their obes
ity Eventually however having reached a state of considerable obesity
the static phase the food intake dropped so that 1t was not very different
from that of a normal rat When such rats were underfed they lost
weight only to regam their excessive appetite so that when agamn fed
ad libitum they would eat large quantities unti] they had again regamed
therr former excesstve weight Adulteration of the food by means of
kaolin duning the dynamuc phase resulted 1n greatly increased intake so
that the total calore 1ntake remamed much the same, when the static
stage had been reached however adulteration resulted mn a decreased
calonie mtake and weight loss These findimgs would mndicate that even
these Is with a d d hypothal have some form of
regulation of body weight that they have a preferred weight at which
they tend to remain as a result of changes 1n food ntake

It has also been found (Kennedy 1952) that ntact rats nursing
litters of ten to twelve 1n order to produce maxsmum lactation ate even
larger quantities than rats rendered hyperphagic from hypothalamic
damage Furthermore 1f the medial hypothalamic nucler of such rats
were damaged there was no marked tendency for them to become obese
until lactation had ceased Rat mulk has a ngh fat content and it seems
possible that the maximum rate of disposal of fat might be a factor
which imuts food ntake

Adipose tissue thought at one time merely to be a relatively mert
storehouse of excessive calories has been shown 1n fact to be an active
tissue 1 dynamic equilibrium with thg rest of the body Werthermer and
Shapiro (1948) and Bates Mayer and Nauss (1955) have produced
evidence which suggests that under conditions where food 1s freely
offered the amount of fat mobilized daily 15 proportional to the total
size of the fat depots and the findings of the Iatter group of workers also
suggest that there are probably metabole differences in different types
of expermmentai obesity It 13 suggested that the accumulabion of exces
stve fat m hypothalamuc rats and gold thioglucose mice 15 largely secon
dary to the hyperphagia whereas m mice of the hereditary obese type
there 15 an mherent metabolic defect with increased synthesis and de
creased mobilization of fat As pointed out by Mayer these findings are
complementary to those of Alsonso and Maran (1954) who found tha!:
hereditary obese hyperglycaemic muce after prolonged Pe“"‘is <
restricted diets so that they weighed 309 less than therr control Litter
ates nevertheless had several times more fat than these controls
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Climeal Considerations
Y

e exp 1 d d d above are
Iikely to have 1n due course some mmportance i the clmical field In
man however other factors such as food habits and emotional
changes assume a greater importance than would appear to be the case
m ammals Tt 15 not proposed to discuss weight change ansing from
hypothalamc lesions or endocrine abnormaliies attention will be con
fined to a constderation of so called simple obesity and to the effects of
marked loss of weight

It 15 important however that consideration should first be given to
the critena by which a subject may be said to be underweight or over
weight Figures for the mortality rates and the incidence of vanous dis
orders 1n relation to body weight are largely derived from mnsurance
statistics and are thus mamly concerned with deviations in body weight
for height from the average There 1s no justification for accepting the
average as the ideal 1indeed there 1s much to suggest that the average
weight 1s higher than the ideal weight (the 1deal weight bemng that
associated with the mimmum amount of physical disabiity and the
greater longevity) 1n most countries where the food supply 15 relatively
plentiful {(Marks 1956) Ideally one would like to obtain some know
ledge of the amount of adipose tissue present of the amount of extra
cellular fliid and of the amount of bone The rest of the body weight
would be made up of more or less metabolically active tissue These
estimations might be of particular importance 1f the results produced by
Kurlander Abraham and Rion (1956) which suggest that in nen com
ponents 1n body bmld other than adipose tissue are the factors which
Produce the association between a heavy body weight and a high n
eidence of cardiovascular disease are shown to be correct

Estimates of the total amount of adipose tissue in the body have been
made by measurements of body spectfic gravity—either by weighing the
patient under water or by estimating s total body volume This Iatter
estimation 1s carnied out by placing the patient 1n an enclosed space of
known volume and measuring the pressure of air in the enclosure a tap
15 then opened which jomns this space with another of known volume
containing awr at a known and different pressure from the vessel enclos
ing the pattent The final equilibnum pressure in the whole system 15
read and from the figures obtamed the volume of the patient can be
determined The temperature of the system must of coursc be carefully
controlled Estimates of the proportion of total body weight contr
buted by adipose tissue then depend upon the assumption that the
specific grawity of the lean body mass 15 1 103 whereas that of adipose
tissue 15 093 (Behnke Osserman and Welham 1953) It 15 obvious
that these are only approximate assumptions and are Iikely to be more
or less correct only 1f there 15 no ab ity of water and 1
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metabolism involving an mcrease 1n extracellular fluid on the one hand
or dehydratron on the other

Since 1t has also been found that the proportion of water in the lean
body mass 1s 72%, and smce, apart from a small amount of extra
cellular flmd adipose tissue 1s almost anhydrous the proportion of
adipose tissue 1 the body has been estimated from measurements of
total body weight and total body water—the latter being measured by
the dilution of substances such as heavy water, urea or antipyrine,
which are evenly distributed throughout all the water phases of the
body Again this method of estimation suffers from grave errors in the
presence of abnormalties 1n water metabolism and consequently 1t has
been refined by estmating total body water and extracellular water
(inulin or throcyanate space) and thus mtracellular water—which 15
much more constant constitutingabout 67% of the lean body mass and
bemg virtually absent 1 adipose tissue (McCance and Widdowson
1951)

Probably the most useful means of estmating adipose tissue for
chmcal use 1s by measurig skin fold thicknesses This method has been
mvestigated m particular detail by Edwards (1950) who has designed a
special caliper which exerts a constant pressure (10 g per mm?) be
tween 1ts jaws (Edwards Hammond Healy Tanner and Whitehouse
1955) by BroZek (1955) by Brozek and Keys (1951} by Garn (1954) and
by others The shin fold 1s some measure of the thickness of two layers
of skin plus two layers of the underlying subcutaneous tissue and of
course 1t vares greatly from one part of the body to another From these
measurements some estimate can be made of body density and thus of
total body fat (Pascale Grossman Sloane and Frankel 1956) certaindy
for young men A serious disadvantage however, consists in the fact
that no allowance can be made for relatively greater deposits of mternal
fat which occur with mcreasng age nor 1s the method smtable in cases
of endocrine abnormality m which fat distribution mught be quite
abnormal

Edwards (1956) considers that when a change 1n body fat occuss as a
result of a change 1n calone balance all the cells of adipose nssuekare
equally affected and that there 15 thus a proportionate change in sKin
fold thicknesses at all sites Thus view 15 supported by the work of %ﬂ‘lﬂ
(1954) who found that the pa;tem] ;:E/fat deposition chang~d Lttle

ng a weight drop of as much as 11
du;:;giesnoni have glso been put forward whereby a chinreal esn‘xin(al::
of skeletal size and of musculature can be made Body height an -
greatest distance between the lateral margins of the sliac crests are {Jcrr o
ably the best wdicators of the size of the skeleton, and the diame o
the upper arm corrected for shin fold thickness can gtve a g
of musculature ( Recommendtions  1956)
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Simple Obesity
Whether from emotion from habit or from some underlying as yet
abnommality lting 1n a wrong, control of body
weght simple obesity 1s one of the commonest nutritional problems m
those countries where food 15 easy to obtain The 1l effects on general
health on morbidity and mortality are well known and will not be con
sidered 1n detail Very little work has been done on the long term effects
of weight reduction i obese people for only a small proportion of
obese people do 1 fact reduce their body weight to normal and keep 1t
there It has been shown by Fellows (1931) however that those who
maintam a reduced weight suffer less from those conditions known to be
assoctated with obesity than similar subjects who remamed obese 1t
would also appear thatasmall but sigmificant fall in blood pressure may
occur with weight reduction (Adlersberg Coler and Laval 1946 Ley
1939) There has been some cnticism of this view partly because
change 1n the arm diameter will affect the blood pressure readng as
obtained by the usual indirect method but Danowskt and Winkler
(1944) do not consider this factor to be of much significance It 1s of
course also well known that the diabetes of obese diabetics may show
avery ble 1mpr t with weight red Dublin (1953)
1 a careful statistical appraisal of the mortality rates of obese subjects
who reduced therr weight concludes that the resultant mortahty rate
was considerably less than that of those subjects who did not reduce
A perusal of the hiterature reveals how difficult 1t 1s to induce obese
patients to lose werght and to mamtain the lower weight which they
may attain In general 1t 15 probable that the long term failure rate 15 1n.
the order of 70-80% (Rony 1940) Although various substances are
now available which appear to depress appetite 1t has been the expert
ence of the author that one 1s doomed to failure unless the patients can
be completely and utterly convinced that they must lose weight and are
consequently prepared to make the necessary effort of will to restrict
food mtake Asarule the first three to five weeks are the most difficult
and patients should be mformed of this Durnng this time they feel
hungry sometimes hight headed and weak and they become very senst
tive to cold Sub equently after weight reduction has taken place these
patients must control their food intake by measurements of body
weight If appetite 1s relied upon they wll revert to their previously
obese state
From the considerations given above 1t would appear that a diet m
volving a simple and adequate reduction 1n calorie intake would be
sufficient to cause a reduction 1n body weight Provided such a diet
contains enough protemn the weight loss accrues solely from a loss of
fat ceilular tissue 15 not broken down (Newburg 1944) Exact and
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elaborate diets have been constructed which will do this and naturally,
where the psychology of the situation 15 so important some will be more
swtable than others for any ndividual patient However mn general the
author has found that patients tend not to confine themselves to diets
which are too igid too elaborate or too far removed from an ordinary
dietary regime The most flewible and eastly understood diet and one
which mvites a considerable degree of collaboration from the patient
15 that devised by Marriott (1949) This s in fact morea guide to eating

than a therapeuttc diet and n practice 1t has been found to work very
welt producing a fall of some 2-4 Ib 1n body weight per week

MARRIOTT S REDUCING DIET
1 Eat or drink as much as you like (or can get) of

Lean meat poultry game rabbit hare liver kidney heart sweet
bread—cooked 1n any way but without the additon of flour bread
crumbs or thick sauces

Fish (not tinned) borled or steamed only no thick sauce

Eggs boiled or poached only

Potatoes boiled steamed or baked 1n skins but not fried roast
sauté or chips not potato pownder

Other vegetables of all kinds (fresh tinned or dried) cooked m any
way not mvolving the use of fat

Salad and tomatoes without oil or mayonnaise

Beetroot radishes watercress parsley

Fresh frut of any kind including bananas Also bottled frut if
bottled without sugar Not tinned or dried fruts (mcluding dates figs
and raisins)

Sour pickles not sweet pickles or chutneys

Clear soup broth Bovnl Oxo Marmite

Salt pepper mustard vinegar Worcester sauce (no other sauces)

Saccharin for sweetening

Water soda water and non sweefened mineral waters

Tea and coffee {milk only as allowed below)

2 You may have milk (not condensed) up to half a pint daily
No cream
3 You may have three very smail preces of bread per day and take them
either one at each mam meal or all three at one meal as desired (very
small means not exceeding 1 0z}
4 You may have nothing else whatever particularly note that this means
No butter margarme fat or ol (except for cooking meat o,  fish)
No sugar jam marmalade honey sweets chocolate cocoa
No puddings ices dred or tinned fruuts nuts preads
No bread (except as above) cake biscuits patent reducing brea:
cereals oatmeal Albran Ryvita Vitawheat
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No barley rice macaront spaghetti semoltna sausages cheese
No cocktail savounies alcohol (beer cider wines and spinits)
‘Weigh before you begin and thereafier weekly on the same scales i
the same clothes and at the same time of day

Some authors have suggested that better results can be obtaned by
restricting carbohydrate and giving a lot of fat In particular Penning

ton (1953) summarized evidence which suggests that there may be some
metabolic abnormality 1n obesity He further postulates that 1n obese
subjects there 1s a lowered rate of mobilizauon of fat per vt of adipose
tissue and that this 1s p d for by an d total of fatty
tissue Obesity he suggests might be considered as a compensatory
hypestrophy of adipose tissue allowing for an increased use of fat by a
subject who suffers from an impairment 1n the ability to oxidize carbo

hydrate Acting upon this theory he prescribes a diet 1n which only
carbohydrate 15 restricted Protein and fat are allowed ad hibitum He
finds that patients on such a regime denive roughly 80 / of their energy
from fat and 20% from protemn The total calone intake vanes from
2000 to 3100 calories per day Each of the three meals of the day con

tams 6-9 oz of lean meat and 2-3 oz of fat (cooked weight) In add1

tion not more than €0 g of carbobydrate may be taken in the day On
such a regime he claims that patients lose weight satisfactonily at a rate
of about 21b per week moreover they do not show the usual tendency
to relapse which 1s 50 common on diets based on a simple reduction 1n.
calories Recently Kekwick and Pawan (1956) have published some
curtous findings with regard to the rate of weight reduction of obese
ndividuals on 1socaloric diets of varymng fat protem and carbohydrate
content They kept the water and salt 1atake constant and measured
total body water by the urea dilution method of McCance and Widdow

son (1951) They found that patents Jost weight more rapidly when
they were on a high fat diet than when they were on a high protemn or
high carbohydrate diet of the same total calore value Moreaver

whereas five obese patients maintamed or shghtly ganed weight over a
seven day period on a 2000-calone diet contatung similar proportions
of protemn fat and carbohydrate to that found n an average diet four
of them actually lost weight when the calone value was mcreased to
2600 per day there being increased proportions of fat and protein in the
diet Measurements of body water by the urea method revealed that
1ts proportion to body weight remaimned unchanged There was no
difference 1n the proportion of nutrients absorbed and measurements
of BMR revealed no sigmficant difference when the patient was on the
different dicts The insensible loss of water was esumated 1o some
patients and 1t was found to increase when the diet was hugh i carbo

hydrate and fat Calculation shows that the difference 1n the latent heat

METAB DIS —]
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of evaporation 1s insufficient to account for the discrepancy m apparent
calone balance but the authors feel that the difference n msensible
water oss 1s some evidence of a change 1n metabolism

In summary 1t may be said that although m the last resort gam or
loss of weight 1s a question of calorte balance, to regard this as the
whole problem 1s grossly to oversimplify the situation As a practical
measure however restriction of calone intake will produce a fall
body weight and although a hugh fat intake may 1n some way also result
i loss of weight m obese persons, a good deal more mvestigation 1s
needed before thus method of stmming should be generally apphed, 1n
particular the effect of such diets on the production of artenal disease
needs careful elucidation

Loss of Weight

Just as simple obesity results from an mtake of calones greater than
metabolic requirements so loss of weight may result from the opposite
from the ingestion of fewer calones than are required Loss of weight
can also occur however if the metabolism becomes deranged or if
there 15 a deficient 1ntake of some essential nutnent so that either the
full utilization of the calome value of ingested nutrients becomes m
posstble or certain tissues are unable to maintamn themselves m the
normal fashion The appetite 1s of course nearly always depressed 11
these situations

The effects of undernutrition have been very fully described by
Burger Drummond and Sandstead (1948) Keys Bro¥ek Herschel
Mickelsen and Taylor (1950) and by McCance (1953) among others
The observations were made on subjects who were hving under famine
conditions or who were expermentally subjected to an over all defi
ciency 1n food mtake The syndrome described therefore was that
which arose n previously healthy subjects and thus hunger and mental
changes assocrated with an intense dnve for food were very prominent
These naturally are not frequently found m clinical conditions
assoctated with mamtion since other factors such as toxaemra, an
mutial anorexia or nausea and vomitng are usually present Neverthe
less the physical changes resulting from the mamtron are usually seen
ta mal 1shed patiets wh the cause oss of

If the patient 1s obese the first stage of inanition conssts 1n 2 108 o
body fat, for even when the protem itake 15 quite low there m?zyre
no net loss of mitrogen durmng loss of weight 1n obese subjects T ece
after the patient begins to lose nitrogen in ecess 0{ ntake and :lgns
this s d byalossof p m pr proporty
1t would seem that a break down of cellular materal was occun']\llxlﬁ
Ammal studzes would ndicate that the greatest loss occurs from v;and
tary muscles the heart and the ahmentary tract On the other
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tustologeal and hoct 1 evidence suggests that there 1s no sygmfi
cant decrease m the actual number of cells A strking feature s a
marked snerease 1 the extracellutar fiud content of the body which 18
not pecessanly assocated with cedema of the dependent parts but
which can effectively mask at least for short peniods the changes in
body weight which would sccrue from changes m cell mass In due
coutse there may be a fall i the lovel of serum proteiss but this 1s not
uswally marked nor 1s the clectrophoretic pattern very different from
that found i normal subjects There 15 a good deal of controversy as
to the cause of the mmcreased extracelfular flurd volume and of famine
cedems There 15 Uttle correlation botween the serwm albumen and
protem Jevels and the presence of oedema nor 1s the oedema flurd nich.
1 protein which ome would expect if there were an ncrease m
capiary permeability Venous pressure 1s lower than normal in semy
statvation but there have been no direct measurements of ntracapiffary
pressure The total volume of extracellvlar fluid seens to remam much
the same as 1t would have been if the mdividual had been normally
nourished and it has been suggested by Ancel Keys and hus ¢0 workers
that this volume remans more or less constant whereas the volume of
the other body tissues decreases They do not make any suggestions
about the mevhatusm whereby this s brought about

The basal metabolic rate tends to fall and may decrease to some 40 4
of its pre starvation fevel When this 15 expressed on the basis of unst
surface area or of umt weight a good deal of the apparent faff results
from the much ugher proportion of extracelluler flurd m the body
Hov ever when correctson is made for this and the metabolic rate per
unst of active tissue 1s ascertamed there sull seems to be a small though
definte falt

When the intabe of protern 1s reduced 1t has been found that a fallin
nitrogen output does not accur for some two to three weeks When
equilibrurs has been reached a pormally nounshed but not obese m
dwidual at rest m bed goes into negative mirogen balance when the
calone wntake 15 less than about 2400 n sevm starvation this falls to
something like 1600 calortes 1t must be emphasized however that
there are very great individual differences atd as has been discussed
aﬁov: very fow cafonie intakes do not result 1 witrogen foss m obese
Ppeople

Clhinwcally apart from the wéense drive to obtam food which occurs
1n coaditions of famine and emaciation the most stuhmg feature 15
general muscular weakoess and decrease m physical activity These are
1o chanpges in mtell 1fi but there 1s a consider
able distnehnation to use these faculties The skun 1f it has been exposed
to the weather becomes crackled dry and scaly a mild degree of folls
cular hyperh.eratons may otcur and sometimes brown pigmentation
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develops round the mouth on the malar regions and under the eyes
Lanugo tends to grow on the body and the axillary and pubic harr
becomes somewhat more sparse although 1t 1s not decreased to the
degree found 1n hypopitwitarism  the hair on the head may be dry and
staring and peripheral cyanosis 15 often present The blood pressure
falls and if previously normal will become hypotenstve there 1s a
bradycardia Temperature regulation becomes faulty so that m cold
conditions body temperature 1s somewhat lower than normal whereas
1n hot chimates 1t may be higher Undernounished subjects always seem
to be very sensitive to the cold A mild degree of anacmia may be
found Occasionally enlargement of the parotid glands occurs and 10
men gynaecomastia Nocturnal polyura tends to be a promment fea
ture under famme conditions and 1n populations precedes the onset of
famine oedema This may in part be due to the large amounts of soups
and similar concoctions which are d 1n these cr
Sexual hibido becomes dimimshed and then absent and m females
amenorrhoea 1s common In extreme degrees of starvation a watery
drarrhoea with faecal mcontmence ensues

The degree of emaciation which can take place and which can never
theless be followed by recovery 1s not certamn In general 1t would seem
that about 509 below the standard weight for height 1n the lower hmt
(McCullagh and Tupper 1940) but occasionally even more severe
degrees of weight loss have been followed by recovery

Rehabilitation of the Undernourished

It had been thought that persons who had been the victims of semt
starvation would be unable to digest adequate quantities of normal
foods when they were presented In fact this 1dea was shown to be
erroneous and no advantages were found for predigested preparations
If too great an intake was allowed however diarrhoea might oceur
and sometimes duning the pertod of rehabilitation oedema and heart
fatlure appeared

From expenience 1n Europe and from the results of the Minnesota
Expermment carrted out by Ancel Keys and his co workers 1t would
appear that the most important factor 1n general mamition 1s to NCTEASe
the calorie mtake This however should not be too great since cardiac
decompensation may be mduced and since there seems to be little g:m'tl
1 recovery rate with increasing calorie mtake certainly over abou
3000 Indeed with too great an intake of calores there seems to bea
disproportionate gain i body fat content and little or no accelemtml}
1n the return to normal of lean body mass of muscle strength or ol
over all endurance It would also seem that provided the rehabilitation
diet 1s satisfactory n 1ts protein content (75 g per day or thcrcaboulsgl
and provided that 1t has the vitamin content of a satisfactory normt
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diet there are no advantages to be ganed from giving protem or vitamin

supplements
Naturally under clinical conditions specific nutnitional defects may
occur along with general under these extra

supplies of the deficient nutrient should be given But 1 general 1t
would seem that the attractive presentation of well cooked appehzing
hugh quality foodstuffs 1s much the most important step in the nutri
tional rehabilitation of an undernourished patient
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CHAPTER 2
DISTURBANCES QF WATER AND ELECTROLYTES
D A K Biacx

A CONVENTIOVAL approach to medicine and surgery ss based very
largely on the subdvision of the patient into a number of systems each
with its corsesponding diseases  but the convensence of this systematic
approach 1s tought at the cost of considerable distortion of the actual
patterns of disease as we see them 1 the sick man Medical progress 1s
straming agamst these artfival barmers 1 many directions we may
wstance the modern outlook on rheumatism on hypertensian of on
drabetes 1 which the jonts the artertoles and the pancreas are no
longsr thought of as discased organs adeguate to explam the syn
dromes but as vichims of generalized abnormal processes which distort
the activity of several tissues organs and systems In this chapter we
have to consider 2 number of disturbances of body Aurd which exempbfy
sust ths type of process which transcends the divisions of bodily form
and function with which we become famubiar as students Disorders of
body Rud impinge in some degree on all the various specralities which
make up practical medicine but  the business of everybody 1s the bust
ness of nobody and the prevention and correction of disorders of
body flwid may at tunes £all short of perfection The nustakes which T
have seen—and made~—1n the controt of fnd balance have ansen more
often from madeguate knowledge th:m from lack of biochemical data
aad [ propose to fay L fes and ehmcal
syndromes rather than on the dctmled blUChleS(l’y of bod y flord dis
orders 1t 15 m any case much safer to treat patients on the bass of
what they feel apd show than to treat laboratory reposts or flud
balance charts
The etpression body fluid denotes not only the more obviously
fwd components of the body swh as plasma ntesunal juces and
CSF bt also the electrolyte m water meditm which enters into all the
solid ussues and mn fact accounts for most of therr mass Not only
does body fimd mantam turgor by its presence and transport of food
and metabohtes by sts crrculation 1t atso takes 3 direct part 1 metabolic
achvity and the electrolyte composition of bady flusd can influence the
rate of enzyme acuon Thc compositron of body fluxd 15 m turn guite
d by the bohic activity of tisswes The very
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stnking preponderance of sodium 1 extracellular flud, and of potas

stum 1n tracellular flud, 15 no longer attributed to impermeabilty of
the cell wall to these cations but 1s recognized as the consequence of
2 contmuous active extruston of sodium or indrawing of potassium by
cellular metabohism when this 1s arrested the charactenstic difference
1n electrolyte p b ex 1lular flid (ECF) and intra,
cellular flid (ICF) 1s no longer mamtained A decrease 1n the serum
sodium level 1s not uncommon 1n gravely 1ll patients who have not lost
salt from the body and they may also have some increase m the serum
potassium these changes may well be due to depression of cellular
activity We shall mamly be concerned however with body flurd dis

orders 1n which external losses or gams of water and electrolyte are the
primary cause of trouble and changes mn body flurd distrsbution within
the body are consequential

Amount and Distribution of Body Flnd

Methads of measuring total body water, based on the apparent
volume of distribution of heavy water, have given average values of
61% 1n young men and 519 1 young women (Edelman et al 1952)
The proportion of water in the body declines with age bemg highest in
mfants obesity dummshes the proportion of water mn the body and
this may account for the sex difference just quoted These results agree
well with earlier work mainly on ammals 1 which the loss of weight
on desiccation of a carcass has been determined The over all percent
age of body flwd 1s not perhaps very significant 1 comparison with its
distribution  Differentiation of body flmd 1nto extracellular and mtra
cellular fluid 15 fund 1 to any understanding of clnical body
flwd disorders In Fig 1 I have attempted to set out the relative
amounts of fluid 1n these two compartments and m the same diagram
I have included the usual concentrations of sodium and potasstum 10
the two types of flud We must now try to explamn why electrolyte con
centrations must be mtroduced mto even the smplest description of
body flud and also why these concentrations must be expressed 1
mM /L or m equiv /L before they can be used 1n this way

Osmotic Pressure

It 15 agreed that the walls of most body cells permt the free p’|553g:
of water so the balance between extra and mtracellular water m}}s
depend on the relative vapour pressure outside and mside éhe clecf‘l
The vapour pressure of an aqueous medum 13 Jowered by dissolv "
substances so that water will flow from a medsum of low cunccnuan?
to one of higher concentratron This osmotic attraction or osgwlalr: ;1
of a solution 15 dependent on the number of particles of 2 xss(tx o
substance 1n a standard volume of solution The number of partic
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depends not onfy on the concentratton of a given dissolved substance 1n
£ fistre but also on s molecular weight since the rumber of parcticles
1 unportant and not thew size 1f a substance of hugh molecular wesght
such 45 a protesn and a substance of low molecular weight such as
urea are each present in the same concentration by wesght/volume
there will be very many more particles of urea (MW 60) than of say

EXTRACELLULAR INTRACELLULAR FLUID
FLUD =

MLl EQUINVALENTS PER LITRE

16 LITRES. 45 LITRES.

Fig 1 Relative amounts of sodium and_potassm 10 extra
cetlutar and intraceifular flsd The width of cofumas represents
votume, arié their height concentration of electrolyte tn m-equsy /1
the 1otal amoums of Na and K st the two compariments #ze {hus
represented by area The unmarked portions of the cofurmns re
present other caucns masnly esloum sad magpesum

hacmogﬁabm MW < 30 000) Thc electrolytes of body flud are low

weight ver they are almost completely
dissocrated o rons so thata nohona! molecule of salt i body flmid
would actually constitute two particles a sodium and a chionde 1on
This combination of ow molecular weight and hugh dissocsation n the
salts or sodum and pat:xssxum found 10 body flud gnes them a positron
of the ) of body flnds and so
mndwectly the amcum of flusd 1n the two great compartments I we take
plasma the molar concentraton of protee 15 2 mM /L of urea
SmM A but sodwm accounts for 140 mM /L by sself and s
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associated amions for a further 140 mM /I These somewhat and
figures contain within them the secret of that Companionship of water
and electrolytes (Gamble 1951) which 1s so essential a feature of the
organization of body fluid

When we recall further that the amount of protem by weight
plasma 1s about seven times that of sodium and chlonde we can see
the difficulties we 1mpose on ourselves if we keep on expressing electro
Iyte concentrations 1n terms of weight and not 1 terms of the number
of particles concerned which 1s what really matters not only m osmotic
equiltbrium but also m ordmary chemrcal combmation Plasma
electrolytes are not estimated gravimetrically, so that 1t 15 no more
difficult to express the results 1n molar notatton than i terms of weight
‘We shall use molar notation ly n this but some
laboratomes still report electrolyte results 1n mg /100 ml or n even
more bizarre notations such as mg NaCl/100 ml or vol CO,/100 ml
In order to convert mg /100 ml 1nto mitlimoles per htre (M /L) we
have only to multiply by 10 and divide by the atomc weight of the ele
ment concerned Osmotic relationships are appropriately considered
mmM /L but when we are dealing with chemical combtnation as in
acid base balance we must also take into account the valency or
chemical combimng power of the 1on With univalent 1ons such as
sodium potassium chloride and bicarbonate, there 1s no difficulty as
the numerical value for milhmoles/litre (mM /L) 1s the same as for
mlls equivalents/litre (m equiv /L) With divalent 1ons such as sul
phate the equivalent weight 15 half the atormc werght so that the value
mm equv /L 1s twice the value n mM /L in other words a divalent
10n counts as two n chemical combination but only as one in deter
minng osmolarity At the pH of plasma both phosphate and protemn
are amions with valencies of about 1 8 and 8 respectively at other pH
values as mn the urine the valency of these anons changes but i this
review we shall not be concerned 1n any detail wath the acid base
balance 1n urine It 15 perhaps fortunate for the chemically naive (in
cluding the author) that the main structural electrolytes of body flurd
are univalent and so have the same osmotic and chemcal potency

Electrolyte Composition of Body Flmd

Now that we have equipped ourselves with a terminology appropriate
to the function of electrolytes 1n body fluid we can exanune further the
differences 1 composition between the different phases of body ﬁ‘-“df
Although there are munor differences 1 electrolyte composition O
plasma and extracellular fluid occasioned by their very different proteift
concentration for the present purpose plasta can be taken as repte
sentative of ECF Sodium 1s the predomnant cation, and potassimm
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calcium and magnesium make up the total cation to about 150 m
equiv /L About two thirds of this 15 balanced by chlonde and the
remaimnder mamly by bicarbonate though phosphate sulphate organic
acids and protein also balance significant amounts of cation From
analysts of 50-100 samples of normal blood Wootton and King (1953}
mve the following concentrations of the main electrolytes m plasma

Range (includes 98%, of

results) /
Sodium 133 -152 mequv /L
Potassium 35 56
Chlonde 99 -108
Brcarbonate 24 - 31

Our knowledge of the electrolyte composttion of intracellular flmd 1s
less precise because a pure sample of this fluid cannot be obtaned
Most of the estimates are based on tissue analyses 1 ammals and these
mvolve a correction for the extracelfular flud which 1s mewitably
present in the tissues A few analyses of human muscle biopsy matenal
which involve a similar correction are also available and numerous
analyses of washed human erythrocytes have also been made Although
there 1s general agreement between the vanous methods 1t 1s probably
fair to say that we have a good qualitative knowledge rather than a
strictly quantitative account of the electrolyte composttion of 1ntra
cellular flmd Because of the large bulk of muscle 1 the body muscle
ICF forms more than half the total and the compositton of muscle
ICF 15 probably representattve of tissues which are comparatively 1n
active metabolically Tissues such as liver and kidney with high meta
bolic activity have probably got a less constant ICF composition and
10 them the osmotic concentration within the cells may be higher than
that m the surrounding ECF the osmotic gradient requinng meta
bolic energy for its (Rob 1950) The pred
cation mnside the cells 15 potassium 1n a concentration of around
100 m equv /hg of cell mass magnesium and sodium are also pre
sent 1 concentrations of 20 and 10 m equwv /g Cell flud 1s rich
protemn and these must be d by about 50% to
express them n terms of cell water rather than of total cell substance
The total base in ¢cll flurd may thus be somewhat higher than that m
ECF and 1t 15 possible that some of thus base 1s not osmotcally active
The greater part of cell base 15 balanced by phosphate but bicarbonate
sulphate and chlonde also contubute substantially

The acid base composition of plasma ECF and ICF 1s summarized
i Fig 2 modified from Gamble (1947) It should be remembered that
the divalent cation magnesium which makes up a defimte part of cell




8 METABOLIC DISTURBANCES IN CLINICAL MEDICINE

associated amons for a further 140 mM /L These somewhat and
figures contain within them the secret of that Compantonship of water
and electrolytes (Gamble 1951) which 1s so essential a feature of the
orgamzation of body fluid

When we recall further that the amount of protemn by weight in
plasma 1s about seven times that of sodwm and chlonde we can sce
the difficulties we 1mpose on ourselves if we keep on expressing electro
lyte concentrations 1n terms of weight, and not 1 terms of the number
of particles concerned which 1s what really matters not only m osmotic
equilibrium but also in ordmary chemical combmation Plasma
electrolytes are not estimated gravimetrically, so that 1t 1s no more
difficult to express the results in molar notation than n terms of weight
We shall use molar notation ly 1n this p on but some
laboratories still report electrolyte results 1 mg /100 ml or i even
more bizarre notations such as mg NaCl/100 ml or vol CO /100 m!
In order to convert mg /100 ml 1nto millimoles per kitre (mM /L) we
have only to multiply by 10 and divide by the atomic weight of the ele
ment concerned Osmotic relationships are appropriately considered
mmM /L but when we are dealing with chemical combmation asn
acid base balance we must also take nto account the valency or
chemical combining power of the 1on With umvalent tops such as
sodium potassium chloride and bicarbonate there 1s no difficulty as
the numerical value for millimoles/litre (mM /L) 1s the same as for
mull equivalents/litre (m equiv /L) With divalent 1ons such as sul
phate the equivalent weight 1s half the atomic weight so that the value
nm equiv /L 1s twice the value :n mM /L 1n other words a divalent
10n counts as two i chemical combination but only as one in deter
minmng osmolarity At the pH of plasma both phosphate and protein
are amons with valencies of about 1 8 and 8 respectively at other pH
values as in the urme the valency of these antons changes but in this
review we shall not be concerned 1 any detarl with the acid base
balance 1n urine It 15 perhaps fortunate for the chemically nalve (1n
cluding the author) that the main structural electrolytes of body flurd
are untvalent and so have the same osmotic and chemical potency

Electrolyte Composition of Body Flurd

Now that we have equipped ourselves with a terminology appropriate
to the function of electrolytes in body flud we can exanune further the
differences 1n composition between the different phases of body ﬂLudf
Although there are munor differences mn electrolyte composx’um’nt o
plasma and extracellular flnd occasioned by their very different protein
concentration for the present purpose plasma can be taken as repre
sentative of ECF Sodwm 1s the predommant cation, and potassium
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calom and magnestum make up the total cation to about 150 m
equiv /L Abont two thurds of thus 1s balanced by chlonde and the
rematnder yrainly by bicarbonate though phosphate sufphate organic
acsds and protein also balance signuficant wmounts of caton From
amatysss of 50-100 samples of normal blood Wootton and Kung (1953}

give the followmng of the mam electrolytes i plasma
Range (includes 98, of
results) s
Sodwm 133 -152 mequv/L 7
Potassium 35 56
Chioride 99 -108
Bicarbonate 24 ~ 31

©Our knowledge of the electrolyte composition of intracellutar fimd s
Iess prease because 3 pure sample of this fluid cannot be obtained
Most of the estimates are based on tissue analyses i ammals and these
snvolve a cotrection for the extraceliular flmd which 1s mevitably
present in the tissues A few analyses of buman muscle bopsy materal
which 1volve 2 strudas correction ate also avadable and numerous
analyses of washed human erythrocytes have alsa beer made Although
there 18 general agreement between the varsous methods 1t 1 probably
fair to say that we have 2 good qualitatve knowledge rather than a
strietly quastitative account of the clestrolyte composition of mta
ceffular flmd Because of the Earge bulk of muscle 1 the body muscle
ICF forms more than half the total and the composition of muscle
{CF 15 probably representative of tissues which are comparatvely in
actve metabolically Tissues such as hver and kedney with hugh meta
bolic actsvty have probably got a less constant ICF compostion apd
30 them the osmotic concentration within the cells may be ugher than
that m the surrounding ECF the osmouc gradient requiring meta
bole energy for sts (Rob 1950) The pred
cation mside the cells 15 polassium 1 a concentration of around
100 m equiv fhg of cell mass magnesium and sodsum are ako pre
sent 1& concentrations of 28 and 10 meequev /Ry Cell find 15 rich 1
proten and these concentrations must be mcreased by about 50%, 10
express them m terms of celt water rather than of total cefl substance
The totaf base 12 cel} find may thus be somewhas bugher than thas
ECF and 1t 15 possible that some of this base 13 not osmotscally actine
The preater part of cetl base 15 batanced by phosphate but bicarbonate
sulphate and chlonde atso contnbute substantially

The acid base composition of plasma ECF and ICF 1 summarnized
in Fig 2 modified from Gamble (1947) 1t should be remembered that
the divalent cation magnesium which makes up a defimte part of cetl
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base 15 only half as active osmotically ast 15 1n acid base relattonships

so that the difference 1n osmolarity between ECF and ICF 1s exaggerated
1n thts dragram

Measurement of electrolyte concentration m ECF and ICF gives us

Eq/L H,O
zasﬁ -

PLASMA
150

1004

Fic 2 Balance of cafions and amons in plasma soterstitiaf flud and yntracellutar flud

a static preture of body flud, but to apprecrate the alterations 11:1 botcié’
flud 1n disease we must also consider the information to be © ta:inﬂ
from space and balance measurements The space correspctn a'ng
to a given substance 1s determined by mnjecting a known amm:ﬁbnum
then determining 1ts concentration m plasma after tume for equ
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has been given If the amount remauning 1o the body 1s davided by the
concentration we have a space or volume of distibution for that
substance  Spaces determuned in this way may be quite meamngless
when the substance 10 question 1s present sn very different concentra
tions 1 different phases of body flmd On the otber hand when the
njected substance 1s limuted to one compartment of body flmd ats
space may then be a measure of that compartment inuha and thio
cyanate have been so used to measure ECF and deutentum urea and
antipynine to measure fotal body water In balance technigues we
measure the smtake and output of water stself or of the mmportant
electrolytes of body flud and so can detect losses or gams of the sub-
stance measured over 2 penod of time  Space and balance techmques
have mainly been used in expenmental studies on anumals and human
volunteers but they have mmportance also n the study of disease as
they can detect changes m body flmd winch would not be apparent
from of el 2\ mplasma For example
1n moderate sodium deficsency the plasma sodsum concentration ss well
within the range of normal tut balence work during the relesant
peniod shows a loss of sodwm and a gan dunng recovery Apamn the
serum potasswm m patients with untreated diabetic coma may be
raised but retention of potassium duning recovery shows that they
wese sn fact depleted of potassium

The constituents of body fiud are constantly berng expended and
renewed For clectrolytes the general picture 1s intake by the ahmen
tary tract and loss m the unne foss in sweat and faeces being very smail
w most cases For water the skin and Iungs are important channels of
excretion up to a htre a day m temperate chimates and much more 1n
the tropscs The daily external turnover of water s from 1 to 3 hitres of
sodwm from SO to 250 mequiv  and of potassum from 50 to 150
mequiv The kidneys adjust the unnary output to the difference bhe
tween oral intake and extrarenal losses so that 1 health body fimd 15
kept reasonably constant over long peneds of time although there are
quiie defintte fluctuations from day to day above and below the mean
There 15 also & considerable ahmentary turnover of bady fuid the total
alimentary secretions amounting to some 8 litres per day in health
this does not affect the external balance of body flmd as alimentary
secretions are almost totally reabsotbed but therr dewviatron tn disease
35 20 important cause of body flwd depletion

Cagses of Body fluid Distusbances

Weshaltbed the separate synd: of distutbance of body
fund fater but 1t may be well to mention the general groups of diseases
in which such d are to be d Dusorders of the ab

p
mentary teact are the usual cause of depletion of body flmd Water
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depletion 1s generally caused by a dimimished intake of water due to
anoreva apathy or nausea sodtum and potassum depletion may be
aggravated by a dimintshed intake of electrolyte but the primary cause
1s usually an abnormal loss m vomiting or drarrhoea, or 1n fistulous
discharges and suction dramage The fliud lost 1n these ways may be
considerably acid or alkahne, so that alkalos:s or acidosts may complt
cate depletion of alimentary onigin Gastro 1ntestinal disease probably
accounts for nme tenths of chmically important fluid depletion Nextin
importance to alimentary Josses of water and electrolyte comes ab
normal urmary loss of sodium and potassium with associated water
loss this may sometimes happen 1n primary renal failure, but more
usually when structurally intact kidneys are prevented from reabsorbmg
normal amounts of water and electrolyte from the glomerular filtrate
Lack of adrenocortical hormones 1n Addison s disease acts i this
way and so may any disease in which large amounts of osmotically
active non electrolyte material are being excreted by the kidneys In the
course of such an osmotic diurests quute large amounts of water and
electrolytes are lost the chief example being diabetic coma mn which
glucose excretion maimntams a high urine volume 1n spite of considerable
depletion of body fluud Abnormal losses of electrolyte 1n the urmne can
also be mduced when large amounts of organic acids are being excreted
Abnormal losses of water and electrolyte from skin and Iungs may
be of some importance 1n febrile patients and 1 hot climates and
environments

When we turn to the causes of excess of body flurd the quantitative
emphasis shufts from the alimentary tract to the kidneys Increased m
take of water and electrolytes by mouth 15 not a primary cause of flud
excess for healthy kidneys can dispose of any alimentary load of flud
which does not provoke vomiting or diarrhoea Thus 1s not to say that
when the kidneys are depressed i function by disease or posteror
pituitary extract or by the excess of adrenocortical hormones which
seems to charactenze the post operative state then ahmentary loading
with water and electrolytes will still be safe It remans true however
that alimentary loadmg with fluid 1s safe n companson with parenteral
flwid mnjection agamst which the body has no option of rejection
Mostly however, excess of flurd n the body appears without any ab
normal loading and often 1n spite of dietary restriction of sodum we
must therefore seek 1ts cause 1n a grossly mpaired excretion of the
consttuents of body flud Unmary suppression involves complete
vulnerability to body flusd excess short of this any sustained oliguria
opens the possibility of accumulation of the constituents of body flud
The important chnical syndrome 1s that of oedema 1n which sodium 1s
primanly retamed and with 1t enough water to expand the ECF to
visible levels The kidneys normally adjust sodium output to intake
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very accurately over a wide range $o when sodwm tetention occuts on
the scale found m anasarca they must be directly concerned  whether
as primary culprits or as victims of an madequate supply of blood 15
arguable 1n each separate type of cedema While retention of sodim
with expansion of ECF 18 common mn disease of the heart kidneys and
Iner a d & of p with
of ICF has yet to be diagnosed and acute retention of water m excess
of electrolyte 1s rather uncommon though when 3t occurs as water
ntoxication it can cause dramatic symptoms and even death anuna
and post operative ohguria are the mmportant chimeal causes of water
retention

After this brief survey of the groups of disease commonly assotated
with fiuzd imbalance we may now proceed to a more spectfic servey of
the d of flud wnbal These have been largety
clucidated by expernimental studies such as the classical work of
McCance (1936) on sodium depletion chinseal disorders of efectrolytes
usually wmvolve multiple deficiencies and we have still much to learn
about electrolyte mterrelations Fortunately the regulatory mechan
1sms for electrolytes are generally effective so thatof we can detect and
carrect the major electrolyte disturbance the body s own defences can
often correct secondary effects This s perhaps the mam practical
sustification for presenting an account of pure syndromes which are
not often found s isolation 18 chinical work  but at should be remem
bered that such an account gives only a skeleton of snformation and
actual experience of electrolyte disorders m patients 1s needed to mahe
the dry bones hive

Sodium Depletion (Sait Depletion Dehydration)

The usual cause of significant sodium depletion 1s loss of fluid from
the alimentary tract as in pyloric stenosis or severe watery drarrhoen
but in drabetic coma and Addison § disease the loss of sodium 13 unn
ary m the first instance although it may later be increased by vomiting
Sodwm depletion exerts its effects mamly on the ECF which 15 re
duced 1 volume and fater 1n sodium concentration Both moretes of
ECF are duntished 1 volume the plasma and the tissue ECF The
fall in plasma volume 1 ble for penipheral y farture
k anda hed blood flow to the kidneys with
oliguria and mitrogen retention The decrease 1n tissue ECF 1 respon
sible for reducg both issue turgor and wtraocular teasion In severe
sodiem depletion 1 which the serum sodmm level 15 consderably
lowered the fall 1n osmotic pressure of ECF may allow entry of water
1nto the cells increasing the hability to celular overhydration and water
mtoxication (side mfra)

The chiacal fiatures assocated with sodum deplition show con
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siderable vaniation, depending on the severity of depletion the assoc
ated electrolyte abnormalities and the primary disease process Chronie
mild sodum depletion as m the heat exhaustion syndrome causes
rather indefinite asthema malarse and tiredness, and the association
of such symptoms with sodim depletion has been established only on
the basis of low serum sodium levels and the ready alleviation which
follows salt replacement Low levels of serum sodwum are also found m
chronic disease, 1o which there has been ro obvious charnel of sodum
loss they may represent abnormal entry of sodium mto tissue cells
whose metabolism has been depressed by the disease process and they
have little to do with symptoms these are not relieved by admimstra
tion of salt which 15 1 any case not retamed within the body m such
patients It 1s not safe to diagnose sodium depletion on the basis merely
of a low serum sodium when there has been no obvious clinical cause
of sodium depletion In more severe sodmum depletion asthema 1s
present as 1 mild chrome sodum depletion but added to 1t we have
the picture of clinical dehydration with collapsed vens Jow ocular
tension and wrinkling of the skin Chronic wasting disease may stmu
late clinical dehydration quite closely but mn dehydratfon the tissues
may be perceptibly melastic as well as wasted and there will be a hus
tory of fluid loss as well as of dimmished food intake Most accounts
of sodium depletion including that of Marriott (1947) comment on
the absence of thirst which can mdeed be very striking m an apparently
desiccated patient but McCance described an unpleasant metallic
taste 1n sodmum depletion This may be the basis of the complamnt of
thirst m the mmonty of sodium depleted patients who not only com
plam of thirst but avidly accept water 1n the attempt to relieve it It1s
perhaps too much to expect all patients to be well versed 1n the litera
ture of thetr complaint or to distinguish clearly between thirst and a
metallic taste There 1s some evidence that severe sodium deficiency
may interfere with gastro mtestinal motility and predispose to vomltd
ngandilens but control studies to dissociate the effects of sodum an
p d Y SO CC ly found together have not been made
Cramp 1s mconstant m severe sodwm depletion depending probably
on an excess load of water rather than on sodum depletion per se :
The diagnosis of sodium depletion depends on the demonstraton cf
an adequate mechamism for sodmm loss on the chinical picture or
dehydration and on supporting biochermical evidence The seru;g lc:e
plasma sodum potassium chlonde bicarbonate and urea shou d
esttmated 1n 1nvestigating disorders of body fluid but they are ancl ary
to a chnical assessment We have already mentroned that a low serlm}
sodium s not necessarily an mdex of sodmm depletion converselyhl
water 1ntake has been restrcted the serum sodum may be within t :
normal range m quite severe sodmum depletion and 1 such cases
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raised blood urea 1n the absence of primary renal disease may be a
valuable indication of sodium depletion

The treatment of sodum depletion like that of other electrolyte
abnormalities 1nvolves some attention to quantitative considerations
as excesstve admimstration of sodrum salts can be harmful to the patient
‘The total amount of sodtum 1 the body 1s of the order of 3000 m equiv
or 70 g Mild chromie sodium depletton probably involves a sodum
deficrt of 200-300 m equiv and this can be very well corrected by a
daily supplement of 10 g of salt added to the diet In patients with
acutely established sodtum depletion with clintcal signs of dehydration
the deficit 15 of the order of 500 m equiv an amount corresponding to
3 htres of normal sakine These patients can be smitably treated with
normal salme or with a mixture of normal saline and 1sotomic
sodium lactate when there 1s significant acidosis as in diabetic coma
Patients who have had long continued loss of gastro intestinal secre
tion with inadequate replacement can have much larger sodum
defiats as much as 1500 m equv judging by the amounts retained
during recovery Such patients may do well with hypertonic saline 2%
or 5 salt which relieves cellular overhydration and diminishes the
quantity of flmd which has to be given intravenously (Black 1953)
‘When large amounts of sodium have to be given about a fifth should
be n the form of lactate to avoid inducing an acidosis In addition to
replacing a deficat proviston should be made for contimnng losses of
saline fluid and here agan attention must be paid to the acid base
composition of the fluid lost Cooke and Crowley (1952) have made a
useful practical contribution here 1n devising flwids appropriate to the
replacement respectively of gastnic (acid) and intestinal (alkaling)
secretions These special measures are not necessary with moderate
deficits of sodmm but they become important with severe sodum
depletion 1n which the kidneys cannot be relied on to correct all the
mfelicities of replacement treatment Patients having mtravenous
sodium solutions should be examined several times daily for venous
engorgement or pulmonary moisture the signs of too rapid or exces

fi It should be bered that for a fewdaysafter operation

patients are ly vul to sodium dosage as the urinary
output of sodwum 15 greatly depressed (Moore and Ball 1952}

Sodium Excess (Oedema)

‘We have already stressed the importance of dimimished output of
sodium and the relative irrelevance of mereased intake n promoting
sodium excess other than acute overdosage of salt by infusion Qedema
1 association with primary renal disease 1s dealt with 1n the chapter on
renal disease  the commonest forms of oedema are those m which the
lidney s structurally sound but 1s the vicum of musdirection retaining
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sodium 1 spite of a considerable excess of sodum 1n the body Several
mechanisms have been demonstrated by which sodum retenton by
the hidneys can be induced A fall 1n cardiac output with associated
fall m renal blood flow and glomerular filtration rate (GFR) will
reduce the filtered load of sodum and so favour dimmushed excretron
The relevance of this has been extended by the demonstratson that even
mn high output types of heart falure such as chrontc cor pulmonale,
the renal blood flow may be less than normal (Davies and Kilpatrck
1951) It has also been shown that an increase m renal vem pressure
dimmishes sodium output but the effect 1s transient even when a high
renal vein pressure 1s maintained Even when allowance 1s made for a
fall 1n GFR the excretion of sodum 1 oedema 1s abnormally low
indicating an mcreased tubular reabsorption of sodwm The mam
cause of this 1s an 1ncrease in the actiity of salt retamnmg adrenal
steroids and an excessive output of aldosterone has now been demon
strated mn ocdema of cardiac hepatic and renal ongmm (Luetscher and
Curtis 1955) Increased output of antidiuretrc substances has also been
shown but this 1s madequate to explamn sodium retention as pitwtary
ADH does not sigmficantly affect sodium output The mechanisms
responsible for the different types of oedema are often multiple as was
stressed by Starling 11 1909 the mtervening years have 1acreased the
number of sodium retamming mechanisms known to us but an assess
ment of their relative importance for example 1n cardiac oedema 13
still controversial We cannot here consider the special measures appro
priate to mdividual types of oedema but can deal only with those
measures of restricting sodium intake and ncreasmng sodwm loss
which are commonly used 1n all forms of generalhized oedema
Restriction of Sodm Intake When salt 15 omutted in cookung and at
table the salt content of an ordmary diet falls to about 3 g /day most
of which 15 1n bread When salt free bread 1s substituted for ordmnary
bread the daily intake of salt 15 about a gram Special diets such as the
rice diet contain less than a quarter of a gram of salt per day, but they
are monotonous and can be adhered to only 1 an atmosphere of un
restrained therapeutic enthusiasm on the part of doctor and patrent
Unfortunately the excretion of salt by oedematous patients 15 seldom
as much as a gram per day so dietary sodmum restriction must be rigor
ous 1f any real effect 1s to be obtamed by this means It 1s however
possible to give a less restrcted diet 1f the sodium contamed 1n 1t xi
covered by a cation exchange resin These resins can take up abo:xh
1m equy of sodium per gram of resin 11 exchange for the catton w1
which the resm has previously been loaded ammontum and potassum
can be used as exchangeable cations and often a mixture of. ammon{uﬂtl_
and potassinm Joaded resin 1s given 1 divided doses to @ wmhx‘l)e
50-100 g /day Ammonium resins are acidifyng 1n therr effect W
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the dosage of potassium musst be hmsted when there 15 any renat excre
tory fastute 1f a diet without added salt but mneluding ordmary bread
15 miven with 50 g of resim, the effective sodium mtake 15 of the same
order a5 with 2 nee et byt there 19 3 tendency 10 andesss wso faras
the resin given 1s charged with ammomum  This 15 not necessanily harm
ful but it calls for bochermcal control A segimie of sodsum restoction
15 certainly effecttve an preventing mcrease of cedema but the bodv
sesponds to it by actively conserving sodium 30 by nseif it may not
make any dramatic contrsbution fo geiting rid of oedema flud for
which putpase a forced loss of sodium from the body must be induced
Promotion of Sodsum Loss Leaving aside direct removal of oedema
flmd by paracentesis or Southey s tuhes the most effective means of
ndding the body of sodium 1n responsive patients 1s diatesis 1 com
panison with which diaphoretic and purgative drugs are meffective
The drugs of established efficiency ate the organic mercunals and trals
have also been made with carbome anhydrase tntubitors analogous to
sulphandamsde both these groups depress renal tubular reabsorplion
of sodmnm so that a greater proportson of the filtered load of sodwum
1 excreted They do not nfluence the filtered load of sodium directly
but are much more efficient than the xanthine dretics which affect
filtratson rate and can be used as adjuvants Itas hkely that the pramary
action of mercunals 18 on chlonde reabsorplion sodium beng ex
creted as an accompanying cation the €1 Na ratio 1n urnine excreted
under the mfluence of mercunals 15 apprecizbly hugher than the
Cl Na ratto jn plasma and ECF Repeated mercunal dwresis may
thus lead to chionde depletion in excess of sodium and this change s
assocrated with a lessened dwretic response The effect of ammonum
chlonde mn carrecting chlonde depletion may be the basis of s well
estabhished potentiation of mercunal duwsesis The carbomc anhydrase
unlike the d h unnary acdity and it may
be that ab of 1 and sulphandamude d; wilt avaid
significant adosis or atkalosts during induced renal clmmnation of
sodium
Resistance to Mercunals, and ‘Low Salt’ Syndromes White many
potients have thewr hives prolonged and perhaps more important their
d fort d hed by 1 a stage 35 often reached
at which the duwretic response to mercunals becomes less and less
elfective At this stage the serum sodium 13 often found 10 be markedly
decreased and there may also be chineal evidence of a dimunsshed blood
volume persistent oliguna and symproms generatly associased with
sodium depletion—ths in spite of persistent peripheral ocdema This
state of affurs often associated with a nsing blood urea generally
carries & bad prognosss and wsually denotes arrculatory smeflicsency so
extreme that flud can no longer be mobilized from the tissues to restore
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drabetic coma Retention of potassium during recovery analysis of red
cells and muscle biopsy matenial and determination of exchangeable
potassium 1n the body with i1sotopes have all been used 1n the study of
potassium depletion but do not yet give easily interpreted results A
low plasma concentration of potassium 1s very suggestive of depletion
but the normal range 1s somewhat wide and values fallmg withn 1t
certamnly do not ngorously exclude potassium deficit An unexplaied
nise m plasma bicarbonate 1s suggestive of potassium depletron which
15 often associated with hypochloraemic alkalosts 1n ECF In the ab
sence of renal disease a low urinary K output suggests K depletion
especially 1f 1t persists after giving potassium on the other hand with
primary renal disease and also when long standing K depletion has
damaged the kidneys the urinary output of K may be quite high even
at low concentrations of K i the plasma There 1s 1 fact no bio
chemucal test for potasstun depletion which mvariably gives a rapd
and correct result and diagnosis has often to be based on knowledge
of the circumstances which have led up to the present clinical state
The treatment of po depletion 15 plicated by the dangers
attending too rapid entry of potassium into the extracellular compart
ment especially when renal excretion of potasstum 1s mparred by
ohgunia The problem 1s much simpler when there 15 no vemiting as
oral admimstration of potassium 1s most un
‘ likely to cause toxic effects Potassium chlonde
can be given 1n 2 g doses well diluted with
fruit juice or water every four or six hours
when p defi 1s complicated by
acidosis a muxture of 1 g each of potassum
bicarbonate acetate and citrate 1 8 ml of
water can be given four trmes a day m frmt
juce When there 15 oligura even oral ad
minsstration of potasstum should be controlled
by estimations of the serum level or senal
ECGs When potassium cannot be given by
mouth and there 1s good chinical evidence of
10 3 Adropimthebucket sigmficant potassium deplitmn such] als hln:g
L A toral potasso Lalaemic paralyss of muscle or paralyticile
gx?et ol‘geml:} Ffarimann s the mtra\}:’.nou}; infusions used to correct de
solut on fo total potass ¥ hydration should also contan potassum as

normal man (Smart G 4 soon as urine output has been restored to a
i Progressin t,',‘lnmlhltd " ble level P 1on 10

ere ekl suchnfustons shouldnot exceed 40m equiv /L
and the rate of infuston should not exceed a itre 1n three hours the lt':tsc
of infuston must be supervised and frequent estimations of serum pti1 s
stum or ECG recordings made On the other hand nfusions sucl
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Hartmann s solution with a potassium concentration of 5 m-equuv /L
can make no effective contnibution to potasstum replacement as 1s
graphically demonstrated 1n Fig 3 When the patient 1s well enough to

tahe a muxed diet p salts may be d. d unless a persist
g low serum p or other evid of deficit makes
1t advisable to oral p 1y

Potassium Excess

As a spontancous syndrome this has been observed m Addison s
disease and 1n renal farllure includmg acute tubular necrosts It can
also happen as the result of excessive potassium admimistration esther

as potassium citrate 1n the symp of urtnary

or 1n the course of correcting p P As with p

depletion the most clearly demonstrated effects are those determined
1 of the p 1on 1 ECF As the plasma

potassium level approaches 8-10 m equiv /L. cardiac arrhythmia and
changes 1n the electrocardiogram give some warning of cardiac arrest
1 diastole In contrast to hypokalaemia 1n which the T wave 1s in
verted and the QT interval prolonged the ECG with nise 1n plasma
potassium shows first peaking of the T wave then widenmg of the
QRS segment and loss of P waves tending towards a biphasic tracieg
(Darrow 1950) The other notable manifestation of hyperkalaema 1s

lar paral of an dmg Landry type d
with paraesthesiae which leads Bull ef a/ {1953) to regard 1t as an acute
penpheral neuropathy rather than an interference with myoneural
transmission There 15 not a close relationship between the extent of
paralysis and the exact level of plasma potassium and 1n one patient

Bull and ts coll noted a tend for paralysss to recur at pro
gresstvely lower concentrations of plasma potissium Nothing definite
1s known of the effects of d cellular p lthough Jas

situde and confusion have been attributed to this
Since the dangers of T are med by a raised
n ECF directed to lowenng this may be

effective even 1f 1t does not eliminate potassium from the body Intra
venous tnjection of 50 g of glucose with 50 umits of soluble msulin
withdraws potassium into the cells and has been observed to ameliorate
the symptoms of hyperkalaemia The effect 1s transient and measures
should alsg be taken to withdraw potassium from the body Correction
of sodium depletion 15 1mportant as 1t expands the ECF and so lowers
the potassium concentration theretn and also promotes urinary loss of
potassium 1n saline dwresss Potasstum can also be withdrawn from the
body by gving cation exchange resins charged with ammonium or
sodum 50-100 g daily by mouth this method 1s particularly useful
when large saline infusions are contra indicated as in anuna
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diabetic coma Retention of potassium dunng recovery analysis of red
cells and muscle biopsy material and determination of exchangeable
potassium 1n the body with 1sotopes have all been used 1n the study of
potassium depletion but do not yet give eastly nterpreted results A
low plasma concentration of potassium 1s very suggestive of depletion
but the normal range 15 somewhat wide and values falling within 1t
certainly do not ngorously exclude potassium deficit An unexplained
nise n plasma bicarbonate 1s suggestive of potasstum depletion which
1s often d with hypochloraemic atkalosts in ECF In the ab
sence of renal disease a low unnary K output suggests k depletion,
especially if 1t perststs after giving potassium, on the other hand with
prnimary renal disease and also when long standing K depletion has
damaged the kidneys the uninary output of K may be quite high even
at low concentrations of K 1 the plasma There 1s n fact no bio
3 1 test for p depl which mvarrably gives a rapid
and correct result and diagnosis has often to be based on knowledge
of the circumstances which have led up to the present clinical state
The tr of p depletion 15 plicated by the dangers
attending too rapid entry of p mto the ex {lular compart
ment especrally when renal excretion of potassium 15 impaired by
oliguria The problem 1s much simpler when there 1s no vomuting as
oral admmustration of potasstum 1s most un
‘ likely to cause tovic effects Potasstum chlonde
can be gven 1 2 g doses well diluted with
fruit juice or water every four or six hours,
when p efi 1s complicated by
acidosis a mixture of 1 g each of potassum
brcarbonate acetate and citrate m 8 ml o
water can be given four times a day frust
Juice When there 15 ohgura, even oral ad
‘rmunustration of potassium should be controlled
by estimations of the serum level or senal
ECGs When potasstum cannot be given by
mouth and there 15 good chnical evidence of
significant potassium depletion such as hypo
R f,f".g’{;’,”;“‘,ﬁ;‘,’.‘jﬁ’; <! kalaemme paralysis of muscle or paralytic xtlc::
one litre of Hartmanns the mtravenous wmfusions used to correc
solution to total peasSIUM puqraion should also contam potassium 25

normal man (Smart G A soon as urine output has been restored to @
i Progressn Chnical Med: I ble level P ation 1N

e Churchit) suchnfusions should not exceed 40m-equiv JL
and the rate of infuston should not exceed a htren three hours, the :::
of snfusion must be supervised and frequent estimations of serum pclh s
stum or ECG recordings made On the other hand infustons sué
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Hartmann s solutron with a potassium concentration of 5 m equiv /L
can make no effective contribution to potassum replacement as 1s
graphically demonstrated 1n Fig 3 When the patient 15 well enough to
take a mixed diet potassium salts may be discontinued unless a persist
1mg low serum p or other evid of p deficst makes
1t adwisable to oral p d

Potassium Excess

As a spontaneous syndrome this has been observed m Addisons
disease and 1n Tenal fallure including acute tubular necrosis It can
also happen as the result of excessive potassium admumstration either
ap citrate 1 the treatment of urinary infection
or 1n the course of cotrecting depl Aswith p
depletion the most clearly demonstrated effects are those deternned
by alteration of the potassium concentration n ECF As the plasma
potassium level approaches 8 10 m equv /L cardiac arrhythmia and
changes 1 the electrocardiogram give some warning of cardtac arrest
m diastole In contrast to hypokalaemia 1n which the T wave 15 1n
verted and the QT anterval prolonged the ECG with nise 1n plasma
potassium shows first peaking of the T wave then widemng of the
QRS segment and Joss of P waves tending towards 2 biphasic tracing
(Darrow 1950) The other notable manifestation of hyperhalacma 15

paralysis of an ding Landry type t
with paraesthesiae which Ieads Bull ez al (1953) to regard 1t as an acute
peripheral neuropathy rather than an interference with myoneural
transmts 1on There 15 not a close relationship between the extent of
paralysts and the exact level of plasma potassum and in one patient
Bull and his colleagues noted a tendency for paralysis to recur at pro

1y lower of plasma p Nothing definite
15 known of the effects of increased ceflular potassium  although las
situde and confusion have been attributed to this

Since the dangers of are mediated by a raised

m ECF t directed to lowenng this may be
effective even 1f 1t does not elimimate potassium from the body Intra
venous injection of 50 g of glucose with 50 units of soluble isulin
withdraws potassium into the cells and has been observed to ameliorate
the symptoms of hyperkalacmua The effect 1s transient and measures
should alse be taken 1o withdraw potasstum from the body Correction
of sodium depletion 15 important as it expands the ECF and so lowers
the potassium concentration therein and also promotes urinary loss of
potasstum 1 saline diuresss Potassium can also be withdrawn from the
body by gving cation exchange resms charged with ammonmum or
sodwm 50-100 g daily by mouth this method 1s particularly useful
when Jarge saline infusions are contra indicated as in anuria
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Water Depletion

Thus syndrome anises when water 15 not available in adequate amount
or when intake 1s restricted by coma or nabulity to swallow and retam
flud An adequate amount cannot be concisely defined for extra
renal losses of water may be mcreased by fever and thermal sweating
while renal losses of water are increased 1n osmottc diurests renal
failure and duabetes insipidus Certainly any intake less than a tre a day
1s inadequate when urine 1s being formed but the adequate amount
for a given patient may greatly exceed tlus When the intake of water
falls below the output and there 1s no concomitant loss of electrolyte
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FIG 4 Relative changes 1n the volumes of the flutd-compartments 1n (A) water
depletion and (B) sodium depletion (Modtfied from Marrtott 1947)

the osmotic pressure of body fluid nevitably increases  the first impact
of this 1s no doubt on the ECF but water ts then withdrawn from the
cells and 10 the end the water deficit 1s pretty fauly divided between the
two compartments

The pa};thpanon of ICF 1n the fluid loss explains many of the dﬁﬂ:
ences between water depletion and depletion of sodium 1n which the
flud loss falls quite disproportionately on the ECF Circulatory xmu
pairment 1s absent m moderate water depletion and kidney ﬁ;ucnod
remains surprisingly adequate m spite of oligunia the unued grgg!’
being highly concentrated For the same degree of bodydﬂul 3 et
water depletion causes less chimcal dehydration than does socal o
depletion On the other hand thirst—which 1s absent or cquxv;) L
sodium depletion—ss raging 1n water depletion Hacmcconce:d me:
1s absent 1 water depletion and the vemns are not collaps e
climcal duifferences between water and salt depletion can largely
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explatned 10 terms of mexr very d]ﬁ”m:m wopact ot the body flud
m Fig 4 Recognition of
water depletton 15 S based on evidence of defective water ntake great
thist scanty urme of high specific gravity absence of notable circula
tory impaument and & rassed plasma sodum level

Treatment of water depletion mvolves the supply of water to the
body 1n amount sufficeat to repair the deficit and to cover continung
losses of water For practical purposes satisfaction of thirst and repate
of a water deficit can be equated so that a conscious patient who has
steayedd into water depletion can be allowed to treat himself as soon as
he can absorb water In patients who caunot drud. water can be piven
by stow rectal disp of intravenously For mteavenous use 59 plucose
waust be used and s 15 probably preferable for rectal use also  because
patients who cannot take water by mouth will also be starving and
carbohydrate derably the rate of ¢ of body
protern For mamtenance of the comatose patient 2 litres of 37 glucose
per day provides enough water to replace losses and also 300 g
of carbohydrate which 1s enough to exert a maximal protein spanng
effect Larger amounts of water showld be given to patients who ase
thitsty and can be presumed to have & water deficat 1n addition to their
water niceds for mamtenance but in patients who are not thursty water
intake should be sestricted to 2 btres per day In puse water depletion
electrolytes should not be given as they must either carry off water
the unme or wcrease the nise in osmotic pressure of body flnd

Water Excess (Water mtoxication) (Wynn and Rob 1934)

Patsents do not voluntandy take water m excess of their needs so
s syndrome 13 almost always the consequence of thezapeutic zeat 1t
has been reported mostly in pattents with anuna or after operation
when the renal defence agamst a water load 15 absent or imperfect
but 1t has also been deseribed i assoctauon with lavish colone wash
outs Judgng fargely from expenmental work the essentsal feature of
water ytoucation 1s & fall m the osmotic pressure of body flmd so
that sodwm depletion predisposes strongly to water satoxication
which may then occur wathout there beng an absolute excess of water
w the body As just ind d the other ymp of water
mtoxicRtion 35 any constramt on water diuresis Ov:caswmﬂy great
pertinacity on the part of doctors or nurses will induce & patiert to
LOMER WART teRRaven by dralny woapae o i SNV BTN
10 water mnch more often p ar rectal ad hasbeen

dache lethargy lar cramps and a disinchpation
to dnnk ase early symptoms of excessive loading with water later
come retching muscle g and i and the

pabent may die sf hus disorder be not recogmized and treated Water
MEYAB OIS~
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intoxication should not occur with temperate flud therapy, but if it
does, mild symptoms can be treated by withdrawing water and en
couraging sweating, convulsions should be treated by mntravenous
njection of S0 ml of 109 saline

The disturbances with which we have dealt till now those of sodtum
potassium and water have had at least two claims to sumplicity-—the
substances 1nvolved are clearly defined chemucally and except for
water they are neither created nor destroyed 1n the body The disturb
ances of acid base balance are complicated by the multiphaty of anions
mvolved and by the emergence of both acidic and basic 10ns from non
electrolyte precursors 1n the course of metabolism We must meet this
challenge with an even more vigorous suppression of detail though
conscious that omissions which at present seem permusible may m
the near future be made blameworthy by the advance of knowledge
but a wnter on body flmd must accustom himself to being always
out of date 1n some quite important matters

Acidosis

The normal course of metabolism produces very large amounts of
acid in the body but by far the greater part of this—as much as 20
moles per day—1s carbome acid derived from carbon dioxsde and
agam dissocrating to carbon diouide and water m the lungs This
volatile acid 15 excreted by the lungs and only neghgible amounts
of brearbonate are excreted by the kidneys so long as the urme 1s acd
The kidneys are not however without influence on the carbome
acid bicarbonate buffer system as they regulate the cation which 13
available to form bicarbonate Mainly however, the kidneys have to
deal with the non volatile antons present i the diet—manly chioride—
or formed 1 mtermediate metabolism—phosphate and sulphate from
protemn phosphate and keto acids from phospholipids and fatty amd:
and any overspill of organic auds from the general metabolic poo
These antons formed m metabolism are partly neutralized by available
cation ingested m the food but on our usual acid ash diet fixed amon s
formed m excess of available cation to the amount of 50-100 m equiv /
day There 15 therefore tven i normal metabolstn an wherent
tendency to acidosis which 1s kept 1 check by respiratory elimination
of carbon dioxide and renal elimination of fixed anon In ehminating
the excess of fixed anion formed 11 metabolism the renal tubules ccon;]!
muze fixed cation by excl wtforhydrogenand 1008 ;
economy of fixed cation betng represented quantitatively by the sum of
ammona and titratable acid excretion e at

The normal defence of the body agamnst acidosis 13 vulnerable ¢
espond to different modes of ongm o

several pomts and these corr
cra P bolic renal and resprratory The defence

1
P acidosi
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h may be d by overprod of bolic anion—
eg the ketosis ef starvation o uncontrolled dmbetes or the mcraascd
formation of phosphate and sulphate mn accel d protemn catab

The same effect of an mcreascd metabolic Joad of anion may be pro
duced amﬁmally by the ingestion of fixed amons of resins charged with
1on or of and calcium chlonde
which the canon 15 converted to urea or taken up 10to bone leaving the
chloride amon as a charge on acid excretion Yet agun metabolic
acidoss can be produced by loss of cation from the body 1n excess of
amion the usual vehicle of such loss being the alkaline pancreatic and
1ntestinal secretions m watery motions Renal acidosis anises when the
Jadneys lose their power to elabotate an acid unine and thus may happen
erther 1 association with or divorced from renal excretory failure this
type of acidosis will be more fully considered n the chapter on renal
disease Respiratory acidosis 1s the results of defective elimnation of
carbon dioxide by the lungs asinch The cart d
content of the blood rises and with 1t the plasma bicarbonate 1 order
to maintain the BHCO, H HCO, ratio on which plasma pH depends
In the metabolic and renal types of acidosis there 1s an excess of fixed
amon mn the blood and carbomc acid 15 displaced from combimation
with cation the excess carbonic acid 1s ehminated by overbreathing
leaving the BHCO; H HCO, ratio comparatively httle dimimshed
but at a reduced level of plasma bicarbonate There should not be any
chnical confusion between y acidosis and bolic or renal
acidosts  but their opposite effects on the plasma bicarbonate may
confirm the distinctton Metabolic and renal acidosis may be dis
tingusshed biochernically by the very acid urine of metabolic acidosis
1n contrast to the fecbly acid neutral or even alkaline urine found 1n
renal acidosis Greater precision ¢an be given to this distinction by
observing the acidity of the unne after a 3 g dose of ammonium
chloride but this 1s not ndicated when the plasma bicarbonate 15
already low enough to suggest an adequate stumulus to unge acidifica
tion
Bsochemucally demonstrable acidosss of short duration may not cause
any symptoms Insevere metabolic or renal acidosis hyperproeamay be
very obvious and the ovcrvenulmon without great dustress should be
from the of ry acidosts
Chronic renal acidosis even though not attended by detectable hyper
Pnoed can give nise to symptoms related to the depletion of body cation
n addition to sodium and potassium depletion loss of calcsum will
time fead to osteomalacra with bone pam and pseudo fractures The
treatment of acidosis vanes with its ongin seventy and chromerty
Specific treatment for the disease process leadmg to acidosis must be
given when avatlable this 15 likely to be most helpful 1n metabolic acd
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osts 1 which arrest of cation loss or anion production can sometumes
be achieved by specific treatment such as sulphaguanidime m dysentery
or msuhin n dabetic ketosis Respiratory and renal acidosts are
more likely to be caused by trreversible processes and treatment of
the acidosis itself may be needed Acute acdosis can he treated by
oral sodwm bicarbonate 1 a dosage of 2 g repeated 2 or 4 hourly
under biochemical control In patients who may vomut mtravenous
sodium Jactate may be given thus 15 usually supphed in 40 m! ampoules
of molar sodum lactate and this should generally be diluted with
distilled waterto ] §molar concentration whichisisotomc withplasma
When acidosis 15 associated with severe sodmm depletion molar
sodum lactate can be given undiluted on the same general mdications
as hypertomic saline Intravenous use of lactate should be controlled by
frequent determinations of the plasma bicarbonate, as formulae to pre
dict the dose of lactate are not reliable Chronic renal acidosts assocrated
with osteomalacia should be treated by regular alkali admnistration
1n addition to calcium salts and caleiferol Albrght s alkalizing citrate
mixture 1s @ conventent way of domng this His ongmal solution con

tained 140 g of citnic acid and 98 g of sodium aitrate per htre and was
given 1 a dose of 50-150 m! /day 1n divided doses In view of associated
potassium depletton Milne ef al (1952} have recommended 75 g of
sodium citrate and 25 g of potassium citrate mn place of the 98 g of
sodum citrate 1 the ongmnal muxture All these treatments have as
therr basis the addition of cation to the body to neutralize the excess of
amons unfortunately they cannot be applied 1n respiratory acidosis

1 which the base content of the body 1s already normal or even 1n

creased by oedema Another limutation on direct therapy of acidosts
may be mposed by calcum depletion 1n relation to tetany, acidosis
increases the proportion of plasma calcium which 1s tonized and
correction of acidosis may have to be abaudoned because of the

appearance of tetany

Alkalosts

Since the general trend of both normal and abnormal metabolism 15
towards production of acid 1n excess of base and contmuous secrefion
of acid nust go on to mamten the normal shghtly alkaline reactan of
body flud pathological increase i the alkalmty of body fluds 15
somewhat uncommon Excessive mgestion of alkalis usually 1 the
self medication of patients with peptic ulcer and loss of acid 1n vomitus
notably 1 pyloric stenosts are both causes of metabolc alkalosie
Hyperventilation 1n hot baths at high altitudes and 1n attacks ©
hysterical over breathing may lead to respiratory alkalosis It 1s doubt
ful 1f a syndrome exists which 15 the precise converse of renal actdosts
smee renal farlure normally leads to acidosis but abnormal kidne)



DISTURBANCES OF WATER AND ELECTROLYTES 37

function probably plays some part 1n the alkalosss of ECF which often
complicates potassium depletion (Otloff e al 1953) Acute respiratory
alkalosis causes over breathing tetany and there 1s some evidence that
many of the symptoms of psychoneurotic 1illness may be based on
hyperventilation Such patients may be improved by explanation of the
nature of their symptoms especally if an attack can be induced by
voluntary over breathing and termimated by re breathing from a paper
bag (Lewis 1954) The bolic alkal 1 peptic
ulceration may be suspected when the patient shows mental confusion
and apathy or the carpopedal spasm of latent tetany more often 1t
comes to hight when the plasma bicarbonate 15 measured because of a
ustory of alkali ingestion or persistent vomiting Although massive
amounts of milk and aikalis can be given for a few weeks without
apparent harm many patients have now been described with alkalosts
after long standing tngestion of milk and aikalis this syndrome may
improve with of the alkali med. but renal damage
with calerfication may progress to renal faillure In patients with pylonic
stenosts the plasma often shows an alkalosis this may disappear when
the patients are rehydrated and given chlonide or 1t may need potasstum
salts for its correction (Davies ez al  1956)

‘We have now completed a brief survey of the various syndromes into
which disturbances of water and electrolyte can be analysed but i
chmical practice these are of course combined 1n varying degree mn
different patients If we take pylonic stenosis as an example the pre
dommant disturbances are sodium depletion and alkalosts and as a
practical treatment 1n prepanng the patient for operation the intra
venous infusion of 1sotonic sodium chlonde solution has often shown
itself to be thoroughly effective In addition to these obvious dis
turbances there are other factors whuch can usually be neglected for
practical purposes but which may on occasion make a different plan
of treatment desirable A patient who has accustomed humself to high
dosage of sodium bicarbonate may show lttle evidence of sodium
depletion but may sull have a considerable alkalosis these patients
often have sigrificant potassium depletson since the vormited matenal
contams potasstum as well as sodium and if sodium 15 being replaced

by sodwum bicarbonate det may be postponed for long
enough to allow potassium depletion to develop These patients n
‘whom alkal d over det may respond well to

y
potasstum chlonde 1n small doses by mouth and not require ntra
venous saline On the other hand when pyloric stenosis develops
rapidly and s associated with loss of appetite and vomiting of all food
sodium depletion appears rapidly and the alkaloss from loss of gastric
aaid 1s counteracted by the actdosis of starvation the climeal and
brochemical picture may then be one of sodum depletion without much
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alkalosis In most cases mtravenous sodium chloride 15 the mainstay
of treatment, and potasstum chloride should also be given by mouth
n divided doses When the patient 1s operated on hus losses of sodim
by vomiting cease abruptly and at the same time his urinary sodium
output drops very sharply, while the potassium output 1n urine nses
At this time, saline nfusions should be discontinued but the oral
p should be d p with 1ntravenous saline
at this stage especially 1n the presence of uncorrected potassium def
ciency carries quite a defimite risk of peripheral and more important
pulmonary oedema The intake even of water should be restricted for
a day or two after operation as the urme volume 1s low and does not
increase m response to a water load

In the practical management of electrolyte disorders a grasp of
principle has to be supplemented by considerable attention to detail
1f the most effective treatment 1s to be given The significant details ase
by no means always those which are revealed by chemrcal estimations
and on occasion these may even be musleading When a patient i
clinically dehydrated the correction of sodium depletion seems to me
the first step 1n treatment for errors m flmd therapy which are serious
1n patients with functional renal failure can often become trnvial when
the kidneys have been restored to normal efficiency by improving therr
circulatron and such errors have to be reckoned with since our know
ledge of body fluid abnormalities 1s incomplete 1n many respects The
best general policy 1s to treat well established depletions especially of
sodium vigorously but to be cautious 1n fluid admimstration where no
depletion has been demonstrated I have reframed from grving hard and
fast quantitative directions for flud therapy as I am sure they do more
harm than good and therapy should be guided largely by the progress
which 1s being made

The mam thesis implicit in this presentation has been that 1t 15 €x
pedient to recogmze the predommant abnormality 1n body flnd and
to apply treatment specifically directed to its correction It 1s only fair
to state however that this thesis though widely supported does not
commend stself to all who have extensive expenence of flind therapy
Talbot Crawford and Butler (1953) have reported their use of a general
electrolyte replacement solution which 1n their view 1s surtable for 2l
distortions of body flmd and serves both as a replacement and as 2
maintenance solution This solution has the composition

Sodmum 40 mequv /L
Potasstum 355

Chlonde 40

Lactate 20

Phosphate 155
Dextrose 3,50r10,



DISTURBANCES OF WATER AND ELECTROLYTES 39

They express the dose in itres/sq metre of surface area/day to assist
its apphcation to paedstnic problems For maintenance 2 litres/
5q m /day 15 adeq but for repl up to 3 5 luresf
sqm /day may be given They indicate however that when there 15
severe airculatory and renal impawrment due to sodwum depletion this
should first be corrected and claim this can be done in 1-2 hours by
giving at atate of § ml jsq m jmin 4 solution of 0 51% sodwm chlonde
n 5% dextrose Their general replacement solution 1s so planned as to
fall wathin the normal range of possible excretion of its constituents
and for that very reason I would doubt 1ts adequacy in the very severe
alimentary depletions of sodium and potassmm which can be encoun
tered There would also seem to be a nisk of cellular overhydration with
this regime i really severe sodium depl For mod defi
the obvious convemence of their method makes 1t seem worthy of
extended trial An mportant contribution on more orthodox lines to
the treatment of dehydration mn infants 15 the 1952 Medical Research
Council memorandum (No 26) on ‘The treatment of acute dehydration
1 mfants

ILLUSTRATIVE CASE REPORT

A man of 25 had had intermuttent dyspepsta for ten years with little
response to medical treatment On 2 9 52 he had an anterior Polya partial
gastrectomy and on 8 9 52 severe generalized abdominal pain led 10 a
further laparotomy at which the duodenal stump was found to be leaking
A duodenat fistula established 1tself and large amounts of fluxd draned from
1t which were only imcompletely replaced by blood and saline infusions His
general condition deteriorated and he was transferred to Manchester Royal
Infirmary on 10 10 52 He was then both wasted and dehydrated with
wninkling of the skin dry tongue low intraocular tenston and shrinkage of
the orbital tissues the app of I His blood
pressure was 100,60 peripheral circulation was poor and the supetficial veins
were collapsed A small sample of blood showed haemoconcentration and
the serum sodium was 118 mequiv/L  and potassum 54 m equiv /L
There was not enough blood for chlontde and bicatbonate estmation but
the fistulous fluid was alkalme (pH 8) and contained sodium 96 m equv /L
and potassium 4 8 m-equiv /L There was thus chmcal and biochemical ev
dence of a severc sodum depletion though there was no direct biochemtcal
evidence on the acd base balance 1n plasma 1t was assumed that there
would be considerable acidosts 1 view of the long-continued loss of alkaline
fluid Although the serum potassium level was normal potassium had been
fost 1n the fistulous discharge and 1t was thought wise to cover the pertod of
sodium with of Tlular flmd by giving potas
sium salts by mouth It was also decided to collect the fistulous discharge and
to return 1t to the intestine by tube

A muxture of equal parts by weight of potassium acetate bicarbonate and
citrate (1 g of eachin 8 ml of water) was given in fruit yuice (1 teaspoonful
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4 hourly) Duning 24 hours twelve 40 ml ampoules of molar sodm lactate
and 2 pints of 5 4 saline were infused 1ntray enously The eather part of thus
nfuston was manly lactate to correct the acidosis fairly quickly After this
infusion he was much better and his dehydration had been largely corrected
The serum sodium was then 130 mequv /L potassium 2§ m equiv /L

chloride 94 m equiv /L and bicarbonate 267 m equiv /L The fall m the
serum potassium duning correction of a massive sodium deficit and 1 spite
of oral potassium 15 noteworthy and also the large amount of sodium which
was given without restoring the serum sodium level completely to normal.
The oral potassium mrxture was continued and salt was added to the
patient s drinks to a concentration of around 0 5 4 1n view of the remaining
sodium defict There was further improvement the fistula had closed spon
taneously on 2 11 52 and the patient was discharged to convalescence on
51152

Comment

Ths report 1llustrates the use of hypertonic sodium soluttons i the
reparr of a massive sodum deficit Hypertome salne should be grven
only when the clinrcal evidence of a large sodum deficit 1s confirmed
by a defimite lowering of serum sodium The masstve infusion should
contan lactate as well as chloride to prevent audosts and 1t should be
covered by oral potassium Another point of nterest 1s that the post
twve flnd balance in this patient (and 1n others) was less than would be
required to dilute the wnfusion down to 1sotonrcity , suggesting that
water came from the cells in significant amount there may be less
danger of producing damp lungs with hypertonic nfusions 1 that no
excess of water 1s being given
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ALDOSTERONE AND ALDOSTERONISM

It has been known for some years that a substance or substances
capable of inducing salt retention on 1njection into animals was present
1n human urnmne especially in the unne of oedematous patrents but
Simpson Tart and Bush (1952) were able to show that almost all thus
salt retaining activity was attributable to 2 smgle steroid substance
which has since been demonstrated m adrenal vern blood 1solated
{fromadrenal issue synthesized in small amount and defined chermically
This steroid at first called electrocortn but now known as aldosterone
promotes retention of sodium and chlornde and enhances the excretion
of potassium 1t 1s much less certainly under pitwtary control than are
the glucocorticoids and m some species which may include man 1t 1s
formed in the superficial zona glomerulosa of the adrenal and not
Iike the glucocorticords 1n the deeper layers Secretion of aldosterone
has been sumulated expenmentally by restricting sodsum mtake by
lowerng the volume of plasma or ECF and by rawng the potassium

METAR DIS —2
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mtake and aldosterone output has been suppressed by the converse
procedures

The salt wasting of Addison s disease can be related to deficiency of

1d one Total adrenal y prevents the formation of aldosterone

whereas 1 panhypopitwitanism the urninary output of aldosterone 1s
not reduced Even the mformation so far available on aldosterone
warrants the expectation that a primary defictency of aldosterone 1s
possible without the deficiency of glucocorticords which 15 equally
present in Addison s disease and a patient has already been observed
by Relman and Schwartz m Boston, who probably exemplifies pnmary
hypoaldosteronism Thts man presented with hyperhalaema assocrated
with episodic cardiac arrest and was found to have no aldosterone de
tectable 1 the urne but a normal output of 17 hydroxycorticords

Excessive excretion of aldosterone has now been observed 1n renal
hepatic and cardrac oedema and an excessive productton of aldosterone
1s the major factor 1f not the only one wiuch deternunes the abrormal
reabsorption of sodm and chlonde by the renal tubules in these
patients It would account entirely for the sodum retention m these
patients with oedema 1n whom glomerular fifiration 1s not imparred
and even m cardiac oedema where lowered GFR 1s important exces
swve tubular reabsorption of sodium and chlonde 1s also present The
stimulus to this very common type of secondary aldosteronism has not
been fully estabhished therapeutic sodium restriction fall in cardiac
output dimimshed plasma volume from hypoproteinaemia or dimm
1shed perfusion of a volume receptor are some of the possible agencies
The importance of sodium restriction 1s emphasized by the observation
that large amounts of aldosterone have been found m the urme of
patients with sodium lostng pyelonephritis

A syndrome of primary aldosteromsm was described by C.onn (1955)
and a number of other patients have since been reported These patients
show a severe potassium depletion and retention of sodium leading to
hypernatraenua but not commonly to oedema there 15 hypertenston
and often renal damage with failure of unine concentration An adrenal
tumour may be demonstrated by tomography with or without pre
sacral arr msufflation but some of the tumours have been very small
yet clearly responsible for the syndrome because of the regxessxonlef
symptoms which has followed their removal A few patrents have also
been reported 1 whom ncreased output of aldosterone has been
assactated with episodic oedema and not with potassium defictency,
but here 1t 1s difficult to exclude all causes of secondary aldostemmsm(
and 1t 1s not yet certamn that tius represents 2 second syndrome :d
primary aldosteromusm It has recently been reported that an mereas o
excretion of aldosterone preceded the paralytic episodes 1n two patient "
with familtal periodic paralysts (Conn et af 1957) So far the mos
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cettam expression of prmary aldosteromsim ss the type with predomt
nant potassium deficiency  since primary renal disease can lead to
pomssmm deficiency ang also to sodm deﬁmcncy with secondary

the preesse 1w the mdwvidual patent may be
defficuft A useful of the d blems myolved has
appeared recently (Mahler and Sumbury 1956) 1 some patients
surpcal exploration of the adrenals way be needed to exclude tumaour
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CHAPTER 3
METABOLIC ASPECTS OF RENAL DISEASE
D A K Brack

IN order to appreciate the varied impact of renal disease on metabolism
we must keep 1n mind the astomshing versatility of function displayed
by the kidneys i health We cannot here concern ourselves with the
detatled mechanisms of renal function except 1 so far as they are
directly concerned 1 specific metabolic defects found in renal disease
any such attempt has been made quite redundant by Homer Smuth s
treatise on The Kidney (Smuth 1951) 1n which the evidence for our
current concepts of renal function 1s given at length Ludwigs view
that Bowman s capsule 15 a filtering device to produce a plasma ultra
filtrate containing only traces of protein has been supported by the
micro puncture studies of Richards and measurement of the rate of
formation of glomerular filtrate (GFR) has been acheved by Smuths
own method of the clearance rate of mulin The volume of glomerular
filtrate 15 about 120 m! per mmute m man whereas the volume of
urine 15 very much smaller from a fraction of a mullilitre up to 15-20
ml /mun It 15 clear from thus that 1n general, reabsorptive processes m
the tubule must preponderate over secretory processes but a pure
filtration reabsorption theory of the type proposed by Cushny 1s now
nntenable especially in its original form of a reabsorbate of the com
position of ideal plasma an apparently smple hypothesis which
would 1n fact require operations of great complexity on the indvidual
constituents of the reabsorbate and which would have to be elaborated
from a tubular fluid of varying compositron

Many substances suchassodium chloride water phasphate glucose
and uric acid appear 1n the urine 1t amounts which are small com
pared with those ongmally filtered and 1n respect of these substances
reabsorption must be the paramount actvity of the tubules and twenty
years ago renal phystologists wath few exceptons had quite abandoned
Herdenham s hypothesis of tubular secretion as an important factor 1
urine formation However substances were discovered which had 8
clearance rate i excess of that of nulin 1mplymg that they were betng
excreted more rapidly than they were bemng filtered 1n the glomerulus
Tubular secretion was first demonstrated for substances foreign to the
body, such as phenol red diodone and p hup some of
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these are completely cleared from plasma perfusing the tubules and
ttus has become the basis of methods for measuning renal plasma flow
(Smuth 1951) More recently has been d g for
normal body urobiin and hydrog
1ons It has become apparent m fact that the tubule cells have distne
tive patterns of behaviour for the different substances exposed to them
esther n tubule flud or 1n the plasma In additton to excreting waste
products such as urea the hudneys deal with other substances such
as water and electrolytes sn a way that mantams thesr amount or
concentration within the body relatively constant sn spite of vamation
m dietary mtake or extrarcnal foss Cannon has descnibed this type of
renal action as homoeostatic 1n contrast to the rather mdiscriminate
excretory action on bfea of creatune From the chmcal pomnt of
view the shift 1n emphasis from excretory to homoeostatic function of
the kidney has clanfied some problems of pathogenesis and has
altered our outlook on treatment 1o some tespects Before discussing
the syndromes of disordered renal function we must however review
very bnefly the normal renal handhng of those wrinary constituents
whose abnormal handling 1n different types of renat disease can con
stitute a threat to the body 5 economy

Water

Micto puncture studies suggest that i the proamat pazt of the renat
tubule the filtrate 1s reduced to a stxth of its onginal volume but that
1ts total concentration 1s not apprectably altered n spite of changes n
composthon due to the retention of most of the filtered urea and the
reabsorption of sodum and assocrated amons at a rate somewhat
pgreater than that of water A process of proumal sosmotic reabsorp
tien can clearly make no contribution to changng the osmolanty of
body flurds and 1f such a process 1s accepted we must look to the distal
tubule for what Homer Smith has called the facoltatne reabsorption
of water in contrast to the more or less obligatory reabsorption of
water along with solutes i the proumat tubule A sufficient volume of
water—about 20 mi ‘run —s delivered to the distal tubute to cover the
full range of vanation observed in urme volume When body fluds are
hypertomic pitwtary antidwuzetic hormone (ADH) permuts maxumal
reabsorption of water i the distal tubule without directly affecting the
absorption of solutes and smalt amounts of concentrated urine are then
formed When body fluds are hypotonic ADH action on the distal
tubu!e 18 suppressed and the UDNE 1S LOpIous and difute The ADH

1s the p of urme volume but this can
also be modsfied by the Joad of total solutes delivered to the distal
tubule and by the action of admnal sterods of the corusone
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group * Although the transition from oligurra to full water duwresis can
be mduced by water drnkmg without any detectable change m GFR
primary ch 1n GFR could mfl urine flow by altering the total
amount of solutes delivered to the distal tubule, the solute load can
also be altered by change 1n the plasma level of osmotically actve
substances such as manmtol glucose or saline This results in osmotic
duwresis, which differs from water diurests 1n that the mcrease m urine
volume 1s accompamied by an increased rate of solute output This
distinction has clinical relevance, m that the sustained water drresis of
diabetes insipidus does not lead to depletion of body solutes whereas
osmotic duuresis caused by glucose or urea can lead to significant elec
trolyte depletton It 1s not known whether adrenal corticords mfluence
urine volume under normal circumstances but the failure of water
dwresis 1 Addison s disease and Stmmonds s disease shows that thetr
absence prevents adequate inhibition of water reabsorption by the
renal tubules

Sodm

Only about 1-2 % of the sodium filtered at the glomerulus 1s normally
excreted and at the height of a mercunial diuresis the percentage of
sodium excreted 1s only about 15% whereas 1n quite moderate sodmum
depletion only 0 1% of filtered sodmum 15 excreted Some stmilanty
the renal handlng of sodium and of water 1s indeed to be expected 1
the 1nterests of extracellular fluid (ECF) homoeostasis and there 18
constderable evidence, summanized by Smuth (1951) to support 2
somewhat obligatory reabsorption of sodm 1 the proximal tubule
and a regulated reabsorption of 2 15% motety of filtered sodium m the
distal tubule Smuth has suggested that there 1s an upper limit to the
reabsorptive capacity of the distal tubule for sodum so that at high
GFR or plasma sodium level some sodum 1s excreted whereas lower1
g of GFR or plasma sodmum level leads to virtually complete dxsl]ad
reabsorptron of sodium and a sodtum free utme This theory woul
account for responstveness of sodim excretion not only to plasma
sodum concentration but also to change m the volume of ECF or at
Ieast of plasma There 1s increasing evidence however, that change 10
filtered load of sodium 15 not the sole determinant of sodium cxcretmn‘
but that tubular bebaviour to a given load of sodium may be of ‘7’3““
rmportance For example, the very low sodum excretion in mgdlso dlllg;
depletion cannot be fully explamed by changes in filtered loa

etanue Unoe
* There 1s now convincing evidence (Berler and Davidson éﬁ;&:ﬁ&vﬁn o et 1s

fc d dently of ADH action when the amo? ol
ﬁﬁd"ﬁi%&ﬁféﬂé 3f¥m water absorption is probably in the cclh:c};g' {,';b,ﬁ'l“ d.lsn a1
1o the stte of ADH action (Wirz, 1957) Thus mechantsm could ;&;c:eu‘:s m‘wdmypﬂmdwam
urine which can be formed by severely dehydrated patients wm\th e epite of
for the concentrated nrine which 1s formed by some patients with ca

hyponatragnua
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sodmum and on the other hand patients vith Addison s disease lose
sodium 1n the urme even at reduced levels of GFR and plasma sodium

In other words $he reabsorptive capataty of the tubules for sodiam 15
not a fixed thing but can be modified certasnly by adrenal corticords

and probably in other ways as well Under most circumst ances sodwum
and chlonde 10ns are excreted m the unne 1o equivalent amounts im

plying that sodim reabsorption is appreciably greater than that of
chlonde as the Na Cl ratio s glomenular filtrate 15 abowt § 4

Part of the sodum 1s reabsorbed not 10 association with chlonde but
w exchange for potasstum and hydrogen tons and this mosety 1s pre

sumably responsive to the needs of pH homoeostasis rather than to
sodium conservation Sodiwm exeretion s mcreased m osmotic durests

but not m water diuresis

Potassium

The potasstum concentration n glomerular filirate 5s only about a
thirtieth of that of sodmm whereas abont half as much potassum as
sodaum 35 exereied On o high intake of potassium the excretion of
potassim has repeatedly been observed to approach and even i
special crrcumstances o exceed the amount of potasstum filtered so
that s:cteucm af potassum by the tubules has been estabhshed
v of p can be obtamed only
when the amount secreted exceeds that which 1 reabsarbed but i 55

bable that t of from tubule cclt to tubular
fumen 15 talang placc even 1n normal condstrons but 15 masked bya
Ereater i the opp d the net
process beng one of rcabsorpuorx This 15 not merely a tetwinological
matter for Bedmcr et al (1951} have adduced evidence that potassium
10ns as well as hydrogen 1ons are lable for exch with sodium
tons in the distal tubule The ofp <an be mhibited by
mercunal drretics and by carbonse anhydrase nhibitors Pomss:um
conccmratxon n urne 1 usually higher (han that of plasma but in
may be mhibited 1o the extent of formung
a ynine of lower potassium concentration than plasma Potassum ex
cretson Iike that of sodm 1s mereased by osmotic diuresis and un
affected by water diuresss

Urinary Andity

Patts (1948 1954) has greatly clanfied the mechanisms by which the
kidneys can on the one hand eliminate large amounts of ansons without
depletion of body cation and on the other hand ebimmate Xaxg: amums
of cation withthat i dabl
The renal defence agamst acidosis 15 based on a caucn-e(chnnge
mechamsm 1 the distal tubule whereby sodivm 15 seabsorbed and
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potassium and hydrogen 1ons are secreted 1 exchange m acidosis
more hydrogen 1ons and fewer potassium 1oms are so exchanged and the
total exchange 1s also mncreased Not all the hydrogen 1ons disposed of
mn this way go out unchanged, some are added to ammonta to form
ammonium 10n which 1s then available to combine with anion i the
unine without fall in pH Under normal conditions of dret the urme s
acid and both the cation exchange mechantsm and ammonia formation
are active though not to the enhanced degree found 1 a pathological
extrarenal acidosis When the plasma bicarbonate 1s ncreased by a
metabolic alkalosis excessive amounts of bicarbonate reach the distal
tubule where they nhibit the Pitts cation exchange mechamsm so
that large amounts of catton are excreted in combnation with bicarbon
ate In a respiratory alkalosis where large amounts of bicarbonate
are excreted an spite of a lowening of plasma bicarbonate there must
clearly be a depression of bicarbonate reabsorption and Pitts has now
shown that this 15 related to the low CO, tension m the plasma rather
than to the nise of plasma pH conversely the low bicarbonate excretion
1 spite of a high plasma bicarbonate level 1 respiratory acidosts 13
related to the lugh CO tenston 1n plasma

Urea

More urea 1s filtered at the glomeruls than 1s ultimately excreted
but 1t 15 generally held that reabsorption of urea 1s a passive diffuston,
and not a regulated process Urea 1s a hughly diffustble substance being
present m the same concentration throughout body water, with the
exception of renal tubule flud 1 which urea becomes gradually
concentrated at times to a concentration more than a hundredfold that
of plasma 1t 1s not surprsing that some of the urea ppears to leak
back during the massive reabsorption of water and other solutes which
accomplishes this concentration process The back diffusion of urea1s
demonstrably greater at low utine flows than dunng a dirests and #
correction for the greater back diffuston of urea at flow rates Jess than
2 ml /mn 1s mcluded i Van Slyke s calculation of standard urea
clearance At flow rates above 2 ml /min the effect of urine flow on
urea output can be neglected for prachical purp and the mawmal
urea clearance 15 then used Even the maumal urea clearance 15 only
about two thirds of the mulin clearance so that about a third of the
filtered urea leaks back even at lugh unne flows Itis possible that oge
hmiting factor on the power of the kidney to concentrate urea may o¢
the considerable osmotic work performed 1n domg so the high urtne
plasma ratio for urea and the high rate of urea excretion combmeh k:
make the osmotic work done 1n concentrating ured greater than tha
mvolved i excreting all other urinary constrtuents This aspect of ure::
excretion has been emphasized by Newburgh (1943) but we mus
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remember that the kidney has a total energy consumption about a
hundred times that required for the most efficient performance of the
osmotic work required of 1t In spite of this thermodynamie difficulty
the experiments of Addis (1948) show that 1ncrease m the amount of
urea requiring excretion has an unfavourable effect on the survival of
partially nephrectomized rats we can perhaps recall this result for its
therapeutic bearings without necessanly accepting osmotic work as the
essential factor

Other Substances

At notmal plasma levels of creaftmne the creatinine clearance 1s of
the same order as the mnulin clearance and can be used as an index of
GFR When creattnine 1s admimistered the clearance of creatinme rises
indicating tubular secretion Because of this potentrahity of tubular
excretion and the difficulties of measuring plasma creatimne accurately
the creatinine clearance 1s probably not an exact measurement of GFR
but 1t can be useful 1n observations extending over periods so long as to
preclude infusion of substances such as mulin  Glucose 1s almost
completely reabsorbed m the proxtmal tubules at normal plasma levels
When the plasma glucose level 1s raised the reabsorptive capacity of
the tubules 15 exceeded and glucose appears 1n the urine not 1n traces
asisnormal butinamounts detectable by the usnal tests The maximum
reabsorptive capacity of the tubules for glucose can be measured by
raising the blood glucose to levels well above the usual threshold and
subtracting the amount of glucose excreted from the amount filtered
(1e plasma glucose X GFR) the result 1s known as the glucose T,, or
T,G This mechamsm of controlled excretion by a maximal tubular
reabsorptive capacity or T, 1s not uncommon and T, has been
determuned for ammo acids phosphate uric acid and other substances
Substances secreted by the tubules commonly have a similar quantita
tive it and secretory T,s bave been determuned for phenol red
diodone and p amunohippurate by subtracting filtered from excreted
amounts When a substance 15 both secreted and reabsorbed—e g
potassitm—it 1s not of course possible to determine the quantitative
maxima of tubular performance 1o respect of that substance

In summary then some substances such as urea and creatimine are
excreted 1n amounts imited only by the plasma level and filtration rate
and 1n the case of urea the ability of the tubules to restrain backward
diffusion their excretion can fairly be described as unregulated
Other substances such as water sodiom and potasstum have ther
excretion determined not only by the amount filtered but also by
variations in tubular behaviour usually under hormonal control but
sensitive also to other influences such as the carbon-dioxide tension 1n
blood or renal tissue this group ncludes the quantitatively important
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constituents of body flurd and homoeostatic control 1s normally very
efficient For a third group of substances ncluding glucose ammo
acids and phosphate, excretion goes on at high plasma levels and
diminsshes very greatly at low plasma levels this being effected by a
maximum tubular reabsorptive capacity The description ‘organs of
excretion applied to the kidneys does scanty justice to their vaned
resources of excretion homoeostasis and conservation 1 respect of
different substances even the mam outhnes of renal syndromes can be
portrayed only 1n relation to this versatility of renal performance

S of Renal Dysfi

In surveying the effects of rena} disease on metabolism we shall do
well to avord any attempt to follow out indtvidual disease processes
which would make an account both complicated and repetitive and m
the end iadequate Instead of this we shall discuss some half-dozen
syndromes of abnormal renal behaviour each of which can be caused
by a number of pathological In add to avoiding the
debatable ground of the classification of renal diseases thts procedure
should make for economy of presentation swnce the mamn syndromes
of renal dysfunction are much less numerous that the morbed anatoms
cal patterns which underhe them The localization of specific activities
to different segments of the nephron 1s still far from complete, and 1t 1s
perhaps not surpnising that a close correlation between anatomrcal and
physiologreal changes has still to be attaned though we must agree
with Olver (1950a) that such 1s a paramount aim of renal studies
Progress 1s being made 1n this direction very largely by Oliver s olrm
techmque of mucro dissection of pephrons 1n continuity but 1t has
come manly 1n acute renal lesions and 1n chromic nephrtis 1t 15 often
difficult to correlate structural and functional changes Our first three
syndromes are commonly but not exclusively caused by nephnlllls mn
one of 1ts phases the others are varted or uncertain 1n origin bUtmi;W
an impact mainly on the tubules without any striking glon‘;e ‘;’:
changes finally we shall notice the effect of serious extrarenal disea
on renal function thereby straymg but with excuse from our precise
terms of reference

Acute Nephritis (Acute Type I Nephntis, Acute Glomerulo-nephritts)
This syndrome 15 perhaps more clearly defined chmc;alg[;hzﬁ
pathologrcally m that the sequence of sore throat followe: ey
mterval by oliguria haematuna oedema and hypertensxoln e
striking  whereas the histological appearances of acuteb Ig %I:ctenal
nephritis may be observed i other conditions most potably oy
endocarditis but also m non mfective conditions such as Pe o
hypertension (Bell 1946) The occurrence of istological glom
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nephntis without the ck 1stic climcal synd 152 bl
block 1n the classification of nephritis but for our present purpose we
can neglect these formes frustes and descnibe the morbid phystology
of the typical chinical attack

The unne formed 1 acute nephntis 1s dimimshed 1n volume and
rarely there may be lete urnary H 1a either
obvious or mictoscopic 1s present with protemnuna and the sediment
contains leucocytes and renal epithelial cells generally moulded with
coagulated protein nto casts The urmne 1s 1n general concentrated 1n
appearance and with a specific gravity of 1020-1030 to which al
buminuria and haematuria make Some contribution  but lower speaific
gravities around 1010 have been observed The elimmation both of
urea and of salt 15 inadequate but this 15 usually related to oligurra
rather than to any gross defect of concentration n the tubules The
urea retention 1n body fluid 1s of moderate degree by companson with
chrome renal failure the blood urea exceeding 100 mg /100 ml only
1 those patients with unusually severe or prolonged oliguria or with
an increased rate of protem breakdown The low output of salt and
water 1s matched by a dilution of the blood and plasma (Roscoe 1950)
and this 15 important 1n the production of oedema and cardiac failure
Peters (1953 has argued that the oedema of acute nephritss 1s chiefly
caused by congestive heart faslure but the distribution of oedema i its
early stages 1s quite unhke the hypostauc distribution of cardiac
oedema No one would deny that the combrnation of hypertension and
rassed blood volume 1mposes a burden on the heart and in fatal cases
myocardial damage has been found though usually only when there
has been a continuing snfective process during the course of the nephn
us For the production of a true cardiac oedema however either a
forward ora backward farlure must be present and 1n acute nephritis
there 15 no clinical hiver enl and no prol of 1
time while the oedema and venous filling could be attributed to water
and salt retention as regards forward falure the vital link of a
dumimished eirculation to the kidneys 15 missing for the same tests
which show a gross diminution of renal blood flow m primary heart
disease give results i acute nephntis which fall 1n or just below the
normal range We would put forward the compromise that the primary
cause of oedema 1n acute nephritis 15 retention of salt and water by the
kidneys but that 1n some cases cardiac msufficiency can assume
increasing importance 1n determrning the distnibution of oedema flnd
Left ventncular failure may then sduce flnd accumulation 1n the lesser

If with d X ray shad, g and even full blown

pulmonary oedema Renal and cardac msufficiency between them do
not entirely exhaust the possible mechanisms of oedema i this disease
although the concept of a general ncrease 1n captllary permeability

|
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has been discredited by the finding of a raised plasma volume and alow
protem content i oedema fluid, persistence with a low protein det
may sometimes combine with urmnary protem loss to induce a true
hypoprotemaemia  distinct from plasma dilution The convulsie
attacks which may complicate acute nephntis have often been attributed
to hypertension or to cerebral oedema, but the blood pressure 1s not
50 high as 1 many patients with essentral hypertension and cerebral
oedema has not been conclusively demonstrated An alternative explz
nation may be a lowered osmolanty of body fluids which experiment
ally lowers the electro shock threshold the serum sodrum 5o patients
with acute nephntis may be low presumably because of water retentton
1n excess of salt, and the convulsive seizures can be aborted by hyper
tome saline mjections It may not be entirely 1rrelevant to ths brief
discussion of oedema 1n acute nephnitis to mention that we have seen
a very smlar chmical prcture 1ncluding both peripheral oedema and
pulmonary engorgement 10 a patient with water and salt retention
dunng treatment with phenylbutazone

Clearance studies 10 acute nephritis have usually shown a normal o
shightly reduced renal blood flow with a much greater proportiona!
reduction n GFR the ratio of inulin to diodone or PAH clearance
being 010-0 15 mstead of around 02 The observations of Bradley
(1949) are of specral mnterest 1n that the vahdity of the PAH clearance
as a measure of renal blood flow was checked by esttmating the extent
to which PAH had been removed from renal vem blood a few of lus
patients showed an actual mncrease i renal blood flow above the
normal range Agreement on results has not prevented differences m
nterpretation The results would be consistent either with afferent
artenolar constriction and normal or mcreased glomerular permeability
or with a general reduction m glomerular permeability which would
preclude analysis of the renal snto 1ts afferent and efferent
compartments Smith (1951) favours the second view stating that the
glomerular lesion 1s such as to reduce the extensive filtering surface of
the normal glomerulus but grossly to mcrease ats permeabulity at hamuted
points to protemn and even blood It 15 not easy to see why glomerular
capillarses should deviate from the usual behaviour of nflamed capil
fanes merely i order to have 1t both ways at once in this ingenious
manner and there 15 1 fact no direct evidence on the pomnt

M of Acofe Neph From a bol: dpomnt the
main objects of treatment m acute nephntis are to aftan il 2:
urea production, and to avoid loading with salt and water which ?‘l"m
be adequately excreted Mimmal breakdown of protein 1s securc );) a
protemn free diet and by lowering endogenous proten catabohsmu gl};
restricting activity controlling persistent fection and gving Cn‘;m
non protem food to lumt the breakdown of proten for epergy pro
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tion as opposed to the natural wear and tear of structural protemn
Gamble (1947) has shown that a daily intake of 100 g of glucose 18
almost as effective 1n sparng protein as a diet which attempts to satisfy
full calore requirements This amount of glucose can be gven m
sweetened frust dnnks For mild attacks of acute nephnitis even this
degree of sestnction 18 not necessary and ap ordmary low protem diet
can be given In severe attacks with urinary suppression the manage

ment should be that of acute anuna to be described later A glucose
and fruit yuice diet 1s practically salt free m the mulder attacks the
low protemn diet used should also be salt restricted The water intake
st also be restrcted to less than 2 htre @ day from all sources of
ordmary food 15 bemng given this means about 600 ml of added
beverages These restrictions should be mamtamned while oligunia
persists and gradually relaxed when the urine volume mcreases as 1t
may do rather quickly m the majonty of cases destined to complete
recovery About 20 / of patients with acute nephntis fail to make a
clear recovery but erther die m the acute attack or progress to latent
and ultimately chromc nephntis or run a more rapidly progressive
course which may include a stage of massive oedema 1n whuch hypo

protemaemia plays some part In this last group the severe protein
restrichion approprate 1o the acute ohgunce phase must be modified
as s00n &s 1t becomes apparent that protein loss m the urine 15 hkely
to be massive and prolonged three to four weeks may be taken as a
somewhat arbitrary te-m of severe protein restriction 1n these lingening
patients Latent nephntis of course needs no ngorous dsetary restric

tions although an excessive mtake of protem 1s probably undesirable

Massive Renal Oedema (Type I Nephntis Nephrotic Syndrome)

This d 15 ch ized by g lhzed oedem2 heavy
proteinuna increase in plasma hipoids and inconstancy of hypertension
and wrea Its logy 1 1 Ellis (1942) regard
gt as a disease sus generss charactenzed by msidious onset and a
poor prognosis whereas most American nephrologists look on 1t as a
stage 1n the evolution of chromc glomerulo nephritis and discount the
usual absence of a previous acute attack as being due to anamnestic
falibahity This second view does mot effect a real simplfication
however for they are compelled to admit another category known as
genwne true hpord nephrosis to accommodate those patients usnally
children who after a long and worrymg illness may fight their way
through to complete recovery Moreover massive oedema of renal
ongn oceurs apart from 1d hic nephnitis 1 loid diabetic

phropathy renal vemn t} t and rarely 1n association with
secondary syphibis

The unne volume s low except during natural or induced remissions
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and 1ts sodium and chioride content 1s very low Urea clearance vanes
from patient to patient often remaining nornmal for many months but
m other patients showing a rapid falling off with a mountmg blood
urea 1 children urea clearances greater than the normal average
have sometimes been reported but thus 1s unusual 1n adults A heavy
albuyminuna 1s found 5-20 g /litre amounts 1n excess of what rs usually
observed 1n acute nephntis Casts may contain doubly refracting lipoid
matersal M pic b 12 15 and vistble b
15 practically unknown The specific gravity remains normal untl the
onset of renal falure the massive albuminuria no doubt offsetting the
low electrolyte content of the urine

The oedema 15 generalized mvolving the serous cavities as well as
the face hmbs and subcutaneous tissues generally In the absence of
bypertension there 1s surprisingly httle dyspnoca to suggest pulmo-
nary collection of flud Masstve protemn loss 1n the urne leads to low
plasma protein levels and this must contribute to the oedema, but
salt and water retention by the kidneys 1s also nmecessary This may
ndeed represent a response to leakage of saline flnd from the blood
stream or 1t may be conditioned more directly by the kidney leston
A considerable water and salt diuresis with recesston of oedema can
occur without change m the plasma protem level so that hypo-
protenaemia does not m xtself furmsh a complete explanation of the
fluid retention Equally the oedema cannot be due to a ptire water
and salt retention with dilution of plasma protem for the hypo
proteinaemia 1s too great to be a dilution effect and there 15 no evidence
of dilution of red cells Hypoprotemaenua 15 certamly an smportant
cause of transit of flurd from the blood stream to trssue spaces and the
renal retention of salt and water 1s 1n some degree secondary to this
but does at times show vanations quite independent of plasma prote
levels A further difficulty 15 that the serum sodium level may be
moderately reduced mn this syndrome as 1n other states of chronic
oedema where more emphasis 1s currently placed on sodium than ot
water The complex pathogeness of the oedema can be further 1:1‘1\3
trated by reference to the mfuston of salt poor human albumn W) e
can duce temporary improvement n the plasma proteit Ieve‘)i 501 -
patients show very Little response to thrs but n others a sodium diure: "
1s nduced and these have a more sustaned loss of flud Moreover i
thys baffing synd; asp can effect within 3 wee!
a recession of oedema which has evaded a succession of sah—dep\etmns
expedients deployed over the course of months Apart from g‘:’;“‘;u
improvement the advance of renal falure with POD’“H?I azmsh
mished protemura from loss of nephrons can less happily

the oedema of
The pathogenesis of the oedema does not exhaust the uncertamntres
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this syndrome Protemnunia has been attributed both fo abnormal
glomerular permeability and to failure of protemn reabsorption by the
tubules The observations of Chinard et al (1954) and of Hardwicke
and Squure (1955) comparnng creatimme and protein excretion ndicate
an abnormal glomerular permeability to albumin and other protemn
fractions but they do not exclude alteration in tubular protemn re
absorption as an additional factor The remissions which can be mduced
by cortisone or corticotrophin 1n a high proportion of patients with the
nephrotic syndrome are of great therapeutic mnterest but they also
raise further problems of path 5 the effect 1s hmited
to a salt and water diurests which may not appear until a short course
of treatment has ended at other hmes protemnuna 1s sensibly
dimmushed while 1n yet other patients prolonged and complete re
misston of proteinuna may follow treatment These vaniable responses
could be based on mhuibition of aldosterone production on a direct
actton on glomerular permeability or on suppression of a general
allergic reaction Striking water and salt dwreses have been observed
with predmsolone (Arnell 1956) which 1s not considered to have any
direct action on sodm and p Ad hed filtra
tion of albumin ndicated by a fall m albumn mulim clearance ratho
has been described by Lauson et ol (1954} Finally a depression mn the
«, globulin fraction of plasma protein has been observed by Smart
(personal communication) 1n patients whose plasma albumin was Iising
during effective corticotrophin therapy
The lipaemma has been explamned only teleologically as an osmotic
p pop. its 1s unknown The
nephrotic crises have been ascribed to fall in plasma amino acids and
treated by amino acid mfusions (Emerson and Van Slyke 1942) but
usually the chimical picture 15 one of wnfection with leucocytosis and
the response to pemcillin 1s excellent so that they are hardly now to be
reckoned with as a cause of death After this catalogue of unsolved
problems 1t may seem rash to discuss the management of massive
renal oedema  but we have at our disposal many methods of reducing
oedema and all too often the disease runs a course 1 which patient
and doctor have to run the gamut of these snatching symptomatic
relief in default of any proved and certmin cure At the onset of type II
nephatts if there 1s no sign of rapid progression 1t 15 probably best to
confint mierference 10 resung the patient 1n bed and grving a diet low
m salt but high m protemn about 150 g of protein perdiem at thys stage
are not and 1t 1s perhaps wise
1 this protracted disorder to withhold special and disturbing treatments
until they are really necessary The protewn content of the diet should be
subject to revision on the basts of regular estimations of the blood
urea with elevation of this the protein content of the diet has to be
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teduced o around 50 g /day When the oedema obstinately increases in
spite of dietary treatment as 1t does all too often, the time has come to
consider more active treatment 1n which we attempt to ratse the collord
osmotic pressure of the plasma or to mduce a sizeable negative balance
of salt and water Salt poor human albumm has been extensively tried
n America, and has been known to relieve oedema significantly but
the amounts required for continued treatment would represent the
contribution of several blood donors each day which seems unjustified
in treatment which 1s no more than symptomatic A more attractive
treatment economtcally at least, of the same type 15 the use of high
molecular weight carbohydrates or polyviny! pyrollidones which act
as plasma expanders and also to some extent as osmotic diusetics
the solutions used should be dialysed to remove electrolytes and such
solutions can be obtaned commercially e g salt free Dextran Rett
culo endothehial damage has not been reported with these substances 2s
1t has with gum acacia Intravenous infusion of 500 ml of a 6% solution
of the polymer often produces a satisfactory diuresis and this can
repeated at three day infervals Treatments directed marnly at the sat
balance include exchange resns by mouth and mercurtal duretics
Cation exch resins 10 the p and cycle canbe
given 1n doses up to 100 g /day, but 1t 1s not easy for pattents to pet
severe for long periods as 15 often necessary with more than 50 g /t‘lﬂ)’f
this treatment 1s essentially a means of epsuning a really low ntake of
sodm such as 1s required to get below the very low unmary sodium
output 1n these patients A tmal of mercusnial dmuretics to raise the Uf:e
nary sodium and chlonde loss directly 1s worth making but the reSPg“m
1n terms of diuresis 1s often poor, m which case mercurials shoul s
d d Finally h 1 removal of flud by paracentesis )f;:h
by the msertion of modified Southey s tubes nto the legs m W ’
oedema flind has been encouraged to accumulate by postural dmm;lg“
may be more dramatically effective than any other measure (Pla
19522)

Chronic Renal Fallure (Uraenna) . o gt
This syndrome represents the end results of any oné ol

varety g’f progressive nephropatiues Termnal nepbn:shecf;:lféc
pyelonephntis chronic obstruction to uninary outilow an t bt
nant phase of essential hypertension are among the COH]““"“ Tadney
to these we can add polycystic kidney congemtal bypop astic i
renal tuberculosts radiation mephmtis renal lestons comPcmory
bactertal endocarditis and collagen diseases and the renta;: e;‘;mcom
failure which often supervenes on various syndromes cfn ceem:d ot
group to be discussed m a later section 'We shall be chut e oy
only with the metabolic upset 1n chrome renal fadure
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the picture may be domnated by the secondary hypertension which
commonly but by no means mnvarably accompanies progressive renal
disease

Examnation of the kidneys discloses a great loss of functionming
nephrons whose glomeruli are obliterated by hyalmization and their
tubules atrophued alongside may be observed hypertrophied tubules
and there 15 a general dstortion of renal architecture which has led
Olver (1950b) to question whether concepts applicable to the normal
kidney with a relatnely h popul of nephrons can
retamn their validity 1n relation to the individualized nephrons found m
renal fatlure At the present time this 15 something of a phantom
problem 1n that we have not the techmques to define the performance
of separate human nephrons and Platt (1952b) has shown that a useful
analysis can be made of function 1n the fatling kidney on the assump
tton that simple loss of nephrons represents the most important change
1n renal structure 1t 1s quite clear that the renal tubule 1n failure handles
the solute load presented to 1t differently from the tubule i normal
kidneys but Platt has suggested that the abnormality of the response
may be due not to inherent defects 1n the tubules themselves but to
the abnormal condstions 1mposed by the need for a small number of
surviving nephrons to support the whole excretory load The detailed
evidence for this mterpretation of some of the phenomena of renal
failure 1n terms of osmotic diuresis may be found 1n the ongnal paper

The urine flow 1s high in chrome renal fallure except 1n the last few
days of life when there may be ohiguna or even anuna The normal
duwrnal thythm of unne flow 1s lost and the consequent noctuna 1s a
troublesome symptom whose presence may be chinically suggestive of
renal fallure There 1s a2 diminshed ability to respond by changes 1n the
spectfic gravity of the urime to water loading or restriction and a
state of isosthenurna may be reached 1 which the specific gravity of the
urine 1s fixed around 1010 corresponding to a protemn free filtrate of
plasma i this respect alth derable di of glomeru
lar filtrate persists to the end notably a reabsorption of salt and water
and some of urea The p 1s not heavy 1n com
panson with the easher stages of nephnitis but the boiling test practic
ally always shows a trace of albumuin the lowered concentration of
urinary protein n the terminal stages can be related to the polyuria
and to there bewg, 3 smaller number of nephirons as sources of pratew
The urea clearance 1s depressed and the blood urea concommtantly
raised Inulin and diodone or PAH clearances must obviously be
mterpreted with great reserve but they are all depressed and renal
vem blood may contamn PAH 1 amounts greater than 10% of the
systemic concentration Earle Taggart and Shannon (1944) found
an 1crease tn the ratio of diodone clearance to diodone T, which
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could be interpreted as mdicating hyperaemia of surviving renal tissue
m chrome nephntis Raaschou (1948) 1n patients with chronic
pyelonephntis found a low Cof T Tatto suggesting relative 1schaemia
of renal tissue 1 this disease Smuth (1951) suggests that the dis
crepancy may be related to the constraint on renal blood flow imposed
1 pyelonephntis by a degree of capsular scarring and constriction
greater than 1s found 1n ordinary nephntis

In spite of a persistently and considerably raised Blood urea these
patients may be able to lead a surprisingly normal Iife especrally in the
absence of hypertenston Given a fixed clearance the nise in blood urez
level will increase the amount of urea ehmtmated each day and if this
then falls withmn the range of urea production an equiltbrium state may
be mamtared m which the blood urea 15 ndeed raised but further
retention of urea 15 kept m abeyance Sodmm balance may also be
maintained 1n spite of a great dimnution in the filtered load of sodum
through loss of glomeruli this can be done only if each surviving
tubule rejects a constderably greater than normal proportion of the
sodium presented to 1t and comparison of sodwm and mulin o
creatnme clearances shows that this 1s 1n fact what happens Normally
about 1% of filtered sodrum 15 excreted whereas 1 renal failure thus
may ncrease to 5% or more A few patients usually sufferng from
chromic pyelonephritis have been observed to excrete so much salt
as to become dehydrated these patients with salt losmg nephntis
may stmulate Addison s disease superficially but they do not respond
to DCA nor do they show the signs of glucocorticord deficiency 8
number have however, been pigmented For the most part however
patients 1n renal fadure look after their sodium balance very well
unless they have extrarenal dehydration from vomiting or dmnh:eﬂ
Although mdividual patients 1 renal farlure have been observe ‘g
have symp ted with hyperkal and mn other cases ¥t
hypokalacmia the plasma potassium level does not usually dewa;:
far enough from the normal to be responsible for any sympwmsl v
advanced renal fatlure the amount of potasstum filtered falls well bel (;r
the dietary mtake and retention of potasstum within the body cm;m
prevented only by secretion of potasstum by the renal tubules ai o
companson of potasstum clearance with Jp0hn cheatanie CoRGITY "
preponderant tubular secretton of potassum which 18 l;eceSS;lsr};‘ o
explam the observed facts of potassmm balance Water bal anoed N
well d although an d 1ntake of water 15 nee: ehum
sustain the polyuna patients have been observed however \f\’m“
the need for water goes beyond this 1 that they are in a state © o
tinuous water diuresss Their state resembles diabetes mnsipidus

but they do not respond to

a urmnary specific gravity of 1001 or 1002 but they s (Oleesky
injections of ADH These cases of water losing nephritis
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and Roussak 1954) and lhose of salt losing nephritis are however
rare and the of the amount and osmotic
tonicity of body fluid 15 usvally well mamtained until the final stage of
rapid detertoration of all renal functions 1s reached

There are however mmportant changes 1 the composition of body
fluid apart from the strking urea re(enuon Utrea itself 1s not a particu
larly toxic sut as 1§ d by the tol of animals to
Jarge doses of urea and perhaps most clearly by the elasmobranch
fishes which defend their body flud against the osmotrc attraction of
sea water by mamtaming a blood urea of 2000 mg /100 ml Neverthe
less when a patient comatose 1n uracma has his blood dialysed n the
artificral kidney he regams that sut
more toxic than urea have been removed as well as the urea which
affords a measure of the extent of effective dialysis It must be confessed
however that search for a single toxic substance or group of substances
which could account for uraermic coma has not been successful and that
older theories based on phenols guanidine and other retained substances
have not been confirmed We have seen that the balance of the main
structural elements of body fluid sodium potassiem and water 1s not
often greatly disturbed but alteration mn plasma pH and 1n calcium and
phosphate can account for some of the symptoms of uraema while
others are due to the associated hypertension inflicting cerebral damage
I can only express the personal opimon that 1n uraemic coma some
significant factor has so far escaped detection and analysis of the
dialysate from uraemic patients who recover consciousness may ulti
mately yield a tedionsly won reward In the meantime we must mention
the electrolyte abnormalities which are known to play some part in
the pathogenesis of the uraemic state

The renal defence agamst acidosis 1s considerably impaired 1n chronte
renal farlure Not only does loss of glomeruli interfere with the elimina
tion of fixed 10ns such as phosphate and sulphate but the base sparing
effected by unine acidification and the formation of ammoma 1s greatly
diminished  Under normal conditions of metabolism the kidney 1s
required to excrete about S0 m equiv /day each of phosphate sulphate
and orgamic acid In renal farlure the amount of each of these sub
stances 1n the plasma 1s increased and the plasma bicarbonate 1s
reduced being kept so by increased elimmnation of carbon dioxsde by
the fungs The increase 1n plasma phosphate 1s perhaps of spectal
importance 1n that 1t 1s associated with a low level of plasma calcium

the underlying bemng d of calcium
absorption by the raised hate content of al Yy
which promotes the form:monof 1 luble calcrum phosph

mn the bowel Other factors of importance 1 renal rickets are para
thyrord hyperplas;a which causes osteitis fibrosa and acquired

e
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vitamin D resistance which contributes to the low plasma caloum
levels and the osteomalacia These matters are more fully discussed
i the chapter on metabolic bone disease here we need only say that
m chrontc renal fadure varymng degrees of ostcomalacia ostertis
fibrosa and even osteosclerosts are not uncommon and may be the
cause of bone pams and deformity (Stanbury 1957)

It will have been apparent even from this summary account that
adaptive processes may mitigate the progress of renal fature and 1
our present ignorance 1t 1s possible to do more harm than good by
meddlesome attempts at treatment As an example of this admimistra
tion of alkalis such as sodium lactate may relieve dyspnoea but it
may on the other hand induce tetany by depressing the fraction of
plasma calcium which 1s 1onized and a high sodum 1ntake 15 m any
case nsky in patients who are often threatened with hypertensne
cardrac failure Elaborate dietary measures are not indicated m a discase
whose end 1s certam and 1 which mere prolongation of Life may bea
disservice to the patient and lus relatives but a low protem diet will
extend the relatively symptomless phase of the discase not only by
dimimishing urea production but also by lowenng the effective mtake
of fixed acid The salt and flud intake should be liberal except when
hypertensive heart failure domnates the chimcal picture 10 the rare
salt losing nephritis extra salt should be given There 15 no evidence 10
Justify interference with the patient s habuts of smoking and dnnking s0
Iong as they are supported by hus inclinations

Acute Renal Failure (Acute Anurra, Renal Tubular Necrosis)

In acute renal failure, the production of urme either ceases .ﬂtogﬂh;r
or more commonly falls to a few ounces per day an amount grossy
nadequate alike for excretion and homoeostasts The syndrome m“){
be produced by many drffering morbid processes ncluding sn!lg\c»
and obstetrical shock calculous obstruction intravascular haemolysis
severe sodium depletion bacteral toxaemia poisoning with msm‘?e
catbon tetrachloride oxalate and many mher‘ fubstan(:»‘cs k]g;“
nephritis or pyelonephritis and myel and sulp mayu
1n which tubular blockage may play some part A very small propo
of cases of acute renal falure are cansed by prumary renal of um;ry
tract disease For the most part the kidney 1s damaged by Pn"‘:“‘;}l'
extrarenal disease our und ding of the pat and x:ad o
Tustory of this type of renal damage has been greatly augﬂgﬂ xi]m.i
the recent studres of Bull ez al (1950) and Oliver ef a} (1951) dX& o
tion of the kidneys by ordmary tissue sections had indrcate: el
portance of damage to the renal tubules and had shown ?; e
Tupture of tubules 1nto veins but had largely failed to define e‘dmec
and situation of the tubular Jesions Oliver s technique of micte
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tion of the nephrons 1n continmty has exposed one cause of the very
considerable confusion which prevailed 1 that his team were able 1n
a large series of kidneys to demonstrate two quite distinct tubulat
lestons each of them capable of producing anuma Kidneys from
patients with renal imjury from specific powsons such as mercunc
chloride and sulphonamides showed manly a necrosis of the parenchy

mal cells of the proximal tubules the surrounding basement membrane
retaining 1ts contimuty On the other hand kidneys from patients with
shock or mtravascular haemolysis showed a graver tubular mvolve

ment 1n that any segment of the tubule might be damaged and the
damage was more lete withd ofthet it

and consequent rupture of the tubule mnto surrounding tissue and even
vems this leston 1s descnibed as tubulorhexss The separation of the
two groups was not absolute m that severe toxic damage to the kidney
mught be comphicated by tubulorhexss but the 1schaemuc kidneys did
not show the rather generalized proximal necrosis with intact basement
membrane which was charactenistic of the toxic group A further
important contnbution by Oliver er a/ (1951) was the expenmental
production of tubulorhexis by renal 1schaemia which consohdated the
nference from the climical material that ischaemia was responsible for
this type of leston In neither type of renal damage was there any
extensive blocking of tubules as dissected tn contmumty but matenal
from the myeloma kidney was not included in the senes The functional
studies of Bull Joekes and Lowe (1950) not only confirm the presence
of gross renal ischaemia in acute anunia but also extend our information
to those patients who ultimately recover and define the stages of re

covery There was gross imparrment 1n renal blood flow and glomerular
filtration rate and in the extraction of p ammohsppurate from the
blood which did perfuse the injured kidneys From a functional
standpoint therenal performance could be dividednto a phase of onset

an anuric or oligunic phase and early and late duretic phases Evidence
of faulty tubutar function was outstanding m the anunc and early
dwretic phases but 1n the late duwretic phase there were signs of
recovering tubular function In the early diretic phase large amounts
of electrolytes were lost m the unne and depletron of sodizm and
potassium has been observed Glycosuria 1s unusual 1n renal tubular
necross although Bull found low values for TG this was at a time
when the GFR was notably reduced so that the reabsorption of
glucose 1n surviving nephrons might still be normal s 1s suggested by
the histological appearance of the relevant segment of proximal tubule

These two studies have had an important influence on the management
of anuna swce they show that recovery can come only from improve

ment 1n tubular function which cannot be achieved either by loading
the body with flurd or by giving diuretics The towc necross of proumal
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tubules 15 susceptible of complete repair the tubules actually ruptured
s aschaeme Ridneys are unhikely to be repared but this type of
damage 1s patchy and enough nephrons escape damage to mamtam
adequate renal function once the acute reaction to necrosis of the
damaged tubules has settled down There are however a munonty
of patients in whom the 1schaemic damage produces a massive rathet
than a patchy cortical necrosis, and this type of leston 15 almost certatly
irecoverable  but the existence of this grovp of patents cannot
fluence management as they are detected only after death although
farlure of recovery of urine flow within two weeks especially after
obstetric haemorrhage, can rase the suspicion of massive cortical
necrosis Treatment s 1n fact based on the hypothesss that the renal
lesion 1s usually capable of complete or partial recovery and the
emphasis has stufted from attempts to force a diuresis to a conservative
regime designed to mamtan Jfe untd the kidneys recover

In the anune phase the body has no means of elmimating an excess
of water electrolvtes or urea apart from the considerabie loss of water
by skin and lungs and the small electrolyte foss i sweat and faeces
There 15 a steady ncrease n blood urea, about 30 mg /100 m! daily i
uncomplicated cases on a high~calorie low protemn diet but the blood
urea often chmbs much more steeply through an mcreased mate of
protetn breakdown When no precautions are faken flud quickly
collects 1n the body, and obvions oedema appears on a conservative
regime water setention exceeds that of salt and the plasma sodm
level 15 commonly reduced to about 120 m equv /L. Hamburger and
Mathe (1953) have pomted out that breakdown of body fat makes
available large amounts of water so that an allowance of  litee per 63y
of water by mouth 15 probably too Ingh they have shown shrinkage 2
the extracelfular flwd with foss of water mto the cells predisposdd
to water Another exp 10n of the low plasma sodim
mav be transfer of sodim mto the cells as the mechansm which
normally mamtams a low concentration of wtracellular sodwm b
comes umpaired There 1s nsually an increase yn the plasma potassiw™
1n pateents with anuna even on a diet free from potassium the sourD;
of extracellular potassium bemg the bf\;eaé\d(:vn of tissue pro(emlmi1
canseauent discharge of 1ptracellul, 1 derable r
acidosis 15 also present with hyperpnoea and a Jowered plasmi@
bicarbonate Plasma morganic phosphate 1s mereased, and calcum

5]

dlgg:s::\imvc management of patients with anuna 1s based on a 'dxc‘
adequate 1n calones restricted 1n water content Iand free from pro’ cl,ﬂ
an lytes The p 1 problems 1nvolved have been
tackled by Bull ef af (1949} who use2 flwd diet grven by plastic sltonz
ach tube as a slow dup, contamng each day,, of arachis oif an
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400 g of glucose made up to a htre with distilled water and emulsified
with gum acacta Vomutus s straned and covertly added to the dret
The widespread use of this regime has undoubtedly averted deaths
from heart faslure and pulmonary oedema the commonest causes of
trouble tn the first week of anurra It 1s possible that even this restncted
amount of fluid 15 too great and we should be content with a lower
calorie ntake tn 500 ml of water Another important factor in the later
mortality from anuria 1s ncrease 1n plasma potassium to toxic levels
predisposing to cardiac farlure or sudden cardiac arrest The conserva
trve Tegime alone does not control the plasma potassium level ade
quately especially when protein breakdown 1s increased As an emer
gency measure nsulm and glucose will lower the plasma potassium
but a long term effect can be obtained by a cation exchange resin m the
sodum cycle given by mouth or enema 1n amounts up to 100 g daily
‘When vomiting or 1ntolerance prevent oral feeding Bull (1952) recom
mends the infusion of 20-50% glucose solution by plastic catheter
passed through an arm vein mto the superior vena cava by which
means a calone ntake of over 1000/day can be maintamed and some
control of plasma potassium exerted Anaemia should be corrected
when present and infection controlled by antibiotics The low plasma
sodium level and acidosis seem to challenge treatment but large salne
nfusions are clearly undesirable because of the nisk of heart failure
Hamburger and Mathe advocate giving sodinm 1n order to withdraw
water from the cells 1 have used molar sodium lactate 1n amounts of
80-200 ml and correction of the biochemical abnormality can cer
tamly be attamed i this way but chmeal improvement 1s difficult to

Judge m this where can occur When
duuresss first becomes established h it of water and
ytes 15 still very fect and dehyd, may appear unless

the restrictions on fluid and electrolyte intake are relaxed The change
1n management should however be cautious 1n that there 1s usually
an excess of water and electrolyte wathin the body when diuress begins
In spite of derable ad m § ledge and p
methods a patient with anuna still a problem d
close attentton to detail even under conservative management when
diurests 1s delayed dralysis may have to be considered but this de
mands close biochemical control 1f an artificial kidney 1s not available
the best method 1s intermttent pentoneal dualysis described 1n detail
by Grollman (1954) The conservative régime 1s indicated 1 almost all
patients wath anuria the exceptions beng patients with urinary obstrue-
tron requinng urologrcal treatment and those in whom the renal lesion
15 based on severe sodium depletion To cause anuna sodium deple-
tion must be really severe and there will be a history of loss of
saline fluid and very obvious clinical dehydration in contrast to the
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rather overhydrated tissues seen i other types of anuria these patients

must of course be treated by vigorous sodum replacement Splanch.:

or spinal block and renal decapsulation, have not been shown to

mfluence the renal lesion and should not be practised on present
P

gt A welld d account of acute renal falure based
on very extensive clinical expertence, 1s available by Mernil 1955}

Renal Tubular Syndromes

In ths section we consider a group of renal disorders 1n which the
main abnormality lies 1n the tubules the various anomalies of function
bemng to begin with at least highly specific though there s a tendency
later for glomerular filtration to be serously impured and the end
result 1s commoniy renal fulure These syndromes are of considerable
interest and smportance to the general physician and surgeon because
of their mode of have been ded 1n which
patients with these disorders have been treated for diabetes, nickets o
hepatic disease for some time before the renal abnormabty way de
tected Many of the syndromes are familial in incidence and incomplete
syndromes 1n siblings of patients with the full syndrome are not un
common Many of the syndromes were first found 1n childhood
although adult analogues are now beng encountered In most eases
the cause of the syndrome 1s unknown and also the localization and
nature of the tubular defect a partial exception 15 the classical Fancon
sypdrome 1n which there 1s an absence of phosphatase in the pro\xm):(\l
tubule (Stowers and Dent, 1947) and also a pecufrar swan ne;'
narrowing of the stretch of proximal tubule nearest the glomemn;
(Clay Darmady and Hawkins, 1953) Our ignorance of aetiology an

h and the derable vaniation 1n expression of these syn
dromes makes their classification a somewhat arbitrary affar (Jackson
and Linder 1953) For our present purpose 1t wiil be enough to met
tron the mam defects which have been observed 1n tubular funct:n;nr
with 2 bnef statement on chinieal aspects An excellent review of tubul ;C
syndromes causing bone disease with particular emphasts on tt&c génms
aspects of these syndromes 15 now available by Dent and Ha

6
(lgRsu)m] Ammo Aaduna Ths 1s found 1n the Fancont syndromcﬂ:ﬁ
hepato lenticular degeneration (Wilson s disease) and 'déziadm’
cystinuna It has to be distinguished from the ammo aciduria sc[ i
1o an accumulation of amno acids within the body such asis el
primary hepatic failure and mn cystmosis a normal or low plas’
of amno actids 15 the essential mark of a renal anu;xla amdu,;)aamtd by

In the Fancom syndrome amino aciduna s usu;:c );;;C!;!; " Cpnudos”

sl‘lrl:o‘s ucia and p ,h ?-Sp hatura ‘:md [.l?.e..reor?atiea ]i:;me with or withouvt

P
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adequate ammoma formation and varying degrees of albuminunia
ssosthenuria and chromc renal faillure Clmcally the most constant
symptom 1s bone pain caused by osteomalacia resistant to vitamm D
and often producing pseudo fractures (Looser s nodes) The conjunc
tion of glycosuria and ketonuria (due to a resorptive defect i respect
of keto actds) may create confusion with diabetes (Milne Stanbury and
Thomson 1952) Hepatic cirrhosis and renal excretory failure are
common 1n long standing cases Bone pam usually responds to high
doses of caleitm and vitamin D and an alkalimzing muxture  benefit
has also been claimed from methy! testosterone (Anderson Muller and
Kenny 1952)

Most of the manifestations of the Fancom syndrome can be inter
preted 1 terms of a primary renal disorder but 1n bepato lenticular
degeneration the abnormal excretion of ammo acids does not account
for the hepatic cirrhosis and neurological mamfestations and there 1s
some evidence that an abnormality of copper metabohsm may underlie
the whole syndrome (Denny Brown and Porter 1951) Although both
have a familial 1incad the Fancom synd and Wilson s disease
are clearly separated by the skeletal lesions of the one and the abnor
malities of the basal gangla 1n the other {(Matthews Muine and Bell
1952) Moreover the amino aciduna of Wilson s disease 15 assoctated
with a high excretton of copper and glycosuria and phosphatunia are
not present Some cases of Wilson s disease have improved chnically
when copper was mobilized from the tissues by BAL or pemcillamine
In 1diopathic cystinunia the ammo aciduria 1s less geperal than in the
other renal syndromes but 1t 1s not Limited to cystine stself there being
also an increased excretion of lysme and arginine  apart from a Liability
to the formation of cystine calculi patients with this syndrome enjoy
good health (Dent and Rose 1951)

Renal Tubular Acidosis Leaving aside the defect in urine acidification
associated with general renal farlure a speaific defect of unne acidifica
tion has been observed both 1n mfants and 1n adults leading to a hyper
chloraemic acrdosis with an of base Tud;
calcium which may then be deposited i the distal tubules to produce
one type of nephrocalcinosis (Greenspan 1949) Conversely prolonged
elevation of the plasma calcrum in hyperparathyroidism Paget s disease
with bl vitamin D or even a prolonged
high intake of mlk and alkahs can lead ta degostion of calowem v the
kidneys and consequent defective acidification of the urine The hyper
chloraemic acidosts which may follow uretero sigmoidostomy 1s largely
related to chlonde absorption from the bowel but there 1s often an

d pyel } with defe unine There 13
some doubt as to the mechanism of the 1diopathuc renal tubular act
dosis The essential feature of the syndrome 1s a unine which 1s more

METAB D=3
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alkaline and contamns less ammoma than would be approprate to the
degree of systemic actdosis present at the time  this abnormality can be
clearly displayed by collecting urine after a 3 g dose of ammonium
chlorrde Normally the urine pH falls to 5 or less and the ammong
excretion nises  both these responses are mmpared 1n renal tubular
acidosis and the urine may even remain alkalne Latner and Bumnard
(1950) have suggested that there 1s a failure of brcarbonate absorption
and an increase of chlonde absorption 1 the prouumal tubule Therr
evidence for this rests to some extent on their observation that the
partal pressure of carbon dioxide 1n the urtme was conststently higher
than the pCO, of plasma an observation which they interpret as mean
1ng an intact acidification mechanism 1n the distal tubule Kennedyetal
(1952) have since shown that high urme pCQO, 1s produced by mixng
of urine of differng bicarbonate and buffer content from different
nephrons so that the locahization of impaired function 1s still uncertam
There 15 no doubt however as to the finding of an ncreased bicatbon
ate and dmumshed chlorde excretion, and the verse changes in the
plasma concentration of bicarbonate and chloride

The chmical picture of renal tubular acidosis 1s, 1 mfants predomin
antly one of acidosis with hyperpnoea and polyura leading to de
hydration later bone defects may appear and calufication of the
kidneys be d rated radiol Ily The jiate treatment 15
by admmustration of sodwm bicarbonate m amounts sufficient ]to
control the acidosis 1a those cases which appear in mfancy usa ly
about the age of six months the tendency to actdosts may disappear
after one to two years treatment, but recovery 1s not necessarly C‘”‘:
plete as nephrocalcinosts may later become radiologically aPP“me
In adult patients actdosts and dehydration are less prominent an o
condition usually presents as bone pamn or may reman chinrcally 59 -
until comphicated by renal excretory falure In treatment 1t 1s 1m§a
tant to decide whether the renal acidosis 1s pnmary with secor; rg
nephrocalcinosis or whether the primary change 1s one of disor 8m‘
calctum metabolism with secondary renal damage With Pﬂm“{’ﬁz "
disease the plasma calerum 1s m or below the normal range lwm‘n .
hyperparathyroidism or calciferol mtoxication the plasmalc:l C:’ i
usually raised The acidosis can be controlled by Shohl s s o
citrate—eitnc acid muxture, but when a raised plasma calmumlicslfgml
sent, hyperparathyrordism Paget s disease sarcordosts antgacalcl\lm
overdosage must be sought for and if possible corrected Acut o oo
toxtaity may require de 1onization of caferum by mfuston o such a5
citrate or one of the newer calcium complexing substances
Versene

Renal Glycosunta This has already b
the Fancomi syndrome but 1t 1s more commomn

ng m
een mentioned as occurrl
Iy met with apart from
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ammo aciduna as a condition of no great chinical import 1n stself but
requiring differentiation from diabetes mellitus and from other meta

bolic causes of excessive excretion of reducing substances such as
peatosuria The essential feature of renal glycosuria is the presence of
glucose m the unine 1n substantial amounts at levels of plasma glucose
well below the mean renat threshold of 180 mg /100 ml The mechan

1sm of renal glycosuna has been reviewed by Govaerts (1952) In some
patients the maximal reabsorptve capacity for glucose (T,,G) 1s un

usually low but 1n other patients the T,G at hugh plasma levels of
glucose may be within the normat range Tius Iatter condition may be
due to excessive filtration 1n a proportion of nephrons whose private
T,.G 1s then saturated at quite low plasma levels or by passive diffuston
of glucose into the distal nephron (Robertson and Gray 1953) An
1solated renal glycosuna may persist for many years without the
appearance exther of other renal dysfunction or of diabetes mellitus

In diabetes mellitus atself the TG 1s often increased giving a hugh
threshold  but m some patients the threshold of appearance of
glucose may be lower than normal a combmation of renal and meta

bolic drabetes

Functional Renal Failure (Extrarenal Uraemia)

We have already noted that the kidney can be seriously damaged by
disease oniginating m other organs for example acute renal failure wath
tubular necrosis nephrocaleinosis and renal fallure in mahgnant hyper
tension In this section we are concerned with those changes in renal
performance which are produced by extrarenal disease without the
kidney 1tself sustaining any clear cut structural damage erther tempor
ary or progressive The common factor in all these states 1s probably a
reduction m blood supply to the kidney sufficient to affect its function
but not to cause necrosis of its substance but i addition to this the
behaviour of the tubules 1n respect of salt and water may be modtfied
by changes in their hormonal control as 1s most clearly seen 1 Add:
son s disease but may also be concerned 1n the production of cardiac
oedema We shall not however discuss here the part played by the
kidney 1n the production of generalized oedema whuch has been noticed
m the chapter on water and electrolytes nor the changes in renal func
tion 1n Addison s disease Leaving aside these mstances of homoeo
statec renal dysfunction from extrarenal causes we are left wath renal
excretory fallure which has now been described 1n many different non
renal diseases

The amount of urea 1n the body represents a balance between pro-
duction of urea 1n protein breakdown and elmunation of urea by the
kidney Eltmination of urea by the skin and bowel does indeed reduce
be amount of urea in the body but 1t cannot by itself lower the con
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centration of urea i body fluids as these channels of excretion do ot
produce a concentrated solution of urea such as urine, this explains the
dangerously large amounts of flurd which have to be used 1n any type of
dralysis designed to lower the blood urea Most types of extrarensl
uraemia owe something to mcreased protein breakdown as well asto
imparred renal function and are to that extent truly evtrarenal, but
the merease 1n blood urea which can be produced by protem break
down, or even by urea ngestion 1s modest and 1mpairment of renal
functron has usually been d rated 1n these of [
uraemia where 1t has been sought The balance between excessive pro-
ductton of urea and ympaired renal excretion 1s no doubt vanable and
1ts determimation 1 d once the of both com
ponents has been recogmzed

Extrarenal uraemra of varying degree has been observed m severe
dehydration after massive haemorrhage, and also m acute fever and m
cardiac and hepatic fallure We need not recaprtulate here the clincal
causes of severe dehydration Massive baemorrhage 15 more likely to
cause a sigmificant uraema when the blood 1s retained for a time withi
the body, as 1 bleeding from peptic ulceration In acute fevers andim
cardiac failure the rise m blood urea 15 moderate When the blood
volume 1s reduced esther by direct blood loss or by loss of plasm2
volume 1 sodium depletion the blood flow through the kidneys 3
dimunushed The same thug happens when cardiac output 18 reduced,
even 1n the presence of a normal blood volume and m hypovolaemic
states generally the repal crrculatron 1s reduced to an even greater extent
than the cardiac output This 1s a reasonable adaptation to acute fall
blood volume or cardiac output as normally the kidney gets abont 2
quarter of the cardiac output which 1s necessary for proper ufne for
matton but greatly 1n excess of the kadney s metabolic requirement, 18
states of emergency, unine formation 1s properly sacnificed to the main
tenance of an adequate carotid blood flow Short periods of schacmi®
seem to produce Little structural damage to the kidney but they have 10
be paid for 1n a uraemua which 1s often symptomless longer periods d°
sschaemra produce organic changes m the kidney as we have alreacy
discussed The practical corollary to this i the management of haemor
rhage and shock 15 obvions

ffmmugh a renal functional impairment which falls short of acute
tubular necrosis 1s usually of hittle direct importance in compansos W‘as
the pnimary disease underlymng it its detectron may still be of valuvtc
an wdication that blood or flurd replacement has ot been adeqlli‘b
The rased blood urea of functional renal failure can uspally be
distingwished from chromc renal disease by the detectron of 2 tect;f
nuzed cause of extrarenal uraemsa and by the ofiguna which a‘:"me
pames 1t In chrome renal failure polyuna 1s charactersstic an
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only type of functional renal fatlure likely to be confused with chrome
renal failure 1s alkalosis from alkal: ingestion m which the urine
volume may remain fairly high an alkalt reserve estimation will make
the distinction clear, if there 1s any doubt chnmwcally eg because of
ability to give a proper tustory The distinction between extrarenal
uraema and acute renal fatlure with tubular necrosis may be difficult
This 15 to be expected as the two states probably both represent a
response to renal 1schaemia and differ only 1n the degree or duration
of the renal 1nsult so we cannot expect much help fmm knowing lhe
of onset Evid of h 1a
haemolysis and very severe oliguna or anuria make n likely that the
ldney 15 structurally damaged The distinction 1s not acadermie for
on 1t may depend the decision whether to restrict fluds or to give
fluids freely by way of sodium replacement When there 1s doubt 1t 1s
probably safest to restnict flunds until clear evidence of oligaema can
be obtamed from the haematocrt or plasma sodmm estimation
Extrarenal uraemia 1 atself needs no specific treatment but demands
correction of the state of hypovolaemia or dehydration which has
induced 1t
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CHAPTER 4
THE METABOLIC DISTURBANCES FOLLOWING INJURY
G M Wison F D MooRE AND R P JEPsON

THE infliction of an myury of any type immediately sets m motton a train
of events assoctated with the maintenance of the stability of the organ
1sm during the period of stress the repair of the damaged tissues and the
eventual restoration of the body to normal composttion and activty
The mvestigation of these complex processes 15 far from complefe and
their 1aterpretation 1s difficult and at present fargely tentatne It 15
however, becoming clear that the bolic response 1s influenced
chiefly by the nature and seventy of the mflicted injury and by the
condition of the pauent (Cuthbertson 1942 1945 1954 Howard
1945 Moore and Ball 1952) The features are most eastly studied
a young adult who recerves a surgical operation for a condition which
has not imparred hus nutritional state or general health The importance
of understanding ths physiologtcal response to a major wound of soft
tissues needs no elaboration 1t forms 2 guide to general medical and
surgical care and a basts for the definition and study of the abnormaf
An account of the metabolic changes commonly observed m a healthy
adult after exposure to trauma s accordingly provided 1n some detail
Thereafter modifications of this response will be described and the
mechamsm of the changes and therapeutic considerations will be
discussed
The Approach to the Study of Metabolism after Traumz
A knowledge of the body composttzon both of healthy adults and of

patients with diseases that interfere with nutrition 1s the first require
thus back

ment 1n the study of the metabolic disturbances for 1t 1s on e
ground that the later changes will be supexszOfed qunhen?orc g
ongmal d of the patient his q!

response to an mjury

The body compositton of Jiving human subjects has been II;SO-;!
frustfully studied by 1sotope dilution techmgques (Moore, 1946 o
Corsa Olney, Steenburg, Balland Moore 1950, Schloerb Frus Ha‘n;s1
Edelman Soloman and Moore 1950 Forbes agd upefri:inoorc
Edelman, Haley Schloerb Sheldon Frus Hansenu r:eoy ;;’ et and

1952a, Mller and Wilson 1953 Moore McM
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Magnus 1956) though various other methods have from time to time
been attempted (McCance and Widdowson 1951 Keys and Brozek
1953) The principle of all these methods has been fully described by
Moore and hus assocrates {Edelman Olney James Brooks and Moore
1952b) A known amount of the 1sotope 1s added to the body and the
quantity excreted dunmg the establishment of equibtbriom of dis-
tnbution 1s measured The dilution of the 1sotope 1n the correspond
ng natural element in the body 1s measured and the total amount
of the elemenl with which the 1sotope has exchanged 1s calculated There
are many 1 to these The } and
of dilution eq mnan d system
may be a matter of some difficulty 1n proof and practice The total
exchangeable mass of the element 1s not necessanly the total amount
m the body For example sodim isotopes do not measure a large
fraction of the sodmm in bone (Davies kornberg and Wilson
19522 and b Fdelman James Baden and Moore 1954 Miller
Munro Renschler and Wilson 1954) In the case of measurements of
total body water with deuterium oxsde the deuterium exchanges rapidly
with the hydrogen of water but also to a slight extent 1s incorporated
n orgamic molecules during the two to three hours required for the
measurement in hezlthy subjects These and other problems have been
fully di d 1n the relevant publ cited above but in spite of
the difficulies there can be httle doubt that these estimates offer the
most reliable picture of body composition at present available Already
measurements have been made of the body composition of healthy
adults with respect to water sodmm potassium and chlonde Un
fortunately there 1s a wide range 1n normal values even when these are
expressed on a body weight basis This 1s largely due to the great
variations m fat content of the body In the male water represents
about 609 of the body weight and in the female usually just over
50% The lower proportion in the female 15 due to the relatvely greater
fat content As fat1s anhydrous and contains no salt the cation content
of the two sexes expressed on a body weight basis also shows charac
tenistic differences In one series of observations the mean exchangeable
sodm 1n the male was 421 m-equv (kg and in the female 396
m-equiv /kg (Mitler and Wilson 1953) and other series have shown a
simifar difference though the range 1 always wide (Forbes and Perley
1951) The exct 1s usually derably greater in
the male due not only to lhe lower fat content but also to the greater
muscular mass Average figures for exchangeable potassium are m the
male 46 8 m-equiv /hg andin the female 40 7 m-equiv fhg (Edelman
etal 1952b) but here again there 1s a considerable scatter 1n the normal
values In health there 1s a faurly constant relationship between the

amounts of exch sodium and p m the body The mean
METAB, DO.~—]
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exchangeable sodium
exchangeable potassrum
(Moore Edelman Olney James Brooks and Wilson 1954) Measure
ments of exchangeable chloride have usually been made with the motope
#2Br, which 1s for the most part distrabuted m the same way as chlonde
throughout the body In a recent mvestigation the total body chlonde
1s reported as approumately 32 m-equiv (Kg in healthy young adult
men and 26 m-equn /[Kg 1 women (Rexd, Forbes Bondurant and
Ethenidge, 1956) Some of the changes 1n body compositron caused by

disease bave also been mnvestigated and will be described later

The 1sotope dilution method 1s not only of value m ascertaming
the mitial body composition before surgery Interval determunations
may be made while the patient 1s 1n hospital and the changes revea'ed
m this manner usually are m good agreement with those shown by
metabolic balance techmgues (Wilson Olney Brooks Myrden Bal
and Moore, 1954b) Furthermore the observattons may be extended
far out mto convalescence after the patient’s dischasge from hospital
and the long term changes studied 1 this way

Certain additional mformation may be deduced from the measure
ments of total body water and exchangeable potassum When 1he
water content of the body 1s known the fat content may be calculated
on the assumption that fean tissue contams about 73% of water
{Rathbun and Pace, 1945)

%, water
[

ratio n males 15 091, and n females 162

% Fat = 100 ~

Clearly, the assumption regarding the extent of hydration of lean nss@f
1s not Justified 1n many pathological condimions particutarly m ‘h
presence of cardrac and renal disease On the other hand mﬁt :
majonty of cases these calculations though not precise offer a 1{;
approvmation of changes 1 body fat 1n the presence of dsease o
problems assoctated wath estrmattons of this nature have been Ku\)s,
reviewed (Moote Haley Benng Brooks and Edelman 1952 Ke
and BroZek 1953

The dlstnbutl()l)l of potassium 1n the body 15 extremely uneven 7&?’
the total only about 29 1s n the extracellular space and only O S;
1n the blood plasma The bulk of the potassium 1s 1n the chIuIa{ﬁ_ n::n
of the hody mostly 1n the muscles As will be described later, 2 d‘bfx W
tial loss of potassium may develop under certaln curenmstances e
general apart from periods of acute stress and certain dxseas;& cr mfss
1n total exchangeable potassium are related 1o Changes 1 cellwia!
0 e Dody (v repeated more oftet than

Isotope dilution studies cannot be sead .
once a I:veek, o that the immediate day to day changes after traum;
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are best followed by metabolic balance studies It s waportant to
emphasize the dy of the { changes scen after
trauma and closely sequential obscrvations are essential to reveat the
rapidly altenng prcture as each day passes The techmgue of these
studses 1 surgeal patients has been fully described elsewhere (Moore
and Ball 1952) Balances of matrogen potasstum and soduim have been
extensively ivestigated in & wide range of different conditions and wall
be deseribed 1n detart as 18 nOw avaslable for the
construction of an average mcture Some measutements of chlonde
batance have been made and will be mentroned briefly Less extensive
observations have been made of phosphores sulphur and caloum
metabolsm (Cuthberison 1942 Rewfenstein  Albright and Wells
1945 Ehel Pearson and White 1952)
1t 1s amp to the advantages that accrue from a
of the of body and of meta
bolic batance The latter affords only a funited picture of the biofopreal
changes m progress and 1s hable to a considerable cumulative error
On the other hand 1he body composition measurements reven! the
background on which these changes are imposed 1t 15 thus possible
1o elucidate the roles played by pravious disease and by trauma and to
show how ab 1 n body P alter the to

nyury

In aifl cases great umportance should be attached to the accurate
daily recording of body wezght as this yields informatien of the preatest
value 1 relation to the metabolic balance changes and the 1sotope
dilution measutements If body water and lean tissue remain constant
whule weight changes the alteration sn weight 15 clearly due to a change
1 the fat content of the body _the fat being anhydrous The assumption
of & lean tissue cocflictent of 36 for mitrogen (Moore and Ball 1952)
permuts caleulations of the changes m lean ussue i terms of the
nitrogen balance

Changes 1 the plasma concentration of sodwm potassum and
chionde frequently develop after trauma These are of great mnterest
and can be studied satisfactondy only if frequent often twice-duly
obsenvattons are made

In an effort to elucidate some of the atwork 1
the response to mpury stodies have been made of changes s the fitne
tion of certum endocning organs The adrenal cortetespecially has buen
studied and the mvestigations have been based mainly on costnophit
counts and on the urmnary exeretion of 17 ketosteroids  hetogeme
steronds and 17 hydrovy {Forbes d R
and Albright 1947 Reddy Jenkins and Thomn 1952 Norymbersht
Stubbs and West 1953) Attempls have been made to estimate the
plasma concentration of these hormones (velson Samuels Willardson

3
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and Tyler 1951) and this work 1s described later The part played by the
other endocrine organs has so far been less fully investigated but recent
studies have been directed espectally to the anterior and postertor Jobes
of the prtuitary and to the thyroid

The accurate assessment of the severity of the myury that sets 1o
motion the metabolic changes 1s clearly of considerable importance
but 1t nevertheless presents great difficulties A loose, semu quantitative
scale 15 all that can be attempted Thus a thurd-degree burn of 25%
or more of the body surface 1s at the top with scale 10 Multiple wounds
penetrating wounds of the chest and abdomen major fractures are
scale 9-7 The type of extenstve multivisceral operation employed for
cancer falls m a simlar range Scale 5 1s represented by ordimary,
major, anastomotic gastro ntestnal surgery such as colectomy or
subtotal gast y Choll and hysterectomy may be
scale 4-3 The simpler and mmor procedures scale on down to 2, and
an ankle sprain and 1ts operative counterpart may be regarded as scale 1
Such an approximate expresston of the magmtude of trauma as &
brologreal stumulus to ehcit 2 metabolic response 1s essentrally a guess
based on a consideration of the tissue 1nvolved blood loss, tissue necro
s1s nfection, duration of trauma and pain

Metaboltc Changes follomng Trauma m the Healthy Adult

In the majonity of cases following a moderately severe mjury of
about scale 6-7 m a healthy adult, four fairly distinct phases of reaction
may be distingusshed (Moore, 1953) These may be described as
follows

I Rapid catabolism of lean tissue and fat
1I Decline of catabolism and preparation for anabolism
III Spontaneous anabohsm of lean tissue
IV Restoration of fat

The features that characterize them will be described m due couélsc;
but 1n the first place 1t 1s essential to con;nder briefly any changes tha
d with the anticip of trauma

Ililxi}ibe F Appreh 15 present mn varying dcgredc;
any h‘ealthy 1ndividual before a surgical operation and may pro tl;ln "
some limited metabolic changes On the evemng pnot 1© wﬁtant
there 15 usually dietary restniction 1n nitrogen 1ntake with a re[s) ey
small negative balance for the 24 hours prior to surgery 00‘;651 oy
the eosmophil count may drop before operation Ths 15 r:qdoubt
attributed to anxiety but the exact mechanism 1s OpeR to soxﬁla ¢ een
especially when pre operative sedatives such as morphmli e
jected The extent to which emotional stress and apprel ent D oy
activate the adrenal glands has been the subject of recent 1nvestig:

-
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(Hl et a! 1956) While amuety may sometimes increase adrenal
that

cortical 1t 1 1mp p of the event alters
gn ly the P to trauma and the metabohc

changes seen after a planned op or after the d receipt

of a soft tissue injury are essemlally sxmllar

Phase I This stage 1s ch: 1zed 1y by all the to the

effects of an acute injury Haemorrhage pam and fear are clearly
factors of importance Other features are the tachycardia and shght
pyrexia which persist for two or three days 1n the complete absence of
any nfectton

It 15 important 1 relation to the metabolic changes to recall the
condition of the wound at this tme It has as yet no tensile strength
and 1f the sutures are cut 1t readily falls apart The characteristic micro
scopic changes are the formation of a fibnn coagulum 1 an accumula
tion of :xtraccllular fluid blood cells and uissue debns There 1s an
vasion of phagocytic cells and pol ytes whether
or not 1nfection actually occurs.

The metabolic features at this early stage are essentially associated
with the breakdown of lean tissue and fat retention of water and salt
and a charactenstic endocrine response

The body weight drops quickly to an extent greater than predicted
from the amount of tssue excised and from changes 1n mtrogen balance
and body water This indicates the rapid utilization of body fat There
15 a relative oiguna on the day of operation and for the succeeding day
or two Excess water given at this stage 1s retamned in the body and
excreted only after a few days This water retention occurs even with
no sodium intake A failure to lose weight after an operation always
1ndicates water retention

The unnary mtrogen derabl d Even with
no nitrogen mtake 1t becomes larger than 1t was pre operatively on a
basal diet This ‘€ INCrease mn rate 1s ch 15tiC

of the response to extensive trauma Since there 1s usually a mimmat
nitrogen tntake duning ths first phase the source 1s presumed to be the
general body protetn of which the greatest part lies mn skeletal muscle
The rate of mtrogen excretion 1s usvally at its helght on the day of

operation and on the ding day Thereafler 1t di stepwise
Occasionally a so-callcd delayed peak titrogen excretion is seen but
this 1s 1 after an g only soft tissue trauma

Ineither event since there 1s hittle of no nitrogen intake 1n this phase a
negative balance results At its height the negative balance after a
trauma of the degree being considered may be about 10-15 g a day
The excreted mitrogen 1s mainly 1 the form of urea and ammomia
which together account for 85% or more of the nitrogen in the unne
Potassium excretion shows a loss on the day of operation of about
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50-75 m equiv , which thereafter 15 steadily reduced Agam since there
ts ordinanily no ntake at this time there 1s a negative balance The
potassum mtrogen ratio of the negative balance at this time s
charactersstically S m equv /g or more mdicating a mobilization of
electrolyte disproportionate to cell matrix, where the ratio commonly
15 between 2 5 and 3 5m equv of potassium per g of mitrogen

The excretion of phosphorus and sulphur 15 mcreased at ths stage
and negative balances for these substances develop A study of the
sulphur  mitrogen ratio of the total amounts excreted 1n excess indi
cates that the substance being catabolized 1s apparently maily skeletal
muscle as suggested above This conclusion 1s in general supported by
the phosphorus nitrogen ratio (Cuthbertson 1942)

The unnary sodium excretion on the day of operation 1s almost
neghgible The mtake also 15 extremely low unless saling 1s gwen iatea
venously The 10ss of sodium 1n the sweat and faeces 1s small and the
usual net metabolic effect 1s no exchange with the enviropment If,
however there 15 considerable dramage of flud from the wound a
negative balance may result Chloride metabolism usually runs paralle]
to that of sodwm

The caloric intake by mouth at ths stage 1s usually quite low or zero
Approximately 150-400 calories a day may be supplied by travenous
dextrose solutions Attempts have been made to ncrease the calonc
mtake by supplymng other matenals such as alcohol fat or protem
fiydrolysates but therr utility m thus early period has not been con
vmemgly demonstrated

Definite changes m blood chenustry develop during this stage The
concentration of sodium 1 the plasma shows a distnt fall With an
extenstve yury (scale 6-7) the sodium concentration may fall fmmg
normal pre operatwve value of 142140 m equiv /L _to about 137~13t
m equv /L. This drop 1s part of the normal physiological response 1
does not 1n any way endanger the survival of the patrent nor st harm
ful 1n 1tself It occurs despite extreme renal conservation of sodimm
and 1s not due to sodtum loss from the body Indeed the fall 1s often
seen while sodium 1s being freely admimstered There 1s a stmilar droli_
1n plasma chloride concentration Thus also occurs without any loss ol
chlonide from the body By contrast the serum potassium concerm'al
tron may rise after an extensive m_]u;‘yhatb ;l héne v;h;n a large rend
axcretion of potasstum 1s 1n progress The blood ure
slevated andpthe fasting blood sugar may be mcreased These cl}ang:i
n the blood plasma m the immediate post operative period m;‘f o Sfem
heoretical 1nterest and may be of extreme practical sngmt hcan:;m
.everely 11l patients with concomatant extrarenal losses or with ¢

trogen 1s often

or renal disease
The eosinophul count drops rapidly dunng the operation and 1s often

—
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at or close to zero by the trme 1t 15 completed It remamns low for two
ta five days depending on the magnutude of the the contnu
ance of post-operative pam or the supemnposmon of abnormalities
such as infection If there are no major complications the cosieaphl
count then starts to nse

Urninary excretton of 17 ketosterouds shows a sharp upward rise on
the day of operation This however may last only one day and there
after the excretion returns to 2 normal or below notmat level (Venmng
Hoffman and Browne 1944 Venning 1950 Bennett and Moore 1951)
The excretion of 17 hydroxycorticords and of 17 ketogenic steroids
shows a consmicuous nse on the day of operation and for several days
thereafter descendimg 1n a stepwise fashion to the pre operative level
(Norymberski ez af 1953 Thorn Jenkins and Lawdlaw 1953 Moore,
Steenburg Ball Wilson and Myrdm 1955)
Phase 11 In a patient sut ly exten: tranma (scale
6-7) thes phase of convalescence bcgms about the fourth day and lasts
two or three days Clincally there 1s an smprovement tn appetite an
wncrease m spontancous physical actity and a developing mterest
the surroundings The wound usually becomes free of acute pain when
5O stsain s appled lls tensle strength is increasing There 13 consider
able pr new il b 1s lard down,
and epithelizm 1s formed

The metaboltc changes at thus stage represent the turn of the tide
The outflow of the end products of tissue breakdown 1s checked and
the body 1s preparing for the reconstruction of the lost lean tissue The
weight contiaues to fall but the lass bears a closer correlation to water
and lean tissue changes and fat utilization 1s much less prommnent
The urine output usually increases and may actually exceed the wtake
for a day or two There may be a further sharp weight loss dunng such
a water dirests

The mitrogen-cxcretion rate 1a the unne 1s now definitely lower
Stnce a full diet has not yet been resumed a strongly positive nutrogen
balance 15 rarely seen duning this phase There 1s usually an approxim
ately zero balance with a gradual trend towards the positive side [tis
therefore not the balance but the sharply dccr:ascd unnary mtrogen
excretion rate which 1s the ch of the
second phase This change may be dramatic as for example 1n cases
shere 1 2 penod of 48 hours the urpary RIOZeR-LIcrclion rale Is
reduced from 15 g to S g o day in the face of unchanged mitrogen in
take unine volumes and blood urea This alteration ndicates a cessation
of lean tissue dcslructmn and a rc:ldmcss to start anabohsm

Asy 18 duced mto the diet the unpary ex
eretion rate 15 sharply reduced (as low as 5-15 m-equnn 2 day) The
resull s a posive potassium balance—in contrast 1o nitrogen where
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retention develops more slowly The potassium  mitrogen ratio of the
negative balance in phase I was high but a reverse of this phenomenon s
now seen, namely a positive potassium balance dunng a zeto or only
weakly positive mtrogen balance After two or three days potassim
excretion 1s again mcreased as intake improves until charactenstically
at the end of thus phase the patient 1s showmg only a shight gan of
potasswm The result 1s a restoration to the body of most of the
potassium 1mitrally lost mn excess of mitrogen

The sodum picture 1s the mverse of that of potassum As the sodum
ttake becomes progressively larger as a result of increasmng duet, the
sodum excretion is disproportionately augmented The result 15 a
druresss of sodium  the extent of which 1s directly proportional to pre
vious sodum loading In general the available information mdicates
that the chlor:de metabolism follows the pattern of sodum

The caloric intake charactenstically rises 1n a stepwise fashion As
the patient has more interest 1n food he increases Ius dret but dunng
thus phase 1t usually does not return to normal

The plasma sodium and chlonde concentrations are nistg to normal
values during this stage and the plasma potassium of previously ele
vated falls to normal These changes occur desprte the mcreased excre
tion of sodium and chlonde in the unne and the retention of potasstum

The eosinophil count rises steadily and may even reach a Jevel con
siderably above the pre operative values It 1s interesting that this over
shoot may last only one day or a fraction of a day and then the eosmo-
phuls decline to normal The excretion of 17 ketosterords 18 normal
duning this period The excretion of 17 hydroxycorticords falls and
reaches the pre operative level towards the end of this phase
Phase IIT This 1s assoctated with the beginning of reconstruction of the
tissue burnt during the catabolic phase and commonly begins between
the seventh and tenth days after an extensive mjury A generous dretary
mtake 15 essentral If diet 15 not mereasing raptdly towards normal at
this time convalescence 1s retarded and there 1s a failure to gain \mgl;!
strength and vigour It 1s noteworthy that wound healing commoﬂi
proceeds to completion despite prolonged dietary mterruption al:1
despite negative mitrogen balance due to post operative starvextlgcr
Return of strength and chnical recovery howeve{ do ('}gttchk‘:lrs I;T)mt

ch and i 18
filllet 15 not needed for convalescence or wound healing now 1t becomes

for survival

esele';\l:ac]hamctensnc clineal features durmng this stage are mcreasltrllg
strength and a return of appetite The latter indeed may becgme::m
siderably larger than normal There 1s greater physical ‘:}I;l maund
activity The tensile strength of the wound has mcreased 151 Zcmly
remains red and grows above the surroundmg tissue It sti
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carries a high biologcal prionity as shown by the common occurrence
of complete healing 1n the absence of dietary intake as mentioned above
The tocal activity in the wound 1s apparently related to deposition of
ntracellular substance such as collagen

The pre-eminent metabolic feature of this peniod 1s the restoration of
Tean tissue which takes place over several weeks The other changes
are not particularly remarkable

There 35 a weight gun which correlates closely with that predicted
from mitrogen balance indicating that lean tissue 15 being reformed and
that fat gain 18 not prominent Usually there 1s a sustained positive
nuitrogen balance in the range of 3-5 g of nutrogen per day per 70 hg
of body weight Ths 1s the convalescent normal rate of anabolism and
1t cannot be increased by forced feeding The calonc intake must beata
tugh level to this nitrogen anabolism and the ratto of non
protein calorntes to grams of nutrogen n the diet shauld be 100 or bugher
Anabolism 13 ready to start after a few days of the second phase The
provision of a full intake allows 1t to begin

The potasstum balance 15 only weakly positine yet adequate to
account for a normal mtramuscular potassum mitrogen ratio of
about 27 m equiv /g of mtrogen By ordinary methods this positive
potassium balance 15 scarcely discermble and 15 much smaller than the
spectacular positive potassium balance seen during phase 11 The
nerease 1n 1 the body througt this long phase 1s most
convincingly studied by semal of total exch 1
potassum which clearly demonstrate the mncorporation of potassium
tn the restored lean tissue The sodium and chlonde metabolism 15
essentially normal There may be wide daily swings but the average
batance for any period of a few days 1s close to zero There 1s no dis
turbance of water excretion and normal urne volumes are maintained

Calonic intake as mentioned above must be sustained 1n the region
of 2000~3000 calonies per day 1n order to maintan the maumum rate
of pmlmn synthesis This synthesis presumably occurs chuefly i skeletal
‘musgie

The concentrations of the different constituents of the blood plasma
are all normal throughout this phase The eosmophul count 15 hikewsse
normal The excretion of sterowds denved from the adrenal cortex 15
usually at a low level
Phase IV The patient has now been discharged home and after addin,
an amount of mtrogen to tus body with that pre: ly
lost he enters into the fourth phase of comalescence which may fast
many weeks or months It 15 charactenized by a return of full body
weight and function Dufing the fat gan phase the patient usually
teturns to work  but 1f this imposes a hngh calone requirement, there
may be a considerable delay in the full hodv fat. Claaa,
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the provision of an adequate dret 1s necessary for the development of
thus phase The wound at this tme Rattens broadens and gradually
turns white

The eosinophul count has been normal and continues so The sterod
excretion previously often shightly depressed now returns to normal

The completion of the fat gain phase 1s shown by the return of body
weight to normal, and at this ime metabolic convalescence appears to
be complete

The Effect of the Seventy and Nature of the Trauma
The features that have been described are applicable to the response
seen m an adult of normal body composttion subjected to moderately
extensive trauma mvolving soft tissue only (scale 6-7) Certain differ
ences are seen 1n the response m healthy subjects depenaimng on the
severity and nature of the mjury

Minor Trauma

With a lesser degree of trauma for example an appendectomy or
simple repair of an ingwinal herna (scale 2 or 3) the changes are smaller
both in degree and in duration The first phase of accelerated catabolsm
may last only one or two days The negative potasstum balance iay b
restricted to the day of operation and sodmm retention 1s niot marked
The intermediate phase II 1s scarcely notwceable the patient rapldll)l’
passing mto the third phase of lean tissue reconstruction A sma
amount of fat oxidation usually occurs Changes in blood chemustry ar;
not conspicuous but 1f frequent careful measurements are madc/z
plasma sodium concentration a small dip 1n the curve of 2-3m t:qlllVd .
can often be d d Water r on the day of op an ot
dwresis on the followmng day are usually apparent The cosmoPes
count drops—usually but not always to zero—and then rapidly nxsds
There 1s Iittle sigmficant change 1n the excretion of 17 ketcstclx;o“rs
The excretion of 17 hydroxycorticoids 1s elevated for the 24 bo
followmng operation but thereafter rapidly falls to normal e

It 1s apparent that with a small soft tissue wyury the samemm
of metabolic response 1s seen as m the more severe cases The qk:xacs o
twve changes are however considerably smaller and the phas
convalescence are much shorter

Mayor Soft tissue Trauma e

Muluple wounds of soft tissue and extensve visceral :u{)lgllx?phasc
8 or 9) produce 1n a healthy subject a more prolongedfc;i al Pt
as mught be anticipated The rate of lean tissue and fa c;hc e
brisker and there 1s consequently a greater loss of weight o
1 plasma concentrations are more conspicuous The urmary
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of steroids 15 increased over a longer period The reparative processes
concerned with the of the bolized tissue are prol g
as the result of the greater destruction of lean tissue and fat duning the
acute phase

In two types of severe imjury spectacular metabolic responses are
commonly seen namely major fractures and thermal burns of the body
surface They are worthy of more detailed consideration

Bone Injury

There 15 constderable evidence to suggest that bone trauma ehaits
a much more vigorous metabolic response than one would predict
solely on the extent of the mnjury were only soft tissues mvolved (Cuth
bertson 1932 Howard 1944 Armstrong 1944) Recent work further
corroborates this (Moore ef al 1955) Certain features demand special

The nitrog: 1ate s P 1ly high and the peak

rate 1s often not attamed until a few days after the fracture—a feature
by no means common 1n soft tissue surgery when the maximum excre
tion usually (but not always) occurs on the day of operation In many
fracture cases caloric intake ss unimparred and the response 1s usually
studied 1n vigorous young adults While these are often factors of
importance the magnitudes of mtrogen excretion and negative balance
far exceed what would be anticipated The total daily excretion of
nitrogen may on occasion be as high as 40 g Negative balance rates of
between 15 g and 20 g are often observed and may be maimtamned for
several days at this high level The duration of the catabolic phase 15
unduly prolonged In one case of multiple fractures the mitrogen
balance remained negative for 28 days 1n spite of an unimpaired intake
In a case of fractured femur 1t was negative for 22 days even though
the calonic intake was exceptionally high

The potassum balance similarly shows a more prolonged negative
phase though 1t 1s charactenstically shorter than the period of negative
nitrogen balance

There 15 a steady and prolonged weight loss after a major fracture
and calculrtions show that thrs 1s due to the burning of both fat and
[ean tissue

In contrast to the major metabolic disturbances described above
the changes 1n cosinophil counts and in unnary steroid excretion are not
unduly spectacular i companson with what 1s seen in soft tissue mjury
The cosinophuls drop to zero immediately after the myury but rapudly
nise to a normal level and may reach above normal heights within seven
to ten days after receipt of the fracture—that 15 at a time when the
negatne mtrogen balance 15 sull in full swing The excretion of 17
Aetosterords 15 elevated for about the first two days and of 17 hydroxy
corticords for several days longer Neither of these indices of adrenal
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function necessarily continues elevated for the whole duration of the
prolonged catabolic phase

Burns

The metabolic response to extensive thermal burns Ppresents several
unusual aspects which have been fully reviewed (Peters 1945 Moore
Langohr Ingebretsen and Cope, 1950) The more important features
only are summanzed i this section They fall naturally into three
phases, comprising respectnvely the first three to four days the
succeedmg two weeks and the remainder of convalescence The preeise
duration of each phase may vary derably with the
but the essential metabolic sequence 1s usually constant

The First Three to Four Days Durng this period there 1s often 2
positive nitrogen balance due to plasma therapy and reduction of
urmnary excretion due to obguna Clearly this positve balance does
not indicate tissue synthesis There 1s a remarkably transtent potassium
loss phase lasting only two to four days and followed by a rapid restora
tion to positive balance as soon as moderate potasstum 1ntakes (over
50m equtv /day) are provided There 15 a large positive sodium balace
provided the patient 1s given enough sodium to permut survval Ths
sodium accumulation 1s partly due to renal conservation and partly
to the obligatory sequestration of large amounts of sodmm m the
wound oedema (Cameron 1945 Cope and Moore 1947) The volume
of this obligatory oedema app: 7% of the body weight 1
burns over 25% of the surface area It will be readily appreciated that
dunng this phase the burnt patient shows a gamn 1n weight Thmh'j
usually an merease m unnary sterord excretion and a fall 1 eosmop
count as after any form of trauma Haemolysis and renal damqﬂ_ﬁe
with consequent azotaemia may become apparent at this stage ;
extent of the extrarenal loss of fluid protemn and electrolyte tln'ougae
the burnt skin depends largely on the nature of the burn If the st I:ss
1s heawly charred the area remams dry On the other hand a large
may oceur as a result of a scald or second-degree burn pecones

The Succeeding Fourteen Days The mtrogen balance now s
sharply negative provided that renal excretion 1s adequate thea g
(urine and wound) may be as ligh as 3045 g 2 day Tﬁlst}’;u'd Sy
excesstve mitrogen excretion may begin at any tume after the oy
and lasts at least through the second week in extensive burns lslthC
fast a month or longer The potassium balance 15 commohn]lr)"il:gsmh
during this phase A sodum diurests develops at about theﬂ: o tens]
day as the wound oedema 15 reabsorbed In patients W g?ume and
function thus 1s readily discermble by the ncreased unnlc dtﬂn g6 a0 "
greatly increased sodmum content In patients with renfn e d 1
consequent duminshed excretory ability retention O
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absorbed from the wound may produce senous congestion and pul
monary oedema The burnt <kin begins to slough and the extrarenal
losses ancrease abruplly Ansemia and sepsis frequently develop
During this stage there 1s a large and rapid loss of weight due to the
exeretion of the cedema fluid and the greatly accelerated catabolism
‘The urinary sterowd excretion 15 fow

The R der of Comall The bohe balance graduall
moves towards anabolism The unnary mitrogen-excretion rate as
gradually reduced so that positive balance 1s achieved with intakes
the 15/20-g range Epithehal prohferation becomes evident around
the wound edges, grafls take readily and the apaemia inproves The
Toss through the wound of mtrogen and clectrolvtes 1s reduced The
urninaty steroid excretion rises towards normal The potassium balance
15 positive and the sodwum balance 1s zero A hugh calonc mtake 15
essential at this stage 1 there s a fatlure to mamtam adequate nutrition
convaleseence 15 stalled and the patient makes litle progress Sk
grafts fal to take, destructive sepsis may develop and the patient
eventually succumbs

The bohe changes d with an burn are of great
theorctical interest They illustrate the type of response that may be
anticipated as a result of a particularly severe type of myury assoctated
with much inflammatory oedema

Excessne Extrarenal Loss

Convalescence in a previously healihy patient 1s delayed or halted
by excessive loss of water crystallotds and protetn from wounds or the
gastro-intestinal tract Scveral itres of flurd a day may escape from an
upper gastro atestinal fistula by aspiration through a Miller Abbott
tube or {from profuse diarthoea Although gastnie yuice and mucus
contamn considerable and vanable quantities of sodim (5125 m-equiv /
L) post-operaune loss 3s most sudden and profound from pancreatico
duodenal and biliary (130 m-equy sodwm/L) fistulac from which
severat hitresof sodium nch fuid a day may be fost in profuse diarrhoea
with much mucous secretion the concentration of sodim may be even
fugher (350 m-cquiv jL)

Although extrarenat {osses of potassium are not usually great from
the upper intesunal tract watery stools contam up to 70 m equiv /L.
More severe depl occurs where long term
cxtrarenal loss of electrolytes as from gastnic asprration of vomiting
has beer replaced by sadwm and chioride alone In this way perhaps a
third of the bady store of potassium can be {ost even when sodim and
chlofide reserves are normal The foss of potassium in the unne
creased afler operation continues even 1n face of the great deficiency
i body reserve 1his contrasts with the body s hoarding of sodwm The
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starvation consequent on gastro mtestinal compheations causes a
further loss of caloric 1ntake and a contmuance of heavy mitrogen and
potassium losses

Successful management of excessive extrarenal losses depends among
other things, on early recognmition of the problem an accurate estmation
of the previous and current depletion and therr replacement by the most
satisfactory route and vehicle Detailed consideration of the prnciples
underlymng such treatment 1s gtven 1 Chapter 2

The Metabolic Resp 1n Rel to Previous
Health and Bedy Compostion

So far the description of the metabolic reactions has been confined
to patients 1n good health before the recept of different types of mjury
In other words the itral body compositton was normal and the
subsequent subtractions and additions have been superimposed on 2
normal structure Many types of chronic disease lead to body wastine
with a loss of lean tissue and fat (McCance and Widdowson 1951)
Tsotope-dilution studies show 1n these subjects a gross distortion of
body position namely an 1o the proportion of water 2
decrease m exchangeable potassium and an ncrease m exchangeable
sodium (Moore et al, 1954) The decrease in potassum which 15
almost entirely an intracellular 1on 15 related to the Joss of Jean tlssui2
Chnically these changes may be observed 1n any disease process whel
has led to a deterioration 1n general health They are often scenlll:
pronounced degree 1n patients with disease of the almentary tract vzihl;
has interfered with the mgestion digestion and absorption of food In
these circumstances the total body water measured with deuren&m‘:
oxide may be as ngh as 75% of the body weight in male patients an/:lt
females 1t may reach 70% The ratio total exchangeable sodmm"en
changeable potassium 15 also grossly disturbed and may bel Slfrsenot
higher Examples of this type of change are shown 1n Fg | b ::t e
surprising that these gross alterations m body compositron 2fie
brochemical reactions after an operation or other form of traum:!anon

0ld and wasted patients present a modified response tcdoj;qcf“ogm
m general the catabolic phase 1s depressed and shortene " v o
excretion falls to or 15 mamtamed at, a few grams a day Wi i;_p s
smum mitrogen ratio of less than 5 m-equiv /g The expected loss ?ml:? the
stum and retention of sodum 15 lthewse dimmished In “tmnt dere
adrenal cortex appears to react asin the normal and healthy pa llchICGSC 4
15 evidence that the urinary excretion of 17 hydroxycorticotds ;Z 15 or old
for several days following trauma in the wasted carcinoma o post
patient and that the adrenal cortex 1§ readily responsn; o e
operatwve mfustons of corticotrophin  Patients with evdemsxt  Cate
matous mvolvement may even have an exaggerated post op
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Fic 1 Aneumple of the aormai body composition in the acult male and { n e and
of the changes that may occur as a result of wasting disease

excretion of adrenai corticonds It 15 evident therefore that the modifi
cations of the varous ¢l of the bol P may be 1n
both directions and even in any one individual the range of responses
15 great and difficult to predict This 1s dlustrated by the balance
observations of ten patients very simular in chmical presentation with
pyloric stenosis comphicated by alhalosis (Black and Jepson 1954
Dawes Jepson and Black 1956} Using post-operatine retention as an
indes 1t was found that three were sodiumedepleted five potassium
depleted and four chlonde-dep'eted All were subjected to the same type
of partial gastrectomy and the cumulative balances reflect the vanation
mndividual response these ranged for mtrogen from ~ 29 to + 92 ¢ ,
calem from 0710 60 g phosphorus — 8to + 26 g sodium — 309
to + 1762 m-equv potassium — 248 10 - 808 m-cqunv and chlonde
~ 2410 4 1890 m cquiv It 1s evident that although generahizations
can be made each panient 15 a separate problem 1n quanttatne meta
bolie behaviour and this 1 paricularly true of the depleted pauent

Response to a Second Operation

A second operation closely folfoning one of equal magmtude cvokes
considerably fess metabolie change This is reflected both by the vana
tions in plasma of sodum § and chlonde and
by the unnary excretion of these substances 1n particular the negative
nitrogen balance 1s less evident and lasts for a shorter penod Thus
damping down of the response holds for the urmary excretion of
ketosterods Retogenic sterords and totat 17 hydrovycorticosteronds
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Cardrovascular Disease

The increasing frequency of operations for the relief of valvulac heart
disease and of operations for other conditions 1n patients with heart
disease has drawn attention to the special metabolic features that may

lop 1 such A recent 1on of the changes
associated with mitral valvulotomy has shown that such patients
though climeally free from ozdema and brought mto the best possible
conditton by medjcal treatment before operation, usually show defimte
abnormalittes m body composition (Wilson, Edelman, Brooks Myrden
Harken and Moore 1954a) These are an excess of water and sodum
and a decrease 1 potassium—features already mentioned as typical of
any type of wasting disease

In the pre operative period an the more severely 1ll patients there has
usually been salt restrichon and admmstration of mercural diuretics
After operation many of the metabolic features are those seen m de
pleted patients The catabolic phase with respect to mtrogen 1s not
unduly consprcuous and the adrenal sterord excretion in the wrme may
not be greatly mcreased On the other hand disturbances of salt and
water metabolism are often extremely marked In the immediate post
operative pentod there 15 a considerable fall m the serum sodium con
centration from about 140 m equiv /L to 130 m-equiv /L or fower
At the same time the serum potassium rises Water retention readly
develops while the sodium intake 1 restncted to cover only that l‘i‘“
at operation and m the chest-dramage flud During thus penod lh:
patient 1s thirsty and may consume a farge quantity of water Ont :
other hand there 55 definite oliguna during the two or three days aﬂfj
operation so that the total body water ises and weight may be 83"1;“
Diuresis of all the excess water may not occur until a week after ape .
tion These are the outstanding abnormalities of metabolism seen a;c
pateents with valvular heart disease undergomng operattons Thrfxynons
clearly an exaggeration of the tendencies already noted m ope;

on patients with healthy cardiovascular systems
The large decrease m serum sodim concentration has c@casmnj_
much d as to mech: and fi In the majonty

from the body 35
cardiac patients 1t 1s not due to the loss of suiﬁ;l breo S messhed by

this has been adequately restored The tall e
severely restnicting flnd mntake 1n the post operative penmli] s: lt:lis\:l“ .
total body water does not nise Even in these conditions ther e aly
substantial fall i serum sodium concentration afier opcmtwtnbegms -
the fall 1s oply transient, lasting four or five days before '}1 O s

climb towards normal It 1s certarly not an mdication for g

tration of hypertomc saline which will only further expan e s the
cellular flmd and increase the load on the heart In a few p



THE METABOLIC DISTURBANCES FOLLOWING INJURY 89

serum sodism concentration may remain persistently low after opera
tion and i them a deficiency of both sodium and potasstum may be

present This cond. 18 usually d with a long- mued low
sodim diet repeated ad; of mercunal d m patients
not markedly oed and mad I of saltlostasa

result of operation The serum sodium concentration will not return to
normal until the deficiencies of electrolytes are restored In the post
operative care of these patients 1t 1s important to remember how readily
water retention may occur leading to a gross imbalance between the
amounts of water and sodium m the body Features of water mtoxica
tion may readily develop in such crrcumstances

Other Factors Contrib to the Metabolic R to Surgery

There are many vanables concerned with an operation performed
under anaesthesia which must be considered when we survey the over
all metabolic response Obvious variables are the amount of tissue
traumatized the length of the operation apprehension anaesthetic
agents and premedication body cooling hypotension 1n addiion 1n
the convalescent period there 15 starvation immobilization fever m
fection and pam  Not all of these factors have been accurately studied
but some information 1s avalable Siker Lipschitz and Klem (1956)
established that pre anaesthetic saline atropine morphine and scopo-
lamine produced no change 1n the blood levels of the free 17 hydroxy

cor ds Pentothal ind however reduced a figure of
12 pg /100 ml to 6 It 15 known that dunng major operations the
plasma level of il 17 ds nises although

ydroxy 8!
the modifying effect of the various anacsthetic agents 1s unknown that
an anaesthetic 15 not an essential component 15 clearly shown by the
develop of the metabohic response where no hetic has been
given for example after a fractured femur When hypothermia 1s used
the frec-corticord levels 1n the penpheral blood stay constant even with
extensive surgical trauma (Bernhard McMurrey Ganongand Lennihan
1956) There 15 simultaneously a lessened production of the adrenal
steroids as shown by estimation of samples of adrenal venous blood
andad hed of these compounds 1n the Iner Normal
adrenal production promptly returns on warming Wynn (1956) has
shown that duning induced hypothermua 1n men and dogs exogenous
fructose and glucose are more slowly metabolized and the plasma
sodium level may fall Hacmorrhage 15 associated with all kinds of open
and closed trauma and 1t 15 suggested by Flear and Clarke (1955) that
loss of blood and an nadequate circulating blood volume are major
factors 1n the of post bolic changes It has
ong been gmized that b alone prod an d
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excretion of nitrogen Haemorrhagic shock at normat body temperature
€auSEs 8 115 n cortiwoid concentration m the venous adrenal blood
so that the total output does not falt Anxiety fearand tension of apare
tion. very profoundly affect fibnnolysis and there 18 some suggeston
that these emotions may cause a nise 1 phasma eotticoids

Numerous metaboke studies have shown that vanous snfections and
fevers lead to an ncreased excretion of mtrogen during the acute phase
(Peters 1944) This has been described m assocation with typhord
fever us malang p and other types of febnle tilness
(Shaffer and Coleman, 1909 Barr and Dubois 1918 Grossman
Sappmgton Butrows Latietes and Peters 1945 Howard Bighat and
Mason 1946b) The protem catabohsm 1s appatently sumglar to that
seen after trauma and its seversty and duration are dependent on the
natute of the mfeetion Identical metabolic changes are also observed
as & part of the mflammatory reactron caused by the myection of sterde
untant substances (Madden and Clay 1945) On the other hand faer
alone will not account for the metabohe reaction to wyury whick is
often seen m patrents who run an entirely afebrie course Infection and
fever howeser clearly tay be accessory factors exaggerating the met2
bolic response o trauma

Simple starvation obviously leads (o a negative mitrogen balance and
st 1s pertiment to mquire to what extent the anoreua present after an
extetisive 1njuTy contributes to the metaboli, pattern There are how
ever certan clear differences between the post operative and the
starving patient (Cuthbertson 1942 Howard Bigham, Eisenberg
Wagner and Badey 19462 Moore and Balt 1952) Operation and
starvation both {ead fo a negative nitrogen balance With stanation the
mtrogen excretion 18 about 10 g /day m a man of average size Mud:
hugher excretzon rates may be seen after severe trauma 0 paten!
recerving no nutrment Furthermore addition of foad rapidly resens
the negative bafance m starvation but forced feeding with higbﬁ’ofm
diets dues not apprecrably spare the body nitrogen at the height of @

prat: bol: Turning to sodmm there 13 Nﬁ"
ogwous contzast with the past operatie patient At the begnning 0{
starvation there are large urmary losses and remal conservation o
sodium does mot begm until after about three to four days Afer 0;!“‘; 4
tion there 15 :mmediate reteatron of sodwm even m the presence 0 la
targe mtake The potassum loss m“stananon s mnc.homorc c!os:l y
o the 2 and the gross Je

::i:;i;:l excretion ratio commonly seen after trauma do not de\tlgs':
starvation Winle the dummshed calone intake after an myury e
great influcnce on the metabohe balance 1t 3 defimitely not sesponst

far the conspreuous catabolic reaction
The acuvity of a patsent is mevstably resticted after the recerpt of

£y
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trauma particularly in the case of frictures when a plaster cast has been
applied This aspect has been fully studied (Deitick Whedon and
Shorr 1948} A loss of caleium and phosphorus is conspicuous 1n such
circumstances Smaller losses of nitrogen potassium and sodium also
occur but are only a fraction of those seen after trauma Clearly the
enforced rest in bed cannot account for the dramatic metabolic changes
assocrated with myury Fmally 1t1s worth notrag that after a petiod of
complete bed rest a transient negative mitrogen balance may again be
noted on resuming activity (Browne Schenker and Stevenson 1944)
Thus 1s commonty observed on the first day of walking about the hospital
ward after a munor surgical operation such as appendectomy

While the factors considered above may all contribute to a small
extent to the large metabolic disturbance observed after the fliction
of a severe injury 1t 1s clear that the wound 1tself must play the greatest
part The connecting links between the wound and the biochermical
changes are still uncertain

Endocrine Factors in the Metabolic Response

The means by which the widespread chemical and physical changes
occur 1 cells and tissue fhuds after injury remauns obscure Harns
(1951) has suggested that the damaged tissue stimulates the hypothala
mus which in its turn aug cor d prod The adrenal
cor ds are known to infl the cell enzvme systems either
directly or via their substrates and co factors (Thorn et al  1953) This
schema 15 without doubt oversimplified and 1t would probably be a
more accurate conception to say that the body response to injury 1s
greatly modified by the hormonal response rather than imuated by 1t
An understanding of the part the endocrine glands play in response to
trauma has been greatly Limited by avatlable techmiques for their
esttmation  particularly i regard to the corticosteroids Biological
tests have been used for the analysts of gluco and muneralo-corticords
(Dorfman 1954) but their application wmust of necessity be hmited to
those substances which show biologeal activity Paper chromatography
has not been sufficiently developed to allow routine laboratory assays
In the past few years however chemical methods have been developed
for plasma (Nelson and Stmuels 1952) and urine (Nelson and Samuels
1952 Reddy et af 1952 Norymbersks ef af  1953) assay of 17
hydroxycorticosteroids  of these Norymbershi s assays of hetogenic
2nd total 17 hydrovscorticosteronds seem the most comprehensive In
2ddition to the duect estmation of adrenal hormanes ndirect indices
have be=n used such as fluctuations 1n the cosmophil count and the
histochemical examination of the adrenal glands after death or cortico-
trophin stimulation
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Plasma Concentration of 17-hydroxycorticosterords

Byidence has accumulated mn recent years to suggest that {7«
hydroxycorticosterone (hydrocortisone Kendall s compound F) and
to a much lesser extent corticosterone are quantitatvely the most
important hormones secreted by the adrenal cortex Addittonal sterords
occur in varying amounts n perfusates of adrenal cortex Sumpson,
Tait and Bush (1952) have d. d the p of ald m
adrenal gland extracts and urine The plasma concentrations of cortt
costeroids are usually estimated 1n the free rather than conjugated
form and some varration 1s reported 1n the expected plasma level, which
may be partly due to the small amounts of available steroid for assa
and the mherent difficulties of a techmgque mvolving ch graph
separation The resting levels of free steroid for adults are given as
4-10 g /100 ml plasma (Franksson, Gemzell and von Euler 1934)
13 ug * 6 pg (Bliss Sandberg Nelson and Eik Nes 1953), 3-22
#g /100 m! (Sandberg Eik Nes Samuels and Tyler, 1954) and an
average of 11 pg by Kiemn, Papadatos Fortunato and Byers (1955
Pre operative apprehenston and premedication do not generally
affect thus level sigatficantly but it rises sharply with the onset of
the anaesthetrc induction There 1s no ewidence for a prelunmary
fall 1n plasma level due to withdrawal of eusting curenlating sterowds
1nto the damaged area, a mechamsm which 1t has been suggested mght
act as the primary piturtary stimulus Increase ss first detected fx:c
steroids (Klem ez al  1955) followed by the gated comp
The maumal operative level of free sterord was found to be 314
19 pg /100 ml by Franksson ef a/ (1954) while Klewm et al (195?
found the average rise ;n mineteen patients to be 51 ug for free an
21 pg for conjugated steroids The plasma levels are not obvious
affected by infustons of blood salme or glucose nor are the quaﬂ"“’"‘;
differences 1n response to mmor and major operations at preseat ‘;;
demonstrated Franksson et a! (1954) indeed suggest that the o °
of reaction seemed independent of the type or extensiieness of k: :
operation The persistence of the rased plasma sterod Tevel which &
maximal wathin four hours of operation vanes from 24 to 72 h"“':t
and 1n patients developmg complications high levels may perst

ond this penod

1’e’)ll'hr: rise aﬁd duration of the raised plasma sterord levels docsdI;S:
bear a sumple relationship to adreno-cortical output 1t1s also depntl“ m
on the rate of conjugation by the hver the diffusion space (grea fon
the wasted) the rate of metabolic degradation and urinary excrcce on
1t 15 ot correct to assume that mcreased adrenal Fmd”‘:"m;obow
when the plasma level returns o normal as this may and pth therr
does mean that the disposal of the steroids has caught up i

production rate
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Very hittle 15 known of the fate of steroid at the cell fevel st 1s known
however, that failure or impairment of Iner function wall delay con
Jugation and thereby excretion of plasma steroids (Tyler Schmdt
Eik Nes, Brown and Samuels 1954) Impaired comjugation and meta
bolism of steroids may account for the hugh plasma levels found in dying
patients (Sandberg Eik Nes Migeon and Samuels 1956) or 1n shock
It 18 known that 1n haemorrhagie shock the fall in adrenal blood flow 1s
compensated by an assoctated nse m corticoid concentration the total
production therefore does not fall

Urinary Excretion of Adrenal Metabolites

‘The fate of administered hydrocortisone can be detected by labelling
the sterosd with C,; (Peterson Wyngaarden Guerra Brodie and Bunim
1955) In normal subjects the level of tagged plasma sterouds following
ntravenous admimstration 1s reduced by a half 1n less than two hours
the steroid metabolites are by then in about equal parts conjugated and
free Of these steroid compounds approumately 90% 1s excreted tn the
unneand4% inthe facces unct d urinary hyd tisone rep
fess than 1% of the admunistered hormone About 50 /4 of oral cortisone
18 excreted 1n the normal patient withm four hours the main unnary

bolite being tetra hyd tisone d with g or
sulphunic acids Itis app that the bolic turnover of
cortisone 15 rapid and large amounts of steroid can be removed 1a
relatnvely small volumes of urine  Jepson Jordan and Levell (1956b)
found for example 46 mg of ketogenic steroid ina 500 ml specimen
of unine If therefore we suppose that renal and hepatic function 15
dequate and that the bohie p g of ds by the tissues
i the post-operatnve phase reflects the normal pattern then the estima
tion of the total corticoids excreted n the unine may give a more accurate
quantilative assessment of the operati ¢ response than the plasma levels
in general the longer and more traumanzing the operation the
greater the unnary steroud response although as with many other
metabolic changes such as those of sodum potassium and mtrogen
& wide vanation 1n indvidual resp 15 app 1 patibfe wath
an uneventful convalescence (Moore et al  1955) Following a major
abdominal operation such as partial gastrectomy the increased
txeretion of unnary corticords lasts for two to seven days In one
senes the mean excretion for the first four post-operatne days was
266 mg /24 hr for a partial gastrectomy and 17 6 for an inguinal
hemiorraphy (Reece  Fdwards and Jepson 1957) The range of ro
sponse for patients sub d to partal g was a wide ene
(157450 mg 24 hr) and 1t 1s not possible to corrclate this wide
varuation vn:h other factors such as techmical procedures length of

¥ ysiq) 2 The peak may occur
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an any of the first three days and both 1ts mcidence and 1ts magntude
are difficult to correjate with plasma levels (Steenburg Lennshan and
Moore, 1956) Cases have been reported where a magor aperation was
unassoctated with any rise 1n unmary steroid excretion (Hardy, 1955
Intravenous infusions of cor phin produce a comp ly wide
range of maximal sndividual resp ithough this does not y
predict the response to surgery (Jepson Edwards and Reece 19563)
Post aperative mfustons show the adrenal gland to reman resporsne
to the stumulatton and 1n the absence of gross pathological fesions m
the adrenal glands 1t 1s unlikely that adrenal faifure occurs

Pattents with malignant disease usually have a normal excretion
mereased Jevels have been reported with massive and necrotic growths
The response to operation of patients with neoplasm generally falfs
1 the expected range for non malignant cases, although with advanced
growths minor procedures may inyolve farge and unpredictable 1e
sponses The resting unnary of 17 hyd d
corrected for a standard height and weight, falls a little with age
(Borth, Linder and Riondel 1957) The response to operation 1
however, not perceptibly modified Electrolyte imbalance or depletion—
as for example 1n patients with alkalosis pylone stenosis and gross
deplettion of sodim potassium and chlonde~—ss associated with normaf
excretion patterns for sterords Second operations shortly followmg a
first result 1n a decreased 17 hydroxveotucosterotd excretion

The ketosteroid everetion 1 the nripe, which 1s derived from corticoid
degradauon adrenal androgens and testosterane may or may not nse
above the pre operative values (MacPhee 1953 Moore, 194 Jtpsgn
et al 1956b) and httle useful snformation has been denved {rom the
eshmation The known presence of a salt retatung factor m some
human nnoe led to the discovery by Simpson ef al (1952) of a new
sterowd aldosterone which although produced by the adrenat cortex
15 not affected by circulatory corticotrophin Llanrado (X?bs), wang a

ssay has detected very greatly d o

:;'Z:f op)e’ratxon and found that the excretion levels of thi cogelg:g
correlate quantitatively with Na»/K+ m the unne of patients e
and after operation Further work, probably with more seust
needed before the importance of aldosterone It

methods of assay 1s tance
post operative el yt can be

Metaholic Resy ta Total A )|
Th’;he d lable to date ts that following ,n]uryhtl’;C
hypophysis 15 sumulated to increase the arculatory comcgt:;ﬁ' e
Tins in turn the prod plasma an duncay
excretion of co ticosterords particularly hydrocortisone cortict

andtheke °© Inadditon bys hanssm as yet ynknowat
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the urinary excretion of aldosterone 1s stepped up These metabolic
changes arc assocrated with vanations mn tissue plasma and unnary
concentration of many different elements such as sodium potassium
chlonde mitrogen calcrum magnesium and phosphorus

It1snot known howcver how these widespread changes are smtiated
controlled and terminated Many of the metabolic effects of injury can
be reproduced by the ad of corticotrophin or cortisone
These include the negative mitrogen balance the retention of sodium
and water the uninary leak of potassium the fall in the eosmophil
count and the mcrease of the excretion of ketostermids and total
17 hydroxycorticosterords The close correlation between the results of
trauma and of enhanced adrenocortical activity has led to the suggestion
that the first phase of accelerated catabolism after injury 1s due to the
raised production of corticosteroids and the second phase to their
withdrawal Moreover 1t 15 known that patients with adrenal hypo
secretion as in Addison s disease withstand operation badly and are
lable to develop profound hypotension with minimal trauma There
are nevertheless difficulties 1n accepting this simple schema The
expermments of Ingle (1952) and lus associates have shown that the
drenal d animal d on a tant dose of corticos
terad d bolically 1 an lly normal manner to
trauma In the rat the presence of circulatory steroids 1s necessary for
the development of the response but does not appear to mmtiate or
control the biochemical changes There 1s some evidence that the
amount of hermone required to preserve the ammal s greater following
injury than 1n the resting state Engel (1951 1953) presented evidence
1o suggest that overdosage of ad| ticod: the animal to
stress 5o that 1t responded by a negative mitrogen balance which other
wise would not have been detectable

This expenmental work which was mamly concerned with rats
has now been applied to humans and thetr metabolic behaviour follow
ing the of total hypoph y or total y
plus obphorectomy has been studied (Mason 1955 Graber and
Beaconsfield 1955 Jepson Jordan Levell and Wilson 1956¢) When
such patients arc maintained on a constant parenteral dose of cortisone
before dunng and after operation the metabolic pattern 1nduced by
frauma 1s simular to that i the adrenal intact patient In the post
operative phase sodium and water are retamed potassium and nitrogen
lost and the costmophul count falls These changes are quantitatively pro-
Pottional to the amount of trauma rather than to the mantenance dose
of cortisone (Jepson etal 1956c) Although the pattern and apparently
the range of responsc 1s symlar to normal caution should be used in the
Interpretation of these studies 1t 15 not yet known for example what
changes in plasma corticord concentration occur dunng the traumatic
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on any of the first three days and both its
are difficult to correfate wni,h plasma le:rtelsm(cslglfu?‘g‘? ll,‘esnmm‘;i?:tau:;
Maore 1956) Cases have been reported where 2 magor operation was
unassociated with any rise m urmary steroid excretion (Hardy 1955
Intravenous infustons of corticotrophm produce a comparatively wide
range of maxumal mdividual response, although this does not necessanly
preduct the response to surgery (Jepson, Edwards and Reece 19562)
Post apecative mlisions show the adrenal gland to remam responsne
to the stunulation, and in the absence of gross pathological lesions i
the adrenal glands 1t 15 unlikely that ‘adrenal farlure occurs

Patients with malignant disease usually have a normial excretion
Increased levels have been reported with massive and necrotic growths
The response to operation of patients with neoplasm generally fals
1n the expected range for non malignant cases although with adyanced
growths mnor procedures may mvolve lirge and unpredictable e
sponses The restng urmary excretion of 17 hvdroxycortiods
corrected for a standard height and weight, falls a itle with age
{Borth Linder and Riondel 1957) The response to opefation i
however, not perceptibly modified Efectrofyte imbalance or depletion~
as for example 1 patients with alkalosis pylonc steposis and gross
depletion of sodium_potassium and chlorde—1s associated wiihnormat
excretion patterns for sterosds Sewond operations shortly following 2
first result 1 a decreased 17 hydroxycorticosterosd excretion

The ketosterord excretion i the urime, which 1s derived from corucod
degradation adrenal androgens and testosterone, may of may notnse
above the pre operative values (MacPhee 1953 Moore, 1954 Jepson
et al 1956b) and hittle useful mmformation has been denved from the
estimation  The hnown presence of a salt retaing factor 1 some
human urme Jed to the discovery by Simpson ef ol (1952) of 2 7
steroid, aldosterone which although produced by the adrenal corter
15 not affected by circulatory corticotroptun Liaurado (1955) using 2
bio assay has detected very greatly increased amounts of aldosterone
after aperation and found that the excretton levels of this corticord
correlate quantstatively with Na+/K+ in the urine of patients before
and after operation Further work probably with more sensitive
methods of assay 1s nteded before the smportance of aldosterone "
post operatve electrolyte regulation can be evaluated
The Metabol D to Total Adrenal

The evidence available to date suggests that followng mluryhf:f
bypophysic s stmulated to mcrease the crculatory w‘“wmpa
This n turn the prod plasma sad uo r{
excretion of corticosteraids particularly hydrocartisone comC:;;”:'l
and the ketosteroids In addition by some mechanism as yet U °

————
————
—_
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the unnary excretion of aldosterone 1s stepped up These metabolic
changes are associated with vanations m tissue plasma and unmary
concentration of many different elements such as sodum  potassium
chlonde mtrogen calcrum magnestum and phosphorus

Itisnot known however how these widespread changes are imtiated
controlled and terminated Many of the metabolic effects of mjury can
be reproduced by the of cor phin or cortisone
These include the negative mitrogen balance the retention of sodum
and water the uninary leak of potassium the fall m the costnophil
count and the increase of the excretion of ketosteroids and total
17 hydroxycorticosteroids The close correlation between the results of
trauma and of enhanced adrenocortical activity has led to the suggestion
that the first phase of accelerated catabolism after mjury 1s due to the
raised production of corticosteroids and the second phase to theiwr
withdrawal Moreover 1t 15 known that patients with adrenal hypo
secretion as 1n Addison s disease withstand operation badly and are
hable to develop profound hypotension with mummal trauma There
are nevertheless difficulties m accepting this simple schema The
expertments of Ingle (1952} and Ius associates have shown that the
drenal d anumal d on a constant dose of corticos
teroid respond: bolically 1 an normal manner to
trauma In the rat the presence of circulatory steroids 1s necessary for
the development of the response but does not appear to intiate or
control the biochemical changes There 1s some evidence that the
amount of hormone required to preserve the animal 1s greater following
tjury than in the resting state Engel (1951 1953) presented evidence
to suggest that dosage of ad ticords d the ammal to
stress so that 1t responded by a negative nitrogen balance which other
wise would not have been detectable

This experimental work which was mamnly concerned with rats
bas now been applied to humans and their metabolic behaviour follow
mg the of total hypoph or total adrenal y
plus oophorectomy has been studied (Mason 1955 Graber and
Beaconsfield 1955 Jepson Jordan Levell and Wilson 1956c) When
such patients are maintawned on a constant parenteral dose of cortisone
before dunng and after operation the metabolic pattern mduced by
trauma 15 similar to that 1n the adrenal intact patent In the post
operative phase sodium and water are retamed potassium and mirogen
lost and the cosmnophul count falls These changes are quantitatively pro
Portional to the amount of trauma rather than to the mamntenance dose
of cortisone {Jepson et al 1956¢) Although the pattern and apparently
the range of response 1s stmular to normal caution should be used in the
Interpretation of these studies It 13 not yet known for example what
changes 1n plasma corticord concentration occur during the traumatic
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and post traumatic period, even though the dose 1s mamtaned constant
In addition the cortisone admuntstration has in general been of 1 Iugh
dosage It would nevertheless be reasonable to suppose that a basal
Ievel of plasma corticosteroids 1s necessary to sustam trauma, that ;n
order to present the familtar picture of metabolic response the body does
not 1ly need a fi g exog supply of ad 1
hormones that the known cortico steroids do not imftiate or termmate
the response *

The other component of the adrenal gland to consider 15 the medalla
Von Buler and hus associates have estimated the urmary excretion of
catechol amnes after operation (Franksson ez al  1954) They found
that 1n most patients with an uncomplicated convalescence the adrena
line and nor adrenalme excretion was usually within normal lnsts
duning the first post operative week occasional high values of nor
adrenaline were observed In association with post operative comple
tions the excretion of one or both of these hormones may be greatly
mereased immediately following the trauma Pre operative medication
the threat of operation or ether anaesthesta caused no rise 1n the plasma
concentrations of adrenaltne or nor adrenaline Operations of moderale
severity were sumilarly weffective although tramma 1n the conscious
patient produced raised values, and 1n one case of severe burns 1he
levels were markedly elevated before death (Hammond Aronow and
Moore 1956) The accumulated evidence from the patients submm‘cg
toad 1 y, however Jes the adrenal medulla as an essend

link 1n the cham of metabolic response

Histochemical Changes i Adrepal Cortex .

The pathological changes in anmal and human glands pmduo;d b)::
prolonged and severe stress have been extensively mvestlgﬂt; ¥
Tepperman Engel and Long (1943} Selye (1946) and Uotila an Ve
karinen (1951) the weight of the adrenal increases with hyperm:ip IZ\CE
the cortical cells and a reduction of cholesterol and ascore au‘ A et
and Berthrong (1949) using the enzyme nbonuclease demonsmcd ot
the basoplulic granules contained nbonuclerc acd and absan e
these granules were particularly marhed when death follo &te dz oot
mfection Symington and Davidson (1956) further investigate -

a8

* Thus question contimes to stumulate considerable xterest and d.s:ﬁnj:w f; [P‘mg: o
amply confirmed that an adrenalectomized ammal supporied by a cous! e o twst
ous corticosterord undergoes many of the well recogmzid brochemueal fo‘}( g 3
trauma Under these the plasma e e mumber of -
may nise though there 1s Some difference of opinion on this poi ant e eation 15
ported observations 1s not large In Any event the change m plj;m o aricosteraid 2t
great Probably of more 1mportance are the concentratons andF ESBMOOK “Eadocrint
the cell evel but httle mnformation 1s at present available (See D oagatss i Hormote
changes followipg traoma fnman  and subsequent discussion Recen
Research XIIT 1957 Academic Press New Yorkd
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glands obtamed at operatton and post mortem and suggested that
nbonuclerc acxd and hipd phosphorns mereased n the zona fasciculata
after corticatraphin adnunistration and stress This 1s of great interest
m vew of the known partticipation of fugh-energy phosphates 1n
corticosterond synthesis

Cireulating Eosinopluls A decrease in the number of eosinophils 1n
the peripheral blood 1s regularly produced either by adequate shimuls
tian of the adrenal gland with ACTH or by the admimstration of
adrenal sterards such as cortisone or hydracortisone [t 15 also clearly
established that a defimte eosinopema develops after ijury and that
thereafter the costnophul count rises esther to normat or transitonly to
abave normat values The changes mn costrophit concentration ity the
peripheral blood often but not invanably show an inverse cosrelation
with the 17 hydroxycorticord excretion 1 the wnne after trauma
Adrenaline causes a vanable degree of eosinopensa which 15 moaximal
two 1o four hours after the after 1nt
the eosinoperra 15 maximat after four hours The eosmopenta afx:r
adrenalne mjection 15 unrefated to any nse n the plasma level of
17 hydrotycorticosterords  (Hunter  Bayliss and Stenbeck  1955)
Several nvestigators have observed n paucms with Addnon s diseasea
significant decrease of blood of
adrenaline  whereas they showed no cosmepcma fcllo\me ACTH
These obsemmns suggest that i man adrenaline does not cause in
creased ad tical Of greater are the obsena
tions that n patents after bilateral adrenalectomy recewing daly
100 mg of hydrocornsone or cortisone the eosinophul count fell after
eperatton and then subsequently rose to the pre operative fevel of above
m sprte of the congtant ad of the hormone
(Thorn {952 Jepsoneral 1956c) Clearly mthese cases theeosinopenia
and Iater rebound cannot be mtcspreted as due to an excess and with
drawal of adrenal cortical hormone

Consid rable caution must be exercised 1 relating blood cosmoptut
Jevels to adrenat cortieal funtion There s a wide physofogical range
1 eosmophif counts and the dmrnal varations mn normal people are
large (Swanson Baver and Ropcs l9$2) Thc xmetprelauon of results
based on them alone 1 1y 50 after
MAJor surgery where so many otbcr factors hava to be taken mto
account

An(enur Ditmtary

ropiie Hormone R h in recent years has clearly

sbawn that ttus secretion of the antersor pitmtary gland 1s the most

important factor in controlling adrenal cortical function (Ingle 1951)

While the sttmulating attion of ACTH on the target gland 15 Srmly
METAD DI g
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estabhshed relatively hitle 1s known regarding the mechanism wheseby
thus function of the antenor pitutary 15 regulated The evedence t mas
15 partcularly scanty, but stas clear that thus gland must play a magor
part i controllmg the adrenal cortical actiity associated wath trauma
Although a large amouat of experimentat work has been carned out i
ammals there 15 st} derabl garding the pathways
involved Specie differences may well occur and the results should be
applied to man only with caution

At present the general opimion 15 that there are several mechanisms
for the regulation of ACTH secretion (Long 1952) Oge 1s concerned
with the rapid release of ACTH after ijury and may be meduted s
part by the nervous system An mtact hypothalamus 15 essentral (Home
and Wittensten 1950 McCann 1953) Opinsons on the role of adrens
hne have been conflicting It has recently been demonstrated m man
that the intravenous ifusion of adrenahne mcreases neither the bood
17 hydroxycorticosterods nor the unmary exeretion of cortseal sterod
metabolites (Sandberg Nelson Palmer Samuels and Tyler 1953)
Many of the earher concl ding the role of adrenalme and of
the autonomue nervons system were based on mdirect methods of
measurnng adrenocortical activaty As better methods of estrmatng this
function are developed the part played by the adrenosympathetic
system m controliing the release of ACTH will become more ap-

arent

F The rate of ACTH secretion 15 undoubtedly under most czcum
stances sensitive to the level of cisculating corticords After adrenalec
tomy the selease of ACTH 15 increased The admumstration of an eveess
of adrenal cortical hormones depresses the release of ACTH (Inglef
1951) The relation of this mechanism to the changes 11 blood Ievels oI
corticosds followng severe injury 1s defficult to mterpret The ngh levd
dunpg stress cannot apparently be reconciled wath this self regulating
mechanism

Mason (1955) studied two patients undergomg total hypophyﬁfc“”m¥
for tous who were d before and afte
operation on a constant dose of cortssone (601 U datly1v) Sod:ugl
and ciilonide were retamed while the mtrogen and potassum Joss
creased as would be expected im the normal patient These results
ndicate that cettam features of the post operative metabole resPO“”’

are to the hypoph z : m’: ’“ tc d .mgi x:oma
tient This does not of course well
o reosd secretion obtamed m normal

corticotrophmn and adrenoco
;ﬁmems suh;gcted to operation 1t docs however stress that mrf{
of the alterations are not mtmately controlled by cuculatory tl';or
cords cortacotrophan or indeed auy of the other pitunary
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Growth Hormone Lattle 1s known about the part if any, played by this
hormone 1n the of body ip after the bol
phase It has however recently been demonstrated that intravenous
adminsstration of growth hormone m man accelerated the rate of dis
appearance of ijected ammo acids from the blood (Carballera Elrick
Mackenz:e and Browne 1953) The urmary ammo nitrogen excretion
was reduced 1n these growth hormone expenments As the blood non
protein mtrogen levels did not 1ncrease over those observed in control
expermments, the results suggest that growth hormone leads to an in
creased rate of incorporation of amno acids into the tissues During the
anabolic phase of convalescence lean tissue 1s being rapidly recon
stituted wath retention of mitrogen in the body Whether this process 1s
under the control of or1s mfluenced by growth hormone remamns to be
determined

Thyroid

Studies m expennmental ammals particularly rats have suggested
that such stimuli as a cold environment violent exercise injections of
formalin anorexia or spinal-cord transection may alter thyrord func-
tion by depressing the rate of uptake of 10dine by the thyroid and by
increasing the rate of peripheral utilization of the actual thyroid hor
mone (Engstrom and Markardt 1955) Adrenocorticords depress the
1odine accumulating function of the thyroid 1n animals without altering
the rate of release of the hormone from the gland (Hill Reiss Forsham
and Thorn 1950)

The evidence for functional alteration of the thyroid and 1ts hormones
n man after trauma 15 less secure Engstrom and Markardt (1955)
followed the Ievels of serum precipitable 1odine (SPI) 1 twenty four
patents before and after operation and could detect no sigmificant
alteration Acute medical sllness such as coronary occlusion was not
usually associated with abnormal concentrations of SPI nor did
parenteral cortisone suppress or augment the level

Shupley and MacIntyre (1954) estimated the effects of stress thyroid
stimulating hormone and corticotrophin on the level of hormonal
M of the serum (butanol-extract) In three of the nune patients sub
mitted to surgery they found a threefold increase 1 hormonal = at
48 hours after Goldenberg Lutwak R and Hayes
(1955) using radioactive 1odme excretion and neck uptake as mdices
suggested that the thyroid responds 1mmediately to stress and that its
hormones may play a part 1n the ensuing negative nitrogen balance

On the evidence available 1t appears that thyroid function as estt
mated by present tech: 15 not d 11 d by surgery
and probably modufications m thyroid activity do not play an essential
Part in post operative metabolic changes
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Postertor Pitmtary

It has long been recogmized that for the first day or two after opera
tron little urine 1s formed (Pringle, Maunsell and Pringle 1905 Le
Quesne and Lewss, 1953) This water retention is independent of sodum
retention and 1n uncomplicated traumatic cases rarely lasts Jonger than
two days The unine at this stage has a high speaific gravity and elec
trolyte concentration Sumilar features are readily produced m normal

b by the ad ration of antiduretic hormone (Lloyd 195
The normal stimulus provoking the release of antidwretic hormone 1sa
rise 1n the osmotic pressure of the plasma (Verney 1946) There s how
ever, no evidence that this 1s the mechanism 1n post operative cases a5
the water retentron still occurs even n overhydrated patients Pam,
anaesthetics and morphine have alt been regarded as factors leading to
the release of antidwuretic hormone Direct measurement of the con
centration of antidmretic hormone 1n human plasma 1s difficult but
clearly this formation 1s required before the role of the postenor
pituitary gland 1 producing the post traumatic ohguria can be finally
assessed

Sigmificance and Interpretation of the Metabohe Changes

While 2 considerable amount of mformation has been gained con
cerning the actual biochemical changes m body composition that dl::
velop as the result of an mnjury relatively little 15 known abog; tt;
significance of these changes to the patient It seems reasonz ‘ea -
suppose that the convalescent process 1s the result of homocoswth
forces summoned by the acute myury to ensure wound healing regro
of lost tissues and return to acuvity and reproduction -

Immedately after recespt of an mjury there are at least two lm}}or .
considerations—the necessity to ensure an adequate cm:ulatlonl 51‘:;1 o
supply of nutriment and oxygen to the vital organs and pm:s Ny
sufficient energy and raw materials to restore the damaged padr i
of the brochemcal changes already described may be viewe!

erms

‘ The maintenance of extracellular flud volume 1 support 0‘{151:;:‘:
volume and blood pressure 1s clearly a vital necessity dumt‘lfe by of
period after an yury Thus 1s served by the retention ;‘nb e sodum
water and of sodrum and chlorde The mantenance o (:hg o
and chloride with an adequate store of water 15 essential to e e it
of plasma volume after haemorrhage It 1s jmportant to m:ﬁxs b
under natural conditions or 1n the absence of transfusxox:wn T blood
1sm 1s the only one avulable for immediate restora
volume centra

The mterpretation of the changes observed 10 thi;i P]i‘;‘e’?‘:g;h have
tions of electrolytes after trauma presents many dafficul
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not yet been resohved The fall 1n the concentration of sodwm and
chionde 15 not due to an external 1oss of these substances On the con
trary at ths stage they are being avidly retamed withun the body and
the falt still ocrurs even if additional sodium chlonde ss given At the
same time a rapid catabohsm of lean tissue and fat 1s occurring There
1 thus & loss of potassium and other electrolytes from within the cells
and the production of water from the burming of fat Retention of water
may lead to dilution of the fular flisd but the d of serum
concentrations have been observed i cases m which no excess of water
has been given and no measurable nise i total body water has oecurred
The decrease may be aggravated by giving an excess of water in the

diate post peniod The Hutar flud volume may
be increased after inpury even if there s no addition from external
sources (Bloenkrone Mailer 1949 Wilkinson Billing NagyandStewart
1950) The source of the fiwid 15 presumably from cells and fat meta
bokism There s some evidence that such an interpal dilutson of the
extraceliular fimd may take place as there 15 wsually also a falt
plasma proten concentration though tlus change mmst be nter
preted with caution as rapid catabolism of pratetn 18 occurrang at the
same time While a shift and retention of water may be the whole
explanation of the changes 10 plasma sodmm and chlonde concen
trations direct evidence ss Jacking owing to the difficulty of accurate
definion and measurement of a compartment where flurd s held
1 the body outside cells Another possible explanation 1s that sodmum
and chlonde leave the extracellujar flnd and enter the cells bones
or gastro miestinal tract Here agamn direct enidence 1s lacking but it
shauld be noted that the bones contam much sodmm but hittle chlonde
The sodmim i human bone may possibly act as a metabalie reservoir
but no such store of chlonde 18 known

Qceasionally after surgery a more perststent decrease m the concen
tration of serum electrolytes 1s seen This usuatly occurs n debilstated
patients and 15 analogous to the hyponatraemua seen i many chrome
‘Wanmg diseases The serum concentrations are not restored to normal
by ether flud restniction or salt admynsstration and the condition 1§
generally corrected only by a2n mmprovement 1 the rutntional state
Other causes of persistent hyponatraenua after surgery are unrestored
salt Joss or overloading with water m o patient with smpatred renal
function (Wynn 1956)

The fapid catabolsm of fat and lean tissue probably hag as its
Prumasy purpose the provision of energy and raw matenials for the
Bealing of the wound The metabolic mobihzation of mirogen and of
the ntracefiular electrolytes provides the substances essential to the
Synthesis of new protoplasm This concept ntroduced by I § L
Browne (1950} of the loosemng of body nitrogen to make 1t available
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for wound healing 1s of great nterest The evidence that the ntra
cellular changes of the first phase have as their purpose the prowsion
of substances for the formation of new tissue mn the wound outweighs
the opposite contention that this catabolism 15 a deleterious effect
It 15 signuficant that the healthy person who heals his wound well after
a single trauma and thrives cl lly shows this bolism most
vigorously and the depleted person who 1s much more apt to falim
heahng (wound dehiscence non union of fractures) does not show a
vigorous catabolhism

One may 1nquire why so much tissue 1s catabolized to heal a sniall
wound (Moore 1953) In a simple abdomunal laparotomy the transverse
healing of the 1ncised wound and of any mtrapentoneal manspulations
probably does not entail the formation of much more than 20-50 g of
tissueat the most Inall likelthood the actual weight of new tissue formed
1s even smaller than this Yet this must occur 1n the presence of a‘ e
duced diet, and nature makes Iable an abund: of the
Between 1-2 Kg of tissue may be destroyed to form this small amoust
of cructal new tissue 1n the wound For a large war wound a femora!
fracture or a burn an even greater mobilization of mitrogen occurs
The supply of ammno acids polypeptides and mtracellular electrolytes 1;
continuously increased and made avarlable to the wound Magy 0
these substances are toxic 1n the extracellular phase if their concentra
tion 1s mcreased and accordingly there 1s of necessity a wntmuﬁs
1ncrease m ther excretion mn the unne As the immeduate threat n;l n:
recedes there 1s a gradual transttion from emergency to trophre mec! fﬂ
1sms Fibrosis begins 1n the wound and its tensile strength m}ilﬂ:’r
increases Reopened at three days a wound readily falls apart nthe
six days 1t has to be cut That this can and frequently does oc«].;l&rm s
absence of diet 15 a tribute to the effectiveness of cellular mo! e
m the catabolic phase and to the rapidity of fibrosis and collag

osition once rapid catabolism ceases

de?n phase III as dljetary intake increases the tissues depleted m ph?:’l
are gradually restored and muscular strength 1s slowl}’d:"g;’uou
Wound changes are still ocourring consisting of collag\fﬂThS oun
consolidation of the scar and increase of tensile strength N
and muscle clearly occupy top prionity 1n thts phase of feg"ﬁ:“y ot

In phase IV the wound drops to lowest pnomyu-’*s 2; the body
ceases Muscular strength has been restored and finally l:)edy Once ths
fat consumed during the early stage has to be replems should the
has been done convalescence 1s complete Prior tz this :dmlﬁee & Tesponse
patient suffer a second myury he will show ; rghewﬂlsho“’ the
observed 1n depleted subjects After the fat gain phas
complete picture of the normal metabolic response
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Therapentic Considerations

A detaled acconnt of the post-operative care of surgical patients
from the metabolic pownt of view 15 not within the proviace of this
article but has been fully desenbed elsewhere (Moore and Balt 1952)
Certam general prnciples may however be deduced from a considera
tion of the biologcal pracesses occurnng after an mjury

The prompt restoration of bload lost by haemorrhage 15 of first
mmpartance This was clearly shown by the experience guned w the
{reatment of war wounds (Grant and Reeve 1951) and bas been con
firmed by many Jater mvestigations Furthermore the plasma protesns
given by transfusion are retained mn the vascular compartment and are
not diatel, 1able fo! bolism and excretion

It has already been noted that the most vigorous catabolism after
traumea 18 observed 1 healthy well nounshed tadwsduals Thus cata
bolis of fat and lean tissue 15 a physiclogical process which capnot
be checked exther by forced feeding of protem or by the admsmstration
of hormones promoting anabolsm The capacity to respond to mjury
with increased breakdown of proten 1s an asset to the organism though
1t does not necessanily follow that wouad healing wrll be more rapid
#s many other factors affect convalescence and final recovery However
thas long been d that d d and undi hed patients
are poor operative nisks Thus whenever possible the protein stores of
tae body should be filled before an operation s carrted out Im
mediately after operation the patient has lttle appetite and forced
feediag at thit stage 15 of no benefit and merely adds to his descomfost
On the other hand a3 soon as the catabolic phase 1s over—ofien about
three to five days depending on the nature and severty of the tragma~—
wtrogen s readily retained and the mtake should be rapidly ipereased
At this stage every effort to provide calories must be made A
calorie gram of mtrogen ratio of 100 or over 15 destrable If intake by
mouth 15 madequate the 1atravenous route must be used In patieats
depleted by previons liness the catabolic phase 1s bnef If the underlymg
condition has been relieved tugh ntakes m the early post operative
penod are ytiized soomer and better by them than by their well
nounshed counferparts The crucial question to determine m an it
or compheated patient more than five days after an mpury 18 whether
Be 15 comug sto positive batance—he cannot convalesce otherwise
The weight cunve may gve some indication but there 13 0o sunple
shost oot 1o the determmntion of mitogen palurte The wiahe may be
approumately calculated from osdinary tables and measured portions
The chemical measusement of the total (24 hour) mirogen excretion
10 the urne 13 nerther difficult nor time consuming with the Kjeldahl
digestion distilfatton apparatus It should be made avulable whenever
difficult problems ore being managed
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Similar considerations apply to p um metabolism Any potas
sium deficiency existing pre operatively must be corrected The large
potassium loss which develops mmediately after operation 15 a
physiological process which canmot be cheched by the proviston of
excess potassum After the third day this increased excretion ceases
and restoration of the loss 1s begun At this stage 1ncreasing dietary
mntake usually provides sufficient potassium If however miake by
mouth cannot be resumed intravenous potassium should be grven with
glucose

After injury there 1s a retention of sodium chloride and water and
any excess given at this stage 15 held 1n the body The patient may thus
readily be overloaded The fall 1n serum sodm concentration which
occurs after operation does not indicate a deficiency of sodm n the
body The indication for additional sodium or chloride 1s the demonstra
tion of an abnormal loss from the body such as by exudates from wouads
or by vomuting It 1s perhaps a nusfortune that the concentration of
sodium 1n the serum 1s now so readily measured by flame photornetry
A more valuable use of this mstrument 1n therapeutics 1s the deter
mnation of the sodim concentration in these extrarenal losses so that
accurate replacement may be carried out

Routine werghing of patients can yield nformation of the greatest
value and 1t 1s mmportant that a smtable scale should be avarlable
Physiologically there 1s a loss of weight after mjury due to the cata
bolism of lean tissue and fat A gam or mamtenance of weight after 2
major operation 1s an indication of water retention fa

The practical guide to the care of a patient after an mjury 0 n‘}’
nature may best be described as  thinking in terms of balance ?““ 5
the first two phases the patient requires no more flmd and electro ﬁt
than what he has lost During the later phases adequate diet m "
be provided to restore hts body composition to normal with regar
to lean tiscue and fat

Conclusion

The metabolic changes that occur after an mjury represent :é 1;1153:]
mental biological process designed to ensure survival of the mt; st
and healng of the damaged structures Though the {ea{utels;ie bt
readily studied after a defimtive surgical operation  there 1s I et
that a stmular tram of events takes place after any type of 1I;TJ Ul&."e teuctne
by direct trauma by infection, 1schaemua or any U;x 24 o agent
process Appropriate specific measures dealing with the ﬁ; e The
and the local disturbance constitute one aspect of therapeu! :al eacion
other aspect concerns the patient as a wh‘ole and| lu's %'8?; B e days
o the noxious agent- aspect f o Wi
:!f rapd de\elop?nent of specific remedies Yet 1t 15 of fundame
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wuportance 1 the everyday care of patients and worthy of the most
detailed study
It 1s apparent that dunng the past few years a large amount of
as been d on the hic aspects of the recovery
from myury Ths has gre:xﬂy hclpcd chmcmns to dcal more logrcally
and perhaps more with
m their patients The gaps i our knowledge are st large and munh
more mformation 1s requred partrcularly about the changes occurring
within the celfs and enzyme systems The mechanisms by which the
bolic response 15 lled and ended are unknown
The physico-chemucal changes tn the wound tself have been hitile
studied and theremn may be the key to many of the unanswered
questions
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CHAPTER 5
METABOLIC ASPECTS OF LIVER DISEASE
A L LATNER

ALTHOUGH work 1s proceeding at an wncreasmgly rapid rate on numer
ous metabolic aspects of the normal and diseased liver 1t 1s proposed
1 this chapter to deal only with those findings that have chnical sigmifi
cance at the present ttme It 15 1n no way ntended to decry many ex
cellent publications dealing with liver enzymes phosphate turnover
mitochondrial metabolism and the like Such investigations will no
doubt eventually contribute much of great value to the climctan and 1t
must be left to some future author to put them n their nghtful place
To the practising physician and surgeon studies of hepatic metabol
1sm are chiefly of importance 1n so far as they shed Light on the actiology
of certain common liver diseases elucidate the production of P
and signs lend axd 1n diagnosis and point the way to rational therapy
It 15 with these considerattons 1n mind that the subject matter of this
chapter has been compiled

Aetiology of Liver Disease
During the last few decades much effort has been spent on the nutr
tional aspects of liver disease and has led to the brilliant studies of
Himsworth and s colleagues Certan nutritional mechanisms have
been das factors 1n the prod of diffuse hepatic
fibrosis by way of a preceding fatty infiltration whlst others have been
related causally to acute necrosis and post necrotic scarring

Fatty Liver and Curhosis

Smce Minkowski (1893) first produced diabetes 1 dogs by the 1e
moval of the pancreas 1t has been known that this operation 1s followed
by fatty infiltration of the iver The infiltration 1s of two types In the
depancreatized ammal deprived of wmsulin the accurnulation of fat m
the liver 13 related to the fact that cart drate 1s not readily 1
s a source of energy ‘The mecharusm 1s precisely that which ocecurs 1
starvation and 1s accompanied by ketosis and hyperlipaemua The
latter 1s due to the rapid mobilization of fat from the depots as a source
of energy The fat accumulates 1n the liver and then undergoes metaboltc
breakdown This gives nse to ketone bodies at a rate greater than can
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CHAPTER 5
METABOLIC ASPECTS OF LIVER DISEASE
A L LATNER

ALTHOUGH work 15 proceeding at an increasingly rapsd rate on numer
ous metabolic aspects of the normal and diseased hiver 1t 13 proposed
in this chapter to deal only with those findings that have clintcal sigmfi
cance at the present time It 15 1n no way mtended to decry many ex
cellent publications dealing with Liver enzymes phosphate turnover
mitochondrial metabolism and the like Such mvestigations will no
doubt eventually contribute much of great value to the chmean and 1t
must be left to some future author to put them 1n their nightful place
To the practising physician and surgeon studtes of hepatic metabol
1sm are chtefly of importance 1n so far as they shed light on the aetiology
of certamn liver diseases elucidate the prod of symp
and signs lend aid i diagnosis and pont the way to rational therapy
It 1s with these considerations 1n mind that the subject matter of this
chapter has been compiled

Aetiology of Liver Disease
Duning the Iast few decades much effort has been spent on the nutrt
tional aspects of liver disease and has led to the brilhant studies of
Himsworth and hus colleagues Certamn nutntional mechanisms have
been recognized as causative factors m the production of diffuse hepatic
fibrosis by way of a precedig fatty infiltration whlst others have been
related causally to acute necrosis and post necrotic scarring

Fatty Liver and Currhosis
Since Munkowsk: (1893) first produced diabetes 1n dogs by the re

moval of the pancreas 1t has been known that this operation 1s followed
by fatty infiltration of the liver The infiltration 15 of two types In the
depancreatized animal deprived of 1nsulin the accumulation of fat m
Lh/e Liver 15 related to the fact that carbohydrate 1s not readily avaiable
s a source of energy The mechamusm 1s precisely that which occurs 1n
starvation and 1s accompanted by ketosis and hyperlipaemia The
Tatter 1s due to the rapid mobilization of fat from the depots as a source
of energy The fat accumulates in the hiver and then undergoes metabolic
breakdown This gives nise to ketone bodies at a rate greater than can
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be dealt with by the tissues and so results m ketosss This type of fatty
hver1s often referred to as the phystological fatty iver There s norel
disturbance of hver function and so, 1 spite of the hyperhipaera these
1s 5o profound disturbance i other Iipids of the plasma and the phos
phatide and sterol patterns remam pormal

On the other hand adminsstration of msulin to depancreatized dogs
does not mdefingtety prolong Ife Allan Bowie Macleod and Robinsos
(1924) first demonstrated that such ammals eventuatly developed symp-
toms suggestve of hepatic dysfunction Post mortem examumnations
revealed intense fatty filtration of the ltver Thus sequence of erents
could be prevented by adding raw pancreas to the diet Some years later
Hershey (1930) found that egg yolk lecithun could replace raw pancreas
and subsequently Best Ferguson and Hershey (1933) demonstrated that
choline was the active consntuent of the leathin Choline has the
formula

cH, O

N A

CH~N
cu,/ CH, O, OH

1t 1s pashiculasly nich 1 methy! (CH;~) groups and can donate them to
other substances during metabolisnt by means of the process known as
transmethylation It wilt for example react with guamdoacetic acd
to form methyl guanidoacetic anid beiter known as creatine In fact it
15 posstble by Teeding Jarge amounts of the former substance to tals
30 to exhaust the avadability of methy! grougs as to produce a conds
troned deficiency of cholme and guve rise to an ntense fatty mititestion
of the liver Afternatnely the mfiltration can actually be produced &Y
feeding ciets deficient in choline

Chokline ttself arses i the body by the methylation ct‘emamlamm:f
whicls 15 30 turn demved from the amino acid senne The sequence O

gvents 15 as follows

ZH,0H 1,0 cnon
CHNH; —C€D,  CHNH  $CH, OHNCH)
. |
coon on
Serine Ethanclsmine Chot e
Tt mught therefore be es(' any e

donating meth)} group: + the fu ch(; ;r:w
defictency fatty hver by body 10 ¢
own cholme Itis not & J:’er , wn

(935) ¢ 4 that
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was effective from this pomt of view for casein contams the ammo acid
methiomne which possesses a labile methyl group

Substances like choline and methiomne which prevent this type of
fatty iver are said to be lipotropic It must be emph d that we are
now dealing with the pathologreal fatty liver There 1s actual diminu
tion of hiver functron with marked disturbances in the hipids of the
blood m contrast to the physiological fatty hiver already mentioned

So far we have been considering fatty hivers as they occur 1n antmals
There 1s however ample evidence that a similar condition occurs m
man Its association with diabetes mellitus 1s well recognized It has long
been known 1n associatton with malnutrition Trowell (1949) has de
scribed the so called malignant malnutntion of mnfants m Afnica
(kwashiorkor) 1n which a fatty hiver 1s a promunent feature It was also
relatively common i recent famunes in Europe resulting from the
Second World War By means of serial liver biopsy 1t has been possible
to demonstrate that the excess of fat will disappear as a result of feeding
high protem diets methiorune or choline

If arumals are kept on a cholme deficient diet for long periods of
tme the lustological picture of the hver gradually changes diffuse
fibrosis appears and 2 d 1ndi ble from lled
Laennec s aarrhosis 1 produced

Evidence from Human Sources Rokitansky (1849) first suggested
that a sumilar mechamism was possibly mvolved i the production of the
human condition This was amply demonstrated by Connor (1938 and
1935) who 1n 2 group of post mortem examnations of known alco
holics demonstrated all stages of gradation from the fatty hver to
cirhosis The alcohol stself 1s probably not the direct cause of the lesion
The contmuous expenditure of the alcoholic on his craving not only
gwves lum 2 gastritis which impairs hus appetite but also deprives lum
of sufficient money to enable him to buy adequate amounts of the rela
tively expensive high protemn and hpotropic foodstuffs

Gilman and Gillman (1945) have demonstrated by means of liver
biopsy stular changes 1n malnourished African children and a number
of other papers have appeared 1n the literature which fully confirm this
transformation

The transition from a fatty liver to a diffuse cirrhosss 1s probably a
patticular example of a general principle m which chronic infilfration
of any kind occurning 1n the hiver eventually results m fibrosis Patho
logcal changes of this type can occur 1n glycogen storage disease as
well as 1n the lipoidoses

Hepatic Necrosis

It has been known for many years that the diet markedly affects hver
injury produced by potsons Weichselbaum (1935) however was the
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first to show that such mjury could be produced by dietetic deficiency
alone He showed that rats fed a diet low in casein became 1ll and dred
Lesions which he described as haemorrhages could be demonstrated i
the liver They were prevented by gtving the amuno acids cystine ot
methionme, the chemical structures of which are shown below It wll
be noted that both contam sulphur

s—3$ oHys
|
CH, CH, CH,
| |
NH,HC CHNH, ?u,
COOH COOH CHNH,
COOH
Cystine Methionine

Gyorgy and Goldblatt (1939) first showed that the haemorrhage
lestons were really areas of acute necrosts It was assumed however by
most workers that these lesions were just a stage 1n a pathological s¢
quence leading to so called cirrhosis There was at this tume much con
fusion 1n relation to the experimental production of cuthoss of the
Iiver Daft Sebrell and Liliie (1942) suggested that the necrosis and !hel
fibrosis were two different conditions This was based on expenmentf:i
evidence which showed that vanous dietary supplements aﬂ';ctc
differently the mcidence of these two types of lesion It was left how
ever for Himsworth and Glynn (1944) to produce each type mdepegs
dently of the other As already discussed, diffuse hepattc ﬁl;l;;?ﬁls (':on
produced as a result of diets giving rise to prolonged fatty u rﬂ“n
of the liver Massive necrosis however resulted from diets deﬁ[cmslEm
protemn This could be achieved by feeding only small amounts o c;ls it
In one species of rat if the intake was dropped to 200 mgf tgs o
necrosis soon developed A daily ration contamnmg 500 mg o e
temn maintamed good health On the other hand when yeasmlzm e
was used 1 place of casemn relatively large amounts did nc]t1 pre e
onset of massive necrosis Yeast protemn 1s deficient 1n met mnxlnc aed
leston could be entrrely prevented if about 20 mg of th;ls gleso feen
were gven daily as a supplement Hock and Fink (1943) ﬂast ecross
workimng along smular lines, but they showed that the ﬂ]cs T e sub-
could be prevented by admumstration of cystine Smc; td & ras ot
stance can easily be denived from methiomne 1 the bo t)xl;l eetoss
clear which of the two amuno acids was active 1n preven! turgé o
The problem was solved by feeding diets contaiping mu:1 od New
thetic amimo acids m place of protem (Glynn Hlmliwome Sefiency
berger 1945) When ample cystine was present met] Ooﬂf e acrocylc
did not produce necrosis but resulted 1n the production
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anaemia and hypoprotemaemsa It was possible to determune how much
metheonine could yust prevent these abnormabiies When this amount
was given 1 4 diet from which cystine was omutted massive necrosis of
the hiver was produced This latter amino acd must thesefore have been
the nutnstional factor the absence of which gave nse to the hver lesion

Although this evidence seemed very clear other workers could not
reproduce the results or ob d them y Gyorgy
{1947) m Amenca demonstrated that the iadence of necrosis seemed
1o bear some relationshup to the type of fat admumstered at the same
time as the protem-deficient diet He showed that it was the tocophero}
content of the fat that was tmportant in this respect The madence of
massive hepatic necrosis 1n ammals on 3 diet deficient 1 sulphur
contaming anupo acids was markedly decreased when ample amounts
of this vitanun were admmstered Himsworth and Glynn had m
advertently omtted this substance from thesr expennmental diets In
actual fact ther diet was deficient i both cystine and tocopherol
Other workers in attempting to produce a pure cystine deficiency had
added alf the known wilamins ncluding tocopherol It must be em
phasized however that adequate supphes of cystine will prevent the
Tesion even though tocophers] 1s not admmstered Unknown to English
and Amenican workers Schaarz (1944) 1n Germany had also demon
strated the preventive action of the vitanun Hsmsworth and s col
leagues have adequately confirmed this finding and have afso shown
that the facihity with whch Lwver necrosis can be produced depends on
the previous dietary mtake of tocopherol IF this 5 Jow the leston 15
produced much more readily

Schwarz has shown that another food factor 1s necessary for the pre
vention of mecrosss He has called ot Factor 3 1t1s preseat w certan
yeast extracts and m ympure casets Its chemical nature has not yet been
determined

Other factors are also concerned  young growing rats seem {0 be
more susceptible and males more so than females Environmental tem
perature and tme of weammg are also of importance (Naftalin 1954)
The digestibihty of the diet must also be considered for example diets
18 which ctude soya bean meal 1s gwven as the source of protesn should
contam adequate amounts of cystne Nevertheless such diets readdly
lead to lver necrosis If however the meal s heated before admunsstra
tion the leston does not develop Soya bean meal contamns a trypsin
athebitor which 1s mactvated by heat Ths substance nferferes with

d and with the b of ammo

acids m the 1ntestine Heating destroys ats activity and the sulphur
contaming amuno actds of the diet can then be released and assimilfated

The Ieft Tobe of the hiver 1 more hable to develop necrosss than the
night Himsworth and Glyna (1944) explam this m terms of the circula
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tion The right lobe tecerves all the blood from the small intestines and
consequently has direct access to such protective amuno acids as may be
available There 15, however, another explanation The left lobe ts mote
directly exposed to touc materal arising 1n the gut by bactenal action
suee ths 13 much more likely to be absorbed from the large bowe! the
enous dramage of which passes to the left half of the hver Becanse
sulphatiuazole has no preventive effect on rats recerving 2 necrogenc
diet Himsworth has suggested 1t 1s unhkely that bacteral toxmns plav
any significant part 1n the production of the leston More recently how
ever Gyorgy and Stokes (1951) have shown that aureomyein matkedly
delays the onset of necros:s 1n rats fed the yeast diet of Himsworth and
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ect
Glynn (see Fig 1) Terramyctn and streptomycin havea s'ru.l::her ﬂ?;m
but other antibiotres meluding pemicallin are meflective i ol
substances are so vastly different from the pomnt of view l:a e e
structure that 1t 35 unlihely that therr action 1s wholly xtnle e part
similar to the action of tocopheral It 15 probably dt:e al ;zheu' pis
to suppression of the mtestinal flora and the prevention o}
metabolites from reaching the Liver

Sequelae o The
: sumber of ammals survive their attack of acut: ;ﬁ?ﬁbmsﬁ
necrotic cells are replaced by fibrous tissue resulting 1
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associated with areas of hiver ;n which normal lobulation 1s preserved
Ths leston differs from the diffuse hepatic fibrosis already discussed
1t 15 the so-called post necrotic scarnng of the iver  The recognition
of ihese two types of hepatic fibrosis has done much 1o clanfy our ideas
on the exp i prod: of arrh; Unfortunately however
the distinction 1s not quite so clear m man although the same broad
differentiation may be recogtized

Human Necrosis and tts Sequelae

Evidence 15 also avaulable from human sources which relates hepatic
necrosts and its sequelie to dict The so-called tovc eunthce of the
tropics often confused wath snfective hepatitis 18 common among the
pooter natives where mab 15 preval In these
countaes among the poorer classes troprcal cuthosts 18 also prevalent
a poriwon of this 15 undoubtedly post necrotic scarring  The lesion 13
dentical with that following expertmentally produced hepatic necrosss
On the other hand children belonging to the higher castes of vegetanan
Hindus are hable 10 develop a subacute hepatic necrosis duting the first
three years of Ife It 1s perhaps sigmficant that the onset of the itlness
oceurs shorily afler weaning At this stage its vichims have passed from
a hugh protein ik diet to the relatively low protem vegetanan diet
prescrtbed by their rehgion

Other Causes of Hepatic Currhosis and Necrosis

1t would perhaps be unwise to create the smpresston that all hver
necrosts o cirthosis 18 refated durectly to the metabolism of the thio
ammoacids or choline It seems fauly certam that 2 diffuse curhosts
<an develop sn the human wathout an antecedent fatty wfiltration In
fact such & lesion may mamfest wself after ordinary mfective hepatitis
especially the cholangioktic type Hill and s colleagues in Jamaica
have abso d that mat d wath the mgestion
of some toxc agent may give nse to so-called veno occtustve disease of
the hver apd that prganzation of the intrahepatic ewdate may lead to
<rthosis (Hill Rhodes Stafford and Aub 1953}

Cirrhosss may atso be associated with disturbances of esther sron or
<opper hol, asmb h and Hepato i
degeneration respectively (See Chapters 12 and 13)

Varwous types of necrosis can occur with such different diszases 1s
typhosd fever rheumatond arthnitis vanous wrus diseases and even
uraemia Although these diseases may possibly affect throaminoacid
metabolism 1t 1s difficult 1o belteve that 5o vaned a group of disorders
:hou!d each give mise to a common metabolic disturbance i the

ver




118 METABOLIC DISTURBANCES IN CLINICAL MEDICINE

Poisons and Necrosis

The fiver cell 1s susceptible to potsons derived from a large number
of sources After adminsstration to animals ynder expermental condi
tions the effects of many of them have been studied Himsworth has
pointed out that these are of two broad types viz 1mmeduate expen
mental hepatic necrosis and ‘delayed experimental hepatio necrosis
The former occurs a few hours after admistration of the poson but
the Iatter may be delayed for weeks

The d form 1s produced by chlormated hydrocarbons
tannc acid, phosphorus and aily! formate by the myection of Proteus
vulgaris endotoxin or by feeding poisonous mushrooms Thus type of
reactron 1s usually zonal in distribution Unlike massive necrosts which
affects the whole of the liver lobule the lesion occurs 1 some specific
region of that structure It may be centrilobular as after carbon tetra
chloride, chloroform tanmc acid or mushroom powsonmg On the
other hand, 1t may be perportal as after allyl formate phosphorus of
the endotoxin of Proteus sulgaris

Himsworth has put forward a very attractive explanation for the
production of centnilobular necrosis The poison causes all the hver
cells to swell In this way the intralobular siqusoids aze at least partally
obstrncted The cells most hkely to be adversely affected by thus m
impairment of circulation are those at the centre of the lobule, which
have access only to the already mmpaired supply of oxygen and other
nutriment dertved from the blood stream after the perpheral cells have
absorbed therr own nourishment A smmlar mechamsm probubly
accounts for the centrilobular distribution of necrosis 1n viral hepatitis

The delayed form of necrosts so readily produced m man by cn
chophen or trimitrotoluene 15 difficult to produce 1n the laboratory
These compounds do not produce sigmificant liver damage 10 nomlﬂd
expenmental anmmals A very sumular lesion can however, be pm%“ «
1n them by feeding gram derived from sehiniferous soil Ths del :iyrt:
type of necrosts closely resembles dietetrc massive necrosis There s:cmd
Iittle doubt that the substances mvolved act by producing a conditions!
deficiency of cystine The lesions are prevented by supplements ol
casemn methionme or cystme Trimtrotoluene will produce t}:iPJ .
delayed necrosis 1 ammals recerving low proten lugh f:; d : ;
although as already mentioned 1t has no effect when a normal &I

admmstered -
Himsworth has suggested the adjectives toxspathuc for thozcuil\g

necroses due to noxious agents and trophopathic for those o

deprivation of a factor essential to cellular life be 1t oxygen of BS e

ment There are obviously mixed types In centnlobular n:ilc“t)ropho‘

toxipathic swelling of the peripheral lobular cells has led to the

pathic necrosis of those at the centre of the Iobule
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Alcohol and Liver Disease

Alcohol has long been regirded as a hkely causative agent of hver
disease It has been shown to mcrease the seventy of the cirrhosts pro
duced 1 choline deficient rats This effect can however also be
produced by adding sugar instead of alcohol to the dret 1n an amount
contaimng an equivalent number of calortes (Best Hartroft Lucas and
Rudout 1949) Increasing the calontfic value of the diet therefore
ncreases the amount of choline required to maintamn a normal liver
In the case of the human bemg unfortunately the money spent on
alcohol makes 1t difficult for the alcoholtc to buy additional choline
contamning feods

Patients recovermg from hepatic failure have been given 9 0z of 409,
alcohol daily along with an ample diet supplemented with vitamun B
:omplex They continued to make steady recovery (Patek and Post

941)

Malignant Tumours of the Liver

Choline deficient diets have given nise to malignant hepatic tumours
1 a vanety of ammals mcluding rats chickens and muice There may
even be metastases 1n the lungs It 1s interesting to note that iboflavin
admunistratron will prevent the production of the pnmary tumours
(Schaefer Copeland Salmon and Hale 1950)

This vitamn will also inhubit the development of malignant hepatic
tumours produced by the admmustration of certain azo dyes (Miller
and Muller 1953)

Disturbed Metabolism m Relation to certam Symptoms and Signs

Although some of the symptoms and signs of hver disease are un
doubtedly of metaboltc ongin we by no means possess complete under
standing of their mode of causation The ensuing account 1s intended to
mdicate the present state of our knowledge of these phenomena

Jaundice

As a result of continued hyperbilirubmaemra above 1 6 mg /100 m!
serum . bilirubin 1s bound i the tissues possibly to elastin In the serum
all thi pigment 1s bound to albumin It must therefore be cifried to the
tissucs along with albuming which 15 now known to enter the tissue
fluds quite readily a phenomenon which has been amply proved with
tracer techntques In contact with the tissues 1m the presence of hyper
Diirubinaemua, the Bil prgment leaves the albumin and becomes bound
fo some fissue protemn It seems to have a special affimty for elastic
fis§ite It 15 not at all unlikely that such a continuous mterchange of
bilirubin oceurs normally It may account for the small quantity of bile



120 METABOLIC DISTURBANCES IN CLINICAL MEDICINE

pigment found i normal urine This must enter by some tubular ex
cretion mechamism, since nsufficient albumin passes the glomerular
membranes and then remams 1 the urme to0 account for any bile pig
ment Exactly the same problem anses i any biluria 1t 1s extremely
unlikely that bilirubin occurs m the glomerular filtrate m sufficent
amount to account for the eventual deep staining of the urine found in
Jaundice which 1s not haemolytic It 15 well known that in the presence
of mtense jaundice there 1s little or no discoloration of the cerebro
spmal flmd sice only small amounts of albumimn are present for carry
1ng the pigment across the blood bram barnier It 15 interesting to note
that bilrubmn mjected 1ntravenously does not appear 1n the urme It
does appear however, if bile salts are mjected at the same time Recent
information relating to the structure of direct and mndirect bilirubm
(vide 1nfra) may cause us to modify our ideas of the urinary excretion

mechanism
Recent brochemical research has led to much dissatisfaction with the
older theones of production of jaundice This has been mcreased by the
realization. of the fact that not all the bile pigment necessanly anises
from haemoglobm breakdown The latter 1s well discussed m a recent
monograph (Gray 1953 Chapter IX) It 1s also now bemng reahzedf
that the lymphatic system of the liver 15 concerned n the mechamsm o
d A recent classification of jaundice 1s as follows

dice
(With 1951)

1 Production jaundice—  due to hyperproduction of bilrubiz

2 Retention jaundice— due to decreased excretory capacity of
the liver
3 Lymph d. dversion of bile from the biliary system
B} to the lymph

Much of the last named 1s due to so called regurgitational lymph"s
genous jaundice 1n which the bile 1s regurgitated into the Iymph :f;::
through munute ruptures m the bile canalicul caused by llrllc e
pressure as 1 occlusion jaundice or by necrosis of liver ccf sms .
parenchymatous jaundice It 1s however obvious that most axamplc
clinical jaundice are mixtures of two or more of thzz:i :y;la;s for examp
bot and I J o 5
obs;hrucuou and m hepato cellular disease Some forms of ha::llgfl)l'.“;i
Jaundice are probably pure production jaundice It 1s also po!slse oy
the production of abnormal amounts of bilirubin by synt e bt
occur i non haemolytic hereditary jaundice A sumilar hyper!
aemua 1s found 1n the horse st

According to Lemberg and Legge (1949) the blleIl 125:1;";&
formed from haemoglobin breakdown 1s the green biliv
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15 then converted to the orange yellow biirubm The former bile
pigment does not react with the diazo reagent of the van den Bergh
reactton It 1s thought to be responsible for the greemsh tinge some
times seen 1n Jaundiced patients which some believe occurs more
commonly 1n long standing obstruction of the bile duct It can of course
also occur 1n association with hepato cellular disease

Recently Cole and Lathe (1953) have managed to separate serum
bilirubin 1nto two components by using a chromatographic technique
with a silicone treated heselguhr column One 15 soluble n water and
gives the direct van den Bergh reaction The other is more soluble 1n
orgamc solvents and gives the mdirect reaction It should be noted that
16 protemn 1s present with erther type It 1s not therefore responsible for
the difference 1 behaviour of various sera with the diazo reagent The
indirectly reacting component 1s bihirubin atself The directly reacting
substance which 1s produced in the Liver and excreted in the bile 1s bili
rubin diglucuronide That which occurs 1 the serum m hepatitis and
biliary obstruction 1s probably the i de The gt d
are more soluble 1n water than bilirubin itself§ and would thus appear
1n the urime more readily

Much evidence 15 also accumulating with regard to the onigin of bilt
rubin This 1s probably derived from three sources

1 Haemoglobin hberated from erythrocytes at the end of their hfe
span

2 Haemoglobin or possibly porphyrm lberated from mmature
erythrocytes

3 Porphyrms and haems other than haemoglobn e g cytochrome
and myohaemoglobin

Bile pigment 1n the 1ntestine 1s converted mto stercobilinogen some
of which 15 absorbed mto the blood and some of which becomes
oxidized to the faecal pigment stercobiin The absorbed morety passes
to the Liver where most of 1t 1s probably destroyed Seme however 15
excreted mto the bile and some passes through the liver and after excre
ton by the hidney appears mn the urme as urobiinogen Urobilin 15
1dentical with lin There are theref d n
the urine when there 15 ncreased production of stercobilin as 1n haemo
lysis or when there 1s dimintshed destruction and excretion by the liver
s 1n hepato cellular disease If however no bile pigment reaches the
Intestine then no urobilinogen appears 1n the urme This occurs m
Obstructive jaundice Even i this case however n the presence of 10
fection of the biliary system urobiin may be produced within these
ducts It 15 then absorbed mto the blood stream and subsequently
appears 1n the urme




122 METABOLIC DISTURBANCES N CLINICAL MEDICINE

Pruntas

In general this seems to be related to the degree and duration of
biliary obstruction It must be remembered however that the obstruc
f10n may be caused by swollen liver cells occluding the bile canalicult
and 15 not by any means solely extrahepatic There seems to be no
correlation between mtensity of pruntus and the levels of serum bili-
rubm or bife salts Adnumstration of bile salts by mouth or pjection
to jaundiced patients does not wncrease this symptom It 1s suggested
that the altered serum cholnesterase 1n lver disease mgy reflect a
general upset of this enzyme so mtimately related to the nervous svstem
which mght account for the stching Tt 15 even suggested that st 15 the
sympathetic nervous svstem which 1s chiefly affected An mteresting
observation 1s the fact that severe pruntus m hver disease 1s not infre
quently reheved by the injection of dihydroergotamme On the other
hand this drug may act by affecting the penipheral blood flow, an 1
crease 1 which seems to aggravate the stching Others have suggested
that histamune 1s the causative agent and good results 1n therapy have
been claumed with antihistamine drugs

Muscular Weakness

Vanous explanations have been suggested for this symptom so
promunent i hepato celtular disease The disturbance 1n cholinesterase
metabolism may produce some effect at the motor end plates Bile salts
are known to affect these structures On the other hand disturbances
1 carbohydrate metabolism mught explan muscular weakness There
15 also a faurly profound upset of electrolyte metabolism because there
1s a tendency for both the serum sodium and potassium levels to be
lower than normal a state of affairs which 1 stself 1s often associated
with asthemia Conditioned deficiency of the fat soluble vitamins due
to efficient absorption of fat from the intestine may also play some

part

Haemorrhages

“These are usually assoctated with a demonstrably low level of plasma
prothrombin This 15 espectally the case n obstructive jaundice m which
condition nowadays there will usually be good vitamin X therapy
Sometimes 11 severe hepato cellular disease, there may be bleeding
without hypoprothrombinaera For some reason adminnration of
the vitamin occastonally thecks this type of bleeding also Sometimes
haemorrhage 1s due to a low fibnmogen content of the blood Much of

1t 15 probably due to actual damage of the capillary walls possibly of

towc ongn
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Coma

The ultimate cause of thus disturbing symptom 1s obviously bio
chemucal 1n nature It has been suggested that an important factor 1s
hypoglycaem:a resulting from interference with carbohydrate metabol
1sm It 1s however by no means uncommon to find the blood sugar
normal even 1n the relatively late stages of hepatic coma Others have
blamed disordered function of the central nervous system secondary to
disturbances 1n the metabolssm of cholinesterase The writer feels that
disturbances 1n electrolyte metabolsm possibly play some part Re
cently Walshe (1953) has associated the coma with the toxic effect of
ammoma accumulating 1n the blood raised levels have 1 fact been

Pyruvic Acd
Oxalacetic
Malic Citric
TRICARBOXYLIC
ACID
Fumane  CYCLE  ocKeroglutoric  Glutamic
COOCH COOH
GH. CH
Sucenic’ &H, = cH,
CcO CHNH,

i v
COCH COCH
Fia 2 The incorporation of glutamuc acid into the tricarbosylic acud cvcle In the
fissues the acids are actually in the form of their radicles

demonstrated but they are by no means mvanable Glutamuc acd norm
ally binds the ammonia resulting from protein metabolism and becomes
converted to glutamme Walshe has €laimed successful treatment of
coma occurring 1t hepatic cirrhosis by the intravenous admumtstratton of
sodum glutamate Such success would seem to pont to the correctness
of the supposition that ammoma 1s the cause of the coma which 1s also
1n some way probably concerned with disturbances 1 carbohydrate
metabolism It 1s well known that glutamc acid can enter the tricar-
boxylic acid cycle by t converted to k lutarie acd (Fig 2)

It 1s difficult however to reconcile these views with the fact that
hepatic coma glutamic acid 15 usually present 1n increased amount 1n
the blood

Impending or even deep coma has been reported 1n patients with
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carshosss after the ad 1tton of ammonitm <alfs ex
change resns protein and urea (Bhutlips Schwartz Gabuzdaand David
son 1952) Blood ammoma concentrations rose 1w most but not all of
these patients A smular nise has been demonstrated 1n patients with
bepatic coma and other neurological manifestations ansing directly as
a result of the hver disease (Phear Sherlock and Summerslall 1955)
High blood ammeoma levels could be related to smpaed hepato
cellular function and a portal venous collateral circulation Although
the blood ammoma Jevels were usually correlated with the sevenity of
the neurological disturbance nornmal values were obtarned i 10 per
cent of cases It may well be that the rarsed ammorua level 1s 2 parallel
phenomenon and not related cansatively to hepatic coma

It has been shown recently that methiomune given by mouth produces
neurologieal detersoration in patents who have previously had episodes
of impending coma (Phear Ruebner Sherlock and Summersiall 1956)
The effect 15 probably due to some unknown touc substance produced
from methiomne by mtestinal bacteria sice no toxic disturbances
develop if aureomycin s given at the same time This ebservation may
help to justify the chinscal impression that admuustration of the ants
hiotic 1s of benefit 1 the therapy of hepatic coma Recently st has been
shown that neomycin 1s probably the antthiotic of choce In doses of
8-12 g daily 1t can produce clcal tmprovement in two to four days
and blood ammona levels fall to normat (Fisher and Faloon 1957)

It 35 possible that the mechamsm of production of the other neuro
logreal comphications of hiver disease 15 the same as that of coma the
difference being largely one of degree

Foetor Hepaticus

Patients with severe hver disease especrally those m coma emut 2
characteristic rather sickly odour It 1s likened by some to the smell of
autolysed fiver m the post mortem room The substance responsible for
the odour 1s now behieved to be a methyl mercaptan

Ascites

There 1s no doubt that many factors play a patt s the production of
this distressing condttion These mclude portal hypertension hypo

anhd hormone ¢ Tyte dstatbances myvolving

retentton of sodtam altered condition of the capillary walls and pos
sibly lymphatic obstruction with overflow mto the abdomimnal cavity

In relation to portal hypertension 1t should be realized that extra
hepatic block of the portal vein does not ordinaridy produce ascites
Raised pressure m the portal system frequently occurs 1 cirthoss un
accompanied by ascites In one senes of cases of crthosts those patients
without ascites had portal pressutes as ugh or higher han those who
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had ascites (Pattison 1949) Ascites can also be produced expersmen
tally 1n the dog by constriction of the thoracic mfenor vena cava by a
Cellophane band causing engorgement of the iver Flud formation can
oceur even though the portal pressure does not nise above normal The
asaitic fluid 15 very rich 1 protein Liver (ymph h:\s a h(gh protcm cor-
tent and 1t1s possible to d
after expenmental production of this type of venous congestion Itis
suggested that the Iymph overflows into the abdominal cavity

On the other hand by constricting the abdominal infenor vena cava
and the portal veinit1s possible to induce a chromc portal hypertension
m dogs Such animals do not dcvelop ascrtes If however they are
ascites will develop and
the flsd 15 1ow 10 protem This state of affairs can be paralieled 1n the
human being Not infrequently cases with marked portal hypertension
develop ascites only after they have been rendered hypoprotenaemic
by a severe haematcmes:s or melaena

The of hypop and portal hypertension
seems to be the dommant :ausc of asaites 1n young patients suffening
from a post necrotic type of cirrhosis Such patients will often respond
well to the administration of mtravenous albumin The middle aged
alcoholic with ascites however presents a much more complicated
aetiology In addition to portal hypertension and hypo albuminaemia
electrolyte disturbances anudiuretic hormone and other factors play a
part Such a patient as a rule does not respond well to the mtravenous
admunistration of albumin

In the post necrotic type hypo albuminaemia does not give rise to
asctes solely by osmotic mechamsms In fact 1t 1s now known that
mtravenously admimistered albumin passes rapidly nto the ascstic and
oedema flmds The concept of a vascular wall impermeable to albumin
is no longer tenable In some way not fully understood a low level of
serum albumn seems to cause sodium refention by the kidney Thus
tends to produce an over all retention of flmd n the tissues with
generalized oedema The fact that ascites 15 often the only climcal
manfestation of thus state of affairs 1s due to the portal hypertension
and the poor state of nutrition of the portal capillanies The sodium
retention however 1s often accompanied by a low level of serum
s%dmm These effects are almost certamnly medited through the
adrenal

Spider Naew and Palmar Erythema
Accorchng to Bean (1945) these lessons may be due to an excess of
gens or stnidar } It seems however that the
erythema mught also be refated to a fow level of serum proten There s
no convineing evidence which would sndcate the precise cause
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Endocrine Distmbances
These are no doubt d with disturbed metabalism of steroids
by a diseased Iner In thus way, oestrogens may be accumulated and

qd

give rise 1o such as lar atrophy and gynaecomastia
Other disturbances more snhumately related It}aythe pftmtary ::;enal
mechansm also accur and patients with carrhosis not mfrequently bave
diminsshed Ibido as well as sparseness of the pubic and axifary has,
with 2 low unnary output of ketosterords A note of warmng should be
sounded bere It 1s possible for curhosis espewally if accompanted by
shm pigmentation cosely to muwe Addisons discase Myxoedema
with loss of hawr and eyebrows as well as skin changes has also been
reported 1 euthos:s

Anoreax
Unfortunately, msufficient 1s known about the biochemcal mechan
sms of app togvea factory exph of thus very

symptom of hver disease

Metahahie Tasoctioat Useful 15 Dy

‘The chermcal functions of the liver ate many and vanied It 15 mtim
ately concerned i the metabolsm of carboby drates, fats protesns, bile
acids and certamn pigments It acts as an organ of excretson and of
secretion It uses a vanety of means of detoxication of poisonous sub
stances priot to their excretion by the kidney

‘These and many other functions real and mmagmned have in the past
been used as tests of the efficiency of the hiver Most suffer from the fact
that the functional reserve of the organ is so great that five sixths of its
bulk can be removed without functional defect becoming apparent

g

Often no metabolic ab bty can be d m the p

of well established disease These remarks apply especrally to the tests
wmvolving al 1 carbohyd bolism, for le aevu
lose and gal h which are 1 fy useful

but on the whole ate somewhat disappomting. These tests will there

fore, not be discussed further It must however be borne m mind that
some of the common hver diseases are quite diffuse and affect the whole
organ This 15 usnally irue of viral hepatiis and the vanous forms of
curshosts The real difficulty anses xa the penod of mcubation and the
convalescent stages of a hepatiss or in 2 well ted curhosis

When the patient 15 Jaundiced and there 1> no evidence of hacmolysis

Liver disease 1s obvious It 1§ 10 the absence of jaundice and n the pres-
ence of Such vague symptoms 2s anorexta and fatigue 18 assoctation
with a palpable hver that the real problem oceurs Partienfarly 1s this
unfortunate, since 3t RO appears that fairly extensive massive pecrosis
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may be present without jaundice and repeated attacks of this type will
almost certainly lead to post necrotic scarnng Similar remarks also
apply to those forms of viral hepatitis 3n which the inflammatory re
action 1s mainly in the portal tracts so called cholangiohtic hepatitis

Table 1 summanzes most of the common liver function tests Those
m bold tvpe are probably the most useful in actual practice Normal
values are also given Some of these tests will now be briefly described
Especial attention 1s given to those concerned with protein metabolism
since chinical expenence has demonstrated their rehability

‘The Serum Protems

These may be d ly by the older p
methods or by the newer techmiques of electrophoresss The former
usually depend on the fact that the globulins are precipitated by half
saturation with ammonium sufphate leaving the albumins 1n solution
Other precipitating agents are also used It1s quite simple to determne
the amount of protein i erther the precipitate or the solution by a
variety of chemical methods In both acute and chrome hver disease
there 15 2 tendency fo hypoprotetnaemia mainly at the expense of the
alburmin The albumin  globuhin ratio 1s therefore diminsshed below the
normal and s not infrequently lower than 10 Serum albumin levels
below 35 g per cent are of clinical significance Prognosis 1s said to
become worse as the figure falls and 15 believed to be cnitical below
25 g per cent

The techniques of electrophoresis depend on the fact that protemn
molecules 1n solution will migrate in an electric field The serum pro
tewns travel towards the anode when buffered at pH 8§ 6 Depending on
the veloaity at which they travel five defimte fractions can easily be
recopmzed Albumun  which travels the fastest and then alpha,
globulin  alpha, globulin  beta globuln and gamma globukn 1
descending order If plasma 1s used fibnnogen takes an mtcrmediate
position between beta and gamma globulin It 13 now possible to carry
out this type of separation on a stnp of filter paper which has been
soaked 1n buffer solution A very small amount of serum 1s apphed 1n
anarrow band across the strip and the current passed for some sixteen
hours The proteins are fixed upon the strip by heating 1n an oven for
haif an hour and the fractions rendered visible with a protein statn  they
appear as bands The mtensity of staymng of each band 1s related to the
concentration of that particular fraction A pair of such strips 15 shown
m Fig 3 In hiver disease there 15 agamn a tendency for a dimunution 1n
the albumin The gamma globulin and beta globulins tend to be raised
the latter dmg to some occurning espectally
mfective hepatitis

Paper electrophoresis has proved of some use differentiating
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TABLE 1

METABOLIC DISTURBANCES IN CLINICAL MEDICINE

THE COMMONER LIVER FUNCTION TESTS WITH NORMAL VALUES
Unless otherwise stated the latter are expressed as mg 1100 m1

Metabolic
Rznc{,/o/c Stased Test Notnal Findings
1 Fastung blood sugar €0-110
2 Glucose tolerance Max 170-190 return to fasting
fevelin 2 firs
3 Galactose tolerance
Carbohydrate (@) Oral < 3g inurne Max blood value
metabolism Tess than 7

(8} Tntravenous
4 Laevulose tolerance

Bfood galactosc at fasting fevelin

rs
sz nisen blood < 35 Back to
fasting 1n 2 hrs

I Serum cholesterol

Eat metabolism @) Total 140.250
{&) Cholesterol ester 6030/ of total
1 Senms protens
Precipitation method | Albumin 4 0.5 7 g /100 m!
@ prstion m g[lgb“hn 15-3 %géld}n&l’ml
6) Electropho; umin 41+ g/
® Phoresis aselobulin 05 ¥ 009 § /100 ml
§ o dszehiign
Protein +028g/100 m]
mecabolism ¥ 1030 0g/100
2 Flocculation reactsons
(a) 'nmnol mb;dny 0-4 units
(5) Thymol fogeulation Negauve or 1 4
© Ccpba]m-chol:sleml
Negatveor 1 +
{d) Zioc sulphar: turbidity ) Up 1o 8 units
1 Serum bmmbxiln Max [
2 Bile pigments unne
Pgment 3 Crobiinogen in ur
metabolism 4 Coproporphyrin o orine < 160 pig per 24 hrs
5 Faecal urobilmogen 40-280 mg per 24 hrs
id
m&’i"gf;}" More than 25 g 1n 4 hr unne
Detoxcation spectmen
conjugation (&) Intravenous More than 07 g m 1 1 unne
specimen
Excretory Bremsulphthalem < 7./ retention at 45 mm
capacity (5 mg /Kg)
Plasma prothrombin 70-1.0 7 of normal average
Pmma ﬁbnnogcn
btmm phosphatase 13 RA unmIIOO ml
Muscelfaneous Serum Bﬁ.c_”o g /100 ml | d
pends on metho €
Gs"m‘:: gﬁ:ﬁ;ﬁ Depends on method used

The most uselul tests are indicated 10 bold type
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Fic 3 Resulls of paper strp electrophoresis of human serum A Normal
B Currhosis In each case the albumin band 1 on the extreme left and the gamma
globul 7 on the extreme sight Each serum has been applied in the form of a band at
the position indicated by the dots

COLLIDINE——>

«— PHENOL

Fi6 4 Normal unnary chromatogram showing only a small number of
amimo actd spots

18



URINE CHROMATOGRAM
M ACUTE HEPATIC NECROSIS

COLLIDINE

PHENOL

Fi6 5 Unnary chromatogram from a case of acute yellow atrophy Note the large
‘number of amtno 2cd spots which are all well pronounced
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ascites due to airrhoss of the liver from that due to mabguant infiltra
t1on of the pentonenm (Kay, 1954) In the latter condition there 13 fre
quently a well marked ncrease 1n the mtensity of the band of alpha,
globuln which does ntot aceur 1 currhosts

Flocculation Tests

Though Iargely empincal in origin these tests have a great range of
nsefulness They depend on the fact that various substances produce a
turbidity or a flocculation when added to serum In disease of the Iver
parenchyma, espectally 1n viral hepatitis there 1s « marked tendency
for such reactions o be above the nommal range Solutions of gamma
globulin alone will produce sumnlar reactions which are much dimm
1shed by the addstion of normal serum albumin  Alburmin from a case
of viral hepatitis 15 said t0 be not nearly so efficient 1n this respect and.
s0 there 15 a greater tendency to floceutation m that disease The
faccul may therefore be ded as somewhat crude
tests of serum prowein pavern They may wdicate an wercase of
gamma globulm ot the presence of a non protectsve type of albummn
There seems also a possibility that serum hpids play some part in the
reactions and that the tests to some extent unmask abnormalities of
these substances

The flocculation tests are named n accordance with the serum
focculating agent vsed We therefore have the cephahn cholesterol
flocculatton test the thymol turbidity and flocculation tests the zinc
sulphate turbdity test and a number of others

Paper Chromatography of Unne
Paper chromatography depends on the fact that the vanous ammo
aaids present an wrine have dufferent solubilities i certain solvents The
dure mav be one 1 when only one solvent 1s used or
two dimensional when two solvents are used one after the other the
second runming m a direction at nght angles to the first The twop
dimensional procedure 15 more useful 1 practice as it enables the
mdividual amne acids to be wentified by the final position they take
up w the papet and by vanous speasfic colour reactions A measured
small asount of unne 15 applied in the form of a dot near to one corner
of a sheet of filter paper The solutions are now allowed successtvely to
travel across the paper and the amino acd spots are rendered visible
by spraying with ninbydem solution which produces a colour purple
as a rule with each amino acid and so gves a senes of small purple
areas scattered over the surface of the paper [a Fig 4 a normal unne
chromatogram 15 shown Thus shows only a few ammo acid spots n
matked contrast to the massive ammnoaciduria obtamed 1w acute

yellow atrophy s shown in Fig 5 The degree of aminoacidunia 1s of
METAB Dis—5
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pISgROSHC 1m portance The amount shown 1 the figure 15 smd to
ap fataf outs Actualfy the patient recovered com
pletely after 2 pertod of coma lasting two weeks
it 15 opportune to point out here that crystals of leucine and fyrosine
can only very occasionally be demonstrated 1 the wnne of patients
with extenswe massive necrosts of the fiver 3n sprte of therr classical
association weth the disease The paper chromatogram 15 2 much more
sensitive mdicator

Bile Pigments and thewr Derwvatives

The amonnt of bilirubn 1 the blood plasma can be determined by
the well known diazo reaction associated with the name of van den
Bergh It 15 important to emphasize that time has revealed that the
differentiation 1nto direct and mdrect reactons can be very decewving
from the point of view of dragnosis The association of obstructive

dice with a direct and p h Jaundice with an
ndsrect or defayed reaction is by no means clear cut Some help has
been clamed from the ratio of the quantitatively determined directly
reacting pigment to that of the mndirect vanety

A knowledge of the total serum bihrubin content however 15 quite
pseful 1t heips i the of yaundice Prog fends
1o be more severe when the hilrubm level 1s unduly Jugh Repeated
determunations of the sernm birubm are often of value One can
obtaun m this way so called tme mtensity curves For example a
jaundice of total d ted it weeks 1s the type assocrated with
mfective hepatitis and throughout thus penod other hver function tests
tend to be abnormal Attacks of a fluctuatmg jaundice each lastng 2
few days with Jong nterim pertods of normal levels of serum bibirubm
are 1nd ¢ of chol For a full di o of this imp i
topic the reader s referred (o the paper by Osgood (1947)

Bilirubin can also be detected in the unine by usimg a vanant of the
diazo reaction or by the Harnson spot test In the fatter bamum
chionde sofution 15 added to the unne causing a precipitate of banum
sulphate to be formed This adsorbs any bife pigment that may be
present The precipitate 15 filtered off and a drop of Fouchet s reagent®
allowed to fall on to the unfolded and partly dned filtex paper A green

colour 15 mdicative of the preseace of bile pigments Thee test 15 ex
letel des the 1dme and the Greha

tremely and comp
tests
Uroblm can be detected 1n the unne by the well known Schlesinger

t precursor urphil can be detected by the

The pig
Ehtlich reaction wiach can be rendered quantitative
‘These sumple and often neglected tests for bile pigment and urobiks
» § / fetnc chloride 10 25,7 richlozacetic aad
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are highly important and are capable on occasion of giving more
formation than a whole battery of hiver function tests

Hippunic Aad Excretion Test

This 15 said to 1nvestigate two functions of the liver Oneis sts ability to
mobilize glycme and the other its ability to conjugate this amino acid
with benzorc acid to form luppunic acid After oral admmistration of
410 6 g of sodtum benzoate the urine s collected for four hours This
should contamn according to older views atleast 3 g of hippunc acid
expressed as benzoic acid We now know thes figure 1s too high and that
patients with normal livers may excrete as Iittle as 25 g For ths test
the kidneys must of course be able to excrete hippuric actd normally

The test scems to be falling mnto disuse 1n some centres This1s a great
pity since there 1s no doubt 1t 1s extremely useful

Serum Alkalne Phosphatase

This enzyme 1s denived from the osteoblasts as well as from the hver
itself and 1s excreted i the bile In the presence of extrahepatic ob
struction there 1s therefore a marked tendency for an icrease n the
blood level

Bromsulphthalein Excretion

‘When the dye t p 1s mjected 1ntr: ly 1t 1s ex
creted by the liver into the duodenum Forty five munutes after the in
travenous injection of 5 mg of the dyestuff per kalogram body weight
less than 7 percent should remainin the blood stream Values above this
level indicate hepatic disorder Further information may be obtamed by
a study of the time rel: hups of dye disap from the blood as
well as of its appearance 1r the duodenum

Bromsulphthalein excretion 1s an extremely useful screeming test of

hver function It 15 however not invamably abnormal 1n established
liver disease

Serum Prothrombin Levels

On occasion great help can be obtamned by determinung the level of
the serum prothrombin and its response to the mjection of vitarmn K

Diagnostic Appheations of Liver function Tests
The mayor problems which arise are
1 In the presence of jaundice which 1s essentially non haemolytic
are we dealing with a lesion i} lving the hiver h
or with one pumarnily causing obstruction of the biliary system?
2 In the absence of jaundice are certain suggestive symptoms and
signs manifestations of hiver disease?
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The first problem 1s largely concerned with the question of medical or
surgreal treatment and a mustaken conclusion may lead to a set of cir
cumstances fraught with great danger to the patient Though the second
problem also has therapeutic implications 1ts major sigmficance lies
m prognosis It anses not only 1n the complete absence of a ustory of
Jaundice but also 1 the convalescent stage following that condition

No test or combination of tests will always give the correct solutton
to these problems Clinical judgment 15 always of the greatest
importance

In the Presence of Jaundice

To decide between an obstructive or a parenchymatous lesion two
sumple tests are often sufficient viz the serum thymol reaction and the
serum alkaline phosphatase as pointed

50 : out by Maclagan (1947) My own ex
©0 1 pertence has also fully justified the use

fuiness of this combination of tests This

. oo | 1slustrated in Fig 5 Here the alkaline

phosphatase 15 expressed as Jepner and
° Kay umts and approxmnates fauly
closely to similar measurements obtamed

by the method of King and Armstrong
§"’ (1934) The thymol reaction 15 carrred

out at pH 7 55 (Latner and Pendlenton
aé 1949) and 1s said to be positive 1f exther

n
O

w
o]
.

the turbidity or the flocculation or both
1s raised above normal Such a reaction
usually indicates the presence of primary
\_ disease of the liver parenchyma It must
however be reahzed that a positive
thymol reaction can be obtamed after
s long-continued obstructive jaundice, and
so the length of ustory must be taken
fo) Theve JThove | it account m terpretation Expen
8 ST ence has also shown that false positive
Fic 6 The plasma alkalme Treactions can be obtained in association
,‘;‘;‘;:;‘;:“ﬁﬁ‘;iﬁ‘,:‘ﬂfjséié‘,f with a continued pyrex:a as well as
Erouped according to the thymol ~ the reticuloses
reaction (from Authors MDA negative thymol reaction however
Thesis Untv of Liverpool 1948) by 1o sneans mndicates the absence of
primary parenchymal disease It 1s here that the serum alkaline phos
phatase Jevel becomes diagnostically useful
As tllustrated 1n Fig 6 and on the basis of a much greater senes of

cases, [ have formulated two empirical rules

3

[¢]
(Ll : X

PLASMA ALKALINE PHOSPHATASE urits /lOOml
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1 In the presence of jaundice a positive thymol reaction usually
ndicates primarv hepato cellular disease

2 In the presence of jaundice 1 assoctation with which the thymol
reaction 1s negative a serum alkaline phosphatase below 12 umts
(Jennerand Kay)/100 m! also indicates primary hepato-cellular disease
whereas a serum alkaline phosphatase above 18-20 units/100 m! 1nds
cates primary obstruction 1o the bihary tract The diagnosss remains
equtvocal when the serum alkaline phosphatase lies between the two
levels indicated and the thymol reaction 1s negative

During the last exght years 1n the writer s expenence the application
of these simple rules mn the differentiation of medical from surgical
jaundice has gwen a diagrostic accuracy upwards of 80% as
proved by subsequent history liver biopsy operation Of post mortem
examunation

In severe jaundice of any type there 1s a tendency for a lowenng of the
serum prothrombrn level In hepato cellular disease this 1s due to the
1mpaired synthetic ability of the liver cells It will return to normal only
when the cells recover On the other hand 1n cases of extrahepatic
obstruction the lowered prothrombin 1s due to impatred absorption of
vitammn K from the mtestine owing to the absence of bile salts Intra
muscular mjection of the vitamm wall therefore cause a faurly rapid
return of the serum prothrombin level towards normal

Another useful 18 the of the serum 1ron
level In a senes of cases ths tended to be above 220 zg /100 mi m
the majonity of cases of viral hepatitis and below this level 1n extra
hepatic obstruction (Schamroth Edelstern Poltzer and Stevens
1956) The actual diagnostic level of serum iron must be expected
to vary from laboratory to laboratory and depend on the method
of estimation employed All that matters 1s that the serum iron tends to
be normal in extrahepatic obstruction and significantly raised mn viral
hepatitis

Recently 1t has been shown that in hepato cellular disease the serum
transamunase level 15 greatly raised The estimation of this enzyme 1s
fairly sumple and the test promises to be helpful m deciding between a
lesion primanly mvolving the hiver parenchyma or onme causing an
obstruction of the iliary system

Having decided to which of the two main groups a jaundiced patient
belongs the actual diagnosts of the leston must remain a matter for
chmeal assessment which may have to include liver biopsy or lapar
otomy Some help may be obtained in regard to malignant obstruction
by determining the uninary and faecal urobilinogen output According
to Watson (1940) absence of this pigment precursor from the urine 1s
quite a constant finding 1n the malignant type but 1s also noted at
times 1n calcnlons obstruction The latter type of case usually has 2
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normal fageal urobilinogen output whereas m malignant obstruction
1t1s low extremely low or absent (5 mg or fess daily)

In acute yellow atrophy on¢ often obtains a negatnve thymol re
action with & low serum alkaline phosphatase If the patient recovers
the floceulation tests may become postne During the acute stage of
the sllness 1f laboratory help 15 required 10 diagnosis 1t will be found
that a masstve dura 15 d e by paper
graphy Although as described classically the blood urea 1s uswally
very low it s not wfrequently somewhat rased This i3 probably
assoctated with a concomutant kidney lesion, which mnpaws urea
excretion A sudden nise tn the blood urea in a case of wnfective hepatitss
shouid be regarded as possibly having a sertous prognostic smport

Int the Absence of Jaandice
From both the chinical and the laboratory pomts of view hver
disease without dice often p much more difficulty The

problem frequently arises in the 1ncubation pertod of imfectsve hepatitis
whle the focewlation tests are stll withn the normal range Much help
can be obtamed by simple exammnation of the urine which usually has
an d content of urobihnogen and often & bl
bile pigment when the Harnison spot test 15 employed on the precipiate
obtained with barum chlonde It shonld however be remembered
that several mvestig have demc d small of bilt
rubsn 1 normal panes A similar state of affaurs may ocour sn the con
valescent peniod of the disease but here the serum flocculatton tests are
frequently abnormal
The b 1 hthal

3 1est 18 gt 1§ dered to be the
most useful as a sereemng test for the elimsnation of hiver disease from
a differential deagnosis Help m this respect can often be obtamed from
the serum flocculation reactions There seems to be some element of
personal bias i refation to the mdividual tests 1tis even stated that the
zine sulphate turbidity test 15 more useful i chromc hepatitrs whereas
the thymol reactions are best w acute hepatits The wrter casnot
subscribe to this view and his expenence with the former test has been
somewhat disappontmg

The luppunc acd excretion test has proved extremely useful in the
d of hver dysfuncti pecially s cxrrhosts In every case of
low excretion kidney disease must be elimunated as a possible factor
1 tts production Unfortunately a normal hippunic acd excretion may
be found while active hiver disease 15 present

Not infrequently some help may also be obtamed by estimation of
the serum alkaline phosphatase Thus 15 usually somewhat rassed in the
presence of mrrhosis or of fiver metastases Care must of course be
taken to exclude other causes of ncrease of this enzyme i the serwm
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eg vitanun deficiency or bone disease An interesting finding 15 the
tendency to a mise 1n this serum component 1n assoctation with chole

cystitis and cholelithiasts especially if a stone 1s obstructing the cystic
duct A similar nise oceurs in dogs after cholecystectomy and 1s believed
to be conditioned by the nise 1n pressure 1n the biliary system when the
gall bladder has been removed The same mechanism may well be
operating 1n the human bemg suffering from gall b!adder dlsease This
nse of serum alkaline ph 1s not d b d
hippuric acid excretion In fact owing to sntation of the hver cells

there may be a shghtly d of this m the
unne after mgesnon of benzaale As stated already hippunc acid
18f dn the p of liver cirrhosis and

so the raised serum alkaline phosphatase of this condition can readily
be distinguished from that occurring in gail bladder disease

Increasing expenence 1s also demonstrating the usefulness of paper
chromatography of the urine i obscure cases of liver disease Not 1n
frequently an abnormal amino acid pattern 1s demonstrable

1t must be emphasized that the employment of a large battery of tests
often makes 1t difficuit to see the wood for the trees In the absence of
]aundlce 1t 13 sufficient for most purposes to use only the test of brom

the fi tests the serum alkaline phos
phatase and the hippuric acid excretion Occasionally 1t 1s necessary to
1nvestigate more closely the serum proterns including prothrombim and
possibly fibnnogen

Naturally for some specific reason 1t may be necessary to use any of
the large number of tests descnbed in the hiterature for example the
blood sugar resp to to establish a diag
noss of von Gterke s disease Even here however a positive test may
also be obtained 1n cirrhosis and once agan clinical judgment becomes
mmportant

From the surgeon s point of View 1! 15 regrettable that not much
d help 1s obtatned b; of bile
by duodenal mtub:mcn The use 1n this techmque of crude secretin

d with chol kinin) gives greater promise (Duncan
Harper Howat Oleesky and Varley 1952)

It must always be remembered that hver function tests are precisely
what they are labellcd They are tests of function alone and defimtely
not They cannot name the Jiver
disease which 15 affecting function In so far as they indicate hepatic
hypofunction they help along with other evidence to establish a
diagnoss of liver disease Greater precision i diagnostic labelling must
be attempted by methods more familar to the chinician meluding liver
bropsy 1f necessary and justified
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The Usc of Function Tests n Followng Progress
Recovery 1s associated with a return of the fests to normal values
Qne of the slowest to recover 1s the thymol reaction (See Fig 7) |
this test has become normal and the patient 15 symptom free th
chances that complete recovery has occurred are good The slow dis
appearance of cystine from the unng 15 also useful from this post o
view and can easily be followed by paper chromatography

THOUGL FUOTCUATION 3 19 e ey T
THYMOL TUARDISY »34
COLLODAL GELD »n
THTWOL TURRDNTY > a0 i
CLPRALIR FLAC wis Wt > 4+ 1
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PROMPT 1um-t PR > 021 ) ¥
BROMSULFALEIN 43 MK > 63 t
TOL 5 Snsven >ia H
o7 B b »z - 1
T VRO OGN 4 []
2 pasAm »t 1 J
VETRYLENT .06 e
DAY OF BSTALE 3 W O 3% @ 2 s N s w K

¥ 7 Average day of disappearance of mdwdual pestive fests for liver dysfunciion
mn cases of mdugd ngecnve Aper;auw (rom Neefe Y R and Reishold J G Gastro-
enterplogy T 393 1948)

1t 15 often stated that after an attack of mfeenive hepatitis bed rest
should be mantained untd the unne 1s free of bile prpment

Often whalst the patient 35 still gravely sl 1t 15 possible to antioipate
recovery from the gradual trend of the varous values towards normal
ity On the other band 1 obstructive yaundice a fall m the plasma
alkaline phosphatase towards normal 1 spite of a nising serum bl
rubin s of 11l omen and wdicates the possible development of severe
hepato celivlar dysfunction

Therapy

Genersl Conaderations

With the exception of those conditions requinng surgicaf treatment
and certam bactenal and protozoal nfections the present treatment of

disease 15 not disease specific

m'gle:a;:y 15 mamly suppogfve and 15 aumed at providing condxtxo}!lls
which will encourage cellular survival recovery and regenerabon. The
patient 15 therefore given adequate rest and a goed supply of th?sc
autriments which have been shown expenmentally to be necessary for
e survival of the normal hver cell Inaddition protection from known



METABOLIC ASPECTS OF LIVER DISEASE 37

fiver toxins 1s provided The destruction of the viruses causing the
commoner types of hepatitis 15 left to the patients own immumty
mechanssms In mild cases of cirrhosis it 1s possible that this type of
regime may result in dimymshed fibrosis and possibly complete recovery
1n the vast majonity of cases however the aum 15 to promote the health
of those cells which are still surviving and functioning normaily and to
encourage Tecovery i those which are not A state of affairs can be
achieved where (o ali witents and purposes the patient 1» apparently
healthy This 15 because only @ portion of the otiginally normal iver 15
required to maintain normal body metabolism An attempt 1s therefore
made to maintain at least thus portion at normal functional level When
function falls below this mimmum  the liver may be said to be decom
pensated Here 1t 15 hoped that therapy will restore sufficrent ceths to
notmal activity and regeneration and so restore the mimmal functionil
effictency requred In the present state of our knowledge lttle or
nothing can be done to help correct diminshed function due to altered
liver architecture Once this has become so abnormal as to preclude
functional restoration of the requisite fractions the stage 1s set for the
inevitable gradual downhull course so often seen 1 cirrhosis of any kind

‘We shall now consider 1p greater detail certain mdividual aspects of
the supportive therapy we have been discussing

Rest

1t has for a long penod been behieved that the most important factor
1n the treatment of hiver disease 1s adequate bed rest In the aurthotic
patient 1t has been demonstrated that the circulation through the fiver
15 deereased by assummng the upnght postion A sumlar mechamsm
may well operate in other types of disease of this organ It 1s well known
that hiver cefis are partsculatiy sensitive to oxygen deprivation a fact
which h the necessity of an ad blood
supply Clinical expersence 1n snfective hepatitss has also indicated the
importance durmg the convalescent period of graded exercise A too
sudden assumption of actvity may well precipitate a relapse

Recent studies in the United States Army have somewhat modified
the amount of actual bed rest recommended i the treatment of un
comphlicated viral hepatitts 1t 1 suggested that patsents be kept n bed
as long as acute symptoms persist and as soon as they begin to feel
well they should not be forced to stay 1n bed for more than one hour
after each meal Thus ss regardless of the degree of jaundice Restriction
to the hospital ward 1s however essential n order to avoid undue
activity or exertion Patients may be discharged from hospital and
physical recondiioning undertaken when the serum bifirubin 15 below
15mg /100 ml and the serum b hthalein 45 minute
has been below 69 for at least one week

METAR DIS —5%
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Carbohydrates

There 15 good evidence that dimiution 1n the glycogen content of the
hLver renders the organ more susceptible to toxins In order to mamtarm
the liver glycogen level there should therefore be ample administration
of glucose to patients with all types of hver discase If necessary, 1t
should be given mitr ly It must be bered that the blood
sugar should be d at a level suffi ly lugh to suppress
hepatic glycogenolysis This Ievel appears to be hugher m the diseased
Lver than in the normal organ (Portis and Weinberg, 1952) Regard
less therefore of whether the patient can take food by mouth glucose
should be given intravenously if the chnical condition so merts or if
there 15 evidence of possible serious progressive deterioration This
applies especially to cirrhosis and may prove useful in the treatment of
ascites by making use of the druretic effect of ntravenous glucose

Pratem

Because of the evidence from nutritional sources relating to the 1m
portance of protein and certamn ammo acids 1n protecting the liver from
toxins as well as pr ¢ 101 1t1s y to increase the
protemn intake of patients with hver disease It 1s advisable to give
protemn contaming a sufficiency of throaminoacid For this purpose
soluble casemn obtained from milk 1s useful as a dietary supplement
The aim 15 to give approximately 200 g of protein daily It must be
remembered however that the diet should contamn sufficient calories
to produce a proten sparng effect A dailyntake of 3500 calores 15
recommended This 1s made up largely by carbohydrate foods A note
of warntng however must be sounded It 1s now felt that in the acute
stage of liver disease as 1 nfective hepatitis, a very large protem in
take may well be acting as an unnecessary strain on the capacity of a
damaged organ The physician should therefore restrain us enthust
asm and preferably gradually increase protemn mtake during the pertod
of convalescence Fortunately during the first few days of such an il
ness the patient s anorexia regulates this state of affairs Another pos
sible danger m relation to lugh proten diets must be considered 1n cases
of currhosis Nitrogenous substances anising from digested protem may
be responsible for at least some of the neurological complications
(Sherlock Summerskill White and Phear 1954)

Some authonties also recommend intravenous protein hydrolysates
The wrter has never really convinced himself of the efficiency of this
form of treatment mn severe liver disease

Fat
In view of the possible importance of fat soluble vitamins m liver
metabolism there should not be any unnecessary restriction of fat i the



METABOLIC ASPECTS OF LIVER DISEASE 139

diet One should also remember the high calonfic value of fatty foods
and that 3t 15 almost ble to ad di calones when
fat 18 fortidden It 1s usually best to allow the patient to take as much
as he can without producing nausen Fried fats should however be
avoided since they are particularly prone to produce dyspepsia

Vitaruns
it 15 usual to provide ample supphes of the vitamun B complex This
1s because of their importance 1n cellular oxidative mechamsms and
their possible lipotropic effect as well as their effect on appetite
Vitamn K, which 15 so intimately concerned in the mechamsm where
by the liver produces prothrombin can be very useful m the therapy of
Jaundrce In the obstructive varety there 15 a deficiency of bile salts in
the mntestine Thys interferes with fat absorption and consequently with
that of the vitamin whuch 15 fat soluble The resultant vitanun defi
ciency n turm gwes nise to a hypoprothrombinaema and a bleeding
tendency This would make surgical interference highly dangerous For
thus reason the vitamun 15 adnumstered mteamusculartly for a. few days
before operation which 15 performed only when the prothrombin of
the blood 1s at a safe level On occasion 1f obstruction has been of long
duration and there 15 a severe degree of liver failure with some bihiary
crthosts the mjection of vitamin K will not have the desired effect
Under these conditions the wniter has on several occasions seen the
prothrombin rise to safe levels 1f the vitamn 15 given intramuscularly
for a few days along with hus mtravenous regime for severe hiver disease
to be deseribed later Itis mteresting to note that the chmscal impression
1s gang ground that vitamun K can sometimes prove useful 1n pre
venting the hacmorrhagc tendency occurnng in severe parenchymatous
hiver disease The mechanism of its action 1s not at all clear as there 1s
Inttle or no 1ncrease 1 the blood prothrombin
Vitamuns A and D m doses of 5000 and 1000 International Unuts
respectively given once or twice a day are also believed to be of some
value 1n chronic hver disease
Because of the evidence from the nutritional production of patho
logrcal livers 1t ts purhaps advisable also to admimster vitamn E
Since vitamin C 15 intimately concerned with ymportant enzyme
systems and 15 known to be important 1n a number of healing processes
1t 18 advisable also to ensure adequate supplies of this substance
¥n e wrier s experience the macrocylic anaema associated with
severe liver disease has on several occasions apparently responded well
to the administration of folic acid
Lipotropie Agents
Because of the evidence from nutntional experiments 1tis customary
to give these substances to patients with chromc hver disease where
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there 15 some possibility of fatty infiltration There are reports of 1m

provement m patients with cirthosis who were given daily doses of
choline or methionine The latter substance may also be useful as a
prophylactic for workers coming nto frequent contact with hepato

toxins used i industry On the other hand 1t must be remembered
that methromne may be converted by mtestinal bactena mto a sub

stance which can precipitate impending hepatic coma and other
neurological manifestations of the fathng liver (Phear ef a/  1956)

Methionine 15 therefore not without 1ts dangers

FElectrolytes

In acute liver disease the ad ration of large of glucose
tends to lower the plasma potassum There also seems to be a more
direct effect on the plasma electrolytes due to the disease 1itself This
may n some way be related to the frequent association with a kidney
tubular defect

In severe liver fatlure, for example the plasma potassium tends to
fall to low levels (Latner, 1950 Artman and Wise 1953) In cirrhosis
there 15 a marked tendency for retention of sodwm especially if ascites
15 present (Layne and Schemm 1947) This may be connected with the
low levels of serum albumun It 1s mnteresting however that the serum
sodium 1 crrhosis tends to be dimimshed (Schwarz Seegmuller
Phillips Gabuzda and Davidson 1953) For these reasons the electro
Iyte content of the blood 1n cases with the appropniate type of Liver
disease should be estimated fairly frequently and the necessary salts
admimstered to restore normality

Treatment of Ascites

In this condition 100-200 ml of 50% glucose solution can be given
daily mtravenously untl fluid output exceeds mtake At this pomt
300400 ml of 25%, glucose should be given daily until there 1s another
demonstrable mcrease 1 output This 1s followed by 109 glucose 1
amounts up to six pints daily If at any ttme the fluid output 1s less than
the intake 1t 1s necessary to resort to one of the more concentrated
solutions

Intravenous salt free albumin has also been recommended 1n a dosage
of 100 mi ofa 25 % solutton given over 45 munittes anoe or twroe 2 43y
The duration of the therapy 1s determined by the response The
mechanism of action s by no means understood A considerable part of
the albumin adminsstered passes through the capullary walls and enters
the asatic flud It may well be that this causes an expanston n the
volume of the exiracellular flud which may possibly result m dimn
1shed absorption of water by the kidney tubules and a diurests

1t has also been considered advisable to restrict the sodum mtake
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This has been done by means of low salt diets or 10n-exchange resins
There 1s 2 tendency for development of the low salt syndrome and 1t
can often be difficult to decide which 15 worse—the patient s disease or
the results of the therapy

The writer has seen occasional excellent results with a contirued
hugh protemn diet especially if combined with the use of mercunal
dwretics Sherlock and her colleagues have demonstrated quantita
twvely the dimtnution of ascitic fiurd on this type of regime (Atkinson
Paton and Sherlock 1954) They used a dye dilution method for deter
mimng the volume of the flmsd The salt intake was also kept low with
no apparent 1ll effect They point out the theoretical danger of giving
ammomum chlonde with the mercunal diuretic to patients suffering
from cirthosts There is 2 possibility that the ammontum may pass into
the blood stream and grve rise to 7! 1 ! Jud,
coma This fact must be constantly considered during such therapy

Paracentesis unfortunately still seems to be the most effective 1m
mediate form of therapy Occastonally 1t may give nise to disastrous
effects possibly related to the removal of the large quantities of salt
dissolved in the asatic flusd The frequency of its performance however
may be markedly diminished by a high protein diet In fact on occasion
and not too rarely paracentesis becomes no longer necessary

The wrter has not been impressed by any of the recommended
surgical procedures ncluding hepatic artery ligation If however
ascites 1s secondary to hypo albumumaemia which 1s being maintamed
by frequent gastro intestnal haemorrhage a porta-caval shunt may be
useful

Treatment of Portal Hypertension

If assoctated with frequent haemorrhage from varices the most
effective treatment of this condition 1s surgical with the production of a
porta caval or spleno renal anastomosis The operation 1s said to be
hazardous if the serum albumun level 1s below 3 g /100 ml  or when the
bromsulphthalein retention exceeds 35 per cent It 1s unwise to operate
on a patient whose liver disease has progressed too far For such a
patient who 1n any case 1s gomg to die fairly soon a massive haema
temesis may well be a happy release Operation will only increase the
musery of his last month or two of Iife

Not infrequently there 1s a rise 1n the level of the blood ammonia
after a porta caval anastomosis

Treatment of Hepatic Coma

The therapy of this condition will depend on whether 1t 1s associated
with severe acute hiver disease or whether it 15 the result of a long
standing cirthosis In the former case there 15 a good chance that the
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Inser cells may recorer from theyr acete noxz, 2nd some fom of szp-
pontne therapy 15 therefore mdscated. In ewrhoss, bosier ther s
already some damags to the cells with empewrsd capenty to et
and marked dimmution of thewr bood supph Thezp bz omtie
directed a1 the mmmediate cavse of coma, Walshe (1933) believes ths
15 2t least 1 part due to 2mmonm mntoxyw on, 25d therfore reoon
mends the ad of sodinm ghrtzmate mirzvenoudy Twenty
three g 15 grven oser 2 penod of six bonrs once dah Ths s kasedon
the fact that metabolic 2mmona, espacially m the bram, s rmoied by
combmation with glutamic 2ad to form glatermme A mzmber of reports
have however appeared which throw doubt on the efectivensss of
glutamate therapy It has recently been reported that greater suooess i
obtam*d with mntravenous argmme (Napmzn 2od Hemper 19%)
which, by the prodiction of o~uthine, 15 sard to have a massaction
effect on the Krebs urea cycle m the Iner Ths Jeads to the coniemaon
of ammorta to urea. Oral neomscm kas also been found to be efectne
1 lowenng the blood and restorg Thedosagt
used has been 8-12 & dailv but smaller zmoznts will probably prove
effectnve {Najanan and Harper 1956)

In the therapy of coma assoctated with seere and acute Iner dis2s
for example extensn e hepatic naczosis, most authonties regand gutant
ate therapy as vatuless More satisfactory resulis hae howeser been
obtamed with an mtratenous supportise regine mmolang the admims
teatson of glucose electrolvtes plasma, large doses of thiamm, moott
amide and bofiavia, as well as the miremuscular admmstratios of
massn e doses of tocopherol and antibrotics (Latner 1950) 1n24 houss
the patient recerves 200 me. thiammn, 600 mg. mcotmamid= X0 ”’é
rboflavn and 300 mg. of tocopherol. The water has now cwploy
this regrme 1n fiftoen cases of coma dus to severs and acute Iner diseast
There have been only four dzaths. Amongst those who recovered, "“i
patient had been 10 voma for two weeks Thas 15 possibly the Jonges
penod exer reported of hepanc coma wyth recovery Jt1s an misrstid
fact that chinseal follow op has revealed 2 remarkable absence of sextou
sequelae i the eleven patients who sunvved.

Laver Disease Assoczted with Qther Disorders o
In cases of fatty buer assocuted with diabetes mellitus bﬂﬂ’ﬁc‘o
results have been clauned by the admumistration of choline i doi‘ﬁms
3-4 g perday If the Iner has become cirrhotic m assocition mtr s
or any other disease eg hasmochromatosss, the treatment {3 B
currhosss 1 as already discussed. The assocated disease must of sa]
be vigorously treated, and thus 15 often a matter of no hitile dxﬁzcclﬂg
For the presention and treatment of Iner discase associat ooy
malnutntion, e g, Kwashiorhor a hugh protern diet 2s a0t mfrequ
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successful The difficulty 1s however the practical one of making the
nutrient generally available to native children

Cortisone Therapy 1 Liver Disease

A number of reports have appeared relatmg to the use of cortisone
1n hepatic disorders Ducci has d 1t for the of
hepatic coma (Ducet and Katz 1952) Tt has also been used in acute and
chromic hepatitis The reports have been somewhat conflicting
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CHAPTER 6
CARDIOVASCULAR ASPECTS OF METABOLIC DISEASE
D S FREDERICKSON R S GORDON aND J ORLOFF

Metabolic Disorders in the Aetiology of Heart Disease

Card lar Disturb, 1 Hyperth
WHILE there 1s hittle evidence favouning the productton of significant
heart disease by the action of thyroid hormone alone the term thyro
cardiac continues to be employed frequently mn medical reports
Andrus (1953) has reviewed the pertinent experimental and climcal
studies of recent years and has described the common cardiovascular
manifestations of hyperthyroidism By imcreasing the metabolism and
oxygen consumption of the body as a whole hyperthyroidism imposes
an increased work load upon the heart The large blood flow to the
skin that 15 required for the dissipation of the excessive heat evolved
adds to the burden Unless there 1s pre ewsting heart disease however
or functional impairment due to advanced age the necessary mcrease
of cardiac output can be dated without the development of
the syndromes of congestive failure or angina There are necessanly
some border line cases m which a previously latent cardiac disorder 15
first made manifest with the advent of hyperthyroidism and a patient
whose current disorder 1s m the thyroid gland may then present with
symptoms and signs of heart disease This situation 15 particularly prone
to occur with toxic nodulargoitre as these pattents tend to bemn theolder
age groups and to lack the nervousness and eye signs that so often sere
to direct attention to the presence of Graves disease (Dobyns 1956
Hyperthyrordism 1s clearly responsible for some alterations m cardiac
function Palpitations consttute one of the commonest symptoms 1t
hyperthyrord patients and signs relatwve to the increase n cardiac ot
put are usually discermble (tachycardia mcreased pulse pressure de
creased circulation time) Auncular flutter and fibrillation are often
seen and these disturbances m rhythm are felt to occur n patients
without underlyng heart disease and mn such cases the thythm usvally
reverts to normal following successful treatment of hyperthyrordism
The tachycardia and alterations m rhythm are considered to beduetoa
direct effect of thyrord hormone on the heart and may be closely T¢
lated to an augmentation of the actions of epmeplrme and nof
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epimephrme Indeed recent ammal expenmentation suggests that the
major 1f not the sole effect of thyroid hormone on cardiac and extra
cardiac tissues 15 to enhance tissue sensitivity to the effects of the ad
renal medullary hormones (Brewster Isaacs Osgood and King 1956)
From the therapeutic viewpomt patients with cardiac mamfestations
due to hyperthyrordism should be considered separately from patients
suffering primanly from heart disease Modern treatment directed at the
relief of hyperthyrordism 1s 1 general highly successful and few
patients are encountered m whom measures for the relief of cardiac
farlure are reqmred The tachycardia and arrhythmias of hyperthyrod
1sm may not respond well to the administration of digitals and its
denvatives The aggravation of the effects of pnimary heart dlsease pro

duced by hyperth dism may not be d clinic
ally pamcularly 10 cases 1n which the thyrmd disorder 15 of mild degree
Fortunately the currently il for the e of

thyroid function enable the chmecran to establish the presence or
absence of hyperthyroidism with relative certamnty whenever the
question 1s rarsed and medical measures for the relief of hyperthyroid
15m are safely apphcable to the most serious cases of heart disease

Effects of Hypoth on the Card ular Systent

Signs and p of card lar dysfi are not nfre
quently encountered among patients suffering from untreated myx
oedema There 1s good evidence that pericardial effusion 1s common n
this condition, and that it may proceed to such an extent as to cause
complants related to cardac tamponade (Marks and Roof 1953) The
usual physical and laboratory signs of effusion are elicited 1o such
pauents there 1s globular cardac enlargement poor pulsauon on

1

and typical changes

Dlagnosnc pencardial paracentests has been performed on many
patients although this procedure should only occa

stonally be necessary for Repl: therapy for

the underlying condition effects complete remission of the cardiac
manfestations

‘There 1s perhaps still reason to believe that myxoedema impairs
cardiac performance by some mechantsm in addition to the production
of pencardial flud Autopsy data mdicate that the ubiquitous protein
rnich oedema fluid from which myxoedema takes 1ts name nfiltrates the
myocardium separating the muscle fibres Haemodynamec studies on
five myxoedematous patients revealed two 1 whom cardiac output was
more reduced than was systemic oxygen consumption giving evidence
of a true functional impairment which 1 these cases could not be ex
plamed by pericardial effusion (Ellis Mebane Maresh Hultgren and
Bloomfield 1952) In addition there 1s the question of exaggeration of
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Metabolic Disorders 1n the Aetiology of Heart Disease

Cardrovascular Disturbances n Hyperthyrordism
WHILE there 15 Iittle evidence favounng the production of sigmficant
heart disease by the actton of thyroid hormone alone the term thyro
cardiac contmues to be employed frequently i medical reports
Andrus (1953) has reviewed the pertinent experimental and clinical
studses of recent years and has described the common cardiovascular
manifestattons of hyperthyroidism By increasing the metabofism and
oxygen consumption of the body as 2 whole hyperthyroidism imposes
an increased work load upon the heart The large blood flow to the
skm that 1s required for the dissipation of the excessive heat evolved
adds to the burden Unless there 1s pre existing heart disease however
or functional impairment due to advanced age the necessary increase
of cardiac output can be dated without the develop of
the syndromes of congestive failure or angma There are necessanly
some border line cases 1n which a previously latent cardiac disorder 1s
first made mamfest with the advent of hyperthyroidism and a patient
whose current disorder 1s 1n the thyroid gland may then present with
symptoms and signs of heart disease This situation 1s particularly prone
to occur with toxic nodular goutre as these patients tend to ben the older
age groups and to fack the nervousness and eye signs that so often serve
to direct attention to the presence of Graves disease (Dobyns 1956)
Hyperthyroidism 1s clearly responsible for some alterations in cardiac
funchon Palpitations constitute one of the commonest symptoms 1n
hyperthyroid patients and signs relative to the increase 1n cardiac out
put are usually discernible (tachycardia mcreased pulse pressure de
creased circulation time) Auricular flutter and fibrillation are often
seen and these disturbances mn rhythm are felt to occur 1n patients
without underlying heart disease and m such cases the thythm usually
reverts to normal following successful treatment of hyperthyroidism
The tachycardia and alterations 1n thythm are considered to be due toa
direct effect of thyroid hormone on the heart and may be closely re
lated to an augmentation of the actions of epinephrme and nor
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epinephrine Indeed recent ammal experimentation suggests that the
major 1f not the sole effect of thyreid hormone on cardiac and extra
cardiac tissues 15 to enhance tissue sensitivity to the effects of the ad
renal medullary hormones (Brewster Isaacs Osgood and kang 1956)

From the therapeutic viewpoint pzments vuth cardrac mamifestations
due to hypertt dism should be ly from patients
suffering pnimarnily from heart disease Modern treatment directed at the
relief of hyperthyroxdism 1s 1n general highly successful and few
patients are encountered 11 whom measures for the relief of cardiac
farlure are required The tachycardia and archythmias of hyperthyroid
1sm may not respond well to the admumstration of digitalis and its
dervatives The aggmvauon of the effects of primary heart dlsease pro
duced by hyp dism may not be r d chme
ally particularly in cases in wlnch the thyrord disorder 1s of rmld degree
Fortunately the currently labl for the of
thyroid function enable the chimcian to estabhish the presence or
absence of hyperthyroidism with relative certamnty whenever the
question 1s raised and medical measures for the rehef of hyperthyroid
15m are safely applicable to the most senious cases of heart disease

Effects of Hypoth dism on the Card, System

Signs and symptoms of cardiovascular dysfunction are not infre
quently encountered among patients suffering from untreated myx
oedema There 1s good evidence that pericardial effusion 1s common 1n
this condition and that 1t may proceed to such an extent as to canse
complaints related to cardiac tamponade (Marks and Roof 1953) The
usual physical and laboratory signs of effuston are elicited 1n such
panents there 15 globular cardiac enlargement poor pulsation on

and typical electr d hic changes
Dragnostic pencardial paracentesis has been performed on many
myxoedematous patients although this procedure should only occa

sionally be necessary for therap purposes Repl therapy for
the underlymng d effects pl of the cardiac
manfestations

There 15 perhaps still reason to beheve that myxoedema impairs
cardrac performance by some mechamism mn addition to the productton
of pericardial flmd Autopsy data indicate that the ubiquitous protemn
rich oedema flnd from which myxoedema takes 1ts name nfiltrates the
Tyocardrom separaung the muscle fibres Haemodynamie studies on
five myxoedematous patients revealed two 1n whom cardiac output was
more reduced than was systemic oxygen consumption, giving evidence
of a true functional impairment which 1n these cases could not be ex
plained by pericardial effuston (Ellis Mebane Maresh Hultgren and
Bloomfield 1952) Tnaddition there 15 the question of exaggeration of



143 METABOLIC DISTURBANCES IN CLINICAL MEDICINE

the athfr?gemc‘proc&ss 1n subjects with long standing myxoedema and
hyp The of the Chmical Society of Lon
don which m 1888 publshed a complete suney of the climcal and
autopsy findings m myxoedema at a time when treatment was not
avallable, did not find evidence of an unusual degree of arterial
degeneration 10 the major vessels Hypothyroidism (not total myx
oedema) has also been mduced therapeutrcally for the reltef of intract
able cardiac failure and angma the proponents of this procedure
'(_Blumgart F‘medberg and Kurland 1953) state that 1n their experience

ypothy does not predispose to coronary atherosclerosts m
young subjects who mught not be expected to have the condition other
wise Nevertheless the development of angma pectons m myxoe
dematous pattents bewng started on thyrord medication 1s a common
climical experience and while this symptom may not be clear-cut
evidence of the presence of coronary atherosci 1t most i
does dictate the need for caution i mstituting therapy which 1s other
wise entirely beneficial

Assocation of Heart Disease mith Acromegaly

Excessive production of pifuitary growth hormone m addition to
causing the overgrowth of bone and connective tissue known as acro
megaly 1s said to produce a visceromegaly :n which the heart particy
pates Hearts of acromegalic subjects at post mortem have been re
ported to be unusually large and the myocardium to show muscular
hypertrophly munor degenerative changes and 1n some cases fibross
Qver half of one senes of acromegalic subjects was found to have some
clinical evidence of heart disease and cardiac dysfunction was the most
frequent cause of death (Hejtmancik Bradfield and Herrman 1951)
Abnormal elect: d ms were d frequently with the
most common disturbance being defectnve mntraventricular conduction

The causal relationship of excessive growth hormone production to
the development of heart disease cannot be considered to be estab
Lished however because of the ranty of acromegaly and its tendency to
oceur 1 the age group m which unrelated cardiovascular distusrbances
are not mfrequently encountered A review of the experience at the
National Institutes of Health with acromegaly eleven cases having
been examned smce 1953, fails to corroborate the conclusions quoted
above Seven of these patients had hearts of normal size as determined
roentgenologically one of this group died and at autopsy the heart
werghed 290 g Of the remainmg four only one had clear-cut roent
genc )i d of card ly This patient and one of the
three border line cases had disorders other than acromegaly which conld
be considered adequate causes for cardiac enlargement (kyphoscolioss

and hypertension respectively)
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T4 ly presents a stubborn problem that s beyond
the scope of thxs thapter Cardiae disturbances oconrnng 1 acromegahc
subyeets do not require particular differentration from other cases of
heart disease with regard to therapy

Cardiac n the Mal, t Carcinord Synds

Recent of the malign d as a chngeal
entity has ncc:ssnated the cousxdcrnnon of one more condition 1m
which 2 b bly causally

waith disease of the heart The blochcmxcal and cimseal aspects of this
condition, have been discussed 1 a recent publication by Spoerdsma
Wewsshach Terry and Udenfriend {1957) The fully developed syn
drome 15 observed only 1n patients 1o whom metastases usually hepatse
of the prumaty tumour have developed With large amounts of fanction
mg tissue these patients converk great quantztx:s of tryptophane to
serotomn and mantest & of 4 af the
former aud excess of the latter The dragnosis 1s best established by
of unnary of 5 hydroxy mdole
acetic acrd an end product of semtonm mctabohsm Tne chneal fea
tures mnclude gastro } paun the pre
sence of masses cutaneous Hushing a persistent cyanosis without
artenal oxygen unsaturation asthma and heart disease (Thorson
Biorck Bgorkman and Waldenstrom 1954) The cardme Iesions are
night seded although & few left sided lestions have been
:cpcncd The commonest abnommnlities are tncuspid msufliciency and
pulmone stenoss lesions which geve nise to the usual mormurs and
which when severe produce cardiae dilatation and congestive faslure
“These valvular deformuties are the result of endocardial fibrosis and
Do cas¢ 13 there evidence of therr having been present before the develop~
ment of the carcinod tumour Arrhythmuas have not been teported as
part of the syndrome The mechamsm whereby the carcwmed tumour
produces heart disease 1 unknowns although 2 caussl relationshp can
reasansbly be mferred from the reproduaible assoctation of two other
wise rare condittons  Production of sumilar carduae lesons 1n export
mental ammals by the ad of or s
has not been accomplshed Therapy tn this ¢ondition 15 generally
unsatisfactory though with these slow growwng twmouss considerable
rebief may follow the surgcal exeision of umowr masses even though
radical cuse has not been schieved

Glycogenstorage Dusease of the Heart

Not to be confused with the more familiar discase of von Grerke m

which there s storage of glycogen 1t many organs especally the tnge

15 a rare but clearly delmeated condition best ksown as glycogen
o
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storage disease of the heart Only fourteen published cases of this
disease were accepted as authentic m a recent review (D1 Sant Agnese
Andersen and Mason 1950) The disturbance 15 probably a genetically
determined mborn error of metabolism as evidenced by the occurrence
of the condition 1n siblings Affected chuldren mansfest prumanly symp
toms of cardiac enlargement and congestive failure together wath
fatlure to grow and develop normally and do not survive more than
one year There 15 no demonstrable systemuc abnormality of carbo

hydrate metabolism and the hypoglycaemia and lack of hypergly

caemc response to epinephrine and glucagon, so typical of von Gierke s
disease are not observed in glycogen storage disease of the heart
(Recant 1955) Although 1t may be suspected 1n nfants with crypto

genic cardiac enlargement and failure 1n whom there 15 no evidence of
valvular defects or abnormal commumcations the defimitive diagnosts
of the disease duniag life 15 extraordmanly difficult except when a pre

vious case 15 known to have occurred in the same fanily No satisfac

tory treatment of the condition 1s known At autopsy the heart 1s en

larged to as much as six trmes normal weight the muscle fibres bemng
wfiltrated by so much glycogen as to have a lacework appearance 1m
histologic sectrons There are lesser degrees of glycogen deposition 1
other tissues especially skeletal muscle

Haemochromatosis Involvng the Heart
The diagnosis of 1diopathic haecmochromatosts should be borne m
mind by any physician confronted with a middle aged male patient
suffering from cardiac failure of obscure cause particularly if the
d features } ble those of pericardial effusion
H: 15 an conditton accounting for only
about 01% of all cardiac deaths There 1s a stnking difference m
sex ncrdence with 90% of cases occurring 1n males over the age
of 35 At post mortem exanunation the hearts of these subjects show
1afiltration with haemosidenin fragmentation and pecrosis of muscle
fibres 1n the presence of some mflammatory cells The classic diagnostic
trrad of skin prgmentation hver disease and diabetes 1s not present 1
every case and as many as one 1n six haemochromatotic subjects may
present primanly cardiac complaints Almost half of all haemochroma
totics eventually develop cardiac manifestations and heart failure 1 the
eventual cause of death of about one third Cardiac haemochromatosts
may be the cause of exther congestive failure or arrhythmias Physical
on and fi py give evid of a dilated globular heart
with poor pulsations and the electrocardiogram may show low
voltage mon specific T wave abnormalitics left axs deviation or 2
vanety of arrhythmas including aunicular flutter and fibnllation
ventricular tachycardia and varymng degrees of conduction defect If
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the di 15 Once susp 1t can be established with certainty by
the demonstration of excessive baemostderin 1n sternal marrow smears
and 1n needle biopstes of the liver and by the elevation of the plasma
1ron level ‘The usual measures for the treatment of congestive farture
are of only transient benefit 1n haemochromatosis and the onset of
arrhythmias may be particularly ominous  Repeated phlebotomy offers
the possibility of an attack on the basc cause of the cardiac disorder
and Finch and Finch (1955) believe that the climical response of
haemochromatotic cardiac patients to this therapy 1s particularly
rewarding

Cardiac Amyloidosis

It 15 only with reservations that one can introduce a discussion of
amyloidosts mto a text book on metabolic disease as there 1s no defin
able biochemical abnormality n this cond other than the p.

1 the tissues of an abnormal insoluble substance the chermstry of
which 1s poorly understood The expenmental biochemical and genetic
aspects of the are d dman review by Ruka
vina Block Jackson Falls Carey and Curtis (1956) There are at least
two recognizable forms of amylord disease which have 1n common the
feature of ussue deposition of amylotd material they differ with regard
to the ewustence of 2 predisposing chronic mfection as well as with
regard to the location of the amyloid deposits and the nature of the
resulting functional disturbances Cardiac mnvolvement 1s noted only m
primary amyloidosis 1 which there 1s no underlymng chronic mfection
and hence no basic therapeutic approach In a recent report (Benson
and Smuth 1956) 1t 15 stated that cardiac disorders comstitute the
cause of it i primary amyloid disease The
symptoms and signs are those of congestive failure never of angina
The heart 1s found to be enlarged with dimunished pulsations at
fluoroscopy Murmurs attributable to the amyloxdosls are rare Hypo
tenston 15 common and may be The
demonstrates low voltage varnous abnormal contours of the T waves
and occasionally bundle branch block In addition involvement of
skeletal and smooth muscles may result 1n weakness macroglossta and
gastro mtestnal dlsturbances Renal mvolvement 15 less common but
may give nise to a fully d The d
which often 15 not es!abhshed dunng Iife may be suspected on the
basis of nvolvement of these many organ systems and established by
the biopsy demonstration of amylord 1n some extracardiac tissue The
Congo Red test 1s frequently not helpful 1n the recogmtion of primary
amyloidosis The only available treatment 15 palliative directed at the
relief of symptoms of cardiac failure by salt restriction and the admnmis
tration of diretic drugs The prognosis 1s umformly poor
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Cardiovascular Ber1 ben

Ben ben or deficiency of vitammn B, (aneurn thiamm) 1s encoun
tered only rarely 1n areas of Western culture and here almost always in
chronic alcohohes A few cases have been recorded 1n food faddists
Outbreaks have occurred often n prmitive and poverty stricken areas
and under conditions of dietary deprivation (at sea or m prison camps)
in otherwise healthy individuals It has been suggested that the critical
level of vitamun B, itake necessary to prevent ber1 beri1s 0 4 mg /1000
non fat calories, and that the cardiovascular manifestations are most
likely to be d 1 active individuals with an ad total
caloric intake but a relative deficiency of the witamin The onset of the
condition may be acute and the course rapidly fatal The major mam
festations to be noted include evidence of congestive failure wath
oedema abdominal pam due to acute hepatic congestron and elevation
of venous pressure By cardiac catheterization 1t has been possible to
demonstrate elevation of nght ventricular diastolic pressure and pul
monary capillary pressure (Isern Uhl, Chandler, Boyle and Myers,
1954) The cardiac output 1s hugh as evidenced by decreased crrculation
time widened pulse pressure with a normal heart rate and the low
systemic arteriovenous oxygen difference encountered at cardiac
catheterization Walters (1953) states that hypertension may be a
significant feature of the condition as the patient presents humself or
may develop m the early phases of treatment Elevation of blood
lactate and pyruvate levels 1s diagnostic Therapy 1s directed at the
alleviation of the underlymg vitamun deficiency, doses of up to 300 mg
of vitamin B, bemng given daily by mouth or by mjection Rest salt
restriction, druretic measures venesection and the hypotenstve drugs
may be employed to sustan hfe until the basic deficiency 1s alleviated
digitalis and 1ts derwvatives are of httle value Recovery from the con
ditton 1s usually complete though an occastonal case with persistent
myocardial damage has been recorded
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Metabolism of the Heart

The technique of catheterization of the coronary sinus of the human
heart m situ has made possible a study of the biochemical behaviour of
the normal and of the diseased heart The extraction of cudizable sub
strates from the blood perfusing the myocardium follows 1n the mam
the pattern that has been observed for skeletal muscle with the mpor-
tant exception that lactate which 1s usually produced by skeletal muscle
13 1n large by d In addition glucose
pyruvate amino acids ketone bodles and fatty acids are extracted
with the latter often acccuntmg for the major part of lhc energy pro
duction of the organ S o, of th

oxygen to sut extraction from the perfus
g blood (the oxygen extraction raua) dicate thal storage of energy
yielding sut by the dial tissue bly occurs but that

storage s a relatively minor function of the normal tissue wath most, of
the energy requirements bemng satisfied by contmnuous extraction of
oxidizable materials from the blood

Biochemical abnormalities n the failing heart have been mnvestigated
repeatedly 1n heart lung preparations in anmals and recently by
coronary sinus catheterization m human patients (Olson 1956 Blamn
Schafer Siegel and Bing 1956) Measurements of oxygen and sub-
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strate extraction have not revealed deficiencies th;
decreased pumping function of the heart Current?h:::i: ;:\p;zlr: 3]1:
opimon that in congestive failure the heart suffers a decrease m efficien:
that the conversion of phosphate bond energy to mechamical work 1561’;1
some way compromused but that the basic brochemucal processes
leading to the production of ntracellular high gy metabolic mnter
mediates are functioning normally

Digitalis and 1ts dervatives have a well known but poorly under
stood effect m amehorating the mechanica) shortcomngs of the falmg
heart Doses of lanatoside C which are effective 1n the treatment of
clmical congestive failure have been found to have little 1f any effect on
myocardial oxygen and substrate utlization (Blamn Eddleman Swegel
and Bing 1956) With the ption of foodstuffs the
same the improvement m myocardial contractility resultng from
digitalis adminstration must represent an alteration n efficiency with
the evidence again pointing to the systems responstble for the conversion
eotff pltlosphate bond energy to mechanical work as the target of digitalis

ect

A considerable body of experimental evidence attests to the ability
of the cardiac glycosides to alter the 10nic content of heart muscle n a
way which 1s thought to alter the contractihty of the proteins contaed
therein Hajdu (1953) has published an extenstve study of 1solated frog
hearts which demonstrates that the loss of small amounts of itracellu
lar potasstum a process which normally accompanies activity mcreases
the mechanical strength of the succeeding beat If the heart 1s arrested
re entry of the lost potassium occurs and the first few beats occurring
when the heart 1s restarted are weak, with the amplitude of contractron
gradually increasing thereafter (starrcase phenomenon) The admims
tration of low doses of digtalis or related substances nhibited the re
entry of potasstum and thus preserved the favourably low intracellular
P content The ad: ation of digitalis compounds to con
tinuously beating mammalian hearts has been found to induce a loss of
potasstum as evidenced by a temporarnily negative arteriovenous differ
ence of this 1on (Regan Talmers and Hellems 1956) and recently the
same d ration has been lished 1n the human heart i sifu
(Hellems Regan Talmers Chnstensen and Wada 1956)
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CHAPTER 7
OEDEMA IN CHRONIC CONGESTIVE HEART FAILURE
JACK ORLOFF

OEDEMA an abnormal expansion of the extracellular fluid compart

ment 15 the most characteristic abnormality i chronic congesttve heart
fmlure Although nesther the precise metabolic derangement respon

sible for the excessive accumulation of salt and water nor the particular
series of events involved m the production of oedema 1s known 1t 1s
clear that the fund 1 defect responsible for flurd 52
disorder of renal function characterized by failure to excrete salt and
water normally The physiologically sound kidney 15 capable of ad

Justing 1ts output of water and solute with sufficient precssion to man

tain both the osmotic concentration of the extracellular and intra

cellular flds and their respective volumes relatively constant despite
wide variations 1n dietary intake In congestive fatlure, volume control
by the kadney 1n so far as extracellular flmd 1s concerned 1s deficient

normal balance between 1ntake and output 1s deranged so that reten

tion of salt and water supervenes producing weight gain and oedema

Alterations m effective osmotic pressure are less notable occurring in
only a small percentage of patrents

Theortes of Qedema Formation

Two major theories of the pathogenesis of oedema have been pro
posed the backward failure theory (Peters 1952) and the forward
fallure theory (Warren and Stead 1944) These are primanly descrip
tive analyses of the probableh d events 10 the develop
of oedema Though a renal abnormality 1s mmphcit m both neither
theory 1s clearly add d to the fi 1 problem that 1, the
elucidation of the particular defect or alteration m renal function
responsible for disturbed salt and water excretion in heart failure As
will be noted below this madequacy 1s merely a reflection of our
Timuted knowledge concermng the mntimate details of water and solute
transport by the normal kidney

The proponents of the backward failure theo
sequence of events 1n the development of oedem:

n venous p dary

ry consider that the
a 15 1mutiated by an
te cardiac function
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(back pressure*) and that transudation of fiud out of the vascular bed
accounts for the 1mtial expansion of the exiravasculst compartment
This 15 exsenually an extension of the Starbng hypothesss 19087 that a
balance exysts betneen the forces mamtsiag flud within the vascular
tree {plasma ancotic pressure and wmierstitial hydrostatec pressure} and
the forces terding to promote extrusion of Buid out of the vascular
compmxmcm (blond hydrostanc pressure and fissue Qncotie pressure)
& fy any f the efferent forees {such
as 1ncreased s enous pressurc) wall effect a redustnbation of fmd Wi
apparent that sedssinbution alone cansot account for the net Bud
accumulation and woight gun of oedema Salt and water cetention by
xhe k;dney F) csxcn!us? for chns The stimuius which produces the renal
hough 1t has been d that m

adequacy of b(cmd volume 13 21 unk eritical avea h
uignals the Jodney—perhaps via the adrenal—to retamn salt and water
‘The teleologseal nature of s argament 1s obvions

In contrant the pmpox\cms of the forward fatluse theory consder
renal d cardiac output to be the
manng event n oedema producuon Yo tlus view exteaceliular fnd
volume expanston precedes the nse 11 venous pressure  The observed
inerease 1 blood volume i oedematous cardiacs 15 consestent with thus
hypothesss Mernit ()946) genstders that a reduction 1 fenal b)ood
flow and gh sate dazy to an ¥
cardwac output 1§ the renal defcct tesponsibie for sals and water zcten
ton Tius will be discussed below Although data are ansufficent fo
permyt relegation of prmacy to either theory n so far as the precise
sequence of eyvents 1 the deiclopment of cedema 15 concerned the
vintee of the forward failure hypothes:s is that t has refocused research
on the fund ) problem of g she cause of the renal mus
ditection w heart fartare

Renal Changes i Chromie Congestive Heart Fasure

The followmng abnormalitses in venal function have been observed
patients with congestive heart fatlure and cedema (1) a seduchion 1t
rena) bood flow to approumately one half of normal (23 a reduction
w glomersiar filiration rate to approxmately twe turds of normal
(3) 2 tig v e prroentage of renal blood filtered 2t the glomenstos 4
£4) an elevation s renal venous pressure (5) & duwnished abiitty to
evezete admunistered salt In additton at has been poted that there 1s

Burch (1954} bas pomted s that systemme venmous pressu &l oL 8 5e 83 4 tonse
gaenze of obsurtion (o Bow ta the right heart unless there 18 assactated varospasss andlor
20 tocrease 1, Slasd volume

t The ratio of glomerular fliratson rate ¢ penal playma fiow 15 called the filtranon frae

mznal IDETEASE 30 Thas 1200 1 thougit ta be due 10 vasocenstnction: of te c¥ereat renal
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enhanced urmary excretion of both aldosterone and antidwrefic sub
stance m oedematous cardiacs The climical observations of ohguria
elevation of unine specific gravity mimimal protemuna and blood urea
elevation are related to some of the above findings Although the con
centration of electrolytes 1 plasma 15 undisturbed m most cardiacs 1n
the absence of complicating disorders i many, plasma sodium con
centration 1s at the lower ltmuts of normal and plasma potasstum at the
upper Iimits

The Mechanism of Salt and Water Excretion

Before d the possible fi of the above findings with
respect to the pathogenesss of oedema 1t 15 necessary to review some of
the present concepts concerning salt and water excretion It should be
recogmzed that this synopsis 1s provistonal Little 1s known about the
timate tubule cell mechamsms mvolved mn salt and water transport
so that what follows 1s largely a gross description of events as deter
mined by classic cl techmques Cx Iy, much of the dis
cussion 15 necessartly hypothetical

Normally approumately 20 % of the blood flowing to the kidney 18
filtered at the glomerulus The ultrafiltrate so formed 1s essentrally
protemn free with an electrolyte concentration approaching that of the
parent plasma It 1s thought that approximately 859 of the glomerular
filtrate 1s reabsorbed 1 the proumal segment of the renal tubule as an
1sosmotic solution that 3s water and solute are reabsorbed in such a
fashion that the concentration of the remaiming flud 1s undisturbed
Sodium 1s thought to be abstracted by an active exchange process
Attendant amon (chloride, bicarbonate etc ) may be removed by virtue
of the resultant electrostatic gradient or by aniomc exchange Water 1s
absorbed by simple diffuston secondary to the osmotic gradient pro
duced by electrolyte abstraction The factors which determne the
percentage removal of flurd 1n the proximal segment are not well de
fined Osmotic may with p ] reabsorption by
dimunishing the mtratubular concentration of sodwm and chlonde
The adrenal steroids which undoubtedly affect sodium and potassium
transport exert therr effects on an unknown portion of the tubule
Furthermore although acute changes i glomerular filtration rate affect
tubular reabsorption of salt and water neiher the magnitude of this
effect nor its direction has been determined with certainty n so far as
the individual tubule segments are concerned

The remantng 15% of the onginal 1sosmotic solution 1s delivered to
the distal segment Here most of the electrolyte and water 13 reabsorbed
so that under normal circumstances not much more than 1%, of the
sodium and chlonde ongmally present 1 the glomerufar filtrate 1s
excreted together with a varymg percentage of water The extent of
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seabsorption of electrolyte may be affected by the volume flow of proxt
mal fimd by the actwity of adrenaf sterards and vasopressin by changes
10 renal venous pressure and according to some by alterations
nerve activity However all that can be stated with certuaty 1s that
both the concentration and the excretion of sodwm may vary con
siderably m normal mdwviduals i the absence of appreciable changes
1 the concentration of sodium n plasma

Asnoted above patients with oedema and congestive falure generally
exfubit a profound depression 1n blood flow to the kidney and s fesser
depresston 1w glomerular filtration rate Whether or not the fall
glomerular filtration rate 1s responsible per se for salt retention and
oedema a suggestion fostered by Warren and Stead and Mernll s
uncertain These workers postulated that hed filtration of sodwum
in the face of essentially normal reabsorptive processes accouated for
the retention of sodum chionde and water noted m heart fadure A
though expertmentally mduced acute reductions an filtration rate are

d with a p falt 1n saft this observatson does

not necessandy constitute support for the aforesad view  Furtheraiore
& number of sipations exists 1 which there 15 a clear disseciation
between the rate of glomerudar filtration and salt excretton It has been
observed (1) that patients may recover from the oedematous phase of
heart fadure withont & sigmficant nse m glomerular fltration rate
(Bradicy and Blake 1949) (2) that ascites may form 1 dogs with con
stizctton of the thoracic inferior vena cava despite a fise m filtration
rate to 50 / above the control value (Davis and Howell 1953} (3) that
salt excretron may retusn to normal m dogs (become equal to intake)
despite of an expers 1ty reduced fil rate (Mucller
Surtshin  Cathin and White 1951) The presumption 18 that m 2lt of
the above mstances reciproeal adjustments 1 the tubular reabsorption
of sodium whether 1n the proximal or distal segments may account for
the re-establishment or disruption of electrolyte equilibrium

It 15 Ukely that changes i filization rate are always assocsated with
changes 1 the tubular reabsorption of sodivm Yo addstion sufficient
data have ! to asign a f role to of
tubule activity 1n the ofet ly port Wade
m electrolyte excretion may accur without measurable changes 1
filtration rate Furthermore Barger (1956) has demonstrated that non
oedematous dogs with vatvular lesions and normal filtration rates do
not excrete salt ijected into one renal artery as efficiently as do normal
animals

Despite the above observations it should be noted that small
vanatons wn euher glomerular filtration rate or tebular reabsorption
may exert 2 considerable effect on salt balance ¥ tubular reabsorption
and plasma sodium concenteation remain constant & decrease 1a filtea
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tion rate of 1 ml /mmn will result 1 the accumulation of 1440 ml of
saline 1n one day (14 Kg of weight) Simtlarly, an increase m proximal
reabsorption from 85 to 86% of the glomerular filtrate assuming
filtratron rate to be 100 ml /mun , will exert an equivalent effect Pre
sently avarlable analytical methods do not permit accurate estimates of
of this quently ar as to whether

tubular or glomerular factors are prnmanly responsible for oedema
formation are unanswerable However, on the basis of all of the
experimental data, 1t appears probable that a reduction 1n filtration
rate must be accompanied by abnormal alterations m tubular reabsorp-
tion to effect salt retention

It has been tempting to ascribe changes of this nature i tubular
reabsorption to the effects of aldosterone since 1t 1s recogmzed that
this hormone influences sodum and potassum transport under other
condihions Furthermore as noted earlier many pattents with oedema
have high urnary excretions of aldosterone (Luetscher and Johnson
1954) Thebackward fatlure theors ve deredthat function
al change 1n blood volume may enhance aldosterone output and thereby
produce salt retentton However 1its mfluence as a primary factor 1s
mimmized and a permussive role assigned to the hormone by virtue of
the observation that patients with aldosterone producing tumours are
not oedematous, and further that chromic admimstration of salt
retaimng steroids to normals rather than causing salt retention
produces a mld diresss after an 1mtial period of sodum retention The
dresis may well be due to an associated late nise 1 filtration rate
which by increasing filtered sodum offsets any tubular effect Davis
and Howell (1953) have noted that desoxycorsticosterone does not
dimimish salt excretion chromically 1n dogs 1n whom the inferior vena
cava has been constricted unless venous pressure 1s elevated

No discussion of heart failure would be complete without mention of
the concept of a volume receptor Peters was probably the first to con
sider this in detall It was his view that a receptor somewhere 1n the
body responsive to changes in volume signalled the kidney to excrete or
retam salt It 15 probable that something of this nature may exist, other
wise 1t 18 difficult to account for the constancy of body flud volume
despite vanations 1n salt and water mtake under normal circumstances
Whether such a receptor if indeed there be one 15 musdirected 1n heart
failure by wirtue of a deficiency 1 volume n some critical area as
Peters considered, and oedema 1s due to compensatory reabsorption
of electrolyte by the kidney 15 unknown Certamly no expenmental
mamspulations to date have resulted 10 data so critical nor have the
studies been so ngorously designed as to preclude the influence of any
of a host of other factors (e g changes 1 glomerular filtration rate
renal blood flow, solute excretion etc) on electrolyte excretion The
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most that can be said 15 that the solution of the problem of the mam
tenance of volume 15 elusive albest of signal importance

‘Water Excretion in Heart Failure

Water as are sodium and chlonde 1s filtered at the glomerulus and
approximately 85% reabsorbed passively as noted earlier The remamn
1ng 159 15 reabsorbed to a vanable extent depeading upon the level of
antidiuretic hormone activity and the rate of solute excretion Since
constderable water 15 lost from the body by the non renal route (in
sensible 1oss perspiration faeces) vanations in both distal reabsorption
and thirst are attuned to mamtain tomicity constant The effect of
changes 1n plasma osmotic pressure on antidiuretic hormone secretion
has been described by Verney (1947) A nise in effective osmotic pressure
stimulates both the destre to dnink and the output of vasopressin

The current hypothesis concerning the renal mechamsm of dilutton
and concentration and the action of vasopressin m the distal segment 1s

complex and ] Smuth (1956) ders that unnary dilution
dunng d h pp 1s effected by the abstraction
of sodwm and dant anion from flmd 10 a water

impermeable area Water left in the renal tubule by this process termed
free water 15 then excreted In the presence of vasopressin the distal
diluting segment becomes freely permeable to water so that as electro
lyte 1s removed water follows passively resulting in a decrease 1n the
volume of the 1sosmotic fiind imtially delivered to the segment The
remaining volume of 1sosmotic flud 1s thought to pass to a terminal
area (collecting duct) wherein water without electrolyte 1s abstracted
resulting 1n the praduction of a hypertomc urme It 1s probable that
both the diluting and concentrating mechanisms are undisturbed in the
mayority of oedematous patients

Peters and others ascribed a role to increased vasopressin secretion
i the production of cedema Though recogzing that sodium and
chlonde retention was of primary mmportance these workers suggested
that the retention of water to maintain tomeity required the interposition
of excessive anti diretic hormone actvity In view of the above
analysis it should be apparent that this1s not essentral and that n fact—
were oedema due merely to an increase 1n reabsorption 1n the proxtmal
segment-—150smotic expansion might occur 1n the complete absence of
anti dueretic hormone In support of this 1s the recent observation of
Laragh (1956) that dogs with diabetes insipidus accumulate ascitic
flwd following caval constriction as do anymals with intact prtwitary
glands The observation of d unnary anti-dwuretic hormone
titres 1n cardiacs may be unrelated to the development of oedema

‘Water balance 15 regulated in a normal fashion 1n most oedematous
cardiacs This s evidenced by notmalcy of plasma tomeity and plasma

METAB, D13 —6
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sodwim concentration Even m these, water may be excreted at a Jesser
rate dependent on the extent of depresston of filtration rate and the
volume of body fld imnto which the water itially diffuses A small
number of patients are hyponatraemic thatis have dimmshed plasma
osmolality bespeaking hypotome expansion of the extracellular flurd

This must be a consequence of an madequacy of the unmary diluting
mechanism resulting in the retention of water 1n excess of electrolyte
Although hyponatraemua has been ascribed to transfer of sodwm mto
cells and/or bone to excessive electrolyte loss m the unme to a primary
decrease m osmotic activity of cell constituents to a depression i
filtration rate etc 1t 1s hikely that madequate water excretion and
extracellular dilution due to mappropnate secretion of vasopressin 1s
frequently responsible for the abnormality The observed urine hyper

tonicity 1n patients with this disorder 15 consistent with this view It 1s
possible that the hypothalamuco hypophyseal receptor system 1s dis

turbed since vasopressinis presumably bemg secreted despite dimmshed
plasma tonicity That the receptor may be attuned to a new level 1s
suggested by the observation that unnary dilution may be effected m
a normal manner 1n some hyponatraemics when water 1s admmistered
{Walser and Orloff 1957) Itis probable that hyponatraemia ascribed to
excessive use of mercunal drretics (the low salt syndrome) 1s also due
to inadequate water excretion rather than to electrolyte depletion alone

Thus water restriction 1s frequently successful 1n the therapy of hypo

natraema 25 15 osmotic drresss which results in the abstraction of
water 1n excess of electrolyte from the body

Therapy of Heart Falure with Oedema

This has been discussed elsewhere and will be commented upon only
brieft

Thé, use of digitalis 1n heart failure 15 directed at the cardiac disorder
per se Any salutary effect on the ehmination of oedema 1s therefore
secondary to an improvement 1n cardiac status Though the glycosides
may exert a direct renal tubule effect this 1s not of great chmical signt
ficance and 1s of wnterest only from the pharmacological pomnt of view

The most important measure i the therapy of oedema 1s restriction
of salt wtake Sice electrolyte excretion occurs slbest at a markedly
reduced rate even 1n oed patients 1t1s tk lly possible to
effect the ehmmation of all excess extracellular fiind by limiting salt

imtake drastically Most often this cannot be accomplished by this
procedure alone Rather 1t 15 possible to achieve a state of relative
equilibrium with respect to intake and output so that no further pro-
gresston of oedema occurs Water need not be restricted except o
patients with difution hyponatraemia as noted above In this regard it
15 unlikely that the infusion of hypertonic saline 1s ever of use m oedema
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tous cardiacs smce 1t generally promotes thirst and further increases
oedema A numbcr of clinictans have advocated ats trial m severely
debil cardiacs  Although this may be necessary
under ccnam “arcumnstances 1t 15 more rational to restrict mtake of
water thus allowing for of the Hular compart
ment Hypertonio urea has been used successfully 1n some instances
since 1t promotes an osmotic diurests of water 1 excess of salt in
oedematous patients
The most effective diretic 1 congestive heart failure 15 organic
mercury The mechanism of action 1s unknown though 1t 1s reasonable
to assume 1n view of the known effect of mercury of compleung with
sulphhydryl groups that 1t may nterfere n this manner with a specific
enzyme mvolved in exther sodiwm or chlonide transpost Which of these
10ns 15 mvolved 15 uncertain although most nvestigators consider
nterference with chlonide transport most likely Bntish anti Lewisite
a sulphhydryl containingagent blocks the natriuretic effect of mercury
presumably by complexing with the dwiretic The normal response to a
single myection of salyrgan or other orgame mercurials 15 the excretion
of an essentially 1sotomc solution of sodim and chlonde Although
n man mercury ipterferes with tubular secretion of potassium
excessive kalurests occurs 1n some cardiacs following 1ts use This 1s
most notable 1n patients 1n wham the response 1n so far as weight loss
15 negligibl 1 alkalosis and associated
hypoch]cra:mm have been obscrved to develop 1n a small number of
patients
Acdifying salts (NH,Cl CaCl, etc) when admistered for one to
two days prior to the mjection of mercury potentiate the diuretic
effect This may be related to mcreascd dxssocl:mon of the mercury

complex It 1s not actdosis since 1t
may occur at a time when plasma pH and blcarbonate concentration
are normal C of the

2
agent 1s unnecessary for ths effect and may be harmful smnce the salts
may produce anorexia and severe metabolic acidosis—the latter occur
ring only when renal function 1s mutrally compromused

The admunistration of sodium bicarbonate interferes with the natn
uretic effect of mercury For this and other reasons it has been assumed
that alkalosis may account for some instances of mercurial unrespon
siveness It 1s of interest 1n this regard that the effect of mercury on
potassium excretion 1s not altered by bicarbonate

The problem of resistance to mercury has been commented on else
where Although a diminrshed filtered foad of sodutm which occurs
when either filtration rate or plasma sadum concentration or both g
depressed, may account for this 1n some patients most often 1t 15 not
possible to delineate the reason for the failure of diurests



164 METABOLIC DISTURBANCES IN CLINICAL MEDICINE

Carbonic anhydrase mhibitors have been used with some degree of
success in recent years These drugs nterfere with the enzyme which
catalyses the intracellular hydration of CO, and thereby depress
urmary acidification Since hydrogen 10n secretion 1s nvolved 1 at
least three processes—(1) bicarbonate reabsorption (2) sodmm re
absorption and (3) p secretion—th fut by mterfer
g with acid secretion promote the excretion of sodum potassium
and brcarbonate Unnary alkalinization may result m metabolic
acidosis kalurests mn moderate hypokalaemia (though thus 1s rarely of
clmeal significance) and natriuresis in the delivery of oedema flud
Theoretically any drug promoting delivery of sodum bicarbonate
(carbonic anhydrase mhubitor) 1s not as useful a druretic as one promot
1ng the excretion of sodwm chlonde (mercury) since the amounts of
the respective amons 1 extracellular fluid are markedly different This
1s borne out by chmcal expertence One further drawback to the use of
the carbomic anhydrase inhibitors 1s the rapid development of so
called resistance This change m responsiveness 1s related to a fall i
plasma bicarbonate and does not indicate that the ihibrtory effect of
the drug on acidificatton has ceased (Berlmer and Orloff 1956)
Despite the mited utiity of these diuretics they may be used success
fully 1n mild cardiacs Their greatest efficacy 1s mn patients with cor
pulmonale and respiratory acidosis stnce diuresis and an improvement
1n pulmonary status may occur The cause of the latter effect 1s un
known A peculiar property of diamox a potent carbomc anhydrase
mlubitor which ments comment, 15 1ts nterference with mercurial
druresis under certain conditions Despite thus 1t 15 possible that of
properly spaced doses are admimstered these diuretics may be used
sequentrally with beneficial effect
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CHAPTER 8
ATHEROSCLEROSIS
DONALD § FREDRICKSON

HARDENING of the arteries or arteriosclerosts 1s the most common
fatal disease known to man It 1s an ancient affliction having been
observed mn Egyptian mumnues The term 1s a broad one ncluding a
variety of degenerative changes 1a the artenal wall, the cause or causes
of which are not known However there 15 currently some basis for
consideration of one form of this disease atherosclerosis among the
metabolic disorders that affect the cardiovascular system Athero
sclerosss 15 the term usually employed by the pathologst to describe the
conditron 1 which the morphologic changes of arteriosclerosis mclod
mg lipid deposttion fibrosis hyal and 1y cal
are confined primarily to the mntrmal layer of the artenial wall Athero
sclerosis has likewise come to signify to the chimcian a distinct disease
entity smnce the lesions frequently result 1 narrowing and occluston of
the coronary artertes producing angma pectons and myocardal i
farctron or other symptoms due to occlusion of the zorta or other of
1ts branches including the cerebral arteries

Atherosclerosis 1s extremely common i man although rare m
other mammals It may be seen n the very young and roughly 50%
of men at age fifty and 85% at age seventy five in the Umited States
have been said to have moderate or advanced lestons There 15 con
siderable difference 1n incidence among certan population groups
which will be discussed below A difference between the sexes exsts
for coronary artery disease which 1s mamly due to atherosclerosts 15
much less common 1n women than in men the frequency rates con
verging after the age of the menopause Hypertension appears 10
accelerate the development of atherosclerosis w both sexes and Jesions
are seen frequently 1n localities which may be exposed to greater
hydrauhc stress such as areas of bifurcation Atheromata are more
often found 1n the pulmonary arterses mn cases With evidence of sus
tained pulmonary hypertension The development of severe athero
sclerosis 1n the absence of hypertension indicates that this 1s not 2 basic
cause but an accelerating factor i the actiology of the disease Con
versely hypertension may be associated with other artenal Ieswn:
particularly m the medta which are not properly termed atherosclerost
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There 55 10 persuasive ensdence directly refating (he use of tobacco
physwat actmity or emotional stress to the development of athero
sclerosts Association with a parteutar body build race or heredty has
been suggested but the present tendency has been fo interpret such
differences as due to cultural miluences such as upon diet rather than
to genetic imnfluences

The preponderance of evidence today suggests that atheroscleroms
15 basteally 2 bolie disorder p larly a result of d d fat
metabolsm This 15 by no means proved and certam local changes 1
the artenal wall which have been described by some pathologsts as
preceding the deposition of fat such as areas of mtimal thickepig or
formation of fibrin thrombt may be ssigmficant precipitating events
Deficiency or excess or abrormal metabohsm of fond substances other
than fat have been 4 fess th hl h defi of

sulphne-contamng amno acids plus chol 1 feeding have produced
athesomata n ccbus monkeys (Mann Andrus McNatly and Stare
1953) While a posstble role of the endocnine glands has not been
clanfied no causal relationship to atherosclerosts has been demon
strated beyond that of humural effects on fat metabolssm or possxbly
blood pressure Hyp can be d with hyp
! and sevese ath 2 even 1 youth but no conclustve
patholchcal study c':u.sts to prove that hypometabolism 15 generally
of the disease An influence of the

sexh ggested by the marked 0 ned between
men and pre menopausal women has so far been confined to }ugh!y
nteresting observations of opp effects of o and

on the blood lipdes and lipoprotemns Whule drabetes confers a preater
susceptibility to several forms of arteriosclerdsts 1t m tum 15 accom
panied by hyp and evidence of altered far bol and no
prumary effect of the pancreas or of the adrenal ov ptwitary glands
has been demonstrated

The evidence that an ab of lipide metabolism 15 related to
he development of athesosclerosss in man is largely inferential and rests
mawnly on the following observations (1) the athesomatous plagues
contan vanable amounts of cholesterc! phospholiprdes and neumﬂ
fat (2) certam <hmeal with by
acmma are commonly accompanted by a high mc\d:ncc of athero
scleross namely diabetes mefhitus and essentral hypercholesterolaemia
wﬂh or withaut mmhomz(esns ’l“ne same 15 saxd lo be true for hypo

and the Tthough the 1ssue here 15

controversial (3) wdduals wuh chmicd evidence of cotonary arlery
disease have asa group elevated plasma hipde and hpoprotein values
{4) there 15 @ parallel nise sn the incidence of the disease and phsma
bipsde tevels with age 2and (5) lesions ling human
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have been produced 1n the monkey rabbit and chicken by the feeding
of high cholesterol diets It 15 of nterest that focal deposits of Iipide
have been detected within a few hours following the mtravenous inyec
tion of human beta lipoprotems into the rat (Bragdon Havel and
Boyle 1956)

The mechanism causing the deposition of lipide 1n the arteral wall
may mvolve some alteration i the state m which they are normally
present 1 the blood The plasma lipides are relatively nsoluble i the
plasma water and crculate bound to protein the unestertfied fatty
acids to albumn and the cholesterol phospholiptde and triglycendes
1 association with the alpha and beta globulins The Iipide globulin

result in macromolecules called hpoproteins which may
be separated by solubihty differences (Cohn fractionation) electro
phoresis or ultracentrifugation In general the alpha; lipoprotems
which have the greatest density contamn very little triglycende and have
the lowest cholesterol/phospholipide ratio The beta lipoproteins re
present a spectrum of macromolecules whose chol 1/phospho
lipide ratio and proportional triglyceride content nise as the density of
the molecules decreases The larger and less dense macromolecules
(sometimes called the alpha Iipoproteins because of their position 1n
starch block electrophorests) scatter light and impart turbidity to the
plasma The largest such particles are the chylomicrons the form
1n which most exogenous fat 1s delivered to the blood from the thoracte
duct These are normally seen only during the absorption of fat
Marked lactescence of the post absorptive plasma always mdicates an
abnormally high level of tnglycende or neutral fat and may be seer
1n the nephrotic syndrome severe diabetes mellitus or the rare condi
tion idiopathic hyperlipaemia Elevations also have been descnibed
accompanying acute pancreatitts and hypothyroidism The concentra
tion of alpha, lipoprotemns may be low in biliary cirrhosis 1diopathic
hyperlipaemia and possibly m atherosclerosts as represented by
survivors of myocardial infarction Tt 1s helpful to the physician to
remember that as a general rule when the total plasma cholesterol 18
elevated there will be an accompanyng rise mn the concentration of the
beta lipoprotens When the cholesterol 1s elevated in the presence of
clear fasting plasma the accompanying rise 1n beta kpoprotetn concen
tration will 1nvolve mainly those of higher density When the hyper
cholesterolaemc plasma has visible turbidity the beta hpUP"’tem;
of lower density will be elevated as well For reasons not uudt:;stt:eor
there 1s a tendency of patients with essential (famihal) hypercholes

olaemia and clear fasting plasmas to develop tendon xanthomata
‘When the hyperchol olacmia 1s d with a nise m the trgly
cendes tubcrous xanthomata m the sk are more commouly;] se:g
Many patients with mixed lesions are seen and 1t 1s felt that hyp
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cholesterolacmic patients may represent a spectrum tasolving one basie
disorder rather than distinct entiies Patients with essential (famshal)
hyperchol L have an d tend to develop athero
sclerosts The same 1s possibly true for patients with ydiopathsc byper
Lpaerua m which the plasma triglycendes ase markedly elevated wath
or without hypercholesterolacmua

Tn 1950 Gofmon and to-workers troduced refined techmques for
use of the analy 1t for q 3
of the beta Iipoprotens snto various classes according to therr flotation
(S rate (Lindgren 1951) They have proposed that from the concen
trations of certain of the S, classes an atherogeme index may be cal
culated which has pred value m d usweptibility to
coronary artery disease and that such an index has more value than
simple determnation of the plasma chelesterol Unfortunately general
agreement has not yet been reached concerning the relative predictive
value of any plasma hipide or ipoprotemn measurement and the reader
15 referred to the cuginal work descnibing such a compasson (Report
1956} It should be remembered that atherosclerotic coronary artery
discase may develop i the presence of plasma cholesterol or ipoprotetn

which are dered normal for Western Europeans

and Amencans Conversely elevated levels may be present for years
without chimical evidence of the disease

One of the striking features of atherosclerasts ts the vanabihity of its
occurrence among different population groups The meaidence bas been
reported to be lower i Okinawans Clunese and the Bantu than m
white Europeans A recent autopsy study of Japanese and American
casualties 1n horea radicated that American youths had far more
coronary atheroscierosis (Enos Beyer and Holmes 1955) Further com
pansans of populations suggest that hugher content of dietary fat the
plasma cholesterol level and the incidence of atherosclerosis are posi
treely correlated It has recently been observed by many mvestigators
that mgestion of hughly saturated fats may raise and unsaturated fats
may lower the plasma chol when no excess of calories 15 provided
suggesting that not only the emount but the Aind of fat may be impor
tant (Bevendge Connell and Mayer 1956) There 15 yet no evidence to
prove however the attractsve hypothesss that ath 3! 15 due to
a relatne defi of essential d) fatty acids which are
preponderant tn vegetable fats and rarer m those from anumal sources

There 15 at present o speafic therapy for atherosclerosts The
therapeutic attack has been restricted to medications designed 10 Jower

the plasma ch 1 or alter th~ hipop pattern Two such
medications oestrogens and hepann deserve special mention Al of
the guwven n fe g doses (2500 to 10 000

rat units) for four to six weeks will effect 3 lowenng of beta hipaproten
METAN. DI.~—~8
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concentratrons, a nse mn the alpha hpoprotemns and usually a fall in
the total plasma cholesterol concentration (Barr 1953) Thus most
survivors of myocardial infarction for example when given oestrogen
will show a reversion of the ipoprotesn pattern to that usually seen i
normal pre menopausal women These oestrogentc effects are quantita
tively less 1n | hyperchol 1 and m the nephrotic
syndrome and are offset by the concomitant admimstration of andro
gens Side effects ncluding breast changes loss of libido, gastro
1 symp and uterme bleeding 1n women place a distinct

limitation on the therapeutic application of oestrogens Heparin which
appears to be related to the poorly understood mechanism whereby
ngested fats as chylomicrons are cleared from the blood has been
reported to prolong significantly the long term survival of patients
following a myocardial mnfarction (Engelberg Kuhn and Stemnman
1956) The small but real, hazard of haemorrhage and the present cost
of heparm have prevented other large scale studies with this compound

Such agents as inosttol and choline have no consistent effect on
serum lipides or on experimental atherosclerosts Sttosterol and other
plant sterols which may mhibit absorption of dietary cholesterol can
moderately lower the plasma cholesterol m some patients but rarely
do so dramatically or consstently There 1s at present no clear cut et
dence supporting the use of any particular vitamm for prevention 05
cure of atherosclerosis Where hyperchol 2t 15
with hypothyroidism, diabetes or the nephrotic syndrome treatment
should be directed at the primary disease The use of thyroid hormone
1s unwarranted n-the absence of hypometabolism

Actuanal studies m the Umted States have indicated that obesity 15
assoctated with a higher mortality from cardiovascular disease, and
there appears to be a slight but sigmificant correlation between obesity
and higher beta lipoprotein levels It appears justifiable to recommend
to all patients with climcal evidence of atheroscleross that they eat
only sufficent calories to marntam 1deal weight Mounting evidence
further suggests that they avoud excessive mtake of fats especially
those from meat whole milk products and hydrogenated ols It isnow
the practice n many clinics to advise all patients with a moderately
elevated plasma cholesterol (above 300 mg /100 ml for example) to
reduce therr daily fat intake to the lowest practical level which 1s abou:
30-50 g Such a diet permuts lean meat, several eggs per week hbc;a
amounts of fruts and vegetables and skim mulk products A smil a;
diet should also properly be advised to young normochalester(])lacm:i
patients with a strongly positive farmuly history of hyper ChOIeS‘“;’ ";;';’D‘
particularly of this has been associated with chmeal evidence of 2 o
sclerosis Whether or not the addition of unsaturated otls such as coﬁ A
soya bean, cottonseed ohve, sunflower or safflower seed or certain fis
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orls will lower pl hol § levels and

! ly prevent the develop of ath or foster the e
gression of exsting lesions has not yet been proved

If present studies relating fat sntake to the development of athero-
sclerosss can be confirmed, the prophylactic imphications will be very
broad and omnworous man may be faced with the unpleasant chosce
of foreshortening esther his menu or the tsme he has remasming to enjoy
it
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CHAPTER 9
LUNG FUNCTION AND ACID BASE BALANCE
§ G OweN

IN health, pulmonaty ventilation 1s adjusted to the metabolic require
ments of the body Thus balance depends on the sensitwity of the
medullary centre controlling resprration to changes m the carbon
dioxide pressure of its environment and hence to those n the artenal
blood supplying 1t If artenial pCO, tends to rise, an mcreased rate of
discharge from the centre increases the level of alveolar ventilation
and therefore the pulmonary elimination of carbon dioxide the arfenal
pCO  whuch 13 1 equlibnium with that in the alveolr 1s thus lowered
to the pomt at which respiratory stimulation ceases Conversely a fall
1 pCO 1s counteracted by appropnate respiratory depresston and
carbon dioxude retention The system operates to stabilize artenal
pCO; 1n the face of changes in the volume flow of carbon dioxide return
1ng to the langs n the nuxed venous blood, and hence to adjust ventda
tion to existing carbon droxtde production Normal respiratory centre
sensitivity results mn an average arterial pCO, value of 40 mm Hg
Pathologrcal conditions causing pulmonary msufficrency for carbon
dioude elimation dwsturb this relationslip The concentration of
carbon dioxide 1n alveolar air (and hence 1ts pressure 1 artersal blood)
rises until 1ts product with an abnormally low volume of alveolar
ventifation 1s equal to total carbon dioxide production Equiibnum
1s re established at the expense of an merease 1n arterial pCO (hyper
capma) and a consequent fall m arterial pH (respiratory acidosts)
Ths state 15 always the result of generalized underventilation of the
lungs and unless high concentrations of oxygen are breathed it 18
assoctated with a corresponding degree of pulmonary msuffictency for
oxygen and with arienal anoxaema Conditions producing it wclude
primary depression of the central nervous mechamism controlling
tesprration (effect of narcotic drugs medullary failure m intracranial
disease) paralyss of the respiratory muscles (poliomyelts, myasthensa
gravis) obstruction to air passages (mhalation of foregn body
generalized bronchospasm) gross d 1 total lung capacity
(extensive pulmonary mfiltration or consolidation) dirnrrushed 10
spiratory capacity due to loss of lung elasticity (emphysema) increase it
effective dead space of the lungs (badly designed breathing apparatus
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p and generalized ity 1 veotieen ool fow e
hroughout the Tungs (pul y fibronis exmpiysemay Az goa cenne

condition of respiratory acxdosts but without zosreemr, oorery £~
the additron of carboa dioxide to the mspoed 22 whenteres, v
hyperventiation 15 unable to prevent the nse r alvecter L0, Lrng-
continued hypercapasa depresses the COzsensity 7 ef to2 repmg 7y
centre and when sesprratory acidosis 1§ chrome and e~z (Ga fanet, =
of mamtammg resprratory drive reverts panly or wholly (o t2e mors
prmttive aoruc- and carotid body chemoreceptors wWh ok 2 2 exrted
by low levels of oxygen tension Oxypen mhalatian, by sezorizg
the snoxaemuc sumulus then depresses ventdation further 2nd 2 34
altow accumulation of carbon dioxide 1n the body fo narcotic brye's

It stimuli other than arenal pCO,; act to rmecrcase palmonary
ventilation then this becomes exceswve 1 telatton to CO), production
and the oppastte state of respuratory alkalosis resnlts Abveolar and
arterial pCO, fevels fall and the pH 1 artenal blood cises The added
stmulus may be pnmardy cortical 25 i voluntary and hysterieal
hyperpnoea ot may be due 10 the mfluence of stumulant drugs on the

y centre hylise toxic doses of sabeylates) Since

sespiration s sensiive to changes i artenal pH (acting on bowh central
nervous oud peripheral cherateceptar meckasssms) i addition to ang
independently of those 1 pCO, primasy metabolic stdosis alsy causes
hypetventstation and a fall 1 artenal pCO, unt! the depressany action
of the hypocapua balances the aaidote stsmutation this compensat,
Tespiratary atkatons bnuts the falt mn pH Ventintory adjustment mike
opposite direction ssmularly supenmposes Tespiatory andogs
metabolic alkalosss Hyperventilaton tesulung from the mm

artenal on the of the carotd ang
bodtes produces R and alkalosis when Yhe anonaer;, ;""""
d with carbon-dioxd a3 11 the tspiratye on ot

P
of high slttudes Since carbon droude 15 some nenty
thiffumible than oxygen this s also the case i uNCOMPLicated sympw.
of fung diffustng capacity which leads to pulmonary ingugy ‘f,"
oxygen alone Localized hypoventilation of areas of the Jyr -
of ventlahon/blood flow ratos and veno artemal shung g, &‘“”7
Iung tanse anovienia without hypereapnsa provided the e 2 or
magor part of the lung 15 capable of hyperventilation ¢ oo oF
ventdation fails to restore artenat pO, to narmat (smq:' ~
only neghgibly 1o the oxygen content of that fractey (Jf:; &t
which 1 already normally ventitated) buf sesults iy 4 ¢ %222
pCO; which 15 erther nosmal or f the anovaernie gy - = 2r2!
siderable low S Eerne

ona
bmpoe

The dissocsataion of carbomc acid 1s gorerned by the ;.
as defined i the Henderson Hasselbalch equation Koot
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(HCOy), (mM /L)

003pCO, (mm Hg)

where (HCO,-), 1s plasma bicarbonate concentration 003 1s the
solubility coefficient of CO, m plasma and the expression 003 pCO,
15 equal to the plasma concentration of dissolved CO, Constderation
of this three vanable relationship, and of the paths of acid base dis
placement m blood 15 much simplified by its graphic expression 1n the
PH bicarbonate diagram (Davenport, 1950) pH and (HCOy"), are
plotted on absassa and ordmnate respectively and hines of equal CO;
pressure (1e Lines connectng pairs of values for pH and (HCO,Y),
satisfying the same pCO  values) are plotted or imagned (Fig 1) The
(HCOy7),

pH = pK’ + log

system operates at a pH too far removed fromts pk value

(1) to ;ossess sigmficant mtomsic buffering capacity 1n true plasma
the latter 15 provided by buffer groups on the haemoglobin molecule
(buffer value — 25 mM H*/umt pH change/mM Hb or —225
mM H*/umt pH change 1n average normal blood) Since, when H,CO,
15 buffered mnsde the red cell the resulting HCO,~ equivalents re diffuse
mto the plasma the buffer slope can be represented on the pH bicarbo
nate diagram as — 22 5 mM HCO,~fumt pH change (AOB Fig 1)
If arterial pCO changes from 40 mm Hg at which 1t 1s normally fixed
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by the level of ventilation {pomt O Fig 1), the equilibrem pont 15
trteated esthes up or down the buffer stope, but does not deviate from
acidity snd bicarbonate concentration are mereased by hypercaprua

p y acdosts) and ¢ d by b pru v alkalo-
sis) (Fig 2} The alkaltreserve  however, will be normal m both conds
tions since this s the plasma bicack A
equitbration of the blood with 40 mm Hg partiat pressure of carbon
droude, e after it has been artficially returned to pomnt ©

— ’T[HCOAP ¥ Peo;
\ Gy
K
Bl
1
Mt
A
i
&
|
}
‘ DECREASE e 7 & ~==b INCREATE
j | LA i 1

Tia 2 Paths of acrd base displacernent in resparatory actdoss (A) zad res;
e D) 0 o ey ibeni SOUTE o At B Jspiatory

Non volatde or fired acid can be nether dureetly buffered wiry,
the red cell sor excreted by the Jungs ‘When added fo the blood,
mist therefore first combing with plasma bicarbonate to form duffyep
catbonic zeid thus 18 pastly etumunated by the lungs and partlybus,,

b lobint the beeart corresponding to the lattdag,
bemng seturned to the plasma and final bicarbonate deplet 3. ,
fess than the total acid equivalents added If the pormal rel, :p'
between alveolar vennl and carbon-dioude prod Iy
tained artenal pCO, does not alter and the conditton of pur ¢
acidosts eusts the equilibrium pomt 1s displaced slong the,
pCO, 1sabar in the direction of depleted bicarbonate and Ic\\.;
(to point €, Fag 3) In fact, the addition of compensatory g
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atkalosis as a result of acidotic hyperventilation titrates the blood from
1ts new position down the buffer slope miting the pH fall and further
fowerng the plasma bicarbonate concentration (to powt D Frg 3)
Equilibration with 40 mm Hg pCO wll now return the blood to pomt
C and the estimated alkali reserve 1s therefore low Whatever the degree
of respiratory alkalosts the amount of fixed acid ongnally added may
be estimated from the diagram as the vertical distance between the final
equiltbrium pont and the buffer slope 1n 1ts normal position* (CX or
DY Fig 3) The converse changes which take place m metabolc
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FiG 5 Paths of acid base displacement 1n respiratory acudosis (A) with compensator
renal metabolc alkalosss (G) and 1n fespratory alkalons (B) with Compentatory Fenat
metsbolic acidosis (H) O = normal equilibrium pomt of agtenzal blood

alkalosis are shown in Fig 4 Resp y p for bol
actdosis and alkalosis 1s never complete and does not sueceed m return
1ng the blood to the normal pH of 74

In chrome respiratory states of acidosis and atkalosts the 1on
exchange mechanism of the kidneys compensates for the change 1n blood
PH by scereting urine of appropriate acidity Thus 1n respiratory alkalo
15 an alkaline unine of increased bicarbonate and decreased chlonde
concentration 1s separated from the blood and a metabolic acrdosis 1s

Or caleulated by adding to the observed bicarbonate depletion the product of the
observed pH change multsplied by the known value of the butfer slope ks °
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supenmposed upon the onginal change Stmularlv, renal Compensation
adds metabolic alkalosis fo primary respiratory acidosis (Fig 9)
Compensation by the kidneys 15 usually less than complete although
it may sometimes succeed 1n restoning blood pH to normal
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Fio 6 Possible paths of arid base displacement 1n artenal blood (after Davenport
H W 1950) O = normal equilibrium point of arterial blood

Fig 6 summarizes the possible paths of acd base displacement 1
arterial blood Measurement of any two of the three vapables concerne
will determine the posttion of an arterial blood sample on the diagram
and hence 1ndicate the nature of the disturbance In the case of the
upper and lower quadrants the relation of the pH to the normal value
of 74 will decrde winch of the combimed displacements 35 pnmary and
which compensatory, sice as has been pomnted out nerther renal not
respiratory pensation 1s usually

Reference

Davenroxt H W (1950) The ABC of Aeid Base Chemustry Clucago The Un

versity of Chicago Press
Additional Reading
Comroe J H Jr,ForstTer R E_ I Dusots A B BrisCoE W A andCuusr:
E (1955) The Lung Cilinical Physiology and Pulmonary Function Tests Chicag
The Year Book Publishers




CHAPTER 10
OYXYGEN THERAPY
E A Pase

Ty practice of ogygen therapy seems to have suifered in the past
because 1t 18 somctimes dramatically effective For mstagce when
orygen 18 gven to o patient wuh severe respuatory depression his
appearance improres stukeagly From this sort of experrence haie
come two dangerous impressions The first of these 1s that more benefit
bas been derved from the oxygen adnuustration than 15 1 fact the
case The marked amprovement m appearance was dug (o the rehef of
anoxsera and the abolitron of cyarosts which oxygen therapy conld
readily achieve 1o this patient but oxyges cannot alter the other con
sequences of defirant ventdation and this must be remembered

‘The second dapgerous amptession 15 that oxygen therapy should
atways produce strkeng results of 1825 (o be worth whale The smpression
grows that unless the symptoms ate flamboyant oxygen therapy 1s oot
required and that if a stnking improvement 13 Dot sten on adnunsster
mg oxyeent then the therapy 18 meflective and should be discontumued

The facts are otherwise for the besefit from owygen therapy will
often be small and require carefil study 1f 1t 15 to be assessed But
though it may be small the benefit will often be of erticad importance
The need for oxygen therapy anses when & patient or a part of the
patient 15 1 great pert 5o that sunaval wall not occur usless every
advantage 13 guned In such entical situations even small beoefit from
osygen therapy must not be disregarded for ot may be mmposaible to
obtan this particular benefit i asy other way There ss no repl substt
tute for oxygen 1 the patient § econonty

THE INDICATIONS FOR OX)GEN TUERAPY

1t would be helpful if 1t were possible to set out a clear apcount of the
pathologiest resulty of anoua and of the signs and symptoms which
gne svidence of them Unfortunately this cannot be done for oxygen
15 50 fundamental and widespread 1n the body s economy that it aflect:
almost all systems and s ack e disorders which can be rep d
rasher than mumcked by many sgents other than anoxaemma Further
mose anotasmid rately occurs afone 1 1t be due (o defectne rospira
uon then st will fy be 1 d by the other
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of deficient ventilation notably carbon dioxide retention, and 1t may
be accomparted by the direct effects of the agent which has caused the
deficiency of ventilation for example, an overdose of a narcotic drug
As another example, anoxaemia may result from respiratory obstric
tion when 1t will be accompanted by gross abnormality in mtrathoracic
pressure with consequent embarrassment to cardiac action factlitation
of pulmonary oedema formation increased metabolic rare hyper
tension and very marked adrenalin release Of course there will be all
of the secondary results of these disorders

Anoua md dently of the mctdental disorders certamnly seems to
lead to disturbance of the dynamuc equilibrum at mterfaces which
13 sometimes convemently described as therr permeability Tomc
balance 15 nterfered with—as 1s evidenced, for example by the n
creased serum potasstum n nfants born after intra utenme anowa,
and by experimental work upon the permeability of nerve fibre Capil
lary membrane, subject to anoxia may become permeable to protein
and oedema 15 a common consequence of tissue anoxia (Landis 1927
Warren Peterson and Drnker 1942 Courtice and Komer 1952)
The relief of pulmonary oedema 1 cardiac failure may m part be due
to the relef of anoxia of the pulmonary capillanies Under the influence
of anoxia capillary dilatatton and blood stasis may become so gross
that escape even of red blood corpuscles may occur

Acidosis follows anoxia even when ventilation of the lungs 15 ade
quate provided that Iife contimues long enough to permit the accumu
Tation of fixed acids from anaerobic metabolism

The function of the liver 1s soon damaged by oxygen want though
1t 15 not yet possible to be sure of the proportion of effect from adrenalin
release and carbon dioxide retention which so often accompany anoa

Though the central nervous system and the conductive system of the
heart seem first to suffer 1n acute oxygen want other organs, notably
the liver or kidneys may be most serrously damaged when anotia 18
less 1n degree but longer 1n duration "

Analysss of the signs and symptoms of oxygen want gves us lttle
help 1n the practical apphcation of oxygen therapy

There 15 tto doubt whatever that anoxta affects the respiration and 2
description of these effects 1 expertmental conditions can be ac}ue\::
though cven then the conditions must be described precisely fol‘t 0;
cffects vary not only with the degree but also wath the rate of ons&?u
anoxia But there 1s great difficulty n deciding 1 climcal pract ice
whether a particular disorder of resprration be due to oxygen watl ﬂ‘;:
to carbon dioxide retention or whether the oxygen want be due t0
disorder of respiration

Experxmentall) anoxia 1 normal subjects usually leads at first It:':
small increase n systolic and pulse pressure, followed later by accel
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tion of the heart with falling systolic pressure If there be peripheral
arculatory embarrassment the first effect 1s not seen The degree of
embarrassment produced by putting a normal subject 1 a vertical
rather than a horizontal posture 1s sufficient to eliminate thus early nse
1n pulse pressure In cliucal practice the situation 1s much more com
plicated There may as an example be increased mtracramial pressure
when bradycardia may follow The increased mntracranial pressure may
be the cause of the respiratory disorder which leads to the anowa on
the other hand 1t may 1tself be the consequence of mntracerebral vaso
dilatatton due to hypercapma springing from the same embarrassment
of respiration which has led to anoxaemia

Anoxta might be expected to reveal stself characterstically through
the central nervous system Amongst the symptoms are headache
arritability restlessness and vormting and n severe degree coma But
other causes can produce these symptems If a patient has recenved an
overdose of morphine he will be anoxic—but the nausea vormting and
drowsmess from which he suffers will probably w thes nstance be
unreheved by oxygen therapy for the symptoms are due to the action
of the drug rather than to the secondary anoxaemia

In practice therefore the search for characteristic signs and symp
toms of anoxia will generally be fruitless Instead one must look for
those disorders of function which may give nise to oxygen want and
then nstitute oxygen therapy as a therapeutic trial The success or
faiture of the therap tral and the ord
of the oxygen therapy 1s then determined by the response of the
patient paying particular regard to improvement n the crculation
resprration and nervous system Even cyanosts an apparently obvious
sign of oxygen want cannot be accepted unthinkingly

Blueness of the skin and mucous membranes appears when the con

of reduced h 1 1n the blood ! through the

small vessels of the skin reaches a sufficient level It 1s the concentration
of reduced haemoglobin rather than the proportion of reduced to
ovygenated haemoglobm which determunes the blueness Thus an
aniemuc person rarely becomes blue and a plethone dividual may
readily become blue despite the presence of sufficient oxygenated
haemoglobmn

Furthermore circulation through the sk 1s subject to many spectal
localinfluences which do not affect the circulation as a whole The rate
of flow in the skin may be markedly restricted for example during
chilling or 1t may be d as after the ad
tion of sedative drugs or anacsthetics In either case there may be no
great change 1n the circulation as a whole so that the state of the blood
n the skin does not farthfully reflect the state of the blood as a whole

Even 1f we constder only normal individuals not subject to any un
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usual influence other than the reduction of the oxygen tension 1 the
air breathed we must still recognize that many experienced observers
do not detect cyanosis until the oxygenation of the artersal blood 1s less
than 809 (Comroe and Bothelo, 1947) Thus degrees of unsaturation
which are not revealed by cyanosis may be of considerable 1mportance
Donald (1953) points out that 1f the whole of the blood which normally
passes through one lung were shunted so that 1t did not come mto
contact with the alveolar air at all saturation of the artenal blood
would fall only to about 835, but there 15 no doubt that the patient
would suffer oxygen want

It 1s prudent to regard cyanosis as evidence of oxygen lack unless
speaial circumstances such as polycythaemua methaemoglobinaenua
Evans blue etc are known to be present to account for the appear
ance The absence of oyanosts however does not give assurance that the
oxygen saturation of the blood 15 sufficient

The situations 1 which oxygen therapy may be of assistance and
should be tried are as follows

1 Where anoxaemia may exist because the tenston of oxygen n the
alveol 1s low despite the respiration of normal airr This may anse
from a generally insufficient pulmonary ventilation as 1n respucatory
depression or from respiratory obstruction, or from respratory em
barrassment due to thoractc or abdomnal injury or disease Whenever
artificial respiration becomes necessary the addition of oxygen 18
almost always helpful

2 When muxing of alveolar atr with mspired air 1s imperfect because
of an increase 1n the functional dead space, as 1 gross emphysema

3 When there 1s uneven ventilation of the Jungs so that areas of fung
wihich are perfused by blood are not fully mobile and thus are not
adequately ventilated This condition can for example occur around
an area of atelectasis

4 Where anoxaemra exists due to impediment to the diffuston of
oxygen from the alveoli to the blood This may occur m the presenc
of pul 'y oedema 1nfl; 10n or hyaline membrane of the fungs

5 Where help may be dertved from the marked increase it oxygcdﬂ
tenston and shght ncrease 1n oxygen content of the artersal bloo
which results mn normal lungs from an efevation of afvolar o38e?
tension above the normal level Such use of oxygen may be helpful 10

the following conditions

(a) Haemorrhage and shock
(b) Cardiac failure
(¢) Local isct for ple an

arious
* "I,‘ilrey ond of perspheral latory failure are sO unstable

i limb whose survival
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that st 15 hard 1o establish wath certamnty the benefit of any
particular therapeutic measure Yet there 15 much opmon 1
favour of the use of oxygen sa this state and provided it 1s dose
discreetly 1t can hardly do harm
T415 true that when ventilation of the lungs 1s efficient replace

ment of mitrogen in the alveals by oxygen can at most, ncrease
the exypen carnied by the blood by about 1 5 volumes per cent
1t 55 worth remembening however that this effect whach can be
secuted ymmediately 13 about equivalent m terms of oxygen
carrage 1o the infusion of the corpuscles of a pint of bleod n a
normal adult 1ts value 1o cardeac failure 15 of course greater and
1n this state oxygen therapy will have more ta offer smnce alveolar
veotilation 1s ofien defective Though the mcrease in oxygen
content of the blood 15 small oxygen snhalation will Jead 10 2
very marked increase 1 oxygen teosion the importance of which
we cannot yet assess

{d) Where the rapid remaval of mirogen from the body 1s desired as
for example n the treatment of Camsson disease The use of
oxygen therapy to accelerate the removat of nitrogen from the
blood and therelore from gaseous distension of the gut has been
advoeated Tt 15 doubtful sf its effect 15 rapid enough to be of
much value

6 Where the metabolic needs of the bedy are 1ereased and cannot
be vomrollzd for example s the temporary treatment of severe
hyperthyroihsm

In many of these instances 8 marked and dramate cffect cannot be
expected When for example a lobe of the lung s collapsed and un
ventlated but 1s perfused by bload no amount of oxygen therapy wili
achieve ventilation of the collapsed segment Since the arterat anox
aemsa 5 maly due to the arteno venous shunt otygen therapy cannot
greathy affeet ot In practice however a condition of pure locahzed
pulmonary collapse will hardly ever be scen A common sstuation s
one in which pulmenary coltapse foftows an upperabdominat aperation
The nrea of collapsed Jung will then frequently be assocated with—
(aj generaily deficient pulmonary exchange due to abdomnal pan and
ugidity  (b) wcomplete aeration of fung areas bordering upon the
atelectasis  {c) the presence of secretions and exudate within the
broncheles and posably withim the abeol {d}a measure of cicculatory
snsufficiency {¢) and there may have becn haemorrhage

For thrs pattent, the re-cypansion of the coliapsed luag 15 the primaty
aim of treatment but ime 1s needed and the patient may be so erineally
1} that he M1y not survive to benefit from fundamental treatment un
fess somethung 13 done for hum meantime
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Oxygen therapy will not reheve the due to the pul; y
shunt but because the pattent s disorder 1s complicated only tral can
show whether 1t will tide him over until adequate ventilation of the
whole of hus lungs can be achieved This kind of situation 1s common
and 1t follows that the admimstration of oxygen must often be regarded
as a therapeutic trial If the trral 1s to be successful and lead to a de
cisive and correct conclusion two things are essential

First we must be sure that oxygen 1s effectively adminsstered and
second, we must know that the technique does not cause imconvemence
or distress 50 as to outweigh the assistance of the oxygen Think for 2
moment of an elderly hypertensive patient who may be on the verge of
coronary msufficiency and who has developed a measure of anoxaemia
due, perhaps to a pulmonary infection Restlessness may well be a
prominent symptom of the shght anoxaemia and one which 1n severat
ways imparrs the patient s precarious chances of existence In the past
one has often seen oxygen therapy given to such a patrent by some
quite nefficient and yet very wntating apphance such as the now com
pletely discredited funnel method (Christie 1938) The patrent was
usually made worse by such treatment His irntation was increased by
the presence of the funnel agamst hus chin and nose and by the attempts
which were sometimes made to immobilize hus head so that 1t rematned
1n some sort of relation to the funnel Whether oxygen therapy would
have benefited hum will never be known because 1n fact he recewved
none Gestures were made with the equipment, but oxygen did not
enter the patient s lungs

EQUIPMENT WHICH MAY BE USED FOR OXYGEN ADMINISTRATION

Oxygen Masks Generally speaking the admmstration of ovygen
through a mask covering both nose and mouth 1s the most efficient
method and concentrations up to 65-75% of oxygen i the 1nspured air
can be achieved A great variety of oxygen masks are available and 1t
would be profitless to describe many of them The important character
1stics of a good oxygen mask are—

(@) It must be light 1n weight and equipment w eighing less than2 o0z
1s now available Aty of

(5) 1t must be capable of fittmg closely on to the face partic ar}'{ "
edentulous patients when the mouth 1s held open Thus 15 Ole!
the most difficult type of face to fit and 1t 1s not uncommon 1;
pattents needing oxygen therapy Generally speaking 2 mnsc
needs to fit under the chin and some adjustment around the n:);c
should be mcorporated It 1s possible to make a mask fit on ;
anterior surface of the chin rather than under it but such 2 ntmlsx:
must usually be applied with pressure and while «t mgh
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valuable 1n say anaesthetic work 1t would not be tolerable for
oxygen therapy

(¢) The appearance of the mask must be pleasant and not alarming
to the patient If the patient 1s distressed by the mere sight of the
oxygen mask the likelthood of successful 1s small

(4) The mask must esther be easy to steriize or must be so cheap
that 1t can readtly be thrown away when 1t becomes soiled or at
the concluston of an admimstration

The advent of plastic matenals has been of great assistance in the
design of oxygen masks and two are shown 1n Fig 1 The mask on the
Ieft consists of & non irrstant plastic facepece with a latex rubber
reservor bag and an opening to the exterior through a circular piece of
metal gauze The principle of operation s as follows Let us assume
that there 1s an adequate nflow of fresh ovygen into the reservorr bag
Constder the mask at the moment when exhalation begins On exhala
tion the patients dead space air first of all discharges nto the
reservotr bag and fills 1t completely since this 1s the outflow path of
lower resistance Qnce the reservorr bag 15 completely filled the re
mainder of the exhalatton which comprises the air which has been i
contact with the alveolar membrane must take the outflow path of
shightly igher resistance through the metal gauze to the exterior

On inspiration  oxygen 1s drawn first from the reservoir bag and
only when thus 1s empty 15 air drawn in through the metal gauze Thus
when the mask 1s operating correctly only dead space arr is rebreathed
A mask of this type 1s marketed 1n Bntan by Airmed Ltd

Fig 1 (c) shows a very cheap and readily disposable oxygen mask
which 1s fabricated from non irntant flexible plastic sheet There 1s
effect a small bag within a larger one The smaller 1aner bag forms the
mask and 1s fitted to the face by elastic gathering below the chin and a
picce of fleuble wire above the nose which can be moulded to the face
The outer bag forms the reservoir bag The inner bag communicates
with the outer reservoir bag through holes and wath the extenor arc
through other and rather smaller holes The principle of operation 1s as
previously described The first part of the exhalation takes the path of
the lower resistance back nto the rescrvorr bag Once thus 1s fully dis
tended the remander of the exhalation takes the path of the shghtly
tigher resistance to the extenior A mask of s type 15 marketed by
the Brtish Oxygen Co Ltd (Burns and Hall 1953 )

Having chosen an effictent and comfortable oxygen mask 1t must be
used with meticulous care because 1t 1s easy to use a good oxygen mask
1 such o way that 1t 15 1nefl Figs 1and 2 this pont
In Fig 1 (a) the mask 1s well adjusted and afier breathing oxygen for
15 munutes at an inflow rate of 6 litres per minute the subject being at
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rest an alveolar sample showed the concentration of oxygen 1 the
alveolar awr to be 629 a very substantial sncrease above the normal
concentration In Fig I (b) the <ame mask has been allowed to nde up
alittle over the patient s chin but 1t needs more than a casual glance to
decide that it 1s badly adsusted and such slight disturbances of positrons
can readily pass unnoticed 1 ward use With thus degree of maladjust

ment however mhalation of oxygen at € litres per mmute for 15
minutes resulted m an alveolar oxygen concentration of only 27%,
which does not correspond wath effective oxygen therapy Fig 2 (2)
shows the flexible plastic inhaler correctly adjusted and 15 minutes

inhalation at 6 btres 2 minute resulted 1 an ahvealar concentration of
63% In Fig 2(b) the mask 1s maladjusted i that the nose wire 1s not
quite correctly moulded to the bridge of the nose ‘The maladjustmentss
s0 shght, however that itis difficult to see i the photograph Neverthe

less after 15 munutes of mhalatton at 6 htres a minute the alveolar
oxygen concentration was only 28%

It 35 clear that if oxygen ad 15 to be regarded on each
occasion as a therapeutic tnal great care must be exercised i adjusting
the mask Reflection upon the manner in which oxygen 1s sometimes
administered 1n hospital practice may lead us to the conclusion that
apparent failure 13 by 1o means always due to the unresponstiencss of
the patient s disorder to an mcereased alveolar oxygen tension

Gnen a flow of 6 hitres of oxygen per mnute oxygen masks of the
type considered can be assumed to be working effectively when the
reservolr bag remains half full at the end of snspiration and when it
distends fully very early 1n exhalation If thus condition s not seen ther
are two ways of dealing with the situation The first 1 to securea b nc;
fit upon the face and the second 15 to mcrease the rate of flow ;
oxvgen If the mask 1s leaking very badly, no practicable increase n the
rate of oxygen flow will secure a lngh enough concentration of OXYE‘;
10 the mspired mixture but 1f the leak 1s shight, an increase m the ra
of flow may secure efiective therapy at the expense of wastefulness
The 1ncrease m flow must be made if the fit cannot be smprared 3’:‘
the slavish adherence to specified figures for oxygen flow when fﬁl
the mask 1s leaking badly or when the patient is breathing excessively

esults 1n meffective thera

* A flow meter between ﬂ!;)’ cyhnder and the mask 15 of assistance if ;‘
be mtelligently nsed It enables one to decide whether meffective oper .
f10n of the mask as determined by the observation of the rcser:;’n

bag be duetoa bad fit or to msufficent fow Tt must afaays be Teme

bered however thatif a shightly imperfect fit 15 all that can be secu -
then the oxygen flow must be increased without regard for a;l‘:;' Pﬂ}
concerved figures for the desyable rate A flow meter tmprope

regarded can be deluding




Fig 1 {a) A plasuc mash correctly ad Fic 1 () Incorrectly adjusted S milar
wated Dgen fiow 6 ures/munute Alveola flow Alveolit oxygen conient 7~ The
ovygen content & ash has nisen up the chin



Fic 2 (a) A disposable oxygen mask
correctly adjusted Flow 6 lutres/mmnute
Alveolar oxygen content 63

Fic 2 (b} Incorrectly adjusted Similar

flow Alveolar oxygen content %8 The
malleable wire 1s not adjusted to secure &
good scal around the nose and the lower
edge of the mask has moved forward so that
the chin 1s not fully enclosed
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the attachment of the oxygen supply to a stomach tube with conse
quent rupture of the stomach

Humudification of the oxygen 1s necessary and a flow meter 1s essen
tial A flow of 6-8 hitres a mnute will be needed 1n the adult to secure
alveolar concentration of the order of 50% It 1s also very desirable to
have a device which prevents the building up of excess pressuse should
the catheter be swallowed or the oxygen flow be musconnected This
may consist of a spring loaded valve on the flow meter and humdifier
bottle (Fig 3) or a more sensitive blow off device of the type shown
1 Fig 4 Nasal catheters need frequently to be changed as they be
comte encrusted and uncomfortable If possible, they should be changed
to the other nostril, 1f this 15 available and patent

A useful alternative to the nasal catheter 1s the nasal msert described
by Penefsky and Karp (1952) This 1s a small disc of sponge rubber
which fills the antersor nares Through the disc passes a rubber cathetes,
which simply enters the antertor nares wathout penetrating deeply The
authors of this device have shown that useful concentrations of oxygen
m the oropharynx can be achieved by flows of the order of 7-9 litres 2
minute It 1s apparently comfortable 1n use and easy to apply

The ancillary equipment 1s smilar to that needed with a nasal
catheter and though the shghter lower efficency of the device comA
pared with the catheter and the derably lower effi p
with a good oxygen mask may suggest that 1t would not be the first
choice for administration 1t may be very useful when a change 15
necessary 1n the terest of the pauent s comfort

Oxygen Tents Oxygen tents may conventently be dmded into %o

oups

(a) Tents which arc as completely closed as possble The top and
sides are made from mmpermeable and preferably transparent materiat
and the lower edge of the tent 1s formed by a flextble curtain which
must carefully be tucked 1n under the mattress and the patient s bed
clothes The air enclosed within the tent 15 csrculated through appro
priate conditioning and absorbing chantbers and 15 ensiched 1 o¥yged
by a continuous mflow of the gas The circulation of the atmosphere
within the tent may be achieved by an electrical blower or by an imjecior
device whereby the mflowing oxygen carnes along wath 1t 2 consider
ably greater quantity of air from one part of the tent through the
absorbent and conditroning chambers and back to the tent agamn Tbﬁ
absorbent 1s usually soda lme and 1t removes the carbon droude whicl
the patient exhales Condittoning mvolves cooling of the air and PWI‘I’
ably more 1mportant the removal of excess humdity This 15 usud’ {
achieved by passing the air over ice or sometimes overa surface k‘c!]:e
cool by solid carbon dioxide or by electncal refrigeration Thus "
operation of thus type of tent may requure four services an otyge
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FiG 4 (a) Safety blow off device Fig 4(b) Safety blow off device Ex

The device 1s scrving as a sumple cess pressure has been built UP and 15
o the escape of oxygen throveh

flowmeter
the central tube
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supply an electnicat supply a supply of sodo hime and a supply of 1ce

(b) The second type of oxygen fent ss the open top tent which
consists of a flexsbie canopy about 2-2§ ft fugh open at the top and
gathered atound the patient s neck and shoulders so that 3 substantially
close seal 1s formed at thns pomt Into the tent1s blown a very generous
supplv af oxygen which needs to be of the order of 15 hitres 2 minute
Thus flush of oxygen 1s intended not only to ennch the concentration
m the atmosphere breathed but to ventilate the tent sufficently 1o
blow away ethaled carhon dioxide and mantain a tolerable humidity
The oxygen flowing nto the tent should not be humidified This tvpe
of tent 1s particularly susceptible 10 draught It may work well 1 a
cubicle but be quite mefficient if operated in the open ward or near to
a window Tt 15 often necessary parhally to close the top of the tent
and this may frequently be done without an undue nse in carbor
dioude content of the mspired sr These open top tents are difficult
to use for adults though they are often very sausfactory for children
up to the age of 12 when the dimensions of the enclosure can be
considerably reduced snd the problem of flushing the space with
ovygen thus simphfied

The use of exther type of oxygen tent ss exacting of efficient oxygen
therapy 18 to be secured There must be menculows attention to detail
I the patients condition 15 such that frequent nursing attention 15
needed about the head and neck 11 may be worthless to attempt 10
use an oxygen tent at afl for an oxygen tent which 15 frequently
distatbed and opened becomes merely atent Thus unless very adequate
faurstag 15 avadlable so that all can be gven quickly
and dextrously and unless it 15 antapated that the patient may remain
at rest for pertods of about two to three hours wathout disturbance 3t 15
wiser to choase some other method even though the 1ent 1 perhaps the
most comfortable m thod of all

Even grven surtabl & close to detalss sull needed
For example the flexible canopy which has to be tuched under the
mattress and bedclothes must be folded neatly so that i fits closelv
and should preferably be covered wherever possible by rubber sheeting
If 1125 roughly and loosely tucked 10 success in achieving a seasonably
high otygen concentration ts almost certainty forfeit

Worth while therapy depends upon achieving a concentration of
otygen of the order of $5%, wittun the tent The pateats comfort
and the prevention of deleterious effects depend upon mantaimng a

fow carbon-dioxade Jevel and a suffh low humidsty

and temperature  Assuming that the vanous contuners of e and
soda lime etc are appropnately charged then af the temperatuce
and carbon-dionde fevel are sufficiently low a factory humid
may be presumed for the maintenance of a Jow carbon-dioxide level
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mfers the presence of adequate ventilation Means of analysis of the
wnspired gas mixture are desirable with all methods of oxygen admms
tratton but some means of analysis becomes essentral if an oxygen teat
1s wntelligently to be used Jahn (1953) has demonstrated that it i51m
possible to predict the leakage from an oxygen tent and that periodic
analysis for oxygen and carbon dioide are indispensable

Oxygen Admmstration to Infants With the exception of the nasal
applicator, all of the methods so far described have been adapted m
mumiature form for the admimistration of oxygen to infants Notable
additions to the list are (1) the adminstration of oxygen to the new
born through mtratracheal tubes, a measure which 1s used 1n adults
only 1 specific emergencies and (u) the very slow deliberate admmis
tration of oxygen by intragastric tube 1n the newborn 1n an attempt
to secure the absorption of a small amount of oxygen when the lungs
are mcompletely expanded (Akerren and Furstenburg 1950}

The selection of a particular method 15 2 very individual matter
d ding upon the cir and the experience of the doctor
responstble The newborn mfant 15 extremely delicate and eastly
damaged, and certain of the methods mentioned are frankly dangerous
This does not necessantly rule them out, but 1t means that no responssble
doctor should embark upon their use without first learning therr diff
cultzes and dangers from someone already experienced mn the practtee
The only method which it 1s safe to apply on the basis of book know
ledge alone 1s that employing some kind of oxygen enclosure Oxygen
boxes and oxygen cots of varymg forms have been devised 1 which
the whole nfant 1s enclosed They range from specrally constructed
boxes designed to rest upon or enclose a mattress to a sumple cover
placed over a metal cot The infant s oxygen requirements are small
and the space enclosed within the oxygen box 1s small too There 13
little difficulty 1n secunng sufficiently low temperature and ‘humudity
since the mfant tends to overcool rather than to overheat It 15 thus
comparatively easy to secure within these enclosures an ade‘l"atg
oxygen tenston with a moderate rate of flow Nevertheless sucd
enclosures must be ventilated and they must not be completely seale
up or the carbon dioxide tension may rise to dangerous Jevels Some
ventilating gap must be allowed between the box and the mattress gr
around the top of an enclosed cot Table I sets out some figures pu
lished by Mack (1950) st g the mfl ofa ventilatog lf-;"”"
upon oxygen and earbon dioxide tensions within a typreal oX}’%iﬁﬂ "w

If a high oxygen concentration be secured with a low rate ol c‘:n’
1t 15 probable that ventilation 1s poor and the carbon dioude con
tration hugh lc procedure as the admims

It bears repeating that even such 2 stmp!
tration of oxygen by mtranasal catheter 1n 2 newborn nfant 1s & matter
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TAELE
DABIES OXYGEN BOX
Ventlation Gap _Carbon-dioxide e
Oxygen Flow over Matiresy Pnarn!ut after Percentage
1§ hiresimin Nope 12¢ 657 Each figure )s.
Titrey None 085 76 ythe mean of
3lutres im 048 52§ three triale

of considerable delicacy The catheter can be swallowed quite easily
and 1o addition, owing 1o the small size of the air passages and the
degree to which the fauciat pitars can be approximated 1t 1s possible
for the lower pharynx to become closed around the tube so that the
pressure of admmstration 15 transmitted directly to the lungs and
stomach Infants have been kitled by overdistension of the fungs and
stomach 1 thus way and if the use of a nasal catheter be attempted
1t must always be n conjunchon with a sensitive device which wall
prevent absolutely (he application of pressure n excess of 10 ecm of
water An cxample of such a device 1s shown in Fig 4 Itsenvesasa
flow meter and humudifier and should the pressure rise more than a
few cm of water the oxygen can escape freely through the farge central
tube

METIHODS OF ANALYSIS

{15 desirable to have some means of checking the eflicency of an
admisustration of oxygen by any method However the function of an
oxygen mask can usually be assessed without resorting o analysts
of the pharyngeal gas The conditions of use of the nasal catheter of
the nasal wnsert and of the oxygen enclosures used for mfants can
generally be standardized so that if satisfactory conditions have once
been established they can be reproduced Thus with these methods
ability to analyse the mspired gas musture 1s desirable but not essential

When oxygen tents are used however the vanahiity of condions
15 50 great that some check must be kept upon their working Many
chme sl mstruments have been described for measuting oxygen con
centration quickly and with sufficient accuracy Several are detmled
fully by Barach (1949 The Riseman Lesmk analyser 15 one of the
most convement particularly of st 1s made in 2 shightly modified form
o that the reaction chamber can be opened In clinscal vmits whese
oxygen therapy 1s much practised some such apparatus will be avulable
In hosputals where ovygen therapy 1s only occasionally apphied it may
occur that the apparatus 1s nat avulable and cannot quickly be made
The following reasonably accurate method can be cemed out with

q which 15 1 fable 10 a b J 1ab Y
Seme form of col 15 needed p of a photo-clectnic
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type and the only additional equipment regumeed 18 an all glass syrmgs
of 10 ml capacity, a needle and small rubber bung The method 15
based upon that descnbed by Exton, Schattrter, korman and Rose
(1945) for the estimation of oxygen 1n blood, but instead of bload a 235

bubble 1s analysed
To standardize the size of the air bubble a small prece of glass rod
1S cut appr ly05cm md and just long enough ta shp

down the barret of the synnge and lie transversely where it acts 25 3
stop, so that when the plungerisnserted it cannot be pushed fully home
but always leaves 2 small awr space at the bottom The solutions re
quired are as described by Exton and consist of an approximately 2%
borax solution to which a little photographic wetting agent has beea
added, an approximately 30% solution of sulpho sabicybic acid and an
appr ly 109 sol of ferrous sulp freshly prepared
The solid ferrous sulphate 1s added to sufficsent distilled water and the
solution 15 briefly boded 1t 1s immediately placed in centnfuge tubes
and cavered with paraffin and 1s then spun to throw down the preap
tated ferric hydroxide The aqueous layer then consists of air free
ferrous sulphate solution, free from any ferric salt

The needle 15 attached to the syringe and the synnge lubncated
with borax solutton A sample of gas to be analysed 1s drawn 1 euther
by working the plunger of the syringe to and fro several times so that
the aw mutrally present n the ‘dead space’ 1s washed out or 1f a very
small sample 1s 10 be dealt with by filling the dead space and n edle
of the syrnge completely with borax solunon and then drawing 10
approxumately 2 m} of the sample The syrmge ts now held vertically
with the plunger upwards and the plunger depressed untlit1s stopped
by the glass rod The result 1n exther case 15 that the space presesved by
the glass rod and the needle 15 filled with the sample to be analysed

Immeduately this has been done the needie 15 put into borax solution
and thys 15 drawn 1 to the 2m] mark, immeduately the needle
placed wto the ferrous sulphate solution below the oif and thes 15
drawn up to the 4 ml mark Finally the ferrous sulphate solutson 18
washed 1 by drawing up borax solution agam, to the 8 mi mark
Ejecting 2 hitle borax the needle 1s now firmly pushed mto a rubbet
bung Shght pressure 1s exerted upon the plunger and the whole
synnge shaken for three mmutes The wetting agent serves to bx:a{k
up the air bubble mto many small ones so that the oxygen rapudly
dissolves 1n the flmd and reacts with fersous hydroxide which has be;n
precpitated by the borax solution when i comes 1nto contact with the
ferrous suiphate A quantity of fermic hydroxde forms which 15 ﬁ;ﬂ
portional to the amount of oxygen present At the end of the t c;
yanutes 2 mi of sulpho sahcyhc acid are drawn snto the synnge a‘:d
this immediately reacts wath the fernc hydroxide to produce a deep K
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solutron of fernc sulpho salicylate The contents of the syringe are
discharged mto a 500-mi flask and the syringe 1s repeatedly washed
1to the flask with distilled water The flask 1s made up to the mark and
the concentration of the coloured solution 1s then such that 1t may
conventently be estimated 1n most simple photo-electric colonmeters
using a green or blue filter

The method could be calibrated by makmng up standard solutions
of fernc salts m the manner suggested by Exton ef o/ (1945) For
cliueal purposes however 1t 1s sufficient to analyse samples of arr
repeatedly and also to analyse samples of 100% oxygen A blank may
be done ncluding all the reagents but no air bubble to allow for the
oxygen dissolved 1n the reagents Thus 15 scarcely necessary mn most
clinteal estimations as the blank 1s almost colourless compared with
the solutions found by the analysis of air The calibration 15 a straight
line between 0 and 100, so that the calibration line may be drawn
from the known analyses of blank air and 100 / oxygen

Analysis of Air Samples for Carbon Dioxide A convenent method
for repeated samples 1s achieved by modifying suggestions of Jones
and Gniffith (1944) An indicator solutton is made as follows A stock
solution 1s made by dissolving 0 15g of methylredin20ml of 95% ethyl
alcohol To thus 1s added 30 m! of 0 1 normat sodem hydroxide Far
use 10 ml of stock are diluted to a volume of I 5 litres with distilled
water It 1s conventent to take about 8 ml of the mndicator solution
in a colonimeter tube A simple arrangement should be made to allow
the gas mixture 1n question to be bubbled through this indicator solu
tron 1n a stream of fine bubbles A length of fine capillary tube passing
through a cork which very looscly fits the colorimeter tube may be
used An of a sphy bulb and
onc way valves can be made to asprrate from the area to be sampled
and blow the gas directly through the colonimeter tube while 1t 15 1n
position 1n the colorimeter Alternatively the sample can be collected
snananaestheticreservorr bagandsslowly discharged throughtheindicator
solution by squeezing the bag With the colonmeter tube already in the
colorimeter the gas should be passed through the solution untl the
reading becomes constant The bubbling tube 15 then removed and the
correct reading obtaned The colour of the indicator changes from
yellow to red and i a blue or green filter 1s used 1t wall be found that
the optical density wall be proportional to the carbon-diouide con
centration of the gas sample between zero and 4% with this particular
ndrcator solutton Unfortunately accurate calibration can be secured
only by having one standard gas sample If 2 small cylinder contain
ing an accurately Anown concentration say 3,/ of carbon dioude be
obtamed the method becomes very convenient because repeated
samples can then be estimated wath very Iutle trouble The calibration

METAN, DIS.—T




192 METAROLIC DISTURBANCES IN CLINICAL MEDICINE

type and the only additronal equipment reguired 15 an all Blass synnge
of 10-ml capacity, a needle and small rubber bung The method 15
based upon that described bv Exton Schattner Korman and Rose
(1945) for the estimation of oxygen m blood but mstead of blood 2 s

bubble 15 analysed
To standardize the size of the air bubble a small prece of glass 1o
1§ cut appro ly G5 cm md and just Jong enough to shp

down the barrel of the syninge and lie transversely where it acts asa
stop so that when the plungerisinserted it cannot be pushed fully home
but always leaves a small ar space at the bottom The solutions re
quired are as described by Exton and consist of an approximately 2%
borax solution to which a httle photographic wetting agent has been
added an approxumately 309 solution of sulpho sahicyhe acid and au
approxuaately 10%, solation of ferrous sulphate, freshly prepared
The sold ferrous sulphate 1s added to sufficient dstitled water and the
sofution 15 brielly botled Itas diately placed 10 tubes
and covered with paraffin and 1s then spun to throw down the preap
tated fernc hydroxide The aqueous layer then consists of air free
ferrous sulphate solution free from any fernc salt

The needle 1s attached to the syrnge and the synnge Jubncated
with borax solutton A sample of gas to be analysed 1s drawn i either
by working the plunger of the syninge to and fro several times 5o that
the ar imtally present m the dead-space 15 washed out o1, of 2 very
small sample 15 10 be dealt with by filling the dead space and needle
of the synnge completely wath borax solunion and then drawing in
approximately 2 ml of the sample The syrige 15 now held vertcally
with the plunger upwards and the plunger depressed untit 1t 5 stopped
by the glass rod The result 1n exther case 1s that the space preserved by
the glass rod and the needle 1s fitled with the sample to be analysed

Immediately this has been done the needle 1s put mto borax solufion
and this 15 drawn m to the 2 ml mask, rmmediately, the needle 15
placed 1nto the fexsous sulphate solution below the oil and s
drawn up to the 4 mi matk Fipally, the fersous sulphate sofution ]1:
washed 1n by drawing up borax solutson agan to the gml mﬂéc .
Ejecting a little borax the needie 15 now firmly pushed into 3 ru: o
bung Shght pressure 1s exerted upon the plunger and the x; : '
syringe shaken for three minutes The wetting agent serves to xz Iy
up the aic bubble mto many small ones so that the oxygen m%lccn
dissolves 1n the fiuid and reacts wnth ferrous hydeatude which bnsb e
precipitated by the borax solution when 1t comes 1nto contact Wi -
fercous sulphate A g of fernc hydroxide forms wm;. lstgree
portional to the amount of oxygen present At the end of the o
mmnutes 2 ml of sulpho salicyhe acid are drawn 1ato the s)'l':‘lﬂzc
this immediately reacts with the fernc hydroxide to produce a deep
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solution of fernic sulpho salicylate The contents of the svninge are
discharged mto a 500-mi flask and the synnge 15 repeatedly washed
1nto the flask with distifled water The flask 1s made up to the mark and
the concentration of the coloured solution 15 then such that it may
conveniently be estimated in most simple photo electric colonmeters
using a green or blue filter

The method could be calibrated by making up standard solutions
of ferric salts m the manner suggested by Exton et al (1945) For
clinieal purposes however 1t 1s sufficient to analyse samples of air
repeatedly and also to analyse samples of 100 / oxygen A blank may
be done including all the reagents but no air bubble to allow for the
oxygen dissolved m the reagents This 1s scarcely necessary in most
chinical estimations as the blank 1s almost colourless compared with
the solutions found by the analysis of air The calibration 1s a straight
line between 0 and 100% so that the calibration lme may be drawn
from the known analyses of blank air and 100 4 oxygen

Analysis of Aur Samples for Carbon Droude A convement method
for repeated samples 1s achieved by modifying suggestions of Jones
and GOnffith (1944) An indicator solution 1s made as follows A stock
solution 1s made by dissolving 0 15g of methylred1n20ml 0f95 /4 ethyl
alcohol To this 1s added 30 m) of 0 1 normal sodm hvdroude For
use 10 m! of stock are diluted to a volume of 1 5 litres with distilled.
water It 15 convement to take about 8 ml of the indicator solutron
m a colonmeter tube A simple arrangement should be made to allow
the gas mixture in question to be bubbled through thus indicator solu
tion 1n a stream of fine bubbles A length of fine capillary tube passing
through a cork which very loosely fits the colorimeter tube may be

d An ar ofa phy bulb and
one way valves can be made to aspirate from the area to be sampled
and blow the gas directly through the colonimeter tube while 1t 15 1
position in thc colorimeter Alternatively the sampk can be collected
vorrbag andslowly
solution by squeezing the bag With the colonmeter tube already 1n the
colorimeter the gas should be passed through the solution untl the
reading becomes constant The bubbling tube 15 then removed and the
correct readmg obtained The colour of the indicator changes from
yellow to red and if a blue or green filter 15 used it will be found that
the optical density will be proportional to the carbon dioxide con
centration of the gas sample between zero and 4% with this particular
mdicator solution Unfortunately accurate calibration can be secured
only by having one standard gas sample If 2 small cylinder contain
ing an accurately known concentration say 3% of carbon dioxide be
obtammed the method becomes very convemient because repeated
samples can then be esimated with very little trouble The calibration
NETAR D187
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hne 15 occasionally checked by the use of the standard cybinder Inan
emergency, a sample of expired air can be used for calibration s
catbon dioxide content being assumed 1o be 4% Obwionsly such a
calibration would be uscless if the estrmations were required for
research purposes but 1t would suffice if the only purpose were to
make sure that a deletenious concentration of carbon diaxide was
not present 1n an oxygen tent

‘THE DANGERS OF OXYGEN ADMINISTRATION

There are certaim dapgers of oxygen therapy which must be discussed
1 physiological terms This must not bhnd us however to the reabiza
tion that there are more mundane dangers which need to be discussed
1 purely physical terms Probably more people have been killed due
to accidents during oxygen therapy than have been killed due to the
pharmacological effects of the gas

1 It must agam be stressed that there 1s always danger due to ovet
distension of the lungs or inflation of the stomach with certamn teck
mques of admmstration and these must carefully be guarded agamst
There are on record several cases of death due 1o accidental rupture
of the stomach because of the admimstration of oxygen under high
pressure down a stomach tube

2 Deaths occur because the wrong cyhinder , contaimng a dangerous
gas 15 connected m place of oxygen

3 The danger of fire dunng oxygen admmstration must be stressed
Commonplace matenals such as woollen blankets and rubber fabrics
which 1n the ordinary way, are barely inflammable and burn sluggishly
with an easily quenchable flame, change their character completely
n the presence of hugh oxygen tension They are then prone to burt
with an ntense, white rapidly spreading flame wiuch 1s almost 1
possible to quench For example, 3f 2 blanket within an otyges tent
becomes 1gmted within seconds an uncontrollable conflagration lm;
1o be dealt with It cannot be too strongly stressed that attendants ant
relatwves must be warned that they must never smoke or use nake
lights when oxygen therapy 1s bemg carned on

4 The nsks of so called oxygen porsonng when oxygen 13 admn;lid
tered at less than atmosphenc pressure can fargely be discount cb
nowadays m the gencrality of patients Some anumal species are mucl
more sensitive than man to this disorder ous

Expenmental work on buman bemgs has shown that continu o
exposure to concentrations very close to 100% 10 the mspired "'l" m
be mamtained {or pertods of about three days before the itial syﬂ:};
toms of oxygen poisonung appear These wnitial symptozus are not s::a o
and consist of 2 measure of yntation of the upper rcsplmtor)'d e
with retrosternal pam and some excess secretions Transient headas
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and dizziness have also been reported (Comroe and Donpps 1901}

Interruptions of evposure such as are almost ievitable wm the
clinucal treatment of a patient markedly decrease the hkelihood of
occurrence of these symptoms Because of the availability of chemo
therapy postural drainage suction clearance of secretions and so on
1t 15 now very unusual for oxygen therapy to be contmued m adult
patients over fong perniods Fimafly 1t 1s extremely difficult 1n clinscal
conditions to secure oxygen tensions much above 65-70% Thus it will
be realized that oxygen paisonung at atmosphenc pressure need not
senously concern us 1 normai chnseal practice

5 There are certain special cases where the admnsstration of oxygen
at atmosphenc pressure may have deletenous effects different {rom
those usually described as oxygen powsomng Davies and Mackinnon
(1949) bave drawn attention to those patients who have an acute
exacerbation of dyspnoea supermmposed upon pre exsting chromc
bronchitrs and emphysema The exacerbation is usually due to infection
It seems probable that respiration 1s mamtained m these patients largely
by anoxia It 15 now well recogmzed that the oxygen tension i the
blood tales 1ts place along with the carbon-dioxide tension the
hydrogen 1on concentration of the blood and penpheral nervous
stimulation 1n the mamtenance of the normal quantity and rhythm of
respiration (Grav 1950)

Changes m the oxygen tension of air breathed by normal people
do not usually lead to marked alteration 1n respiration because the
effect of the reduced oxygen tension 1s generally countered by recaprocal
changes in the other In the patients d 1t seems hkely
that their inadequat: 15 largely d by the anoxal
dnve for their breath regulating mechamsm seems over the years
to have become less sensitive to the stimult of hydrogen 1on concentra
tion and carbon dioxide tension and the total CO, tontent of their
plasma may also be increased When the abnormal anowa 1s removed
by oxygen admunnstration respiration becomes even more imperfect
Anoxaemia may be reduced but the other functions of respiration are
less well carried out and 1n particular further carbon dioxade retention
occurs It may well be that this factor perhaps working through a
consequent increase 1n cerebral blood flow 15 mamly responsible for
the observation that these patients occasionally become comatose and
shaw a conswderable fise 1n cerebrospinal Swd pressvse when they are
fven uxygen

he of these d p 18 and even

if they should occur they do not indicate that oxvgen should altogether
be derued to a patient who 1s apparently dying primaniy of oxygen
want They do mean that close observation 1s necessary and that the
0xygen tension should be tempered to the patient s needs so as suffi
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crently to relieve the oxygen want without unduly depressing respiration
Meantime of course all possible measures to secure adequate ventla
tion of the fungs and adeq circul d: must be pursued
The position seems to be well suramarized 11 a leadimg article m the
Lancer 21st February 1953  Afl who treat such patients should be
aware of the possibiity of respitatory depression, but patients must
not be altowed to dre of anoxia because of an exaggerated fear of catbon
doxide poisoning

Nevertheless the accurrence of these symptoms n this group of
patients points to certam valuable Jessons of general application We
must realize first that cyanosis itself 1s a poor ndication of the presence
of anoxaemia These patients are not normal because they may hae
been subject for several years to chronic respiratory anoxia Thev may
have pensated by polycy and 1f this has happened 2t 15
possible for them to be cyanosed and yet for the artersal oxygen content
to be within the normal range since cyanoss 15 dependent primandy
upon the quantity of reduced haemoglobm ctrculating m the vessels
of the skin Analysis of the oxygen content of the artenal blood would
be valuable

The second and more nmportant lesson 18 that a ‘puk’ patient must
not be assumed to have adequate pulmonary ventilation It 1s often
easy by admnistenng oxygen to secure a reassuring pinkness, 10
relieve anoxaemia but to leave the ventdation m an uachang &

i state The 1 of mefficient ventilation involve mitch
more than anoxaema

6 It has recently been suggested that considerable discretton should
be exercised 1 the giving of oxygen to premature babies (Jefferson
1952} Retrolental fibroplasia mvolving the vessels of the retina and
leading ultimately to blindness may develop 1n premature mfants
who have been exposed for considerable periods 10 hugh oxygen con
centrations though the lesions are not detected until after the oxyges
treatment has been withdrawn od

Perhaps the actiology of the condinon 15 still imperfectly understo: ¢
but prematunty and prolonged exposure to high oxygen tensions ;s
known to be important It 15 unfortunate that 1n the small enclosw -
switable for premature infants 1t1s easy to develop hugh oxygen m‘:“;l
and mncidentally hagh carbon diowde concentrations with relatively
low gas flows

T}Ee disease must be prevented by ensunng that prcﬂ;mm“ ba’“:“f
are not exposed 1o oxygen concentrations exceeding 607 Wh‘“‘?mt
longed treatment 1s needed This moderate concentration jxlnu:lostd
be secured by reducing, the flow dof 0;&’1;:“ mto l:"s::s“’“"a Y

x for this will lead to carbon dioxide accumu
bOA srmS: method would be to use a moderate flow of oxygen mto




OXYGEN THERAPY 197

an which 15 not pletely closed so that some room air
can eater some means of anal the here 1n the encl 1
essential A more certain method would be to use a ventur: imjector
device to produce a muture of air and oxygen contammg 50-60%/

oxygen and use the ruxture to venulate the enclosure generously
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CHAPTER 11
METABOLIC BONE DISEASE
FreperIC C BARTIER

GENFRAL CONSIDERATIONS
THE term metabolic bone disease 15 here used to mclude generatized
disorders of bone wherein all the bone tissue 1s affected to a greater or
less degree and humoral sofluences play a past Disorders which how
ever widespread never affect all the bone tissue are thus considered not
to be metabolic 1n ongin (Albright and Redenstern 1948)

The hustogenests of normal bone mvolves three processes—bone
matrix formaton bone matrix calafication and bone destruction
Bone matnix 15 lard down by the osteoblasts by a process which in some
manner lves atkaline phospt and the of this
enZyme mn the serum provides 1 the absence of liver disease a rough
ndex of osteoblastic activity Strains on the sheleton provide an im
portant stimulus to osteoblastic activity Bone matrx calafication is
dependent upon the calcum and phosphate 1on concentrations m the
flurds surrounding 1t and cannot occur when the product of these s0as
falls below a criical value Bone destruction svolves the removal of
the matrix and lire salts together with the participation of osteoclasts
Tt occurs with increased rapdity in some cases of hyperparathyrosdism
and 1 some cases of renal fulure, the mechamsm 15 discussed below
Normally bone 1s constantly bemng laid down and destroyed

Metabolic bone disease snvolying a decrease in bone mass may result
from a decrease m matrix formation producing osteoporosss 3 ¢¢
crease 1n matnx calcfi prod facia or nickets, or ant
mocrease m bone destruction producng osteits fibrosa (The term
ostestis fibrosa 15 here used mstead of the cumbersome but more
accorate 1o oMens fiross cysuea penerabsata whids would be
pecessary were there any possibihty of its being confused with osteitss
fibrosa cystica dissemmata (fibrous dysplasia) which 1s not metabokc
by our defimtion )

Metabolic bone disorders myolving an increase 1 bone mass may
result from an increase m matnx formation as i recently heafed

or from a d m bone destruction as 1 hypopar?
byrordism an Albers Schonberg disease) Of these

d P [¢
hypoparathyroidism, although 1t may not stictly be sard to produce
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bone disease 1sd d herem for t sake The 1
of osteopetrosts a true bone disease 1s unknown and no rational
therapy has been found

Osteoporosis

Osteoporosts develops when the rate of bone formation fails to keep
pace with a normal (or indeed decreased) rate of bone destruction
This will occur when the osteoblasts are tnactive or when they are un
able to form matrix

Factors known to stimulate osteoblastic activity are stramns on the
skeleton and oestrogenic hormones Thus osteoporosts develops when
the skeleton 1s immobilized and when i the female oestrogens are
withdrawn as a result of castration or the physiological menopause In
ovarian agenesis where oestrogens are never present m sigmficant
quantities osteoporosis occurs at an early age

In any condition 1n which there 1s an over all loss of mitrogenous
tissues 1o the body the counterpart 1n the bones would be an mability
to deposit adequate matrnx and ) might be
This 1s presumably the explanation for the osteoporosis which occurs
with starvation and in some patients with hyperthyroidism and dia
bet d mn which ad, protem 15 not available or 1s
dwverted from structural needs m an attempt to meet caloric requre
ments Steroids which have the property of inducing retention of mitro
gen such as testosterone have been shown to induce positive calcium
balance (and thus bone matrix anabolism ) 1n osteoporosts It 1s prob
ably the lack of such steroids that 1s responsible for the osteoporosis
seen 1n male patients with hypogonadism It 1s reasonable to suppose
that the osteoporosss which 1s seen so commonly as to be almost

physiological with senility 1s 1 part a result of the decline of secretion
of prote anabolic steroids with age

Sterotds wiuch have the property of inducing loss of nitrogen such
as cortisone with produce
Here too perhaps the bone disease 15 the osseous mamfestation of the
general effects of the steroids on protein metabolism The mechamism
by which these general effects are produced 1s not however well under
stood nor can a more specific effect on matrix be excluded In Cush
ing s syndrome where there 1s continuous overpreduction of hydro
cortisone osteoporosis 1s a pmm.ment feature 1t 15 often seen with

chronic debilitating diseases and fc g severe i
1 which a similar overproduction of stermds has been demonstm\ed
In ascorbic acid defi oceurs as the

mamifestatton 1n the bone matrix of 2 generalized defect 1n metabolism
of coll and cement
Finally there remans a group of pattents with osteoporosis 1n whom
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1t 15 not posstble to demonstrate the participation of any of the contr;
butory factors discussed above In some the disorder may be hereditary
and congenital as part of the syndrome of osteogenests imperfecta In
others 1t appears sporadically at any time 11 adult Lfe n exther sex
They must for the present remam 1diopathic

Chmcally osteoporosis may be accompansed by pain referable to
bone the most characteristic site of which 1s the lower back The
d 15 often first suspected when pathological fractures occur
the vertebrae or femoral necks

Osteoporosis may be clearly distinguished histologcally from other
metabolic bone d. In high ficatron porotic bone 1e
sembles normal bone Few osteoblasts or osteoclasts are to be seen
and all the bone matrix 1s calcfied Under lower power (Fig 1) it s
apparent that the total mass of bone 1s drmunsshed The serum caleum
and 1norganic phosphorus are normal or the latter may be shghtly
high m the post menopausal state The serum alkalne phosphatase 15
m the low normal range These findings support the concept that the
prumary disorder 1s 2 failure of bone matrix formatton Thus there 15
no disorder of calcrum and phosphorus metabolism there 1s no evidence
of mcreased bone destruction and in the face of a decrease of bone
mass there 1s not as m the other metaboltc bone diseases  proliferation
of osteoblasts with a rise i serum alkaline phosphatase The urnmary
calcium excretion 1s frequently elevated m acute or rapidly developing
osteoporosts but 1s often normal when the condttion 15 well established
and bone destruction 1s probably proceeding at a subnormal rate

Generalized radiolucency of the bones 1s of course common (o
osteoporosis  osteomalacia and ostestss fibrosa There are however
distinctive features whereby the first of these may often be dragnosed
I 1 lly In P the spine and pelvis may appear by
X ray to be much more affected than the remamder of the skeleton
whereas the skull may appear to be normal Compression fractures of
vertebrae and bowing and localized rupture of the vertebral end plates
are especially common The lamuna dura about the teeth 1s preserved
1n osteoporosts but lost in the other two disorders Finally the bony
trabeculae decreased 1n number may stand out with unusual clanty
giving a columnar pattern to the vertebrae (Fig 2) and a filigree
pattern to the pelvic bones N

Although dramatic mmprovement 1n osteopOrosis can seldom be
demonstrated radiologically symptomatic ymprovement can Very
often be achieved by the therapeutic application of the prmarples dis
cussed above Furthesmore 1t can be shown by the balance technique
that this improvement 1§ accc d by calcum and thus
since bone 1s the only normal tissue contamng appreciable calcum
an increase mn bone mass This apphes to mobilization of the patient
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wn the osteoporosts of dxsuse to therapy with synthetic or natural
m post P p to the use of hgh calone
and high protein dicts 10 the osteoporos:s of starvation thyrotoxicosts
or dwhetes and to therapy with testosterone m the osteoporosis of
eunuchodum semlity and Cushmg s syndrome In the fatter instance
surgscal cuse of the prmary disease may mdeed lead to strikung radio
iogic improvement as well Although no sattsfactory therapy for sdio
pathic osteaporans has been found (and none of the above measures 15
effective) there 13 some evidence that serum albumin mtravenously
hone matox w this a5 1 other forms
of osteoporosis (Albright Forbes Bartter Rerfenstern Bryant Cox
and Dempsey 1950
Certain measures are to be avorded i the treatment of osteoporosis
Bacess e amotints of caleim and witamin D which have no apprea
able effect on bone matnix formation (Bogdonoff Shock and Nichols
1953) may produce ladney damage or sesult 1 renal stones Unneces
sary wmmobitzation or the patient m the treatment of fractures may
the d Testosterone may produce signs
of mascubmuzation m women {Methyl testosterone by bnguer for
exzmple wall generally do so at o dosage of 10 mg but not of 5 mg
daily Ifthe 10 mg dose 1s used the drug must be discontinued penodic
ally) Ocstropens ray produce metropathiz haemonhagica with
metrorthagia  (Stilboestrol  for example wall generally do so at a
dosage of § mg daly This shouwld be avorded by withdrawal of the
drug for seven to ten days at mtervals of thuty fise to forty days
producing orderly withdrawat bieeding Decreasing the dosage of
oestrogens to the point where no bleeding occurs wall decrease or
abolish their effectsveness on the bones)

Osteomalacia and Ruchets

o] \? or before epipt closure rickets develops when
the rate of deposition of apatite m bone mateix fadds to keep pace with
the rate of matnx formatton Thus will occur when the concentration
of calesum 1ons phosphate tons or both s fow m the surrounding
furds From i vitro work wath rachutic cartdage and from expenimental
work with rats 1t 1S apparent that 11 s the product of these 1on con

RTINS That 18 e1Aueal v dRermiming wWhether caledasiion of matnx
wall occur 2nd thus 15 supported by 2 farge body of chneal data

Factors which may lower the serum and extracellular flusd caleum
ton conceatration are an madequate calcm mtake an mncrease of
faecal calcium exeretion an merease n unaary calosum excretion and
of academic smportance am sncrease n caltum excretion through
breast mitk In one special sutuation namely the healing of ostestis

METaR Dis—Y
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fibrosa the serum calctum may be lowered by an increase 1n calewm

deposition 1 bone
o 1 )

Mg from an te calerum intake has been
reported from Chna and India but 1s not found i Europe or the
Americas An mcrease of faecal calerum excretion may result from a
failure of absorption or an ncreased loss of gastro mtestinal secretrons
Vitamin D deficiency, the foremost cause of failure of calcium absorp-
tion 1s becorning mcreasingly rare in those regions where infants
recetve trradiated mulk mn formula feedmgs In adalts 1t 1s practically
confined to members of religlous orders, whose clothing mummizes
exposure to sunlight An mterestmg group of patients with so-called
resistance to vitamun D will not absorb calcium unless very large doses
of the vitamun are given In the sprue syndrome faecal calcium excre
tion 15 mcreased as a result of a calcrum soap formation with un
absorbed fatty acids and probably also as a result of excessive vit2mun
D loss, as this vitamin 1s carnied out with unabsorbed fats In patients
with prolonged diarrhoea of any canse osteomalacia may developas the
calcrum of the mtestinal secrettons 1s lost to the body

The serum calcrum may be lowered through an increase m ufinary
calerum excretion 1 sdiopathic hypercaleunia where such caleum
loss appears to result from an 1solated renal disorder, and m renal
tubular defects wherem tubular secretion (or, according to one vicw,
the net renal excretton) of hydrogen 1ons 15 impatred (Latner and Burn
ard 1950 Albnight Burnett Parson Retfenstem and Roos 1946)

In the latter type of disorder, termed renal tubular acidosts cations
which would normally have been replaced by hydrogen 1oms to
neutralize unnary anions are excreted mnstead and potassium {and
possibly ) 15 also el d 1n mcreased quantities Renal
tubular acidosts may appear as a unique renal lesion or m copjunction
with other tubular defects as n the Fancom syndrome The loxs of
calcium m breast mulk 15 effective 1n lowering the serum calcrum appre
ciably only when another cause for osteomalacia (e g dietary calcium
deficiency) co exists

As discussed below the bone 1n ostertss fibrosa 15 being very rapidly
destroyed and re formed When the destruction 1s abruptly termmalef
as by removal of a parathyroid adepoma rapid calefication of newly
formed matrix may lower the serum calcium so that transtent osteo
malacia develops

Tt might be expected that osteomalacta would result from a Pm:;“?l'
Towering of the serum phosphate 1on concentration and 1t can mhﬁs
be produced 1n experimental animals by restriction of dietary puo
phate (Freeman and McLean 1941) Inman osteomalacia from dletgl;}{
phosphate defictency has not been demonstrated pnmarzi' Rsc
phosphate loss 1s thought to produce a quite different bone disea
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namely ostettis fibrosa cystica (It has recently been sugpested that
prumary renal loss of phosp’hate ean produce osteomalacia Thes
provides no for the paratt d hyperplasia

which accompanies the osteomalacia of renal tubular disease 1t has
never been shown that such a phosphate Josmg fesion can exsst in
the absence of the parathyrords)

The actologieal factors that produce osteornalacia thus have as a
final common pathway a Jowering of the serum calersm This acls as
a stimulus to the parathyroid glands to increase bormone secretion and
this 1z turn brings about an increase 3n the renal excretion of phosphate
{Jacobs and Verbanek 1953) with a lowenmg of the serum phosphate
The serum 18 thus undersaturated with respect to caleium and phos
phate with the result that (1) newly formed osteerd wilf not be cal
cified and {2) the rate of bone gestruction wall exceed the rate of apatite
formation producing a nise of the serum caleum back fowards the
normal value Wealerwng of the boses results and the consequent
nerease 1 strains on the skeleton serves as a stimulus to the formation
of new osteord which soon covers vrtually all bone surface Ths latter
phenomenon may explun the persstence of some caledfied bone m
£ven the severest osteomatacia for bone once caladied 15 appatently
never decalcified unless it can be removed altogether

Chmically osteomalacia is characterzed by bone pam and tenderness
mare severe than that generally found 1n other metabolic bone diseases
Positive Chvostek and Trousseau signs may be found wath or without
manifest tetany Weakness 55 often extremte event it the abserice of
hypokalaemua The pross deformaties of the bones nssocmled with
osteomalacia . the older 1 far d disease
and a small mmorsty of cases and are becorng increasingly rare as
earfier diagnosis and treatment become possible Further symptoms
will depend on the dworder prumarily responsible for the osteomalacia
fatty diarrhoea in the sprue syndrome often with symptoms referable
to tack of fat sofuble vitamins other than D and reni stones 1 essentral
hypermlcmm and m renal tubular acdonss sometrmes m the latter

with e to zcedosts and potassium loss

The hjstolog]m! p)cmte (Fig 3 of osteomalaca and rickets 1s
characierized by a decrease mn the mass of calafied bone and a pgreat
anexease x0 the mamber of osteoblosts and an the depvk and extent of
uncaloified osteosd The charactenstc pseudo fmctures or Umbau
zenes (Loaser) {see below) are found to be composed of osteord tissue
with some fibrocartidage The orderly Jamellar arrangement 15 ost m.
these ateas and the osteord extends charactenstically beyond the
neighbounng cortex R 15 apparent that they represent fractures
wherem <allus formation bas progressed well as regards osteord but
m which ealofication of the osteord has not occurred (Looser 1920
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Albnight et al , 1946) It 15 evident that remodelling 15 held 1 abeyance
until calcification can occur The serum calotum 18 nosmal or d ereased
the serum g phospk 15 d angd ihe serum alkakne
phosphatase 1s mereased These findings support the concept that the
primary disorder 1s a farlure of bone matrix caleification Thus th re 1s
no evidence of bone destruction (osteoclasts) no decrease but rather
an mncrease of matrix formation, and the sole abnormalities appear 10
be the undersaturation of the serum apd the acaletfication of the new
matrix The unnary calelum excretion 1s of pnmary importance m
deternunung the cause of the osteomalacia 1t 15 markedly decreased
when the disorder results from fatlure of absorption or mcreased faccal
excretion of calcium or from healing osteitss fibrosa apd ncreased
when the disorder results from 2 renal lesion

With the sprue syndrome the serum vitamn A may be decreased and
the prothrorbin tme increased with renal tubular acidosss the serum
chlonde 15 increased and the serum carbon dioxide content and, often
potassium 1s decreased

Whereas generalized radiolucency of the bones 1s found 1o severe
C I the histological and ch 1 picture may be present
before any changes are app Toentgenol v The most distine
t1ve feature of radrologic changes when they do occur 1s the appearance
of bands of decreased density (pseudo fractures or Loosers zones)
1n the bones often symmetncally placed bilaterally (Fig 4) and, often
extending only partilly through the bone The lateral margm of the
scapula s a favounte site for their appearance As discussed above
they represent fractures umted by uncalcrfied osteord tissue ‘They are
apparently produced by very mild trauma to the bones Lemay and
Blunt (1949) have suggested that in many cases an artery impmgng
on the bone 1» the effective cause of a pseudo-fracture The lamma dura
about the teeth as mentioned above 15 lost (Fig 5) When the epiphyses
are not closed they show of course the changes of true rickets (Fxg 3]

Once the diagnosis of osteomalacia 15 made and the pathogenesis
1s estabhished appropriate therapy 1s generally successful oftent produe
1ng resulis with surprismg rapidity In all cases vitarmn D and ealows
will be required—very large doses of the former with resistant nchets
or osteomalacta large doses of both with the sprue syndrome {f %
cannot be controlled directly) With renal tubular zcidosis alkalt
sufficient to control the acidosts must be given 10 addition

Two p m the of laca ase perhaps,
worthy of note As the bones are healed (and the serum alkalie ph(:;
phatasc becomes normal) the dosage of calcinm and yitanun D must :
lowered before hypercalciemua 1s produced The use of alkal m rena
tubular acidosis should be 1nstigated stepwise with an mnterval betwees
1mcrements suffictent to ensure that frank tetany has not been produccd
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Ostefss Fibrosa Cystica

Ostettss fibrosa cystica develops when the tate of bone destruction
1s greatly wereased This oceurs m certam cases of pnmary hyper
parathyracdism and i certamn cases of renal fadure with phosphate
retenton—predominantly n those with an assecated acidosis In the
former condthion the pnmary vent 15 cleatly the overproduction of
parathyro:d hormone exther by one or more parathyroid adenomata or
10 the condition known as pamary hypertrophy and hyperplasia of the
parathyroids Dy oft parathyrond ussue The events winch foliow are
{3) a decrease m tenal tubular phosphate reabsorption with an mncrease
n unnary phosphate excretion (2) a fall m the sexum phosphate (3) a
52 m the serum eslonm and (4) 2 nsean the yrmary caloum excretion
The action of p extract m di tubulas reabsorption
{and thus mereastng renal excrétion) of phosphate will account for all
these changes 1f it be assunied that wth the full 1n serum phosphate
undersaturation of the serum and extracellular fwds with respect to
caloyum and hate leads to 2 p m the rate of bone
pronorer thatof ap: 1« unless the g Ltract
can supply the defiets (A durect action of the parathyroids m causing
bone 2 d by Thompsan and Collip (1932) has been
demonstrated (Barnweat 1948 Chang 1951) Such an action alone will
not explain the lowesing of the scrum phosphate nor the absence of
bone disease with adequate calcium mtaye tommonly seen s hyper
parathyroidism That such an action does play s part 1 prumary
hyperp dism hawever 1s ind by the observed
falt m the serum phosphorus after removal of a parathyraid adenoma )
In renal fadure with phosphate retention the osteihss fibrosa 15

regarded 1n this view asa of the bolic ab )
{chuefly perhaps the acdosss) sesulting from the renal faslure and not
as a sesult of the secondasy parathyrord hyperplasta which almost
Ty co-exsts C ly removal of the parathyreid tissue

1n this condson 15 of no beaefit but rather the réverse

In osteitss fibsosa of erther cause bone destruction s seen as the
prnimary event 1 bone This leads to a decrease m bone mass with
weaks of the bones d sfraws o the skeleton and 2 von
sequent mcrease w bone mate formatwn The newly formed matrix
caleifies readily {even wile bone 55 dissobing) probably because the
hosph: s faued enzy iy m the vty of

osteoblasts

Chmcally the osteis fibrosa cystiea of hyperparathyroidism diffess
from other metabolic bone diseases by the presesce of hone cysts
and tumours often visible (a5 in the ¢pubs of the Jaw) or palpable
and these nay be the sies of patholopead fractures (These fumours
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have been termed osteoclastomas for thewr abundance m the hsto
logically striking osteoclast Actually, they contan also osteoblasts and
mught equally well be termed osteoblastomas ) Symptoms referable to
hypercalcaemsa (especrally anorexia nausea and vomuting) and hyper
calewnta {especially renal stones) or those referable to uraemra, may
of course also be present

The histological picture (Fig 7) of ostettss fibrosa cystica 1s charac
terized by a decrease 1n the bone mass and great increases 1n the number
of osteoclasts and osteoblasts The marrow cavities may show fibrosis
or cystic degeneration The osteord seams are shghtly if at all mcreased
1n depth The serum changes depend of course on the underlymg
cause of the disorder hyperparathyroiism bemg characterized by
elevated calcrum and lowered phosphate values renal failure by normat
or low calcium and elevated phosphate values The serum alkalie
phosph 1ndex of osteoblastic activity 1s elevated and s indeed a
sine qua ron 1n establishing the dragnosis These findings support the
concept that the primary disorder 1s an 1ncrease in bone destruction
Thus there 15 no evidence of failure of the newly formed matnx to
calaify, and the osteoclast index of bone destruction 1s scen m Jarge
numbers only 1n this metabolic bone disease The serum carbon-thoude
content 1s generally low wath renal failure when osteitis fibrosa 1s present
The urinary calcium 15 almost universally elevated with hyperpara
thyroidism often Iow with renal failure

Radiol Ily the most chi istic findmngs 1n the ostettis fibtos2
of hyperparathyroidism are the cysts especially those within the cor
tex which mark the site either of osteoclastomas or of true cysts For
reasons not understood cortical cysts are rarely if ever seen with the
ostestis fibrosa of renal fatlure (Pugh 1951) The skull often shows
a charactenistic mottled appearance and the cortex of the phalanges
may show a roughened saw tooth appearance (Fig 8) where bone
has been resorbed subperiosteally The lamuna dura about the teeth
15 Tost When the epiphyses are not closed osteitis fibrosa resuits m an
rregular distortion of the epiphyseal Imes often distinguishable radio-
logically from the smooth concave widening of these hines seen 18 tn[le
nckets Because of these changes the term renal nickets was carly
applied to this condition This unhappy chorce of terms has bc&?ﬂ a
source of confusion, as 1t not only labelled as ‘rickets what was act {_
osteifts fibrosa but also prevented for practical purposes the use o
the term for the true nickets of renal tubular acidosis .

The treatment of primary hyperparatbyroidism 1s surgical B]ef?t[o
operation the patient should be immobilized as litle as possible dict
prevent a superimposed osteoporosis) and given a lIow calcum (:d
with forced fluids The extent of the bone disease should be es‘ﬁ:l‘il "
from the radiologic survey and also from the value of the serum 212
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phosphatase which 1s a fanly reliable index thereto Mild post operative
tetany 1s to be expected 1n the absence of bone disease but when the
bones are extensively mnvolved severe tetany must be anticipated (as
a transient state of osteomalacta develops) and if possible prevented
‘The patient should be warned that transient mental depresston com
monly follows the successful cure of hyperparathyroidism At operation
all parathyroid glands should be dif possible Adl may
be single or multiple they should of course be removed In about
10% of cases primary hyperplasia and hypertrophy of all para
thyroid tissue s found If this 1s suspected frozen section should be
made to rule out secondary hyperplasta with the former, small amounts
of tissue should be left with blood supply and the rest removed with
the latter none should be removed

Post operatively with the first signs of tetany (numbness or tingling
of the fingers positive Chvostek or Trousseau s signs) or with demon
strable hypocalcaemia calcrum and vitamn D should be given orally
For example 6 teaspoonfuls of calcium lactate and 100 000 umts of
vitanun D daily are generally adequate 1n cases where little or no bone
disease has been found When the bones are extensively mvolved cal
ctum by vein will generally be required as well For example 109
calcium gluconate may be given slowly with the first appearance of
signs of tetany and followed by a slow drip containng 0 3% calcrum
gluconate As the bones improve and the serum alkahne phosphatase
falls—the length of time required often a matter of weeks being pro
portional to the extent of the bone disease—at 1s important that the oral
calcium and vitarmn D be stopped before hypercalcaemia 1s produced

The treatment of ostertis fibrosa of renal failure 15 that of the kidney
disease 1tself especrally of the acidosis This and the complications
1tentails are dealt with i the chapter on kidney disease

The D Diagnosis of M Bone Diseases

It may be well to summarize the radrologic and chemucal pomts which
are of most value n the differentiation of the metaboltc bone diseases

Radiologieally the normal skull the normal lamina dura and the
increased trabeculation found in osteoporosis the appearance and
characteristic distnbution of pseudo fractures 1 osteomalacia of
epiphyseal ckaages mt rickets and of the typical kidney stones ra renal
tubular acidosis and the presence of cysts 1n osteitss fibrosa are of the
hughest value In early osteomalacia however there may be no charac
tenstic radiologic changes and 1n ostertis fibrosa recogmzable cysts
are often absent The osteitis fibrosa of renal failure may be impossible
to differentiate radrologically from that of hyperparathyrordism

In most cases serum and unme chemical values will resolve the
uncertanty Thus as regards the metabolic bone diseases a normal
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allahine phosphatase 1s found with osteoporosis alone and an elevated
serum ealezum with hyperparathyredism alone Wherens the serpm
phosphortis 1s low both m osteomalacia and 1n hyperparathyroidism
the serum calcium i virtually never hugh sn the former, generally so w
the latter

Renal fasture 15 frequently seen with hyperparathyrodism As this
results 1n retention of phosphorus and the serum calewum falls as the
phosphorus nises there may come a pomt when one can no longer tel
from the chemical indings whether the patient has primary renal falure
or renal flure secondary to hyperparathyrodism Frequently there
are no grownds upon which the distinction can be made The presence of
band keratopathy (Cogan Albright and Bartter 1948) and of cortaal
cysts points gly to pumary hyperparathyroid fthouch their
absence does not of cowrse rule 1t out In any event, the distmction 1s
M many cases an acadenuc one since removal of a parathyrord adenoma
at this stage would be of httle benefit and might produce tetany

It 55 of interest to consider the extent to which two metabolie bose
diseases can ocenr together Thus stnetly spealung the compensatory
mcreased bone matnx formation of osteomalacia and osteits ﬁbro'sa
could not occur i the g of it where the metat
defect 1s precisely one of bone matrx formation

One might expect to find patents with the chemucal findings of
osteomalacaa save for a normal alkaline phosphatase and the hustor
togical findings of osteoporosis It 15 kkely that some cases of hunger

b this combmnation of events (Wollf Exsner 1847

Gsell 1945)

Smmlarly wm a patent with osteoporous the bone destruction of
ostettss fibrosa should be met with relatively ittle compensatory boné
formation and less than the anticipated ;e m the serum olkabne
phosphatase This combmation of eveats may explun the unusual
seventy of the bone disease often found with hyperpatathyrosdism i
elderly or malnoursshed subjects

Finally wmught be sup js
of ther were m addition to the primary diseas b
loss sufficrent to lower the solubility product in the serum below 2! 5
critical value This condttion whieh 1s rarely met wath clinteally, “06““
presumably be self nmted 10 that bone destruction wonld eease w d?h
osteord sexms covered all bone surfaces The shight increasent the wi "
of osteord seams (Fig 7) seen m all eases of ostertss fibrosa should no
Iead to a dragnosis of osteornalacta as well

d upon ostettis fibross
e an mcrease in calowm

Hypoparathyradist

In bypoparathyroidism the serum phosphe
serum calowm lowered as a result of an sy

orus 15 clevated and the
ficiency of parathym;d
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F16 1 (A) Normal vertebral bone (%3 (B) Comparable section of bone
from patient wath severe osteoporosis {x3 ) Note decreased bone mass with
otherwise normal structure in B
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alkahine phosphatase 15 found with osteoporosss alone and an elevated
serum calcwm with hyperparathyroidism alone Whereas the so
phosphorus 1s low both m o lacia and 1 hyperp d
the serum calcium 1s virtually never ugh m the former generally som
the latter

Renal failure 15 frequently seen with hyperparathyrordism As ths
results m retention of phosphorus and the serum calemm falls as the
phosphortss rises there may come a pomt when one can no longer tel
from the chemeal findings whether the patient has primary repat fafure
or repal fadure dary to hyperparathyroidism Frequently there
are no grounds upon which the distinction can be made The prasence of
band keratopathy (Cogan Albright and Bartter 1948) and of cortcal

Cysts potats ply to primary hyperparath dhism although thar
absence does not of course nule 1t out In any event the disunction 5
m many cases an acad smece 1of a parath d adenoma

at this stage would be of hitle benefit and mught produce tetany

1t 15 of mnterest to consider the extent to which two metabolc boat
diseases can occur together Thus strictly speaking the compensatory
iereased bone matnx formation of osteomalacia and ostertis fibress
could not occur m the presence of osteoporosis whete the melabole
defect 1s precisely one of bone matnx formation

One nught expect to find patients with the chemical findings of
osteomalacia save for a normal atkaline phosphatase and the bsto
logieat findings of osteoporosts It 1s Iikely that some cases of hunget
osteopathy represent this combination of events (Wolll Essner 1547
Gsell 1945) ;

Sundlarly 1n & patient with osteoporosts the bone destructon o
ostestss fibrosa should be met with relatively little compensatosy bose
formation and less than the anticipated rse in the serum alkahne
phosph Fhis bmation of events may explua the unusust
seventy of the bone disease often found with hyperparathyroidism 1
eldesly or malnounshed subjects

Fmnally ostcomalaciz mught be superimposed upon ostethis fibros?
if there were 10 addition to the prumary disease an mcreasein calcm!:t;
loss sufficient to Jower the solubihity product in the serum below :ﬂd
entical value This condition which 1s rarely met sth chnacally “Oh .
presumably be seif limited 1 that bone destruction would cease W e
osteosd seams covered alt bone surfaces The slight merease i (hzl :;xnot
of osteosd seams (Fig 7) seen m alt cases of osteitis fibrosa sho
fead to a diagnoss of osteomalacra as well

Hypoparathyroism

In hypoparathyrodism the serum phosphorys 15 €
serum calcaum lowered as a result of an wsufficiency

tevated and the
of parathyrosd



Fig 1 (A) Normal vertebral bone {x3%) (B) Comparable section of bone
from patient with severe osteoborosis (x37) Note decreased bone mass with

otherwisc normal structure in B
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Fio 3 \erlebml bene from patient with osteomalacta or renal tubular acidosis A
(x40) B (x3 $5) Note ncrease of osteo d matrix (1) d crease in caletfied bone (%) row
of active ml:obl.\s!s (3} and abrence of osteoclasts
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Fig 5 A and B normal tecth C and D teeth of patient with osteomatacta of renal
tubular acidosss Note that lamina dura (LD} 1s absent 1n C and D

(Coirtesy of Dr Fuller Albright )



(14 00 priog  qfo & 12 03)
$12Y 310 3u [0y 3 553 Josd OION N J|Ed PuE IT|E Wy M JUSMAEAL} SASUSUT JO SY99M OA |
4RV (€ U UE2I) SAISUSIUL QI0JIE (V) S SOP OB JLjAQN) (LU JO SI9YD 5 LT TUBLL PO 10K Oy 30 s33)J9m0] 9 DI




Fio 7 Tibual bone from patiem with osteitis fibrosy cystia of K ra
thyra dim (X 100 Note terdase 15 ostcomasts (1) presence of ostbonims 3 (2}"%?&“
of marrow (1) Ovteoud 1 but sl ghily increased ) width

{Courtesy of Or Lest Johasan }



Jure A
Fia 8 Hand of 43 year old woman with osteitis fibrosa cystica and renal fai
parathyroid adenoma was found at autopsy Note cortical cyst (1) and subpenosieal
resorption of phalanges (nset)

(Courtesy of Dr David Gould)
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hormone (A rise m renal fubular phosphate reabsorption will account
for both these changes 1f 1t be assumed that the serum caleum falls as
a solubihty product for calcrum phosphate 1s exceeded A decrease n
the bone-destruction rate may also be a direct result of a deficrency of
parathyrod hormone )

The most cause of hypap 15 the exaision of
or damage to parathyroid tissue in the course of thyrosd surgesy This
may be temporary—when the remmmng tissue can underge hyper
trophy or the damaged tissue recoser (@ process often requinag weeks
or months}—or permanent Rarely hypoparathyroidism sppears
wathout apparent cause Such idiopathic cases may appeat as sequelae
of acute snfections and show for reasons not understoed a predsiection
for children under 15 and adults over 40 {(Drake Albnight Bauer and
Casth 193%) An d mfe of the nosls sk and mouth
with moniita (candida) may be found in patients with hypoparathyroid
ssm and both diseases may be fanulal 1t 1s not elear which disease ss
pumary (Sutphim  Albnght and McCune 1943)

Chmeally the dmp signs ands, n hyr di
are those of tetany which 1s of course a consequence of the hypo
calcaerma These mclude numbness and tingling of the fingers and foes
posiive Chvosteh and Troussean signs laryageal stndor muscle
cramps and tomge f; Abd i pans nausea
and voming and generalized convulsions may oceur Insome but not
all cases with convulstons 1t 35 apparent that an undurlying epepsy
has been tupgered by the tetanee state

As with hypocatcaemua of other causes prematire cataracss ase fie
quently scen with hypoparathyrosdism  Other ectodermal fissies
frequently show defects as well the roots and enamel organs of teeth
developing after the onset of the disease may be hypoplastic the skin
dry and sealy the head axstiary and pubic bayr scant

Calaifications withm the basal gangha often clearly apparent by
X ray may furmsh a valuable diagnostic clue Papilloedema and an
merease of mtracramal pressure are not mfregueatly obsened When
convulsions have been present with these findings a mistaken dragnosis
of bram tumour has been made on a number of oceasions

Histologically the bones are normal save wm the rare cases {see
below) with osteomatacin The parathyrod glands have been reported
to show complete teplacement by fat The low serum caloum the low
or absent uninary caloium and the elevated serum phosphorus constitute
the cardinal bsoch 1 signs of hypop d The serum
alkahne phosphatase 1s generafly normat

Two unusuat bochemienl findings 10 hypoparathyrodism are an
elovation of unne calaum and an elevation of serum afhaline phos
phatase The former often found with coccal unmary infection sug
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gests a renal tubular defect the latter suggests that the 1on product o
calcrum phosphate has not been maintamed at a level sufficient fo
bone matrix calcification In such cases osteomalacia may be demon
strated

The differential diagnosis 15 that of tetany and of hypocalcaemia
In alkalosis the elevated serum pH and the normal serum phosphoru
and serum and unnary caleim clearly rule out hypoparathyrotdism
In fickets and 1 hy 1 15 11 p
by a low serum phosphorns and virtually always by an elevated serum
alkahne phosphatase In renal msufficiency, hyperphosphataemea and
hypocalcaemua are frequently seen, and may suggest hypoparathyrod
1sm Other signs of renal failure such as the elevation of non protenn
nitrogen 1n the blood and acidosis are generally present as well and
there 15 seldom any real difficulty 1n differentiating the two conditrons
Should there reman any serious question between these two alterna
tives the response to parathyrord extract admimstered intravenously
should provide a defimitive answer Whereas 1 hypoparathyroidsm
2 large phosphate druresss (from 200 to 500 per cent of control excretion)
follows within one to three hours after the extract 1s given lttle or 00
effect 15 observed 1n renal failure

The successful treatment of hypoparathyroidism should produce 2
lowening of the serum phosphorus and an elevation of the serum cal
crum The former may be accomphshed by the el of mulk and
cheese from the diet and the use of alumnum hydroxide to wmncre2se
the gastro ntestnal loss of phosphate The latter may be accomplished
by the use of calctum lactate gluconate or citrate orally together with
vitammn D m dosages of 50 000 to 100 000 umits a day Alternatively
AT 10 (Hytakerol) may be given orally in doses of 1 cc (125 mg )
to 3cc aday It produces ncreases both in uninary phosphate Toss and
m calctum absorption The urnary caletum and 1f possible the serum
calcium should be observed frequently while the therapy 15 bewng
adjusted to avoid overdosage

Psendo-kypoparathyroidism

A few cases have been described wherem the serum chemcal a%
normalities are those of hypoparathyroidsm but the paratbyrol
glands are normal or hyperplastic and virtually no phosphate dlut;;lz
ensues upon admnistration of parathyroid extract This condition -
been termed pseudo hypoparathyrordism and ascribed to 2 ren“
end-organ resistance to parathyroid hormone (Albright Bumef .
Smuth and Parson 1942) (If the bones are also an end-organ “5“;
which parathyroid hormone normally acts 1t must be nssumf‘}u "
they are also resistant to 1t m this conditton They are normal hus
logreally }
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The signs and symptoms of pseudo hypoparathyroidism mclude
those of hypeparathyroidism (sase possibly for papdicedema) Bnd
include several charactensic de { changes of d
ymportance The subjects are atmost all of short stature 20d many
show a round face and are mentally retarded (Elnck or of  1950)
In a number of them there 15 metaplastic bone formation 10 shin and
fascrae Some metacarpal and metatarsal bones may be absormally
short as a result of premature epiphyses] closure and the corresponding
fingers and toes appear short upon isspection The Jast two abnormal
ties suggest a refationship to myosiis osuficans progressva and
achondroplasia Nothng 1s known of the fundarmentat cause of the
dssorder

1t appears hikely that the develop, 1 iy
related to the metabolic ones but that they are not mterdcpendent
{Albnght Forbes and Henneman 1952)

The of pseudo B dism 15 the same as that of
hypopamthyrmdxsm AT 10 15 used ksnger doses may be required 1n
the former condiiont
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CHAPTER 12

METABOLIC DISTURBANCES AND
THE HAEMATOPOIETIC SYSTEM

R B THOMPSON

IN the first part of this chapter the metabolism of haemoglobin and of
the pnnclpal substances known to be required for its synthesis 15
The 1 of new tect has greatly
our understanding of the metabolism of porphyrins and iron, so that
these subjects are presented mn some detal Since the ssolatton of

vitaruin B, and folicacid our knowledge of the 1 1c
resulting from deficiency of these substances has been greatly clanfied
and a bref summary of present views on this subject 1s mncluded An
1ncreased 1nterest 1n the influence of the endocrine glands on haemato
poiests has been stimulated by the discovery of cortisone and cortico
trophun so that the final sectton 15 devoted to ths subject The aim has
been to correlate as far as possible the advanees made 1n the laboratory
with the clinical of bolism as observed
at the bedside and to mdicate any therapeutio appheations
Haematologists have for so long been occupied with problems of
morphology and nosology that the concept of haematoposests as a
highly dynanmuc system 1s apt to be forgotten The haematoporetic
organ —the bone marrow—roughly equals the Liver 1n size weighing
1n the adult about 3 kg normally only about one half of 1t 15 said to
be 1n an active state Its function 15 to mamtain the normal require
ments of the body for erythrocytes granulocytes and platelets how
this actvity 1s controlled 1s not understood As the survival time of
the granulocytes and platelets 15 not known with certamty the rate of
production of these cells 1s not known 1t must however be very great
Since the normal survival time of erythrocytes 1s known to be about
120 days and since the number of erythrocytes in the body can bc
n be

the rate of prod of eryth can
Taking the mean clrculz(mg blood volume of a 70-Kg man to be about
53 litres and the red-cell count as 5 0 null per cu. mm of whole blood
the total erythrocyte count of the body would be about 26 5 x 10!
It follows that 22 x 10 erythrocytes must be produced by the marrow
each day this number of red cells contains some 6 5 g of haemoglobin
Since each gramme of hacmoglobm contains 334 mg of ron about
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22 mg of won must be utdized daily and equivalent amounts of Sebp
and porphyrin must be synthesized While these figures gne some idex
of the activity of normal marrow 1t 15 capable of very much greater
production Studies of patients with h ) pherocyhe)
anaema have shown that i an otherwise healthy patient the marrow
can produce up to six times the normal number of red cells per dy
without anaemua appearing (Crosby and Ackeroyd 1952) Tt s useful
to borrow the terms so commonly apphed to other organs and ref rto

P d di p d h P to this may be
added the term dyshaematoporesrs wihuch imples that the haemato-
potetic otgan s diseased or deficient of necessary factors and cannot
produce the normal requirements of the body Some of these factoss
requisite for normal haemoglobin synthesis and erythroporesss ase
discussed 1n the following sections

Reference
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HAEMOCLOBIN METABOLISM

‘The h glob lecule consists of four molecules of haem
attached to one of the protesn globin 1t molecular weight 15 about
68,000 Haem which 15 responsible for the ct \stie colour of
haemoglobin consists of one atom of 1ron i the centre of 3 molecule
of protoporphyrn (Fig 3) Because of its great importance att account
of 1ron metabolism 1s given first thes 1s followed by a discussion of
porphynn synthesss Next follows an account of globm and of the
remarkable series of vanations of this protemn which hase become
recognized 1 the last ten years

IRON METABOLISM

In the past our knowledge of the absorption an
wron was derived from tedious balance expenments W "
to vonsiderable analytical errors More recently, many studies of ﬂ;
metabofism have been made using tracer dases of radioactive o2 '{w ;

hinique has made 1t possible to won absorption and “c{; o
with greater accuracy to trace sts transport :n the plasma and1ts 'SOUS
bution 1 the body and to calculate the turnover between the vanw
organs and fissues which utdsze and store st By the use of the f:cht;lqm
now available the vanations 1n the distrbution and turnover ohxout
1 disease are fallmg snto fauly well defined patterns althoug
knowledge 1s by no means complete as yet

There %xre ng entirely satsfactory estunatioms of toe total body 108

d fate of mgested
hich were subject
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1 man but 1t 15 unlikely o exceed 4-8 g Using a rough estimate of
80 mi of wholc blood per Kg body weight and smce each md of
packed cells contarms apptoxumately 11 mg of iron the arculating
ved-coll mass of a 70-kg man contmns some 27 g of won that s
about §0 per cent of the total body sron Irom stofes m the form of
ferntn and haemosiderm amount to 12~15 g (Haskins Stevens
Finch and Finck 1952 Stevens Coeleman and Finch 1953) accounting
for a further 30 per cent of the total Only about 3-5 per cent of the
bady sron 18 present as myoglobn and probably less than { per cent 1s
contamed m other haem enzymes conterned with oXygen transport in
the tissues—cytochrome oxydase cytochtomes b and ¢ peromsdase
and catalase

To assess the dietary requirements for tron we need to know the
amount lost from the bedy and the proportion of dietary won which 1s
absotbed There 13 very sirong evidence that the body controls 1ts won
content by segulation of absorption by contrast with for example
sodm and potassium which are freely absorbed but are very closely
regulated 1 excretion This fact wiich 15 of fundamental smportance
1o our ding of tron bok was first clearly stated by
McCance and Widdowson {1937) Only traces of won are lost by
way of the gastro mtestnal tract (Widdowson and McCance 1937
MeCance and Widdowson 1938 Maddock and Heath 1939 Coppand
Greenberg 1946) Under normal circumstances unnary Josses of ron
are very small mdeed After excessive intravenous doses of iron qguite
farge amounts may transiently appear i the unne  appreciable losses
oeent m p 1 1 h bmura In men 1t is unlikely
that the total daaly loss exceeds 1 mg 1 women about 150-300 mg
of rron are lost asnually n the menstruaf flow Losses in pregnancy
total some 725 mg  of thus about 400 mg are transferred to the foetus
150 mg are fost with the placenta and 175 mg 1 accounted for by
blood loss This represents an average deficit of some 27 mg aday
duning the pregnancy (Hynes 1848) At pemods of boddy growth
extra 1mounts of wron ate also requred Notmal men must therefore
absorb up to 10 mg daly and normal adult women up 10 20 mg
with an merease duning pregnancy 16 approumately 37 mg

The most smportant dietary sources of won we liver beef muscle
epgs and dried frusts Moore and Dubach {1951) have shown by ustng
foodstuffs labelled with radicactive rop that t normal human
subjects only about 18 per cent of dietary 1won 35 absorbed {rom the
figures gnen above therefore st would appear thay the generally
recommended dady dietary intake of 12-15 mg 15 mummal There
seems no doubt however thot under conditions of sron depletion
there 15 an meresed absorption of son i some exrly experiments
Moore and Dubach (1951) nere upable to demonstrate any increase in
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1ron absorption 1n patients suffering from 1ron deficiency anaemia
later work by them however has reversed this concluston {(Moore
and Dubach, 1955} Chromcally anaemc dogs have been shown to
absorb far more radioactive 1ron than do normal ammals (Haha
Bile Ross Balfour and Whipple 1943) Hahn and his collaborators
in 1951 showed that with a dose of not more than 9 mg of iron between
the [>th and 25th weeks of pregnancy 35 per cent of ingested iron was
absorbed and after the 35th week the figure rose to 40 per cent The
patients studied by them were not anaemuc, 1t may well be that anaemic
women would absorb iron even more efficiently Balfour Hahn Bale
Pommerencke and Whipple (1942) also found that absorption was
mncreased during pregnancy to two to ten times that of non pregnant
women

Apart from such vaniattons in absorption to meet body requirements
the conditions m the have derable 1nfl on 1won
absorption It 1s retarded by a diet of high phosphate content whick
leads to the formation of insoluble iron phosphates Rats fed a very
Jow phosphate diet on the other hand show excesstve 1ron absorption
(Kinney Hegsted and Finch 1949 Hegsted Finch and Kioney 1949)
this observation 1s of mnterest m relation to the haemosideross seen it
Bantus (see below) A high calcrum ntake dimumshes the formation of
msoluble 1ron phosphate but excessive calerum mhibits iron absorption
(Anderson McDonough and Elvehjem 1940) ‘That won 3 mor;
readily absorbed 1n the ferrous form (Moore Arrowsmith Welch and
Miunmch 1939) was confirmed by Moore, Dubach Mmnich an
Roberts (1944) using radioactive ron 1 5 to 15 times more ferrous
than ferric 1ron was absorbed An acid medium 1s Iikely to enhance
the amount of dietary wron which 1s available for absorption by CU&
verting 1ron hydrowde 1n foodstuffs to ferrc 1ons and by reduciog :
formanon of insoluble phosphates At an acid pH accessory factors
act to convert the ferric to the ferrous form éhus ascortbxc Z}lldeE?::::\‘
and the sulph hydryl groups of protemns could carry ut such a
ata pH ot g or lyov?:er Bargr and Fowler (1937) found that pancxll:s \H(;g
achlorhydna retam less 1ron from a normal detarv mtakehl a;:argﬂ
patrents with free hydrochloric acid 1n the gastric ymce With 4 ity
wmtake of twon (500 g ) the retentron of won was not 1nfluence -
gastnic aaidity such unphysiological amounts presumably 5‘;9 30
normal mechamsms and mask therr effects Mettier and Mot (uenls
demonstrated that suboptimal amounts of 1ron admmstered to !fen e
with hypochromic anaemia gave better retrculocyte respons’s wMoorc
1ron was m an acid medwm In contrast to these observatians ) by
and Dubach (1951) fed radioactive sron (tncorporated in ‘(gig}sxyw
stomach tube at a pH of 1 5-1 8 to two pauents with untreate o
chromic anaemia At the end of one hour the pH of the gastnc &
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was still below 20 absorption of Fe® was no greater than 1n a control
period where the eggs were fed alone No effect on 1ron absorption
was noted when aluminm hydroude or sodm bicarbonate were
added There seems no doubt however that n the normal subject with
a normal dretary intake of rron gastnic acidity has some influence on
1ron absorption Also certan 1s the common assocration of achlor
hydna with 1ron deficiency anaena 1n the development of such anae
ma however other factors such as chromc blood loss and dietary
deficiency usually clearly play 2 very important part In the usual
therapeutic doses hydrochlonc acid 1s unlikely to exert any sigmificant
nfluence on gastnc acidity and 1s unhkely to be of any value in the
treatment of the achlorhydric patient with iron deficiency anaemia

Ascorbic acid has long been known to erhance 1ron absorption
(Powell 1944 Moore and Dubach 1955) It 1s always presumed to
act by keeping ironin the reduced state 1n the intestinal lumen 1t could
also upset the equilibnium 1n the mucosal cells and by ncreasing the
concentration of reduced 1ron 1ncrease the amount transfersed to the
plasma There seems no doubt that many of the hugh figures which have
been reported for percentage absorption of ingested 1ron can be ex
plamed by the simultaneous admimistration of ascorbic acid and ferrous
1ron

The most important site of iron absorption 1s probably the duodenum
although 1t can be absorbed under experimental conditions from any
area in the gastro intestmat tract (Hahn ez of 1943 Endicott Gillman
Breacher Ness Clarke and Adamuk 1949 Stewart Ywle Claborne
Snowman and Whipple 1950) This may be of importance as a factor
m the causation of 1ron defictenty anaemia after gastric operations
Some unpublished evidence suggests that those patients i whom the
duodenum s short-ctrewted are more Itkely to develop such an anaermua
because of the malabsorption of 1ron than are others 1 whom the
normal continuity 15 mawntamed

On reaching the mucosal cell the metal combines with an acceptor
protein apoferritin to form ferrin the 1ron being 1n the ferric state
Small amounts of ferrous rron are presumed to be present n the
mucosal cells 1n equilibrium wath the apofernitin and with the plasma
wron When the apoferritin 1n the mucosal cells has combined to full
capactty with iron from the intestine no more 15 absorbed until some
has been passed on to the plasma the 1iron content of which presumably
becomes lowered only with reduction of depot won This 1s a very
attractive theory but there are several preces of evidence which 1t fafs
to explain For cxample patients with permicious anaemua in relapse
and patients with haemolytic anaemias may absorb quite large amounts
of yron even though the plasma levels are high and there 15 clearly
plenty of tron 1a the tissues (Dubach Callender and Moore 1948)
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Rats rendered anaemsc by phenylhydrazine were found to hase more
storage wron than normal anmals, this could be accounted for oaly by
an 1ncreased absorption of dietary 1ron (Stewart Vassar and Stone
1953 Kaldor 1954) In pyndoxine deficient swme there ss elevation
of plasma won defective synthesis of haemoglobin, and the total
body 1ron 1s elevated above normal yet absorption continues m these
ammals (Wintrobe, Folls Miller Stemn Alcayaga Humphreys
Suksta and Cartwnght, 1944) In haemochromatosss too there 15 2
breakdown of the controlling mechanism

Iron 1s transported 1n the blood stream by an 1ron binding protent
winch 1s probably a specific carrier each molecule can carry two atoms
of 1ron 1n the ferric state This protein has been named transfernn o
siderophlin 1t 15 a B, globulin (Cohn fraction IV—7) of molecular
weight 90 000 The total iron binding capacity of serum 1s 240-300 g}
100 ml of serum but normally 1t 1s only one third saturated with wron
The total iron binding capacity of serum can be measured 1t 1s increased
1 acute and chronic blood loss and 1n pregnancy and infectrve hepa
titis In acute and chronic infections pernicious anaemia haemolytic
anaemma  ctrrhosis and mal y 1t 1s d hed Iron
myected 11 excess of that which can be bound may well be responsible
for some of the reactions observed with large intravenous iron dosage

The serum tron level 1s simply the sum of the amounts of wron being
transferred between the varous organs and tissues utilizing or stonsg
it and that enterng the body by absorption The values m normal
subjects gwven by Powell (1944) were 143 ug /100 mi for men (SD 24)
and 117 pg {100 m1 for women (S D 26 5} Not all workers are agreed
about this sex difference and others some usmng different methods
have reported somewhat different fignres Those given howeser fall
within the commonly accepted range

The serum 1ron level 1s reduced 1n 1ron deficrency anaema 1t l:d
fections (p 222)and durngperiods of active haematopoiesis Tt 1s elevat
above normal 1n Addisoman pernicious anaenna i relapse 1m haemo
Iytic and hypoplastic anzemias and as will be discussed jn more
detad below mnh 1 ana allted disord HCPBWW““:;
damage also results i sigmficant increases mn serum 1ron Jevel
15 especially marked dunng the acute phase and falls with recowri
1t 15 not ratsed m early obstructive jaundice or m cirrhosis (Pe“;:g]
1952 Rerssmann Boley Chnstranson and Delp 1954) It 15 pro! :dy
released mto the plasma from liver cells which have been dcstroznm
There 15 evidence to suggest that the same thing ‘happens with vita
B, 259;

1}1‘(;,11 15 p)robably passed from the transferrin of the plasma t;cilz:;;:
receptors 1t 1s most unlikely that transfernn atself enters tth Tt
(Laurell 1951) There 1s no mterchange of plasma iron Wi
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1ok 1 1

sneorporated sn the of mature ery Y
(Hahn Bal~ Ross Hettigand Whipple 1940)

fron 15 stored partly ns ferntn and partly ns hsemosiderin the
Tatter 15 probably an aggregate of ferntin molecules and tends fo appear
with an wetease m depositon of cellular won above a certamn powt
{Finch ez af 1950 Gabno Shoden apd Finch 1953 Shoden Gabno
and Finch 1953) Hi derin 15 visible pically as golden
brown granules whercas ferntin s not and at 1s stamnable by wron stams
which fail to demonstrate fetritin Tron can be teadily mobihized from
both ferntis and hacmosidenn deposits umless these are unusually
masstve and have produced cell damage Even the haemosiderin in the
Iner 11 haemochromatosis can be utthzed for hacmoglobin synthesis
\f sron stores are depleted by phicbotomy (Finch efal 1950} A very

method of 10 11 sternal p

matenal by staring with the Prussian Blue reaction has been used t0
estimate 1ron stores In the normal subjgect small amounts a1e present
these 15 & straking difference between men and women the Iatter having
much Jess 1on stored as haemosiderin In won defictency there 1s @
wirtuat absence of martow wron (Stevens ez af  1953) and it has been
shawn that stores of haemesiderin and fernitn must be depleted before
sron deficiency becomes mamfest m the cuculating red-cell mass The
amount of sron stored by normal human subjects was estimated to be
about 1200-1500 mg mn 2 series of experuments where repeated weekly
phiebotomues were carnied out until sron deficiency became apparent it
the perspheral blood (Haskins er of 1952) After these phlebotomues
ton ferels in the serure remaed low for many months and one subject
who was bled again a year later had practically no stores Iron reserves
seem o be very slowly Teplaced after depletion stores were only very
shightly ancreased by imitwl won feeding six months of such feeding
tncreased them by only about 200 mg

Probably 1n the normal the amount of iron leaving the plasma
each day for hacmoglobin synthesis averages 20 mp Extensne studies
using fadioactn ¢ ron of the tumover of tron 1 the body have been
undertaket By means of surface counters it 15 possible to measure the
amount of radioron taken up by vanous tissues and orpans after
admunistration by either the oral or parenteral route In disorders of
haematopoicsss several pafterns are described {Elmbinger Huff Tobias
and Lawrence 1953) Excessive rates of 1ron turmos er 0cCur 1n anaemmas
where tere 35 a shortencd iife span of red cclls and an excessne pro
duction Low rates of tumover on the other hand oceut 1n anaemas
where there 1s aplasia or hypoplasia of the marrow whether from
primary disorder of the marrow stself or from a secondary imv ol ement

feuk ato!h‘cr pk: s orm Josch Ttis possible
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from enlargements of the spleen from other causes and espectally to
distingush those cases in which excessive destruction of erythrocytes 1s
promunent A recent paper on the clinical appheation of this technique
?fgssg)een published by Wetherley Memn Hutt Langmead and Hll

‘When 1ron 1s admunstered to a patient with yron deficiency anaemia
1t 15 raptdly utihized for haemoglobin formation, mdeed radio sron has
been detected 1n haemoglobin as early as 4-8 hours after admunstration
A response to 1ron 1s heralded by a reticulocyte peak, just as s the
response of Add PermLIous to vitanun B, The tme
of the peak and the duration of 1its rise are comparable—usually the
peak s from the fifth to the tenth days and the rise lasts about 12 days
The shape of the curve after wron 15 however often much flatter its
height 15 1 proportion to the severity of anaemta as measured by the
haemoglobin level Wintrobe and Beebe (1933) observed a temporary
ncrease 1n erythrocyte count to 6 mulhon lasting sometimes for 2
month or two after iron therapy The red cell count may be above
normal even when the haemoglobmn level and the size and haemoglobin
content of the red cells are still far from normal Even the haemoglobin
reaches normal values before the MCV or MCH Thus the sed cell
count 1s not a safe guide 1n esttmating the need for further treatment
and even the haemoglobin Jevel 1s not altogether rehable

After the reticulocyte peak the haemoglobin commences 1o i€
thus occurs at an average daily rate of 015 g but 1s very vanable and
may reach 025 g or be as ittle as 0 1 g /100 ml /day Tt does not seem
possible to exceed this amount apprectably however the ion 18 ad
mmstered, with adequate oral therapy the rise 1s almost as rapid a8
with parenteral iron ad ration The reticulocyte peak 15 however
greater with parenteral iron It must be remembered that the ansemit
must be corrected and then the body stores bult up this takes tme
with oral therapy which should be contmued for many months
(Hashins ef al  1952) An advantage of parenteral iron 1§ the ease by
which stores may be replaced by 1ts use Tables are avalable for (e
calculation of dosage and many formulae have been devised Simee the
1ron content of the haemoglobmt of a 70-kg patient 18 about 27 &
a rough estimate of the 1ron deficiency can be made in any anacmli
pattent 1t will vary from about 03 to 20 g Adding to this the amaun“
of 1ron required to replace stores—about 10-15 g—an estimate &
be made of the amount of iron required mn the therapeuic course .

As has been mentioned above ascorbic acid will greatly enhance ‘;101'
absorption there 1s no convincing evidence to ndicate that any atl fs
substance should be added ta oral 1on preparations The Y?—SPO'::N
i fact to plam worgantc 1ron preparations such as ferrous sufio .
or gluconate alone are usually very satisfactory In a patient %
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not actualy bleeding and who ss suffermg fram a proveniron deficiency
anaemua and who has undoubtedly been takmg a potent oral wron
preparation non response wilt usuatly simply an absorptive defect such
as the sprue syndrome
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DISORDERS ASSOCIATED WITH ABNORMAL IRON METABOLISM

The Anaema of Infection

The anaemia so commonly associated with infec
many types of tissue damage receives very httle atten o
text books, patients suffering from this disorder mor:ovcé am:mnﬁ
monly subjected to quite useless treatment by various hac oot
because the nature of the underlying metabolic disturbance 18 U

nized The subject has been very comprehensively reviewed ectatly

tons and wib
tron 10 medical
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by Cartwright and Wintrobe (1952 and 1955) to whose work 1n this
field much of our present knowledge 1s due

Anaemua 1s most commonly associated with chromic infections mn
the respitatory and gemito unmary tracts 1t occurs also with osteo
myelitss brucellosis and some fungal mfections The location of the
mfective process and the type of mfecting organtsm do not appear to
be significant The anaemia so frequently associated with neoplastic
diseases Hodgkin s disease collagen diseases trauma and burns and
that which can be produced m laboratory animals by the injection of
turpentine 1s characterized by very simmlar laboratory findings Al
though the term anaemia of infection 1s clearly madequate 1t 1s
retained for convemence

Although excessive haemolysis may occur with some of the conditions
mentioned above there 15 no ncrease of red cell breakdown 1n the true
anaema of mfection Blood loss must of course be excluded A poor
dietary intake of iron 1s likely 1n pauents suffering from a chromc
mfective fllness and smpaired absorption may also occur however a
slight microcytosts and hypochromma appear only i prolonged and
severe cases It 15 of course quite common for an ron-defictency
anaenmua or a megaloblastic anaermia to occur 1n a patient with one
of the disorders mentioned above as causing the anaemua of mfection
In such patients the response to specific therapy will partly depend upon
the activity of the underlying disease process A patient for mnstance
with rheunatoid arthritss who 1s iron-deficient will often respond quite
well to 1ron therapy although normal levels may not be reached until
the underlying rheumatord disease 1s 1n a quiescent phase

In the true anaemia of infection the anaemia 1s usually mild and 35
normochromic and normocytic The most striking change 1n tron
metabolism 15 i the distributron of body 1ron a great concentration
occurs 1n the liver and spleen A greatly increased turnover rate of
radioactive 1ron 1n the hiver has been well demonstrated in patents
with rheumatoid arthnitis by Elmlinger ef af (1953) There 1s evidence
that duning infections the iron content of reticulo endothelial cells
wncreases markedly It seems likely that this diverted iron plays an
active part in the defence mechamsm of the body agaunst infection or
1 reparative processes but this role 1s not understood There 1s 2
reduction 1 the plasma tron level and in the iron binding capacity of
the serum the low transferrin levels are not however responstble for
the hypofermerma (Cartwright and Wintrobe 1952} Thus hypo
ferraema so charactenistic of the disorder 1s found early in mfections
frequently within 24 hours of the onset In mild cases hypoferraemia
15 often seen without anaemia with persisting infection the rron level
remamns low and anaemia may develop later As the anaema subsides
with resolution of the infective process the plasma tron level gradually
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returns to normal The anaemma cannot be relieved by the admimstration
ofron 1t responds only with recovery from the primary disease process
During infection combative mechanisms appear to be of greater 1m
portance than the maintenance of normal erythrocyte levels but what
determines this shuft of prionities 1s unknown The free ervthrocyte
protoporphyrin (g v } has been found to be mcreased so that up to this
stage haemoglobmn synthesis appears to be ummpaired the observation
may indicate a defect in the insertion of iron mto the porphyrin mole
cule or a defective synthesis of globm

Polycythaerua

Polycythaemia vera 1s a condition characterized by a progressive
and persistent elevation above normal of the total number of red cells
1 the circulation It 1s not solely a disorder of red cell production for
elevated white cell counts and an increase of platelets are equally
characteristic moreover there 1s a very defimte tendency for patients
to develop leukaemua The condition has recently been the subject of
most valuable reviews by Lawrence Berlin and Huff (1953) and by
Lawrence (1955) Polycythaenia vera must be fully distingmished
from polycythaema secondary to cardiac or pulmonary disease or to
hving at high altitudes 1 which condittons white cell and platelet
abnormalities are not found

In polycythaemma vera the total blood volume 1s elevated because of
a high red cell volume the plasma volume 1s usuallv decreased As
would be expected there 1s a very greatly increased turnover of 1ron
but the values for this are often greater than those calculated on the
assumption of a normal 120 day survival ime for red cells This 15
explained by the presence of some abnormal red cells with 2 shortened
survival time (Berlin Lawrence and Lee 1951) Whereas m normal
persons about 20 mg, of iron leaves the plasma datly for haemoglobm
production 1n polycythaera vera this datly turnover 1s always tugher
and may be as much as 200 mg In secondary polycythaemra on the
other hand the 1ron turnover 1s about that expected with a normal 120-
day survival time A further difference m the two disorders 15 apparent
after oxygen admmstration for whereas 1n secondary polycylhne'ml;
thus procedure depresses plasma iron turnover and won uptake by re
cells no such effect 1s produced m polveythaema vera An interestiig

jon Of
application of recently developed 15 1n the 1
certain cases of polycythaemua with very large spleens and us‘::}(li’

very high white cell counts In some of these there s5 a very poor up
of?;dl;ﬂalctwe 1ron by the bone marrow and evidence of erythropoiests
1 the spleen The marrow may show aplasia hypoplasta or fibrosis .
In some cases elevated unc acid levels are found i one lﬂrfo
series gout was found to be associated with polycythaemia vera 11t
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per cent of patients (Videbaek 1950 sec also Shelburne and Hanzal
1932 Tmney Polley Halland Giffin 1945) A variety of polycythaemia
has recently been described by Lawrence and Berlin (1952) which they
call polycythaenua of stress It 15 usually seen 1n men in fourth and
fifth decades there 1s usually hypertenston and some of the patients

had been subjected to undue nervous stress and strain  These 1
dividuals have a low plasma volume but a normal total red-cell volume
These cases seem to fit well with those described by Gaisbock (1922)
and are often referred to by his name 1t 15 important that they be re
cognized for the polycythaemia must not be treated by any of the
measures used 1 polycythaemia vera

Disorders Assoctated with Excessive Amounts of Depot Iron

There are several disorders ch 1zed by excessive iron d
For the classical synd the name 1 h 15 Tetatned
The term haemosiderosts 15 used for those cases secondary to multiple
transfusions and to certain cases observed 1n the Bantu race It 15 also
used for the excessive pigment so commonly found m haemolytic
anaemias 1n the latter however the total quantity m the body does
not usually approach that found m the other disorders The haemo
siderosss which follows red cell breakdown 1s mainly concentrated in
the reticulo endothelral system with ntravascular haemolysis and
after experimental injection of haemoglobin mtravenously extensive
deposits of hacmosiderin occur m the renal tubules (Finch et of
1950) A recent review of experimental work on the deposition of 1ron
1n the tissues after administration of different forms of the metal has
been published by Nissim (1953)

(1) Haemochromatosis As has been pointed out above the body
can excrete only mnute of rron In b there
fore the enormous deposits of between 25 and 50g of tron found in the
tissues must result from a breakdown of the mechamism by which the
body normally so accurately controls iron intake If the disorder were
congenital an absorption of an excess positive ron balance of only
1-2 5 mg a day would account for the deposits commonly found by the
age of 50 The occurrence of occasional familial cases 1s certamnly in
favour of an mhented defect but the possibility that the abnormality
can be acquired 15 certainly not excluded Radioactive iron studies
(Dubach Callender and Moore 1948 Alper Savage and Bothwell
1951 Howard Balfour and Cullen 1954) have confirmed that there 1s
ndeed an increased absorption of 1ron  some of the earlier denmals of
thus were not warranted from the bl d This d
absorption 15 the more remarkable as 1t occurs 1n spite of very high
serum 1ron levels and almost complete saturation of the 1ron carrying
protein So hugh are the serum 1ron levels and so great 1s the saturation

METAB DIS—8
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that estimations of these have great diagnostic value 1n the investigation
of suspected cases (Houston and Thompson, 1952) Sumlar findimgs
are obtamed only m patients with transfusion haemosiderosis Perm

c1ous anaermia 1n relapse and so called refractory anaemuas are asso

ciated with raised serum 1ron levels but the iron bindng protemn 1s Jess
saturated than in haemochromatosis Moreover diagnostic difficulty 15
unlikely 1o anse with these disorders As would be expected from the
saturated state of the transferrin in haemochromatosis after a test dose
of iron serum levels are charactensstically flat and do not show the
normal mcrease Presumably iron can be transferred only from the
testine to the plasma as fast as deposition of 1ron takes place m the
tissues Extremely high serum mon levels have occasionally been re

ported 1 one mstance a4 termmnal value was 4020 pg /100 ml
another patient values of 7040 and 8000 pg /100 ml were obtamed
(Howard ef al  1954)

Since the 1ron stored 1 the tissues 1s nearly all avatlable for haemato
poiess 1t 15 possible to remove most of the deposits by repeated bleeding
at weekly intervals the patient will not become anaemic until the
stores are exhausted Disodium calcium versenate has been adminstered
ntravenously 1n an attempt to merease iron excretton m the unne
Figueroa Adams Davs and Bassett (1955) conclude that white such
treatment may be of value in secondary haemochromatosis 1t does not
produce a great Joss of 1ron and so 1s no substitute for phlebotomy
1diopathic haemochromatosts Further 1ron absorption can be retarded
by gwing oral phosph 1gofd phosp. with meals 1»
recommended A very full account of all aspects of haemochromatosis
has recently been published by Finch and Finch (1955)

(2) Transfuston Haemosiderosis This disorder was first described
1937 by Kark 1n a patient who had recetved over 290 transfustens mn
mne years Since that time many more cases have been described and
the disorder must be reckoned among the hazards of multiple blaod
transfusion About 250 mg of wron are contamed 1n 500 mt of blood
so that only transfustans of 100-200 pats are ikely ta lead to 2 depost
tion of won comparable to the amounts found commonly 1 haemo
chromatosts Diabetes 1s rare in these patients though haemosiderosis
and fibrosss were found 1n the pancreas 1n ali of eleven cases examned
(Schwartz and Blumenthal 1948) Skin changes are not common neither
1s the sexual hypoplasta so charactenstic of haemochromatosis The
time factor ss no doubt of great importance 1n the development of the
full picture of haemochromatosis_those patients who recerve the greatest
number of transfustons over the longest time show the greatest degree
of deposttion of pigment and of tissue damage (Schwartz and Blu
menthal 1948) The relationship of the deposition of pigment to the
development of fibrosis though often assumed 15 not yet proved and
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1s still controverstal The ery stnking male preponderance i all senes

of patients with h and due probably to the far
greater 1ron losses m menstruation and n pregnancy 1n the female 15
not found in transfusion hacmoslderosns

A patient with chronic b anacmx:\ who
ture of after prolonged oral iron therapy has been
descnibed (Wallerstein and Robbins 1953) he took approxumately
1600 g of ron as a placebo over a twelve year pertod Analyses of the
liver and spleen showed a total of over 15 g of wron which would
represent an asswmitation of about 3 per cent of the oral wwon medication
about 3 5mg a day

The wrster has seen one patient who was given nearly 15 g of mntra
muscular 1ron n error She presented with an intense brown pigmenta
tionof theskin the serum ron was 145 pg /100 ml  but thus represented
complete saturation of the iron binding protein There was no evidence
of any viscerat dysfunction

(3) Haemosiderosis 1n the Bantu Heavy deposits of iron 1n the viscera
are very commonly found in the Bantu races of South Aftica This
disorder has been the subject of a recent study by Higginson Gernitsen
and Walker (1953) They constder that excess dietary mtake of 1ron 1s
a possible explanation in these cases The Bantu diet s low 1n phosphate
which 15 a possible contributory factor and it has been found 1n some
nstances that as much as 100-150 mg of 1ron may be ingested daily
and 15 denved from cooking pots (Walker and Arvidsson 1950)
Higginson and tus co authors are impressed by the distribution of won
in thetr cases 1t seems more concentrated in the reticulo endothelal
system than m the parenchyma of organs as in haemochromatosis
The pancreas and heart are rarely mvolved and diabetes 1s very un
common They do not think that there 15 any relationship between the
deposition of prgment and the development of cirrhosts and fibrosts
an opmion also held by Gullman and Gillman (1947) Cases are fre
quently seen where there 1s intense pigment deposition and yet no
fibrosis The relationship which this disorder bears to haemochroma
tosts though often held to be close evidently requires further 1n
vestigation
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COPPER METABOLISM
The daily requirement of the body for copper 1s about 2mg thisis
adily supplied by even a very poor deet and no uncomplicated case of
ypper deficiency has ever been reported mn man the subject has been
smmarized by Cartwright (1947) Moore (1945) gave anaemic children
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copper sulphate two weeks after 1ron therapy and observed a second
reticulocyte peak, 1t 1s therefore possible that copper may increase the
haemopoietic response to 1ron therapy in children but this has never
been demonstrated 1n adults and the addition of copper to 1ron pre
parations 15 quite unnecessary

It 15 known that m rats copper plays a part 1 the formation of
cytochrome A cytochrome oxidase and catalase (Schultze and Kutken
1941) Most of the copper in the plasma 1s bound to a globulin 1n
the g, fraction known as coeruloplasnun It 1s thought unlikely that
this 15 analogous to transferrn n that 1t 15 not involved 1n copper
transport  Hypercupraemia 15 found m infections (Cartwnight and
Wintrobe 1952) 1t 1s increased 1n the plasma n pregnancy but de
creased m the plasma and whole blood and increased m the red cells
1n 1ron deficiency Recent knowledge of the subject 1s summanzed by
Cartwright (1950) There can be no doubt of the important metabolic
role which it must play but the precise function of the copper so um
versally found 1n animal tissues 15 as yet unknown
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PORPHYRIN SYNTHESIS

The very large number of porphyrins synthesized 1n the laboratory
by Fischer and his school proved the nature of the porphyrin nucleus
and settled the configuration of the side chamns It 1s only recently
however that a senes of fascinating studies has clanfied our under
standing of the processes whereby porphyrins are synthesized by lxvmg
cells In many of these pically labelled
suspected of taking part m porphyrin synlhcsxs have been added to
suspensions of lving or lysed avian erythrocytes The porphyrns
synthesized 1n these systems were then analysed for 1sotope content
and the degree of mcorporation of the vanous compounds was esti
mated As a result of such experiments the porphynin molecule 1s now
known to be synthesized by the condensation of glycine with a com
pound derved from succinate and a oxoglutarate The onginal expert
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ments indicated that C'* labelled acetate was converted to a 4 carbon
atom assymmetrical compound by way of the tricarboxylic acid cycle
(Shemin and Wittenberg 1951, Shemun and Kumin 1952) Two
molecules of a succinate ntermediate were thought to condense with
one molecule of glycte to form a porphyrn ring structure as dicated
m Fig 1 More recently, 1sotopically labelled compounds have been

SUCCINATE
COOH (IZDON fIZOOH
CH CH
21 ==2] Hoog o
(IZH (':H H.C !l:H
[
COOH COR He  COR
H ROC /CN—COON
/C—COOH N
LU N H
GLYCINE PYRROLE
PRECYRSOR

Fic 1 Hypothetical scheme of porphyrin synthests

synthesized which are derivable from glycine condensed with one or
two malecules of succic acid to see if they were more readdy 1n
corporated mto haemin than free glycine and succinic acid Shemin and
Russell (1953) have shown that the incorporation of N5 and of C*
labelled aminolaevulinic acid into haemin 1s forty four times greater
than that of labelled glycine The following account of a further series
of experiments 1s taken from the recent paper by Neuberger and Scott
(1953) 1t s tllustrated 12 Fig 2 A carboxyl group of succinate may
condense with glycine 1n two ways forming either succinamudoacetic
acd (I) or @ amno g oxoadipic acd (IT) Compound (i) would readily
decarboxylate to form & ammolaevulinic acid (I11) Erther compound
(D orcompound (IIT) could by addition of a second molecule of succime
acid be converted to $ sucemamidolaevahime acd (IV) By oxidative
self condensation this compound mught then form a pyrrole (V) Also
pound (IIT) could cond to give a pyrrole with 1 addition an
amuno methy! substituent (VI) The first pyrrolic compound formed 1s
probably (VI) and it 1s of great mterest that a structure for porpho
bitmogen has recently been suggested which 1s :dentical with compound
(VD) (Cookson Rimmgton and kennard 1953 Cookson  1953)
TFurthermore evidence has been brought forward by Falk Dresel and
Rumngton (1953) that porphobilnogen when mncubated with lysed
avian red cells was converted to a mixture of porphyrns m 607/ yreld
It 15 apparent that the porphynn formed by such a scheme would
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have acetyl (CH COOH) and propyl (CH CH, COOH) side chams
this 1s the configuration of uroporphynn (Fig 3) By successive de
carboxylations methyl (CH,) and vinyl (CH CH ) side chams are
formed leading to copro and proto porphyrin This hypothesis has
not yet been proved uncertamnty still exists about the relationship of
coproporphyrin 1t probably 1s a true intermediate but some consider
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vy I 1
COOH coon soom
GOOH CHy GOOH CH, coow ¢H,
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Fic  Illustrates the synthesis of the porphynin ring according to Neuberger and Scott
{1959 1 acd 1T 8- d acd 111 & acid

c
IV 6 succtnamdolaevulinic acid Compounds V and VI are hypothetical porphynn
precursors compound V1 probably identical with porphobilinogen

1t more likely to be a by product The function of the propy! groups
appears to be 1n the o of the haem molecule and its h
to globin The vinyl groups seem to be necessary for the incorporation
of iron into the ring the methyl groups are presumed to be mnert they
act as a protection and render the nng more stable

Fischer recognized in 1930 that there were four possible porphyrin
1somers 1n nature only types I and III are found As can be seen from
Fig 3 the difference lies 1n the arrangement of the side chains 1 type 1
porphyrins these are symmetrical but in the type 111 1somers to which
the porphynn of haem belongs the order 1s asymmetnical so that the
two propyl groups are adjacent Tt 1s impossible to derive one type of
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porphynia from the other The reason for the occurrence of only these
two 1somers has been the subject of much conjecture the order
which pytrole nngs are Iinked and the arrangement of the amino methyl
substituents (Frg 2 VI) i the condensation process to form the
methene bridges are probably the controlling factors

Erythrocyte Porphynns

Circulating erythrocytes contan coproporphynn (ECP) and proto
porphyrin (EP) 1n the free form uroporphynn has not as yet been
demonstrated m erythrocytes These findings correlate with the demon
stration of fuorescytes by Seggel (1940) which are red cells exhibiting
fluorescence 1n ultraviolet no doubt due to the presence of free por
phynns The EP 15 nearly all of the III ssomer the amounts of ECP
present correlate extremely well with the reticulocyte count The normal
range of ECP values 1s 0-20 ug /100 m! of erythrocytes the mean
value for BP 15 about 30 g /100 ml (Watson 1950 1951) In Table I

TABLE 1
Erythrocy e Ery h ocyte
D sorder Protops pipn (EP) Coproporphyr n (ECP)
Iron defic ency Very great increase Normal or sight increase
Infect ons. Great wcrease Normal or low
Lead po somng Great and maybe enormous Great increase
ase
Haemolyt c anaema  Moderate increase Great nerease
—— |
Pertuc ous anaem a !
Relapse Low normal ‘ Not demonstrable
On treatment Ruses but later than EC Early sharp nise w th sl ght lag
behind and close correlat on
with ret culocytes

the variations in these values 1n certain blood disorders are given In
1ron deficiency porphynin synthesis 15 pormal and the red cells are
filled by protoporphynn which has no lable iron for ats

mnto haem This finding 1s evidence 1n favour of the concept that haem
and plobin are formed as separate entiies before combining In the
anaema of infection the findings are similar except that the proto
porphynin values are not so lugh As 15 stated on page 224 1t 1s thought
that i the anaemza of 1afection there 15 interference with the nsertion
of 1ron 1ato the porphynn ning though there may possibly be a defect
of globin synthests In both wron deficiency and infection the copro

METAB DIS.—8
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porphyrins are low presumably there 1s no interference with the
decarboxylating mechamsm responsible for therr conversion mio
protoporphyrin In lead poisonng the findings are of great nterest
There 15 at trmes an enormous increase m EP values and these are
always greatly raised There 15 also a great increase 1n ECP st will be
recalled that coproporphyrin IIT also appears m the urme The present
concept s that lead interferes with the conversion of copro to proto
porphynn and probably also with the formation of haem The above
findings and other facts (Watson 1936) strongly suggest that the major
role 1n the production of the anaemia of lead poisoning 15 played by
mhibition of haem synthesis Any severe degree of haemolysis 1s
exceptionally rare 1 chronic lead poisomng the writer 1s unaware of
any detailed studies of red cell survival Certaimnly 1 acute lead poison
1ng—as in patients treated with lead for malignant disease—there was
evidence of actual damage to the erythrocytes anditis probable that the
erythrocytes of chromc lead poisomng are also damaged and pre
maturely removed from the circulation That haemolysts 1s 1n part
responstble for the anaemra of lead poisoning 1s suggested by the ammal
experiments of Barkie (1954)

In haemolytic anaemias the findings at first sight suggest a block
the formation of proto from copro porphyrin but 1t seems probable
that the red cells are formed and discharged mto the circulation too
rapidly for full synthess to occur In permicious anaemia in relapse
haemoglobin formation may well have time to proceed fully before
the ) i h. lok dp lose ther nucler and the
cells are released mto the circulatton This 15 concewvable even after
considering the icreased rate of destruction so commonly found 1
pernicious anaemia 1n relapse After treatment the ECP nises sharply
with a slight lag behind the reticulocyte count later still the EP also
rises

Abnormal Porphyrmn Metabolism

Abnormalities of porphyrin metabolism are usually separated 1nto
the porphyrnurias and the porphyrias The former comprise those
cases where abnormal amounts of porphyrin are excreted 1n associationt
with various disorders such as possomng by lead and other heavy
metals diseases of the liver, anaemias and infections The porphynias
are a group of metabolic disorders probably all congenital, though
often not becomng manifest until later 1n Ife It 1s unfortunate that the
nomenclature of porphyrins 1s so confusing The ntme coprcporphyﬂﬂs
was given to a porphynn first 1solated from faeces uroporphyrin wad
first recovered from the urine Protoporphyrin was origially assurme
to be the parent substance for 1t was not realized that porphyrins :ln‘e
precursors and not breakdown products of haem The term haemato
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porphynin 15 stll wrongfullv applied sn clinical text books to the mix
ture of porphyrins occurring 1n the urine 1n acute porphyna

Porphyrmuria

Here excesstve porphyrin excretion occurs but there 18 no primary
disorder of porphyrin metabolism as m the porphyrias and the amount
of porphyrin excreted 15 far smaller The abnormal amounts of por
phynn do not as farasis known give nise to any symptoms such as are
so characteristic of the porphyras

Fxeessive excretion of coproporphyrm IIT occurs in porsoning by
chemicals and heavy metals such as Jead It 15 also found durimg the
course of aplastic anaemuas and those anaemas loosely called re
fractory Thus finding offers some support for the suggestion that many
of these aplastic states are a result of chemical poisonung of the marrow
Under conditions of increased erythropoiesis there 1s mcreased excre
tion of type I porphyrins 1t 1s presumed that these are by products of
the 1ncreased 1somer 111 production Porphyrmuna occurs commonly
1n cirthosts of the liver Some very interesting recent findings are dis
cussed by Watson (1951) who has shown that 1n non alcoholic cirrhosis
andmh there 15 of type I 1somer whereas
type III 15 found 1n alcoholics and persists for long penods m those
with cirrhosis On both obstructive jaundice and infective hepatitis
type I 1somer 1s found The excessive type 11T excrenon i Hodghins
disease and 1n poliomyeltis 1s as yet

A discussion of porphyria 1s given 1in Chaplcr 13 p 328
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GLOBIN

Globin 15 a protein with a molecular weight of about 66 000 Unusu
ally large amounts of lustidine are present n the molecule This 15
largely responsible for the basic character of globmn The imdazole
groups of histidine are probably of great importance 1 the Linkage of
globm with the 1ron atoms of haem the precise nature of the haem
globin bondng 1s not as yet fully understood

Intense protem synthesis 1s known to occur 1n the basophilic nucleated
red cell precursors of the bone marrow and 1t 1s assumed that these
cells are the site of globin production It has been cleatly shown m
laboratory ammals that protein starvation produces an anaemia which
1s reversible after protem feeding (Cartwright, 1947) Defective globin
synthests may occur 1n certain anaemias of malnutrition but this has
never been proved 1t 1s also a remote possibihity 1 the anaenua of
fection (g1 )
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CONGENITAL ABNORMALITIES OF HAEMOGLOBIN INVOLVING
THE GLOBIN MOIETY

Tt has been known for many years that there are differences mn chemi
cal and physical properties between the predomumnant haemoglobin of
the foetus (haemoglobn F) and that found 1n the normal adult (hacmo
globm A) these differences are reviewed m some detatl by White and
Beaven (1954) In haemoglobms F and A (as well as in other variants
to be discussed below) the haem motety 15 1dentical only the globm
differs H lobin F can be d hed most convemently front
haemoglebm A by means of its very much greater resistance to de
naturation by alkal: (Siger Chernoff and Smger 1951) Using this
techmque 1t can be demonstrated that foetal haemoglobin predomunates
during sntra utermne bfe and at birth comprses from 55 to 98 % of the
total haemoglobm Three to four months after birth 1t 1s greatly reduced
but 1t can be detected until the end of the second year 1 normal
individuals In a group of disorders of the blood forming organs i,
adult patients small amounts of foetal haemoglobin were found by

Singer e? al (1951) .
The alkali denaturation test 1s relatively crude however and mor
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recently 1t has been found by using a more delicate quanbitative
precipitin test that over 509/ of normal adult bloods contain remark
ably constant of foetal 1 lobin (Chernoff  1953)
Usually there s less than 0 1 4 present but occasionally 109, may be
found To detect such mmnute amounts of foetal haemoglobin with
certawmty a very hugh degree of purity of immunizing and test antigen
1s essential When this more refined techmique was used increased
amounts of foetal haemoglobin were found during the second trimester
of pregnancy 1n ten out of mnety one patients studied by Rucknagel
and Chernoff (1955) Later in pregnancy these amounts decreased no
mcrease was demonstrated after deltvery The authors conclude that
the foetal haemoglobin was produced by the mother as a response to
the stress of early pregnancy just as foetal haersoglobm appears mn
mcreased amounts In certamn blood diseases It seems very improbable
that the foetal blood could be accounted for by transplacental transfer
The method was not sensitive enough to detect such mmute amounts
of foetal blood as 1t 15 postulated may be transferred across the
placenta and result 1 Rh sensitization Amounts of foetal blood
exceeding 10 mi would however have been detected

The electrophoretic mobility of foetal haemoglobin lies between that
of adult h lobin 2nd sickle cell h lobin (see below) so that
1t 1s difficult to distinguish a small foetal component 1 mextures of the
other two by this techmique More recent methods employng 1on
exchange chromatography have however succeeded n obtamning
good separation of foetal and adult haemoglobins as well as other
vanetes (Prins and Huwsman 1955)

Amino acid estimattons have been made by chromatography
within the last few years and it has been shown that the most strikung
differences are 1n the hugher amounts of serine and 1soleuctne and lower
amounts of valine mn foetal as compared with adult haemoglobin
(Schroeder hay and Wells 1950 and Van der Schaaf and Huisman
1955) By thus techmque the presence of traces of foetal haemoglobin
{03-04 /) was confirmed m the blood of normal adults (Huisman
Jonxis and Dozy 1955a)

Apart from the condit d d above h lobin F 1s found
most promently 1 certain nhented disorders either with haemo
globin A or with some other pathological haemoglobin Chernoff
(1953) by immunological methods has shown that the alkah resistant
haemoglobin 1 these mherted haemoglobinopathies 1s 1dentical with
that produced by the normal foctus

In both forms of Mediterranean anaemia (thalassaemua major or
Cooley s anaemua and thal minor) h lobins A and F
are found 1In the minor form only a small proportion of F occurs but
1 the major variety 1t may comprise 40-100% of the total It 1s
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probable that m the mmor form only one gene 1s present but m
thalassaemia major fwo genes occur, if the parents of a major case are
examined carefully both will be found fo carry the trait (Neel and
Valentine 1947) It has been suggested that the thalassaemia gene
produces its effect by mhbiting the production of haemoglobm A
(Rich 1952)

Hollingsworth (1955) has shown that foetal erythrocytes obtamed
from the umbtlical cord at birth (contaimng 54-64%; of foetal haemo
globin) had a short life span when tagged with radioactive sodium
chromate and transfused to normal adult reciprents This might
suggest that the haemolytic syndrome 1n thalassaemma was due 1n some
way to the presence of foetal haemoglobin Agam since the major form
(Cooley s anaemma) 15 associated with a severe haemolytic syndrome
and the mmor form 1s a much more bemgn disorder 1t mght seem
reasonable to associate severity of the disease with the amount of foetal
pigment present Studies of this question have however faled to
show any correlation (Mmmich, Na Nakorn Chengchareonsuk and
Kochasent 1954 Smuth Schulman Ando and Stern 1955)

As will be pomted out in the following discussion a haemoglobno
pathy 1n the homozygous condition 1s usually associated with a haemo
Iytic syndrome the heterozygous conditron being benign It seems very
probable that mn the homozygous state other abnormalties of the
erythrocyte are present perhaps there 1s some defect of the stroma

Studies 1n which normal erythrocytes were transfused into cases of
Cooley s anaemia have given varymg results These difficulties seem
to be resolved by the recent work of Smuth ez o/ (1955) who pomt
out that a normal cell survival trme of transfused normal erythrocytes
15 to be expected m fants suffering from the disease but that a de
creased survival ttme 1s to be expected m children and young adults
An increased life span of transfused normal erythrocytes occurred 1
such cases after splenectomy There 1s therefore evidence of a haemo
Iyte factor as well as of a haemoglobin abnormality There 1s probably
also a block m haemoglobin synthesis (Dacie 1954) The pathological
findings have often been remarked upon as unusual for an uncomph
cated haemolytic anaemia (Wintrobe 1951) The serum sron for 1n
stance 1s high as 1t would be 1n 2 haemolytic anacrma but the sron
binding protem 1s saturated as m haemochromatosis Agam the
deposits of pigment follow a pattern resembling that seen m haemo
chromatosis It scems probable that there are several genetic defects
present to account for all the observed abnormalities 1 thalassaemua
Hoffman Wolman Hiller and Parpat (1956) have demonstrated
abnormal e ocyte membranes 1n thalassaemia major

In the corzgl; muwsugaﬂons mnto the phenomena of sickling of
erythrocytes 1t was discovered that m sickle cell anaemia 2 vartant of
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h: tobin (d d b lobin §) was present which could be
i el h ty from b lobius A and F (Pauling
tano Singer and Wells 1949) With rare exoepnons 1t 15 hmated to the
Negro race As in thalassaenua there are two forms of the disorder
sickle-cell trait and sickle-cell disease The latter 1s the severer form and
here both parents have the tratt one i four of the chuldren will have
two sickle-cell genes and will develop the disease In the trait haemo
globins A and S are found but 1n the disease the combmation ts of F
and § Stnger and Smger (1953) have demonstrated that the pheno
menon of sickling 15 assocrated with gelation of haemoglobm § long
thin boat shaped particies or tactords bemg formed which are thought
to be responsible for the very charactenstic shape of sickled eells
{Hatns 1950) No direct correlation has been demonstrated between the
absolute amounts of haemoglobmns § and F and the chincal seventy
of cases of stekle-cell anaenua This has been explamed by Singer and
Fisher (1952) who have demonstrated that the red cell population m
patients wath sickle-cell ansemua seems to be composed of three
fractions n one the cells contan mamly haemoglobin S 1n apother the
S and F pigments are mixed and in the third the majonty of the
haemoglobin is of the F type Much interest has been aroused by recent
descnplmns of combined genetic defects one of these s sickle celt
disease the sndivsdual having nhented one abnormal
gene from each parent A recent descniption of this combnation has
been published by Simger Sinpger and Goldberg (1955) References to
combrnatrons of sickle cell and other genes are made below
Yet another vanant 1s haemogiobin C winch can be readily differ
entiated from hacmoglobins A and S by 1its greater electrophoretic
mobthty Hwsman van der Schaaf and van der Sar (1955b) have re
ported that 1t contains a larger number of lysine and perhaps histidine
residues than do haemoglobins A Sand F As with other haemoglobin
abnormalities 1t may occur m a b form one ab! 1 gene
for haemoglobm € having been derved from each parent or 1 a
heterozygous form where only one haemoglobin C gene 1s present the
other being for normal haemoglobin A Some very interesting tndt
viduals have recently been desctibed 1 whom & haemoglobin C gene
has been assoctated with one for thalassaemia {Zuelzer and haplan
1954 Smger Kraus Singer Rubtnstem and Gnldberg 1954) The gene
may also be with that for h ! sickle
<ell haemoglobin € thsease (Nee! haplam and Zuc\zer 1953 Kaplan
Zuelzer and Neel 19353)
Thc cumbm:mon of haemoglobins A and C m thc hmerozygcus
ana carrier state—th: C
trat Homozygous ba:muglubm C disease was first desenbed by Spaet
Alway and Ward (1953) further accounts have been given by Singer
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Chap Goldberg R and Rosenblum (1954) and by Wheby
Thorup and Leavell (1956) To date 1t has been described only 1n the
Negro race A bemign and well P 1h lytic synd: 5
usually described A striking feature 1s the hugh percentage of target
cells (30-100%) these are also found though in much smaller numbers
1n other conditions where haemoglobin C 15 present As not all red
cells contamnmg haemoglobin C are target cells 1t seems very likely
that some other factor affecting the stroma 1s responsible As would be
expected from this appearance there 1s @ markedly mncreased osmotic
resistance to salne As only moderate retrculocytesss 1s usual spleno
megaly may be marked Splenectomy does not appear to have any
effect on the haemolytic process 1t may be mdicated if there are severe
pressure symptoms or if there 1s evidence of hypersplenism with throm
bocytopema and leukopenta

Haemoglobin D was first discovered 1n a family of English Irish
and Amencan Indian onigin by Itano (1951) This vanant has the same
electrophorettc mobility as haemoglobin S but can be distmguished
by a greater solubility 1n the reduced state 1t does not cause sickling
Unlike haemoglobm S and C 1t seems to have a remarkably wide
racial occurrence cases have been described m African Negroes
American Indians Algerans Turks and in North west Indians

Sturgeon Itano and Bergren (1955) have described cases i whom
haemoglobins S and D have occurred together there was a mild anae
mia and a haemolytic process The chncal features of homozygous
haemoglobm D disease are not known

Haemoglobin E was found mn a child with an atypical anaemia
(Itano Bergren and Sturgeon 1954) It 1s found marmly m South east
Astan faces and 15 associated with a mild haemolytic syndrome
(Chernoffl Minnich and Chongchareonsuk 1954 Lehmann Story and
Them 1956) It has an electrophoretic mobility greater than that of
haemoglobm A and shightly less than haemoglobin S Its amuo acd
composition appears to be the same as that of haemoglobm A (Jouxis
Huisman van der Schaaf and Prins 1956) d

Haemoglobim G was reported by Edington and Lehmann (1954) an
by Edington Lehmann and Schnerder (1955) H bin H “a;
found 1n one Chinese family the chinical manifestations were those OI
thalassaenia major (Rigas Koler and Osgood 1955) Haemcg]obmen
also has as yet been described 1n only one family Six of >eventea‘
members of a Negro family were affected but no haemntologgcs
abnormalities were observed (Rucknagel Page and Jensen 19 1
Two additronal haecmoblogins have recently been described 1 Lﬂl’;e:ct
(Robimnson Zuelzer Neel Livingstone and Muler 1956) The 5}: ] "
of abnormal haemoglobins has been very fully zeviewed by Itan
Bergren and Sturgeon (1956)
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SOME ABNORMALITIES OF HAEMOGLOBIN INVOLVING HAEM

Methaemoglobin  When functioming 1 oxygen transport reduced
haemoglobmn forms a covalent compound with oxygen A true oxidation
can also take place however the ron 1 haemoglobn being converte:
to the fernic from the normal ferrous state this ferric haemoglobin 1S
commonly known as methaemoglobm though Lemberg and Leng:
(1949) prefer the name haemiglobin as bemng more rational c
oxidation 15 readily reversible 1t 1s indeed probable that constan!
oxidation and reduction occur in normal erythrocytes, Heubner s



THE HAEMATOPOIETIC $YSTEM 243

(1940) figure of 17% of methaemoglobin m normal blood 15 gener
ally accepted It has been suggested that as much as 05 g of
methaemoglobin 1s reduced per hour per 100 m! of erythrocytes under
normal conditions {Eder Finch and McKee 1949) Ascorbic acid 18
present 11 red cells and on oral ad ean seduce the cyanos
of i h § J Bas also been
demonstrated m erythrocytes but what part 3f any these substances
play under normal condittons 15 #nknown The most important
phystological mechansm probably snvolves co enzyme ¥ and depends
an thc breakdown of glucosc mterference at the triosephosphate
stage by <uch as fluonide and rodoacetate
which 1nhsbit glucolysis can retard the process of reduction
Solutions of methacmogiobin are brown The absorption spectrum
has four bands that m the red at 633 x bemng the most smportant for
tlus bangd disapp on adding sodwm cyanwde or
hydosulphite  Methaemoglobin may be readiy produced in the
taboratory by the actton of potasssum ferncyanide on any haemoglobin
denvative 1t 1s not always eastly demonstrated  dilutions of blood m
distilfed waterfrom 1 § to 1 20should be cxammcd i a strong hght
Chrcally $) wt]
g by certam is among which are the following
chiorate and mitnite bxsmuth submtrate ammomum pitrate organsc
nitrles aromaie nitre and amuno  compounds such as ambme and

nutrob Many drugs s use may produce it—phenazone
methyl sulphonal and sulphonal P tandtds Isal
cyhie acd 26d some sulp (sulphantamid: Iph 1dine

and sulphathiazole 1 this order of aﬂmty) Methaemoglobmaemm
after contact with freshly dyed garments and with unfaundered napkins
stamped with amiine dyes has been reported Numerous exampies are
recorded 1 infants from sngestion of excessive amounts of mitrte 10 well
water Absorption of mintes from the mtestine has been held respon
stble for casesof emterogenouscyanosss msuchpatients there is ustally
o combwation of meth and sulph h fobin By what mect
many of these produce fobsn 1s not und d
Nitrophenols are known to inhibat cytochrome reductase and 1t may
well be that many of these compounds act by an mnhabation of the
notmal reduction enzymes present 1 erythrocytes Cox and Wendel
{1942) produced methaemoglobmacmia 1 dogs by adrmunsstration of
anthne and wtrobenzene They studied the rate of disappearance of
m:thaemog!obm {rom the blood of these nmmn!s i yiro and concluded
that of and not an
of reduction was occurrmg  This matter evadently requures further
myestigation

As many of the substances which can produce methaemoglobmaemia
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may also produce haemolysis 1t 15 not surprising that some patients
have an d haemolytic an outstanding example of
such a subst; 15 phenylhydrazine This and g others—amiine
compounds may damage the red cell in other ways and Heinz Ehrlich
imclusion bodies which are probably denatured globin may be found

Apart from the cases due to poisomng mentioned above there are
some forty cases of cc 1 Jot reported mn
the Literature Several members of a family may be affected, one family
of eighty five members 1n five generations which mcluded ten children
who were cyanotic at birth 15 recorded (Codoums 1952) In some
nstances there seems to be a m others a d nher
tance Cyanosis 1s usually present from birth It seems very probable
that there 15 a congemutal defictency of the normal reducing system
Confirmatory evidence of thus has been published by Breakey, Gibson
and Harnison (1950) who have demonstrated a deficiency of co-
enzyme I m the erythrocytes It 1s suggested that m the presence of
methylene blue which 1s very effective in reducing the cyanosss the
normally much less efficient system involving co-enzyme II 1s able to
reduce the methaemoglobin Barcroft Gibson Harmson and Me
Murray (1945) have demonstrated a deficiency 1 a co enzyme factor
probably a flavoprotemn which medrates between co-enzyme I and
methaemoglobin  Flavine adenine dinucleotide has however been
found 1 the red cells in normal amounts by Eder ez al (1949) A recent
review of these complex metabolic processes occurring m the erythro
cytes has been published by Prankerd (1955)

The action of methylene blue 1n dimmishing the cyanosis seems
at first sight paradoxical for it can itself produce methaemoglobm 1t 1s
not however very efficient the reducing action being more effective
Bodansky (1950) suggests that reduced diphosphopyridine nucleotide
mnteracts with methylene blue to form diphosphopynidine nucleotide
and leukomethylene blue the latter then reacts with methaemoglobin
to give haemoglobin and methylene blue Presumably ascorbic actd

"
met

acts by enh reducing mech 1n the erythrocyte, however 1t
1s not neatly so effective a reducer as methylene blue
Mett lobin does not t with oxygen and so has no
respiratory function -  presence shifts curve of
oxyhaemoglobin very stmilass Jane effect of
carbon monoxx TR _ & fissue anoxia
which results 1th quite low obin concentra
tions The dom ' 1sc 15 most readily
~ TMUeC and ils Clubbing
15 not
( as by red _ofa

blue may
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mental confusion and general weakness but they are usually much
more blue than sick The disorder has been described 1n a fanuly 1
association with mental defictency and neurological abnormalities
(Worster Drought Whate and Sargent 1953)

Treatment of the congenutal varety 1s by ascorbic acid m doses of
100-500 mg a day by mouth Methylene blue 1s also effective the dose
15 100-300 mg by mouth In the acquired vanety ascorbic acid works
too slowly to be of any value but oral methylene blue or 1 mg fhg
ntravenously 1s very effective

Sulphaemoglobn This pigment contams one more sulphur atom
than haemoglobin Where m the haemoglobin molecule this sulphur
1s attached 1s uncertamn 1t seems likely however that 1t 1s placed int the
1ron 1minazole mtrogen linkage normally present between haem and
the globn molecule Unlike meth: bin 1t 15 mot possible to
reduce sulpt lobin to h if the P does not
alter the hife span of the erythrocyte contamnmg 1t and so remans
situ until the dissolution of the cell comes about This fact has been
utilized as a means of eshmating the normal hfe span of erythrocytes
it 15 an intracellular pigment only 1n very severe cases where there 1s a
haemolytic agent also present as m clostridum welchn septicaerma 15
sulphaemoglobin ever detectable 1n the plasma

Sulphaemoglobin 1s produced by very sumlar agents to those

ponsible for the app of Jobin 1t 15 therefore not
sutprising that the two pxgments are cften found together Acetanilide
and some agents
Sulphur stself sulphides nnd (hxosulphatc can produce 1t directly
Hydrogen sulphide prod by bacterial ferl t the
mtestine 15 responsible for 1ts formation together with methaemoglobin
In cases of enterogenous cyanosis  Morgan and Anderson (1940)
d that oudanon d of aniline

and p 1s—when added to blood lead to the
rapid formation of sulphacmoglobm if a trace of sulphide 15 present
and ol‘ melhacmoglobm 1f sulphude 15 absent

lobin does not bine reversibly with oxygen and
hence has no respiratory funcuon 1t can be oxldxzcd the ferrous mm
becomung ferric a3 1n the ox: m of h i to metk
It 15 not easy to d h sulph lobin from hi lob

by spectroscopy  methaemalbumen too has a sumilar spectrum but
1s found only in the plasma The band of sulphacmoglobin at 620 sz
persists after treatment with cyanide or excess of 1% sodium carbonate
but these reagents cause a disappearance of the nearby methaemo-
globin band at 630

The symptoms are very similar to those of methaemoglobinaema
Admuustration of reducing agents 1s of course of no value
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Meth H Thus t was onginally described by Faule
(1941) 1 blackwater fever 1t 15 also found m other cases of sever
haemolysts 1 severe hver disease and 13 small AmMOuUnts 1 SOME case
of Addisonian megaloblastic anaemia It conststs of the ferro compler
of protoporphynn known as haematin bound to albumm As was
pomted out above 1t 55 found 1n the plasma and not 1 the red cells
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ANAEMIA ASSOCIATED WITH HEPATIC AND RENAL DISEASE

The Auvaemma of Liver Disease

That anactia occurs m assocation with curhosis of the hiver 1 w:ﬂ
recognized and yet if we exclude those cases i which it follows acute
or chromic blood loss the eause 1s very poorly understood The m;ct(:
cytic type has caused the greatest mterest and will be discussed ber
1t oceurred 111 20 of Jarrold and Vilter s (1949) 30 cases of cxrrhasx;c
there were 1 addition 4 patients with normochromuc anaerma § W;
not The p of can usuafly be detected by o ;!
nary methods but as Hyde Betlm Parsons Lawrence anth(:s
{1952) have pownted out m their study of blood volumes m el r;sa :
the haematocnit value may be nusleading since there may be a nol o
fow or high red<ell volume and the total blood volume may
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normal or Jow These volume changes could not be correlated with the
physical findings or with labosatory tests of hepate function The
perpheral blood pxcture 15 usu:s]!y one of moderate macrocytosts
i) are munumal The hyper
segm:mcd mncmpolycytcs of itamn B,; and fol acud deficiency are
not seen A shght rise of reticutocytes 15 sometimes foursd i the absence
of recent haemorshage a finding which would sugpest a haemalytic
process The bone marrow though sometines of poor cetlulanty 15
often normally cellular There may especially i cases of more severe
anaemxs be a marked normoblastic hypcrplasxa wath many macro
of the penp! ¥ Many extly
forms of erythmb}asts may be found and cause confusion with megalo
blastic erythroposesss The nuclear chromatia of these cells 15 however
much mote densely clumped than that of blasts and the over all
pcture s usually clearly one of normoblastic hyperplasia Jarrold and
Vilter (1949) comment on the pumber of plasmacytes often found mn
bore marrow smears {rom cichotic patients they corzelate this with
kyperglobinacimua and suggest a causal relananship
There are a few reports of megatoblastic erythroporesis i cxrrhosss
three of Jarrold and Vilter s patients showed such changes and others
have been described by Mowitt { 1949 and 1950) Il seems c!cnr I.hﬂl m
these cases there »as an
anaemia posstbly due to lack of extrnsic factor (vitamun B} from the
diet Response to specific treatment in these patients has been poor
1t st be ered here that Add PRITICIONS anAEMNa may
occur in association with cirrhosis de Castro s patient had sprue
At one time afl macrocytic anacnuas were classed together and said
10 be due sn some way to 2 Jach of the ant permnious snaesua pranciple
the macrocyhic anaemia of liver disease was ascribed o an mability
of the damaged hver to store or manufscture this substance The
normoblastic erythropoests now knows to be present n the great
magonity of cases rules out this hypothests As we have seen 1n cases of
curshosts true megaloblastic erythropotesis can occur but it 18 not due
to the ey disease atsell moteaver the admimsteation of vitamm B,y
or fohic acid produces either oo cffect or a shpht retsiculocyte nise such
as may follow the admmstration of substances of no haematopowets
potency Antipermcious anaemua prnaple has been extracted from the
hivers of cirrhotic patients by SchiT Rich and Simon { 1938) There s
thus no evidence that & of the anti p pon
eiple 15 in any way tesponsible for the mmcrccy'hc anacma of airrhosis
In certam cases of curhosis there has been stnhng evidence of
excessive haemolyns In a recent study Chaphm and Mathson {§953)
have shown a reduced red-cell hfe span sn all of five patients with
advanced hepatic cirthosis  These authors also showed that although
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red cell production was greater than normal there was nevertheless
defective marrow output as compared with that to be expected from a
normal marrow As 2 result of hver farlure circulating metabolites 1n
abnormal amounts or of abnormal constitution may mfluence the
maturatton of marrow tissue The red-cell precursors are well haemo
globinated the major changes appear to be in the nucler The mfluence
of cirrhotic serum upon the maturation of normal bone marrow cells
1n tissue culture would be 2 most interesting study

Unfortunately no specific therapy ewsts for the treatment of the
anaema of cirrhosts treatment of the hiver disease itself along the lmes
recommended 1 Chapter 5 1s all that 1s Likely to be of value It s
tempting at the present time to ascribe anaemia m cirrhosis wath portal
hypertension to hyperspl That the d enlarged spleen
of portal hypertension may have some occult mnfluence on the bone
marrow, or may exert an enh d phagocytic effect 1s undoubted
Hyman and Southworth (1951) state however that splenectomy 1s of
no therapeutic value 1n patients with haemolytic anaemia assoctated
with hepatic cirrhosis Not only 15 splenectomy m the presence of
severe parenchymatous liver disease a hazardous procedure but far
tao little 1s known of the precise role.of the spleen 1f any 1n the anaemia
of curhosis to make splenectomy a justifiable procedure n the great
majornty of cases

The Anzema of Renal Disease

Anaema 15 a well recogmzed climical feature of chromic renal disease
of whatever aetiology This discussion does not cover those transtent
but often very dramatic vanations in haematocnit value resulting from
plasma changes during drurests 1 patients with oedema These volume
changes may be further comphicated by heart failure (Harns and Gib-
son 1939) In some instances blood loss 1s a major factor and mn others
the anaemta of infection may be supernmposed It must be remembered
also that the sevenity of the anaemia may not be apparent from the
red cell count and b lobm smce m sul or chromic nephritis
with or without congestive heart failure the plasma volume may be
above and the circulating red cell and total blood volume belowt
normal values (Harrts and Gibson 1939) Smce anaepua 18 1}1:05
commonly found and 1s most pronounced 1n those patients 11 W Oﬂ;
renal failure has developed 1t 15 usually ascribed to 2 clepresslonhot
haemoporetic tissue by retamed metabohc products though 1% :e
specific substance or substances are responsible 1s unknown teo .
seems to be a rough correlation between the degree of mitrogen retentl
and anaemia

The anaemia 15 usually slowly
by evidence of ncreased red cell destruction nor 1s thes

progressive and 1s not accompanied
re evidence of



THE HAEMATOPOIETIC SYSTEM 249

an intrasic erythrocyte defect (Loge Lange and Moore 1950} On
xhc othet hand 1t has all the charactcnsncs of an anaema due 1o
Recently this coneept
has come from stadies winch demonsizate a depression of normal
marrow-cell growth by culture in vitre with serum from patients suffer
tng fram the anaemsa of renal fudure (Sacchetts 1953) Whle thus 1s
the common findiag other patients are seen in whom anaemia may
beeome very rapidly progressive In these patients an extracorpuscular
haemolytic factor 1s evident from the shortened survival of transfused
nofrat cells and the sormal survival of patients cclls m norma!
seap ents (Loge et ¢f  1950) The actvity of tns factor g5 mast
pronounced 1 cases of severe renal fatlure s natute 1s Unknown
A dimiushed erythrocyte Lfe span has recently been confirmed
i 5 out of 6 patients with advanced remal fasture by Chaphn and
Mollison (1953} a defectrve red-celt prodi was also deme
both 10 these patients and m three others wath less advanced renal
disease 1 whom the red-cell Iife span was not reduced Recently the
anaenua of renal disease has been treated wah cobaitous chionde
(Gardner 1953) While the anaemia may respond after some one 1o two
months delay 1t 15 doubtful of the degree of chucal improvement
attaned 51 most patents 1s of much value
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SOME DISORDERS ASSOCIATED WITH ABNORMAUITIES OF
PROTFIN METABOLISM

Multiple My elomatosts

Following the development of new techmgues such as paper
electrophorests for the studv of serum proteins there has been a renewal
of interest i the remarkable abnormalities of protemn metabolism 5o
often seen 1n mvel Tt will be co to discuss the proteins
found 1 the serum first and then to comment upon those excreted
n the urme

In some cases of myelomatosis 1t 15 the amount of protem i the
serum witch s at first sight the most remarkable feature, concentrations
of over 10 g per cent are quite frequent and values of over 20 g per cent
have been recorded High serum protein levels are often stated to
be the cause of the lugh serum-calcrum values sometsmes encountered
m mvefomatosis This 1s, however an unhkely explanation for the
pratem 1ncrease involves the globulm fraction which only binds caleum
with about one fifth the effectiveness of albumin It seems more prob-
able that calaum 1s hberated mto the blood stream from extensne
osteolytic Jesions when the serum calorum 1s high there ts hypercalcuna
and renal calcult may result (Snapper 1943 Albright and Rexfenstesn
1948) In some cases impatrment of renal function may be an additronal
factor 1n raising the serum calerum level

Serum morganic phosphorus levels are usually esther normal of
especially of there 15 renal falure rawsed low values are very rarely
encountered The alkaline phosphatase 15 usually normal this would be
expected for the bone lestons of mycloma are osteoclastic, shghtly
raised values are however said to occur especially i patients with
extensive fractures Acid phosphatase levels are normal These features
are sometimes of assistance in the diagnosis of certain cases of myelo
matosis which show climeal and radiological features wry suggestive
0] 18

f})ggzx:ataﬁxyroxd n:s ponsible for the roul formation and
bigh sedimentation rate which are commonly found in cases of myelo
matosis It 15 however not the amount of protemn but its character
which 15 of the greatest interest In 220 cases collected from the
literature  75% showed d tic serum electroph patterns
{Osserman and Lawlor 1955) The commonest pattern 15 an increase
1n gamma globulin  much Jess commonly there 35 an ncrease N b:k:i
globulin Cases where both beta and gamma globuhins are lnCrcluS:o
ate exceptional Sometimes the exact type of globulin 15 difficul kbe
determine and several workers have noted cases with 2 mobihity
tween that of gamma and beta globuhn (Rundles, Dillon and Dillon
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1950} Chadt and Z {1955) d this the M pattern
three of thair 27 panents produced protesm of this type The shape of
the peaks m myelomatosis 13 often very suggestive they are usually
very sharp and parrow quite unlske the much more diffuse gamma
globulin peaks seen i certam chrope infective processes (see below)

Dunng the course of the disease n any one pauent only a single
protein of efectrophoretically homologous type 1s to be observed
Both beta and gamma fractions may consist of proteins with different

d on ul fi fowever there 13 no
specific myeloma globulin charactenstic for alf cases of myeloma

Dufferences it amne acid composition have been reported between
protems of the same electrophoretic mobility (Grisoia and Cohen
1953) they have also been shown to differ by immunochemical
methods (Wundesly Gloor and Hassig 1953)

About 20 per cent of patents show no sigmificant electrophoretic
abnormality n the serum {Gutman Moote Gutman Melellan and
Kabat 194] kekwick 1940 Wuhrmann Wunderly and Bugentobler
1949 Osserman and Lawlor 19%5) As Gutman et of (1931) pomnted
out these cases of mormoprotemaemuce myeloma often excrete con
siderable quantsties of Bence Jones protes 1 the unne  Vesy occasional
cases are met with where there s netther serum abnormality nor
proteuna so that normal serum proteins cannot always be accounted
for by loss m the urne Cases of myelomatosis with mereases sn aipha
globuln were reported by Wuhrmann Wanderly and Wiedemann
(1948) but are not too weil documented There ts some doubt of their
true nature and they have been but rarely encountered by others
Rundles et af {(1930) corretated a nise of alpha globutin 1a some of their
cases with o general tissue reaction and possibly with hepatic celfular
damage Osstrman and Lawlor (1955) also comment on moderate
nereases 1t the alpha globulias of a non speaific nature

Non specific alt oreurs m and
may appear st sufficient quantity to obscure the charactetistic Bence
Jones protert It would perhaps be better to use the term Bence
Jones prateins  for thewr physico-chermcal propernes are very diverse
(Putnam and Stelos 1953} A molecular weaight of about 36000 1
often quoted (Svedberg and Sjogren 1929) thus figure s cuticized by
Putnam and Stelos {1953} who found dsfferent samples of the protem
to vary greatly but four of thew sy pp to have molecul
weights of about 43000 It has been crystaliized and vanauons
crystal form m samples from different patients alsa indicate that all
specimens are not wdentical

Bence Jones protetns must be fransported by the blood stream and
so must occur mn the serum 1n all cases where they are present it the
unne They are very difficult 1o detect i the serum however and ff
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detectable at all they are found only 1 very small quantities This
15 readily accounted for by their small molecular weight they have
been shown to pass easily throngh cat or rabbit kidney while normal
serum protertis were retained (Kernidge and Bayliss 1932)

If Bence Jones protein 1s added to serum an additional electrophore
tic peak appears 1na different position to the gamma globulin (Rundles
etal 1950) Isotopic studies catried out by Hardy and Putnam (1953)
would mdicate independent turpover rates for the two types of protein
The fact that Bence Jones proteins of different immunological type and
different electrical mobulity can be demonstrated 1n serum s further
evidence that these protems are synthesized as such and that they are
not, as has been suggested, simply plasma proteins modified 1 some
way by the kidney Osserman and Lawlor (1955) suggested that mye
loma serum globulins may be conjugated glycoprotemns since after
sepamation by filter paper electrophoresis they give an infense perodic
Schuff reaction Urine myeloma proteins however are Schuff negative
Although this could be explained by postulating that removal of the
carbohydrate morety from the serum glycoprotein allowed excretion
1n the urme of the protein constiiuent 1t could also be taken to support
the 1dea of an independent ongm for urinary and serum myelom?
protems The frequent though not mvanable occurrence of masstye
Bence Jones proteinuria m associabon with no demonstrable electro
phoretic abnormality 1n the serum would also be most readuly explamed
by an mdependent synthesis of Bence Jones proterns Very tmportant
evidence also pomting to this conclusion was produced by Dent and
Rose (1949) They mvestigated a patient who was excreting on an avet
age 36 g of Bence Jones protem a day This protern contamed no detect
able methonine and so differed strkingly from normal plasma protent
This has been confirmed by Agren (1949) Papastamatis, Kench and
Wilkinson (1949) and Roberts Ramasarma and Lewrs (1950) All the
evidence would indicate therefore that Bence Jones protems are
produced quite independently of normal plasma protemns and of the
abnormal globulins found 1 the serum 1n multiple myelomatoss \

The proliferating plasma cells which are the most strrhing }ustologli‘
feature of myelomatosis are almost certanly the source of the remar y
able proteins discussed above The amount of protem 1s often relate
10 the anatomcal extent of the disease (Rundles e ol 1950) In lhl:;:
cases 1n which regression of plasma cell tissue follows therapy o
abnormal protemns comcidentally declne :n amount The anter .
basophtilia so ch wtic of the cytop of plasma cells 1 relatch
to an abundance of ribose nucleic acid, an appearance assocmtedl\ma
protem synthesis Abnormal globulins have been 1solated from my; i:‘l:;.‘
tissue by several workers and m each case 1t has been foun e
extracted globulin and serum globuln from the same pattent ha
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same clectrophoretic pattern (Martin 1947 Lanc 1952 and Maller
Brown Miller and Enelman 1952)

Many aftempts have been made to correlate the chmcal picture
course of the disease and type of plasma cell with the electrophoretic
pattern and the presence or absence of Bence Jones protemuna Very
vanied views have been expressed on thus subject Rundfes ef of (1950)
found no relation between the morphology of the plasma cells and the
type of protesn at Lty or the phibiity to y
urcthane Osserman and Lawlor (1955) were also unable to correlate
climieal or pathologcal features on the one hand with the type of
electrophoretic pattern on the other hubota Schwartz and Putnam
{1956} 2 study of 78 cases came to the same conclusion In s study
of Iiving myeloma cells by ul 8t py Othagen Thorell and
Whsmg {1949) were able to differentiste two types of cell One showed 2
smudt nuclearcyioplasme ratio and an appearance similar to the
nawre plasma cell st was associated with an morease of betn or
gamma globutin m e serum The other type showed a Yarge nuclear
cytoplasmue ratio and heawily absortnng nucler and nuckeol: here the
clectrophoretic pattern was normal and Bence Jones protemuna was
present Three cases had both types of cell and both had ereased
serum globulin and Bence Jones proten More recently Chadbourne
and Zmneman (1955) have correlated small size and small amount of
cytoplasm with an merease i beta globulin Plasma cells of large sie
and with a large amount of cytoplasm were found mn gases showing 2
grmma or micrmediate globuln pattera These findings are simsdar to
those of Waldenstrom (1952)

‘The concentratson of abrormat serum protems has not uspally been
sigmificantly reduced by roentgen therapy P» or stilbarudine (Adams
Alling and Lawrence 1949) Thom Forsham Frawley Hill Roch
Stachelin and Wilson (1950) report a case of mycloma 1 which, under
the influence of ACTH the serum globuhn decreased and plasma cells
comcidentally disappeased from the martow In other cases either no
effect was observed at all or there were changes n serum protems
without any decrease of plasma cell profferation (Effersoe 1930
Rundles et ol (1950) have reported cases of mycloma tested wath
urcthane ia wluch after a latent period of about one month there wasa
very stukimg disappearance of abnormal serum protesns and a cowmct
dent nse of albumin to normal As Waldenstrom (1957) sugeests
thiz and other dusorders accompanied by & high serum globulin the
low albumin may be due to a dueried protem syathesss and not due
{0 &n inability of & d tissue to h

For a discusston of the renal fesions of myelom the reader should

g)gnssg)l: Blackman Backer Buell and Daws {1944) and Armstrong
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The Nature of Multiple Myelomatosis An increase in gamma globultn
1s found m certain chromic infective processes for imstance Iympho
granuloma kala azar experimental immumization cirrhosis and m
certamn collagen diseases The gamma globulin peak 1n these cases 15
broad and quite unlike the sharp peak which 1s so charactenstic of
myeloma These disorders are also associated with marked plasma-cell
proliferation This when taken with the known association of gamma
globulin fractton with antibodies has led to the suggestion that
myeloma may be primanily due to an unbrdled response to a chronic
infective process Thus aspect 1s fully discussed by Waldenstrom (1952)
Very interesting evidence which would support this view 1s preseated
1n the paper by Dent and Rose (1949) quoted above Absence of
methionine 13 2 feature of virus protems and they suggest tentatwvely
that 1n myelomatosis there may be an imtense proliferation of virus
1 the plasma cells which stimulates their growth they also suggest
that Bence Jones protein may be the virus itself mmus nucleic acid
The amount of protemn which may be produced 1s not, 1n their view
agamst this hypothesis The similanty to virus protemn 15 made even
closer by the observation that both have relatively high aliphatic
hydroxy ammno acid contents (Roberts ef al 1950) The view that
myelomatosts 15 & Deoplastic disease 15 still generally accepted however
certamly the age incidence and course of the disease would favour this
outlook The viral hypothesis 1s however a very mteresting and
stimulating one and may well lead to important advances

Cryoglobulinaera

This 15 a remarkable abnormality of proten metabolism charac
tenized by the presence m serum of a protem reversibly precipitable
by cold This prectpitation 1s most likely to take place at temperatures
of between 4 and 11 C but may occasionally oceur at 32-33 C (Rorvik
1950) The process is sometimes referred to as clotting , but it 1 mbxlm
way related to true coagulation and 1s as has been stated reversi! eI
A cold environment may result m protein precipitation 1n penph;ra
vessels and give nise to vascular stasis with purpura oedema an usl
severe cases necrosts and gangrene of the extremities This occurrcncte 11
often loosely referred to as the Raynaud syndrome to the essenf hms
features of which however 1t bears no resemblance Thus aspect ;c
been especially studied by Hansen and Faber (1947) who descn be
a charactenstic skin reaction to cold The blood sedimentation 13
1s very rapid at 37 C and marked rouleau formnnonl usually occlxrs
at Jow temperatures when the globulin has precip tna
15 of course nil—a reverse of the findings 1n the cases of cold agglu

tion
The condttion 1s most commonly found 1n cases of muluple myelo
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matosis (Wintrobe and Buell 1933 Bacr Reader and Wheeler 1950)
It has also been observed i chrome lymphatic teukaemua (Schwartz
and Jager 1949 Craig Waterhouse and Young 1952) and may occur
m 2 large group of chronic nfections (Lerner and Watson 1947
Lerner Barnum and Watson 1947) Among conditions with which 1t
has been assoctated arc the following kala azar malara subacute
bacterial endocarditss (Dreyfuss and Librach 1952) erythema mulin
forme serum sickness theumatord arthritss persartentis nodosa and
hepatic disease The sera of patients with macroglobulinaemia may also
contamn cryoglobulins

Macroglobulmaemsa

This remarkable disorder was described by Waldenstrom (1944}
The plasma of these patients contasns a very unusual globuhn of a very
high molecular weight thus has on ased
constant of about 19 to 20 § The molecular weight 1s nbont 1 mibon
Macroglobulins most commonly move with the electrophoretic mobihity
of gamma globulin but as m myslomatosts vanations ase reported
A very simple screerung test 15 performed by letung 2 drop of serum
fall into distilled water when of macroglobuliss are preseat an mntense
white flocculent preapitate wall form  this dissolves on adding saline
but will reprectpniate on adding distitled water The commonly used
cuglobulin tests are usually posusve also (Takata ara cadmum
thyrol turbidity and Weltmann)

Elderly men are most commonly affected although the disorder has
been recorded 3n a man of 21 years {Wilde and Hutzelberper 1954)
The course 1s usually very chronse There 15 most often a story of gradut
ally developing weakness and loss of wesght with eccasional bouts of
fever These patients frequently present with purpura this may be due
1o thrombocytoperua but quute diverse sboormalties of the clotting
mechamsm may be found In some cases the purpura seems to be due
to an mncreased capillary frapihity alone The central nervous system
may also be mvolved The changes are not at alt specific they are
usually due to haemorshage or to sascular Jestons resultng from pen
vascular infiltration with plasma cells Iymphoeytes reticuloendothehal
cells or mast cells (Bichel Bingand Harboe 1950) Retinal haemorrhages
have several times been reparted Epsstanis and bleeding gums are
mentioned 1 several case reports A J seyvere +
anaemia 15 common white-cell changes are not speesfic A high and

ly by, di rate scems o be imvanable
Other chinicat features include vascutar distutbances of the extremuities
enlarged non tender lymph niodes hepatosplenomegaly and oedema

Macsoglobulinagmia may be pnmary but 3t may also occur as a
secondary phenomenon n such conditions as nephrosis and lupus
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striking changes are seen 1n the red-cell senes white cells and platelets
are also affected though usually to a lesser extent Changes of a sumilar
type have also been reported 1n the gastnc mucosa which like those in
the bone marrow can be completely reversed by vitammn B,, therapy
(Graham and Rheault 1954) ThlS megaloblastic change 15 the visible

ofa P | disorder, 1! may result from
a pure vitamin By, d asm Ad 2 anaema
or from a pure fol d as m l anaema of

pregnancy as seen in temperate climates In olhcr disorders such as
sprue the defictency 1s often mixed The treatment of disorders assoct
ated with a pure « dcﬁacncy 15 easy and the results are usually excellent
that of 15 less f: y 1t may well be that 1n
such cases other as yet unrecognized substances are also lacking An
account will be given first of the nature and functions of vitamm B,
and folic acid which will be followed by a very bnef account of the
disorders with which defi of these d Avery
full d; of the lobl has rccently been pub
lished by Davis and Brown (1953)

Vitamin By,

The therapeutic effect of Liver 1n Addisonian pernicrous anaema was
first described by Minot and Murphy 1n 1926 Durning the next twenty
years many attempts were made to obtain pure antipermcious anzemta
principle although potent extracts were prepared 1n bulk for climical
use 1t was not untit 1948 that the principle tself was 1solated in the pure
crystaline form and named wvitamun B,; (Rickes Brink Konmusky
Wood and Folkers 1948 Lester Smuth 1948) Itis now known to have
a molecular weight of 1357 5 a value more than twice as great as that
of any other known vitamin It 1s interesting to find that vitamin By,
has a nucleotide structure wluch rewlls that of several known co

enzymes Diphosph 1dine or yme I for mstance
comsssts of mcotmic acid Lmked to ribose phosphate and ademne In
place of adenine the vitanun By, molecule contains the related substance
5 6-dimethylbenzimmazole linked to ribose Thus 15 inked by phos
phate to the rest of the molecule This part has a superficial resemblance
to haem for there 1s a porphynn like ring structure with an atom of
cobalt at the centre n place of the iron atom of haem The four rings
of vitamin By, are not true pyrrole nngs however and although three
of themare linked by meso -carbon bridges the fourth linkage 15 direct
m the a posttion Asin haem the porpbyrin ke nogs bave side chains
three of these are de three de and one probabt
dimethyl The bridge structure mentioned above Links one pmpxomc
acd side chain to 1sopropanolamine which 1s estenfied by phosphonic
aeid which linksitinturn to the nbose (Hodghin Pickworth Robertson
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(1949) found that 308 of hus 1600 cases gave a hustory of at least one
patient 1n the famuly

Recent evidence suggests that atrophy of suffictent severity to cause
defictent intrinstc factor production may follow chronic mflammatory
disease of the gastric mucosa (Palmer 1954 Joske Finkh and Wood
1955 Markson and Dawidson 1956) This gastric atrophy may be
detected during Iife by the briopsy method of Wood Doig Motteram
and Hughes (1949) For practical climieal purposes the finding of free
acid after a histamine and alcohol test 1s taken to imply the presence of
mtninste factor also and to exclude a diagnosis of Addisoman megalo-
blastic anaemua the converse of this 1s not always true however An
unusual case of defe mtrinsic factor prod with a hustol, M)
normal gastric mucosa and secretion of normal amounts of pepstn and
acid has been reported by Mollin Baker and Domiach (1955) Until
recently 1t was thought that the function of mtninsic factor was to bind
vitamin By, 1n some way this binding allowed the vitarmun to be more
readily absorbed and at the same time rendered 1t unavailable to
ntestinal bactenia (Burkholder 1952) Although bacteria utiizing
vitarun B,, for their growth are absent from the intestinal tracts of
normal persons 1t has often been claimed that they are present in those
pattents with atrophic conditions of the gastric mucosa It seems that
the cvidence for this will have to be reassessed as a result of recent
mvestigations (Cregan Dunlop and Hayward 1953) Preparations of
punfied intrinstc factor however while greatly enhancing the absorption
of vitamun B, have been shown to possess little 1f any binding capacity
At present the function of intrinsic factor 1s considered to be solely one
of enhancing the absorption of vitamun B,,

The vitamin 1s probably absorbed mainly 1n the duodenum Whether
given parenterally or orally with or without mtrinsic factor vitamin
B3 15 found 1n the serum bound to the globulin fraction The bound
vitamm which 1s present 1n serum after parenteral admimstration 1s
it bly formed by with some serum binding factor
much as 1ron 15 carnied 1n the blood stream by the specific iron binding
protein but that this binding of vitamn By, 15 specific 1s unproved
When very large doses of the vitamin are given much of 1t appears 1n
the unine s 15 the case wath tron 1t may be that the serum binding
factor can deal with only limited int1kes though other explanations are
possible 1t 1s at present considered probable that only 1n the bound
form 1s the vitamun available to the tissues this 1s certainly suggested
by the marrow culture expeniments of Callender and Lajtha (1951)
Values for total vitarmn B, concentration 1 serum for a group of
normal subjects ranged from 100 to 720 spug fml (mean 358) the bound
concentration was from 100 to 620 ung /m! (mean 329) (Molln and
Ross 1952) Simlar values were found in a senes of patients suffertog
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the organism leukonostoc mtrovorum (Sauberlich and Baumann) This
substance, known as the citrovorum factor (CF) 1s tetrahydroformyl
folic acid (Fig 4) and 1> believed to be the active form of fokic acid

The mterrelationships of folic-acid derivatives and their precise roles
1n metabolism are by no means clear the subject has been reviewed
recently by Greenberg (1954) Folnic acid can be formed from fohe
acid 1n the body for this converston ascorbic actd appears to be
essential (Nichol and Welch 1950a Gabuzda, Phullips Shilling and
Davidson 1951) Folinic acid 1s therapeutically effective m the megalo
blastic anaemias, the indications for its wse are the same as for fohe
acid =

Several antagomsts to folic acid (strictly speaking to folinic acid)
have been developed two of the best known are amunoptern and
a methopterin As can be seen from Fig 5, the essentral structure of
folic acid 15 retamed 1n both of the antagonists however an amino
group 1s attached to position 4 and 1 @ methopterin a methyl group 1s
also attached to position 10 Such substances nterfere with the activa
tion of folic acid to folime acid 1 the body (Nichel and Welch 1950b)
The deficiency of the active form of folic acid produced by their ad
nunstration occastonally results 1n the appearance of megaloblast hike
cells i the bone marrow overdosage results in aplasta These antago
mists have therapeutic value 1n the treatment of neoplastic diseases
particularly the acute leukaemias where they probably mterfere with
nuclec actd synthesis 1n the raprdly dividing cells (vide supra)

The Fuactions of Vitammn B,, and Folic Aad

In the megaloblastic anaemiss the most stnking morphologlcﬂl
abnormality 15 1 the nucler of the red cell precursors mn the bone
marrow Nuclear abnormalties are also seen 1n the white cell senes
which are less pr d but very ch istic In a number o
different hacmatologreal disorders White Leshe and Davidson (1953)
found significant differences from the normal values for desoxyribo
nuclerc and nbonucleic acid phosphorus only 1n the megatoblastic
anaemias they discuss the possibility that there may be a disturbance
of mitosis to account for this observation There 1s also much evidence
to point to a fundamental defect of nucleic acid synthess 1 the megato
blastic anaemras The nucleic acids are substances of immense blo{
logical importance they are present 1n all biological entities capable o
reproduction, a process with which they are closely assoctated On
complete hydrolysis they yield purine and pynmudine bases a pentose
sugar and phosphoric aud The sugar 1s either ribose or desoxynbose
those nucleic acids contaiming desoxynibose (DNA) are found only 1
the nucleus where they are one of the major constituents of the chromo
somes Ribose nuclesc actds (RNA) are found mainly in the cytoplasm
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but also occur 1n small amounts 1n the nucleus especially 1n the
nucleolus The purnne bases are adenine and guanine (Fig 6) and occur
i both DNA and RNA The pyrimudine bases are cytosine also found
1n both types uracil found only in RNA and thymine found onfy in
DNA The sugar moiety 15 atfached 1o punnes at position a and to
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pynimidines at posiion 3 such a compound 1s known as a nucleouide
Thc nucleic acidy themselves are lughly pclymcnzcd chains of the
h esters of 1 des Apart from the
aweler of cells many other very |mpomn( compounds have the struc
ture of nucleotides Examples are vitamun By, the mcotnamude nucleo-
tides and co-enzyme A 1t 1s mteresting to note that Welch and Henle
(1951) have suggested that fohnic acd may also be conjugated with
nbose phosphate
Studies with radioactive tracers have shown that the punne and
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pynmidine bases are synthesized from sumple substances such a
ammonia formate carbon dioxide glycine and serne (Fig 6) Itx
doubtfulif dietary purnes can be utilized as such and the same probably
applies to pyrimidines Both vitamm B, and folic actd are necessary for
purne and pyriaudine synthests Therr functions are probably closely
related both microbiological and chinteal evadi suggests that both
substances are requred for nuclerc actd synthesis They evidently act al
different stages and are not mterchangeable Both folic acid and wta
mm B, are probably involved in the transfer and synthesss of single
carbon units The function of vitamin By, has been reviewed recently by
Arnstern (1955) that of folic acid by Greenberg (1954) It 1s probable
that the formate group of folime acid 1s volved 1n transfer processes
One prece of evidence may be cited When sulphonamides mhubit the
synthesis of purines by Escherichia coli 4 ammo 5 imidazole carbot
amude 1s found to accumulate m the medum As can be seen1n Fig 6
the addition of a single carbon unit as from formate to this substance
could result 1n the closure of the ring and the formation of a purine
Greenberg (1950) has shown that folic acid and formate are n fact
essentral for this reactron

Disorders mth which Megalob: Erythrop 15

Addisoman Megaloblastic (‘Pernicions’) Anaemia

The actiology of this condition has already been discussed It s felt
that the name permcious should now be dropped the eponym s wel
worth retainung as 1t serves hoth to honour the name of Addison and
to distingwmish the classical vanety of megaloblastic anaemia from the
many other types now recogmzed The chmical picture and haemato
logical features of the disorder are too well known to be described here
an excellent recent account 1s given by Davis and Brown (1953) Treat
ment should now be by vitamin B,, which 1s readily available cheap
and bemng a pure substance can be given 1n an accurate and knownh
dosage There 1s now no place for hver extracts and the use of suc'
oral med as hog s h are quite unjustified C
preparations of vitammn By and intrnste factor are available and have
beert stown ctpable of maratanmng patents with Addwonen .mfga4°
blastic anaemia m renussion (Lowther Alexander and Hendry 195’_ )r
At the present time however, there 1s no satisfactory substitute os
parenteral adminystration of vitamin By, for the average patient 3'!
dealt with 1n clinical practice No reports have appeared of sensm\;l‘)i’
to vitamin By, The mnttial dosage advised in the average uncomphcah;n
case 1s 100 ug per week until normal blood values are attamned W
the interval can be lengthened to a month Some patients can be mal‘l;le
tamed on 100-ug doses at even greater mtervals but these are notto
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recommended for general use This dosage 1s no doubt 1n excess of
requirements but parsimony has nothing to commend 1t If subacute
combined degencration 1s present 100 pg should be given weekly or
twice weekly for at least six months for 1n that time most of the ex
pected 1mprovement wxll occur {Ungley 1949) In severe cases with
unnary or other

which 1n some patients undoubtedly retard the response to witamin By,
more frequent 1nitial doses may be used There 1s little point 1n gaiving
very large doses for most of the vitarun will be lost in the unne
Patients on maintenance treatment should deally be examined and
a blood count carried out at six or twelve monthly intervals Espe
cially m women supplementary treatment with ron may be neces
sary the rapid increase n the red-cell count may deplete deficient wron
stores

That other types of megaloblastic anzemsa differing from the classical
Addisoman vancty exist has been recognized for a fong time 1t 1s
only since pure h became table thatat has
been possible to differentiate these at ail clearly a bref account
follows

The Sprue Syndrome

While anaemua 1s common 1n this disorder 1t 1s often hypochromic
and associated with a normoblastic marrow picture A megaloblastic
anacmia s well recogmzed however 1n both the tropical varnety and in
so-called non tropical spruc as encountered n temperate climates
1t 1s commoner 1n the former disorder While the bone marrow usually
shows typical megaloblastic erythropotests cases have often been
desenbed in which so-called bl are found
(Dacie and Whate 1949) these cases respond to treatment as do those
showing typical megaloblastic change the bone marrow cells becoming
normoblastic  The permanent gastric atrophy so charactenstic of
Addssonian megaloblastic anzemia 1s not found Achlorhydna 1s
constant and even if found 1mtially may not be permanent While in
some patients the evidence of intestinal disease 15 very obsious n
others fat balance studies may be required for its demonstration In
any patient with non Addisoman megaloblastic anaemia in whom the
cxact diagnosts 15 uncertain such studies are essential (Cook Peency
and Hawkins 1953) Tt 1s probable that most of the patients reported as
suffening from so<called achrestic anaemia had occult steatorrhoea 1t
|s easy to account for the of anaermua by phion of

factors The 1 may not be as simple as this
however and the relatonship of infective processes m the affected
mntestine to the development of anaemia has aroused much mterest
the extent of this nfluence has as yet to be assessed The deficiency
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tions has yet to be assessed The anaemia may respond to correction of
the anatomical defect but this 1s not always practicable unfortunately
many patients live a sem 1nvahd existence very sumalar to that of some

sufferers from the sprue synd » 18 required
in those cases where of the 1 at hity 15 not,
possible
Cocliac Disease

The commonest form of anaermia found 1n cases of coehae discase 15
due to 1ron d a true fobl: anaemia 1s g {ly con

sidered to be rare the haematological features and responses are
simifar to those of the sprue syndrome As i sprue the deficiency 15
often Tixed

Nutritional Megaloblastic Anaemmas

Tt s ofien difficult to be certam of the nature of many examples of
mactocytic anaemia reported from tropical countries In the past
martow puncture was seldom employed and the true nature of the
anaemua was not determined Many patients with marked dietary
deficiencies have also severe associated diarchaca and are reported as
examples of the sprue syndrome (Suarez, Spies and Suarez, 1947)
Again many examples of megaloblastic anaemia of pregnancy reported
from tropical areas are probably primanly due to nutritonal deficiencies
which hive been exacerbated by the pregnancy (Chaudhun 1951)
Other factors such as tron fe and worm nf
are often also present Recent reports have shown that many of these
cases respond to vitamin By, (Cbaudhun 1951) though the remussions
obtawmed arc tiot s rapid or complete as those to be expected 1 cases
of Addisoran megaloblastic anacma of comparable seventy very
much larger doses of vitanun B,y are often required (Ungley 1951-2)
Many of the older reports were concerned with the effects of Iner
extracts these were often used in inadequate quantitics and the results
obtaned were not of much value now that pure preparations are
avartable 1t 15 hoped that more defimte anformation will be forthcormng
Tt seems yery Likely that many of the condstions will turn out to be due
to multiple deficiencies

Megaloblastic Anaemia of Pregnancy

{3} ds Seen in Temperate Chnmates The predommnt deficsency n
these cases 15 always folic aad Occastonal eases have been reported of
Tesponses tovitamuin By, (Lowenstemn Pick and Phalpott 1955) but these
are usmaity suboptimal Many of the older reports are very confusing
1t 15 probable that the resp seen after the admumistration
of crude Iner extracts were due to folic and falme scids which these
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preparations contaned How the deficiency arises 1s stull not understood
In some cases there 1s a very marked dietary deficiency and vomiting 15
severe 1n others the diet 15 excellent but mn the majonity of cases re
ported by Thompson and Ungley (1951) the diet was poor, but no
worse than that of many women who did not develop megaloblastic
anaema There s some evidence suggesting that one of the contributory
factors may be dietary deficiency for there 1s a very significant increase
1n the 1nadence of the disorder during the winter and spring months
when fresh green vegetables are not readily obtamable (Thompson
1957) It used to be said that this disorder always spontaneously re
mutted after delivery but thus 1s certamnly not mmvarniable for many
patients become steadily worse 1z the pucrpertum Moreover the dis
order is commonly diagnosed first during the puerperium, although
with an mcreasmng awareness of the chmcal and haematologral fea
tures of the disease 1t 15 now much more frequently diagnosed during
pregnancy Patients are still occasionally seen up to four months after
delivery with untreated megaloblastic anaerma of pregnancy Twin
births are associated with loblastic much more J
than would be expected by chance The diagnoss of the condttion 15 by
no means always easy Some patients do show an anaemua with a hugh
MCYV and with a leukopenra, but m others there may be values which
suggest a hypochromic 1ron deficiency anaemra but the MCHC 1s
usually high The wlhite count unlke that of Addisoman anacmi2
may be high (Thompson and Ungley, 1951) It 1s often not possible o
make a defimte diagnosis on the peripheral blood picture though an
apparently normochromic anaemia with a falling count durmng the last
months of pregnancy—especially 1f ted with loss of
appetite a sore mouth and a poor dietary history—should give sise to
suspicion and the marrow should be examuned As long as hyper
chiromuc anaenua 1s expected this disorder will be frequently 1n
diagnosed The response to folic acid 15 excellent after delivery but
duning pregnancy 1s usually suboptimal Many patients will require
1ron supplements 1n addition to folic acid The anaemua only very rarely
recurs 11 later pregnancies and maimtenance treatment 15 not required
Achlorhydna 1s found quite frequently but a famuly history of anaemia
1s not found and no case has been reported to develop glassical Addion
1an megaloblastic anaemua later

() In the Tropics These cases are discussed briefly above they are
probably examples of nutritional anaemia 1 which pregnancy 1s an
incidental though no doubt a very important contributory factor

Megaloblastic Anaemma of Infancy
Stnce the report of Zuelzer and Ogden (1946) this disease has bescelsl
recogmzed much more frequently than m the past Wlile some &
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are due to vitamm By, defictency others respond only to folic acd or
folinic actd (Sturgeon and Carpentet 1950 Ungley 1951-2) Ascorbie
acid has been found to be necessary for the conversion of folic acid to
the active form of folintc acid (page 264) and 1t 15 of great nterest to
find that some case reports mention evidence of ascorbic acd deficrency
oreven of frank scurvy (Aldnch and Nelson 1947) These observations
link up very well with those of May and Ius colleagues (1950 951 and
1952) on the prod of megaloblastic anaemia 1n scorbutic monkeys

1t seems unlrkely that all cases are due to one cause 11 most instances
the aetiology 1s unknown Most cases occur at about three to four
months of age 1t 1s very rare after the age of one when a mixed dict1s
taken so that dietary factors are very likely All cases will respond to
folic acrd but 1 a disarder about which so little 13 known 1n switable
cases thete 1s some justification 1 first trying the effect of witamun 8,
and of ascorbic acid

g Anaemia mn A fon with Ascortne acd Deficiency

As has been mentioned above there 1s some evidence that ascorbic
acd may be required for the transformation of fohe to folmic acid
(Nihol and Welch 1950a) There 18 also experimentat evidence that a
megaloblastic anaema, can be produced 1 mankeys by dietary defi
ciency that the megatoblastic change 1s due to a defect in folic-acid
metabolism and that this 1s related to ascorbic acid deficiency (May
etal 1950 1851 Prochl and May 1952) These authors point out
however that the dict contained only small amounts of fohc acid and
that adding folic acid prevented megaloblastic change duning scurvy
They were unable to detect any ditect specific function of ascorbic
acd 1n haematopotesss Although there 1s clinical evidence that some
cases of megaloblastic anaema of nfancy may be due to vitamin C
deficiency (93 ) there 1s very hitle evidence 1o suggest that vitamm-C
deficiency alone can result sn megaloblastic erythroposesss 1n the adult
‘When possible mstances of megaloblastic anaemra 1n scurvy are col
fected together they do not make an smpressive number even when the

anaema 15 macrocylic the bone marrow s almost 1nsanably normo
blasue

Assoclated with Tap f

The exact actiology of this disorder was unul recently a great
mystery It 15 now clear howeser that the parasite dibothnocephalus
fatus when situated high n the small intesine absorbs vitamin B,y
from the mtestmal contents and utilizes 1t for s own growth thus
interfening with the absorption of the vitamun by the host Dead worms
have been shown to contam large amounts of vitamin B,, indeed they
can be used as a source of vitamin Byy for the treatment of pauents
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preparations contained How the deficiency arises 1s still not understood
In some cases there 15 a very marked dietary deficiency and vomiting 1s
severe 1n others the diet 1s excellent, but 1n the majority of cases re
ported by Thompson and Ungley (1951) the diet was poor but no
worse than that of many women who did not develop megaloblastic
anaerma There 15 some evidernce suggesting that one of the contributory
factors may be dietary deficiency for there 1s a very sigmficant increase
1n the mcidence of the disorder during the winter and spring months
when fresh green vegetables are not readily obtamnable (Thompson
1957) It used to be said that this disorder always spontancously re
miutted after delivery but this 15 certamly not myanable for many
patients become steadily worse 1n the puerperium Moreover, the dis
order 1s commonly diagnosed first during the puerperum  although
with an mcreasing awareness of the chinical and haematological fea
tures of the disease 1t 1s now much more frequently diagnosed during
pregnancy Patsents are still occastonally seen up to four months after

delivery with untreated meg: 10 of preg Twin

1

births are ted with lobl: much more
than would be expected by chance The diagnosss of the condrtion 15
no means always easy Some patients do show an anaermiz with 2 high
MCV and with & lenkopena but 1n others there may be values which
suggest a hypochromic 1ron deficiency anaemia but the MCHC 1
usually igh The white count unlike that of Addisonian anaemia
may be high (Thompson and Ungley 1951) It 15 often not possible to
make a defimte diagnosts on the perspheral blood picture though an
apparently normochromic anaemia with a falling count durng the last
months of preg pecially 1f d with vomitmg loss of
appetite, a sore mouth and a poor dietary history—should give fise t0
suspiczon and the marrow should be examined As long as hyper
chromic anaemua 1s etpected this disorder will be frequently un
diagnosed The response to folic acid 1s excellent after delivery but
during pregnancy s usually suboptimal Many patients will require
1ron supplements 1 addition to folic acid The anaemua only very rarely
recurs 1n later pregatncies 2nd marmtenance treatment 15 not required
Achlothydna 1s found quite frequently but a family history of apaemia
15 not found and no case has been reported to develop classical Addsson
1an megaloblastic anaema later

() In the Tropics These cases are discussed briefly above they ate
probably examples of nutritional anaemma 1 which pregnancy 15 an
imaidental though no doubt a very smportant contributory factor

Megaloblastic Anaemia of Infancy
Smce the report of Zuelzer and Ogden (1946) thus dusease has cb;:e:
recogmzed much more frequently than sn the past While some
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are due to vitamun By, deficiency others respond only to folic acid or
folime acid (Sturgeon and Carpenter 1950 Ungley, 1951-2) Ascorbic
acid has been found to be necessary for the conversion of fohe acid to
the active form of folime and (page 264) -.md st of gmn mm:s\ 1o
find that some case seports mention evid b

or even of frank scurvy (Aldrich and Nelson 1947) These observations
limk up very well with those of May and his colfeagues (1950 1951 and
1952) on the prod: of" 1 anaetmua 1 scorbutic key
It seems unbkely that all cases are due to one cause 1 most instances
the actiology 1 unknown Most cases occur at about three to four
months of age 1t 15 very rare after the age of one when a mixed diet 15
taken so that dietary factors are very likely All cases will respond to
folic acid but 1 a disorder about which so little 15 known 1n smtable
cases there 15 some justification m first trying the effect of vitarmn B,,
and of ascorbic acid

Anaemia m A with Ascorbie acid Deficiency
As has been mentioned above thete 1s some evidence that ascorbic
acid may be requured for the transformation of folic to folme and
{Nichol and Welch 1950a) There 15 also expenimental evidence that a
megaloblasty, anaemia can be produced in monkeys by dietary defi
ciency that the megaloblastic change 1s due to a defect m folic acid
metaboltsm and that thus 18 refated to ascorbic acd deficiency (May
et al 1950 1951 Proehl and May 1952) These authors point out
however that the diet contamned only small amounts of foli, acid and
that adding folic acid prevented megaloblastic change dunng scurvy
They were unable to detect any direct specific function of ascorbie
2ad 1n haematopoiesis Although these 3 chmscal evidence that some
cases of megaloblastic anaenua of nfancy may be due to vitamn €
deficiency (g v) there s very hittle evidence to suggest that vitammn C
deficiency alone can result 1n megaloblastic erythropoiesss in the adult
‘When possible 1nstances of megaloblastic anaemi 1n scurvy are col
lected together they do not make an impressive number even when the

anaemua 1s macrocvtic the bone marrow 1s almost wvatably normo
blastic

A d with Tap Tof

The exact actiology of this disorder was until recently a great
mystery It 15 now clear however that the parasite dibothriocephalug
latus when situated hugh 1n the small intestne absotbs witamin Byy
from the intestinal contents and utilizes 1t for 1ts own growth thus
interfering with the absorption of the vitamin by the host Dead worms
have been shown to contain farge amounts of vitamin By, mdeed they
can be used as a source of vitammn By, for the treatment of patients
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suffeting from tapeworm megaloblastic anaemia (von Bonsdorff and
Gordin 1952) Patients should be treated by vermufuges and vitamin
B, once remission of anaemua s attamed there 18 no need for mam
tenance therapy Itis of course necessary to distinguish cases of true
Add galobl. with merdental tapeworm mfesta
tron which will require maintenance treatment

Followmng Gastrectomy

It has been shown recently by Callender, Turnbull and Wakisaka
(1954) that the secretion of ntrmsic factor 1s often reduced after total
gastrectomy to the same degree as occuss 1n Addisontan megaloblastic

They r d the regular ad ration of vitammn By

to such patients Although megaloblastic anaema after total gastrec
tomy has not often been reported this may well be due to the short
survival trme as the operation 1s so commonly performed for car
cmoma Megaloblastic anaemia has also been reported after partial
gastrectomy and gastro enterostomy (Badenoch Evans, Richards and
Witts, 1955) It was thought likely that prolonged gastntis nught have
been responsible for the loss of gastric secretion Steatorrhoea does
occur m some patients after these operations 1t was not considered to
be a significant factor n those reported by Badenoch et af (1955)

Although as would be expected vitamm B, 1s usually effectrve
these cases one patient required folic acid therapy in addition {Conway
and Conway 1951)

In Association with Diffuse Neoplastic Infiliration of the Bone Marrow
and with Levkaemia

Many of the older reports of this association are unrehable for the
megaloblastic cells were diagnosed from tissue sections i which the
finer points of histology of marrow cells are quite unrecognizable
Patients with acute 1 quite ly have an with2
high MCV, 1n such cases there are usually many macronormoblasts
present in the marrow Very primitive erythroid cells sometimes closely
resembling megaloblasts are however occasionally encountered but
usually 1n small numbers and the primary condition 1s usually obvious
In the writer s expenience these megaloblast like cells are more common
1 acute monocytic and myelo monocytic leukaemias than 1 other
types At times the erythroid changes predominate many such cases
have probably been reported as so called D1 Gughelmo s disease The
Teukaemic or neoplastic cells may utihize excessive amounts of haemato
potetic materal for their growth and thus nterfere with the norma
maturation of the red cell series 1f this were true these patients should
respond and the marrow should revert to normoblastic erythropoiests
on admuustration of vitamm B, or folic acid ths 15 very rarely the
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case (Stone 1950 and personal observations) Studies of folic acid
levels 1 the plasma of leukaema do however show low levels (Spray
and Witts 1953) Apother possible explanation 1s that metabolites
from the neoplastc tssue mterfere with cell growth

In Patients Treated with Folic actd Aptagomsts

In view of the mmportance of folic acid 1 haematopoiests 1t would
be expected that megaloblastic change would be common 1n patients
treated with folic-acid antagomsts This 15 observed only rarely how
ever cells remotely resembling megaloblasts if they occur at all
usually appear only 1n very small numbers though occasionally they
are numerous and immature (Wilson 1951)

Anaemia A d wmith A Therapy
Since 1954 some thirteen papers have appeared in which ths associa
tion has been described (Gydell 1957) The anuconvulsant thempy

has often been multiple and has ly been d
or prmudone together with phenobarbitone Megaloblastlc anaemia
has been reported foll g the use of diphenyl I and prim

done separately 1t has also been described 1n association with a pro
prietary barbiturate conststing of equal parts of amylobarbitone
sodum and quinalbarbitone sodmm (Hobson Selwyn and Mollin
1956) The anticonvulsants have usually been faken for some years
but anaemia has developed after four months of such therapy (Fuld
and Moorhouse 1956) Most of the patients have been m a young age
group i which Addisonran pernicious anaema 1s very rare 1n ade
quately investigated patients this dragnosis has been excluded as has
any evidence of malabsorption (Gydell 1957) Responses to vitanun
B, have usually been negative or poor while folic acid has never failed
to give a satisfactory 1f such 15 d the
anticonvulsant therapy can be maintamed also Girdwood and Lenman
(1956) have pomnted out structural simularities between folic acid and the
anti 1 1mner d and have d that the latter act as
competitors 1 some enzyme system and so block some synthetic
process requiring folic acsd Why only certatn patients should develop
the anaemia and why there should be such a long mterval between
commencement of anticonvulsant treatment and onset of anaemia 15
not explamed

So-called *ldiopathic Refractory Anaenua’

Since folic acid became available the number of cases n which the
above diagnosss 1s made have dwindled considerably Many of the
cases diagnosed m the past as refractory anaemm or achrestic
anaema were no doubt examples of folic acid deficiency In many
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instances there was probably occult steatorrhoea In other cases the
marrow was not megaloblastie, there 1s no pomnt 1n referring to such
cases as refractory anaemia the diagnosts should be that of the pn
mary condition which usually 1s of some well recognized disorder such
as aplastic anaemia or aleukaemic leukaemia Cases of true megalo
blastic anaemta which do not fall into one of the groups menttoned
above are exceptional 1t must be remembered that several years may
sometimes elapse before the diagnosis of a case of steatorrhoea becomes
marnufest

In Liver Disease
This 1s discussed above (page 246)

Evidence of Increased Red-gell Destruction in the
Megaloblastic Anaemias

In certamn patients suffering from megaloblasttc anaemas due to
defiency of erther vitamin B, or folicacid the crreulating erythrocytes
mayhaveashortened Life span, inrarecases this may be very pronounced
Usimg the Ashby differential agglutmnation technique Hamulton De
Cowan Sheets, Janney and Ellis (1954) have demonstrated that fresh
normal erythrocytes when transfused into patients with Addwsonan
megaloblastic anaemra 1n relapse are destroyed rapidly 1 a random
fashion and pomnt out that haemolysis may make a very substantial
contribution to the anaema A normal survival time for such trans
fused cells was found when vitamin B, was given nme to twelve days
before transfusion the rate of destruction was greater the later
vitamin B, was given and the fastest rate occurred m an untreated
patient This destruction may be due to an mherent abnormality 1 the
red cells themselves but the observed short survival trme of transfused
fresh normal cells makes 1t clear that there must be an extracorpuscular
haemolytic mechanism also  the natuse of this 1s quite unknown NO;
all studies have shown this decreased survival of transfused norma
erythrocytes (Mollison 1947 Singer King and Robin 1948) {t 15
probable that only certain patients have an extracorpuscular haemol Yﬂ‘f?_
process certainly clinical observations would suggest that the degree ©
haemolysis vaues greatly from patent to patient Fmch Colcmﬂ;l,
Motulsky Donohue and Reiff (1956) conclude that there 1s in paticn ;_
with Addisonian megaloblastic anaenua an average destruction Htmt 05
the patients own erythrocytes of about three times normal A1956)
same time, evidence marshalled by Finch and hus associates ( T
suggests that the effective production of erythrocytes is about norma -
Addisontan anaemua The low reticulocyte count found m Addxsomcc

1n relapse 15 501 used as agamst the Pf°5°e"0f
of a haemolytic process As pomted out by Finch e/ al {1956), ox¢
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the ct istic features of ery m Add amaemia 1s
the early appearance of nucleated cells By the time the nucleus 15
excluded the cytopl has usually disapp d When N'*

labelled glycine 1s admunsstered 1t becomes ncorporated m the porphyrnn
ning of haem {(g3) the survival time of erythrocytes contaming such
labelled haemoglobin may be readily followed It appears that m
Addisoman megaloblastic anaerua m relapse some red cells bave a
normal survival time whereas others are destroyed unduly rapidly and
at random (London and West 1950 James III and Abbott 1953)

Related to these problems of mcxcascd rcd cell dcs(rucnon are
studies of bile pgment
anaemia London and West (1950) observed a very rapid elimmation
of labelled bile pigment after admimstration of N labelled glycine
to patients with Addisontan megaloblastic anaemia in relapse This
elimination was so rapid as to preclude an ongin from the haemoglobin
of mature circulating erythrocytes There are two possible explanations
for this observation one 1s that there 15 a breakdown of very newly
formed red cells 1n the marrow before they ever reach the circulation
the other 1s that such labelled bile pigment may have originated directly
from labelled porphynins which were never incorporated 1n erythrocytes
at all That such quantittes of pigment could have ansen from the
destructton of other haem pigments such as myoglobm seems most
unlikely Whether bile pigment can be formed directly from pyrroles
and pyrrole precursors without the formation of a porphyrin ring
structure 15 unknown

It seems very likely that there 15 1n fact an excessive destruction of
young cells in Addisonran megaloblastic anaemia 1n relapse though
how this comes about 1s unknown After discovery of the efficacy of
liver treatment 1t became almost heresy to regard pernicious anaemia
as other than a deficency disease though before that time st had
always been classified as a haemolytic anaemia It 15 now apparent that
haemolytic and indeed perhaps other factors sometimes play a very
prominent part
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AB\NORMALITIES OF THE HAEMATOPOIETIC SYSTEM ASSOCIATED
WITH ENDOCRINE DYSFUNCTION
Hypothyroidism
Anaemta which responds to thyroid therapy frequently develops 32
direct result of deprivation of the thyroid hormone It must be remem
bered however that anaemia dug to sron or vitamun By, lack may be
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associated with though as far as 1s kpown not m any way due to
hypothyroidism The response of such aniron or vitamin B, deficiency
anaemia to spectfic therapy will be modified by the assocrated thyrord
deficiency complete remussion will also require correction of the hypo
thyrod state

The truze anaema of hypott may be nor and
normocytic but 1s frequently macrocytic 1n neither instance is 1t usually
severe In the macrocytic vanety the penpheral blood shows only a
moderate and umform macrocytosis amisocytosts and potkilocytosis
are not found The bone marrow 1s hypoplastic (Bomford 1938
Jones 1940) megaloblasts do not occur there ts no evidence of vitamn
B; or folic acid deficiency and the anaemia does not respond to these
substances In rare mstances severe aplasia may be found with sclerosis
of the thyroid gland (Jaffe 1938) While 53 4 of Lerman and Mean s
(1932) patients had achlorhydna this 15 not related to the aetiology
of the anaemia except that 1t may play a part m accelerating the
development of 1ron deficiency if other factors tending towards this are
present

A reduced blood volume 1s said to be common 1 myvoedema
(Thompson 1925-6 Chang 1931) It 1s stated that the volume may
¢ by 25 / or more after thyroid treatment (Thompson 1925-6) A
nse 1 plasma volume without a comerdent tise in red cell volume
accounts for the frequently observed mmtial fall m the haematocrit
immedeately after beginnmg thyrord treatment Carotenaerma 1s

ly present in d (] d 1938) the yellow colour

which 1t produces in the skin may suggest 1cterus and lead to a clinical
diagnosis of pernicious anaema Such an error will be more readily
made 1f the anaemua 15 of the macrocytic type

After thyroid t there 1s no reticul and regeneration
of blood 15 slow complete remission of anaemiz may take several
months The response 15 quite unlike that seen after spectfic treatment
has been given to a patent suffering from vitamin B, folic acid or
wron deficiency There 15 nothing to suggest that thyroid hormone 1s a
specific h: L d 1938) the anaemia of
myxoedema 1s probably due to a general depression of metabolism

Hyperthyrodism

In hyperthyrowdism there 1s but Iittle sigmificant change 1n the blood
The white cell count 1s usually low or normal and a relative granu
1 P with lympk 18 ly found this
has not however the diagnostic mportance ongmnally ascribed to it
by Kocher (1908) Bistrom (1946) correlates the lymphocytic infiltration
of the thryoid with the degree of lymphocytosis It 1s natural that the
present theory of the cause of the genesal hypertrophy of lymphoid
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tissue and the lymphocytosis should be related to an associated or
relative deficiency of adrenal steroids (Selye 1937)

‘Thymus

Ross, Finch, Street and Strieder (1954) report two personal cases m
which there was an association between benign thymoma and a re
{ractory anaemsa Seven simular cases were collected from the lters
ture two patients had myasthenia gravis In three of these ten patients
thymectomy resulted m a marked chnreal 1mprovement The authors
discuss the possible relationships between the two disorders, 1t would
certainly seem well worth while to investigate this matter further for
the evidence 1s at present very scanty

Addison’s Disease
The blood picture m 100 patients with Addison s disease has beent
reviewed by Baez Villasenor Rath and Finch (1948) They pomt out
the difficulty of b gical values d patients
owng to haemoconcentration, some patients showmg an elevation of
haemoglobin, as do expermmental ammals ;m a cnsts (Corey and
Bniton 1932) There may also be changes m red cell volume due to
change m osmolar concentrations of mtra and extraceliular flud,
these changes are unlikely to be great as following treatment there1s 2
parallel fall in values for packed cell volume haemoglobin and red-cell
count Baez Villasenor ez al (1948) state that they can zssume & 20§
drop m haemoglobin level followmg treatment there may be a sub
sequent nise suggesting that the drop in the relative concentration of
haemoglobin has acted as a stmulus to haematoporesis A siight
normochromic ROIMoOCytic anaemia 1s common in Addison s disease
In a group of stabilized patients the average haemoglobin was 1358
In four patients radtoactive ron studies showed that wron utilization
for haemoglobin formation was very slightly less than normal Leuco
cyte changes were most promment m the group receving mantenance
treatment by DOCA or adrenal-cortical extract (Baez Villasenor
etal 1948) this 1s considered to be accounted for by a longer duration
of hypoadrenalism In this group leukopema of under 5000 per cu
mm was found m 21% of patents while lymphocytosis and ncutrcl
penia was found mn about 50% Such changes together with a genera
increase 1 lymphord tissue have for long been recognized as a feahut®
of Addisons disease (Rowntree and Snell 1931) Eosmophilia 18
and of no d 1c value The blood picture was not
signficantly different 1n those cases due to tuberculosis and those duef
to adrenal atrophy Large doses of DOCA and mamntenance doses o
adrenal extract have no influence on the blood picture apart from ﬁlﬁt
changes associated with correction of haemoconcentration 08y
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ortisone and related substances will correct the cellular changes
Thom Forsham and Emerson 1949)

Cushing’s Syndrome

Polycythacmia 1s often quoted as being common m Cushing s syn
frome and 1t was emphasized 1n the onginal description (Cushing
932) The flord appearance of the patient often leads to a cliucal
hiagnosis of polycythaema but 1n about half of the cases the red—cell
ount 1s normal (Thompson and Eisenhardt 1943 Plotz knowlton
ind Ragan 1952) the lughest count met with by the latter authors
vas 6 9 milhon The polycythaemia does not appear to lead to any of
he complications associated with polycythaemia vera In one series
he eosinophul count was below 100 per cu mm 1 799 of cases

Gonads

There 15 2 well established sex difference n red cell count and
1aemoglobm values those 1 the male bemng higher than those m the
emale this holds not only for man but also for mammals and birds
[hs sex difference may be annulled by male castration and restored by
estosterone Eunuchord men have slightly subnormal red cell counts
which become normal on testosterone therapy and relapse on cessation
of treatment (McCullagh and Jones 1942) Ovariectomy m rats causes
1 nise mn the red cell count and haemoglobin to nearly the levels mam
amned by castrated males and the admimustration of oestzadsol to these
ammals restores their blood values to those of the normal female The
nfluence of oestrogens 1s difficult o assess n the experimental ammal
or great specie varations exist and the doses used are often unphysio
ogical Probably the sex h bif h purely
Oy therr general metabolic effects the matter 1s more fully discussed by
Daughaday Wilhams and Daland (1948)

The Patmtary

Anaemra has been frequently observed to follow destruction of the
ptuitary 1n man and 1h antmals If the precise cause of anaemsa develop
ngin with defi of mndividual endocrme glands under
pituitary control 1s obscure this 1s even more true when the pitmtary
s ttself pnmanly mvolved Van Dyke Garcia Sumpson Huff Conto
poulos and Evans (1952) have by hypophysectomy 1n the rat related
the anaema to removal of the antertor lobe extirpation of the mnter
mediate and posterior lobes did not change the haemoglobin concentra
ton haematocrit or volume of crrcufating red cells Sometimes in
hypopituitarism one gland seems predomunantly affected thus in some
patients the clical picture 15 principally one of hypothyrotdism The
linical impression 15 often of a more severe anaemua than 15 actually
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present While patients with hypopitwitarism may mamtam relatnely
normal red-cell counts but rather Jow haemoglobin concentratons
at first there 15 a tendency for anaemra to develop some years later
Occasionally red-cell counts of 2-3 mullion are met with (Shechan
1937 and 1939) A macrocytic anaema has been described this may
be due to hypothyroidism (g v) In two thirds of Shechan s 1939 cases
there was a relative lymphocytosts and a moderate cosmophilia
Escamilla and Lisser (1945) 1n 101 cases of pathologically venfied
Simmond s disease found a mean haemoglobin of 65% (range
40-102%,) and a mean red cell count of 37 million {range 20-56
million) They also noted an eosmophilta (mean 6 5%) as a common
finding the same comment 1s made by Silver (1933) whose hacmato
logical findings are very sumilar Snapper Groen Hunter and Witfs
(1937) and Watts (1942) tend to stress the influence of achlorhydna
and malabsorption and relate the aetiology of the anaemia to pernictous
anaemia This 1s a subject m need of further investigation by some of
the more recently developed techmques such as tests of radioactive
vitamin By, absorption After hypophysectomy the bone marrow 1s hypo
plastic (Crafts 1946) The anaema of fiypoprturtarism as commonly
encountered 1s probably the result of a depression of general metabolism
and 1s not due to the absence of any specific haematopozetic factor

Androgens have proved partially effective i treatment of the anzemi2
of hypophysectomized male rats, Crafts (1952) found that the only
treatment which maintawmed a normal red cell level was a combination
of a high protein diet with thyroxine and testosterone propronate In
contrast cobalt mtake had a profound effect on the hacmoglobin
as well a< on the erythrocyte count Haematological amprovement 11
the anaemia of hypopituitarism s difficult to attamn and maintan
though some chmeal unprovement may result from endocnne therapy
The use of anterior piturtary hormones 1s as yet unsatisfactory thyrol
and testosterone appear to be the most valuable endocrine preparalions
for use 1 this disorder and cortisone has also been shown to
effecttve An adequate protemn mtake 15 mdicated and cobalt therapy
15 certamly worth a trial

The Effect of Adrenocortical Steroids and ACTH
on Haematopoiesis

In a great varety of disease states many of the mflammatory 0f
Sogical ypz d tration of cortisone or ACTH besides
producing clinical improvement induces a reticulocytosis and 1mP“";5
ment of assoctated anaemia (Finch Crockett Ross and Bayles 195])
Why this should occur 1s unknown as 1s the reason for the retrcul ‘C;s
cytosis which can be produced by these substances 1 permﬁwn

anaemra (Thorn Forsham Frawley, Hill Roche Stachelm and Wilso!
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1950) There 1s no report of p i even after prol d

P £
treatment with these steroads m very high dosage In both man and
ammals cortisone and ACTH produce a very marked neutrophifia
{Sprague ef al 1950 Finch ef af 1951 Quittner Wald Susman and
Antopol 1951) An adverse effect mght be expected 1n acute or sub
acute myeloid and monocytic leukaema and this 1s sometimes observed
(Fessas Wintrobe Thompson and Cartwnight 1954 Thompson 1957)
A case of 1l 1 sarcoma 1 rapidly fatal monocytic
Yeuk after d has been reported

A fall of cosmophils 1s the most stnking mamfestation i the pert
pheral blood 1ts degree probably depends on the level of steroid 1n
the blood stteam The cause of this dramatic fall 15 unknown There
may be an inhibition of production or of release of cosinophuls from
the marrow or they may be segregated or destroyed This matter 15
as yet unsettled a discussion may be found 1n reviews by Thorn (1953)
and Esseher Jeanneret and Morandi (1954) A further very pronounced
effect 15 a depression of all lymphod tissue both normal tissue and the
abnormal cells of acute and chromic lymphatic leukaemia and lympho
sarcoma are affected The action of the steroids 1s not only depressant
there 15 much evidence of actual cell destruction (Feldman 1950
Herlman 1945) There 1s a great mass of data much of 1t unsatisfactory
and very sial on the r hup of the cytolytic changes
produced m lymphoid tissue to the liberation of antibodies (Valentine
Craddock and Lawrence 1948) The dissolution of lymphoid tissue
mediated by adrenal cortical hormone under control of the neuro
hypophysis has been constdered by many authors to be part of the
normal defence mechamsm of the body agamnst infection (Dougherty
and White 1945 White and Dougherty 1945) It seems unhikely that
many of the gross changes whuch have been demonstrated 1n laboratory
ammals have any relation to those occurnmg in man exther under
physiological conditions or as part of the normal defence mechanism
1t does appear probable that the adrenal cortical steroids have a very
ymportant influence on lymphoid tissue and that this may be exerted
duning the response to stress of varous kinds

In diopathic thrombocytopeme purpura and i symptomatic
lhrombocytupema associated with a megakaryocyte nch marrow
cortisone and ACTH are often of great therapeuticvalue as a temporary
measure either while prepanng for splenectomy when indicated or to
cover the natural course of the disease 1n the acute symptomatic type
of thrombocytopenta Finch ef al (1951) have demonstrated no effect
onnormal platelets and cor d ACTH are mneffective in th b
Cytopenic states associated with marrow aplasia
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“‘Haemoporetine’”

This name was given by Carnot and Deflandre (1906) to a hypo
thettcal blood borne substance believed to stimulate and regulate ery
throid bone marrow It 1s clear that a very seasitive control mechanism
must eust for all formed elements of the blood, but 1ts nature 1s un
known, conclustve proof even of 1ts existence 1s lacking Van Dyke ef al
(1954), n a valuable review of the subject present evidence that the
anterior pitwitary plays an important direct role mn the control of
circulating red cell volume No other known endoctine glands seem
to be mplicated the thyroid adrenals and testes seem to influence
haematopoiesis solely by their general metabolic effects

Production of anoxic or anaemuc anoxia are the methods which
have been most extensively used for the experimental stimulation of
erythropotesis and for attempts to demonstrate a haemoporetine
Other workers have tried to prepare plasma extracts from bled rabbits
and to demonstrate an erythropoietic effect on myecting such extracts
mto normal ammals (Borsook Graybiel Keighley and Wimdsor,
1954 Gordon Tanenbaum and Siegal 1955) The extracts obtamed by
this method have not been of ligh potency Much more active extracts
have been prepared from phenylhydrazine treated ammals especrally
those with liver damage and 1t 1s suggested that the damaged lner 1s
unable to destroy the active substance (Jacobson Davis and Alpen
1956) Reissman (1950) kept one of a pair of parabiotic rats anoxic
while the other breathed room air A polycythaemic response occurred
1n both ammals, the percentage of erythroid elements mn the marrow
ncreased with the degree of polycythaemia The transmission of 2

) lating erythrop from the anoxic rat to 1ts partner
seems very probable Grant (1952) has further shown that mice and
rats suckled from anoxic mothers developed higher red-cell counts and
total body haemoglobin levels than control ammals suckled from
mothers breathmg room air The evidence 1s very suggestive a humotal
mechamsm for the control of erythropoests secems very probable
and such a hypothesis provides a useful workmg basis for further
experiment All the older evidence beaning on this subject 1s very fully
reviewed by Grant and Root (1952)
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CHAPTER 13

DISTURBANCES OF METABOLISM AFFECTING THE
CENTRAL NERVOUS SYSTEM

J D SPILLANE

GENERAL CONSIDERATIONS

THE nervous system functions by virtue of the activity of innumerable
nerve cells The preservation of consciousness mental processes move

ment the exercise of the senses and the regulation of autonomic
actvity are possible only on the basis of an adequate supply of energy
The neurosurgeon exposing the living brain reveals the signs of this
activity—the warmth the pulsation the changing tint of the circulating
blood—and he may explote and record the electnical activty of the
cortex and deeper structures The neurophysiologist demonstrates that
a vital alteration of electrical action potential takes only a fraction of a
second to complete while the neurochemist can measure the simultane

ous change 1n the distribution of sodum and potassium 10ns But we
know little of the chemical processes which underly this ceaseless
activity

The Cerebral Circulation

The transport of the essental glucose and oxygen to the bram 1s
accomplished by the paired carotid and vertebral arteries major
branches of which fuse at the base of the bram to form the 1nastomoss
of the Circle of Wills This structural arrangement has presumably
evolved 1n man so that an adequate flow of blood to the bram 1s
ensured Within the substance of the bram there are no arterial an
astomoses In some spectes of animals the vertebral or the carotid
system 15 nsigmufi 1n the lat y animals and 1n man
both systems are simportant In the brain as m other organs of the body
functional activity oxygen uptake and blood flow are intimately related
Cerebral metabolic activity will be reduced when there 1s substrate in
sufficiency as a result of a primary anoxia or hypoglycaenua or of faillure
of the eirculation It can also be impasred as a result of disturbance of
intermediary metabolism The vascularity of the brain varies m different
parts and there prob are 1ntrinsic mech which local
and general blood flow Whereas there are a large vanety of substances
of which CO, 15 the most potent which are capable of dilating cerebral
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arteries and ncreasing the blood flow vasoconstrictor agents are few
Oxygen possesses moderate vasoconstrictor properties Vasodiatation
1 the brain may be brought about by the activity of metabolic products
or vasomotor nerves The latter may respond to activation by the
stimulus responsible for the increased neuronal activity or through
locally placed chemoreceptors

The rate of cerebral blood flow ultimately depends on the pressure
head at the level of the and on cereb: 1
Although there must obviously be a critical level of blood pressure
below which cerebral circulation 1s mevitably reduced the marn regula
tor of cerebral blood flow 1n normal circumstances 1s the resstance

d withm the The mt; Ip the viscosity

of the blood and the state of the cerebral vessels largely deterrune the
degree and location of this resistance Drugs have only transsent effects
on the cerebral blood vessels 1n man and there 1s little evidence that
vascular tone 1s an 1mportant factor 1n the normal regulation of blood
flow m the bram

The diffusion of substances from the blood into the bram and
cerebrospmal fluid 1s a complex and dynamic process The idea of 2
physical blood brain barrier grew out of the observations of Ehrlich
m 1885 that amline dyes myected 1nto the blood stream stamned all
tissues of the body except those of the nervous system No anatomical
barrier can be identified and 1t 1s now considered that the permeability
of the vascular endothelium and of the nerve-cell membrane together
with the ability of nervous tissue to select or reject substances all take
part m the formation of the barrier system

Until recently quantitative studies of the cerebral circulation i m;i]n
were not possible Observations of the retimal circulation and of t ;
effects of occlusion of the internal jugular vems on the displacement o]
cerebrospinal fluid were not very helpful Determunation of the cexebrad
arteral venous oxygen difference by analysis of samples of carotid an
Jugular blood for their gascous exchange has been widely used (Lennox
and Gibbs 1932 Loman and Myerson 1936) Expertence has shown
that the cerebral A V oxygen difference being the product of the mtcrt
relation between cerebral blood flow and cerebral metabolisms caméoa
ttself be a measure of etther (Schraxdt 1950) Kety (1948) has devises "
method of quantitative measurement of the cerebral blood flow an
cerebral metabolism 1n 1ntact man by applymmg the familrar Flckbpr:m
ciple Ths states that the quantity of a gtven substance taken u}t) ofythc
organ 1n a given time from the arterial-blood equals the amoun! et
substance carried to the organ by the artenal blood munus the ?ymwnoe
removed by the venous blood during the same time The SLI sbloo 4
normally used 1s mtrous oxide as 1t 1s readily 1ntroduced nto tch]oo
stream by inhalatton and 1s freely diffusible and easily measure
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samples are collected sumultaneously from an artery and the supenor
yugular bulb at mtervals during and after the inhalation of this gas
Himwich (1951) calculates the Cercbral Metabohe Rate (CMR)
according to the formula CMR = A V oxygen difference x cerebral
blood flow per minute He finds that the CMR 1s depressed by depriva
tion of oxygen or glucose and by such diseases as cerebral arterio
sclerosis organic psychoses and 1n coma of all kinds The CMR 1s
raised by the admumstration of the deficent substrate (glucose or
oxygen) or 1n the case of thiarne defictency by restoring normal
intermediary metabolism by the admumstration of thiarmne Irrever
sible bram damage 1s assocated with the lowest recorded CMRs
Approximately 15 / of the blood pumped to the body by the heart
goes to the human brain It has been calculated (Ferris Engel Stevens
and Logan 1946 Gibbs Maxwell and Gibbs 1947) that in normal
adults the rate of cerebral blood flow 1s about 600 ml /min but under
varying physiological conditions 1t can range between 300 and 1300
ml fmin The brains oxygen consumption 1s such that in adults at
rest the bram takes up about one quarter of the total oxygen used by
the body Although alterations of posture exercise or breathing may
appreciably mfivence the cerebral 1 the cercbral
rate remams stable It has been estimated (kety 1955) that there are
Sml of oxygen m the cerebral blood and 2 ml dissolved 1n the bramn
substance itself at any one time At a normal rate of oxygen utihzation
of 46 m! fmin this total of 7 mi would last about ten seconds

Chemical Constitution of Bram

It 1s obvious that this relatively high rate of cerebral metabolic
actvity must be associated with changes i the constituents of the brain
Hself Bram 1s made up approximately of water 78% lipids 10/ pro
tem 8/ soluble orgamc substances 2% norgamc salts 1% and
carbohydrate 1 / (McIlwam 1955) Yet more 1s known of the cerebral
metabolism of carbohydrates than of lipds or protens Actual chemi
<al analysis of normal brain tissue began wath the work of Thudichum
(1829-1901) It did not as one might have expected wait upon the
classical discoverses of clinical and experimental neurology at the turn
of the century Thudichwm s classic A Treatise on the Chemical Constitu
tion of the Brain was first published 1n 1884 He was a German exile
who became a British subject and who practised m London as an aural
surgeon he also became Professor of Pathological Chemustry at St
Thomass Hospital His proneer researches were catried out in his
capacity as chenust to the Medical Department of the Privy Council
He used more than one thousand human and ammal brains and
described named and classified many cerebral liprds (cephalins cere
brosides and sphingomyeling)

METAD DIs —10
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The techniques which have been adopted to study changes m bram
tissue under varymg conditions comprise the analysis of bram speci
mens after rapid fixation by liquid air, the assessment of the ability of
different foodstuffs to support the metabolism of excised cerebral
tissue and the study of labelled metabolites The mvestigation of the
cerebral consequences of anoxia, anaesthesia, convulsions and hypo-
glycaemua have also yielded information of a fundamental character

Carbohydrates The additron of various substances to the flud m
which brain slices are suspended has demonstrated that only glucose
lactic acid and pyruvic acid are effective 1n maintamung tissue respira
tion In wne only glucose 1s effective and 1n the hepatectomized
ammal life can be prolonged only by mantainmg cerebral metabolism
by the admmustration of glucose or glucose producing substances
(mannose maltose) The Respiratory Quotent (the ratio of the volume
of CO, produced to the volume of O, d) ot d )
mspired and exprred air 1s known for different foodstuffs {fat 07
protein 08 carbohydrate 10) For the intact bram and also for ex
cised brain shices the RQ 1s 1 1n man and certain amimals Lastly, 1t has
been shown that the oxidation of glucose accounts for the greatest part
of the O, ntake Carbohydrates are therefore the normal source of brain
energy owidation of fats does not apparently take place in the bram

Ingested carbohydrates are sphit by enzymes into hexoses and are
absorbed nto the blood stream and conveyed to such tissues as bran
lrver muscles and kidneys If not required for d d ey
are converted to glycogen and stored 1 liver and muscle Brain con
tamns a small store (2 g) of glucose and glycogen which remain rela
tively d by external infl so that hypoglycaema ts of less
immediate danger than anoxia Bramn glycogen 1s probably able to
sustain cerebral metabolism for ninety minutes at the low level prcscn;
1n hypoglycaemia coma Rapid release of liver glycogen i the form of
glucose 1s faciitated by the liver enzyme phosphatase The av:ulabxlll:}'
of glucose 1s therefore of cardimal importance to the bramn and the
blood sugar level atself 1s under endocrne (islet cell adrenal anterior
pituitary) and neural (autonomic) control Insulin the only hormone
which lowers blood sugar increases the rate of carbohydrate oudation
Althongh the bram has to rely on glucose 1t 1s able to oxidize 1t wxlhm;l
the ard of msulin—fortunately for the diabetic Antersor pituitary an
adrenal cortical activity slows carbohydrate oxidation by dCP"CSS;gg
the vital glucokinase reaction (1 phosphorylation) and hmiting 1
utilization of glucose by non nervous tssues On the autonom;; 5(;d
1t had always been considered that the restoration of normalh o &
sugar Jevel after hypoglycaemua 1s effected by means of adrenal ﬂg b
has now been sbown however that ths restoration 1s ot delayc nti
reducmg sympathetic actvity by means of ganghon blocking age!
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(Billington Paton Reynolds and Sherlock 1954) or by surgical sym
pathectomy (French and Kilpatrick 1955) Adrenalectomy likewse
does not interfere with this process of restoring the blood sugar to
normal level {Ginsburg and Paton 1956) so that the responsible
b 1 il '+ does not depend on adrenaline

The methods adopted by the bramn for the utilization of glucose are
fundamentally the same as those of other tissues but 1t 15 possible that
the bran also makes use of other methods Energy 1s obtamed by
degradation of carbohydrate by the Emden Meyerhof path to form
pyruvate and then by the oxidation of pyruvate to CO, and water The
second path 13 by means of the Krebs cydde (tncarbovyhe acid cycle)
and requires the presence of diphosphotliamine (vitamm Bp) That
there must be some other method of carbohydrate oxidation 1n bramn
seems to be mndicated by the observation that mnhubition of exther the
degrad: of carbohyd or the 4 of pyruvate does not
necessanly depress the cerebral oxidation of glucose (Himwich 1951)
Itis not known why products of intermediate carbohydrate metabolssm
such as pyruvate are mn lhing the of
hypoglycaema

Lipids Less 1s known of the metabolism of neural lipids than of their
chemustry Abnormalities occur m the so called demyelnating dis
orders and 1n the lipidoses (page 311) Bram duiffers from most other
tissues m that 1ts proportion of neutral fat 1s lower and that of total
lipids and cholesterol and lins 15 ugher
Growth of bram and nerve 1s d by an it of
ipid but in the adult bram the content of hpids remams presumably
1 a state of dynamic equitbrium remarhably ununfluenced by external
changes In starvation the body may be depleted of fat but the bram
retasns ats lipids It 15 possible that metabolism of these lipids 1s con
cerned i the transport of 1ons across nerve cell and nerve fibre mem
branes and 1n the steady flow distalwards along nerve fibres (Sloane
Stanley 1952) Isotope studies certamly mndicate that the ipids of the
nervous system are in a state of active turnover

Phosph and Nucl Compound energy rich
bonds (e g phosphates and adenine nucleotides) are important m the
processes of carbohydrate oxidation 1n non nervous tissues and may
play 2 simlar role 1n cerebral metabolism (Coxon 1952) Brain con
tams as much creatine phosphate and ad triphosphate as other
tissues It 15 now established that energy nch phosphate bonds are
formed during the process of oxidative phosphorylation The participa
tton of these energy nch compounds may constitute 2 link between the

b of carbohyd and the p of energy for the

actwvity of the nervous system

The content of these substances 1n the bramn of laboratory ammal 1s
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affected by cerebral activity In states of depression or excitement of
the nervous system there are large opposed changes in the brain content
of phosphate cc g sub Thus 1n sleep or narcosis creatne
phosphate rises and morganic phosphate falls 1n convulsions the re
verse changes take place When the cerebral activity 1s prolonged 1t 1s
the nucleotides and not the phosphates which are depleted Very httle
15 known of the effect of diseases of the nervous system on these sub
stances but their importance was established when 1t was found that
their synthesis was prevented by deficiency of the vitamun B complex
(Mcllwain 1952)

Glutamrc Acid Glutamre acid 1s not one of the essential amino a¢ids
but 1t 1s present in high concentration mn bram tissue and 1t 1s freely
assimilated and metabolized by bran (Quastel and Wheatley, 1932)
It may therefore have some specral function although this is not
known It 15 readily avatlable in the average human diet and 1s synthe
sized 1n human tissues Deficiency states are therefore unlthely to arise
As 1t normally does not easily penetrate the blood bram barrier it 18
probable that glutamic acid does not act directly on bram cells Its
beneficial effect 1n hypoglycaemic coma 1s shared by other amino acds
but 1t 1s not clear by what mechanusm this 1s achieved Walshe has
observed increased glutanune m the cerebrospimal flusd 1n hepatic coma
(1951) and a favourable response to the admmstration of glutamate
(1953) 1t 1s sard to be concerned 1 the enzymic synthesis of acetyl
cholme (Nachmansohn and Machado 1943) Although there has been
little confirmation of the latter observation or of claims for 1ts ther2
peutre value m petrt mal and mental deficiency and while sts funcuglel
1s not likely to be that of an energy supplying fuel (Weil Malher :
1952) glutamic acid may nevertheless play an important rolein ::erebmr
metabolism and 1ts study has served to Te emphasize the problem &
amino acid metabolism of bram tissue

Bramn Metabohism and Cerebral Function

For a full discussion of this subject the reader 1s referred mdﬂll:
writings of McIlwam (1950 1952 and 1955) and Rrchter (19502 an 2
1952 Britamn and to those of Himwich 1n America (1951) Volum; *
(1953) of the Research Publications of the Association for Researfi b
Nervous and Mental Disease and Neurochenustry (1955) etéll; o
Ellott Page and Quastel and the monograph by horey ar;_ r?'nﬂ'
berger (1956) provide modern accounts of our knowledge of 1
and abnormal metabolism within the nervous system

Striking biochemical changes occur 1n the brain of t
animal subjected to the two extremes of convulston and ana

Convulsions induced by chemical or electrical means prod
1 bram temperature acceleration of the cerebral creulation

he expcnmen”]
esthesta

uce 2 TS
increased
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0, uptake and increased electrical activity By rapidly freezing the bramns
of such ammals with hiquid arr determination of metabolites car be
made By such means Richter and others have been able to demonstrate
that 1n convulsions there 1s increased utilization of O, and glucose and
accelerated breakdown of ugh energy phosphate esters Bram tissue
then contains less glycogen glucose ad triphosphate (ATP) and
phosphacreatine and more inorganic phosph: d diphosph.
(ADP) and lactic acid Potassium 1ons pass out of the nerve cells into
the nterstitial flud of the cerebral cortex and the concentration of
sodium 1n the nerve cells 1s mcreased—an electrolyte redistribution
sumilar to that which occurs on stimulation of peripheral nerve Con
vulsions also reduce the amount of acetylcholine 1 bran tissue In
tissue shices prepared from human epileptogemic cerebral cortex Tower
(1955) found 1mpasrment of acetylcholine binding metaboklic loss of
glutamie acid and failure to tissue p
Elliott (1955) suggests that although during an epileptic attack there are
changes tn oxidative metabolism and energy transfer 1n the brain they
do not appear to be related to 1tiation of the serzure but to 1ts mam
tenance and recovery Nevertheless 1t seems that a biochemical leston
does 1n fact exist m human epileptogenic cortex

In L there 1s a d 1n cerebral bol this could
be the cause or the result of imparred lactvity The
g biochemucal changes in the brain are generally the reverse of those
found 1n convulstons and Ruchter concludes that the picture 1s not one
of exhaustion but of failure to uttlize the available sources of energy
Narcotics may act not by mhibiting cerebral oxidation but at a synaptic
Jevel by restncting the spread of mmpulkes In phystological sleep
although the temperature and electrical activity of the bram are 1e
duced the cerebral curculation and oxygen consumption are not

ficantly lowered The acetylcholine content of the brain 1s hugher

11 the sleeping amimal and lower 1n ammals which bave been excited

Presumably these btochemical changes occurning mn the brain under
different conditions vary from one site to another Hymwich suggests
that the progressive imparrment of brain functron m anoxia hypo
glycaema and narcosis 1s a reflection of the Hughlings Jackson hypo
thess of dissolution from the Tighest level which Jackson considered
to occur m alcoholic mntoxication The phylogenetically newer regions
with their hugher metabolic rates are more susceptible to environ
mental changes and suffer first

Little 15 known of the ways 1n which energy denved from these meta
bolic processes 1 nervous tssue 15 utilized physiologically The propa
£ation of an 1mpulse along a nerve 1s quantitatively assoctated with the
movement of 1ons across its surface membranes In bram tissue slices
1t has been shown that these jomic exchanges require energy yielding
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substrate ncluding the degradation of carbohydrate The propagation of
the nerve impulse 1s also associated with changes n specific organic
constituents such as acetylchol R 1 of Icholtne 1s
turn dependent on energy yrelding reactions (Hodgkin 1950)
Nervous tissue must therefore be endlessly engaged m synthesizing

b "y for the of 1ts structure and functions
All the evidence indicates that 1n the neurone we have a cell body 1
finitely more complex—structurally and chemically—than other cells
of the human body Within these unique cells must take place much of
the rapid and complicated metabolic exchange which underlies all
nervous activity Biochemical processes within these neurones ma
conceivably vary as widely as does the morphology of the neuronet
themselves Localization of function m the bram may mean metabol
specialization the enzymic pattern of the cortex need not be unfornt
The observations of Robins and Smuth (1953) that there are sigmficant
chemical differences within the celiular layers of the cerebellar cortey
are of great interest 1n this connection
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NUTRITIONAL DISORDERS

Normal metabolic and functional activity of the nervous system de
pends as we have seen on an adequate supply of oxygen carbohydrate
substrate and various enzyme and co enzyme systems Some vitamins
for example thiamune are closely related to certain enzymes and the
latter may be derably reduced 1n d diseases d
diet and defective absorption of foodstuffs do not figure 1n the actiology
of the commoner disturbances of the nervous system which characterize
neurologrcal practice 1m a temperate chmate Yet 1t 1s quite clear that
vitamin deficiency can produce enzymatic changes m the nervous
system which mantfest themselves 1n striking neurological syndromes
It was the study of a neurologieal malady—berthert polyneur huch
led to the discovery of vitamin B and gave such mpetus to the search
for accessory food substances Then there 1s pellagra a deficrency
disease marnly of nicotinic actd 1n which the nervous system may be
affected 1n several ways In warm climates 1n different parts of the
world vanous neurological syndromes have been observed 1n mal
nounshed people during the past half-century or more Durning the late
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war as the result of privation and disease 1n detention camps m the
Far East and Middle East, and in the Sparush Crvil War (1936-39)
evidence was forthcoming that malnutnition can sertously 1mpair the
function of the nervous system Lastly there 1s the evidence obtamed
m the expenimental laboratory In addition to thiamie Which 1
essential, several members of the vitamin B, complex~nboflavine
nicottme acid  pyndoxine  pantotherue acid and vitamin Byy—appear
to be concerned with normal function of the nervous system 1n certa
spectes of animals

It1s now well known of course that defective nutrition of the nervous
system, as of other tissues of the body may arse 1 spite of a normal
dietary Secondary vitamn deficiency may result from increased uttlza
tion, defective absorption from the intestine as a result of disease or
following ntestinal operations from nterference with the normal bio-
synthesis of vitamins in the alimentary tract or from mactvation of
vitanuns 1n food by anti vitammn substances Examples of the latter
are afforded by the Chastek paralysts of foxes when fed on raw fish
which contans a thiamme sphittng enzyme and by staggers the
paralysis and ataxia shown by horses and cattle when bracken which
also contamns a thiamme sphtting enzyme 1s ncluded 1o their diet
It 1s also reported that certatn fish products intended for human con
sumption contan thiamimase which destroys thiamne (Melnick
Hochberg and Oser 1945) Lastly the development of a vitamn
deficiency may be related to mdividual or racial pecubanittes to ab-
normal dietary habits or to co-eustent infection and toxaemia No
one has explamed the striking difference between the effects of starvation
observed 1 European and Far Eastern prison camps during the recent
war In Europe the remarkable nutritiopal neuropathies—bertben
pellagra  Wernicke s encephalopathy amblyopia  nerve clcalfnessl
spinal ataxia burning feet the spastic syndrome—of the Far Easl
camps did not occur Instead we had umiform reports from many
European countnes of anaema and oedema with shght hypOPfg!ﬂ"
aemia unexplamed diarrhoea and polyunia and extremely hittle ev encﬁ
of vitamm deficiencies It 15 posstble that co existing mfections a8 “Et
as ddferent starvation diets may be responsible for these differen
consequences

Degclennles or abnormal metabolism of substances other than vn.as
muns and enzymes may be responsible for disease of the [m‘ﬂg“
system We have n the essential elernent group the example © S\!;,m)n
back the severe demyelination of the mervous system in new .
lambs born of mothers nurtured on copper deficient pastur¢ A’;mai
the essential ammo acids we have phenylalanme 1n normal people
essential constituent of diet a denvative of which phenylp)"“"‘g :: '
1s 1mproperly oxidized 1 that type of mental deficrency termed phen;
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therapy with thiamine produces no effect either chmically or on
the blood pyrnate levels This would suggest not a simple thia
mine deficiency but the presence of some mactivating toxin

Search for some other biochermeal disturbance must be made m
type 1 peripheral hies Earl and Th (1952) have shown
for example that in the peripheral pathy caused by p
with tni ortho cresyl phosphate 1n which pyruvate metabolism 1s
normal there 15 mhubition of the activity of the enzyme pseudo
cholnesterase Paralysis resulting from poisomng with some of the new
orgamt phosphorus compounds which are used as msecticades has also
been attributed to ithibition of the enzymes cholinesterase and pseudo
cholmesterase (Biudstrup and hus colleagues 1952a and b 1953) Cases
of polyneuntis following the use of a propretary msecticide have been
described by Campbell (1952) and a case has been observed by the
wrter 1 which the same preparation was concerned These findings
ndicate that the d between and nutntional
deficiency as they affect 1ntermediary metabolism withm the nervous
system may not be fundamental

Sinclawr (1956) pomts out that a biochemical lesion sumilar to that
produced by a deficiency of thuiamine or pantothenic acid could also
result from interference with the production or catalytic function of
lipore acid—a substance presumably formed 1n the bver 1t has long
been realized that arsemical alcoholic and some forms of diabetic

path ble the pathy of th defi but the
actual biochemical lesion 1n these diseases 1s not known Smclair
suggests that as phosphorylation of thiamne 1n the hver 1s disturbed by
alcohol and arsemc and 1n diabetes 1t 1s possible that hpoic acid may
be concerned 1 some way m the actiology of these neuropatiues

Other Members of the B Complex

P Ao Isolated d of this vitamn 1n man 1s un
likely to ocour in view of 1ts wade distnbutton 1n foods Like thiammne
it 15 concerned with the oxidation of pyruvate and demyebnation
paralysis convulsions and coma have been 1nduced 1n vanous species of
experimental amimals by deficiency of the substance There 1s some
¢vidence that the burming feet syndrome in man results from panto
thenic aeid deficrency (Gopalan 1946) Experimentally mduced def
Clency m man seems to corroborate the climical observations (Bean and
Hodges 1954)

Vitzmu B, (Py ) Convul and d n pen
Pheral nerves and posterior columns of the spinal cord have been ob
taned by induced pynidoxine deficiency m anumals The metabolism of
glutamie acid 1n brain 1s also then disturbed (Smclair 1956) In the
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USA m 1952 and 1953 convulstons occurred n nfants reared on a
preparation of defatted cow s milk which proved to be devoid of
pyrnidoxmne as a result probably of sterlization by excessive auto
claving Cure was obtamed m all cases by withdrawal of the brand of
baby food (Coursin, 1954 Moloney and Parmelee 1954)

Vitamm By, The umque structure (CgyHg,0,,N;,PCo) of this sub
stance and the remarkably small requirements necessary for health
suggest that 1t possesses some fundamental role But no enzyme cont
taiung vitamin B, has yet been 1dentified (Snuth, 1956) and 1ts role n
the functiomng of the nervous system s as yet unknown Clmcal
studies i pernicious anaema 1n the past eight years have shown that
when 1t 15 parenterally admunstered there 1s complete restoration to
normal of blood and marrow and degeneration of the spinal cord 15
arrested Gastnie atrophy and achlorhydna persist Dietary deficiency
of the vitamm 1s rare, but Wokes Badenoch and Smclair (1955) have
encountered 1t 1n a group of persons (Vegans) who subsist on a diet
devoid of products of amumal onsgm they tend to develop penpheral
neuropathy Disease of the alimentary tract 1 the main cause of vitamn
By, deficiency normatly the absorption of the vitamn depends on the
presence of ntrinsic factor—a mucoprotein recently prepared 1 pure
form from gastric yuce (Latner Mernlls and Ramne 1954) In pernicious
anaemua absorption of the vitamin as studied by radioactive techniques
with estimation of hepatic uptake and excretion in faeces and urne
has been shown to be grossly imparred (Witts, 1956}

Serum wvitamin By, estimation 1s a valuable diagnostic ard when
spunal cord changes precede signs of megaloblastic anaemia (Gird
wood 1956) Electroencephalographic studies have shown ﬂla‘l n
permcious anaemia with or without bined deg:
abnormal records are obtained in 60% of cases they are usually
corrected by treatment with the vitamn (Samson Swisher Christian
and Engel 1952, Walton Kiloh, Osselton and Farrall 1954) The
degree of EEG abnormahty bore no relationship to the severity of the
anaemua the age of the patient or the degree of neurological wtvolve
ment
It has long been known that mental disturbance may occur }11“
pernicious anaemua and that 1t 1s not directly related to the degree of l‘;
anaemta Recovery with vitamm B, 1s more clearly correlated Wi
restoration of normal brain thythms so that the vitamin may be Cﬂ\l;
cerned with cerebral metabolism Cerebral respiration 1nvestigated z
the nitrous owde technique has been found to be commonly mJPaH‘e .
1 pernicious anaemua (Schemberg 1951) Earl auAd’hxs collfaguor
(1953) claum to have shown that an subacuf b e sed
the spinal cord there 1s a defect of pyruvate metabolism wit o
blood pyruvate levels which can be rectified by treatment with vil
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B, These defects n glucose and pyruvate metabohsm may be respon
sible for the abnormahties 1n the EEG

Carcinomatous Neuropathy

The actiology of the degenerative lestons found 1n the central and
penpheral nervous system 1n. association with carcinoma especially of
the lung 1s not known Sut bellar d 10n  sensory
newropathy motor neuropathy myopathy polyneurttis and myas
theme syndromes have been described 1n recent years There 1s no
mdication of any direct relationship between the tumour and the
neurological disorder and to date there 1s lttle to warrant the sugges
tion that the latter 1s a metabolic disturbance Some resemblance to the
neuropathological findings m experimental pantothenic acid deficiency
has been suggested (Denny Brown 1948 McCaughey and Millar
1955) Blood pyruvate levels are sometimes raised (Heathfield 1952
Heathfield and Willilams 1954 Henson 1953 Henson Russell and
Wilkinson 1954) Sinclatr (1956) reports finding an abnormal concen
tration of p hydroxyphenylpyruvic acid 1n the blood of one case of

' hy with of the bronct

Lathyrism

Although there 15 no affection of the nervous system n this country
which quite resembles this disorder Lathynism or eptdemic spastic
pamaplegia 1s an important disease because of 1ts long known associa
tion with abnormality of diet Certain peas—especrally lathyrus sativus
—have been substantially inciminated but the toun responsible has
not been identified

There have been many theortes—vitamin deficiency of a primary or
secondary nature h defi ! or virus
tnfection—and although there 15 a pauatty of pathological observations
1t does appear as if the pecubiar selectivity of the process which
suddenly develops within the nervous system 15 a reflection of some
biochemical disturbance In a study of Spamish cases the writer was
struck by the predonunantly male incidence the absence of cerebral
Symptoms suggested that 1t 1s not identical with the spastic paraplegia
syndrome of prisoners of war 1n the Far East (Spillane 1949 Lancet
Annotation 1953) It 1s possible that the elucidation of the essential
disturbance 1 this disease may have wide implications
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USA 1n 1952 and 1953, convulsions occurred in infants reared on a
preparation of defatted cow s mulk which proved to be devoid of
pyndoxine as a result probably of sterilization by excessive auto
claving Cure was obtamed 1n all cases by withdrawal of the brand of
baby food (Coursin 1954, Moloney and Parmelee, 1954)

Vitammn B, The umque structure (Cg3Hgy01,Ny,PCo) of this sub
stance and the remarkably small requirements necessary for health
suggest that 1t possesses some fundamental role But no enzyme con
tamming vitamin B; has yet been identified (Smuth 1956) and its role m
the functionmng of the nervous system 1s as yet unknown Clnical
studies 1 permcious anaemya in the past erght years have shown that
when 1t 15 par ally ad d there 1s pl to
normal of blood and marrow and degeneration of the spinal cord 15
arrested Gastnio atrophy and achlorhydria persist Dietary deficiency
of the vitamun 1s rare but Wokes Badenoch and Sinclair (1955) have
encountered 1t 1 a group of persons (Vegans) who subsist on a diet
devoid of products of ammal onigin they tend to develop peripheral
neuropathy Disease of the alimentary tract 1s the main cause of vitamin
B,, defictency normally the absorption of the vitamun depends on the
presence of intrinsic factor—a mucoprotemn recently prepared 1n pure
form from gastric quice (Latner Merrills and Rame 1954) In pernicrous
anaenua absorption of the vitamin as studied by radioactive techmques
with estimation of hepatic uptake and excretion 1n faeces and urne
has been shown to be grossly impaired (Witts, 1956)

Serum vitamn B, estimation 1s a valuable diagnostic ard when
spinal cord changes precede signs of megaloblastic anaema (Gurd
wood 1956) Electroencephalographic studies have shown th:f! m
pernicious anaemia with or without subacut bined deg
abnormal records are obtamned m 60% of cases they are usually
corrected by treatment with the vitamun (Samson Swasher, Chrisuat
and Engel 1952, Walton Kiloh Osselton and Farrall, 1954) 'l;gc
degree of EEG abnormality bore no relationship to the severity of the
anaerma the age of the patient or the degree of neurologteal wvolve
ment

It has long been known that mental disturbance may occur ;ﬂ
permcious anaemia and that it 1s not directly related to the degree of tlb‘
anaema Recovery with vitamm By, 15 more clearly correlated Wi
restoration of normal brain rhythms so that the vitammn may be cott
cerned with cerebral metabolism Cerebral respiration mvestigated by
the mitrous oxide technique has been found to be commonly “"Pmis
n permctous anaemia (Schemberg 1951) Earl and his coll'caguo(
(1953) claim to have shown that 1n sut bined deg T ratsed
the spinal cord there 1s a defect of pyruvate metabolism Wi oy
blood pyruvate levels which can be rectified by treatment with v
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By, These defects m gluense and pyruvate metabohsm may be respon
sible for the abnormahties n the EEG

Caranomatous Neuropathy
The actiology of the degeneritive lesions found in the central and
fly o

peripheral nervous system with p
the luog 8 nat knowa  Sut tar d sensory
motor h 1 1 tis and myas

theme syndromes have been desenibed 1n recent years There 1s no
mdication of any dwect relationship between the tumour and the
neurolagial disorder and to date there 1s little to warrant the sugges
tion that the latter 1s @ bt t Some b to the
neuropathologieal findings 1o experimental pantothenw acd duficiency
has been suggested (Denny Brown 1948 McCaunghey and Millar
1955) Blood pyruvate levels are sometimes rassed (Heathfield 1952
Heathfield and Wilbams 1954 Hepson 1953 Henson Russell and
Willunson 1954) Sinclair (1956) reports finding, an abnormal concen
tration of p hydroxyphenylpyruvic acid 1n the blood of one case of
3 hy with of the bronck

Lathyrism

Although there 1s no affection of the nervous system tu this country
which qute resembles this disorder Lathynsm or epdermc spastic
paraplema 15 ap mportant disease because of its long known associa
tian with abnormality of diet Certamn peas—especially lathyrus sativas
~bave been substantially mcrmmunated but the toxin responsible has
not been identified

There have been many theones—witarun deficiency of a primary or
steondary nature def 2! or virus
mfection—and although there is a pautity of pathological observations
it does appear as if the pecubiar selectinity of the process which
suddenly develops within the nervous system 15 a reflectson of some
biochenucal disturbance In 2 study of Spamsh cases the wiiter was
struck by the predomunantly male mcidence the absence of cerebral
Symptoms suggested that it 1s not identical with the spastic pataplegia
syndrome of prisonets of war i the Far Bast {Spillane 1949 Lancet
Annotation 1953) It 1s posssble that the elucrdation of the essential
distutbance 1 this disease may have wide mplications
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USA m 1952 and 1953 convulsions occurred m nfants reared on a
preparation of defatted cows milk which proved to be devord of
pynidoxine, as a result probably of sterhization by excessive auto

claving Cure was obtained 1n all cases by withdrawal of the brand of
baby food (Coursin 1954, Moloney and Parmelee 1954)

Vitammn B;, The umgque structure (Cg;Hyo0;,N;,PCo) of this sub
stance and the remarkably small requirements necessary for health
suggest that 1t possesses some fundamental role But no enzyme con
taining vitamin By, has yet been 1dentified (Smuth, 1956) and 1ts role ;n
the functioning of the nervous system 1s as yet unknown Climcal
studies 1n permcious anaemma m the past eight years have shown that
when 1t 15 parenterally ad d there 15 plete restoration to
normal of blood and marrow and degeneration of the spial cord 15
arrested Gastric atrophy and achlorhydria persist Dietary deficiency
of the vitamin 15 rare but Wokes Badenoch and Swmclair (1955) have
encountered 1t 1n a group of persons (Vegans) who subsist on a diet
devoid of products of ammal onigin they tend to develop perpheral
neuropathy Disease of the alimentary tract ts the maimn cause of vitamin
B,; deficiency normally the absorption of the vitamun depends on the
presence of itrisic factor—a mucoprotein recently prepared in pure
form from gastric yuice (Latner Merrills and Rame, 1954) In pernicious
anaema absorption of the vitamin as studied by radioactive techniques
with estimation of hepatic uptake and excretion m faeces and unne
has been shown to be grossly mmpaired (Witts 1956)

Serum vitamumn B,, estimation 1s a valuable diagnostic aid when
spinal cord changes precede signs of megaloblastic anaema (Gird
wood 1956) Electroencephalographic studies have shown that i
pernicious anaemia with or without subacute combined degeneration
abnormal records are obtamed mn 60% of cases they are usually
corrected by treatment with the vitamin (Samson Swisher Christian
and Engel 1952 Walton Kiloh Osselion and Farrall 1954) The
degree of EEG abnormality bore no relationship to the seventy of the
anaerma the age of the patient or the degree of neurological wvolve
ment

It has long been known that mental disturbance may occur 1
pernicious anaemia and that it 1s not durectly related to the degree of the
anaemia Recovery with wvitamun B, 1s more clearly correlated with
restoration of normal bram thythms so that the vitamn may be con
cerned with cerebral metabolsm Cerebral respiration 1nvestigated by
the mitrous oxide techmque has been found to be commonly impaired
1 permctous anaemia (Schemberg 1951) Earl and his colJCagUC:_
(1953) claim to have shown that 1n subacute combrned degeneration O
the spmnal cord there 1s a defect of pyruvate metabolism with raised
blood pyruvate levels which can be rectified by treatment with vitamnt
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B, These defects 1n glucose and pyruvate metabolism may be respon
sible for the abnormalities m the EEG

Carcmomatous Neuropathy

The actiology of the degencrative lesions found i the central and
penpheral nervous system 1n with pecially of
the lung 15 not known Sut bellar d 100 sensory

neuropathy motor neuropathy myopathy polyneunitis and myas
themc syndromes have been described m recent years There 1s no
dication of any direct relationship between the tumour and the
neurological disorder and to date there 1s Iittle to warrant the sugges

tion that the Iatter 1s a metabolic disturbance Some resemblance to the
neuropathological findings 1n expenmental pantotheme acid deficrency
has been suggested (Denny Brown 1948 McCaughey and Millar

1955) Blood pyruvate levels are sometimes raised (Heathfield 1952

Heathfield and Wilklams 1954 Henson 1953 Henson Russell and
Wilkinson 1954) Sinclair (1956) reports finding an abnormal concen

tration of p hydroxyphenylpyruvic acid 1n the blood of one case of
polyneuropathy with carcinoma of the bronchus

Lathynism

Although there 1s no affection of the nervous system 1n this country
which quite resembles this disorder Lathynsm or epidemic spastic
paraplegra 1s an important disease because of its long known associa
tion with abnormahty of diet Certain peas—especially lathyrus sativus
~have been substantially incriminated but the toxin responsible has
not been identified

There have been many theories—vitamin deficiency of a primary or
secondary nature defi 1 or virus
infection~—and although there 15 a paucity of pathological observations
1t does appear as if the peculiar selectivity of the process which
suddenly develops within the nervous system 1s a reflection of some
biochemical disturbance In a study of Spanish cases the writer was
struck by the predommantly male mcidence the absence of cerebral
symptoms suggested that 1t 1s not 1dentical with the spastic paraplegia
syndrome of prisoners of wat 1n the Far East (Spillane 1949 Lancet
Annotation 1953) It 1s posstble that the elucidation of the essential
disturbance 1n this disease may have wide imphications
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even though no food 1s taken There 1s transient hypoglycaemia but the
fasting blood sugar 15 usually normal, and attacks hardly ever occur
after madmght It 15 this type of case that may be mustakenly diagnosed
as munor epilepsy, narcolepsy, neurosis or duodenal ulcer

Orgamc Hyperinsultmsm

This 15 a rare cause of hypoglycaerma and 15 usually due to islet cell
tumour or hyperplasia of the pancreas Hypopitutarism and Addison s
disease may also cause hypoglycaemia 1t 15 rare m myxoedema The
clmcal picture 1n 1stet cell tumour may be a very striking one and many
of the published case reports are very sumular There were 38 cases of
the syndrome due to 1slet cell tumour at the Mayo Clhinic twenty
years (Lopez Kruger and Dockerty, 1947) In 10 314 autopsies there
were 44 1slet-cell tumours In this country recent reports emphastze the
bizarre chnical features and the difficulties of diagnosts (Richardson
and Russell 1952 Black Corbett Hosford and Turner 1954)

The attacks tend to be progressive in frequency and severty they are
very hable to occur between 2 am and 8 am and the fasung blood
sugar 1s always low (usually below 50 mg /100 m!) The attacks may be
nuld and transtent or severe and prolonged In a given case the pattern
of the episodes may be uniform or extremely vaned There mav be
permanent sequelae The diagnostic tniad of (1) a hypoglycaeme attack
tesulting from fasting or exertion (2) a blood sugar level below
50 mg /100 ml dunng the attack and (3) the prompt relief of an attack
by glucose has been generally accepted as a rehiable gude (Whpple and
Frantz 1935)

The cardinal featuse 1s the pertodic occurrence m an otherwise healthy
subject of episodes of disturbed consciousness or behaviour As m
functional hypoglycaemia this may consist only of transient attacks
with Lttle or no impairment of awareness The release of adrenaline
which converts liver glycogen into glucose has been suggest‘ed as‘an
explanation for vegetative p ( pallor y
etc) when they are present But Richardson pomted out that his
patients were flushed not pale and there 1s no paroxysmal hyper
tension It has already (page 291) been pointed out that adrenalme can
no longer be beld responsible for the restoration of the normal Tevel of
circulatory glucose after insulin hypoglycaemua Its role i determting
the chinical features of hypoglycaemia 1 man 1s yet to be determined
although tachycardia and mcrease of pulse pressure can be reasonably
attributed to adrenahne activity Sooner or Jater more serious attack;
develop and they are characterized by temporary mpairment l0
cerebral function with or without focal symptoms Tr:‘ms:eut c(cxke
ment or confusion gueer t with ptic attacks
pentods of stupor or akinetic mutism or even pro

Ionrged coma with
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of the electroencephalograph with a falling blood sugar Hypoglycaemz
leads to decreased cerebral bohsm and quently mmpaired
cerebral function, which 15 manifested by the appearance of climcal
symptoms and alteration of the electroencephalographic pattern
Anovia produced by nhalation of nitrogen acts in 2 similar fashron
The resistance of the newborn to hypoglycaemia and anoxia may be
due to the lower metabolic activity of the infant brain

The complete cessation of brain metabolism dunng hypoglycaemia
1s prevented for a time by the formation of glucose from cerebral
glycogen the release of hver glucose and by the mncreased oxidation of
fat by non nervous tissue thus sparng the available glucose for the
bram The second mechanism 1s the most mportant and depends
essentially on the amount of glycogen 1n the liver

Hepatogeme Hypoglycaerua

Duffuse parenchymatous degeneration of the liver of mfectious or
toxic ongin may rarely present in the form of attacks of spontaneous
hypoglycaemia These may be progressive the fasting blood sugar 1s
usually below 50 mg /100 ml, and tests of hepatic function are ab
normal Occasionally the hypoglycaerma 1s the first indication of 1m
paired liver function Acute necrosis curhosis hepatitis or chromic
passive congestion of the liver may be present In liver disease generally
the level of the blood sugar 1s usually mantamed during the day so
that attacks are then infrequent In orgamic hypernsulmism attacks
may occur by day as well as duning the mght

Glucose Tolerance Tests
It 15 the simularity between the attacks resulting from functional
hypermnsuliusm and those occurring 1n the early stage of orgamic
hyperinsulimism which constitutes the mam problem 1n chinrcal practice
Fasting leads to a fall 1n blood sugar perhaps with the appearance of
symptoms 1n orgamc hypermsulimism but not m functional hyper
msulimism The adoption of a standard three day duet before a glucose
tolerance test 1s advocated by Conn (1947) as a helpful measure i
diffe I di In b hypoglycacma there 1s a hyper
glycacnuc platean curve wath glycosunia In functional hypcglycacmx:
there 15 a sharp fall to hypoglycaemic levels between the second an
fourth hours In organic hypennsulinism the 1mtial blood sugar 15 Tow
and there 1s a further sharp fall to severely low levels between the
second and fifth hours There 15 not general agreement about these
statements In one of the proved islet cell tumour cases descnibed by
Black and hus colleagues (1954) after a standard duet the blood suga;
rose during the glucose tolerance test toa peak of 125 mg /100m] av
subnormal levels were not reached unti the fourth hour
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R pathy nephropathy and card lar d are com
monly present Thrty three per cent of Martin s 150 cases of diabetic
neuropathy showed diabetic retinal disease There were only two cases
of diabetic renal disease He was able to show however that dabetic
retinopathy 15 related masmly to the duration of the metabolic disorder
1t 15 not commoner m drabetic neuropathy than 1n the geperal diabetic
population Delay i diagnosis s mast likely to occur when the neuritic
pain 1s acute 1n character and onset or when it 1s localized to an inter
costal of lumbar position or when 1t 1s in the proximal part of a imb

There have been three mam theories concermng the aetiology of
diabetic neuropathy (1) degenerative vascular disease (2) vitamun
deficiency (3) the disordered metabolism of diabetes melhtus

Degenerative vascular disease 15 common 1n diabetes and almost
mvanable i aduit diabetics so that its presence 1n cases of diabetic
neuropathy 1s to be anticipated Woltman and Wilder s (1929) findings
are often quoted They found constant artenoscierosis of the nutrient
vessels of the nerves i all their ten cases but this 1s not surpnsing i
view of the age of the patients and the fact that o six of them examina
uon of the nerves was made 10 a mb amputated for arteriosclerotic
gangrene Of Rundle s (1943) cases of diabetio neuropathy only 25 of
125 had clinical evidence of perpheral vascular disease Only 10%
of Broch and Klovstad s (1947) neuritic cases and 33% of Martins
150 cases were sinmlarly affected Goodman and his colleagues
(195-b) found that despite the hugh medence (46%) of occlusive
penpheral vascular disease 1n diabetics the development of neuro
pathy cannot be correlated Experience indicates rather that the presence
of diabetes 1n cases of penpheral vascular disease ncreases the m
widence of neuropathy Marttin (1953b) found that skin temperature
studies and oscillometnic readings did not suggest that vascular disease
was important i the aetiofogy of diabetic neuropathy The latter can
occur with a good penpheral circulation and 15 frequently absent in
cases with severe 1schaemia

Deficiency of wvitamin B; was nevitably incrimmated as in other
forms of perpheral neusopathy but few would now mamntam that
absolute or relative defi of this sub or 1ts useful mn
L have been d n dabetic neuropathy A mal
nounshed drabetic with neuropathy may lack vitamin B, but the
myjonty of case teports purpotting to show that the neuropathy
responds 1o treatment with this vitamn are not convincing  The slow
ness of the response and the Jack of d givento )}
control of the diabetic state make the claims mvalid Pyruvic acid
Metabolism so typicallv affected i B, deficiency 1s not impatred 1n
this form of peripheral neuropathy Recently vitamin By, has been
claimed to give specific relief 1n diabetic neuropathy {(Duncan 1952)
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tions of the metabolie disturbance  The syndrome of diabetes mellitus
1 man s due to two wndependent components one of whuch results in
msubn nsufficlency and the other m an accelerated rate of neuro

vascular damage
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THE LIPIDOSES

Until recently the Iipids (or Iipords) were defined as chermeal com
pounds which are nsoluble 1n water and soluble 1n so called fat sol
ents {e g ether and chloroform) The term tncluded not only the true
fats (tnglycendes) but other substances which are related to fats by
virtue of common phvsical or chemical propetties Classificition of the
Lipids 15 now betng based gly on ch {

Those of elimical interest are

{1} The phosphatides (fecithins cephalins and sphing lins)

(2) The cerebrosides (e g kerasm)

(2) 'The ganghosides

(4) The sterols (¢ g cholesterol)

Kienk (1953) outlines the et hip between spt hpids (ipids
containing the base sphingosme) as follows
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ganghon cells of the nervous system may be affected either with or
without 1nvolvement of the reticulo endothelial system The term
neuronal lipidosis has been proposed (Bird 1948) for the group of cases
with imvolvement of the nervous system using a classification based on
the type of lipid concerned

{1) C de N 1 Lippdosss A d 1 de infiltra
tion of teticulo endothelial cells—Gaucher s disease
(2) Phosphatide Neuronal Lipidosis
{a} Withaut t of the reticulo-endothial system
{Amaurotic farmly 1diocy or cerebro macular degeneration)
{b) With nvolvement of the reticulo endothelial system
(Niemann Pich disease)

The xanthomatoses mvolve the nervous system mainly as a result of
the accumulation of hipid matenal m the reticulo-endothelsal system
but foct of demyelination ghal reaction and foam cells have been
described  Cholesterol 1s the only lipid present 1n the blood serum n
health or 1 the vanious lipidoses In the brain 1t exists almost entirely
1 the free form whereas 1 other organs 1t 15 to be found mamly m the
form of esters Cholesterol 1s synthesized 1n the brain especially during
the first year of life when the process of myelination 1s very active
Serum cholesterol s mcreased 1o only one type of xanthomatosis

The mechamsm causing this group of diseases 1s thought to be an
mtracellular disturbance of hpid bol There 1s no
of intermedsate metabehites 1n the blood stream as 1n disorders of inter
mediary metabolism There are mfantile and aduit forms of these
syndromes and a famihial and racial (Jewish) tendency 15 present
some of them The processes of accumulation of the hipid in the nerve
cells with the eventual rupture and disintegration of the cell may be
subacute or chromc Blind spastic p ext dal and
bulbar syndromes with progressive dementia are the mam neuro
logical features of the syndromes Progressive myoclonus epilepsy may
also be a manifestation of neuronal hipidosts (Watson and Denny
Brown 1953)

In Gaucher s disease and Niemann Pick disease the hpid substances
which accumulate 1n the viscera have been 1dentified as cerebrosides
and splungomyelins respectively In the infanule form (Tay Sachs ) of
cerebromacular degeneration recent studies mdicate that ganghosides
-’iommuhtc m lhe nerve cells (Klenk 1953) Thus author ponts out that

and hosides whuch are all normally
prescn( i small amounts in hcahhy nervuus tissue contain sphmgnsme
trosid

1511C and
found mamly in the white mauer of the bmm and are probably con
stituents of the myelin sheaths Ganghosides about which less s known

pes
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tron of the ganghion cells of the reta and brain resulting i blindness
and progressive cerebral disorder constitute the man features of this
disease It 1s famelial and 1n some of its forms 1t has a marked pre
dilection for Jews There are two mam types—the infantide (Tay
Sachs) and the juvenile (Batten Mayou)—which differ maly 1 re
spect of the age of onset and the rate of progress Congemital and adult
forms of the disease have also been described

‘THE INFANTILE TYPE which occurs most frequently 1n Jewrsh females
usually develops at about the age of six months and 1s fatal 1n a year
or so Mental ret 15 d with pr paralysis
spasticity and blindness The cherry red spot n the fundi 1s character
1stic and 15 due to the appearance of the vascular choroid 1n the macular
region on d of the lion cells of the retina
The lipid concerned 1s mainly ganglioside

THE JUVENILE TYPE generally has its onset about the sixth year and
runs a fatal course of several years Visual failure may precede mental
deterioration and paralysis and make early diagnosis difficult There 1s
no cherry red spot but degeneration of the outer granular layer of
the retina occurs and the macular area becomes mottled

‘The fundamental histological changes m these neuronal hipidoses are
identical Symptoms seem to depend on the area of the bram most
affected In certamn age groups this may be related to the process of
myelination d d arrest of 1 has been described 1n
early cases The lipid content of the white matter of the infant bram
unlike the adult brain differs little from that of the grey matter On the
other hand the onset of these disorders 1n adult life may be related to
the fact revealed by 1sotope studies that brain Iipids are not stored i
a static manner but are 1n a state of constant metabolic turnover or
dynamic equitbrum The various neuronal hpidoses may then be
regarded as mamfestations of alternative modes of breakdown of the
wntracelivlar chemistry of the neurone (Bram 1953)

Little 1s known of the chemustry of myelination and demyelmation
and although demyelinatton may be only the visible sign of one of a
number of different processes (copper deficiency vitamn B deficiencies

y or hol within the sheath the
bipids clearly have mmportant structural functions It 1s thought that
cholesterol cerebroside and phosphosphingoside are the three main
lipids of the myelin sheath (Rosstter 1955) There 15 also evidence that
the sheath conssts of an alternation 1n concentric layers of lipids and
protems In disseminated sclerosis Cummngs (1953) has found loss of
phosphatides 1n the demyelmated areas which may contam cholesterol
esters Demyelination can of course result from many different
novtous agents but there appear to be only two varieties of true primary
demyelinating disease 1n man
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the pigmented areas are severely imjured There has been much specula
tron concernng the nature of the pigmentation which 1s now thought
to be hilirubin (Dereymaeker 1949 Clareaux Cole and Lathe 1953)

Several siblings may be affected Prematurity 1s common but the
baby 15 usually normal at birth Jaundice develops 1n the first few days
and 1s quickly followed by the app of nervous symp ‘There
1s fluctuating muscular ngrdity opisthotonos and muscular twitchings
Convulsions may occur If the infant survives the acute iliness there1s a
latent period of a few weeks or months duning which the baby may
appear to be normal But muscular hypotoma develops and 1s soon
followed by the onset of mnvoluntary movements which become
choreic or athetord 1n due course There 15 retarded development and
emotional mstability Survivors from acute kernicterus i the first week
of ife seem never to be normal at the end of the first or second year
Eighty per cent of the older patients show choreoathetotic types of dis
turbance and many are mentally deficient 30-809 have an appre
ciable perceptive type of deafness 50-60% die 1n early hfe (Evans and
Polai 1950 Gerrard 1952) Motor and sensory disabiliies may
mask mtelligence 1n some cases

The d won of rhesus y 1 icterus gravis
neonatorum and mn kerructerus (de Bruyne and van Creveld 1948)
suggested an explanation for the disorder But it was not long before 1t
became clear that kermcterus occurred 1n premature infants without
any pathological or serological evidence of haemolytic disease (Ardin
Corner and Tovey 1950 Govan and Scott 1953) The latter authors
examined the brains of three non jaundiced premature infants who had
hved only 48 to 72 hours followng difficult births They found histo
logical evidence of bramn damage indistingmshable from that seen 1n
kernicterus due to haemolytic disease They concluded that anoxia 1s
the mamn factor and pigmentation a secondary feature Nevertheless
erythroblastotic infants born at full term are not imvanably anoxic
Until jaundice appears all seems to be well signs of nervous disorder
never precede jaundice

Infants who survive and develop neurological disability have similar
but less marked pathological changes 1n the bram Crome (1955) re
ports widespread loss of nerve cells mn the cerebral cortex and a more
localized change 1n the globus palhidus and more rarely 1n the corpus
Luysu Such changes are not of course specific for Rh sensitization
Menwether Hager and Scholz (1955) considered that the nature and
pattern of the lesions 1n survavors suggested that hypoxia was the main
factor they found symmetnical and total loss of cells m the globus
pallidus

A recent survey of the maidence of kernicterus showed that about
one quarter of the cases are associated with prematunty and are clearly
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dist hable from the der which are assocrated with haemo
Iytic disease (Claireaux et al  1953) But despite the different patho
genests these authors found the same distibution of the pigment m
the bramn m the two types of case and from a study of the diazo re
action the chromatographic behaviour and the absorption spectrum
they concluded that the pigment was bilirubin 1n each instance Bram
tissue appears to contam a hpid which has a selective affimty for bilt
tubmn Thus may explain why n the obstructive jaundice of adults or in
that due to atresia of the bile ducts in the newborn bram jaundice
does not occur In these disorders 1t 1s not bilirubin but the ‘direct
reacting bile pigment which 1s the maimn prgment to which the bran 1s
exposed (For a fuller consideration of bile pigments see Chapter §)

Kermcterus has been described 1n familial non haemolytic jaundice
(Cngler and Nayjar 1952) and expenimentally, bilirubin can cause a
brain leston simular to that of kermcterus (Kuster and Krings 1950)
Gerrard (1952) found that hypoglycaenua was wnconstant anoxia un
Itkely, and constders that pigmentation of the brain and damage to the
Liver resulted from some primary biochemucal disorder The reason for
the Iocation of the lesions and the relationshup between the nerve cell
and pigmentary abnormalities remam unknown
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makes assessment of the value of thymectomy so difficult The ntro
duction of this operation incidentally revealed the eusting lack of
mformation of the natural hustory of the disease—a not unfamiliar
consequence of new therapy When there 1s a thymic tumour the course
of myastherua 1s more rapid and progressive

The affected muscles do not usually waste and refiexes and sensation
remam intact Fibrllation 1s rare The so called myasthemc reaction 1s
of hitle diagnostic aid, 1t 1s not constant and may be found m other
diseases The affected muscles retain the ability to respond to the
galvamic current but stimulation wath a faradic current leads to an
utial response with a rapid falling off of the degree of contraction

The effector mechamsm comprising a single motor nerve fibre with
1ts branches terminating in 100~-200 muscle fibres 15 termed the motor
unit Electromyography 1s concerned with the recording of the electrrcal
activity of thisumt In complete relaxation there are no action potentials
from normal muscle but Brazier (1944) has reported that myasthemc
muscle extubits some diffuse electrical activity Voluntary contraction
of normal muscle 1s assocated with rhythme electrical discharges of a
certain amplhtude fatigue causes a reduction 1 the number of spikes
but not of their amplitude In myasthenia the amplitude of the spike
vartes duristg the actual contraction of the muscle and fatigue causes
a progressive dimnution in therr amphtude (Lindsley 1935 Harvey
and Masland 1941 Brazier 1944) A vanation in the number of con
tracting muscle fibres of a motor unit mn response to an mpulse from
the anterior horn cell may be responstble for these ph There
13 also evidence that the refractory phase of the excitatory process 15
prolonged 1n myasthema (Prtchard, 1933) Johns Grob and Harvey
(1955) mvestigated the electromyographic changes m generalwed
myasthena and found that there 15 a slight degree of block to the passage
of a smgle impulse following which there 15 a transient (10 sec ) mcrease
1 the degree of bloch The degree of block waxed and waned wth
contmued stimulation and these authors considered that the EMG
charactenistics of myasthentc block closely resembled those produced
by d tubocurarine 1n normal subjects

yMyasthema 15 sometimes found 1 association with hyperthyroidism
but the effects of treatment of the hyperthyroidism on the myasthensa
are mconstant Other endocrine abrormalities have been described 1n
association with the disease but cortisone and A(;E‘I:a;i: lx:v(:yzpll;::;
to have any cc li n h
taug:t that i,he only constant morb:d anatomtcal changes 1n the dlllSs;i\:;
consist of lymphorrhages (small collections of Iymphocytic Cel )
muscles and certain viscera and abnormalities 1 the thymus IE acal
Recently however Russell (1953) reported three types of ustologr

change 1n myasthenic muscles
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(1) Acute necrosis with inflammatory cellular reaction

(2) Progressive atrophy of muscle fibres with Iymphorrhages and

(3) Simple atrophy of a different character from that of the second
type

Although these changes are not pecullar to myasthema gravis they
must be responstble for certain clinical features and may be the basis
for the condition of Myasthemic Myopathy described by Walton and
Nattrass (1954) In 10 to 15% there 1s a thymc tumour mn 75%
there 1s lymphoid hyperplasia with the formation of germunal follicles
1n the medulla of the gland Involutional changes in the thymus are
found m 15% of cases Extracts from thymus glands of myasthenic
patients removed at operation appear to possess the property of
d the muscle to nerve stimul. (Wilson OQbnist
and Wilson 1953) Glands which on removal produced the most
benefictal therapeutic effect also showed the most activity n this
tespect  Control observattons suggested that normal adult thymc
exiract 15 relatively mactive although that from children 15 active The
degree of actvity of the Myasthenic Thymus 1n these experiments
bore no direct relationshup to the severity of the myasthema Wilson
and Wilson (1955) pomt out that the effect on the nerve muscle pre
paration 1s not to produce all the ct 1stic features of b
gravis and 1t cannot be reversed by neostigmine

Neuromuscular Transmussion 1n Myasthema

The exact nature of the lar block m 1 15 sl
not known but there 1s good evidence that 1t consists of an alteration 1n
the response of the motor end plate to acetylcholine Normally the
electrically conducted nerve impulse reaching the end of a nerve fibre
releases acetylcholine—a substance which has no known excitatory
effect on nerve fibres themselves (Dale 1948) At the myoneural junc
tion there 15 a resulting depolanzation of the muscle surface membrane
and contraction of muscle fibres While 1t 1s depolanized the end plate
cannot be stimulated (depolanization block) The interchange of
sodum and potassium 1ons which provided the energy for the propaga
tion of the nerve mmpulse also provides for its propagation along the
musele fibre The hib d Icholine 15 rapidly hydrolysed 1into
acetate and choline by the enzyme cholmesterase whuch 1s present m
muscle tissue and 1n greatest concentration in the vicinity of the motor
end plates

This chemucal transmussion of the excitatory process from the end
mgs of the motor nerve fibres to the motor end plates could be dis
turbed 1n several different ways but with superficrally sumilar effects
(Dale 1948) Thus there might be

METAB DIS 11
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[¢))] 1I;::)uln,ue of conduction 1 the terrunal branches of the nerve
e

(2) Fatlure of adequate hiberation of acetylcholine This could result
erther from lack of this substance at the nerve endings or because
the arrival of the nerve impulse does not cause 1t to be yrelded up

(3) Excesstve cholinesterase activity

(4) Persistent depolanzation due to (a) deficient cholmesterase ot
(8) cholmesterase mactivators or (¢} non hydrolysable anafogues
of acetylcholine

(5) Lack of response to acetylcholine

Expeniment has shown that neuromuscular transmission can m fact
be nterrupted by dufferent toxins 1n vanous ways Thus curare blocks
transmussion not by stopping conduction 1n the nerve termunals but by
rendering the end plates nsensitive to acetylcholme the end plate
remamns normally responsive to electrical stimulation { competitive
block ) On the other hand the toxin of Bacillus botulinus prevents the
hiberation of acetylcholine The fetanus tovin affects neuromuscular
transmussion 1n yet another way The nerve termmals fuil to mamtam
an adequate store of acetylcholine so that when the nerve mpulse
arrives only a weak muscle twitch results There 35 2 continuous leak of
acetylcholine on to the motor end plates with resulting muscle spasm
Decamethomum and choline produce depolanzation block and this 1s
ntensified by acetylcholine or neostigmine The investigation of neuro
muscular blocking agents 1n the past decade has been confusing 10
follow but results pomt to the following classification

(1) Depolanizing Blockmg Agents Decamethonium Cholime Neo

stigmune and Edrophonium (Tenston),

(2) Non Depolarizmg  Blocking  Agents  Tubocurarnme  Flaxedd

Mytolon

In myasthema gravis there 15 no evidence of deficiency of acetyl
choline nor of excess of cholmesterase (Wilson Maw and Geoghegan
1951) and the myoneural junction remains sensitive to acetylcholine
(Wilson and Stoner 1947) Interference with the normal actton of
acetylcholine by a toxin with a curare like effect remains 2 posstbility
In spite of the difference between the defect of neuromuscular trans
misston 1n myasthema and 1n a curare paralysis substances which

reduce myastheme weakness such as neostigmme ephedrme am
h all possess an antr-curare effect

nd drugs with curare hke effect,

P p and g
1n the experzmental amimal Curare a; i
such as qunme aggravate myasthema Although neostigmine 1s :
anticholmesterase 1ts effect 1n myasthema gravis may also be due to
the fact that 1t acts as a direct antagomst to a curare like blcckmdgl
substanice Tt has been clarmed 1n fact that the serum of patients Wi
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h contams a sut which prod a block 1n neuro
muscular transmssion 1 the 1solated nerve muscle preparation of the
frog (Wilson and Stoner 1944) retamns its y effect
on muscle when cholinesterase has already been mactivated by another

hol d pylfluorophospt DEP) 1is effi
n myasthema may depend on this dual activity (Ruker and Westcoe
1946) Since the d of alkyl phosphate agents with strong

anticholinesterase activity n the treatment of myasthemia 1t has been
observed that small doses of neostigmine enhance their effect (Osserman
and Kaplan 1953)

More recent mvestigations (Grob Johns and Harvey 1955) of the
effect of ntra artenal mjections of acetylchohne upon muscle action
potentrals 1 normal and myasthemc individuals indicate that the
choline formed by breakdown of acetylcholine plays a htherto un
suspected part 1n muscle contractton In the normal subject choline
behaves as does acetylchohne but m the myasthenic patient 1t has a
curare like effect In the normal subject choline produces a depolarizing
block whereas 1n the myasthenic patient 1t establishes a competitive
block namely one which 1s abolished by raising the concentration of
acetylcholine These workers conclude therefore that the block n
neuromuscular transmission m myasthema gravis 1s produced by
choline released mn a normal manner Churchill Dawvidson and Rich
ardson (1953 and 1955) had already found that in mormal subjects
decamethontum block 1s due to smple depolanzation but that 1
myasthema 1t 15 of the dual type—transient depolanzation s followed
by a more prolonged non depolarization (1e curare like block)
Both of these mvestigations support the view that the essential ab
normality m myasthema gravis hies 1n an alteration m the response of
the motor end plates and not 1n the presence of a curare like substance
m the circulation

Diagnosis and Treatment

In the majonty of cases the reponse to 2 subcutancous (1 S mg ) or
tra artenal (3 mg ) of provides a satisfactory
d d In myasthema fined to the ocular muscles the

elfect may be difficult to judge and photographs before and after the
test dose may be helpful When myasthenic muscles cease to respond to
neostigmine withdrawal of the drug for a week or two 1s often followed
by 2 funtner peniod of response Osserman and Teng {1956) have used
a new short acting cholinergic drug  Tenstlon (edrophomum chlonde)

10 diagnostic tests and report positry¢ responses 1 93 % of myasthenics

Intravenous 1ngection (2 to 8 mg) increases muscle strength within
301040 seconds  the effect lasts five mnutes In the normal subject 1t
merely produces fasciculatron
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The search for drugs with longer action and less side effects than
neostigmune continues Osserman (1955) reports on the use of Mestinon
(pynidostigmune) a pynidme analogue of neostigmme The drug acts
with Iess side effects but not for much longer during the durnal hours
than neostigmine Its effect durmng the nocturnal hours 1s more pro
longed and relief of weakness of ocular and bufbar muscles 1s better than
with neostigmme Tether (1955 and 1956) has had similar expenences
with thus drug so that 1t may prove helpful when resistance to neostig
mune 1s present when unpleasant side effects are troublesome or when
neostigmne does not prevent paralysts on waking

Schwab (1955) reports on a trial of another new substance My suran
whose structural formula can be compared with neostigmme It too
has a longer action than neostigmune and 1s less likely to produce
gastro intestnal disturbances when the therapeutic dosage 1s reached

Myasthemc and Chohnergic Crises

There are two types of coses (failure of muscles concerned with
resprration and/or swallowing) which may be met with 1 myasthena
gravis The true myasthenic crisis 1s due to nsufficient medication or
drug resistance and 15 widely known The cholinergic criss has only
recently been recognized Grob Garlick Mermill and Freimuth (1949)
first reported choliergic crises 1n healthy individuals exposed to antt
cholinesterase msectictdes They classified the symp as
micotic and central nervous system i type Wilson Williams and
Muller (1952) described the occurrence of such crises m myasthenio
patients overtreated with cholinergic drugs The two types of cnsis
may be very similar but, apart from acute restlessness and panic the
paralysis of the myasthenic cnists 1s not accompanied by the other
distressing features of cholmergtc poisomng (viz szlivation pallor,
sweating gastro mntestinal stmulation fasciculation etc) The danlgler
of choltnergic crises 1s derable when regular treatment with bel ;
donna may obscure the eatly gastro intestmal symptoms of the mpﬂl]ﬂe
g crisis When signs of a cholmergic crisis appear the n‘.spousl'-he
drug should be stopped and the emergency measures necessary furk )
management of bulbar and respiratory paralyses must be undertakes
Intravenous atropine may be necessary

Thymectomy

f thymectomy 1n this disease remain
chzll;?ar‘;s I;Zu‘l)d advylls‘; itm oycular myasthenia where the weakness m:;)l!
reman localized for many years In generalized myasthenia t}llxc ua‘l::m
prognosts 1s not good Thymectomy 1s contra mdicated W] exrxn hoos
1s 4 thymoma (15% of cases) Keynes (1954) states‘that n sr? e 200
cases of th y (without th ) the mortality

s debatable Few
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42% with remssion of the disease 1n 65% which he reported
m 1949 were figures which remamed much the same Eaton and
Clagett (1955) consider thymectomy of value when there 1s no thymoma
and the patient 1s a female under the age of 50 Satisfactory remission
took place 1 509 of an operated group 1m 20 to 25% i the
unoperated Schwab Viets Vanderveen Cope Sweet and Castleman
(1955) concluded that in females under 35 thymectomy produced
remissions 1n 65% withun a year (in controls 17%)
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PERIODIC PARALYSIS

The part played by the potassium 10n 1n normal and pathologic:
physiology 1s dealt with 1n Chapter 2 In the condition or group ¢
conditions known as periodic paralysts which may be famubal
sporadic, there 1s recurrent flacerd paralysis affecting the imbs an
trunk muscles with loss of deep reflexes and of electrical excitability @
muscles Sensation remains normal and conscrousness IS unMMparel
The muscular weakness may be slight or severe m degree and exten
In severe attacks the facial bulbar and respiratory muscles may b
affected An attack usually lasts several hours and 1t may develol

p ly or after a heavy meal durng steep and 1
can sometimes be mduced by the local application of cold or by th
admumstration of adrenaline glucose or mnsulin Affected mdividual
are usually otherwise healthy but persistent shght muscular weaknes!
has occasionally been observed and rarely there 1s eventual musculas
atrophy Smooth muscle 1s mot affected and electrocardiographi
changes are milder than those seen 1 hypo and hyperkalaemia anslﬁﬂ
10 other illnesses Males are affected more often than females and ¢ ;
disorder usually first mamifests 1tself in the second decade attacks ten
to dumimsh 1n sevenity and frequency with increasing age The pnm;ﬂ
of mheritance 1s variable 1 the familial cases there 1s a great diversity
and variety of expression of the mhented abnormality

The metabolic nature of the famulial disorder was shown by Ben

ond
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and Damels m 1934 and by Artken Allott Castleden and Walker 1n
1937 when they demonstrated that the serum potassium fell to low
levels dunng an attack and that muscular power could be restored by the
admimstration of potassium chlortde by mouth There may also be a
significant fall in serum phosphate Neither of these substances 1s lost
1 the urine but migrates to some site 1n the tissues possibly the liver
and muscles The fall in serum potassium itself 1s not responsible for the
paralysis 1n a given case 1t may occur spontaneously or be irduced
artificially without subsequent paralysis In normal people also similar
falls 1n serum without the devel of p may
be induced by repeated injections of adrenaline Allott and McArdle
(1938) came to the concluston that the low serum potassrum was only
one factor in producing an attack an abnormality in the neuromuscular
apparatus bemng another essential part

In hypokalaemic states resulting from renal or gastro ntestimal loss
severe depletion of potassum 1s necessary before paralysis ensues In
familtal periodic paralysis hypokalaemia 15 rarely as severe the thres
hold level 15 usuatly 3-3 5 m equiv /L Most authors report no correla
tion between the depth of the paralysis and the level of the serum
potassim Indeed paralysis may occur without hypokalaemia (Watson
1946 Tyler Stephens Gunn and Perkoff 1951) In sporadic periodic
paralysss the serum p 15 i) d (Bull Carter
and Lowe 1953) Lasty McArdle (1956) mentions a family with
pentodic paralysis in which he has observed a slightly rased serum
Potassium during the attacks there was a tendency to increased excre
tion of potassum during the paralysis These observations suggest
that there may be more than one type of sporadic and famuhal periodic
paralysis but most observations have been made on the classical
famibial variety 1 which a fall i serum potasstum takes place

In thus classical group there 1s a marked positive balance of potas
swm  the fall in serum potassinm concentration 18 accompanied by a
fall 1n unnary excretion of potassium The cause of the transfer of
Ppotassium into the cells 1s not known Zierler and Andres (1956) have
shown that there 15 a nocturnal shift of potassim mto muscle cells
which 1s much greater patients with pertodic paralysss than mn
healthy people 'This may explain the tendency for attacks of periodic
paralysis to start mn the early hours Despite the association with some
disorder of carbohydrate metabolism which expeniments with adrena

n ghucose and msulin suggested no actual proof of such a biochemical
lesion has come to hght Conn and his colleagues (1956 and 1957) have
further shown that the relationship between serum potassm and
muscular paralysis 1s complex They found that attacks of paralysis
were preceded by massive retention of sodium and increased urmary
excretion of aldosterone Sodmum dmresis accompanies Trecovery
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When their two patients were put on a low sodum diet 1t was no
longer possible to snduce attacks by glucose plus insulm, or by fluoro-
hydrocortisone Retention of sodium, therefore, seems to be the primary
factor which mtiates the charactenstic chain of events n an attack of
penodic paralysis Conn has suggested that the gh concentration of
mtracellular sodm 1s related to the charactenstic hydropic vacuoliza
tion within muscle fibres winch he and other investigators have ob-
served in this syndrome The patt of the aldo-
steromsm 1s not known

Electromyographuc evidence suggests that conduction of the nervous
smpulse across the neuromuscular junction andjor along the muscle
fibres 1s blocked (Johns Liljestrand Grob and Harvey 1955) A distur
bance of membrane permeabihity may thus be responsible for the
phenomena of transfer of potassiumions and the disorder of conduction
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the chronic cutancous type (cutanea tarda) It 15 1 acute mtermttent
porphynia 1 which the d of porphyrin metabolism probably
Lies 1n the hver that dramatic nervous disorders may anse

An episode of acute porphyria may anse spontaneously or be pre
cipitated or aggravated by barbiturates aliphatic sedatives sulphon
amudes or thiopentone anaesthesia Serious symptoms may follow
abdominal operations or develop durng pregnancy There ss usually
acute severe abdommal pamn with vomitmg constpation and tleus
Durng this acute phase the patient usnally passes reddish brown unne
which darkens on standing Pains are fr ly lammed of n other
parts of the body and weakness of the limbs may at first escape notice
The patient may be agitated or greatly distressed and require paralde
hyde or morplune for relef of symptoms Hypertension and retnal
artery spasm have been noted and there 1s usually tachycardia with
transient changes in the electrocardiogram The evidence of impawred
liver function can often be found

Neurological manifestations (in approxunately 50% of cases) are
usually ushered m by severe pains 1n the imbs and soon domunate
the clinical prcture Colic usually subsides with the onset of paralysis
The patient develops weakness 1n proximal or peripheral parts of the
lLiumbs this may spread rapidly and result i a flaced tetraplegta The
muscles may waste and the reflexes usually disappear Retention of
urine may be troublesome The muscles of the abdomen and thorax are
frequently involved and death may result from the comphcations of
respiratory or bulbar paralysis The patient s behaviour 1s abnormal
He 15 usually confused 1rrational or deluded The pupils are often
dilated This abnormal mental state may develop acutely or msidiously
often before actual motor paralysis Sometimes the paralysis develops
m an ascending though not necessanly symmetrical manner Its
the abnormal mental state of these pattents which by distracting the
chmeian and making formal exammation of the nervous systemt difi
cult often leads to errors in diagnosis There are seldom any sensory
signs and pyramudal signs are rare A curious contrast that has ll:;ﬂ:
noted 1s the presence of promiment ankle clonus with loss of the knet

erks Convulsions may occur

! In a recent review o)t,' 69 cases of acute porpbyna the monaht}l'( Vgs
589 (Markovitz 1954) Thuty two patients had been xmsu; Ea b}-,
submitted to laparotomy The mamm clinical features were (Jonﬂl
domnal pain (2) penspheral neuropathy and (3) mental or emof
disturbances

In the acute stage if the urme 1s reddish brown m colour the corrr;;:
diagnosts should suggest itself It has been established howevetr]s o
1n some attacks porphyrms may be absent from the unne andllthuu b
course not uncommon for the urme to be normal mn colour a 5
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HEPATOLENTICULAR DEGENERATION
(Wilson’s Disease)

Hepatolenticular degeneration 1s a famihal disease 1n which cirrhosis
of the hver 1s associated with degenerative changes in the bram mamly
affecting the lenticular nucler There are two metabolic abnormaltties
present 1n this disease which appear to place 1t m that group of dis
orders termed mborn errors of metabohism These errors are con
cerned with the metabolism of copper and of amino acids The precise
relationship between these disturbances 1s not known

The classical features of the disease described by Wilson (1912) are
those of extrapyramdal motor disorder It 15 known however that
disease of the Liver 15 1nvanably present before nervous mamfestations
occur Symptoms of portal hypertension jaundice splenomegaly with
anaema and haemorrhagic phenomena may be the sole chnical mant
festations of the disease durmg this phase They usually subside and
with the development of neurological disabilities symptoms of hepatic
disorder are usually m abeyance and tests of hepatic function often
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suggest mental detertoration The child 1s usually emotional and Liable
to bouts of crymng and laughter In the termmnal stages of the discase
there may be widespread muscular tetanic spasms with opisthotonos
and drenching sweats

In 2 second clinical type the onset 1s much later 1n adult Ife and the
whole process 1s more protracted The outstanding symptom s tremor
there 15 hittle muscular hypertomcity and difficulties m speaking and
swallowing are not experienced for some years The face takes on an
immobile Parkinsoman expresston and some degree of emotional
1nstability 15 often present It 1s this type of the disease which has been
referred to as pseudo sclerosis because of the apparent similarily it
bore to cases of disseminated sclerosts This clinical classification 1s not
absolute and there are vanous intermediate forms In some cases
torsion dystonia 15 the prominent feature but common to most types
of the disease and present 1n some 80% of reported cases 15 the so
called Kayser Fleischer ring Thts consists of corneal prgmentation
which cannot always be d d by ordmary methods of
and may require shit lamp investigation It 1s found 1n no other disease
That 1t 1s to some extent due to deposition of copper 15 suggested by the
observation that 1t diminishes 1n some cases treated by dimercaprol
(Denny Brown and Porter 1951) The pigmentation did not duninish
in the case treated for four years by Warnock and Neill (1954)

Greenfield (1953) has pointed out that there are also sporadic non
famihal cases resembling Wilson s disease m their motor and psychical
symptoms and showing evidence of liver disorder, 1n which the typrcal
brochemical changes and kayser Fleischer ring are absent Hnstolog:c
ally but not ct lly his case appeared to be one of hep
d on so that the cl 10n of these cases will require further

study

Amno acid Excretron

In 1948 1t was first reported that there was 1n this disease an sncreased
urinary excretion of ammo acids and that this took place m the absence
of hepatic failure (Uzman and Denny Brown) Further mves}lgatmﬂi
confirmed these findings and d ted that this amino
acid excretion 15 due to a renal defect and s not associated with any
excess of ammo acids m the blood (Porter 1949 Cooper, Eckhardy
Faloon and Davidson 1950 Dent and Harris 1951) Amuno acidunia
15 not a feature of any other disorder affecting the basal gangha (P:thlerr
1949, Spillane, Keyser and Parker 1952) and m hepatolcntlcll; i:s
degeneration 1s not confined to cases with severe liver disorder o
almost always present and 1s umversal 1n type 1¢e all ten essen o
amino acids are mvolved and also the non essential amimno ack .
glycne and alanime (Matthews Milne and Bell 1952) Unbke norm:
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individuals those with Wilson s disease have changes in the amino
acids 1n the urine depending on the amount of protemn in the diet
(Stenn Bearn and Stanford Moore 1954) The ammno acidunia has also
been demonstrated m otherwise healthy siblings and there 1s a hugh
ncidence of cirrhosts 1n relatives (Uzman and Hood 1952) These
anthors also noted an mncreased unmnary excretton of dicarboxylic
amino acid peptides m relatives Dent and Harns (1951) claim that
ammo acidunia 1s absent 1n cases without corneal prgmentation They
suggest that cases of abnormal excretion of amino acids secondary to a
renal defect fall into two mamn classes—the cystine lysine type or
classical eystinunia 1n which there 1s a specific defect m relation to these
substances and secondly the type showing a generalized amino actdutia
The second class may be fi unher subdmded 1nto cases of (1) the Fancom
ynd (2 H The skeletal abnormahty
1n the one syndmme and the bran lestons 1 the other clearly separate
the two conditions All three varieties of renal amino acidunia appear to
be hereditary abnormahities The evidence suggests that the finding of
amino aciduria in apparently healthy younger siblings of patients with
hepatolenticular degencration means that they will develop chmical
evidence of the disease at a later date In contrast simlar unnary
abnormality 1n s1blings of patients with the Fancont syndrome or clas
steal cystinuria 1s not necessanly followed by any disability although
cirrhosis may eventually occur (Matthews er al  1952)

Gilsanz Segovia and Castro Mendoza (1955) found no evidence
that renal function was impaired in Wilson s disease as in the Fancon:

d he d poiesis seemed to depend upon the
increased amino acidunia In H disease (Baron Dent Harns Hart and
Jepson 1956) the renal amino aciduria has a different pattern and there
1s photosensitivity and periodic cerebellar ataxy

Ab hol

of Copper M
Intoxication with or abnormal metabolism of heavy metals in this
disease was suspected because of the pigmentation of the cornea the
skin and other organs Accumulation of copper 1n the Iver and later
in the brain was reported many years ago and has been adequately
confirmed (Haurowitz 1930 Luthy 1931 Glazebrook 1945 Cum
ings 1948) In recent years intensive studies of copper metabolism 1n
this disease have shown that there 1s (1) increased urinary excretion of
copper (Mandelbrote Stamer Thompson and Thruston 1948} (2)
reduced faecal excretion of copper tesulting 1n a strongly positive
copper balance (Zimdahl Hyman and Cook 1953) (3) dficient
serum copper 1n the form of the blue metatloprotein complex cacrulo
plasmun 1solated 1n 1947 by Holmberg and Laurell (Scheinberg and
Gutlin 1952) (4) Jow serum copper-oxidase activity (Bearn and Kunkel
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1952) and that (5) patients with the disease retam a greater amount of
dietary copper than do normal subjects (Zimdah! er al 1953 Cart

wnight Hodges Gubler Mahoney Daum Wintroble and Bean

1954 Matthews 1954) (6) the urinary excretion of copper is mcreased
and the neurological symptoms are to some extent relieved by fhe
administration of dimercaprol (BAL) (Mandelbrote ef al, 1948 Porter
1949 Cumings 1951and1954, Denny Brownand Porter 1951 Matthews
et al 1952 Warnock and Neill 1954 and others) treatment with
d prol does not mfl the amino acrduria In the case reported
by Streifler and Feldman (1953) t with BAL el d also
the electro encephalographic abnormality (7) absorption and excretion
studies of radioactive copper suggest that m Wilson s disease there 1
overabsorption of copper from the gastro mtestinal tract the newly
absorbed copper 1s attached to the albumun fraction of the plasma
protemns and in patients with Wilson s disease the normally rapid trans

ference to caeruloplasmin does not occur (Earl Moulton and Selverstone

1954 Matthews 1954 Bearn and Kunkel 1954) Radioactive copper
given by mouth to healthy people at first attaches 1tself to the albumin
fraction of the serum protem but within twenty four hours transfers
1tself to the globulin fraction In Wilson s disease this transfer 15 delayed
or does not take place the copper remains with the albumin fraction

There 15 therefore a defective synthesis of caeruloplasmin

The Pathogenes:s of the Disorder

Uzman Iber Chalmers and Knowlton (1956) summanze the two
principal theories of the pathogenests of Wilson s disease (1) It 1s a
congemtal famihial defect due to overabsorption of copper from the
gastro mtestinal tract leading to cirrhosis renal tubular damage and
central nervous system poisoning Deposttion of copper i the Trver
and bramn occurs because of the different physico chemical statelof
plasma copper m this disease there 1s an inability to synthesize czer]u fn
plasmin (2) It 1s a genetically determined defect of protein metabol ls|h
which leads to the formation of protem or polypeptide residues w(;
high affinity of copper binding Urinary excretion of copper P?P:‘oﬁs
produces ammno acduna by competition for tubular absorp ls .
According to this theory the accumulation of copper 1n the tissues i‘cm
secondary phenomenon amsing from the primary defect m prl?ver
metabolism In support of this theory Uzman et al report that;1 .
biopsy studies 1n a patient with hepatolenticular degeneratton s cwer
that the liver contamned a protemn fraction possessing high C"ll’ft W
binding properties The excessive deposition of copper may b; Ilem:rs
to this rather than to the presence of abnormal serum copper (Chal
Iber Uzman 1957

Th:nglzmcal mamfeszanons of the disease appear to result from the
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to some extent on the type of case In cirrhosis which 1s by far the
commonest type of liver disease seen 1n a general hosprtal terminal
coma 1s usually preceded by a stage 1n which the level of consciousness
fluctuates sometimes remarkably and over long periods of ttme The
carliest sign probably consists m reduced awareness or alertness the
patient 1s lethargic and speaks httle He may drop off to sleep unduly
and there may be periods of confusion 1n which speech 1s slurred and
orentation mmpaired He may become restless and wander ammlessly
or void unne mnappropuately or mcontmently These symptoms lose
none of therr sigmficance 1f by chance they are transient, relapse and
further dangerous signs are the rule and sooner or later consciousness
15 progressively lost

‘When the primary hiver disorder 1s one of acute necrosis such as
occurs rarely 1n viral hepatits or in some forms of chemical poison
mg the mode of onset of the nervous dsturbance 1s naturally more
acute In hepatitis this may be ushered mn by a deterioration m the
general condition of the patient or by persistent nausea and vomuting
A phase of restlessness and excitability may precede the stupor and
coma Attacks of screaming delmum or frank mama are not un
common and make nursing difficult Convulsions may occur There
may be dehydration and foetor hepaticus

A third group comprises those patients with chromc hver disease
who remain reasonably well and ambulant until something disturbs the
precarious balance of hiver function the state of the portal systemic
collateral circulation or the level of toxic mitrogenous substances in the
blood stream It may be a bout of acute alcoholism or an attack of
pneumona or other mfection which precipitates trouble In other cases
an acute gastro mtestinal haemorrhage 1s responsible Lastly it may be
some therapentic measure such as the admmstration of morphia
paraldehyde or barbiturate or the admumstration of a high protem
diet or methiomne or ammomum chlonde which endangers Ife
Surgical procedures nclud d 1p for the relef of
ascites have also been held responsible Patents with large portal
systemc collateral vens which have developed spontaneously (;f
following surgical porta caval anastomosis are particularly susceptible
to the toxic action of a lugh proten diet or the presence of blood 1n the
gastro ntestmal tract "

In these groups of cases climcal examination during the phase o
transient or persistent disturbance of consciousness will reveal signs c'f
motor disturbance The most characteristic 1s the flappng tremor o
the outstretched bands Denny Brown (1946) described as the m(;lst
striking and most constant single symptom 11 Wilson s disease lﬂc

wing beating (flugelschlagen) tremor of Strumpell It 15 periodic e

regular i amplitude and conssts of a rhythmical flevion-extens
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movement at the wrist joints when the arms are outstretched There
may also be lateral movements of the separated fingers and flexion
extension movements at the metacarpo phalangeal joints The tremors
subside m complete repose and are d by voluntary
and thus differ from the common tremors of other diseases of the
extrapyramedal system Adams and Foley (1949 and 1953) found a
coarse flapping tremor of the outstretched hands to be one of the most
useful signs of impending cerebral disorder i patients with all forms of
liver disease It was present in 17 of the 18 patients described by Sher
lock and her colleagues (1954) Most authors have also commented on
the presence of muscular twitching fluctuating muscular nigdity
grmacing and pouting sucking and grasp refluxes and of characteristic
pyramudal signs Frank Parkinsonan signs are uncommon but Walshe
(1951) has seen cog wheel ngidity and choreiform movements

Apgamst this background of widespread disturbance of the nervous
system the clinictan may find the classical signs of chromc hiver disease
or evidence of acute hepamls or liver necrosis Malnutrtion and/or

signs of alcohol hy (po!. s Wernicke s
pathy Korsakoff s syndromc) ‘may also be present
‘When the and coma intervenes

the mbs become flaccrd restlessness and clonus subside but the
flapping tremor may persst for some time and may still be imtiated by
placing the patient s arms m the outstretched positton There 1s con
siderable vanation 1n the way m which the patient may sink into
stupor or coma The deterioration may be rapid or slow progressive or
halting and restoration of consciousness when 1t takes place may
similarly vary 1n its speed and completeness The comatose state 1tself
may last from several hours to a week or ten days but recovery from
deep coma 1s uncommon and nearly always transient

The electro-encephalographic disturbances were first described by
Foley Watson and Adams (1950) and consist of paroxysms of bilaterally
synchronous symmetnical hugh voltugc slow waves 1n the delta region
of 1 510 3 per second persed with or d
normal alpha waves They appear earhest 1n ' the frontal and central
regions and tend to spread postenorly They are not constant or
specific and they tend to dxsappcar m the smge of deep coma

eterm portal systemic was duced to describe

these chromic or intermuttent ncumloglc:\l syndromes which so often
terminate 1 hepatic coma (Sherlock et al  1954) The latter rcpresen(s
the grossest of the disordered brain hiver rel
It 15 postulated that whether the encephalopathy 1s acute or chronic 1t
results from such factors as impatred liver function shunting of portal
blood to the systermc circulation and the presence of mitrogenous
matenal m the tntestines Whether some speaific disturbance exwsts 10
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such circumstances or whether a chain of events 1s inrtiated 1n a sariety
of ways 15 not clear The similanity between the acute encephalopathy
of hepatitis or liver necrosis and the spontaneous or mduced episodic
cerebral disturbance 1 chromc Iiver disease suggests that some specific
biochemucal leston 1s common to both states When such a neurological
syndrome confronts the chinictan 1t 1s not difficult to appreciate that
disease of the bramn and not of theliver comes first to mind In the acute
case when there 15 no hustory of chemical poisoning recent moculation
or contact with a case of hepatitis, and when jaundice has not appeared
correct diagnosis may be delayed In the mternuttent type of case 2
metabolic disorder 15 more hikely to come to mind and signs of cirrhosis
sought When there 1s progressive detersoration of personality and
imtellect with httle or no fluctuation an admuttedly rare type disease
of the liver may never be suspected during life As n certam other
diseases such as acute porphyna islet cell adenoma of the pancreas
or phaeochromocytoma what first prompts the climicran 1s the mdex
of suspicion he has acquired for those particular diagnostic problems

Liver function tests will usually be abnormal in cirrhosis but other
brochemical tests are not very helpful apart from revealing high blood

ammoma levels Summerskill Davidson Sherlock and Stemer (1956}
have found that assessment of mtrogen tolerance 15 the most specific
mvestigation Deterioration usually follows the admmstration of
ammonum chlorde or methionine m doses of 10 g daly or if the
dietary protem exceeds 60 g daily Improvement 15 obtaned by re

stricting dietary protemn to 20 g dady

The Biochemical Lesion

The cause or causes of the hepatic comas and allied neurological
disturbances are not known Presumably there 15 a falure of the de
toxicating function of the hiver or Iiberation of a toxic by product of its
disordered metabolism As a result brain function may be disturbed by
different brochemical lestons from trme to time The recognition of the
several prediposing factors already mentioned and the common finding
of a raised level of blood ammorua suggest that a disorder of mtroger;
metabohsm 1s one mportant factor The normal blood ammonia Ie;le
1s approximately 50 zg /100 m! and m hepatic coma 1t commo o)f,
nises to 150 to 250 pg /100 ml There are difficulties 1n the techmques °
esttmatton of blood ammomua and 1t seems not unlikely that the levels
obtained 1 pertpheral venous blood do not truly reflect the con;e:lc
tration of ammonia reaching the bram The methods used o :od
usually depended on the micro distillation of ammonia from the ot
sample and 1t has been pomted out that these methods mcasurdo“n
blood but some le compound which 1s broken

to Liberate diffusible alkali (Walshe 1956) Ammonia 1s formed where
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are obvious aims There 15 no speaific form of therapy for hepatic coma
but the use of glucose and the restriction of protein intake follow
naturally from the ideas outlined concerning aetrology Antibotics

luding aur cin and tets line and the use of purgatives and
enemata help to reduce the production of toxic mtrogenous substances
m the mtestines There are variable reports concermng the value of
glutanuc acid a fall in the blood ammonia 15 not uncommon but there
15 little improvement to be seen 1n the acute cases The toxicity of many
hypnotics and sedatives 1n the presence of liver disease constitutes 2
considerable problem Many of these patients may have phases of
restlessness and noisy delirrum and 1t becomes difficult to estimate the
danger entalled m wsing sedatives The longer acting barbiturates
which are largely excreted by the kidneys may be used cautiously
morphia and 1its derivatives and ldehyde are contra ind d

See also the discussion m Chapter 5
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