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FOREWORD

It 15 and ever will be a source of pride that the first stirmng
of interest n the disorder diabetes mellitus 1ncreasing over
the years to the final vield of this volume was first aroused
while John Lister was working amongst diabetics at the
Royal Tree Hospital

Here 15 a thoughtful and thoroughly competent work
Wide experience deep enthusiasm and depth of viston stand
out from the pages The whole field of manifestation and
management of this common and complicated disease 1s
covered mn a way at the same time interesting and informa
tive yet easy to read All that the student and family
doctor needs 1s here  Those more mformed can still gamn by
reading the text while the generous bibliography and useful
break up into three clear divisions add to its value as a book
of reference

It 1s both a pleasure and a satisfaction to be associated
with this book which will serve to keep fresh the memory of
many happy years of work with its stimulating y oung author

The Royal Free Hospital Una LEDINGHAM







PREFACE

THF successful care of diabetic patients demands a certamn
convichion and considerable enthussasm on the part of the
chmean mn charge  Unfortunately few conditions cause
more anxiety to students and practitioners than diabetes and
at present there seems to be a lach of a small textbooh
covening the essentral climical aspects of the disease

The aim of the present volume 1s to assist students in their
understanding of the many chmcal vanations of thesyndrome
and to assist practitioners i the management of cases The
emphasts 1s almost entirely clinical and no attempt has been
made to consider m detail the more fundamental physio
logical biochemical and endocrme aspects of the diabetic
svndrome The views expressed are partly those gamed by
persornal expenence 1 diabetic clinics and partly those held
by many climcians who are interested in the treatment of
diabetics

The book has been divaded 1nto three parts the first con
cerned with the diagnosis and treatment the second with the
many associated conditions and complications and the third
with the medico soctal aspects of the disease  Lach chapter
has been prepared so that 1t may be separately read for exsy
reference  Because of personal experience some aspects of
the condition have received more emphasts than others
Thus the constitutional factors and the many ophthalmic
manifestations have been specially stressed but at the same
time most of the important aspects of the clmical syndrome
have been mentioned and for those wishing further informa
tion a full bibhography has been provided

My own nterest in diabetes was first sumulated by working
with Dr Una Ledingham 1 the Diabetic Chinic at the Royal
Free Hospital and [ am glad to have this opportumity of
thinking her for her many hindnesses and continued en
couragement and for permission to use much data collected
m her chme I am also grateful for the special experience

il
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gamned in the ophthalmic aspects of diabetesn the Physician s
Clinic at Moorfields Ly¢ Hospital Many others have heiped
me m the preparation of this book These include Dr
Doreen Allan who greatlv assisted me 1n the preparation of
the text and mn reading the manuscnipt  Dr H J Galbraith
who helped to supply much of the data in Chapter 111 Dr
John Nash who wrote the chapter on Carbohydrate Veta
bolism and Mr Denmis Vobes who wrote the technical part of
the chapter on practical procedures I am grateful to Dr
Norman Ashton for hus photographs of the retinal and renat
lestons in diabetics and to Mr E F Fincham of the Institute
of Ophthalmology for his photograph of diabetic cataract
and to Miss D Bannister for the many photographs she has
taken of my Windsor patients 1 must also thank the editors
and authors who have allowed me to reproduce tables and
illustrations as tndicated 1 the text and my publshers for
the trouble they have taken to meet my wishes Tinally I
must thank my wife for her patience and encouragement 1n
the preparation of this book

Aprid 1959 jL
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THE CLINICAL SYNDROME
OF
DIABETES MELLITUS

PART I
DIAGNOSIS AND TREATMENT

CHAPTER 1 —
INTRODUCTION

TuE climcal picture of a wasting disease assoctated with tharst
and polyuria has been recogmzed from earlie t times In
fact the oldest medical document 1n existence—the papyrus
Ebers which was discovered m Egypt in 1862 and dated by
archaeologists as about 1500 BC descnibes a condition
chiractertzed by an abnormal polyuria  The name diabetes
was first used by the Greek physician, Aretaeus of Cappado
c1a wholived in the second century “The wordssonic Greek
the hiteral translation bemng  to run throughasiphon ¥ In
addition to giving the disease 1its name Aretaeus described
the rapid downtull course of a severe case  According to the
translation of Papaspyros he wrote  Diabetes 15 2 wonder
ful affection not very frequent among men beng a melting
down of the flesh and limbs 10to unine  The patients never
stop making water but the flow 1s incessant asf the opening
of aqueducts Lafe 15 short disgusting and pamful  thirst
unquenchable  excessive dnnking which however 1s dis
Pproportionate to the large quantity of unine for more unine
1 passed  and one cannot stop them ether from dnnking
nor making water  Or 1if for a time they abstain from drink
g their mouth becomes parched and their body dry  the
viscera scems as if scorched up  they are affected wath
nausea estlessness and a burning thirst  and at no distant
term they expire
2 oM



2 DIABETES MELIITUS

Other early physicians were also aware of the condition
notable amongst these being Galen who described diabetes as
a weahness of the hadney which cannot hold back nater

It was however not only m the early Greek rivilization
that ciabetes was recogmized  The Chinese and Japanese of
the third century wte weil acquainted with it and noted that
the urine was sweet and attracted dogs The earlv Hindus
were also familiar with a condition m which the unne had a
sweet taste and looked hke boney and the fifth contury
phystcian Susruta es en suggested that oser-eating might pre
cipitate the malady  Because of the charactenstics of the
urme the Indian name for diabetes came to be Madhumeha
meaning  honey urine

Centuries later the great Arab physicran Avicenna (980~
1027) described diabetes with great accuracy  He noted that
his diabetic patients complained of thirst an mmability to
work and a Joss of sexual potency  Some of them had en
larged hivers and others deyeloped carbuncles gangrene and
phthisis  In spite of these early chmcal descriptions of the
disea.e there was no real attempt to explatn its cause al
though both Aretaens and Avicenna had suggested that there
mght be pnmary and secondary types The Hindus had
reported the as.otiation of the disease with obesitv and the
sweetness of the unine had frequently been noted  The 1m
portance of the last observation seems to hive been over
looked for many centuries until Thomas Willis (1621-75) of
Oxford stressed 1ts significance  and aithought was William
Cullen (1710-90} who was the first to add the adjectne
melittus 1t was Wilhs who differentiated diabetes melhitus
from dmbetes msiprdus  He pomted out that the latter pre
sented no glvcosyna and suggested that m the Pissng
Evil  sugar appears first in the blood and then in the urme

The assocration of diabetes with pancreatic dicase was
first noted by Cawley (1788) when he reported a case mn which
he found glycosuna dunng Ufe and pancreatic calcult at
autopsy Brunner {1683) had already noted that pancreate
tomy 1n the expenmental ammal caused thist 1nd polvuna
but he did not appreciate the significance of the obseration
and 1t was not unt ton fering and Mmkowski (1880)
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demonstrated that pancreatectomy m dogs caused hyper
glycaemia glycosuna and death that the relationship be
tween the pancreas and diabetes melhtus was fully recog
mzed The earlier workers may have been confused by the
fact that until Langerhans (186g) noted the presence of the
sslet cells which now bear his name the pancreas was con
sidered as a gland of external secretion related only to
digestion  Indeed 1t was only after the work of Von Mering
and Minkowsht that real interest was aroused mn determining
the function of the sslet cells

Opie (1901) while carrying out a senes of autopstes on dia
betics discovered 2 hyalime degeneration of the islet cells and
Ssobelew (190z) 1n the same year made a similar abservation
and found further that after the hgation of the excretory
ducts of the pancreas 1n an experimental animal the acinous
tissue gradually atrophied while the slet cells remained in
tact  MacCallum {190g) confirmed this latter observation
and also noted that 1f the slet cells escaped damage dunng
the experimental procedure no diabetic symptoms des eloped
but if the slets were mjured classical diabetrc symptoms
appeared

These were the vital steps which led to the final tsolation
by Banting and Best (1922) of the hormone secreted by the
1slets of Langerhans  Earher workers had succeeded in pre
panng alcoholic pancreatic extracts Indeed Zuelzer (1go8)
prepared such an extract which had a favourable cffect on the
hyperglycaemra of depancreatized dogs but unfortunately
the extract was rmpure and its injechion caused figors
Banting realized that 1t was essentral to have a pure 1slet cell
extract and he devised a which caused a pl
degeneration of the acinous part of the gland leaving the
sslets unharmed and enabling him to prepare from them a
pure extract This hormone when injected into diabetic dogs
was found to lower the blood sugar level YAt first known as
Isletin, the hormone soon came to be called tnsulin! the name
by which Sir Edward Sharpey Schafer (1916) of Edmburgh
had previously suggested that the hypothetical substance
secreted by the islet cells of the pancreas and probably con
trolling the mechanism of carbohydrate metabolism should
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be known  The 1solation of msulin was the culmmnation of
centuries of chnical observation and years of expenimental
physiology  Tor the dabetic st was the most mmportant
achievement 1 the history of medicine while for the cimcian
and the phystwologist 1t produced new and f; g prob
lems
YTwo of the most fundamental of these were the mode of
nsulin action and the relation hip between the 1slet cells of
Langerhans and other glands of internal secretion © The asso
ciation between glycosuna and intracramal lesions had been
recogrzed 1 er since Bernard {1849) had noted its accurrence
after piqure of the floor of the fourth ventricle and climaians
had observed a hngh incidence of diabetes 1n patients with
v Thus H: {1897) found that 1 per
cent and Borchardt (1008) found that 355 per cent of hw
acromegalics had diabetes mellitns  Cushing and Davidoff
{1927) found that 25 per cent of their acromegahe patients
had glycosuna and 12 per cent had frank diabetes These
workers suggested two hypothe es for the cause of diabetes
mellttus 1 acromegaly firstly that the pituitary tumour
caused pressure on a sugar cutre m the hypothalmas and
secondly that there was an endoerine cause  The first theory
was rejected as the size of the tumour 1n acromegaly bears no
relation to the inadence of glycosuria and they considered
that hy perprturtarism was the cxuse of the gly cosura of acro-
megalv  There was already expenmental evidence to sup
port this hypothesis as Crowe Cushing and Homans (1910)
had noted that the sugar tolerance of ammals was ncreased
by hvpophysectomy and also that the hyperglycaemia
caused by the removal of a large portion of the pancreas
tended to subside when a partial hypophysectomy was sub-
sequently performed  Although these workers suspected
that the antenor lobe of the pituitary was at fault in these
cases 1t was Houssay and Buasott: {1931) who confirmed
this beyond doubt  They showed that in toads 1f the prim
tary1sTemoved pancreatectomy does not provahe gly cosuna
byt that severe diabetes develaps if an antertor lobe s 1m
planted beneath the shin on the follawing day  Sabse
guently these workers studied the effects of hypuphysectom)
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and pancreatectomy on dogs cats toads mnd other animals
Houssay (1946} reported that the u ual syndrome of pan
creatic diabetes m marwnals andergoes numerous changes
following hypophysectomy  Most important amongst these
changes are the diminution of glvcosurta and polyuna the
dissppearance of ketosis and the development of hypersenst
tivaty tomsuhin - Houssay also considered the relationship of
the let cells of the pancreas to the thyrod and seprarenal
glands  (Clycosuna 1s well hnown to oceur 1n hyperthyrond
1sm but Hous ay found that thyroidectomy does not alleviate
expenmental pancreatic diabiies ) He showed that the n
jection o1 ante ror prtuitary extract snto hypophysectomized
4 amplub P laxly the toud pro

duced drabrtogs effects ang furth that the e effects
are still abtamed 1n the absence of the thyrosd and suprarenal
glands He thys establshed that the antertor pitmtary can
produces aiabetes indep {y ot anv other end dis
turbanre but he farled to sho v that a pernanent diabetie
<tate could be produced expentmentally by injections of an
ter1or pitwitary extract

Permanent thabetes wis honever observed to develop
with such mjections by Young {1937)  Wiale mvestigating
the effect of antencs prtuitary extract on dogs he found that
two animals Lecame diabetic and remained so after the in
jections were stopped

A tlear relation between the antenor pitwitary and diabetes
hdving thus been established the probiem remamed as to
how spsuln fachitated carbohydrate metabs hsm and m what
way the balance ot anterior pitwitary diabetogense effect
agatst msuhin s mamntamed 10 the norma} economy of the
bady “The nature of this balance has partly been elucidated
by the work of Con {1945) who pointed out that s the path
of ntracellular carhohydrate wetabolsm there are tertan
abligatory stages through which the metabolic stream must
P25 One of the most important of theseas the cons erston of
glucose mto gluco e 6 phosphate  once ths ubstance has
been formed the synthess of gly cogen and the whole cham of
reactions wnolved 1 cathobydrate axidation becomes pos-
sible evenin dubetic anumals  The teactron s factatated by
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the enzyme adenosine tniphosphate and Cors has shown that
1t 15 catalysed by the enzyme hexohinase and further that
#n tfro the hevokinase reaction 15 inlubrted by antertor pitm
Jaty_extract and.that this mhlubrtion is counteracted by m
subn__Insuln and antenior pitustary extract thus appear as
regulators of those basic reactions which dispose of glucose#
The varying ways 1n which patients respond 1o insuln re

mamed an ok le to the pl d ding of the
mechamsm for shortly after the mtroduction of insubn mto
medical practice 1t became clear to clmicrans that some dia
betie patients are relatiely refractory to sts effect
"\In_,gmemlrsuch differences have been regarded as the
result of comphcating factors which superimpose a relaine
resistance to msulin on the basic disease of drabetes mellitus
Temporary resistance occurs with infections thyrotoucosss
and unsuitable diets but 1t 1s difficult to explamn the persist
ent difference 1 nsuln sensitnizty between apparently un
comphcated cases of drabetes#

‘g:‘alm {193b) suggested that diabetics are of two types—
mdulin sensttrve and wnsulin resistant - He substantiated this
by showing that different drabetics require varying amounts
of msulin to present the excretion of unnary sugar under
standard condittons Simularly Himsworth (1936) imvest:
gated the msulin sensti 1ty of a senies of drabetic patrents and
he found that they tended to fall inta two distinct groups—
the frankly-sensitine and the frankly nsepsitine and that
sntermyediate degrees of sensitrextywere rate. He found that
m_geperal the patients giving the sensitive response were
young and thin with healthy artenes and a normal bload
pressure, and that m such cases the disease Was seyere and
of sudden onset but responded to msulin  They were found
to be iable to bothbetosts and to hypoglycaemia  He sug
tobeh

gested that the possible explanation of such a finding was that
1n those cases which gavea sensitive reponse to his test the
diabetsc_state was due to a defictency, while.n the_cases
which gave an insensity e response thadiabetic state was due
rather to some 1nterference with the action of msulin®
THis hypothests 1s supported by obseriations made by

Richetts Brun chwig and hnowlton (r945) and by Lawrence
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(1949) Ruchetts Brunschwig and knowlton (1945) reported
a ca e of caranoma, of the head of the pancreas treated by
total p ctomy 1n which the i diabetic state
was controlled by a diet contaming 400 G rarbohydrate and
a daily nsubn dosage of only 40 umts (‘E‘La“rence (1949)
observed that the young msulin sensitive drabetic eventually
comes to require a daily dase of 40-60 umts of msulin repre

senting a state of absolute didbetes which wouldappear to
result when alf the pancreatic 1slets have ceased to function

Many diabetics however require much larger doses of m

sulin to control the blood sugar level and prevent ketosis and
this would suggest that 1n some diabetic subjects there must
be factors at work other than pure msulin deficiency *

Further support for this view has come from Bornstem and
Lawrence {1951) The e workers were able to demonstrate a
fall 1n the blood sugar of hypophysectomized adrenalecto
ymized rats with msulin doses as low as 50 micro units  Using
this technigue they were able to show™hat the plasmn of fine
dhabetic patients who were chmcally responsive to msulin
therapy was deficient of msulin whereas the plasma of five
drat who were p e to such therapy
contamed insulin 1 normal amounts”

“Recently 1t has been possible to estimate plasma nsulin
activity more easily by the rat diaphragm method{Gemmll
1931 Stadte and Zapp 1947 hrahl and Parkh 1948
Groen ¢f al 1957 Vallance Owen and Hurlockh 1954
Randle 1954)

With this method Vallance Owen et al (1955} found similar
results to those of Bornstein and Lawrence  Thus they found
that a group of ther acute diabetic patients who required
msulin to prevent }etosis, demonstrated no plasma msulin
actinity whereas a group of muld ahese diabetic pati nts had
almost normal amounts of circulatingansubin - This observa,
{ion suggests that m the obese group there must be_some
factor causin, mhition of the action of msulin but 1ts nature
15 not yet fully understood _On the other hand although
Wrenshall ot &l {3952) Sound 2 much lower extractable wmsu
lin content 1 pancreatic material obtained at autopsy from
young diabetics than in those who developed diabetes 1
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fater bfe these workers considered work has st}
to be done before the full sxgmﬁcance\n >ulin snsensitit g
1y pe of case can be fully assessed

Nevertheless from the clintcal siewpant two clear types
of dizbetic patient mav be :dgntified  Fust there 15 the
patient who 1s frankly and absolutely defictent 1 nsubn
Ths patient s often young but may be of any age and of
either Sex and usually presents with acute diabetic symptoms
which are hable to progress to hetosts and dabetic pre-coma
or coma if msubn replacement therapy s not rapediy msts
toted and mamtamed  Secondly there.is the patrent whose
nsulin deficiency s refative and not absolute and m whom
the defictency may remain marked for a considerable penod
of tume before diagnosis  Such patients are usually obese and
most charactenistically they are nuddle aged women  In
these cases the presentation 1s only rarely with the frank dra
betic Symptoms of thirst and polyursa but yuch more fre
quently 5 15 with pruntus vidhae or with some dubetic com
phcation  In these cases weight reduction 15 the most 1m
portant single therapeutic measure and msuln therapy should
bt avorded of possible because in many cases the wmpaired
carhohydrate tolerance.s.greatly smprosed after weight
reduction (see Fig I 4) and msubn therapy tends to man
tash the weight wnd even enconrages further werght gan

Unfortunately both groups of patients are lable to the
same diabetic compheations with the evception of dangerous
Letests which only oceurs when there 15 a state of absolute
Sfisnln deficreney

At the same trwe 12 must be appreciated that thereshound
1o be & certann degree of overlap of the two types of case and
there 1s much to be sad for the suggestion made by Hims
worth {1949) that diabetes should be regarded as a syndrome
tatker than as a single entity

Certatnly there 1s no better population than the pitients
attending 2 dabetic chime m whom to study the patural hus
tory of disease  VMany become hife fong attenders and apart
from the wmportant mattets of prescnbing mnsubn and
chechang diet the family histopses of the patients the vary
g modes of presentation and the endless assoctated condt
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tion and complications which mamfest themselves over an
extended period provide a wealth of mterest and expenence
for the diabetic phystcian  Indeed 1t has been said that  one
who knows diabetes and all 1ts_complications knows medt
cne__{Wmnett 1939)
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CHAPTER II

CARBOHYDRATE METABOLISM
by jouN NASH

In primitive forms suchas yeasts carbohydrate metabolism
15 an mdependent ntracellular group of reacttons but m
higher amimals carbohydrate metabohsm 1s much more
complex and forms a link between the other physiclogical
funchions of the body Carbohydrate. in addition to being
a bhasic food stuff, 1s.a vehicle for the transport.of energy for
specialized organ-actinaty and for storage of food in other
chemucal forms It 15 inhmately correlated with numerous
vital chemical reactions so that the term carbohydrate
metabolism should not be regarded as a reference to a single
metabolic process At the same time for research purposes
1t has been necessary to try to solate certain processes for
study and then fit the resulting information nto a com
prehensive scheme  the purpose of this chapter 1s to sum
marize our fundamental knowledge of the carbohydrate
aspects of metabolism 1n such a way as to be helpful to
chinicians 1n understanding diabetes mellitus  In the course
of evolutton from primitiv e orgamisms with anaerobic respira
tion to highly complex forms such as man with special
digestive respiratory locomotor and excretory organs carbo-
hydrate has rematned an essential food stuff It 15 useful
therefore to review 1n general terms our advances m know
ledge of mntermediary carbohydrate metabolism during the
past century because an appreciation of the biological
significance of carbohydrate metabolism may help i our
understanding of the special arrangements which ewst
man

In 1860 Pasteur showed that yeast was essential for the
alcoholic fermentation of carbohydrate and he subsequently
showed that yeast could ferment m the absence of free

oxygen thus demonstrating anaerobic respiratton for the
first time
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In 1897 Buchner showed that sucrose can be fermented
1n the presence of yeast juice but in the absence of Trving
yeast cells this ability of yeast jmce to ferment sucrose to
aleohol carbon diowide and water was recogmized as the
action of an orgamc catalyst wiich was called zymase This
was 1n fact the first known enzyme although 1t was soon
discovered that zymase consisted of a complex collection of
enzymes Following these fundamental discovertes research
mto the intermediary metabolism of carbohydrate has con
tinued 1ntensn ely ever since

Harden and Young (1903} showed that the rate of fer
mentation of glucose by zymase dimmshed after a tiume
but that the addition of phosphate restored actvity which
agam fell off as the concentration of phosphate declined
This suggested that phosphate combied with sugar to form
anester which they were able toisofate as hexose diphosphate
Later Robison (1922) isolated glucose 6 phosphate which
subsequently proved to be an mtermediate ester of great
mmportance tm carbohydrate metabolism It was recogmzed
that enzymes were protemn 1 nature but Harden and Young
{1906) soon discovered that a non protem dialysable com
pound was essential for yeast juice activity  This substance
was called co enzyme 1 and 1t was found to act by com
bining with hydrogen atoms removed from intermediate
products by enzyvmes called dehydrogenases Thrs 1s a very
important process because 1t permuts an oxidative process
to proceed m the absence of free oxygen This co enzyme 1
was subsequently found to be vitamin Br

In succeeding years manjy intermediafe steps m yeast
fermentation were elucidated by worhers such as Emden
Meyerhof Needham and the Cons Harden and Young
(1908} found that adenosme triphosphate (ATF) acted m
yeast metabolism as a carnier of phosphate which 1t could
release with a transfer of energy

“The complex sertes of reactions which occur 1 yeast fer
mentation can be summarized as follows

Glucose + ATP ————> Glucose-6-phosphate + ADP

Hexokinase



CARBOHYDRATE MFTABOLISM 13
1 artous enzyme actions occur which result in the breakdown
of ghucose 6 phosphate to 3 carbon p called tnose
phosphates

Glucose-6-phosphate
Zy mohexase
Gvo some ase

2 triose phosphates

These triose phosphates undergo a complex sertes of enzyme
reactions to produce phospho pyruvic acid whach 1s anm
portant substance 1 carbohydrate metabolsm  this sub
stancegives upits phosphate to reformadenoune tnp hosphate
{ATP) from adenosime diphosphate (ADP) and forms pyrus s
acd By means of the enzymes dehydrogenas® carbovylase
and co-enzyme 1 (vitamin Br} final owidization to alcohol
and carbon diovade oceur

CH,
o CH,
COOH CHO+CO
Carboxvlase
Pyruvic acid Aldehyde
CH, CH,
CHO CH OH
Coenzym 1
{V tami n B}
Aldehyde Aleohol

In the ab (nce of sitamin B pyruvic acd accumulates on
the medwum  This also holds true m human carbohydrate
metabolism so that m vitamn B deficiency there 1s an excess
of pyrunate 1 the blood

Concurrently with the studies on veast similar work was
ben,, carried out on mu cle and Iner metabols m In 1907
Tletcher and Hophins working on the frog showed that
Tactic acid 15 produced when mu.cle 1 stmulated  In 1924
Myerhof showed that glycogen changes quantitatrely into
lactic acid duning, muscular contraction  Asia yeast phos
phate was found to be essential for muscle metabolim and
1t @ 1> shown that creatine phosphate was present m mmscle
and was broken down during muscle contraction
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In 1897 Buchner showed that sucrose can be fermented
1 the presence of yeast juice but m the absence of Inying
yeast cells this ability of yeast juice to ferment sucrose to
aleohol carbon diovide and water was recogmzed as the
action of an orgamic catalyst which was called zymase This
was 1n fact the first hknown enzyme although 1t was soon
duscovered that zymase consisted of a complex collection of
enzymes Following these fundamental discos ertes re earch
mto the intermediary metabolism of carbohydrate has con
tinued ntensively ever since

Harden and Young {1905) showed that the rate of fer
mentation of glucose by zymase dimimshed after a time
but that the additton of phosphate restored activity which
agam fell oft as the concentration of phosphate declined
This suggested that phosphate combined with sugar to form
anesterwhich they were able torsolate 1s hexose diphosphate
Later Robison (1922) 1solated glucose 6 phosphate which
subsequently proved to be an intermediate ester of great
mmportance n catbohydrate metabolism It was recogmzed
that enzy mes were protem 1n nature but Harden and Y oung
{x906) soon discovered that a non protem dialysable com
pound was essential for yeast juice actrerty  This substance
was called co-enzyme I and 1t was found to act by com
biming wath hydrogen atoms remosed from intermediate
products by enzymes called dehydrogenases This 1s a very
1mportant process because 1t permits an owudative process
to proceed m the absence of free oxypen This co-enzyme 1
was subsequently found to be vitamin Br

In succeeding years many ntermedite steps m yeast
fermentatron were elucidated by workers such as Emden
Meyerhof Needham and the Cons  Harden and Young
(xgo8) found that adenosme triphosphate (ATP} acted m
yeast metabohsm as a carmer of phosphate which 1t could
release with a transfer of energy

The complex sefies of reactions which occur 1n yeast fer
mentation can be summarized as follows

Glucose + ATP ———— Glucose 6 phosphate + ADP

Hexoksnase
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‘Vanous enzyme actions occur which result i the breakdown
of glucose 6-phosphate to 3 carbon ds called triose
phosphates

Glucose 6 phosphate 2 trtose phosphates

ymohe ase

Oxot omerase
These triose phosphates undergo a complex serses of enzyme
reactions to produce phospho-pyrusic acid which 1s an 1m
portant substance m carbohydrate metabohsm th)s sub
stance g1ves up1ts phosphate to reform ads
(ATP) from adenosme diphosphate (ADP) and iurms pyrutic
acid By means of the enzymes dehydrogenase carboxylase
and co enzyme I {vitamin B1} final exidization to alcohol
and carbon dioxide occur

CH,

<o CH,

COOH CHO +CO,
Ca boxylase

Pyruvic and Aldehyde

Co enzyme 1
& tanin B)

Aldehyde Alcohol

In the absence of vitammn B1 pyruvic acid accumulates on
the medium  This also holds true n human carbohydrate
metabolism so that 1n vitamumn B defictency there 1s an excess
of pyruvate 1n the blood

Concurrently with the studies on yeast simlar work was
being carnied out on muscle and hver metabolism  In 1907
Fletcher and Hopkms worhing on the frog showed that
lactic acid 1s produced when muscle 15 il In 192.
Ay erhof showed that glycogen changes quantitatnely mto
lactic acid during muscular contraction  As in yeast phos
phate was found to be essential for muscle metabohism and
1t was shown that creatine phosphate was present in muscle
and was broken down durning muscle contraction
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HN=C-HN-PO,H,
N-CH, COOH Creatine + phosphate
CH, >
+energy
Creatine phosphate
{phosphagen)

In 1929 Lohmann discovered adenosme triphosphate 1n
muscle and showed that it 1s formed by the reaction of
adenosme diphosphate with creatine phosphate  Further
work mdicated that creatine phosphate acts as a store of
energy in the form of phosphate Ultimately creatme 1s
changed back to creatine phosphate by means of energy
obtamed from glycolysis of glycogen

Thus there 15 a strihmng similanty between muscle and
yeast metabolism

Glycogen + phosphate <———— Glucose 6-phosphate
Glucose 6-phosphate + ATP ~——> Hevxose diphosphate
+ADP
Hevose diphosphate <—~———> Trtose phosphates

The triose phosphates undergo a stmilar series of reactions
to those occurnng in yeast to form pyruvic acid which under
the influence of co enzyme I forms lactic acd  In resting
condittons of muscle no excess of lactic acid remaimns but i
conditions of vigorous muscle actinity Jactic aad 15 con
veyed to the liver where 1t 1s recon erted 1nto glycogen
“The liser cells contamn numerous enzymes which catalyse
the complex reacttons for the metabolism and storage of
carbohy drate as gly cogen and also for interactions and inter
consersions with protemns and fat For example lver has
the ability to carry out the followng series of reacttons
1 phosph Glycogen
Phosphorylase

1 Glucose
Hevokinase Mutase
The above series of reactions which can probably be
carmed out anaerobically by all body cells are termed the
Emden Myerhof pathway and until recently it was.thought
that-the—bigahdown of glucose-6-phosphate_ta-pyrnate
manly occurred 1n this way. Recently-another pathway
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has been demonstrated and has been gnén varlous names
tuding the hexose phosphnde hunt Tt {5 probably

only one of many alternative ovidative pathways which

normally operate ~ The steps on this pathwav are as follows

“Glucose 6-phosphate
© pho phogluconolactone
6-phosphoglucomic acid
3 heto 6 phosphoglucome acd

4
€O, +nbulase 5 phosphate

The pentose thus formed provides a source for synthesis
of nbose nucleotides one of the which
must occur 1n the lner and other organs

In addition to these anaerobic proces es the higherammals
utihze a hiberal supply of oxygen to achieve more efficient
oxidatiy e processes for the production of the energy e sential
for muscular actinity  Szent Gyorgyi (1935 1936) made an
important observation which ied to our present concept of
aetobic tmetabolism of carbohydrate 1n both muscle and n et
He found that succinate and fumarate acted cataly tically
1n the respiration of oxygenated muscle  as 1t was known
that the dehydrogenases were enzymes concerned with these
substances 1t was clear that a reiction mvolving removal
of hydrogen was taking place “farebs {1937} suggested a
artne ackl eycle in which these substances acted catalytically
combined with pyrusic acid and quantitatnely produced
carbon dioxides Tius cycle (Fig IT 1) has a number of 1m
portant functions It provides for aerobic ovidation of
pyrnate and acetate and also of any intermediate sub
stances of the cycle which come 1n contact with 1t from
ather sources  Acetic acid which 15 an intermediary 1n fat
metabolism can take part m the catalysis and thus provide
a mechanism for oxidation of fat  The three carbohvdrates
—pyrurate oxaloicetic and oxoglutorate—which take part
in the cycic can produce or an ¢ from the ammo-rcids
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alamme aspartic acid and glatamic acid  Thus an 1mpor
tant link with protein metabohism 15 achieved

The higher animals need to be able to store carbohydrate
1n a form which 15 readily available and glycogen serves this
function admrably Owing to the very large size and low
viscosity and low osmotic properties of the glycogen molecule
1t has no serious physical effects on intercellular flmds It
15 readily changed to hevose 1 phosphate by a phosphory
lase system  The chemustry of glycogen synthewws and
breakdown need not concern us here except to state that a

b h enzyme t 1 plays an 1mporlant
part  This results m a t type of p 1l
which 15 particularly suitable for rapld >torage and
utibization

The mtermediary metabohsm of carbohydrate which has
been very simply outhined can be summarized 1n the dia
gram  Fhe etfect of certain hormones in these processes
have been indicated the major effects of msulin bemg
balanced by the combined etfects of the other hormones

Insulin  Although certain general effects of insulin are
very well known the precise methods and sites of action are
still not clearly understood Some workers have mamtained
that the site of action of 1n ulin 1s the cell membrane 1n the
cells of peripheral tissues and that the effect on the liver 1s
indwrect  The details of this controversy are beyond the
scope of this chapter but 1t 15 undemuable that the following
general actions of msulin are established

Pancreatic removal is followed by

(1) Hyperglycaerma

(2) Depletion of glycogen 1n liver and muscle
(3) Lower respiratory quotient

(4) Increased hetogenesis

(5) Increased gluconeogenesis

Increased supply of insulim 1s followed by
(1) Hypoglycaema
{2) Increased glycogen storage

(3) Increased respiratory quotient
<
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The main actions of msulm then appear to be

AAcceleratton of glucose cuidation mcluding formatson
of fat and protemn
Irfcrease n formation of glycogen

These and ather effects of insulin may depend on a smgle
action of msulin either by accelerating transport of carbo-
hydrate across cel] membranes or by ading an 1mportant
teaction m the cells For example the well known effect
in releasmg hexokinase from anteror priuitary hormone mn
hibffion may yet prove to be one of 1ts mportant actions
(ColowicE ¢ &l 1947)

At the same time 3t ss hkely that the v anous hevohmases
from different organ cells may vary 1n their substrates and
also n their sepsitnaty to hormones I'rom evolutionary
constderations 1t mught be anticipated that the action of
nsubin would be concerned with the zerobic respreation and
transport of glucose rather than with the, more pnmutnie
anaerobic processes and mn general this appears to be so
It seems probable that the effects of msulin on different
groups of body cells may depend on varymg sensinities
of enzymes to the numerous substances concerned
carbohydrate metabohsm Stch a broad concept of the
significance of msulim 1s helpful tn the treatment of diabetes
mellttus

In v1ew of these consderations the cliucal phenomenon
of imsulin resistance 1s seadily anticipated but correspond
mgly difficult to elucidate A large number of factors may
cause wnsulin resistance and are histed as follows

(4)/ Poor absorption of insulin

42) Metabolic disturbance by toxaemia
{3) Endocrine disorders such as hyperthyraidism hyper

piturtansm and hyperadrenalism

{4} Excess ant2 msulm substances incindmg glucagon
A5) Lner disease

{p} Excess mnsultnase

{7) Deficient circulating glutathione

{8) Insulin antitbody formation
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Glucagon From the metabohc aspect the most interesting
of these factors 1s glucagon which was first 1dentsfied by
humball and Murdn i 1923 Glucagenas.secreted an the
pancrezs possibly i thaslpha cells,.and zsmmiagtsubstance
has alyo been xdentified an chromafiin cells of the antestine
It has the effect of raming the. blood sugar level by actnating
phosphorylasein thejner  Winle the precase role of glucagon
has yet to be established 1t seems hikely that it acts m a
homeostatic way m conjunction with msulin to mamntan
the blood sugar level It can readily be contenved that
between penods of mgestion of food glucagon and nsulm
could readily balance thew secretion through fluctuations
m the blood glucose level  Because glucagon does not
appear to play so sital a role as nsulin 2 chumeal syndrome
of abnormal glacegen actis sty has not been :dentified as yot
though 1t 15 theorehically possible that certamn types of
diatretes mellitus could be due to aver secretion of glucagon

Sufficient has been wntten to dlustrate how the homeo
stasss of carbohydeat bobsm has been dm
mcreasingly complex ammal forms by balanced hormonat
control of enzyme catalyzed intracellular reactions appro-
pnately modified for each particular organ
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CHAPTER III
ACTIOLOGY

Ineidence It 1s difficult to determmne accuratelv the fre
quency with which diabetes mellitus occurs It has been
stated that there are more than a million known diabetrcs n
the United States and that about 55 600 new cases are being
wdentified each year (Marks 1947) In this country 1t has
been estimated that there are about 150 000 known cases
{Tunbndge 1953} In addition 1t 1s probable that there are
almost equal numbers of undetected cases because when
ever a detection dnive has been carned out 1t has been shown
that approximately one new case of frank diabetes 1s dis
covered for every previously hnown case

In the United States several such dnves have been carred
out Wilkerson and krall (1g47) carned out a survey m
Oxford Massachusetts and examined the blood and urne of
3516 persons and found 7o cascs of diabetes 40 of whom
were already hnown to be diabetic and 30 not previously
recognized  On this basis the tneidence of diabetes in the
United States would be 1 7 per cent of the population and
alt}yugh this figure may be rather high 1t 1s probable that
the true madence of diabetes 1s more than 1 per cent of the
population” I urthermore the number of recogmized cases 15
continually mereasing  Several factors contribute to this
Furstly the maximum number of cases are diagnosed duning
the sixth decade of life and the increased longevity of the
population has caused an increasing number of persons of
this age Secondly the medical professton have doubtless
become more diabetes and di 15 probably
established earlier than previously Thirdly the inereased
longevity of the diabetic and the better management of
pregnancy in diabetic Women 1s resulting 1n the birth of more
potentral diabetics

Age Distnbution. In all large senies of diabetics the great
est number of cases have been diagnosed duning the sixth de
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cade of fe  Barach (1940} found that wn 1 con diabeties the
age at which most cases became manifest was between 51
and 55 and Wikerson and hrail when cartyng out ther
Public Health Suney m which they detected 30 new cases
of duabetes mellitus m a population of 3 526 found that the
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average age of these tases was 55 years  Sumstarly Pancus
Joshin and White {3193 found that m a senies of 4 639 male
and § 214 female cases the maxmum onset occurred m the
sixth decade the year of greatest susceptibility 1o the.anale
bewng 51 and m the ferak 35
~it would appear that almost @ third of all cases are drag

nosed between the ages of 50 and 59 over 2 halt above the
age of 56 and over three quarters above the age of 4o
Nevertheless the disease may present at any pertod of hle
and cases have accaswnally been recorded an mfancy and
they oceur not minguently 1n old age” These obsenations
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are well reflected m a small sertes of cases at the Royal Free
Hospital  (Fag IIT 1)

It 35 agamn 1mportant to stress that m most adults the on
set 15 indefinite so thatthe age at the time of diagnosis does
not necessanly correspond with the age at which carbohy
drate metabolism became disordered’ Indeed 1n most cases
1t may be assumed that some degree of carbohydrate in
tolerance has exsted for a varable and indetermmable tume
before diagnosis and olwell {1942} considers that 1 many
diabetics the full course of the disease 1s half run before the
diagnosis 1s made

Sex Distnibution “Diabetes 15 more common_in femaled
than in males as may be seen from Table 1 which tabulates
the sex mcidence reported by workers from leading centres
throughout the world It 1s notable that the only chme

Table 1 THe SE INCIDENCE IN Dracnosep DIARETICS

Numbey | Per
Author Date Source pattus | e
elc W omen
Altschul and 1942 | Harlem USA 639 Bo
Mathan (Negroes}
Munro et al 1949 | Glasgow Scotland 1309 693
Rudyand heeler| 1939 | Boston USA 13,6 636
(Jews)
Perrott et al 1939 | National Health
Survey USA 9182 | 642
Martin 1953 [ hang s College
Hospital London | 47105 | 64
Altschut and
Nathan 1942 | Harlem US A 106 64
(Whites)
Aarseth 1953 | Oslo Norway 312 599
Hanssen 1046 | Bergen Norway 710 | 394
Barach 1919 | Pittsburg US A 2505 | 579
John 1950 | Cleveland Ohwa 6 000 567
Dreyerand Hey | 1953 | Denmark 17 229 555
Broch and
hlovstad 1947 | Vestfold Norway 46 538
Dahlberg et al | 1947 | Sweden 15519 | 53¢
Josltn et al 52 | Massachusetts 1 51

Wilder et al

Mayo Chime
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which reports a higher proportion of male than female
patients 1s the Mayo Cliic - This may be due to the fact that
this clinic does not draw its patients entirely from the local
communnty but tends to attract patients from long distances
and they are frequently of the business executive type and
hence are usually male On the other hand Vilder et al
{1940) sug.ested that the higher female mcidence tn senes
other than therr own 1s due to the proportion of Jewish
patients in these sertes and quote the female mcidence of 64 6
per cent among 1 376 Jewish patients as reported by Rudy
and heeler (1939) This 1s probably only a munor factor 1
most series and 1t 1s more important to stress the fact that the
1ncreased proportion of women patients becomes most marked
from the childbeanng period until the menopause Indeed
'(‘{Ioaemhal and Bolduan (1933) found that 1t was only among
married women that there was any difference between the
sex ncidence of the disease ”
~Ahe effect of pregnancy the increase i weight which often
follows childbearing and lactation and the generally better
economic state of the married with consequent overnutrition
are all factors which doubtless contribute to this increased
incidence of duabetes n married vmmen;)

Famihal Ineidence “There s a strong famihal incidence of
diabetes and 1 about one third of all cases there will be ob
tamned the history of a blood relative also being diabetic
Barach found that 44 5 per cent of his patients gave a history
of diabetes 1 blood relatives He admitted that this figure
1s tugher than that mentioned by other workers but he con
sidered that 1t would be hugher still af the patients knew therr
farly histonies better On routine examination of 45 650
prospectis e recruits for the Amencan armed forces Blotner
Hyde and hingsley (1943} found 208 cases of diabetes A
positive family history for diabetes was gnven by 32 per cent
of these men as compared with 52 per cent of a sumilar
group of non diabetics who were questioned for control pur
poses ©

The mechanism of the hereditary factor.an diabetes s not
yet fully understood White and Pincus (1934) have sug
gested that the potentiality for deseloping diabetes may be
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transmtted as a recesstve Mendelan charactenstic while

others have postulated a smgle semi dommnant. gene as a
determiming factor and others again thinh that on some oc
castons a d gene may be T ble and 1n others 2
recessne gene Harns (1949) considers that it 15 unlihely
that any very simple genetic formula can adequately account
for all the obsersed phenomena

The matter becomes of importance when a young diabetic
asks advice regardmng marnage and the chances of begetting
drabetic offspnng  In the light of our present knowledge 1t
would seem that the marriage between-two diabetics 1s
hikely to result in all therr chuldren-being potential diabetics
although they need not necessarily become frankly drabetic
In each group of 100 children from dabetic parents only 44
il actually develop the disease (Joshin 1952) The marnage
1n which one partner 1s dtabetic and the other partner 1s not
diabetic and has had no diabetic relatives 1s unlikely to bear
diabetic children  However these children will be capable
of transmutting the disease but unless they marry partners
who are also cammers thexr children will not become djabetic )

Race " There 1s also a certain racal predispositron It 1
well recognized that the disease.ss particularly hable to affect
Jews Rudy and Keeler (x939) iy estigated this subject and
found that Jewish diabetics at all ages show a high mncidence
of the familal type of history and a higher 1ncidence of the
hereditary type at the younger ages

“Intermarnage 1s doubtless an important factor in these ob
servations but 1n addition the characteristic physigue of the
Jew tends towards endomorphy with 1ts precisposition to
obesity and this 1s one of the mamn precipitating factors 1n
diabetes

The Chinese and Japanese have a low mncidence of dtabetes
and this 1s also probably related to their natural dretary
habits (Duncan 1952)

Nutritional State  The nutntional standard of the popula
tion 15 also closely related to the inaidence of diabetes and
duning both world wars when the nutntional standards fell
to low levels 1n Germany the incrdence of diabetes ublha(
country was low Conversely 1t has been found that™oser




AETIOLOGY 25

nutrition 1s d with an d d of the
ciseases  Himsworth {1949) drew attention to the falling
death rate in England and Wales from diabetes since 1939
most likely due to a falling madence of the disease dunng
World War 1T This falling death rate occurred among the
middle aged and elderly Common expenience showed that
dunng food rationing the majonity of people in the country
lost wught The a socation between diet and mortahty
could not be explained by the effect of diet on the survival of
established cases of diabetes but by ats effect on those
persons who had not yet developed dubetes

ENDOCRINE FACTOR S
As already indicated there are a number of endocnne dis
orders which may be assomated with diabetes and this
applies 1n particular to diseases of the pituitary thyrod and
adrenal cortex

Diabetes and the Pitwmitary

1 Acromegaly  As already mentioned Cushing and
Davidoff {x927) reported 100 cases of acromegaly 1 which
glycosuna occurted  The association between acromegaly
and diabetes has since been stressed by manv workers
Loggeshall and Root (1940) reviewed 153 cases of acromegaly
meluding the 300 reported by Cushing and Davidoff and
found glycosuna 1n 36 per cent of the cases and frank dia
btes in 17 per cent# They found that the diabetes was usu
ally diagnosed after the acromegaly with an average time
mterval of g2 years  They suggested that diabetes 15 more
lthely to occur mt acromegaly when there 1s a_constitutional
ot hereditary predisposttion because 21 per cent of the din
betic acromeg 1lic patients had o family history of diabetes
whereas among relatises of 127 acromegalics without dia
betes only 2 per cent had diabetic relatives

The weight istory of diabetics with acromegaly rescmbles
that of the diabetic population in general m that 73 per cent
of the acromealics who became diabetic had previously been
above their wdeal weight

An amehoration 1 the diabetes m acromegaly has ben
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reported (ollm\mg the adminstration of large doses of
oestrogen” (McCullagh  Beck and Schaffenburg 1955) In
5 cases these worhers noted a reversal to normal or near
normal glucose tolerance curies after such treatment and

e E b e Fio Il 2—Mrs A A
n woweme AcTomegaly with d abetes (Dr Unl
Ledingham s case)
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thev suggested that ‘(ht_efiect was due fo the inhibiton of the
seeretion of growih hiommone by the antenor pitiitasy <

Diabetes developing n a case of acromegaly 15 shown i
Tig HI 2

2 Diabeles and Punttary Insuficiency (Hvpoprwiarism)
“The_non diabetic. who. develops Simmond s disease 15 ab
normally <ensitive to mnsuln < Mogensen (1940) observed
severe hypogly¢aemic reactions in a woman aged 48 with
Simmond s disease the blood sugar falling to ,8 mg per
100 ml “Sumilarly the diabetic who des elops pituttary msulﬁ% ~
clency shows a marked ameloration of his diabetic state
Thus was first demonstrated i the expenmental ammal by
Houssay {1936} He found that the diabetes 1n dogs ren
dered diabetic bv pancreatectomy becime much less severe
after hypophysectomy 4

Diabetes and the Thyrowd Gland

1f Hyperthyroudism  Allan et @l (1947} found that dia
betes 15 about twice as common m patients with thvrotoxa
cos1 (2-4 per cent) as in the general populition {x-2 per
cent) The medence of diibetes 1s greater in patients with
toxac nodular goitye than i those with pnimary thyrotox
cosis  Ths 35 probably related to the older age of the
former group angd to the fact that patients with prmary
thyrotoxicosts usually sceh medical attention earlier <o that
there 1s more opportumty for precipitatin, diabetes i gases
of toue nodular gartre {Regan and Wilder 19401 “\When
the two diseases are assotiated the thvrotoxicoss precedes
the diabetes 10 75 per cent of cases (Houssay 1946) The
seventy of the dibetes may be increascd with the develop
ment of thyrotexicosss and Scriver (1648) his shown that
this may be assoczated with an increaze 1n msulin restst e »

C niffiths (1939} sug gested that thyroxine remsts the action
of insulin both 1n the hyer and i sheletal muscle  When the
thyrotoxicasss s controlied either by anti thyvoid drugs alone
or by prelminary control with antt thyrord drugs and subse
quent partial thyroidectomv the diabetes becomes more
readilv contrelled

2 VMyvoedsma  This 1s uncommon in_diabetes but when
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At does occur there 1s usually an tmpros ement in the diabetic
state“and 1n the case reported by Soffer (1956} there was a
fall i the msulin requirement but after startmng thyrord
extract the dose returned to 1ts former amount

Drabetes and the Suprarenal Cortex

X {uslxmgs Disease Drabetes 15 frequently present in
cases of Cushing s disease whether due to adrenal cortical
hyperplasia or actual tumour formation Spence (193)
states that more than half such cases are diabetid but Lukens
et al (1937) n a senes of 55 cases found no imparrment of
carbohy drate metabolism i 28 cases marked glycosuria
19 transtory glycosurta r 5 and a frank diabetic type of
glucose tolerance test in the remaimng 3 cases

Sprague et al (1943) reported a case 1 which the only man:
festation of an adrenal cortical tumour was diabetes mellitus

‘tl‘he disturbance 1n carbohydrate metabolism 1» probably
brought about m two ways Hyperfunction of the adrenal
cortex influences protein metabolism with the result that
there 1s an increase 1n gluconeogenests  Secondly certam of
the adrenal cortical hormones have been found to decrease
the rate of perrpheral oxidation of glucose 1n the peripheral
tissues <

2 “Addison s Disease  Adrenacortical and 1slet_cell 1n
sufficiency may become mamfest simultaneously or exther
may precede the other” Simpson {1949)

“\Vhen a patient with diabetes develops Addison s disease
the drabetes 15 modified considerably The hy perglycaemia
and glycosuna are greatly reduced The insulin require
ments fall and the patients become extremely sensitne to
wnsulin sa that dangerous.hy poglycaemia.may occur * Soffer
(1956) reported 50 cases mn which diabetes and-Addison s
disease._ca existed 2.4 of the cases were collected from the
world hiterature and 26 cases were observed by the author
humself In 8 of these the two discases presented together
1 5 the Addison s drsease preceded the diabetes and 1n the
remammg 13 cases the diabetes preceded the Addisons

disease
“In the differential diagnosis other causes of an increased
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sensitivity to wsulin such as hypopitmitansm liser disease
and hypothyroidism must be considered but when 1t has
been esﬁﬁzﬁmhat the patient has both Addison s disease
and drabetes each must be treated on 1ts own ments with
appropriate substitutron therapy <

Pancreatic Dasease

~Pnimary pancreatic disease 1s only rarely the cause of dia
betes Cases of acute pancreatitis are often associated with

Fig 111 3—Cal sfication of the panc eas n a youn,, woman
R H aged 21 ith mid duabetes (Dr Ledingham s cas )

glycosuria and hyperglycaemia  In fulminating cases of this
disease the outcome 15 often fatal so that the diabetes may
only be of minor importance but'ina few cases caleification
of the pancreas may occur and a mild diabetic SEafe results’
This occurred 1n a case of 1 young woman aged 21 who com

plamned of recurrent upper abdominal pamn and 1 whom
calafication of the pancreas (ste Fi, IIT 3) and glycosuna
were both discovered A glucose tolerance test revealed a mild
diabetic state which was adequately controlled by diet alone
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/(arcmnma of the pancreasss_notanfrequently associated
with nuld diabetes and when treated by total pancreatec
tomy franh diabetes must mestably develop Cutfarth and
Powell {1038) reported the development of diabetes m a
patient with an oat celled bronchalcarcinoma who developed
metastases an_the pancreas Sarcoidosis affecting the pan
creas has also been thought to have been responuible for
rendenng the pattent dizbetic

~Total pancreatectomy has been performed for carcinoma
chronic pancreatibis hypeninsulinism and sarcoma  The te
sulting drabetes 3s relatnvely mild with little tendency to

/tsﬁcntaneauskum; and coma The daily mnsulin require
ent 1s usually zo0-40 units  The wsulin requirement 1 @
patient who 1s 2 known diabetic prior to total extirpation of
the pancreas may be decreased unaltered or slightly mn
creased following the operation” Cattell and Warren (1953)
Occasionally the altered sensitnvity to msulin 15 & major,
problem and Ditunt (1934) reports a case of a patient de
veloping severe msulin resistance. followng pancreatectomy

DIABETFS AND OBESITY

“Obesity has long been recogmized as one of the

of the conditions associated with diabetes and Joshn Dubln
and Marks (1935) considered overweightness to be the chuef
constitutional factor prediSposing to the onset of the diabetic
state In particular it has been shown by Tyner (1933) tHat
dtabetes 1s more common 1n obese patients who have a family
tustory of diabetes and Joshin (1g52) found 1n reviewing 1 000
successive cases of diabetes that 77 per cent of these were
above thetr standard weight zone

“The recognition of obesity as a precipitating factor in dia

betes 15 of great practical mmportance In many cases the
mildly diabetic glucose tolerance curte of the obese patient
can be restorcd to normal by weight reduction and carbo-
hydrate restniction  Newburgh and Conn (1939) found over
90 per cent of patients responded 1n this manner and also
noted that recurrence of the'obesity 1s capable of reproducing
the hyperglycaenia and the delayed utibization of dextrose

and that subsequent reduction of weight agam corrects the

—_—
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disturbance of carbohydrate metabolism # However Richard
son (1953) found that the glucose tolerance tests in a group
of abese diabetics remarned abnormal 1n the ma Jonty of cases
Fig 11T 4 shows the glucose tolerance curves of a patient
before and after werght reduction

~The recognition of the importance of obesity 1n the aetio-
logy of diabetes offers a great opportumty for prophylactic
medicine ¥ The gbese person with a diabetic relative should
be advised agamst further weight gain and indeed encouraged
to lose weight 1n order to forestall any tendency to develop
frank diabetes ©

CONSTITUTION AND_DIABETES

vThe precise aetiology of obestty remains unhnown MNew
burgh (1942} has emphasized that for a person to become
overweight he must at some time have eaten more than he
needed to replace expended energy Certainly there are
many persons who are overweight because they habitually
overeat—possibly as a result of an acquired habit  Neverthe
less there 1s clearly a phystcal predisposition to obesity 1n
certamn persons and 1n view of the high meidence of diabetes
as well as of hypertensive cardiovascular disease 1n patients
with obesity 1t 1s important to recognize any physical factors
predisposing to the develop of obesity In this respect
Sheldon s conception of the somatotype 1s of some asststance
~ Sheldon (1930 1954) has described physique as a mixture

of three imnter related components called endomorphy meso
morphy_and ectomorphy  Each component 15 extubited 1n
greater or lesser degree i all people  The amount present 1s
rated on a scale of 1-7 the somatoty pe bemng expressed as a
set of three ratings e g 3 4 3° The components are most
simply descnbed by reference to individuals extreme m one
of them and mmmal 1n the other two The charactenstic
features of the extremes are shown in Fig III 5 whichillus
trates patients mcluded 1n a survey carned out at the Royal
Free Hospital (Lister and Tanner 1955) .,
e extreme 1n endomorphy approaches the spherical as
near as 1s humanly possible he has a round head a large fat
abdomen protruding beyond his thorax and weal pengum
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like arms and legs with a great deal of fat 1n the upper arm
and thigh but slender wrists and ankles Relative to his
general size he has a large Iner and spleenand gut large lungs
and 2 heart distingmshable 1n shape from the hearts of the
other extremes “\When young the endomorph of rating 4 or
even 5 mght not be called frankly obese by the chnician
but as he grows older his tendency to put on fat may bring
Tim mto this category 7

“The extreme 1n mesomorphy 1s the classical Hercules 1
Ium Bone and muscle predomimate . He has a cubical massive
head broad shoulders and chest and heavily muscled arms
and fegs with the distal segments strong m relation to the
proxumal ~He has a mummal amount of subentaneous fat and
small anteroposterior diameters of the body ~

~The extreme in ectomorphy 1s linear ” he has 1 thin peahed
face with a receding chin and gh forehead a thin narrow
chest and abdomen a narrow heart and spindly arms and
legs ~He has neither much muscle nor much subcutaneous
fat but relative to his size he has a large shin area and a
large ner ous sy stem

M thus clasuification of physique 15 accepted 1t 1s dlear that
1t 35 the person with 1 predominence of endomorphy who 15
predisposed to obesity * On carrying out an anthropological
study of a group of diabetic patients at the Royal Iree
Hosputal (Laster and Tanner 1955) there was no doubt that
a large number of the patients were hugh mn endomorphy
Furthermore 1t was largely possible to relate the climical tvpe
of diabetes to the patient's physique The patients were
divided into two clincal groups  those with an acute onset
and those wath a non acute onset of their diabetes ~Ihose
patients whose diabetes came on msidiously were more enda-
morphic than those who developed acute diabetes usually at
an earhier age #

Similar observations on the physique of diabetics hue
been made by other workers Draper et al (1944) found they
coutd "dinade thesr diabetics mto two clear morpholo,scal
groups—hnear and rounded The lincar patients usually
had severe diabctes of acute onsct and had become-hetosed
with poor control and the rounded ones hid less severe

o tBM
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{fllust atons  produc d by courlesy [ike dfor fihe Lap A}
(e

<habetes of instdtous onset and with httle tenduncy to ketosts
and hyroglycaemia” These are of course the two chncal
groups of patients so well reeogniz d by all interested i dia
betes the Yormer betng the group whom Himsworth (1g49)
found msuln sensitiee and the htter insubn msen ine
Lawrence {1931} has emphisized that the first praup re
chinscally ansubm deficant and the second group which he
describes as hipoplethoric are clmically not deficrent i insubin
Estimation of plastna insulin by Bornstetn s technique tended
to confirm these obscvations {Pomsten and Lawrence
1933)

The somatotype by defimtion docs not change with age
but the body contour dees and more. 1 endomorphs than m
others “The amount of fat a person puts on as he gets older
depends on hus degree of endomorphy (see the standard age
weight curves for 1 1rious somatoty pes in Sheldon 1954) and
3t bas been very tentatnely suggested that ‘the reasonfor
this may be that the endomorph has mare fat ¢edls than have
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the others just as the mesomorph_has more muscle cells
(Tanner 1955) Thus persons high'in endomorphy run van
ous spectal nsks as they grow older some by virtue of the
tendency of therr fat cells to fillup  One of these rishs seems
to_be that of developm, non acute_extrapancreatic lipo-
plethoric diabetes

On the other hand the acceptance of the suggestion that
persons high m endomorphy are liable to become obese may
go a long way to explaining the ractal and famihal predispost
tion to drabetes—especially of the mild type of msidious
onset—and 1t 1s suggested that the recognition of endomorphy
as a predisposing factor 1 diabetes 1s of considerable 1mport
ance from the aspect of preventive medicme ( ~~ )

Precipitating Factors In considenng the question of pre
cpitating factors i drabetes 1t 1s important to accept the
prnciple™that persons who become diabetic have probably
been potentially diabetic from birth and that they have an
mherently defictent pancreatic wslet cell reserve”(Wilder
1930} It 15 probable that some factor may be required to
precipitate a final breahdown 1n carbohydrate metabohsm
and although 1t may not always be possible to determine the
nature of this factor there are certain well recogmzed asso
ciations us obestty as already stressed 15 the commonest
predisposing factor while such endocrine_disturbances as
acromegaly thyrotoxicosis Cushing s disease and pregnancy
may be suffictent to disturb the endocrnine balance  Simt
larly a number of cases become mantfest at the menopause
while infections such-as boils-and carbuncles 1y cause
latent diabetes to become manifest

As with so many other diseases when a pattent 1s told he
has diabetes he immediately tres to find some contributory
cause Notoriously he seeks a listory of trauma of one kmd
or another m order to explamn his disease  Most authontes
discard trauma as having any direct aetlological beanng on
the development of diabetes although 1t 15 conceded that
latent dirbetes may become manifest after certam traumatic
evpenences  Investigating the effect of direct trauma upon
carbohy drate metabolism Thomsen {1938) studsed the blood
and urine of 144 patients at the time of and subsequent to
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acadents  He found no essential ditference between the
njused and non injured persons

~In a personal sertes of 300 cascs m which the onset of the
disease was studsed 19 per cent of the patents stated that
they related the ansct of thetr symptoms to psychologeal
factors” The majority were vague about their nature and
simply descnbed how they had been subjected to a long
peniod of nervous strain  Others mentioned the close re
latronship between spectfic war time bombing incidents and
the onset of symptoms and otbers clammed the deaths of
telatrses as important factors  In one rase a land ruoe fall
g m the back garden and 1 another the finding of a near
relatnne dead m bed vere closely followed by thuest and
polyurnia  The most remarkable history was gren by a
«hutd of cleven years who first developed diabetes at the age
of three When asked if he remembered hoy his slipess
started he deseribed in detand how a visiting cireus came to
hs village and how be suffered a sevcre shoch when one of
the horses broke loose and charged m fus parents front
girden and smashed a window of the house Shortly after
wards he developed acute dhabetic symptoms  The madent
no doubt made a great mmprussion on the child but 1t was
presumably the nnconscious wish of the parents to ind some
tangible cause for the chuld s iliness which rrade them asso
ciate the eprsode with the onsct of diabetes

“The possibibty of mentat or physical trauma being a pre
cipitating cause of diabetes has naturally led to clams for
disability pensions prrticularly an Service personnel Al
though the claims are often rejected it dous appear that
others have been admntted  Vatcher (2935) m discussing the
actratopy of dizbetes m war penstoness considered that the
neryous stress wnd strain to which the men were continually
subjected during war service was a potent factor m determmn
g the onset of diabetes  Many of these cases from World
Vsar I and others from World War 17 are still under obsenia
tion at the Vhmstry ¢f Health Hospital at Roehampton
Vatcher 1937}
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CHAPTLR IV
PRESENTATION AND DIAGNOSIS
TBE PRESENTATION

Tue frank diabetic symptoms of _thirst, polyyna and weight
Ioss 1re only present when there 15 an absolute deficiency of
avalable endogenous ansubn  This occurs when total pan
createctomy 15 performed when the islet cells are destroyed
by mjections of alloxan (Dunn ef al 1943) and 1n sey ere cases
of diabetes mellitus  In these circumstances there 1s a break
down 1 the physiologieal processes which normatly occur
under the influence of msulin and hypergly caerma results
When the blood sugar level mses above the renal threshold
for sugar glycosuna results with an mcrease in the osmotic
pressure of the glomerular fltrate and a consequent reduction
1n the renal tubular reabsorption and hence polyura  This
1n turm 15 responsible for the extreme thirst of the severe case
n which a greater or lesser degree of dehvdration occurs and
15 the major cau-e of the ripid werght loss  The other factor
n the weight loss occurs when there 1s an extreme deficiency
of msulin 1nd the energy requirements of the body can no
longer be met from glucose and an excessiie breahdown of
body fat occurs  In thest cases there 1s hetonuna in add
tion to glycosuna and i the process 1 allowed to proceed
uncheched there 15 1n mereasing hetosis and the symptoms
of dinbetic pre coma will eventually appear  In the majonty
of patirnts however the msulin deficiency s not severe
enough to cause such dramatic sviptoms and the presenta
tion 15 often mdefinite and the time of onset difficult to
determune

In children 1t 15 oceastonally the case that a specific day or
even a spectfic hour can be recalled as the time when thirst
and polyunia abruptly be,an  Young adults can often nar
tow the opset of the symptoms down ta a weeh or a month
but 1n man} cases the symptoms have begun so msidrously
that the patients cannot recall when they fisst started with
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any degree of accuracy  Indeed the disconery of glycosuna
15 often made on routine urine examinations and the pre

sence of any diabetic symptoms 1s stoutly demed It 15 1n
this group of patients that 1t 1s impossible to determine how
long carbohyd bolism has been dered although
when such patients are found to have retinopathy or albu

minuna with oedemna this has been accepted as evidence that
hyperglycaemia has existed for upwards of ten years

Tyge of Onset

17The Acute Onset  Typrcally this presentation s seen in
the_young_patient who 1s nsually not overweight and in
whom the disease 15 severe It may hawever occur at any
age even m the elderly i whom dabetes has often been
described quite erroneously as being a mld condstion “There
15 usually a severe insuhin deficiency and 1t 1s urgent to msty
tute treatment with carbohydrate restriction and msulin
It such treatment 15 delayed the symptoms will become
rapidly more severe and the rase will progress to hetosis with
the dangers of diabetic pre coma or coma Indeed 1t 1s
among patients with such an onset that diabetic coma may
be the presenting feature

2 ‘The Non acute Onset Many dubetic patients present
with o more insidious onset of diabetic symptoms only lead
ing to duagnosis after months or even years  Although this
type of presentation may eccur whenever there 1s a mild
degree of mnsulin deficiency it 15 most chiractenistic of the
middle aged obese female diabetic I thisgroup of patients
pruntus vulvaess the commonest presenting symptom

3 Presenfation with Diabehe Complications The diag
nosis of diabetes mellitus 1s often not made until the patient
has developed exther a condition which may be regarded as a
complication of diabetes or develops a condition so often
assocated with diabetes that a unne examination for sugar
1s always carried out i its presence

The commonest conditions 1n this group ate

la) Superficrnl sepsiv—especratly bails and carbuncles and

accastonally intis —or other forms of uvaitis
{8} Tailing v1sion due to cataract or diabetic retinopathy
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(¢} Penpheral vascular disease causing intermuttent claudt
cation or 1schaemi¢ types of pangrene
@) Diabetic neuropathy in any of its several forms
¢} Diabetic nephropathy with oedema and albwminura
~4f) Occasionally patients with cardrac mfarction or hyper
tenston are found to be dabetic on routine urmaly
518
{2} The mvestigation of ghesity may melude a glucose
tolerance test and some degree of carbohydrate
mtolerance 1s found 1n a proporticn of cases
4 Diygnosss on Routie Unnalysis  Glycosuna may be
discovered on routine unne examnition when there 1s no
chinteal suspicion of drabetes and when the patient admits no
drabetic symptams
The of such e s are Iife
wnsurance and National Service medical examinations routine
unne examination carned out pre operatively and 1 ante
natal climics—or even m post natal clinics espectally after a
stillbirth
5P with A d End Disorder Ina
small number of cases glycosunia may be discor ered dunng
the myestigation of an endocrine disturbance such as thyro
toxicosts acromegaly or Cushing s syndrome

™ Frequency of Symptoms

Although it 1s clear from the foregoing that manv patients
may hate no dibetic symptoms at the time of diagnosis 1t 15
worth analysing the frequency of the more common symp
toms From a suney cammed out 1 the diabetic chme at
the Royal Free Hospstal the symptoms admatted at the time
of diagnosis 1n 578 patients are shownm Fig IV 1
~ Thirst Polyunia Weght Loss  These are the classical
symptoms of acute msubin deficient diabetes  They ocour
with almost equal frequency and nearly alwaysmassociation
with each other Many diabetics do not distnguish true
polyuna from increased frequency of micturition  The two
symptoms of course occur frequently together the former
causing the Jatter On the other hand 1t.s somelimes sug
gested that many diabetics do not haye true potyuna_but
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suffer increased frequency due to initation of the bladder by
the high sugar content of the unse
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Fa IV 1 Inc fenc of the common symptoms Fresent attm
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Gemital Pruntus  This 15 the commonest symptom
women with an instdions onsct of diabetes  Inmild cases the
glycosurn may at first be intermuittent and n wnexplamed
cases of prunitus vulvae an examnation of the unne for sugar
should be made on ey ery attendance and in doubtful cases a
elucose tolerance test should be carried out  In particular
1t should be emphasized that the early moming urine spect
mens may b sugar free whereas post prandial specimens
reveal glycosuna

Visual Disturbances In the sertes of 578 pitients visual
disturbanees were present in 132 patients  Transient blur
nng of vision without any occular abnormality and usually
with improyement after the control of the diabetes was the
commonest finding being, present m 712 per cent of the
cases It was an especislly common symptom mn patients
with an acute onset  Catarct was present m 29 patients
and duabetic retmopathy m 11
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threshold and diabetes but the two conditions can occur
simultaneously Dowmie (1952) Wilder (1940) Lawrence
(1955) When they do so the management of the drabetic 1s
made more difficult and blood sugar estimations rather than
urnne sugar estimations have to be the basis for control In
the diabetsc at 15 often difficult 10 climcal practice to deter
mne accurately the renal threshold and 1t can only be done
by relating frequent blood sugar estimations to the glucose
content of urine specimens secreted and collected over the
same pertod of time

‘Renal Threshold in Pregnancy In pregnancy the renal
threshold 15 temporanly. lonered and Wilhams and Walls
(1929) found symptomless glycosuna 1n 5 4 per cent of 640
unselected pregnant women In a proportion of such casesa
glucose tolerance test will reveal a drabetic cutie but mn
others a normal curve with a lowered renal threshold 1s dis-
covered In the latter mstance no special treatment apart
from spacing carbohydrate meals 1s required but the lower
ng of the renal threshold in pregnancy i diabeticscomplicates
the management of the pregnant drabetic woman (p 178)
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The mantenance of the patient within hus opttmum
weight range—with particular emphasts on the m
portance of weight reduction mn the obese

\-(6)/ The restoration of the pattent to a position of social
and economic usefulness
The measures required to fulfil these aims of treatment
depend upon the chnical features of the case It 1s now
recogmzed that hypergly caemma and gly cosunia are the result
of either an absolute or a relative deficiency of available
msulin (Long 1942) In the treatment of both types of case
some restriction of carbohydrate 15 necessary but 1t 1s only
when there 1s an absolute msulin defi that repl
therapy 1s necessanly required
Before constdening the detailed treatment of the varous
climcal types of the disease 1t 15 well to review the ways m
which drabetes can be produced expenimentally and to see
what analogies can be drawn with the types encountered in
man
1 Disbetes Due to Absolute Insulin Deficiency (Pancreatic
Drabetes) The most ch 1stic drabetes 1s produced by
pancreatectomy as was performed by Von Menng and
Minkowsh: (188g) 1 dogs These ammals deseloped acute
thirst and polyunia lost weight became hetotic and finally
died 1n diabetic coma  Alloxan mjections have been shown
to destroy 1slet cell tissue with resultant diabetes of similar
type (Dunn ef al 1943) The cause of the diabetes m such
cases 15 clearly an absolute defictency of insuln ~ An exactly
logous type of diab can be produced in man when
total pancreatectomy 1s performed for carcinoma of the pan
creas (Ricketts ef al 1945) Less severe diabetes may occut
when some of the 1slet cell tissue 1s invoh ed 1n carcinoma of
the pancreas and m cases of pancreatitis—espectaily when
caleification takes place
The spontaneous ty pe of dsabetes with an acute onset with
severe symptoms of thirst polyurta and weight loss and
carrymng the danger of hetosis.and coma 1s regarded as being
due to an absolute deficzency of msuln It 1s the ty pe which
almost i anably occurs mn the juvenile usually occurs i ¢he
young adult and not wifrequently oceurs in the elderly Be
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cause the deficiency of msulin 1s absolute replacement ther
apy 15 always requwed 1 additian to restriction of carbo-
hydrate mtake

2 Dabetes Due to Relative Insulin Deficency {Extra
panereatie Diabetes)  Wilder {1950 matatains that a healthy
endocnine gland should have such resertes that 1t can secrete
adequate hormone to meet any demand made upon it
and that fadure to do so 1s an mdication of a defiaent
reserve Applying this prinoiple to diabietes he beheves that
wm some gases shabetes occars because of an sbnoymat
demand for wmsulin ar because of the presence of wnsubn
antagamssts  The nature of the latter ss poorly understood
and indeed the exact mode of msulin action 15 stall not
hnown but there 1s na.doubt that the contrsl of carbohy
drate metabohsin myolves & number of complex hormonal
mterrelationships and as alrendy mentioned disbetes 1> not
istrequently met m assocsation with other codocrime dis
orders  In particular it has long been recogmaed that dia
betes 1s frequently present m acromegaly it {nshing s syn
drome and it thyrotovicosts I these-cases it saay o el be
that 2 relitsse spsubin defictency 15 conditioned by complex:
hormonal activaty wiich esther mterferes with nsulis action,
or causes an mnereased msuhn damand.  Correction af thel
overt endocrne distorbance often results in 2 recovery o
normal carbobydeate tolerance  Far commones however
than the selationship between diibetes and other franh endo
cnne disorders 35 the relationship detween dubetes and
obusity  According to Long (9.} the storage of fat requires
the presence of insubn and obessty probably rosults i an
evtra wsube demand It s suggeated therelore that the
13 pe of drabetes Which des elops gradually and charactensty g
cally occurs m obese middie aged persons 15 probably due to|
a ndatne deficency of snsuhn conditioned by the obesty
There 1> probably an mbested tendeney towards such dea
betes  Iri these patients di tary measures mmed at werght
reduction and carbobydrate restnction may so reheve (hc\
pancreatic  sslet celf toad  that the nrlatne deficency of )
msuhn dmsappesss  Insulin therapy may be requured i
the casly stages of treatment but 1t 15 often posable to
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asord 1¢ 1ltogether and permanent msulm therapy 1n these
cases has the disadvantage_of encouragmng. further weight
gam

In chnical practice the two types of diabetic patient shich
have now become quite clearly recognized are firstly those
with an acute onset of diabetic symptoms and who will
eventually become hetotic and pass into diabetic coma if not
treated and secondly those with a more gradual onset of
symptoms and who rarely des elop hetosis

The first type of diabetes can occur at any time of hife but
3s usually most severe i the young  The patients are rarely
frankly obese but careful hustory taking will often reveal
that the patient s maximum weight has been reached just
prior to the onset of the diabetic symptoms _The second tjpe
occurs most charactenstically 1n obese middle aged persons
and more often affects women than men

Both types of case require dietetic treatment  thoce cases
with acute symptoms indicating an absolute insulin deficrency
will almost mvanably require insulin therapy In the muld
obese type of case eyery affort should be made to control the
condition by diet alone

DIETETIC TREATMENT

In all cases of diabetes 1t 15 necessary to restrict carbo-
hydrate mtake Most authonties row allow a free proten
intake because although there 13 some consersion of protein
to glucose 1t has been found that the diabetic person s sense
of well being 1s enhanced by a generous proten mtahe
{Duncan 1951}

In prescribing a diet 1t 15 also 1mpartant to consider the
total calorse sntake with due regard to the patient s age sex
weight and occupation  In particular i the obese patient
the total calorie intake must be restnicted to about 1 000 C
and.the Tat content shauld be hept fow (approximately 50 G
dads) It 1s wise to aim at mamntaining the patient just be
Iow the optimum weight Qe apart from adsising the
patient on his total calone intake he should be advised to try
to be constant 1n his dietary habit from one day to the next
as this 15 of great benefit 1n maintaiming good diabetc con
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trol  Those who advocate a free diet hold that most per
sons an. 1 fact relatively constant 1n what they eat each day
and believe that for this reason 1t 1s possible and destrable to
prescribe the amount of msuhin found necessary to control
hyperglycaema and glycosuria on the patient s own chowe
of diet—the only condition being that he remaiws ngidly on
the diet Unfortunately such a diet may be too generous
both 1n carbohy8rate and total calone content with the resuft
that the insulin promotes further weight gan

The chance of a patient remaimng stactly on the diet ad
vised depends largely upon its being simple and dogmatic
The datly amount of carbohydrate should first be ordered
but eack case has to be individually considered and there
can be no firm rules

The following figures may he taken as a guide

-Ftie obese pattent te

quires 100-£20 G Carbohydrate a day
The asverage weight
sedentary worker 150-200 G Carbohydrate a day
The worker i heavy
andustry 200-250 G Carbohydrate a day

Children and adolescents requtre & diet-relatiy ely ngh both
m calores and carbohy drates

In patients takung no msuhin the diet can be spread evenly
through the day but persons en mnsuhn require the diet to be
distributed with due regard 1o the duration of action ot the
msuhn preparation being used (see Table 9)  Thus adeguite
carbohy drate must be gicen to coser the maximum effect of
the msubn and ta caunteract any &3 pogly caemuc effects The
phiysictan must also be prepared to re arrange the distribution
of carboliydrate to swit indinadual needs as 1n the case of
travellers and those having to undurtake shift wark

Sany diet sheets and forms have been dexised for dia
betics and the best known 15 the Line Ration scheme pre
pared by Dr Lawrence Tach black hae describes amounts
of foads which contain 16 & carbohydrate so that the diet
mny eastly be prescerbed i terms of hines but 3t 15 now more
genenl to refur 10 5 gm portions  Other workers prefer to
presenibe the diet w terms of 4 total duly altowance of
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carbohydrate and space st throughout the day 1n such a way
as 1t will meet the wish of the patient 1s far as possible and
at the same time be satisfactory from the pant of view of
diabetic control

Tt1smportant that the doctor 1n charge of the case should
haie a working knowledge of the carbohy drate content of the
commonly vsed carbohydrate foods and that the patient
should also understand the punciples of his dietetic treat
ment It 15 a great advantage to bave the assistance of a
tramed dietician 1n the management of diabetics but st does
not relieve the phyvsicsan of being able to prescuibe the diet
himself Whatever form of dietary presenption sheet 1s
actually used every drabetic patient should be provided with
mformation regarding the carbohydrate content of different
foods  Farst there should be 4 list of thase foods contanmng
no more than a neghable amount of carbohydrate of which
he 15 free to partake accordimng, to hus appetite (see Table 1)
and another general list of carbohydrate foods which may
nly be taken 1n stated amounts according to the diet pre
cnibed (see Table 2) There should follow a more detatled
omplementary bst giving the amounts of the food stuffs
viuch contamn 5 G of carbohydrate this amount commonly
eing de enbed as one portion {see Table 3)

Pable 1 Foons oF NEGLIGIBLE CARPOHYDRATE CONTENT
WHICH MA3 BE TAKREN ACCORDING TO APPETITE

Protem or Fat Foods (N0t to be taken frerly 1f weight reducing)
vat bacon offal fish rabbit poultry fame

utter marpanne fats cheese

Vegetables Green artichobes a paragus scarlet runner ani Fren h
cans b occolt Brussels sprouts cabbage cauhifiower celery chicory
scumber greens horse radish leehs lettuce mushrooms mustard
1d cress orions for favourmg parsles radihes seakale spnach
matoes tutmips Watercress

Frugt and Stewed. by

ewing goosebernes grapefrmt lemmons and 1 mon juice rhubarb
abetic jam and marmalade

Coudaments and Flavonrings Salt pepper mustard vinegar curry
wder d pichles herbs sacch andia gelatine femon
e 2nd peel arangs geet
Be:era:::e and ﬁ:pszm coflee water soda water dubetic frnt
ks clear soups Marmite Ovo Bovril
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Table 2 CARBOHYDRATE FOODS WHICH MAY OVLY BE TAREN
IN STATED AMOUNTS

Sugar glucase syrup jam marmalade honey sweets chocolate

e cream

Afilk and milk beverages e g Horlchs Oualtie

Tlour and all foods cooked with flous € g pastry Y othshire pudding
suet crust stuffing buns cakes buscuits thich soups sauces and
gravies

Oatmeal batley pudding ceseal breakfast cereals

Bread

Totatoes parsmips lentils peas and heans fexcept scarlet rnn £ and
Frenchy

Chestnuts and peanuts

Frutt (except those on free  list)

Table 3¢
Foods in amounts ontawuag 5 G carbohydrate {often described as
1 porticn}
1 Ceteal Foods
Although the carbohydrate content of pudding cereals does vary

4s1n the following Lists for simpheity 1t 13 reasonable to consider that
§ 0z pudding c resl contam § G carbohydrate

Food Description ozs Gptf‘a’,"
Bread White belore toasting ~ § (T8
Wholemenl before
tosting 1 124
Breakfast cereals all hinds {oatmea) cornflakes
e} }
Lornflour 4 261
Custard Towder { 261
Tlour Whte i 227
Whalemeat 1 wo
Macarom Raw i IR
Rice Raw i 246
“ago Raw H 2b,
Semalina Raw 3 2
Biscunts flun miced } 2y
Cream Crackers H i3
Al tras i
\itawheat H 104
Ryvita I 224

TI umtesw t cakulated fumiy restak afnmM Can e R A
WA an 1M (g0 Th Chmeal ©mp £ wof Foads Med al
Rescarch Connait et al Report Senes \o 233
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2 Mik and Milk Beverages

Food Description os G CHO
peroz
Fresh W hole 34 13
Skimined 34 14
Com‘{jensed Unsweetened 1} 33
rie
Bengers food Powder o
Bournvita Powder } 192
Cocoa Powder ) 99
Horlicks Malted itk Powder i or
Ovaltine Powder 1 175
3 Vegetables
Food Deseription os G CHO
peroz
Beans Baked tinned 1 49
Broad boiled 2} 20
Butter Raw I3 142
Batter Botled 1 49
Hancot Raw 1 19
Harnicot boiled 1 47
Beetroot Boiled i 28
Carrots Boiled 4 1
Lentils Bouled 1 52
Omions Fried 1 29
Spring raw 2 24
Parsmps Botled 13 38
Peas Fresh botled 2} 22
Dried raw } 142
Dried boiled 1} 54
Tinned 1 47
FPotatoes Boiled 1 56
Chips 106
Baked 1o skin pulponly  § 71
Roast s 78
Swedes Boiled 4 11

4 Frwt Frut Drinks ard Concentrates

Although the carbohydrate content of fruits does vary as n the
following hst for simphicity 1t 15 reasonable to consider that 2 ozs of
most raw fruts contam § G carbohydrate The most notable
exceptions are grapes and bananas of which 1 0z of the raw frut

contains 5 G
TFeod Deseription os Gﬂf‘;’ 4
Apples Raw with skin and
core 2 26
Stewed without sugar ¢ 1z
Apricots Fresh 1 1th stones 3 17
Dred stewed without
sugar T 51
Bananas Edible part 1 55
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Food
Blackberties
Chernes

Currants

Damsons.

Dates
Frgs

Goosebernes
Grapes

Greengages

Atelon
AMulberries
Nectannes
Orange

Peaches

Pears
Pincapple
Lums
Prunes
Rawms

Raspberties

Rose p sy rup

Descriplion

Ran

Raw with stones

Vith stones stewed

without sugar

Black raw

Black stewed without
sugar

Rack puree

Syrup

Dried

Raw with stones

Stewed with stones

Drted

Green ra»

Dried ra

Dned sl:med without
!llgar

Raw.

Black raw whole

Stewed with stones
ithout sugar

Ldible part

Raw

With stones

Edible part

Jotce

Concentrated yuice

Tresh with stones

Raw dne

Drned stewed without
sugar

Tinned 1n syrup

Raw with skin and core

Stewed without sugar

Tinned 1 syrap

Tresh edible part

Tinned 1n syrup

\xctnna dessert with

'stcvnng vantety with
ones
Dried rax with stanes
Stewed without sugar
with stones
Dned

Raw
Stewed without sugar

ozs

2}
1

4
24

» oW -
P T

-

PR

57

G cHO
peroz

34

12
9

13
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5 Miscellaneous Foods

Food Desenption os G CHO
er o
Strawberries Fresh 23 g 18
Sultanas Dried 1 184
Tangerines Vth peel and pips 3 16
Honey In jars } 217
am i 196
Lemon Curd 3 4
Marmalade 1 198
Mincemeat H 7
TYup
Tiade HEE
Jelly In packet 3 177
Icecream ain 1 50
Chocolate Milk } 149
Plain j 166
Sugar White i 28y
Nuts Peanuts weighed with shells 3 17
Peanuts without shells 2

24
Chestnuts weighed withshells  } 86

It 15 for the physician to decde upon the total carbo-
hydrate content of each patients diet and how 1t 1s to be
spaced through the day and 1t 1s for the dietitian or the
physictan himself to advise the patient how he may obtain a
reasonably balanced and varted dret by reference to the ap-
propriate lists of foods he 1s allowed to take freely and by
reference to the 5 G exchinge lists of carbohydrate foods
Pattents also find 1t helpful to know the amount of other
carbohy drate foods which may be exchanged for one ounce of
bread as shown n Table 4
Table 4
Substitules for 1 0 bread (15 G =1 shee § inch thick from small loaf)

» Rywta
\ita wheat
3 Water biscutts
3 oz potatoes (botled)
} vz breakfast cereal
3 oz stewed prunes
$ 0z Bournvita Osaltine or Horlicks powder
13 oz Cocoa
4 pint beer
1 0z chocolate

The degree of accuracy with which a patient actually fol

lIows his diet 1s difficult to assess but as patients become more
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expenenced 1 handling their diets they become proficient
at Judgmg, weights and amounts of foods without actually
using scales although 1n the early stage of educating the
patient mto proper diabetic dietary habits it 15 desirable to
adyise the use of diabetic scales

The more enthusiastic diabetic cooks will find many vaned
recipes which are sustable for the diabetic in a number of dia
hetic cookery books !

Table 5 EXAMPLF OF SUGGESTED MENU
Total Carbohydrate 150 G (Portions 30}

| Zoa ! t | carbe
} Meal Portions Lxamples Portions | h;v;livgu ﬁ
i — ‘ § or Cereal 2 | 10
| {Bacon egg or ﬁsh)
{ 1¥or bread s 1 oes
. ) 14 oz m\lk 1 5
| Mip woRwine 3| Tea or coffee
3} oz milk 1 5
i 1 lamn buiscuat 1 5
Lunen e Meat fi hor poultry
1 Unthickened gra 3
1
{ | 4 0z potatoes N 20
$oz catrots i s !
| ; 40z stewed apple 1 3
: Tea 4 Tea y
3} 0z milk Y s
| 1oz bread 3 15
Salad \
| Dixner ! 8 \eat fish cheese
3 0z bread
Muld pudding
§ pt milk 2 10 !
t § oz ceread 2 w0
200 raw frmt y 5 1
! B 1ier 2 | }oz Oraltne 1 . 5
| | | 3bor Sk v s

teg The Complt Cook vlou 1 Disbets l\l l(om bt hed
U 1 Tew 3 € Cou for th "Bt sh Diater € Assoc ats o ©
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Table 6 Repucing Dier

I oo Calontes Approximately

FOOD 1ALUE
et DU M
Carbo
hydrate
£

Pany Milk {} pint) 140
Marganne of butter (} oz ) —_

BREAKFAST ML from daily ration in
tea or coffee —
I shee of bread (3 in sh e
from small loaf) 150
Butter from ration —
tegg or lean ham o prece
of foh {not fried) or lean
gniled bacon -
Mip MorsING | Marnute or tea or Qxo of

thin slice bread

Bovril —
DinneER Lean meat or fish or rabbrt
or tripe o0
Large helping of green
vegetables or salad ~
Helping of frmt raw or
stewed (no sugar) —
Milk from ration 1n tea (no
sugar] —
balad 1f desired -
Bread 14 thun shices and
butter from ration LY
Marmite meat or fish
paste ~
SUPPER Steamed fish or egg arlean
meat or cheese (small
helping) S0
1 thm shice of bread or 2
very small potatoes i 03
Butter from ration -
Green vegetables or salad -
Truit as at dinver oR }

‘ Calorses 978
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Lach diabetic patient should have his own diet sheet and
suggested menu which he 1s free to vary by the use of his ex
change ists  Each mdividual physictan or dietitian tends to
have is own preferred method of prescubing the diet but a
suggested form s shown m Table 5 where the total carbo
hydrate value1s shown together with the spacing throughout
the day both 1n terms of portions and total carbohydrate to
be taken at each meal

WereHT REDUCING DIETS
In_the obese casewhen weight reduction 1s essenttal the
calorie content.of food must be considered and 1n particular
Cﬂfbﬂlly.drates and_fat_must be restricted In these cases it
1s comienent to prescribe a 1,000 C, chet wath the approxt
mate distribution of 85 G carbohydrate 45 G protem and
50 C fat as suggested 1n the diet sheet shown n Table 6

TTables 6a and 5 give the ideal weight charts for men and
women

Table 62 IpraL Wrteers FOR MPn®

(wth S0t oy Smatt | Meduum Large
A Jrame | fame frarte
502 111-125 124 133 131132
5 03 119-128 127-136 133 134
5 4 122 132 130-140 | 13,-149
5 s 126-136 134 143 13t 153
5 6 126-139 137-147 [ 145 157
5 9 133-133 141 151 149-162
5 08 136-147 145-15¢ 153 166
5 o r3o-151 4g-100 157-1,0
5 10 143-135 153 164 61 1,5
5 135-15) 157-168 165-180
6 o 15 ~164 161173 | 160-185
6 1 157 160 | 6613 174-190
6 2 103-175 171 184 1,9-196
6 3 163150 ! 176-189 184- oz

Weight 1n pounds according to frame as ordinanly dressed

Trom Metropol tan L fe In  rance Comap 3
W RAweigntslor ren Vetrop Its Lufe I s Bull 24 6 1043
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Alcoholic Beverages Unless there 15 evidence of lier
damage there 1s usually no need to advise diabetics to
abstamn from taking alcohol i reasonable amounts and
Table 8 (after Lawrence 1955) summarnizes the carbohydrate
content of the commoner alcoholic dnnks

The following examples may help to 1llustrate some of the
points described above

1 Housewife age 28 wt 126 Ib

Insulin—Lente
Total darly Carbohydrate allowed—150 G
GC

Portions
Breakfast 35 7
Mid mormng 15 3
Lunch 35 7
Tea 25 5
Dinner 30 6
Bed time 10 2
2z Labourer age 32 wt 196 1b
Insulin—Lente
Total Daily Carbohydrate allowed—200 G
G CHO Portrons
Breakfast 45 9
Mid morming 20 4
Lunch 45 ]
Tea 25 5
Dinner 45 9
Bed time 20 4
3 Schoolboy Age 10 wt 100 1b
Insulin—2 doses soluble
Total Daily Carbohydrate allowed—18o G
G CHO Portrons
Brealfast 50 10
Mid morming 20 4
Dinrner 40 8
Tea 50 10
20 4

Bed time
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4 Housewife Age 58 wt 180 1b
\o msulin
Total Daily carbohvdrate allowed—100 G

CHO Portions

Breakfast 20 4
id morning I0 2
Lunch 20 4
Tea 15 3
Dinner o 3
Bed time 15 3

Insurin TREATMENT

Seven Insuln Preparations Etver since mnsulin was 150
lated research has been carnied on to produce an ideal pre
paration for exogenous won Sucha p
should be depot in type and should release insulin as tissue
sugar fists ind withold 1t as tissue sugar falls thereby con
trolling hyperglycacmia and  preventing  hy poglycaemia
\Wire such a preparation as ulable it would be a complete

! nt for normally g ¥ let cells
and 1t 15 not sutprising that 1t has not yet been found  It1s
the persistent search for such a preparation which has re
sulted 1n the numerous preparations which are available to
day and 1t 1s confusing for the chmeran that there are now
no less than seven tnsulms on the Batish market  {Tablc g)
1t was the short action of soluble insulin {maximum duration
of ffect © Shours) which stimulhited the search for fon,, act
ing preparations  Soon after the discovery of insulin the
Toronto worhers found that vanous metals were important
m the formation of insulin crystals and that certain protans
could prolong, wmsulin action  In particular it was found that
the effect of protamune msulin one of the early retard in
sulins was substantially protracted by the addition of small
quantitics of zne Thi> obsenation fud to the introduction
of protamne zing msulin (P Z1)  Subsequent rescarch has
buen directed toward the discovery of more «uitable pry
pirations new substances bang tned to replice protamine
Thus glabin-zincansufin 15 a compound of insulin and globin

* ton
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with a trace of zinc chlortde and Isophane (N P H ) msulin
1s a crystalline protamine msuhn complex but 1n contrast to
PZI 1t contans practically no excess of protamine g
much of the diate effect of soluble mnsulm with

the prolonged effect of protamine zinc_insulin so that a
single mjection of 1sophane insulin may persist for 24
hours

The new msulin zin¢ suspenstons were the result of 1 dis
covery by Hallas Moller and his colleagues (1g52) at the Novo
Laboratones 1n Copenhagen that msulin m the presence of a
very small quantity of 21mc 15 less soluble at blood pH than
protamine msuln provided antons such as phosphate and
citrate are not present Using acetate buffer mstead of the
phosphate buffer previously used in PZI Hallas Valler
was able to prepare a snspension of pure msulin at blood pH
1 the presence of small quantities of zinc {1 mg per 1 000
umts) but without protamme or globm Further work
showed that the length of action of such preparations vaned
with the form of the msulin—amorphous msulin zinc sus
pension has a short duration of activity and crystallime
msulin zinc suspension has a longer actton The former
preparation has been named tnsulin zinc suspension (semi
lente) and the latter nsulin zinc suspension (uitralente)
Furthermore these preparations are miscible to produce pre
parations with intermediate ranges of actiity and 1t has
been found that the most useful propertion i which to mix
the preparations 1s 3 parts of the amorphous 1 Z S to 7 parts
of the crystalline IZS  such a preparation being hnown as
msubin zine suspension (lente) and frequently referred to as
lente msulin

CHOICE OF InSULIN PREPARATION

Before the msulin zinc suspenstons were atailable the most
common method of mnsulin therapy 1 this country n recent
years was a single iixed dose of soluble and protamine zinc
ansulin (n the approximate proportion of 2/3 soluble to 1/3
PZI) Globm wnsulin has only been tsed i aduiits by a few
workers though 1t has been more commonly used 1n children
whilem the U'S A Isophane (N P H ) snsulin has beenw idele
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uced since 1ts introduction  There have always been cases
unsuttable for 1y form of lony, actin,, mnsulin treatment and
Tequinn,, two or more daily myections of soluble msulin

Considerable «xperitnce has now been gained 1n the use of
the nsulm zme suspension and these preparations are prob
ably the most satislctory long, acting msulins avaniable

1 The New Case Requning Insulin  The majonty of nuw
cases presenting 1t diabetic chinies n this country and te
quinng, nsubin e now stabilized on one of the msulin zine
suspensions  In most cases Lente msulin (mixture of sum
Iente nsulin 1n the proportion of 3 7) 15 satisfactory It s
occasionfly necessary to use other proportions of scmilente
and ultralunte or to usc two single 1njections of the relatnely
short acting semilente preparation  \ few cases will be
found in whom satisfactory control 1s only obtamned with two
or morc daily injections of solubl msulin

Lente insulin can be started equally well i out patients as
m ward cases  There 15 much i favour of out patient
stabilization because the patint s subn requirements ¢in
then be determimed undor his normal inng conditions but
sovere ¢1ses and those whire the intelligence 1s low must be
stabilized in hospital - The mitial daily dose of Lente msulin
s usually m the regton of 12 10 units and the intelligent out
prtient may be instructed to increase this by four umits on
alternate dayvs according to Ins unine tests unti) he 1s scen in
the chnie a week later  In hospital where faailities exist for
Blood sugar tstimations 1nd more frequent urtne exmny
tons the dose may b increased more boldly

2 The Long standing Insulin Case  When 7 lon,, standing
dibetic comes under one s eare by transfer from another
climie and 1s already wedl led 1t 15 ysmally i
o lter lus treatment until thar s <ome definate indication
for dosng, & It has been found however thit the change to
Lente wsulin e by made without difficults i most cases
Althouph the total insulin dose may b greater on the mew
rimme  On chanqing pitients to Tente nsulin from two
doscs of <olub) nsubn or from 1 mived dose of soluble
msalin and 1 /1 an icereise of about 1o per ¢ent 1n total
10 ufin dose 15 usmlly required and m patients previously on
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asingledose of P Z I amuch larger increase 1s often required

The mtroduction of Lente insubin should restlt in an i
creasing number of diabetics being adequately controlled on
one msubin injection a day  There are situations howes er
where Lente insulin fails to control hyperglycaemia  First
thete are cases already referred to which are relaty ely n
senuitive to the long acting wnsulin preparations and they
cannot successfully be treated for any length of time wathout
the use of soluble nsuln  Secondly 1t has been found that
any form of severe diabetic Fetosis 15 difficult to control with
Lente insulin and in general patients requiring a total daily
dose of more than 8o unuts of msulin should be treated with
soluble rather than Lente msulin

Duratron tn hours Insulin

8 [sotubie

f

Table 10

1o NPH
Semulente (\ovo)

16 Globin
| | Leate  (Novod |
| 18

rZI1
Lltralente {Novo)

Duration of action of insulins after Gernitz o T’ {1953) Brit sned
J 2 1030

Thus from the practical point of view although there are
now seven msulin preparations on the marhet the require
ments of most cases can be met by the judicious use of the
nsulin 2ime suspensions while soluble insulin remains the pre
paration for the treatment of diabetic coma and severe
degrees of ketoss—and for such other times of crises as
operation periods 1nd confinements and for those cases w here
Jong acting 1nsulin preparations are not satisfactory

1t should be emphasized that many factors mfiuence the
duration of action of the various msubins m different patients
The larger the dose of any type of insulin the longer 15 the
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effect Tikely to last (Lawrence 1955) Furthermore each
patient s indiv1dual sensitinaty to insulin 15 vanable and the
duration of action of any msubin preparation 1 practice 15
ltkely to differ from the duration found by Gerntzen (1953)
1n his experiments on non ditbetic subjects (sce Table 10}
The determination of the correct nsufin preparation and
dose for each indnidual must therefore be achieved by the
method of trial and error

OraL HitocLicaLsic ACENTs

The observation that certain sulphonamudes may exert a
hypolycaemic cffect was first made n 1942 by Janbon and.
his collcagues m VMontpellier They were treating patients
with typhoid fuver with p aminobenzenesulphonamidoiso
propylthiodiazole (1 P T D) and a number deseloped severe
hypoglycaemic symptoms ~ Loubaticres (1055) showed that
1 dogs the complete removal of the pancreas prevents the
hypoglicaemie action of the drug, althaugh 1 was capahble of
augmenting, the utiization of glucose n the partially depan
eriatized do,  Sulphonamides were not used however n
the treatment of diabetes untit a chanee clinical obseryation
by Franke and Fuchs {1055) led them totry the effect of N,
sulphanlyl Ny #t butylcarbarmde (Nadi 1n B/55 Carbuta
mude) ina siries of dabitic patients  They hiad been muests
gating the antibactenal propertis of certain new suiphona
rudes and found that this particular preparation tended to
canse hypoglycaemic reactions  They confirmed that 1t also
contralled hy perglycaemia and gly cosunia in certain diabeties
and thiy found that the velated substance N, p tolyl
sufphony 1\, n butylearbamide  (1X86o.. Oninase Tn\bula
mdy) had 4 ‘lm\hr effect although 1t 18 not 1 sulp
and h1s oo marked antibactenal actiaty (see Table 11)

Mode of Action loubatidres (1955) suggested that
1P TD miht have a dual action on the islet cells of Langer
hns—that of simuolating the sccreton of nsulin by sthe S-cefl
and depressing, the secretim of glucagon by the a-cell
B755 may wull act in the same way but Mirsky (5956) has
dm\m that B755 1nd related substaneos arenon cnmp-(m\c

of \ and thnt a 1 oo
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actnaty 1s assgerated with the hypoglycaema induced by
these substances

Young (19:6) has pownted out that not only certamn sulph
onamides but also pemieillin guanidine denv itnves and
acudines possess some degree of by poghyeaemic and antt
diabetic action  All these possess some antimucrobal action
and he ashs whether the two factors may be related 34
muttedly the antidiabetic action and the antibactersal effect

Table 11 Orsr Hyrocivcaruic StLprosaviprs

—_— \ S—C—CH ~(CH ),
HA— 7 =50 NH—C N
e 4
X

? Iy dorsprops Jth
{-TETD 5P BASIT) T

’_\
N ./Hsu,w\H—CO«\H——(CH)»CH,

\, sulpbaniyl N n butylcarbamde
( Brss Nadian Carbutamude }
’\\
i CH, 50 ~NH—CO—NH~(CHg ~LH,

X\, p tolvisniphonyi Ny s butylcarbamde
¢ D86 Onnase Tolbutamidej

neness of the snipt des are not q wely related

and D86a has no.obiious antibactenal action  On the other
hand he pomts out the possibihity that the substance which
1. eftective sn the fissues might be a metabohte of that which
has been admymistered rather than the admmistered drug
ttself At present, howeier the exact mode of action of the
antidizbetic sulphonapmdes 15 not hnawn and the su,gestion
by Best that they may br hypogly raemc partly becanse they
facyhitate the action of msuln and partly because of a hepa
tatome effect 1s disqmeting

Chmical Appheation  The climcal usefulness of these oral
Iy pogly caeme agents 15 strctly Jimted In Germany where
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1t 1s probable that too many diabetics have previously been
treated with insulin- Bertram (1055) was able to clum the
successful transfer of a large numbcr of snsulin controfled
patients to oral hy pogly caemuc agents  He admuts however
that most of these cases were obese middle aged diabetics
many of whom should have been adequately controlled on
diet alane

Workers m this country (Duncan Baird and Dunlop
1056 Wolff Stewart Crowley and Bloom 1956 Hunt
GOakley and Lawrence 1056 Mchenzie Marshali Stowers
and Hunter 1556  Walker Leest and \abatre 1930
Murray and Wang  1956) hive oll confirmed that 1t 1s onlvan
the mild refatindy easily stabihized cascs that the drugs are
«ficetine Such patients are ueually the patients whose
msulm dehercncy s relative rather than absolute  The oral
hypoghcrmic agents at present wahible are thus no re
prcement for nsubm - They must never b used n the treat
munt of the rente young diabetic who 15 b ofutely deficient
m mulin Nor must they be used m patients with amy
dugree of Retoss  In addition to these mitations on thesr
ustfuines  the oral hypoglycarmic drugs have other more
po e G advantages  Apranulocvtosts and  thrombo~
cytopenia have both been ob crved m patients troated with
Carbutamde and ats use has larely been abandoned
faour of tolbutamide wlich appears to bu less cytotoxie
Lofortunatdy 1t 15 ako mther few efhoent as a hypo-
ehveremuc agont—but thare s certunh 2 mall proup of
mald dibcties who e bypolvcaemin aind ghcosunt 15 not
quite dequatedy controlled by dietary men ures who are
mproved by todbutanude ih vdoseof 1o Lo € duly

1t 1 poobabh that further orl hypohcaemic agents will
Apperr and 1t present chlorg ropanude. (Diatinase) 15 oune
with ome promi ¢ of uccess At present however thesc
drugs should not b mtnadly presented outade dinbetie
clinies
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CHAPTER V1
DIABLTIC KETOSIS

Josun (29y2) has pointed out that the term diabetie coma
has been rathet looscly used to wdicate a sever. degree of
diabu tic hetosts and he has arbitranly defined a case as comy
whun the (O, combuning, pewer 15 20 sol> per cent or lower
{n mullequnalents per hitre}  He chose this level because in
the pre msulin era he found that most such cases died where
as less severely acdotic cases recovered  (Joslin 1918)
The treatment of a sesere case of diabe tic ketosis must stifl
b reparded as one of the major medical emergencies  The
manmement of cach case 15 a matter for mdnidual con
stderation and close supervision should be exercieed by a
physician experienced in the handling of such cases  Ttas
not bt to lave junior residents i chare  {L raham
1950 )
1t 15 useful to consider 1t this point the circumstances 1n
which a dangerous degrie of diabetic ketosis may develop
(1} A new case of dibetes mellitus may prusent n dia
litic coma or pre coma
{~) A hnown diabctic may become hetosed for 1vanety of
reasons
(@) A dinbetic who persistently 1 nores the Tules of
diet and insulin dosage laid down b his medical 1
disers may well devddop hetosis
Thas occurs most commonly amongst patients of
fow inteliience ind Aamongst thow who may have a
restntment agunst thar discase to the point of wij
ful non-coopx ration
(6} \n mtercurment nfection may preaipitate dia
butic coma or pre-coma 1n a previously well stabil
17 d patient  The types of mfection most Jable to
cuwe this are pneumonia acute gistro ententixand
ton n staphvlococeal nfections such as car
et Jes or sehw-reetal abncesses
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(e} A previously well stabilized patient may some
times pass into a phase of msulin resistance and de
velop hetosis if his insulin dose 15 not mereased ac
cordingly
Reviewing the precipitating cause of scvere diabetic
hetosts in a series of 67 cases to the Massachusetts General
Hosprtal Harwood (1951) found thai.the_most {requent
cau e was mfectton  Long continued neglect of the diabetic
regimen was nearly as common and one third of the patients
had neglected to take therr insubin for a perod of ene to
three days prior to admssion  One half of the patients
developed hetosis as a result of the combmation of more
than one factor There were 13 pattents whose diabetes had
not previously been diagnosed
It should be ponted out that 1t 1s the severe nsulin defi
cient diabetics who are most liable to develop senous degrees
of hetosis  The so called  bnitle drabetic  who 1s hable to
wide vanations 1 blood sugar and usually a severe case
tihng large amounts of nsubm 15 always a candidate for
erther severe hy poglycaemic reactwns or for severe diabetic

Letosis
Drievosts oF DIABETIC RLTOIs

Therc should be httle difficulty i mahmng & dia,nosis of
diabetic ketasis—but the following symptoms and signs are
charactenstic

1 Onset Exceptinrare cases the development of serous
hetosts takes place over a pertod of 24-36 hours so that on
this account alone 1t should never be confused with hypo
glicaerma  Durmn,, this pertod the patient may complam of
napsea andresta somuting excessne thirst and polyuna or
abdominal patn  The last 15 responsible for the rare syn
drome the actue abdomen of the dabetic

2 Dehydratton In the early sta.es of ketosis there is a
greatlv increased unmnary output though by the trme the
patient 1s admitted to hospital there may be astate of olt
gunia and signs of dehy dration may be mathed The Jonered
e3¢ ball tension has long been regarded as pathognomonc of
diabetic dehydration but the parched and shrunken tongue
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15 even more charactenstic The e<trame dehydration of the
sevLr case gne the patnt an appaarance su pestise of 4
malignint cachetic stat

3 The Circulation  (hiefly as a resuit of the deivdration
the pulse rate 1 xapad andlow intenson and the blood pres
sure 13 low and sometume s unrecordsble  The shin fecks cold

4 Respiration  In severe hetoss ther s 1 marked i
creast in the respiation tate often deserind as air
hunger. {hussmaul s Tespiration)  This 1s a further factor
n ancreasing, the dehydration and sometimes an odour of
acetone cansasly he detected in the breath and the older
phy sicizps are credited wath wallang anto the ward >mifin,
the aw and ashany, to see the case of diabctic coma

§ Level of Consciousness  Most cases of diibetic hetosts
are rousable on admission (o hospital and the paticat decply
unconsacus 10 diabetse-coma has 1 pont prognosis

6 Unne Examination  The examination of the urin for
su,ar and hetune bodies should confirm tie diagnoss The
urine il b foaded with ugar and Rothera s test the acetest
tablut test wmd Cerhardt s test will b positice for ketone
bodies  Theunnary chlonde content will be found to b Hiw
and probably fess than 2 G per htre

7 Blood Sugar Bsimation 11t 15 not possible to obtauna
speeamu 1 of urine because of aliguna a blood sugar esuma
tion 15 v312] and bleod su,ar control of the triatment 1 by
far the most satisfactary for the first . hours  The amtial
blood sugar level 1s hikely to b 100 mg per zoaml of gfeater

Prizetitls oF TREATMFNT

Aprt from treatin, 1My obvious mfecting precyitaung
cause of the hetost  the most urgent measures are the cor
rechion of the debydrabion and the adminstration of lame
amnunts of msubn

Belore considenn,, the dataied manyament of 21€a ¢« the
principles imvolyed 1 the correcton of the dehiydration the
best methods of 1dmunt tening wsslin and the plice of car
bohydrates in the treatment of dialrtic heto 1 wiill cach be
discussed

1 ¢ of Denyd and El iyte Balance in
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the past the correction of dehydration 1n severely ketotic
drabetic patsents has frequently been carried out with normal
saline and m general the results have been satisfactory A
few cases have however collapsed and died after showing an
mtial satisfactory response  Im estigation has revealed that
a more profound electrolyte disturbance 1s associated with
diabetic hetosts than had previously been recogmzed In
particular the role of potasstum 1s of the greatest importance
and 1t 1s believed that many patients dying 1n the second 12
hours of treatment do so because of a Jowered serum potas-
sium level (Holler 1946) These pattents have frequently
shown the charactenistic clinical feature of hypohalaemia
—namely extreme weakness followed by sudden death due to
paralysis of the respiratory muscles In the phase of severe
dehydration 1t has been shown that potassium leayes_the
cells and potassium 1s Jost mn the nnne. Because of thss
migration of potasstum from the cells there may be an mitial
rise 1n serum potasstum but when dehy dration 1s corrected
the cellular affimty for potassium 1s restored and hypokal
aemia may develop

In considering the most effictent way of correcting the de
hydration i dabetic coma 1t 15 therefore_wise_ta_consider
first the restoration of extracellular flds and electrolytes
and secondly the restoration of cellular depletion  (Nabarro
Spencer and Stowers 1952 ) In this respect.at s important
to bear m nund the fact that renal function s depressed
during this phase of acute airculatory collapse which accom
panies extracellular flud depletion and_that dunng this
phase there 15 a protective mhibition of potassium excretion
At this.state- therefore 1t 1s dangerous to give large amounts
of potassium because-of the potential danger of potassium
powsomng  Cardiographic changes are shown m T'ig M

Replacement of Evtracellular Fluid (Although ssotonic
sahne solution 1s the fluid that has previously been used most
commonly for the rapid repl t of the extracellut
flurd loss that 15 directly responsible for the ses ere circulatory
collapse 1t 15 theoretically not the best solution \abarro
et al (1952) hue suggested that 1tas better fo-use a saline
Jactate solutton contamng sodium chlonde 5 8, G and sodmm
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hictat 3,6 € wath d stilfed water to 1 litre  The lact te
Yelps to eorrect the s ere degfee of acrdasis which is present
anlim tte proportion a hvsed does not cause alkalosis

Cell lar Restoratton  As alreadn pomted out there 15 a
m gration of potassium from the cells to tl e plasma dunn,
the d vdlopment of severe d abetic hetosis A sumilar mira

2
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tn fnag es noanlpt sphates 2l o takes plac Qvn
to tt oxtrannal uraemia whch aec mpam s the suven
flvimat 1 1) unnan ever ton §th scelectralit s mn
Bodyrss Tarlg bt plamalvelsybich may nt alhy
T present gy A par 1 wnieally falsc impres noof the ab-
siite {ficr ey whehactnlhy casts Tty nly after tte
rest it nof th trae 1 far L that normal renal fune
Uonasrest wlandexer tnofth warrslal t ) yplam
Tas T atg) s peont that it ampertant to o ttate
masuyres t r tr the ¢l lar leetr Ivten  espectally
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potassum At this stage a cellular repair flud should be
gnen  Nabarro ef al (1952) have suggested that such a
solution should contain potasstum phosphate and mag
nesiom with sodium and chlorde to cover contmuing unnary
ioss of these electrolytes They suggest the following solu
101

~Sodrum chlonde 117G
~Dipotassium hydrogen phosphate 087G
Potasstum chlonde 149G

Magnesium chloride 024G

Glucose 50 G
Distilled water to 1 litre

Provided an adequate unne output has been re established
1t 1s advisable to begin administration of this solution when
the blood sugar begins to fall at a rate of 1 hitre every 4-6
hours When the pattent 15 able to take fluds by mouth
potassium supplement may be provided m a mixture con
taming 50 G glucose and 2 G of dibasic potassium phos
phate m 500 ml of water flavoured with orange jurce Up
to_2 Ittres of this mixture may be grven daly

2 Insubn Admimstration  Although the most striking
feature of the severely ketotic diabetic patient 1s the extreme
degree of dehy dration and crrculatory collapse 1t must not be
forgotten that the primary defect which has permmtted the
development of ths state of affairs 1s an madequate amount
of effectrve msulin  Close therefore upon the urgency of cor
recting dehydration comes the urgency of administenng i
suhn 1n adequate amounts

Root (1945) has shown that the speed with which large

of msulm are ered may affect the outcome

of the case Thus the mortahty rate in a group of cases
recerving an average of 216 units in the first three hours of
treatment was I 6 per cent as against 12 per cent 1 a com
parattve sertes recenmg an average of only 83 umis i the

same time
Tt 15 pseless to rely on subentaneous msulin mjections in

the early state of collapse Some authorities advise ging
all msubn mtravenously 1n the early stages (Blach and
Malins 1949) but as it 15 believ ed that mtras enous msulin 1s
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rapdly destroyed 1t 1s necessart to give mnjections as often as
occe bourly if alf the msulin 1> admimstered by this Toute
Mot workers prefer to give part of the insulin by the mntra
venous route ard part by mtramuscular or deep subcutane
ouwsmy ction  Certamnly a proportion of the first dose should
be given wtras enously

The total mmtial dove mn a s~vere case  hould never be less
than 100 muits and 1t must be stressed that no preparations
other than soluble msulin 1 smtable for treating drabetic
letests  Insulin treatment should be started as soon as 2
chmcal diagnos.s of diabetic hetosts has been reached and the
admmrtration of the mtral d ~e of msulin should not be
deferred until the result of a confirmatory blood sugar est1
mation 1> available  An mmediate blood sogar estimation
must however be carmed out and subsequent doses should
be decided upon 1n the hizht of the blood sugar levels _If the
tirst reading 1 alarmungly high say oo mg per cent or more
1t 1> quute safe and probably advnable to gie a further 100
umt (azamn part mtrasenously and part mtramuscularhy or
by deep uberutaneous mjection) forthwith If m two hours
there has been no blood suzar fall the imtial dose hould be
repeated  1f the level + higher it should be increased and
1f there has been a fall the do~e should be proportionately
redured A that the mt lar or deep sub-
cutaneous rottes are beinz mwed the mterval betwern later
dowes of meulin hould be between two and four hours and
except 1 cases of great <eventy the four hourly miterval 15
both convement and safe and allows tune for biochemical
e-umations to be carmed ont so that the results are available
ju.t before the next dose falls due

3 The Place of Carbohydrates  Althouzh the blood sugar
© high and the tsues presumabl saturated with sugar there
are thowe who advse the use of glucese 17 the mtravenous tn
fus101s from the begirning of treatment (Soshmn and Levine
1945 Danowski o @f 1945  Thesesvo.hers belere that
carbobh drate metabolism 1s accelorated by what Himsworth
{1940; has d~mbed as th»  head of carbohydrate pres ure
On the other hand hvpergh caema. produces cellular. de

hsdration and a contmung cemotre diurests with exces ne
<

tox
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lass of water, ylucose and sodium chlonde 1 the ysine Ths
uncontrolled renal dras of water and electrolytes delays the
estoration of bedy fluids m spste of sntensne parenteral
therapy (Nabarro #f ol 1952 Seldm and Tarail 1930}

Itis therefore more generally accepted thatgluco ¢ should
bewatliheld untd the blood sugar haw fallen {p some arbitrany
figure such as 300 mg per 100 ml after.which st shonld be
gnen genesously  Among the advocates of this vew are
Joshn (2652} Graham (1950) and Butler {1950)

In recent years several Amenican workers hase ads ocated
the use of fructose xstead of gincose 1n the.early_stages of
treatment  Nabarro ef al {1955\ veview the hteratyre and
report the results of grving msuln and mtrasenous fructose
to five patients wath <esere disketic hetosss and compared
the results with 5 patents treated without fructose  They
conclude that at present there 1s no reason for mcluding the
early admimstration of fructose an the routine treatment of
severe drabetic Letoss

DETAILED MaMAGEMENT OF THE CASE
Althongh 1t has been stressed that the treatment of each
case of severe diabetic hetosis 1s a matter for individnaf con
sideration and the more unportant general principles have
been discussed 1t 25 well £0 have a general plan which may be
applied to any case

A Immediate Treatment

On maling 2 diagnoss of severe diabetic hetosts on the
history physical exanmnation and unee tests the followmg
measures should be instituted forthwith

4 Issubn Admumstration 100 units of soluble msubm
<hould be admrmstered—,30.nmts miras enously and 6o umwts

_mtramuscularly

2 Intravenous Therapy This should be estabhshed 1m
medsately and.eseept.n old persons the first Litre of sodiam
lactate solution should be run m as fast as 2t will yun and of
pn?sﬁ:;!e 1n Jess than half an hour. The <cond Iitre shoutd be
sonn peardy astapdly I there 1s difficulty m findmgayem
the subcutaneous route with the help of Hyalas mav be used
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until an mtravenous route has been established f necessary
by the cut down techmgque

3 Stomach Washout If there 15 s omuting stomach wash
auts should be carmed out with 5 per eent sodium bicarhonate
solution and « Ryle s tubs passed and aspirated ¥ hourly

-4 Anbhiotic Therapy Even though the precyptating
cause of hetows may not have been wnfectne there 15 grase
danger of mnfection supersemng  For this reason ¥ 000 000
umts of crystalline penteitlin should be grven on admission
and 500 000 umits thereafter thare darly

5 Lab y Ca op The Iab v must be in
fnrmed that a case of diabetsc hetosts has been admutted and
thetr full o operation requested

ously with the ad ration of the first mtra
venous dose of msulin blood should be withdrawn so that
the folluwing, estimations may be carred out
{1} Blood sugar
{2} Blood urea
43) Electrolyte yalucs—serum sodwm  potasstum and
chlonde
{4} TO combimng powe
(5} Hacmoglobn esel
16t Whte blood count and differential
(There 1s ways a moderate leucocy tosts with a
poly marphanuclear leucocs tosts

47} Blood groupm.,,

6 Urme Examination Therc may be extreme difficulty
1 obtamng urine specimens m the earh, stages of freatment
owng to the aiguna but evers effort should be made to
obtam @ specunen  The volume of all spramens must be
measured and recorded and all spicimens must be tested for

Lsugar, hetane-bodies (bath by Rothera and Fernic chlonde
tests) and chlondes 1t 1s contenent to secord the laboraton
findmgs treatment gwen ete an a chart as llustrated

(Fi, VI 2)

B Subsequent Management
\s already ndicated there 3> Jach of sgreement on the time
1nters al betsecn subsequent doses of msulin trat the followng
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scheme adapted from the plan suggested by Nabarro et al
(1952) 15 one which can be modified to smit the requirements
of anv case under treatment (See Table 1) In particular
the interial betwneen blood sugar samples could be well 1
creased 1n less scrious cases

Table 1
Tune Bl d Suga Insilin tv Infusion
o hours “amfle tahen  Too umts Saline lactate

1Dt 1n 15t § hour
1t in next § hour
§ hour Result

If 400 mg per

ent + 100 units Continue saline lactate
41 hour Sample taken — Continue sal ne lactate
1} hours Result
Ifgomngup oo umts Continue satine lactate
1f same 100 umts Continue saline lactate
g ngdown ml Start glucose contain
g thud
hours Sample taken —
2} hours Result
M gomgup 400 umts Contmue salue lactate
if same 100 upts Continue sahine lactate
if going down mil Start glucose contain
g Hud
Continue hourly 1f blood Sugar results are
gong up tvice la t dose Salme lactate
same 100 units Saline lactate
gongda o ml Glucose flud

R teof 12 umst aton f Il ds

1 Sahne lactate
st htre 4 hour
nd litre 1 hour

rd ht w
subsequent litres 46 hours
Cine ¢ C lhila Repair Ilud
Rate 4 ¢ hours per htre
Thefimd must nlyt u ed when the blood sugar has fallen 1o 300
mg per too ml and § hen the renal flow 15 adequate (more than so
mi per hour)
T the renal flow 15 inadequate but the bl»0d sugar 1s falling the

_ Halme lactate s lution may by continyed  1th the d htion of glacoe
10 the propertion of 50 € ta the htre
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AW the blond <ugar has reached relatr ely normal
hgures and the ciruutation has been yestored £o normal and EY
satisfactory unne output re established 1t 1s safe to start
feedmg by mouth At first this should be with ffurds onfy but
farrly quickly 2 norm 1l dret should be resumed with a gener
ous catbohydeate content (180-200 G} This should at first
be g en equally spaced throughout the hours when the pattent
is awake and 1t 1s convement to divide the 2.4 hours mnto four
stx hourly pertods with msulin being gt en as necessary thre
to four times  Onee the renal threshold has heen found to
be approvimately normal the test-for sugar on unne spect
mens collected over the half hourly pertod befare the msulin
15 due e rehable indications of the dose required It 1y
convensent to decide upon a basic dose to be gisenat 6a m
and & pm with supplementary doses at rmd-day and md
mght if there 15 glveosuna at these funes  Within a few
days of reaching this stage 3t 15 usually possible to 1o stabihize
the patient on a diet and msufin dose {probably with long
acting msultn} on which he will be able to lease hospatal

It 13 ymportant to appreciate that a patient in diabetic
coma has suffercd from profound circulatory fatbure and that
complete bed rest 1s essential for a mimmum penod of one
wech after reconery {Cooke 1a48)

. The plan by which the day 15 disaded into four six hourly
periods and by which msulin 15 admunstered s hourly 1s
comentent for the treatment of the less sersous cases of
Letosis and for covering other crises m a drabetie patient » life
such as surgrcal operations {abour and the puerperum or
cevere tnter current wfections

UnexprcTED Hazagps I THE TRUATMENT OF Diaseric
h.ETOSIS

Shock  The patient in untreated diabetic hetosis may bt
come seserely shocked and pass mto a phase of extreme circu
Jatory collapse The blood pressure falls the palse rate
creases and the patient becomes cyanotie  Such a state of
collpa e may occur at any tunc it the carly phases of treat
ment even when therapy seems to be progressing well and
before any fall in the serum potassium s vet taken place
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In these cases transfusions of whole blood or plasma <houtd be
used to sustain the blood olume and may sometimes prove
hfe saving  VMore recuntly the notadgcnaline-dnp {4 mg
per bitre) has proved of valuc 1n such cases

Gastric Dilatation  Patients with suvere diabitic hetoss
are hable to develop acute gastne dilatation and haemor
thagic gastntis  This may occasionally result in disastrous
arculatory collapse and in such cases 1t 15 urgent to pcrlnm\
gastnedavage  The dramatic restoration of the clrculatmnj
wathin a few minutes of this procedure 1 2 most satisfactory
experntence for the physiciin though the enact meclmmsm
whereby 1t 15 brought about 1> not clarly understood

Pulmonary Oedema Throughout the discussion of the
treatment of diabetic hetosts great stress has been pliced on
the importance of rapidly correcting dehydration It 1s only
rarely that any adverse effects result from rapid intras enous
mfusions  Nevertheless m the presence of myocardial
damage 1t 1s possible to precipitate acute pulmonary oedema
and a dangerous rse in enous pressure by too rapid 1n
fustons  This1s particularly hable to occur in the elderdy and
n thes¢ persons or 1n patients previously hnown to hase
cardiac disease 1t 15 essential to modify the rate.at which
dehydration 15 corrected by the ntravenous route Un
fortunately the subcutaneous route 1> of Imited vtlue
correcting the state of circulatory collapse which exists and
the prognosis n the elderly patient with severe diabetic
Letosts s very poor indeed [t 15 essential tn these cases to
observe the Jugular venous pressure and to heep a close watch
for the appearance of dependent rales or sacral oedema

Hypoglycaerma  The swing from hy perglycaemra to hy po
glycaemia 1s hable to occur when the circulation has been
restored towards normal and when large doses of insulin
which have been ghen mtramuscularly or deeply subcu

1y become ly available It 1 always un

desirable to have a sudden lowenng, of the blood sugar to
hy poglycaemic levels because such a lowering tends to be
followed by compensatory hyperglycaemra due to the relea.e
of adrenaline  Furthermore the cortical cells may have be
come accustomed _ to a high blood sugar level and hypo
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glyciemic symptoms may occur at blood sugar levels igher
than those normally regarded as bypoglycaemmc 1t 15 1n
children that sudden hypoglycaemia may be particularly
dangerous and much smaller doses of msufin should be used
1 the case of ketotic children than in adults Children are
usudlly extremely msulin sensitive ind the dose required 1
often much smaller than the proportion of the adult dose that
might be calculated from their smaller weight  In my own
experience a child aged 8 ycars admitted in severe hetosis
with an mtial blood sugar of 700 mg per 100 mi became
unc after the ad ration of a total of 30 umts of
nsulm (20 units bemg given on admission 20 umts four hours
later and 10 umts four hours after this) A blood sugar taken
Just after he became comatose was 60 mg per 100 m! and
although he was given mtravenous glucose and his blood
sugar raised to 250 mg per roo ml withm half an hour he
remamed uncosctous for twelve hours

Tne TRFATMENT OF DiaBetic KETOsIS I THE HoME

Although any severe case of drabetic Lketosis must be ad
mitted to hospital 1t 1s often possible for the practitioner to
prevent such a state of affairs deseloping by bemg aware of
the preaipitating causes and being able to institute treatment
which wall correct the condition at any early stage A da
betic who develops n infection should be mnstructed to test
his urine before each meal  In cases of mld mnfection 1t may
be possible to continue to contrel any increased gly cosurta by
raising the patient s ordmary morning dose of insulin—or 1n
the case of patient s on two doses of soluble mnsulin—~by an
wncrease i each of these doses _In these circimstances 1t 15
usnally safe to start by increasing the total daily dose by
10-20 per cent

1f, however the infection 1s severe and especially 1n the
presence of diarrhoea or vomiting the patient shauld be 1
mediately transferred to soluble msulin gusen if necessary at
<x hourly mtervals andaf the patient 15 unable to take sold
food a Amd diet cont umng 180-200 G of carbohydrate
daily shoald be yrescnbed  In the presence of hetosis 1t 15
desirible to gre added salt and the diet may then be pre
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pared by making up the cirbohy drate 1n half strength normal
saline flavoured with fruit Juice  Such a preparation may be
roughly prepared in the home by adding onc hall teaspoonful
{ 7 C) of salt to one pit of water (570 mt)  The carbo-
hydrate must be spaced at regular intervals thrnughout the
dav and 1t 15 often convenent to aim at gnin,, 10-15 C
hourly  Some suggestions for 1 flwmd diet are given 1 Table
Ch \ onp 6. Imually the six hourly msulm dose
should be one third of the normal daily dose and mu t be
adjusted 1t each do ¢ according to urine tests which mu t
be carricd out both for sugar and for ketones before ench
m ulin do e1s due  Inorder to determine the correct insulin
dost 1t 15 es~ential to ob erve what may be desenibed as the
half hourls collection rule  Thus the bladder should be
emptied half an hour before the tnsuhn do e 1s due this
sperimen being rejected and another collected immediately
before the mnjection and tested for su,ar It 1s upon the
result of this test that the dose of insultn to be yiven must
be decided
eg
If the speaimen contamns  1-2 per cent  Increase  pre
1ious  dose
by 10 per
cent
if the speamen contains 05 1 per cent Give same 1n
sulin dose
£ there 15 less than 0 5 per cent Reduee or omit
msulin  at
doctor § dis-
cretion
Tt & particularly smportint to stress that nsulin must
never be whith¢ld from a dibetic who 15 vomiting and un
able to take food. These patients are those most hikely to
become hetosed and to pass into diabetic pre coma or coma
In the casc of any dibctic who 1s unable to tolirate even 2
flwd carbohydrate diet 1t 15 vital that hospital admssion
should be urgently arranged so that intras enous thetapy may
be instituted  So long as the practttioncr 1s certan of the
dragnosis 1n these cases 1t 1s safe and may esen be life saving
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to gie the pre comatose diabetic patient a large dose of
msubn while awaiting the ambulance~—the dosage bemng
something 1n the order of 50 umts mtras enously and 30 umts
by ntr lar or deep sub mnjection  Although
there should never be any possibility of confusing diabetic
coma with hypoglycaemia 1t 15 only nght at this pamt to
repeat the warming that 1f any unconstlous by poglycaemic
patient 15 given a large dose of msulin 1t may be sufficient to
ciuse profound cerebral hypoglvcaemia with irrversible
changes and death
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Hy POGE L CADMIA

Hy mGL\c-\rmc reactions constitute one of the genlest mn

cony enicnces O 1abetic pat\enls taking snsulin ar

a source of anuicty 0 theit medical advisers therr famibies
o

of Wype

ant
causes and able 0 treat attachs

Most peﬁunsbpmmwvmpmms ol IyPORY caemid when
the blood sugaT Jey¢11s betoW 6omg Per o ml Occastonalty
{he sudden lowenng of the Blood sugat from 1 tugh ter el may
cause hy pogly caLmic 5y mptoms 10 occur at
but this > ymbnb\y rare  O% the othet hand some drabetic

ug; mo
soluble nsulin 15 DUnE psed the jonger acting msulins tending

ms

in the following sccuons the symptoms of hypoels caemi

are descnbed 1n spite of their Janety 88 fortunately true

21y caemic reaction ends toTUn 2 farly constant
ndiv

0

who are S0 sensitnne 10 nsulin
that when hypog\ycaemm develops they pass raprdly 1nto
coma
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due to insulin
A Adminstration of Incorrect Dose
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15 always m an advanced state of dehydration The
presence of sugar n the urme does not necessarily_ex
clude a diagnosts of hy poghvcaemra as the bladder Emy
not hae been emptied for several hours but any doubt
will be dispelled by a blood sugar estimation

After effects _Deaths.from_hy pogly caemia.should be
extremely rare and usually occur when the condition 1s
musdiagnosed as dtabetic coma and treated by further
msubin administration as occurred n the case deseribed
by ‘Vinkler (1946) Profound prolonged hypogh
caemiamay however be followed by a periodofapbasia
and amnesia | Furthermore the elevation of the blood
sugar to normoglycaemic or even hypergly caemic levels
may not always be followed by an immediate réeturn to
conscrousness  In this respect 1t 1s worth recorting the
case of a child of 8 who was adrmitted to hosprtalin dia
betic pre coma as the first manifestation of diabetes
The blood sugar was 700 my, per 100 ml 20 umts of
msuhn were admmmstered at yopm zountsatzam
and roumtsat6am At8am the child had a fit and
became comatose The blood sugar was found to be
60 mg per 100 ml and mtravenous glncose {50 per
cent) was giien immediately  The blood sugar level
was quickly raised to 250 mg per 100 mi but n spite of
this level bemng d he d

for 12 hours In this case 1t was presumably thesudden
lowermg of blood sugar level which nas responsible for
the profound coma

PRECIPITATING (AUSES OF HYPOGLYCAEMTA

The following are the common causes of hypoglycaema

The mtelligent dia
betic who regularly gries his onn msuln should rarely
make a mustahe with his msulin dose Occastomally
howeter an overdose may result from confuston over
the strength of the sulin or by maccurate measure
ment especially i the case of a patient with poor
wsion  Such patients usually devise some method of
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marhing the pont en the synnge to wiich they should
draw up the msulm A mark with a grease peneil or
with 2 narrow puce of strappmg are both useful
methods

Lack of Food Pattents taking insulin—and especially
those taking long vcting nsulins must take food at
regular internals A patient who misses a meal espect
ally 1f this occuts about the time of maximum actinity
of the nsulin administered 1s hable to have a hypo-
glycaemic reaction  Any patient who1s likely tomissa
meal should cafry a reserve supply of carbohydrate—
mdced a1l diabetics taking insulin should have an emer
gency supply of sugar—and patients who find it habit
ually difficult to get thetr ex ening meal at a regular hour
ire much safer on two doses of soluble insulm than on
on any form of fong acting nsubin

Unusual Exercise  Musculir exercise i any form results
m a fall m blood sugar level owing to the increased
calone requrement and the dsabetic who indulges n
any form of sporting actnity has to beware of hypo
ghycaerma and tahe measures to prevent it Such
patients should either reduce their insulin dose or m
crease therr carbohydrate intake before the mtended
exerase  Vlany patients regularly reduce their mnsulin
dose at the weehend to cover this contingency while
others prefer to treat themseltes to a large mud day
meal in prep for the aff s golf g;

or tenms In the case of schonl children p\r!xcul;\r care
15 Tequired an givng advice so that they are not de
barred from taking part 1 normal school actinaties
Improved Carbohydrate Tolerance The iorcgmng
causcs of insuln hypoglycaeria re easily und

and should be preventable There are however ar
cumstances 1n which the carbohydrate tolerance 1m
proves and the insulin requircment falls, and 1n these
cases 1t 1s more difficult for the patient hunsel{ to avord
hypoglycaemia although the intelligent patients can
do a great deal by careful unne tests and by adjustimg
their mnsulin dosage
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The circamstances m which an improvement n carbo
bydrate tolerance may occur are as follows

(@) After Lntial Stabily afron ¥t 15 2 common experience
for a new case of diabetes to be admtted to hosputal for
stabshzation and to be found to requre 2 constderable dose of
msultn fo control the glycosunia and hyperglycaemia  On
discharge from hosprtal such patieats frequentls find that on
the same dose of nsulin their urine. tests are persistently sugar
free and they may expenence sever hypoghcaemuc reac
tions Hf the dose s not reduced  This may partly beexplatned
by therr mcreased actnity on leaving hospital but this 1
certamnlv not always the full explanation because the msulin
requirement 1s often found to fafl progressuely to a small
propartion of that on which they were mtially stabihzed  {t
must be assumed that these patients hay e partually regamed
therr carbohsdrate tolerance as a result of dietary restnc
tion and msuln therapy  Because of thus aspect of the
stabthsation of pew cases thete are those who advecate
the out patient treatment of all new cases »o that they
may become stabibzed under therr normal hnmg con
ditsons

(8) Apter a Period of Insulis Resistance The phenomenon
of insubin resistance s not fully understood but occastonally 2
patient s wmsubin requrement may fise to quite staggering

gures {e g several hundred units 2 day)  In those cases tn
which the largest doses arc required there 1s usually xo obt
ous cause for the vesistance to msultn—~but 11 a number ot
other conditions such 4s mfections or persods of psy chologt
cal stress there 1» 2 deftmte rise 1 wmsulm requirement which
15 probably due to the development of partial msubn resist
ance In these cises thete 1s often a farrly sudden fall 1n
wsuln requirement and if thes 15 not appreciated therc ts 2
Janger of hy poglycaenma if the msulin dose 15 not appropnl
ately reduced

(e} After Preguancy  Duning pregnancy there & usually @
lowering of the renal threshold so that the gly cosuna may be
wcreased withont any deteroration mn the diabetic controf
but m the third_ tumester there 1 frequentli.a marked 1
creac_mn msulin requirement  Following delivers there sva
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sudden fall i msulin requirement with consequent danger of
hypogly caemia

~1

(X}

o

s

DreserontIaL Diaghosts oF HyrocLycanmia

Diabetic Coma,  There are fiw conditions which cause
more anviety to students and practtioners than the
unconscious diabutic pattent  From what has iready
been said there should be hitle difficults 1 differentia
ting diabetic from lypoglveaemuc comn but at this
pomnt 1t would be well to summanze the outstanding
chnical fuatures of thest two conditions  (See Table

1)
Alcobolic Intoxication  As already pomnted out the
patient suffering from hypoglycaenia may behive as
though drunk and 1t 15 tmportant to differcatiite the
two condttions
Gastro intestinal Haemorrhage It must be rare for
hypoglycaemua to be mustaken for gistro-ntestinal
haemorthage but confusion can sometumes occur as
happened 1n the following, case A middle aged woman
had been warting scyeral hours in a diabctic cinie and
was finafly seen by the doctor at about 1T 30am  She
complamed of tremor famntness sweating and pipita
tions  Not unnatwrally 1t was assumed that she was
bypoglyciemic as she had missed her md morning
snack and had taken her usual mornn, dose of soluble
tnsubn  She was given a cup of milk and a biscuit and
ve assured  The same afternoon she was admitted to
hospital having vomited 2 bucket full  of blood
Emergency partial gastrectomy had to be performed
and she was found to have a chronic duedenal
uleer
Other Causes of Sudden Coma Hypoglycaemic coma
has to be differentiated from such other suddenly
loping a as  subarachnord
haemorthage  cerebral hiemorrhase or  epilepsy
followed by roma In most ca es the differentiation
1s not difficult but blood sugar cstimations may be
required

LDm
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Variation of HYpooLs cAEMIC $1MPTOMS WiTn Tyre oF
Insvrn

As already stated the most characterstis symptoms of
hypoghy caenia ocour after an myection of soluble snsubn and
the loniger acting tnsulins often cause a more gradual onset
of symptoms which at the same time may be more difficult to
rehere and may requre the repeated admumstration of
carbohy drate before fult reltef 1s obtamed

In considenng the type of reaction that may be evpected
frout the vanous insulin preparations it 18 necessary {o con
sider thewr duration of effect and the time of therr maxunum
activity

At the present tume there are avadable in this country no
less than seven different preparztions of insubin  Thesr dura
fion of actinity and times of maximum activaty have been
tabulated 1n Table g Chepter ¥ From a chineal aspect
however the tunes at which reactions most frequentiy occur
do not always comade with the times at which msubn actt
vity has been found to be mawumal by the expermental
method

Soluble Insubm  Reactions occur suddenly and uspally
3~4 hours after an msubm myection  Thus 1t 15 common for
reactions followmg & mormng dose to occur before lunch and
following an ey ening dose to occur at bedtime

Protamune Zine Insulm  Reactions occur late m the day
durning the mght or even before breaktast on the follawng
morning  In spite of the obsers ation by Gemtzen (1952} that
he has detected no msubn effect from P Z1 after 18 hoursst
15 a chmeal fact beyond dispute that patients tahing large
doses of P Z I ar 2 maxed dose of soluble and protamne zine
msubns may have early mormng resctions  Furthermore
they can be sesere and if the patient does not recogmze that
he 15 hypogly caemmc and grves hus normal dose of wnsufin he
may become unconscrous before betng able to take Tus break
fast
Globm Insubn  This preparation has been shown by Ger
itzen to be active for 26 bours and to seach it mauimum
actnaty 2t 3 houts The commonest time for chnical hy po-
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gly caemia to be encountered 1s thus dunng, the mormung, but
1t 15 also common 1 the afterncon  The tunes of 126 re
actions from globin nsulin taken before breahfist were
analysed by Wauchope (1948) as follows

Midmght to 7am 1z
030am torpm 75
3pmto6bpm 30

7pm tolopm 9

NP H (Isophane) Thisnsulin preparation has been hittle
used in Great Bntamn though 1t has been the most frequently
used preparation in the United States mn recent years  White
{1949) stated that the hypoglycaemic hazard was chiefly
nocturnal butlateafterncon and ey ening reacttons commonly
occur

Insulin Zane Suspensions  Gerntzen {19,3) has found that
the duration of activity of Semulente msulin 1s 10 hours
Lente isulin 16 hours and Ultralente msulin 18 hours
Lente mnsuhn (mixture of Semmilente and Ultralente wsulin in
proportion of 3 7} 1s the most frequently used preparation
and hypoglycaemic reaction may follow itsuse Ina large
senes of cases from king s College Hospital Gurling el al
(1955) report the times of 211 reacttons after a morning dose
of Lente mnsulin as follows

Breakfast to lunch 112
Lunch to evening meal 02
Night to breakfast 37

211

TREATMENT OF HYPOGL: CAEMI4

Most patients are able to recogmze the early symptoms of
hvpoglycaemia and can relieve them by using their emer
gency lump of sugar (1 lump=35 G carbohydrate) or by bring
ing forward their next meal time As already stated the
patient 1s able to the symp but un
unable to take the necessary preventne measures Such
patients should be given a cup of mulk with sugar or biscutts
I the patient has reached z state when he cannot easily be
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fed by mouth the most satisfactory treatment 1s the mntra
venous mjection of glucose 1n_50 per cent solution The 1
Jection should be contnued until the patient has fully re
gamned consciousness though in some cases especially 1f the
patient has been unconscious for some time before receiving
medycal attention the coma may persist even though the
blood sugar 15 restored to normal levels.This 1s particularly
lable to occur when the hypoglycaenua 1s due to protamine
zine msuln

After the patient has regained consciousness an attempt
must be made to determine the cause of the reaction

Table 1

Daabetic Retosis Hypoglycaennc Coma
OvsEr Gradual usually over Sudden espectally with
apeniod of 4hoursor soluble msuhn
mare

DEryDRATION  Marked withdryskm  “o sgns of dehydra

{)arched tongue and tion Mot shin oiten
owered eye ball ten  sweatmg Tongue
sion moist Eye ball test
sion normal
CarDIOVASCULAR Usually marked with  Usually a full bounding
CoruapsE rapid _thready pule pubse and normal blood
and lowered blood  pressure
pressure
RESPIRATION Charactenstic  Kuss Often quiet respira

maul breathing {asr  tions but may be ster
hunger) with smell of  torous if coma )s deep
acetone i breath

Often absent with flex Usually brisk  with

REFLEXES
or plantar responses extensor plantar res

nses Muscular

twitchings and epilep

tiform serzure common

Urne Heavy glycosuna ace  Sugar free—certamly
tonuna and often al  on § houtly collection

after comung under ob-
servation  Usually no
acetone and normal
urnary chlonde level

bummuria  Low urm
ary chlonde level

Rased  300-300 mg  Lowered 60 mg per
per 1oo ml or more 100 ml or lower
Except in advanced Coma often deep
cases patient usually

rousable

Broob SUGAR

Depra oF Cova
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SroNTaNEOLS HyPOGLYCAEMIA

Any consideration of hypoglycaemia would be mncom
plete without mcluding a brief reference to causes of hypo
glycaemia other than those due directly to the admmistra
tion of exogenous msulin  Thus there are many causes of
endogenous hypogiycaemia and the more 1mportant are
summanzed 1n Tible 2 and the subject has been fully re
viewed by Conn and Seltzer (1955)

Table 2
- ~1 Orgamc Hy persnsulimism
1) Pancreatic 1slet cell adenoma
{2) Pancreatic 1slet cell carcinoma
(3) Generalized hyperplasta and hypertrophy of the
sslet cells of langerhans

11 Functional Hypo,lycaema fe )
I Alimentary Hj poglycaema
(1) After gastroenterostomy Due to rapd
mtestmal
{2) After partial or total gastrectomy ] absorption

IV Hepatic Disease
g severe hepatitis cirrhosis
Y7 Anteror Puturtary Hy pofunction due to any cause e g
hypophysectomy Simmond s disease etc
NI Adrenocortical Hypofunction due to any cause eg
adrenalectomy Addison s disease sudden wathdrawal
of Cortisone therapy
VIL Renal Glycosuria
VI Idwopathic Spontancous H po,lycaenta of Infancy

From thus table 1t 15 clear that hypoglycaemia may often
bea 1on of serious bolic or endocnine discase
In these cases the pnmary condition 1s lihely to mamifest
aself by other symptoms and signs and diagnoss should pre
sent no problem In the case however of orgamc hyper

due to or other hy
perplastic changes 1n the 1slet cells and in the case of func
tional hyp the are usually

due to hypoglycaemia and 1t 1s lmpurtantxand may be diffi
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fed by mouth the most satisfactory treatment 1s the mira
venous tnjection of glucose 1n 50 per cent solution . The m
Jection should be continued until the patient has fully re
gained consctousness though in some cases espectally if the
patient has been unconscious for some time before recetving
medical attention the coma may persist even though the
blood sugar 15 restored to normal levels . This 1s partrcularly
liable to occur when the hy pogly 1s due to p
2nc¢ msuhm

After the patient has regained consciousness an attempt
must be made to determine the cause of the reaction

Table 1

Duabetic Aefosis Hy poghycaemic Coma
On\SET Gradua! usually over  Sudden especially with
a peniod of 24 houts or  soluble mnsulin

mare

DEHYDRATION Marked withdry skin ~ N\o signs of dehydra
parched tongue and tfion Mot skin often

losered eje ball ten sweating Tongue
son moist Eye ball ten
ston normal
CarDIOVASCULAR  Usnually marked with  Usually a full bounding
COLLAPSE rapid  thready pule  pulse and normal blood
and Jowered blood pressute
pressure
RESPIRATION Charactenstic  Khuss  Often  quiet respira

maunl breathing (air  tions but may be ster
hunger) with smell of  torous if coma 1s deep
acetone 1 breath

REFLEXES Often absent with flex  Usually bush  with
or plantar responses extensor plantar fes-
ponses Muscular

twitchings and epitep-
tiform serzure common
Sugar free—certainly
on § hourly collection
bummuria Lowunn  after comng undes ob-
arv chlonde level servation  Usually 50
acetone and mormal
urnary chloside level
BLOOD SLuLAR Rawsed 300-400 mg  Lowered 60 mg per
per too ml or wore 100 ml or Jower
Except m advanced  Loma often deep
cases patient wsuaily
roasable

URINE Heavy glycosuria ace
tonuna and often

Depri OF Cova
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SponTanEoUs HYPOGLYCAZMIL

Any consideration of hvpoglycaemia would be incom
plete without including a brief reference to causes of hypo
glycaema other than those due directly to the administra
tion of exogenous msulm  Thus there are many causes of
endogenous hypoglycaemia and the more umportant are
summarized in Table 2 and the subject has been fully re
viewed by Conn and Seltzer {1955}

Table 2
~1 Organtc Hvperinsulimism
A1) Pancreatic 1slet cell adenoma
-{z) Pancreatic islet cell carcinoma
{3} Generalized hyperplasia and hypertrophy of the
sslet cells of langerhans

W Functional Hypo,Jycaema (¢ 1}
I Abmentary Hypolycaenma
(1) After gastroenterostomy Due to rapd
ntestmal
(2) After partial or total gastrectomy ] absorption

IV Hepatic Disease
g severe hepatitis cirrhosis
N7 Antersor Pituitary Hypofunction due to any cause e g

hypophysectomy Stmmond s discase etc
Adrenocortical Hvpofunction due to any cause eg
adrenalectomy Addison s disease sudden withdrawal
of Cortisone therapy

VII Renal Glycosuria

VIIT Idiopathic Spontancous Hypoglycaemsa of Infancy

From t}us table 1t 15 clear that hypogl) caemia may often

bea 10n of senous or endocrine disease
In these cases the pnmary condition 15 hkely to manifest
atself by other symp and signs and d should pre
sent no problem In the case however of orgamc hyper
il due to ad or other hy
perplastic changes 1n the 1slet cells and in the case of func
tional hyp i the are usually

due to hypoglycaemia and 1t 1s rmportant and may be diffi
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cult to differentiate between cases of organic and functional
hvpensulinism

ORGANIC HYPERINSULINISA

This 15 a rare conditron and when 1t occurs 1s usually due to
a funeHoMAE et celt adenoma  Cram and Thom (1949)
reviewed 258 cases of orgamc hypermnsulmism from the
hterature  They found an equal sex mcidence and the
tumours occurred at anv age. but predominantly from the
4th-6th decade  Only 10 per cent of the cases showed any
evidence of malignant change and diffuse hyperplasia was
rare the majomty of cases being due to single slet cell
adenomata although multiple tumours were relatnely
{requent

The presenting sy mptoms are often bizarre and the patient
15 often thought to be suffering from an anxiety state alarge
number of the cases bemng referred to psychatrists

Thus unexplaned sweating tremor and syncopal attacks
are often thought to have a psychogeme ongmn and 1t may
only be when the patient has some more dramatrc nedent
such as an epueptiform attach or a peniod_of prolonged
coma that the true diagnoss 1s suspected and confirmed by
fasting the patient and 1f necessary for up to 72 hours when
the blood sugar will be found to have fallen to 50 mg per
100 ml or fess (Crain ind Thom 1949) and the patients
symptoms will be reproduced  Whipple (1942) wntes  The
syndrome associated with wslet cell tumours must present the
following essential triad—atfacks of central nervous system
drsorder~motor vasomotor or psychic—coming on during
the fasting state I}(lﬁlng blood sugar levels of 50 mg per
106 cc or less and uprfiedrate recos ery from these attacks on
the admumstration of glucose by mouth or by vem Unless
this tnad 1s present the diagnosis of a tumour requmng
surgery should not be made

The glucose tolerance test 15 of little value 1n making a
diagnosis of orgamc hypennsulimsm but helly {2056) has
suggested that plasma msubm assay s would be.of great value

1n this respect
Once the diagnosts has been made 1t 1s essential to explore
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the pancreas and 1t 1s important to stress that the search
must be thorough as the tumour may be small

A case history 1s grven as anillustration

J M age 42 a Latuan and mclune fitter by trade was ad
mutted to the kung Edward VII Hospital Windsor 1n March
1956 Hehad flu 1n March 1955 for which he was in bed
for one week  With this he had a high temperature and one
episode of confuston lasting for five minutes when he tned to
go outside and had to be loched 1n lustoom  Apart from that
he was completely normal mentlly durning this sliness

Three weeks later he began to get 1ttacks of weakness m
both legs which came on usually quite suddenly when he
was cycling home—a sevenmtle Journey —and tended to occur
towards the end of the week The weakness was so marked
that he had to get off his bicycle and wait by the side of the
road for 1 1} hours before being abl to resume his journey
During these attacks he had no pam m his legs and no trouble
with hus arms he could speak normally and claims that he
was mentally completely alert

These attacks continued for two months and then in May
1955 were superseded by a diffe rent sort of attack  He com
planed one Sunday morning of weakness of his legs and
remamned 1n bed His wafe says that he was then quite
rational but when she returned in the eventng she found that
he was still in bed and was unable to rouse lam A few hours
later he came round but did not recognize her for a further
two hours when he agan appeared completely normal men
tally He had not hitten his tongue nor been incontinent
dunng this period

These sleeping attachs were usually ushered mn by a
complaint of weakness of the legs in gong to bed on Saturday
mght and ended by his wahingupat 3pm on the following
Sunday afternoon his wafe having been unable to rouse him
m the meantime These episodes continued regularly at
week ends for about five weeks and then stopped

He then remamed completely well until November 1955
when the sleeps recurred at first at fortnightly intervals
and always at week ends  In December he had an episode of
weakness of lus legs at work and since then the attacks of
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weakness now followed (always) by sleeping became more
frequent  For the two months before his admission on the
24th March 1956 he had been having sbout three attacks a
week It was then noticed that they tended to come on after
exercise and that before he became gradually drowsy hus
concentration became poor and his speech urational and
slurred At this pomt m the attach 1t was noticed that rest
or food improved him and that the shightest exertion such as
moving from his chair or even telhing made nm worse  The
peniods of unconsciousness were lasting, longer  20-24 hours
and dunng the three most recent attachs he had been seen to
shake all four umbs violently and bite ks tongue and four
hours before admussion he had been incontinent ofurine  The
attack 1 which he was admitted was the longest he had had
and when he came 1n he had been unconscious for 40 hours

He had had no headache no vormting and no other trouble
with lus imbs or speech and apart from the attacks he had
remained completely normal mentally There had been no
visual disturbance and apart from these episodes he had
never had anything resembhng a fit His appetite was good
and his weight steady  He had no chest or abdominal symp-
toms and between attacks he felt quite well and was then
physically quite normally strong  He had had no sphincter
disturbances

Past History His wife said that he had had 2 bra
illness  at the age of four years but no details were known
He had had no eperations and had had no head mjury as far
as was known and no senous tliness  He came to England
from Germany m 1947 having been in Latvia before then
He had never travelled outside Europe

On admussion on 24th March 1956 he was comatose rest
Jess and moving all imbs equally and with considerable
power and was responsise only topan He was pale but not
sweating tus shin was dry his tongue was clean ard motst
He was not clineally dehydrated  There was no nech spff
ness nor hernig ssign  His pupils were equal but not dilated
and seacted briskly to fight There were occasional Iateral
nystagmoid jerks to night and left  fundt normal  comeal
reflexes equal and brish  There was no facial asymmoetry
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The tone . his limbs was equal and shghtly decreased
Tendon reflexes were all present but slightly increased
the nght leg  the abdommals were absent and both plantar
responses were extensor  Pulse 8o/min regular and full
B/P 110/70 Heart lungs and abdomen—N A D Tempera
ture—avallary g

Shortly after admussion he had a generalized convulsive
attack 1n which there was jerlung of all four limbs cyanosis
and bladder mncontinence  His blood sugar was found to be
13mg perrooml and he wasguen 75 G glucoseyjs with
out change tn his state except that he became more siolent
His blood sugar 1 hour later was 235 mg per 300 ml  Six
fhours after admission lie was confused but accessible and was
able to take fuds by mouth  On the following mormng he
had an attack of swrating and became violent and confused
his blood sugar at that pomnt having fallen to 20 mg per 100
m!  He was from that time on gnen a normal diet with
glucose 3 oz (14 G ) per hour by mouth

Duning the next few days his requrements of glucose
steadily mcreased and 1t was felt that 1t would be unwise to
pursue any further mvestigations because of po sible wrre
versible damage to the CN'S  for this rea on a glucose
tolerance curve was not pted  His plantar resp
were still extensor and five days after admission he had still
ot regained voluntary control of tus bladder

On 30th March 1956 despite fus having becn gnen 10 €
Dextrose per hour 1v  during the mght his blood sugar at
930am was 26 mg per tooml  He was therefore given 20
G Dextrose per hour which raised hus blood sugar to only
54mg periooml by r45pm

Operation  30th March 1956  The pancreas was explored
and a round tumour a little more than 1 cm m diameter was
found m the head of the pancreas and excised

W ithin five days of operation he appeared to have returned
to normal mental alertriess he had full control of lus bladder
and his plantar responses were flexor He made an umin
terrupted post operative recovery and was di charged on
14th Apni 1956

Histology  Ad of the islets of h
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Obsenations  Inwview of the cunous weeh end pertodicity
of these sleeps  the question of hus diet and everase on
Saturdays was gone mto Dunng the weeh his work 15
heavy On Saturday afternoons he does very little physical
work spending his time m the garden Tea and supper on
Saturdays are apparently Virtually the same 1n amount and
timing as on week days  The weakness of hus legs usually
came on at about 70 pm on Saturday evenings 1e 3-1
hour after supper This tuming and 1 particular the fact
that his  sleeps  would begin before he had had any break
fast on Sundays was more suggestive of an orgame than of a
functional 1e  reacttve hypenmsulimsm and the progres
sion 1n frequency and seventy of the attacks coupled with the
extremely low blood sugar levels found after admission made
an organic cause almost certan  An attempt to assess hus
response to a provocatine {low calone) diet had to be aban
doned because even on a normal diet but without added
glucose his blood sugar fell to dangerous levels  There was
nothing to suggest hver damage either chmeally or bio
chemically and exploration of his pancreas was therefore
constdered to be essential

FuncTionAL HyPERINSULINISY
This condition 1s not charactenzed by an abnormally low
fasting blood sugar level but after a glucose meal the blood
sugar level nises normally but falls to hy pogly caemc levels
/ between the 2nd and 4th hours and only slowly returns to
normal  Dunng the appropnate hypoglycaemic phase the
patient has mild symptoms but loss of consciousness 1s
Tare
The treatment for patients with this condition 1 to advise
a spaced carbohy drate diet 1n which they are told not to take
a large carbohydrate meal which would produce reactive
hypoglycaemua but they may be agvised to use glucose to
correct their symptoms should they occur  Protemn and fat
may be taken in average amounts Instead of refernng to
this as a functional condition Prunty (1944) has suggested
that the syndrome 15 better described as bemng due to reactne

hy pennsulimsm
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ID1oPATHIC SPONTANEOUs HyPOGLACAEMIA OF INFANCY

Severe persistent hypoglycacma of unknown cause has
been descnibed mn otherwise healthy mmfants  McQuarre
(1954) 1 reviewing 40 cases of hypoglycaema found 25 1dio
pathic cases  Of these 84 per cont were under two years of
age at the time of onset of distnct manifestations of hypo-
glycaemia and 76 per cent were between the ages of 3 to 18
months I8 were males and 7 were females  There was 1
high familtal meidence {14 per_cent) while the family his
tortes of the other patients indicate the probable cxcurrence
of the syndrome 1n a previous generation  The absence of
physical stigmata and normal responses to 11l special tests
except those immediately related to glucose and nsulin
tolerance characterize the cases of idiopatiuc mfantile hy pa
glycaemia  McQuarnie (1954) found that no.genuine-case so
far tested faded to respond favourably to trentment with
corticotrophin
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CHAPTER VIII

PRACTICAL PROCEDURES
by p H voBES and j LISTFR

I UriNe Avanysis

1 Tests for Glucose Smce routme urine testim, plays
an invaluable part 1n the diagnosts of drabetes simple screen
g tests are requred Any of the well known copper
reduction tests—Fehlings Benedicts Clmtest may be
used but 1n addition to glucose they all detect other sub-
stances which are of no mmportance wn connection with
diabetes  Two new enzyme tests~Chimstix and Tes Tape
which are specific for glucose 1n unne have now become
avallable These are 1deal screening tests because of their
simplicity  but as they are only reliable qualitative tests”
Baron and Newman (19538} Davies and Paley (1957) Dumm
and Shipley (1946} Fohn and Wu (1920) another test such
as Chmtest or Benedict s test should be used to determine
the amount of glucose present on those unnes positive to
one of the enzyme tests

As an aid to dabetic management a semu quantitative
test 1s necessary  Climtest 15 the most comvement test
available both for use 1n the clinic and by the patient

~ Qualitative T ests
“{a) Chmstix Reagent Strips
Dip test end of Chmistix 1 urine and remove  Alterna
tively the test end may be placed in the unne stream
momentanly or moistened with a drop of unne
Negahne  No blue colour develops
Positize  Mosstened end turns blue
Yhen glucose 1s present a blue colour normally appears i
Jess than a minute but occasionally may be defayed a
mnute or so depending on the nature of the unne
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(8) Tes Tape Urine Su ar Test Tape—Lally
hemove approvimatily 13 of Tes Tape and dip i spear
men  Remove and wait I minute ther wmmediately
compare darhest area with Tes-Tape colour chart
A\eyatne  In the absence of gluresc the tape rematns
ellow
Posttve  The tape will change colour ranging from
faint green to deep blue depending on
the amount of ghicose present
Cautwon  Both of the enzyme tests  Clonstix  and
Tes Tape are based on very sensifne enzyme reactions
and care must be taken to avoid contamrnation of the stichs
and tape with glucese or other chemicals  The impregnated
matenal should not be handled with the fingers 1s they may
have traces of gluco e on them
Clomstix  and  Tes Tape  are both specific for glu
cose but are not switable for quantitative use due to the
influence of pH temperature and the presence of anta
gomstic substances such as ascorbicactd Baron and Newman
{1958) Dazies and Paley (1957} Dumm and Shipley (1946)

Quantitaine Tests
(@) Clunitest Reagent Tablets
Place 5 drops (0 25 ml) of unne into the test tube using
the standardised Clintest dropper
Rinse dropper and add 1o drops of water
Drop one Clinitest tablet into the test tube
W atch while the reactron takes place
Do not shake test tube dunng the reaction nor for 15
seconds after the boiting inside the test tube has stopped
After the 15 seconds waiting pertod shake tube gently and
compare with the standard Chinulest colour scale
Negatize  The flmud will be blue at the end of the 15
second waitmg period  All shades of blue
are negats ¢ The whitish sediment that
may form has no bearing on the test
Positire The flmd will change colour and the mare
sugar present the more rapidly wall it occur
The amount present 15 determined by com
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Parmg the tube with the colour scale at the
end of the 15 <econd wartting period and
any change after this persod should be dis
regarded

An amount of sugar over z per cent
causes rapid colour changes which pass
through all shades including the orange
and finally turns to a dark greemsh brown
which should not be confused with any
colour on the chart

FIG VIII 3 —Chimtest reagents

Providing the reaction 15 watched care
fully there should be no difficulty m
noticing 1f the colour passes through orange
to this dark brown shade in whch case
the result should be reported as over 2
per cent without reference to the colour
scale See g VIIT 1
{8) Benedict s Test
Put nto a test tube
50 ml Benedict s Qualitatis e Reagent
05 ml Unne
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Place tube 1n vigorously bothng water for 3 munutes or
boul over a flame for 2 minutes

In the presence of a reduung substance (glucose m dia
betes) ayellow ot red precipitate of cuprous ovide 18 formed—
the final eolour depending on the amount of glucase present

Greemsh blue 01-02%
Y ellowish green 05%
Brown 10°%
Reddish brown 20%
Bnght red More than 2 0%,

Mote It s umportant to adhere to the above quantitres
and time of boshing partieularly if the results are to bu used
10 assist m the control of a diabetic patient

“3 Tests for Ketones It 1 important to recppnse the
Itmitations of the avaable tests It 1s generally accepted
that the Rothera test 1» somewhat too sensitive and fre
quently gives positive reactions to low levels of hetonuna
of no clineeal sigruticance  In contrast to this the Gerhardt
{ernic chloride test 18 not sersittve enough to be yced alone
It al o had the disadvantage that the unne of patients re
cersing many commonly admmstered drugs gives a similar
reactton dretest  tablets are a far compromi e as ther
sensitrvity 1s mntermediate between that of the Rothera and
Gerhardt tests (Frazer 1958) A trace reaction with

deefest usually denotes hetonuna of chimeal sigmficance
and a modetate or strangly positive  r sult indicates
severe diabetic betoss (Himsworth 1936)  If howeser it s
desired to detect the faintest hetonuna Rothera s test 1s the
most sensitive #

(a) Acelest  Reagent Tablets
A tablet 1s placed on a clean wlite surface and one
drop of unne 1s placed on top of 1t At the end of
30 secords the purple colour ahich de elops in the pre-
sence of ketones is compared w th the Acefest  colour
chart and the result recorded as trace moder
ate or strongly positive
In common with all mtroprusside reactions for hetones
the colour will continue to develop for several mmutes For
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parng the tube with the colour scale at the
end of the 15 second warting period and
any change after this period should be dis
regarded

An amount of sugar over z per cent
causes rapid colour changes which pass
through all shades including the orange
and finally turns to a dark greemsh brown
which should not be confused with any
colour on the chart

Fig VIII 1 —Chmtest reagents

Providing|the reaction 15 watched care
fully there should be no difficulty 1n
noticing 1if the colour passes throw,h orange
to tls dark brown shade in which case
the result shonld be reported as over 2
per cent without reference to the colour
scale See Fig VIIT 1

~{8) Benedici s Test
Put mto a test tube
50 mi Benedict s Qualtatr e Reagent
o5 ml Unne
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o the dccomposmon of ths Compoyng to Acetone Vhick
does ng¢ Teact wy, fernic chlonde -

~3 Tests for Protery

(a) Snlmlsulp/mmr Actd Tog
face, aboyt Som) o Unne 1ngy a test tube {filtereq if

duud})

Add aboyg o5 m} 259, s:mcybulphumc acid

A white Precipitate Whic] Y vary fron Avery fyne
haze 1, 2 heayy turbxdxu will oceyr m the Prisence of
Protery

It "Mportang that he 3PProvimy g, quintige, of unne
and Teagent ape adhereg toas ¢
sahc)lsulphomc acd to 5 Uine ywhyep, ey alkaln, could
Tesultay false Regatve tegy

Altllough 2 ven, Tehaple test fapge Positry g may
Casiongy, oceur dpe to the Presenee of U aeig o radio

] Se,

e
&ven Iarpe amounty of Protemn cap be
mssed ¢ the uppe Is st alkaline When boiled

{e) Albysy,, Reageys Strips
P test end o Albusyyy N unne gng Temoye Altern,
tnely the tegy end may po Placed j, the urpe stream
momentam; or Moisteneq Vith o drop of urine
Loy
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Aegaine  No colour change detelops
Positne. Mowtened end turns green to blue-green
immeduately  The stich may be com
pared with the colour scale provided and
the result reported as  negatne
trace moderate or strong
As the colour reaction 1s not affected by the turbrdity of
the unne 1t 15 not necessary to filter before making 2 test
Albustis has approvimately the same sensttnaty as the
salicy laulphomic acid and boihing tests {Hunt £ al 1956
Kung and Vootton 1956)

II Btoop Avanasis

1 Blood Sugar E. (Glucose} N\ methods
are as ailable for the estimation of total reducing substances
and for true glucose The following are selected for therr
simphicity and com entence for routine use
(a) Method—Folur and W (Micro method) (Leonard  1957)

—Total Reducing Substances
Procedure  Into a small test tube 3 x3 place the
following
35 ml distilled water
o1 m! blood
o0z ml 10°%, sodium tungstate
ozml g N sulphunc acid

Afin and stand 10 mnutes until protein precipitate clumps

then filter or centnfuge

Into a Fohn tube place

20 ml blood filtrate
2 0 ml alkaline copper reagent
Standards
(A) Into a Fobin tube place
zoml 0005°, gluco e
2 0 ml alkalne copper reagent
(B) 10ml ditlled nater
1 0ml 00059 glicose
. omi athahme copper Teagen
In each case mu and place 1t a

1
boiling water bath for
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exactly 6 munutes Cool for one or two minutes and
do not shake

Add 2 0 mt phosphormolybdic acid reagent dilute with
water to the 12 3 m! marh and mic by i ersion

Allow to stand for a few moments for bubbles to nise
and then compare in visnal or photoelectsic colormeters
using a red or orange Alter

Calewdation
Standard {A)—

R::;?:é?{is’g%ﬂ x Y00 =mg sugar per 100 mi blood

Standard (B)—

Readwy of Test
Roa ;%@»ffs‘an T <50 =g sugar per 100 ml blood

Reagents

0%, v 1 sodium tungstate

% N sulphunic aad

4ikaline Copper Reagent Dissohe 40 g anhydrous
sodium carbonate mn 400 ml of water Transfer to a 1 hitre
flask 7 5 of tartanc acid and wait until thes has dissohved
Transfer quantitatiely to the flask 4 5 g crystalhne copper
sulphate which has been dissolsed 1n about 100 m! of water
\lix and make up to velume

Phosphomolydbdic Aced Reagent  Dsssolve 35 g molybdic
acid and § g sodium sulpbate m 250 mt of 2N NaOH and
boit for 3o munutes  Add water to 350 mi  and 125 ml of
89%, phosphorie arsd {sp gr 2 75} dilute to 500 ml

Stock Glurose Solutsons Dissolse 0x g pure anhydrous
glucose in saturated benzoic acd solution {0 3°) to volume
of rpom!  Thisisa permanent standard

Standard Glucose Solutions  Ihlute 1 0and 2 5ml of the
stock glucose solution with ssotonsc sodsum sulphate copper
sulphate to 100 ml gning standards of 0 02 and o 05 mg
per 2 ml {=Bo mg and 200 mg glucose per soo ml of
blood) It 15 recommended that this be stored in a re
fngerator
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Aegattie  No colour change develops
Posttine Moistened end turns green to blue green
mmedately  The stick may be com
pared with the colour scale provided and
the result reported as  megatne
trace moderate or strong ,
As the colour reaction 1s not affected by the turbidity of
the unine 1t 15 not necessary to filter before makmg a test
Albustrx has approvimately the same sensinvify as the
sahcylsuiphontc acid and boihng tests (Hunt e al 1056
hing and Wootton 1956)

II' Broop Anarysis

1 Blood Sugar E: (Glucose) N methods
arc available for the estimation of total reducing substances
and for true glucose The following are selected for therr
simplhcity and com entence for routine use
(@) Method—Folsn and Wu (Micro method) (Leonard  1957)

—Total Reducing Substances
DProcedure  Into a small test tube 3 x} place the
following
35 ml distilled water
o1 m} bleod
oz ml 10% sodium tungstate
ozmt N sulphunc acid

A1x and stand 1o minutes until protemn precipitate clumps

then filter or centrifuge

Into a Folin tube place

20 ml blood filtrate
2 0 ml alkalme copper reagent
Standards
(A) Into a Folin tube place
20 ml 0005°, glucose
2 0ml alkahne copper reagent

(B) 10ml dstilled water
1o ml 0003% glicose
2 0 ml alkalime copper reagent
In each case mix and place 1 a boiling water bath for
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CYactly g uteg Cool for One of two Minyteg ang
do ng¢ shak
ml p ho:phom 0l bye acid Teagent dilute with
Bater ¢ the 1, 25 Mary d myy My ergy,
Alloy st:md for nts fo, S to rse
arq n Ompape 15 Photogy, t) lor, ter
USIng 3 reg OF orange filter

Ref;:} %ﬁ x mo:mg Sugar pep 100 ;) bloog
Standard {B)—

Rea dmdl mﬂ\rd x50 =Mg sugap Per 100 1y blogg

Reagmts
0% w v sy um tungstate
f N phunc crd
kalme Capp Reageny Dissop ¢ 40 g anhy droys
Sodny, arbonate m 400 ! of y, °r Trap, to 21 ligre
hi!

5¢ o of tare, rtane <1d ap, nd way, untd ¢hyg has ¢, olled
Transfey QUantygyy,, I Y to the e flas; 454 cr} stall Opper
Sulphate Which has been dlssol\ edy aboy mj of Water
Mix ap, e

Pﬁosphomvl) bdie 'lc d Re “gent 1ssoly e 5 & Molybye
acd g, 5 & soq, m Sulphate m 250 m of I\ Mag OH ,, nd
30 myp, 0 350 adxzsml
r 500 mj
Stoc Glucog, Snlulxans stsohe oI g D ankhy droyg
8lucoye n Sathrageq bcnzoxc actd Solution {03"0) t ‘olume
m ha el an, )
Standary Glucosy Solutrong Dilyte Ioang 25ml of the
Stock 8lucose Solution With sotonge Sodiym sulphate Copper
ate 1o Too my f 0 0;

=, N m, T I
blood) It g5 recommended that ths pe Stored
or
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(&) Asatoor and Ring Method {Modified) {Moss 157)—~
True Glucose
Procedure Into 4 comscal centnfuge tube place the
followng
00y mi blood
39 ml Isotomc sodmum <ulphate copper sulphate
solution
005 ml sodwm tungstate
Shake well and centrifu,e
Into a test tube } m diameter place
2omi of supernatent fluid
zoml of modified Harding B reagent
Standards  Into stumilar tubes place
{Aj ~oml of 80 mg % glucose standard
2o ml of Modified Harding B reagent
(B} 2 0m! of 200 mg ° ghuoose standard
2 0m! Modified Harding B reagent
The tubes are stoppered with cotten wool and placed m
a bothing water bath for evactly ro minutes Cool 1m
medately and add
6 mi of arsenomoly bdic acid reagent or 6 ml of phospho-
molybdic acid reagent
5 ml of water
Dilute with an additional § or 1o ml of water when
glucose concentration 1s high
Compare mn visual or photoelectnic colonumeter usin,, red

ot orange filter
Calculation
Standard (A)—
Reading of Test _ " £ 100 m1 blood
Reading of Standard ~ 8o =my glucose pe
Standard (B)—~

R sz 200=mg tucose pr 100 lood

Reagents
Vodified Harding Solution B (half strength) Dissolve
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50 g NaHCO, 1n a beaker with about 700 ml of distilled
water Stirin 40 g anhydrous Na,CO;—add 36 8 g potas
sim oxalate 1 120 ml of warm water Add a solution of
24 g sodmm potasstum tartrate m about 100 ml of water
Pour into a 2 litre volumetric flask up to the mark and shake
well

Phosphomolybdic ded Reagent  Dissolve 35 g molybdic
acid and 5 g sodiem sulphate tm 250 ml of 2N NaOH and
botl for 30 minutes Add water to 350 ml and 125 ml of
89% phosphonc acid (sp gr I 75) dilute to 500 ml

Arsenomolybdic Acid Reagent Dissolve 25 g ammomum
molybdate 1n 450 ml of water Add 21 ml conc sulphuric
acd mix and then add 3 g of sodium arsenate

(Na HAsO, 7H,0)

dissolved 1n 25 ml of water Keep mixture in 37 bath for
2 days For use dilute one part reagent with two parts
water A R chemicals should be used for the reagent

Isotonic Sodvum Sulphate]Copper Sulphate Solution 320
m} of 3% sodium sulphate (Na,SO, 10H,0) plus 30 ml of
7% CuSO, 5H,0

Soduuem Tungstale 10 g per 100 ml kept in a waxed
bottle

Stock Glucose Solution Dissolve 01 g pure anhydrous
glucose m saturated benzorc acd solution (0 ,%) to volume
of 1oo ml  This 15 a permanent standard

Standard Glucose Solutions Dilute r 0 and 2 5 ml of the
stock glucose solution with 1sotonic sodum sulphatefcopper
sulphate to 100 ml grving standards of 0 02 and 0 05 mg
per 2 ml (=80 mg and zoo mg glucose per 1oo ml of
blood) It 1s recommended that this be stored m a re
fnigerator

(c) Dextrotest

This 15 a new method available in the Umted States
(Nabarro 1958 Nash ef al 1954) for the approximate
estimation of total reducing substances and has the special

advantage of providing a result within 5 minutes of collect
mg the blood
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Al reagents and simple equipment required for perform
g a test are prosided in the hit
DProcedure
Place water 1n test tube provided to 2 m! mark and add
the protemn preciprtant tablet P
After tablet has dissolved add r m! bloed nvert and
shake to mix thoroughly
Immedhately pour mucture through dry filter paper and
collect filtrate to T ml marh m second tube
Add copper reagent tablets to filtrate Do not shahe
while boiling but after boiling stops shake tube gently
3 or 4 times
Wait 30 seconds and compare with colour scale which
ndicates 100 150 and 200 mg per 100 m! blood Itis
possible with experience to mahe estimations between
the colours on the scule
If the concentration of sugar 1s more than 200 mg per
cent the test may be repeated using 05 ml of blood and
2z 5 ml of water or the protemn free filtrate may be dilated
with an equal quantity of water The result obtamed with
erther of these modified techniques 1s multiphed by two to
obtarn the glucose concentrat:on per 100 ml! of blood

3 Glucose Tolerance Test
Preparation of Patient
The patient 15 allowed nothing to eat and dnink overmght
but a cup of tea without sugar may be allowed early on the
mormng of the test
Drocedure It 15 usual for glucose tolerance tests to be
carrred out on capillary blood
Collect specimen of blood and urine
Gnesog of glucose dissols ed 1n about 200-250 ml water
flarpured if dessited  An additional glass of water may
be grien if required
At half hourly mtervals after the glucose 1> ghven spect
mens of blood are tahen up to 2 hours
Samples of unne are collected 1 hour and 2 hours after

the glucose dose
Glucose estimations are carned out on the five blood
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eClmens and thes, S€ are plogy ed op 2 graph Igamst ¢ time

0! Collection of the Specimen;, The three uripe p cxmens

are testeq Io T glucose and Letoneg and the results 5, arked
on the gry ph

0ses of Too g f gl Ucose ¢ May pe 8iven , ut appcar to
haye httle aq, amage OVer the tege Io_ymg 50
of

€]
or ch:ldren &lucose €IS g D per 3 Ibs of bod

4 Insllhn/ Glucose Tolerance Test

Pmm{l

Couect peum 1 0f bloog

Hject iny, tra nously O uny Insuhp ber kg of bod}

Weight
Collect second SPecimen o bloog half ap hour after yp
Jection

08 g &lucose per kg ody xe:g IS given by mcuth
lmmedxatel_y after ¢ 011 ectio 3o

Minute blog, Specy

Funherboo SPecimeng are collected
hours and 3 hoy after ghe

uI in m]ect
o evpres the reg 1( percenxages of the

T4 houps

5L,
mmal blood su;

CCurate g hods for the determmauon of bloggq Aetones
are Tarely mployeq dxmcaH_y but 1 4} Uable 1y, ation
be Obtaineq from ¢, appheat 1mp] Mitropryg, d

st (Sc 1957)
Powder contammg the follo, g mgredlents s useq
Ig Sodium o, tmprussxdc (fine, ely grou; nd)
0 Mony, Stlphate
& sodiym ca ate a hydrous
N thoroughly Withoy,

Tindiy, kept dry  he
pov\dershould Temay g, ble !or aboyt
ire

drop of Serum placed on to 5 2 smajy Pinch of the
Powder aboyy, ut 5 N diamete,
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If this test 15 positve the serum 15 diluted one 1 two
and the test repeated
If still positive dilutions are contmued until no colour
rcaction 1s obtamed
The dilution 1s multiphed by Io to cbtamn the very ap-
Pproximate concentration of acetone and acetoacetic acid 1n
mg per 100 ml
(b)  Acetest  Reagent Tablets
One drop of serum 15 placed on to an Acetest tablet and
the colour read at 30 seconds
In the presence of a chmcally sigmificant mcrease m
ketones the famihar pinkish purple colour wall occur and a
&mde to the concentration may be obtained by comparison
with the colour scale provided with the tablets

I INSULIN ADMINISTRATION

Strengths of Insuln Preparat. Insuln 15
1n unts and the strength of annsulin preparation 1s expressed
m terms of umits per ml Soluble msulin 1s supphed m
strengths of 20 40 and 8o umts per ml while the other m
sulin preparations are supplied 1n strengths of 40 and 8o umts
per ml  When large doses are bemng prescribed the 8o umt
per ml strength 1s often used as 1t allows a high dosage tobe
njected m a smaller 1 olume

It 15 vatal for the patient to understand the dosage system
and for the actual dose to be prescribed i umts  The stand
ard colour system adopted by the British Insulin Manu
facturers for 1dentifying the different types of msulin should
make mistakes as oidable and apart from these colours esery
pachage bears printed details of 1ts contents

Storage of Insubn  Insulin should be stored in a cool place
but should never be allowed 1o freeze  Insulin should ot be
used after 1ts expiry date

The Insubn Syrnge  The most satisfactory syrnge avail
able for diabetics in thts countrs 15 the Brtish Standard In
sulin Syringe (BS 1619) Itismadein 1m! and 2 ml 5!;05
and takes Luer type needles It 15 specially designed for
diabetics and for the conyentent measurement of the dosc m
units The word umt does not appear on the BS 1619

dardired




PRACTICAL PROCEDURES 121

isulin syring ¢ since the number of units measured by with
drawing the planger to any one pomt depends upon the
strength of insulin beng used  The synnge
13 therefore marked into twenty divisions
for each umt so that 5 marks on the syringe
will measure 5 umts of 20 umt strength
msulin 1o umts of 40 umt strength or 20
unrtsof 80 urut strength (Fig VIIJ 2) Pro-
v1ded the dose 1s always prescnibed 1n units
and the strength of the preparation 1s
clearly understood there should be no pos
stbility of confusion

Care of Syninge and Needles Most patients
sterilize thetr sy inges either by bosling them
or by immersing them m spint

Sterihization by Bothing  The dismantled
synnge the needle and 2 pair of forceps are
first placed m a saucepan of cold water
which 15 then brought to the bott and boiled
for not less than five minutes  Afterwards
the waters pently poured away the sauce
pan Iid being held to retain the apparatus
The apparatus 15 then left to cool in the
covered saucepan  the syringe itself 15 re
assembled with the stenle forceps or with
clean dry fingers and the needle reaffived
with the stenle forceps

Sterth ation with Spirt The most effec
tive strength of alcohol 15 best prepared by
diluting foxr parts of industrial spint* with
not more than oxe part of boiled water
The spinit freshly taken from a stoppered
bottle should be mixed with the waterma
suitable shallow s essel large enough to hold
the dismantled syringe  Exery few days the
mmxture must be changed

After use the syringe 1tself1s first washed i}“’ VI 2—The

Sta d;
Industrial spinit 15 preferible to surgicat spirit 1o oo o

for sterlization of sy nuges {BS 1619) i

®



122 DIABETES MFLLITUS

clean in tap wafter the needle 1s reattached and spmt
muxture 1s drawn up several times to wet the mside of the
needle thoroughly The sypnge 15 then dismantled and
together with the needle totally submerged in the spunt
mrcture it the vessel  This s then covered over and the
syringe and needle are left immersed until they are next
sequired

When needed next the syninge parts are Iifted from the
vessel with forceps steriized by partial immersion in the
spinit for at least five mimutes  excess hquid 1s shaken off
and the pasts are reassembled with the forceps or with
clean dry fingers The forceps are then used to bift the needle
from the vessel and to reattach 1t to the barrel

Needle S1ze The best size of needle for making mjections
of nsulin 15 from No 17 to No 20 Needles should be hept
sharp  With practice they can be sharpened on 2 fine razor
stone or they can be sharpened by experts

Insuiin InJECTION

Most dizbetics who need insulin should make therr own
injections

Injection Sites  The best sites for injecting msulm are the
outer areas of the thighs the sides of the abdomen and {with
practice) the onter areas of the upper arms  Injections may
1n fact be made m any conentent region of the body where
the shin 15 loose  No two mjections should be made close to
each other within a period of at least 2 week  The site of in
jection should be changed from time to time 1t 1s a good
plan to change from one thigh to the other or from one sile
of the abdomen to the other at regular weekly or fortnightly
ntervaly

Measunng the Dose  All types of msulin except soluble
nsulin and ¢lobin zinc sulin which are clear solutions
must be shaken 1n the bottle before use  The msulin 23ne
suspenstons should be shaken well  protamme zinc nsthin
and 1sophane wsulin should be shaken only gently The cap
from an msulin bottle should never be removed  To with
draw a dose the following method should be used
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be gently rotated m the hinds immedntely before the in
Jection
To make an wnjection of Insubn 15 not diffientt

(x) Cleanse the shin s here the mjectton will be made
nsing a mud antiseptic

{z) Holding the syringe by s barrel with one hand
pinch up the shin vth the fingers of the other hand

(3) Thrust the needle in long the fold

(4) Puli back the plunger without movmg the nexdle te
see of any blood enters the synnge  (This very sel
dom happens but 1f 1t does do so you must with
draw the needle and mal = another puncture )

(5) hecpung the synnge steady press the plunger down to
mject the mmsulin

(6) Withdraw the needle along the path of entry and press
daun firmly on the pomt of puncture with cotten
wou] for about 15 seconds  (Fig VIIT 3)

; -
L -
[ et Bur ovgk M Heom &€

Fic VIHI 3 ~Injecting the do e

Alternatniely the mjection van be made by an mjector
gan  The nsubn 15 drawn up the syringe as before the
synnge attached to the gun and by pulhn, the tngget
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sulin ts 1njected at the correct depth in the shin  Fig
VIII 4 illustrates the Palmer mjector gun *

- & Nl
J— a.!;-_rd o Y ety —

Fio VI g—Palmer jector gun
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PART II
COMPLICATIONS AND ASSOCIATED CONDITIONS

INTRODUCTION

THE mcereased Itfe span which msufin has granted to dia
bettcs has also made them an 1deal population n whom to
study the natural hustory of the disease As groups of diabetic
patients are observed over the years etther m practice or m
diabetic clinies so the evolution of the fully deseloped syn
drome of diabetes can be followed

Severe dabetie hetosts should now be an uncommon com
plicatton in the known diabetic and death from diabetic coma
should be a ranty  Hypoglycaemaa 15 a complication of the
treatment of diabetes but provided the circumstances
which 1t 15 Iikely to occur are understood and correct treat
ment 15 quickly mstituted exther by the patient or his doctor
the consequences should rarely be senous

On the other hand there are a number of complications
which appear to be related ether to the duration of the dia
betes or to the degree of diabetic control or to both of these
factors In particular diabetics are hable to desvelop vascular
degenerative disease  This affects the coronary _arieries the
penpheral artenes and there 15 also what appears to be a
speatfic type of diabetic vascular disease affecting the retinal
and renal vessels A number of neurological complications
are alo recognuzed and have been grouped under the head
ing of drabetic neuropathy and 1t 1s now recogntzed that those
lestans of the Iimbs which were formerly Joosely described as
diabetic gangrene may either be pnmanly vascular pnr'n
anly neuropathic or due to a combmation of both factorswa h
or without superadded mfectron

Sumiludy the drabetic who comes for surgery may pfe;em
2 problem althongh the safety and efficiency of mdos ern
anaesthesia has greatly mmnimized the potential hazar [H;
solved so long as simple principles of treatment are [0
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lowed In addition to these complications of diabetes there
are a number of other conditions such as pregnancy and
pulmonary tuberculosis which have to be considered as asso
clated conditions because they may either modify or he
modified by the diabetic state
These then are the aspects of diabetes which will be con

sidered 1n the following chapters bearing n mind the fact
that although diabetes 1s a lifelong condition the duty of the
physician 1s to help the patient make 1t as little a disability
as possible



CHAPTER Ix
DIABETIC VASCULAR DISEASE

The most senous threat to the Iife of a diabetic to dav
results from cardiovascular degeneration  In the Naumn
era of 1894-1914 diabetic coma caused the death of 61 per
cent of diabetics and dabetic arteriosclerosis accounted for 15
per centof deaths  Joshm (1930) found that diabetic coma was
only causing 11 per cent of diabetic deaths 1n his senes
while vascular disease was accounting for 50 percent  Healso
found that the longer the duration of the disease the greater
was the ncidence of artertosclerasis and 1n cases of more than
30y ars standing 1t was the cause of 68 per cent of deaths
Later reviews have confirmed this high madence of vascular
disease in diabetics Rabinowrich Ritchie and Mchee (1934)
found an incidence of artenosclerosis 1 85 per cent of dia
betics under 50 years of age who had been diabetic for more
than 5years Dolger (1946 1947) found that of 200 drabetics
followed for 25 years none escaped degenerative sascular
disease  Further emphasss s giten to the importance of the
duration of the disease rather than the age of the patient as
the determmmg factor i the development of vascular
degeneration by the observations of Chute (xg48) that even
m juvemle diabetics who survive more than 15 years the
naidence of such changes 1s high  Thus tragic observation
presents one of the greatest problems mn the treatment of
diabetes and Wilson Root and Marble (1953) found that of
247 young patients with severe diabetes of 10-34 years
duration with onset at ages between 18 months and 30 years
25 per cent had mamifestations of diabetic neuropathy

The pathology of dibetic vascular disease has been
likened to an accelerated artenosclerotic process together
with vascular changes in the retinal and glomerular vessels
which are almost specifically diabetic

The accelerated arteriosclerotic process may tahe the form
of atherosclerosis with the laying down of ntimal plaques of
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atheroma  Monkeberg s sclerost_with.medial calcificatton in
the vessels to the legs or of artertolarsclerosts when the lesion
chtefly affects the medium sized vessels and 1 then usually
assoctated with some degree of hypertension The speaific
changes 1n the retinal and glomerular 1¢ssels are responsible
for the des elopment of diabetuc retimopathy and nephropathy

It 15 clear that a vanety of clintcal prctures may result
from such changes and they may frequently oceur 1n the
same patient It 1s however contenient to constder the more
common conditions under the following headings

{1) Coronary artery discase

(2} Peripheral vascular disease

{3) Diabetsc retinopathy

(4) Diabetic nephropathy

(5) Hypertension mn diabetes

1 Coronary Artery Disease Many workers have shown
that coronary artery disease occurs more frequently in da
bettc than non diabetre persons It occurs at an early age i
drabetics (Warren 1930) and also occurs equally 1n male and
female patients although in non diabetics the meidence 1s m
the ratto of 3 male to 1 female (\athanson 1925) Autopsy
studies have been carnied out by many workers and have
proved the high mnaidence of coronary artery disease il
Jard and Root (1948} reported on the state of the coronary
vessels 1n 110 drabetic autopstes 1In 10 per cent of cascs
there was no macroscoptc disease 11 2T per cent there was
sclerosis without narrowing  n 34 per cent there was narrow
g without occlusion and 1n the remaimng 34 per cent there
was actual occlusion present  These worhers emphasize that
this incidence of 34 per cent coronary occlusion 1s more than
si1x times as great as that encountered m non diabetics
Using a special technique of mjection combined with dis
section Stearns Schlesmger and Rudy (1947) found some
degree of arteriosclerosis 1n the coronary artery tree tn cvery
case they exammed Root ef a/ (1930} stated that cardiac
infarction occurred 5 times as frequently m the diabetic as
n the non drabetic

The outstanding chinical features of coronary artery dis
ease 1n diabetics are that both frank cardiac occluwion and

3 tom
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angina of effort are observed almost as {requently n female
patients as m males n contrast to the normal population and
that symptoms of coronary artery disease are observed at an
unusually early age mn hoth <exes Routme electrocardio-
graphuc studies on drabetic patients have shown 1schaemic
changes 1n a high proportion of the cases Hepburn and
Graham (1928) found that below the age of 50 19 4 per cent
of tracings were abnormal but abov e that age the mcrdence of
abnormal traungs rose to 51 7 per cent  The majonty of the
abnormal tracmgs showed T wave changes or abnormahitres
in the QRS complex while bundle branch block or other ev1
dence of intraventricular conductson defect was not uncom
mon

From the chnical viewpoint the management of a cardiac
wnfarct m diabetis differs m ne way from that m non
diabetics and there 1s no contra indication to anticoagulant
therapy In the early stages however some degree of
ketosts 15 the rule and occaswonally precoma may develop
The man. of this phcation d ds 1ts own treat
ment but 1t 15 mportant to as oid hy pogly caemnra 1n correct
1ng ketosis because there 1s a tendency for hypoglycaenua to
aggravate myocardial 1schaemia (Murdock 1951) and amy
ntratenons therapy must be carried out with the utmost
caution because of the danger of precipitating cardiac farlare

The importance of myocardial mfarction as a cause of
death m diabetics and as a factor nfluencing the expecta
tion of life 1n diabetics has been stressed by Marble (1935}
who found that of 10z diabetic patients admitted to the New
England Deaconess Hospital with acute myocardial m
farction 60 8 per cent died within the first 6o days Bradley
and Bryfogle {1956) found that coronary artery disease was
accounting for nearly one half of all deaths m diabehc
pattents and of thesr cases 57 8 per cent ded after the first
attack Thus the diabetic with a cardrac infarct hasa prog
nosts similar to that of poor risk cases in the general pupula
tion  The Jate survval rate 1s also poor and Bradley and
RBryfogle (1936) found that only zo per cent of diabetic
patients survised 5 years and only 3 6 per cent survined 10
years after their imtial attach
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2 Penipheral Vascular Disease  In reviewing autopstes on
175 chabetic patients Root and Sharkey (19364) found that
the premature arteniosclerosts chiefly affected the muscular
artertes under greatest stramn namely the coronaty arteries
the aorta and the arteries of the legs  These findings were m
accord with the much earher chinical observations of Heitz
{1924) that coronary artery disease imtermittent claudica
tion and diabetes were frequently present mn the same
patient Intermuttent claudication 1s however a much less
common manifestation of peripheral vascular disease m dia
betics than gangrene of the extremities Intermuttent
claudication_affecting_the calf 15 1n most cases due to ob
struction of the femoral or pophtedl arteries gangrene 1s
more often due to lestons in the more peripheral vessels

It 1s not easy to lay down cntena which may be taken to
indicate the presence of peripheral vascular disease The
absence of pulsation m the dorsalis pedes artery 1s often
considered pathological but Silverman (1946) found that the
dorsalis pedes pulses were absent in 13 per cent of atherwise
normal young men

Semple (1953) has suggested that the presence of one or
more of the following criteria may be taken as evidence of
peripheral vascular disease

41} A history of typical mntermittent clandication or gan

grene

{2) Disappearance or gross dumnution of pulsation in the

artenes of the foot after exercise (inverse reaction)

{3) The absence of both posterior timal pulses
On these criteria Semple found that of 100 diabetics over the
age of 50 42 had signs of arteral disease Intermittent
clandication was however a rare symptom and 1 only 6
cases was the popliteal pulse absent  On the other hand the
mcidence of gangrene of the extremities was high and 1t ap
pears that 1n diabetics 1t 1s-mainly the smaller_muscular
artertes which areanvolved It has frequently been stressed
by chnicians that gangrene 1 diabetics 1s often due to
thrombosis of digital vessels {Lewss 1946  Learmonth
1950) while Warren (1930) brought forward evidence based
on Iis pathological studies to show that the arfena] Jesion
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an_diabetes_3s distal an so far 15 1t chi fly intolves the

smaller muscul ar artentes the larger vessels often remaming
mtact Fmally the occurrence of peripheral artenal disease
m drabetes 1s more closely related to the age of the patient
than to the duration of the dinbetes and Qakley {19;5) has
stressed that 1t 1s only excessively common in diabetics over
the age of 6o

For lesions of the feet see also Chapter \II

3 Duabetic Retimopathy  Retinal changes were first noted
in diabetes by Jaeger (1856) and Hurschherg (18g0j deseribed
a charactenstic inflammation of the central region of the
fretina with small bright spots and scattered haemorrhagic
points  This change he termed reftmtis ceniralts punclala
diabefrca and 1s a descriptive term for what 1s still recogmzed
as the characterstic appearance of eatly diabetic retino-
pathy

The increasing frequency with which retinal changes are
now being, observed appears to be diectly related to the
increasing longevity of the diabetic patient  Thus Wagener
and Wilder (1921) found diabetic retinopathy 1n & 3 per cent
of their cases while Wagener Dry and Wilder (1934) found
that the inaidence bad nsen to 17 7 per cent and VW agener
{1945) reported that 29 6 per cent of his diabetic patients had
retinal changes

The pathological change 1n the retina has been mvesti
gated by Ballantyne and Loewenstemn (1943 1944) Ballan
tyne (1045) and Ashton (1949) These workers hatve con
cluded that diabetic retinopathy 1s quite distinct from the
retinopathy of hypertension This 15 supported by the
chmieal observations of others (Croom and Scott 1949} that
retinal sclerosis 15 not marhed m diabetics and that in g of
therr cases with retmopathy the retinal artenes were normal
By studies on specially stamed sections Balfantyne and
Loewensten concluded that the punctate haemorrhages seen
on ophthalmoscopy are globular mucro aneury sms assocraied
with the capillanes 1n the mner nuclear layer of the retina
They also showed that the micro-aneurysms were usually
related to the yenous side of the capillary network

Clintcally 1t 15 now accepted that the duration of the
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disease 1s the most important factor 1n the development of
diabetic retmopathy the age of the patient and the seventy
of the diabetes being of less smportance On the other hand
although retinopathy 15 sometimes seen 1w mild cases 1t 1s
believed _by_many that good diabetic control 1s the best
prophylaxis aganst the deselopment of this complication
All diabetics should have regular ophthalmoscopic examma
tions The earliest changes. are the presence-of the miro
aneurysms already descnbed  They appear as pin pomnt
globular petechial spots often 1n the region of the macula
and usually clustered around a vein  Moreextensii e haem
orrhages my Jater.take place from the micro aneurysms and
exudates often develop in association with them  The exu
dates are often punctate {retsmalzs punctata) but may coalesce
and form Jarge masses of hard exudate

In cases of longstanding diabetic retinopathy and especrally
m those with hypertension 1t 1s not uncommon for gross
rettnal haemorrhages or for vitreous haemorrhages to occur
Rapdly desveloping blindness may result from such haemor
rhages and they also carry the nish of secondary glaucoma
Retinal and vitreous haemorrhages are 1lso frequently ol
lowed by the formation of new blood vessels (reftustss pro
Iiferans) which tend to be tortuous and protrude forward from
the surface of the retina 1n surh a way as to cause gross tm
parrment ot viston

The prognosis as far as sight 1s concerned in the uncompl
cated case of diabetic retinopathy 1s rather less gloomy
though the danger of a sudden haemorrhage 15 always pre
sent  On the other hand the condition often remains un
changed with 1o signs of progresston over a number of years

No speaific remerdy has been proved of value  Rutmn has
been tried without consincing results and prophylats by
good diabetic control remarns the best method of prevention
at present  See also Chapter X

4 Hyrertenston m Diabetes The blood pressure in dra
betes has been studied by many workers and there 15 1o
doubt that hy pertension 15 more common in diabetic than
non diabetic persons  Mayor (19 g) 1 a statistical stady
showed that at comparably 2dvanced ages the frequency of a
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systolic blood pressure above 150 mm Hg was higher
diabetics than i non diabetics  Bell and Clawson (1938}
found that hvpertension was 2 3 ttmes as frequent m the
elderly diabetc as i non diabetrcs of the same age group bat
they observed that only 5 5 per cent of hypertensive patients
become diabetic  Friedman (1935) reported hypertension m
56 per cent of his diabetic patients Root and Sharhey (10364}
reported 54 per cent and Edeiken (1945) reported 2 38 per
cent incrdence

Hypertension 1 dabetics 15 more common i women
espectally those who are oy erweight than in men and the high
merdence 1 diabetics becomes more noticeable m patients
over the age of 40 The reasons for the lugh ncidence of
hypertension 1 drabetics are not fully understood In a
number of cases the by pertension 1s clearly_of renal orgin as
n_those cases with evidence of_chromc_p3elonephntis or
signs to suggest the presence of diabetic nephropathy On
the other hand only a small proportion of hyperienstve diz
betics have any evidence of renal damage and.many of the
features of the hy pertension suggest that 1t.1s of.the.benign
essential type Indeed Balme and Cole {1951) have shown
that when hypertenston occurs 1 diabetics over the age of 40
3t resembles essentsal hypertension tn its heredity age and
sex mecdence  Thus the mcrdence of a hypertensnve famuly
history 1s greater amongst hypertenstve dabetics than among
diabetics with a normal blood pressure 1t 15 commoner
among obese women than among the men and the mncidence
of hypertenston tends to rise with the age of the patient
Furthermore the essentially bemugn nature of the hyper
tenston 1n the majority of cases 1s borne out by the long period
of time over which many drabetic patients are found to be
hypertensive without suffenng any severe hypertensne
symptoms  On the other hand Root and Sharkey {19368}
hase found on autopsy studes that although hypertensive
changes were rarely promument m the heart muscle of dia
betics known to have hypertension m hfe yet coronary
artery occlusion was four times as common when hyperten
ston was present as when 1t wasnot  This perhaps emphasizes
the fact that.although hy per! and atk ace aften
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met with 1t the same-patient they e nof_necessanly paral
Iel conditsons

Certarnly 1m chmeal practice although hypertension 1s
frequently formd an dabetics actine By patensne fherapy 1s
anty rarely required

MALIGhant VascuLsr Diseass

It has been suggested that adrenocortical hy perfunction
may be 2 factor in the cavsation of vascufar damage m da
betes and compirason has been drawn between the vascular
changes 1 Cushing s syndrome and those that may be pro
duted 1 dabetr, ammals by cotucal admnsstration (ham
sell ot al 19347 Turthermore Poulsen (1953} observed a
definite regressian of the dabetsc retinopathy v a patient
who des eloped post partum necrons of the anterior pituttaxy
gland A 1 and hy poph y have both been
performed 11 cases of adsanced duabetic vasculac disease
the hope that its progress might be arrested

Wortham end Headstream {553} carned ouf bilateral
total adrenalectony 0 seven diabette patients with severe
degenerative vasculat disease  The ages of the patents
varied from 23 to 54 years and 1n all but two the duration of
<chabates from the tme of diagnons was more than 13 years
Nearly all gave 2 history of poor diabetic control and all had
eudence of extensive vascular disease ag mansfested by
hypertension  albuminuna  cedema and retwal change
Post operativels the patients were mamtaned o cortisone
and hydrocortisone vathout other adrenal sterords  In four
cases there was either arrest ar unprosement 1 the retanal
changes and also a slight fallin Blaod pressure  The dugree of
alburmmura and gedemz was Teduced m three ¢ases and m
five patients there was a post-opesate falb i snsuln Teqmire
ment su spite of the diabetogemc nature of the cortisone on
which they were being mamntained At the time of the repost
three patsents bad died-—~one from adrenal msufficsency one
from a tesebron ascular acaident and another from a carchac
nfarct

Malins {1945} reported the tesults of adrenalectomy n 6
drabeties  One alresdy wraemir died of renal fature two
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weehs after the operation  Retmopathy was improved n 1
unchanyedin 3 and worsemx  Albuminura was unchanged
1n the z patients in whom 1t was found before the operation
and the control of the diabetes was unchan,ed The general
health was better 1n 1 patient an unchanged mn 3

Luft et al (1955) reviewed the results of hypophysectomy
performed on 20 diabetic patients uged between 20 and 33
vears  Death occurred mn 7 cases Substitution therapy
included the admumstration of thyrowne oestrogens or
androgens and adrenocortical hormone or DCA  In the
surviving cases there was a fall in blood pressure and a de
crease in heart volume A definite decrease in albuminuria
and 1n glomerular filtration was achieved but the effective
renal plasma flow remained unchanged  No signs of progres
ston of the renal disease were observed the visual capacity
mmproved 1 some cases and the retmal changes did not pro
gress further

It would however seem unlikely that such radical meas
ures are Ithely to have a permanent place i the treatment of
these tragic complications of diabetes and every eftort must
clearly be drected towards determimng more exactly ther
pathogenesis so that they may be presented from developing

At present good diabetic contro} appears to be the best
prophy lactic meastre
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CHAPTER X
THE DIABETIC EAE

Brcause the changes mn diabetr retmopathy are almost
specific 1t 1s not surpnsing that drabetic retmopathy 1s re
garded as the classical ocular complication of diabetes On
the other hand there 1 a high mudence of cataract amongst
drabetics and a number of other ocular condrtions are not
uncommonly seen  This was well illustrated in a personal
sertes of 100 diabettc patients referred by ophthalmologists
84 of the cases were scen at Moorfields Eye Hospital and 16
at general hospitals  There were 31 male and 66 female
cases with ages varying from 11 to 87 years ther ages being
summanzed 1n Table 1 66 of the patients were newly diag
nosed diabetics in whom the presenting symptoms were ocular
and the remaining 34 patients were known diabetics develop-
g an ophthalmic fesion

Table 1 Acy DisTRIBUTION OF 100 DIABETIC PATIENTS
REFERPED BY OPHTHALMOLOGISTS

Under 30 4
3140 3
41-50 1
51-60 3
61-70 3
71-80 2t
81+ 6

100

The wide range of ocular condittons which may occus 18
drabetics 15 shown m Table 2

A few of the associations are obviously no more than
comcidental the two conditions bemg aetologicatly uare
fated The case of retinoblastoma and the one of intra-ocular
foretgn body m both of whem glycosuna was discor ered in
routine urmnalysts are examples of this—but m the majonty
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of other cases the ophthalmic lesions could well be related to
the dabetic state

Table 2 OCULAR CONDITIONS OCCURRING IN 100 DIABETICS

No Cases

New Anoun
Cas 5 (66) | D abef cs (34) | Total

Cataract 22 13
Ret nopathy 12
Ret nopathy +Cataract
Ret nopathy +Int s
Plurr ng of vis on

Ints

Glaucoma

Cranal Ner e Palsy
Retinal Detachment

ww

O A

RN Pwwad

PR

Homonymous Hem anop a
Intraocular haemorrhage
Bl phar ts

Ret noblastoma
Tntraccular Fore ga Body |

DraBeETIC RETINOPATHY

The vascular changes in the retina which are classical of
this condition have already been described (Chap I%) Oph
thalmoscopically _the_earliest lesion—the micro aneurysm
can be 1dentitied as a pin head baemorrhagic spot or as a
cluster of such les ons usually m the region of the macula
and 1n_guxtapo 1tion to thesems.of the choro dal_capiliry.
network {1y % 1) In _more advanced cases_ther are
exndates (Figs X 2and 3}

1t 15 generally believed that dhabetic xetinapathy does not
usually develop until the discase has been pmsyndg; upwards
of ten ygars  This 15 certainly the case on ¢l mcal expenenre
with young diabetics 1 whom the date of onset of diabetes
may be reasonably accurately ascertained  Thus Hardin et
al {1956) found that n 140 juvemle diabetics observed prer
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periods of 10-29 years the average time required for the
deselop of diabetic retinopathy was 13 years With
older diabetics the date of onset 15 more dufficult to determine
and 1t 15 often assumed that a mild diabetic state may hase
ewsted for many years before the condition 1s finally diag
nosed This could well explam the finding of Nabarro {19,7)

(By rlesy £\ rma 4 hom}

Fie N\ 1 Retnal vessel injected w thind an ik to demonstrate
m cro aneurysm

that older diabetics are often found to hayve diabetic retino-
pathy within a few years of the onset and the observations
that 1t may be a presenting feature of the disease 1n many
middle aged diabetics It 15 also beheved that bad diabetic
control predisposes to 1ts development (herding Root and
Marble Ig5z) This was well illustrated in the 12 hnown
cases of diabetes referred for restabilization when they de

veloped diabetic retinopathy (personal senes 1ide supra)

The average age of the cases was 55 years with an age range
31-69 years and an average duration since diagnosis of 103
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—Early dab tc et nopathy
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years  Several admitted that they had had no superiiston
of therr diabetes for years one stated that hav ing been caught
1n an air rard on her way to the diabetic chinic she never at

tended again  On the other hand although there seems good
evidence that retinopathy. dees.net.des elop.antil the disease
has been present for about 10 years there 1s also evidence to
show that 1t may occur 1 relatively mild cases  Thus in 30
patients shown m Table 2 the dragnosts was only made when
the retinopathy caused faithng vision It seems reasonable to
assume that these patients had been drabetic for upwards of
0 years and on guestioning a number admitted mild symp-
toms which would confirm this yet therr diabetic state can
never have been seyere enough to cattse any dangerous degne
of ketosis and 1n several cases the diabetes came under con

trol with diet alone or with diet and a smafl dose of msuhn

Thus although there may be a greater chance of developing
retnopathy m uncontrolled diabetes the Actual seventy of
the drabetic_state seems to bear less relation to sts deselop

ment than the.duration of the.discase Unfortunatels there
1s no sumple treatment which has been found effective m re

versing the changes of diabetic retinopathy and although
Poulsen (1953} abserved 2 regression after a pattent developed
Addison s disease there seems little Likelthood that adrena

lectomy or hypophy sectomy will become established methods
of treating the condition  Rutin has been of hitl value and
at present the early diagnosts of diabetes and the maintenance
of reasonable control seem to be the best methods of pre

venting the development of ths tragic diabetic comphication

CATARACT

1t stsll seems a matter of doubt whether or not cataract 1s
more comman 1 diabetic than in non diabetic persons
O Brien Molsberry and Allen (1934) studied the well recog
nized_acute cataract.of young diabetics  They pomted out
that;lthough 1t was usually considered rare and charactert
stically develops rapidly and bilaterally they found such
changes 1 20 (16 per cent) of 126 cases  Waite and Beetham
(1035} thought_that apart-from-these.acute cataracts the

dence of cataracts.in diab was ne hugher thann non
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drabetics althongh a thorough mvestigation by Anthonsen
{1936) did not support their findings  He examuned the 1nc1
dence of diabetes 1n a senes of patients admitted to hospital
for cataract operations and found that the condition was
statisticatly much more common mn diabetics than i non
diabetics He was careful to emphastze that he was only
considering cases of cataract severe enough to require opera
tion and thought that it was the mclusion of even the most
munor degrees of lens opacities m comparative series that
made cataract appear as common a finding 1n non diabetics
as in diabetics

That glycosuna can 1n fact cause cataracts has been con
clusnely shown by Fogha and Cramer (1944) who found that
1n rats with 5 per cent pancreas remamng after pancrea
tectom) cataracts appeared after a penod of time from 50
days onward  Nerertheless Jostm {1957} considers that
unt1l more_careful study 1s made of cases operated on for
cataract.an large ophthalmological centres it wall be impos
sible to settle.the.pnmary question as to whether diabetes
does actually produce more cases of cataract than are found
1 non dhabetics

Ina personal series 42 of the Y00 cases referred by ophthal
mologists had cataracts 29 new cases of diabetes being dis
covered when the patients sought treatment of their cataracts
and the remaining 13 cases being hknown diabetics who were
referred for restabilization prior to cataract extraction
Only one of these cases had true diabetic cataracts Hewasa
lad of 18 who had been a severe diabetrc for four years badly
controlled and attending no chmic  He developed classical
bilateral diabetic cataracts over a pertod of 3-6 months  As
already noted this condition 1s well recogmzed as occurring
myoung severe diabetics and 1s usually regarded as rare but
fortunately responds fairly well to treatment (Fig X 4}

The association of diabetes with semle cataract still requires
further ¢lucidation and a good statistical survey of the true
madence of semle cataraet in dubetics compared with the
general population still seems lacking and 1s 2 project worthy
of study

From chnical experience 1t seems that eyen though semle
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cataract may not be much more common 1n daabetics than m
non diabetics_their dey elopment 1s accelerated by the dia
betic state and from the practical point of v1ew many new
cases of diabetes are discosered i ophthalmic departments
when they present with farling vision due to cataracts  From
this 1t would appear that the general practitioner 1s not suff
clently aware of the association between cataract and dia
betes mellitus and 1t 1s suggested that routme test for glyco-
surta should be carned out before cases of cataract are re
ferred to the ophthalmologist A significant amount of time

FIG % 3 —D abetic Cata act showinw dense flocculent opaits

could be saved 1 ophthalmic out pattent departments if this
routine were established and any case in which gljcosuna
was discosered should then be referred to the physician for
mestigation and stabilization before being sent to the
ophthalmologist for treatment of the cataract

Changesn Refraction Blumring of vistonisa common symp-
tom 1n recently diagnosed diabetics and in those undergoing
stabilization when there may be wide 1atiations i the sugar
content of the refractile media  In certam cases (Table 2) 1t
may actually be the symptom which leads to diagnosts

Duke Elder (1949) has suggested that the essential f‘eln
tures are that a myopic change 15 associated withanseanda
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hypermetropic change with 2 fall m the blcod sugarlevel
He thought that myopia assocrited with a nsing sugar con
centration was due to hydration of the cortical layers of the
lens relative to the nucleus As the blood sugar mses the
osmotic pressure of the aqueous tends to decrease owing to
the great ehmination of electrolytes that occurs wath the
polvuna of uncontrolled diabetics and to establish esmotic
equilibrium fiuxd flows fromi the chambers of the eve mto thr
fens If the mnflow of flmd 1 1apid actwal droplets are
formed under the cap ule of such a size that they can be seen
with the sht lamp and eventually an acute diabetic cataract
may develop—sometimes with great rapidity _When the
blood sugar falls the lens may shrink and hypermetropia
results  Other views have been expressed regarding the
exact cause of the changes mn refraction which occur ;m un
controlied diabetes and Wechets {19 41) thought that myopia
was due to an increased refractive index of the lens due to
changes of a pre cataract nature caused by a toxic agent
Such changes he regards as reversible and on their amehora
tipn hy permetropia results

{I‘n any event 1t 1 important {o recognize that lterations
inthe refractile medra may cause blurring ot vision and that
this may be the presenting sy mptom of disbetes and secondly
1t s amportant to warn patients undergoing stabilization that
until they have become stable they mav suffer from blurning
of \ision owing to the fluctuation i blood sugar level causing
alterations 1n the shape of the Iens}d

OcuLar NERVE Farsies

Ocular nerve palstes are saxd to be more commen n dia
butics than in non diabetics (Waite J H Beetham % P
1935) Dreulafoy (1g0,) reviewed the literature and found
59 cases teported at that time  Leopald {1945) noted a 5 pur
cent incidence of ocular nerve pal y 1n a senes of 100 cases of
diabetes studied for 10 veats or more  The oculomoter nerve
35 most commonty affected but paresis of the IVth and Vith
nerves May also occur  Several workers have stressed that
the proghosis 18 good and that the paresis tends to recoyer
m 2-3 months (Wamnd 1956  DBramn 1955} On the other

.

tom
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hand there 1s a tendency for the parests to recur (Dienlafoy

1905 McAlpine 1956) (TheTe is Liftle agreement on the
actiology of cransal nerve festons in diabettcs and although
3t has sometames been suggested that they may accur as a
manifestation of diabetie nenropathy (Root x933) 1t would
seem probable that a v ascalar lesions such as an mtramedul
lary thrombosts ar haemorrhage 15 more often the cause
(Wemstemn and Dolger 1948)

The assoctation of ocular nérve palsies with severe head
ache has recently been stressed (Harris Jones 1956 Jack
son 1955 Waind 1936) It has previously been con
sidered that the pain was due to orbrtal penostitis affecting
the spherordal fissure but the possibility of an aicompanymg
tngemnal neurtigra has been suggested by Martin (1943}
and Goodman ef al (1933) From the prachcal pount of
view however 1t 1s suffient to recogmze that ocular nerve
palstes are not uncommon in dtabetics and that the prognosts
15 generally good although there 1s a certam tendency for the

paresis to recur

OTHER OCULAR LEsIovs

The vascular lesions which may occur mnclude vitreous
haemerrhages and cerebral _thromboses causmg homony
maus_bemamopa  The more unusnal neurofogical manifesta
tions nclude indaplegra (non syphilitic Argyll Robertson
puptls) retrobulbar peunitis and optic atrophy  In the case
of optic atrophy 1t should be said that although the condition
1s reported as occurnng in diabetses (Paley and Tunbndge
1056} some of the cases reported seem to be more hihely
to have been cases of famihal opttc atrophy  Simlarly 1t
1s difficult to be certan as to whether there 1s any causal
relationship between retrobulbar neuntis and diabetes af
though mn a personal case there was an improseément m the
retrobulbar neuntis after the patient s diabetic state was
brought under good control but this too could weif have been
comcidence

_Inflammatory lesions of all tands are common 1n drabetics
and the accurvence of wates and certamnly of blephantis may
well be_ an expression af ths  Fally although there is no
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uggestion that gl 1n diabetics than m
nor diabetics the assocxatlon between the two conditions may
be mmportant In four personal cases the patients have
developed severe hetosts which had been precipitated by
vomiting due to acute glaucoma In two cases this was the
mode of presentation of diabetes while the other two cases
became unstable when they developed glaucoma

In concluding this chapter 1t should again be emphasized
that diabetic retinopathy 1s certainly the most classical
comphcation of diabetes but other conditions may occur
and 1n particular senile cataract 1s a common association
Drabetic retmopathy seems to be related to the duration of
the diabetes but although 1ts development may be accel
erated by poor control it can also occur 1n relatively mild
cases Semle cataract 1 a not infrequent mode of presenta
tion of diabetes and any patient with cataract should have
a unne e‘ammatmn for sugar before beng sent to an
ophthalmologist ]
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CHAPTER NI
THE DIABLTIC RIDNEY AND URINARY TRACT

Tuere are a considerable number of lesions affecting the
fadney and the renal tract which oceur m diabetics As at

ready noted the most cf i feston 1
glomerulosclerosts which 15 now regarded as an almunst speclﬁc
diabetic lesion d with 2 chmcal synd of diabetes

with albumnur and generalized cedema and 1s now known
as duabetic nephropathy  In addition to this lesion the dia
betic appears to be peculiarly frable to wnmary tract infectian
and recurrent attacks of pyehtts may occasionally be comphs
cated by pyelonephntis or papilfary necrosts  Tubular
lessons such as salt losmg nephnitis maj further comphcate
attacks of pyshtis n the dabetic A comventent classifica
t1on of renal lestons m diabetics has been suggested by Smith
Bolton and Turnbull {1955) a5 a result of an extensive husto
fogscal study

Turther consideration of renal lestons m diabeties wall be
canfined to these which commonly eccur in clinical practice
and they wall be <iscussed under the headings of diabetic
nephropathy and wmfections of the hidney and the remal
tract {Table x p 155}

I Diaperic NEPHROPATHY

A lesion of the renal glomerul assotated chmcally with
drabetes albuminuna hypertension and ocedema of the
nephrotic ty pe was descnibed by hammelstiel and Wilson
1936 Duning a pathological study of renal disease these
worhers discorered erght cases i whach there w1s a sthng
hyatme thichenng of the mtercaplary connegtne tissue
which they termed intercapilary glomerulosdlerosis  In aji
but one of the cases there was a history of diabetes and n
several of the cases the nephrotic syndrome had been present
with oederna and heary albuminuma  These glomeratar
changes have since been noted by many other workers and
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1 the fully developed himmelstrel Wilson syndrome * the
triad of albumtnuna hy pertension and retmopathy 15 nearly
always present Indeed the frequent comerdence of diabetic
retinopathy with evidence of renal disease has long been
recogmzed  Thus Onfray (1919) found that diabetic retmo-
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pathy was often assoctated with hy pertenston and nephritis
and Garrod (1920) made a stmular observation  Furthermore
although the micro aneurysm has not been convincingly
demonstrated 1n any organ other than the retina the sug
gestion has been made by Ashton (194g) that ntercapillary
glomeruloscl and retmopathy may be festations of
the same pathologacal process modified by the different ana
tomcal structure of the retinal and renal vessels

Although the histological picture described by Thummelstiel
and Wilson 1s usually present 1n the kidneys of dubetic

Thus 1s strictly a patholog cal syadrome
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Runyan Hurwitz and Robbins (1955) have been unable fo
find any evidence to support this suggestion They found
that both amelioration and smcreased seventy of diabetes as
Judged by changes tn msulin dosage occurred mn patients
without relatron to the pathological lesions On the other
hand amelioration of the diabetes was often observed m
pattents with oedema albummuna and hypertension and
they suggest that a decrease m food intake m patients with
this syndrome may contribute greatly to such an ameliora
tion It 1s doubtful howeser whether this 1s the full ex
planatron and 1t should be particularly remembered that the
ongmal description of ntercapillary glomerulosclerosts by
Raimmelstiel and Walson was purely pathological and that
confusion can 2arise when histological findings are translated
1nto a chinical syndrome without qualification

The most alarmmng aspect of diabetic nephropathy comes
from the observation of Wilson Root and Marble (rg51) that
1t occurs most frequently among pattents n their thirttes and
forties who have had severe poorly controlled diabetes for
20 years or more Thus 62 patients (25 per cent) among a
group of 247 3 oung patients with severe diabetes of more than
10 years duration had mamfestations of diabetic nephro-
pathy  On the other hand among the 247 patients there were
37 who had mantained excellent or good drabetic control
(by exactmg standards) and who had submuitted themselses
for regular medical examination and daily unine tests with
adjustment of diet and mnsulin to secure sugar free spect
mens Dot one of these had developed nephropathy at the
time of the report Nevertheless 1t 15 doubful whether dia
betic control 1n 1tself 1s enough to prevent the deselopment
of diabetic vascular disease

Il InFECTIONS OF THE RIDNEY AND THE Renar TracT

1 Unmary Tract Infection  Infection of the urmnary tract
1s common 1n diabetics especially m diabetic women and 1t
1s more common 1n cases of uncontrolled or madequately con
trolled diabetes (Sharkey and Root 1935)

It often causes no dramatic symptoms remaming as &
chrone conditron and sometimes only beiny, diagnosed when
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the discovery of alburuinunia prompts the examunation and
culture of a catheter specimen of unne  Infections of the
lower uninary tract in drabetics tend to be intractable  The
persistence of the infection 1s probably related to a combina
tion of factors ncluding poor drabetic control with persistent
glycosuna fanlty hygiene and sometines repeated cathetert
zation (Sharhey and Root 1935) Obstructive lesions in the
unmary tract may sometimes be the cause of failure to eradt
cate the mfectiom and Rhoads {¥g52) stresses the impertance
af carrying out full gemito-uninary s estsgations to exclude
an obstructne Jesion whenever there 15 evidence to suggest
one The responsible orgamsms are nearly always colon
dwelling bactena and this 15 consistent with the belief that
mfections of the unnary tract n diabetics are usualfy ascend
g mnfections the portal of entry bewg by the urethra rather
than by the blood stream (Barnard ef al 1953)

Management of Urinary Infecioms  Because of the dangers
of the patrent developing pyelonephntis and other renal
complications it is essentsal to attempt to eradicate mnfection
an the urinary tract  The climictan must be aware of the
habst of the diabetic to develop renal compheations and a
Toutme test for atbumen should be performed i addition to
tests for glycosuria at every chmic attendance The dis
corery of albunununa may mdicate the presence of nephro
pathy but any patient not pretsously hnown to have this
diabetic complication and who 15 found to have albummnurna
on two or more consecutss e clinic attendances should have a
taboratory examnation of a td stream specimen i the case
of a male or a catheter specimen of unine 1n the case of a
female  1f culture of the urine yields a bactenal growth st 1s
then essential that sensitivity tests to the current ramge of
antihiotic drugs should be carmned out and a full course of the
appropnate antibiotie must be given  Should there be
specific symptoms of nfection it 1s justifiable to mstiate a
course of chioramphemicol {025 G q3d for 5 days) or
nitrofurantoin (Furadantin) (average adult dose X060 mg
q1d with meals) whilst anaiting the results of the sensit1
sity tests  On completion of the course a few days should
be alloved to elapse and a further catheter specimen of
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urme should then be e d  Should the inf stilt be
present  the sensitnaty should be re determmed and a
further course of antibietic preseribed
LIn:xdequate treatment may sometimes be the canse of the
y of these infections and 1t 15 tal to be persist

ent i attempting to eradicate them

It 15 only m those cases where there 13 a suggestise symp-
tom such as renal colic umlaterat pun haematunia or per
sistent symptoms of cystitss that 1t 15 justsfiable to proceed
te satravenous pyelography cystescopy and T d
exammation and wndeed there 15 much to be said agawnst
mstrumentation 1 most cases although Rhoads {1g32) has
stated that he has commonly found obstructne lesions on
routine genito unnary mvestigation in these cases It would
not seem practicable to carry out full v estigation on the
majortty of the cases seen m practice i the absence of
symptoms suck as those mentioned above Finally 1 at
tempting to present the recurrence of urmary mfections it 33
unportant for the patient to understand the necessity of
strsct perineal Bygrene and also of mamtaning the best dia
betic control possible

2 Pyelonephritis  Although 1t may be seen from Table 1
that pyaemic abscesses and renal tuberculosts mav occur i
drabetics pyelonephritss s the renal compheation which may
be of the greatest practical smportance This may be an
acute fulminating condstion hable to be assoctated with renal
papilary recrosis or it may be a chrome condition which 15
only recogmsed at antopsy The snadence of papiliary
necrosts from autopsy studies on diabetics has been seported
as 3 37 per cent {Edmondson ef a/ 1947} approumately 45
per cent {Robbins ef ol 1946) while Smuth ef &/ {1955) found
& <ases m their senies of 219 autopsies  Edmondson {1947}
and Robbms #f 2l {1946) both found this change m approxt
mately 25 per cent of their cases with pyelonephatis

The persistence of pyuna wnth ngors hy pertension and
signs of impaired renal function must suggest the presence &f

pyclonephntis  On the other hand Joron (1955 found the
h often difficult 1n the dia

recog; of acute pyelonep
betre and of 23 cases anly 3 had pan i the Jon and only 2
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In the management of these cases the treatment of the in
fectron 1s the urgent problem (11de supra) Surgical interven
tion to reltes e an obstruction may be necessary and in certain
cases nephrectomy may be life saving  Alternatnely it has

Ity been found beneficral to 1ragate the peler and
ureter with streptokinase streptodornase to produce lysis of
the slough

Chronic pyelonephritis may develop as the result of Jong
standing uninary tract infectton and may be partly respon
sible for the progressive renal impairment and hy pertension
so commonly seen i the female diabetics  (Bowenand hatz
man 1942} On the other hand Smth ef al (195,) com
mented on ther finding that chronic pyelonephntis was a
relatrvely uncommon autopsy findumg and was not respons
1ble for renat faiture 1 any patient

Although 1t 15 rare 1t should be noted that pyelonephritis
may occastonally be complicated by salt losing nephntis due
to tubular changes The condition first described by Thom
et al (1q44) gnes nse to a cmcal picture akm to that of
Addison s disease with crises When this occurs mn the dia
betic with pyelonephnitis the diagnosis and the management
of the case present the greatest difficulttes

Initially the patient may be thought to be deselopmg dia
betic pre coma but the hypotension fails to recover with
hydration and msulin and the patient continues to excrete
sodium and chlonide 1n the urine At the same time the
snsulin requirement remains hugh contrary to what would be
expected were the collapse due to adreno-cortical msuffi
ctency It 1s only when the condition s recogmzed as being
due to salt losing nephntis comphicating pj elonephnitss and
the electrolyte balance restored that the patient may recoser
At the same time 1t 15 vtal to treat the mfection energetically
and although the ultimate prognoss 1s poor 1t may be pos
sthle to overcome the immediate cnsts

HI OruER LEstons

Conditions which occur in the nion diabetic may hkewise
oceur i diabetics and rmust be considered w the drfferential
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vascular in type Local amputation of the right middle toe
was the only surgical mtervention required the digital
artery being completely occluded  All the remating lesions
healed when diabetic control was established and the hnee
and ankle jerks have subsequently returned

Fie XIT 1 —N u  ascular changes nthefet fad betic

In the more charactersstic 1schaemic foot an area of gan
grene develops i the toe or on one of the pressure pomts of
the foot such as the heel or the medial or lateral borders of
the foot  Pulsation 1s usually absent from the dorsalis pedes
and postertor tibial artertes and the foot 15 cold In severe
cases the tendency 1s for the lesion to spread proxtmally from
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Fic \II 3 —Trophic ulcer orer metatarsal heads
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the toe to the dorsum of the foot  Pain 1s often 2 prominent
feature when the nerous system 15 intact and 1t may be so
severe that urgent amputation 1s required  The painful 1»
chaemic foot 15 charactenstically pink i addition to being

Fic \1I 4—Ch rcoty nt  Dabt n  op thy

cold  There 15 almost never any altermatie to some form
of amputation i ischaemtc diabetic gangrene and detatls of
treatment will be discussed Inter
3 Neuropathic Lesions The full importance of neuro
Pathic lesions 1n the feet of diabetics has only recently been
Tecognized  The earliest change 15 a thickening and scaling
* LDM
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of the shin of the sole of the foot with 2 tendency to callous
corn and bumion formation At the same time there fre
quently develops a clawing deformity of the small toes
Contmued pressure and repeated trauma on an mperfectly
mnenated foot especially mn the presence of 1ll fitting foot
wear leads to the development of perforating ulcers which
have long been Jasa fe of path
They occur most commonly over the metatarsal heads and
are most ressstant to treatment (Fig \II 3) Fmally certam
charactertstic changes in the jomts of the tarsus may occur m
diabetic neuropathy  Although bony lesions m the feet of
drabetics have Jong been recogmized they have often pre
vioudly been regarded as evidence of osteomyelits especially
as sequestration 1s not uncommon but 1t 1s now generally
accepted that they are much more frequently neuropathic m
nature (see Chapter A1II) Bailey and Root {1947) descnbed
the painless destructron of the tarsus i seventeen patients
with pooily controlled diabetes and numerous other workers
have since noted sumlar changes n diabetics with signs of
neuropathy (F1g \II 4) The tarsus may eventually be
come completely disorgamzed and the foot may become so
swollen and deformed that amputation 1s the enly possible
treatment Neuropathic changes have also been noted m
the larger joints such as the knee (Morns 1947 Wibon
al 1949 Shore 1947 Spear 1947 Parsons and Norton
1051} Similarly the changes may be localized 1 the hallux
when the earltest sign 1s often a shortening and broadening
of this digit

4 Mixed Lestons In many diabetics especially those n
the older age groups both the blood supply and the nenve
supply to the peniphery are madequate These patients are
particularly ltable to dey elop lesions on therr feet and n these
cases the aetiology must clearly be descnibed as neworo-
vascular and sepsts 1s often an added complicating factor

MANAGEMENT
The management of each diabetic who develops a lesion
on the foot has to be determmed on 1ts own ments Ideally
the mayonity of cases should be hospitalized and i the first
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mstance 1t 15 important to assess the type of the lesion and
thereafter certan principles for the management of each type
of case must be followed

Septic Lesions Some degree of sepsis complcates the
majonty of lesions even 1if 1t 15 not the pumary factor and
every effort must be made to eradicate the infection  This
requires the 1solation of any orgamism obtained from swabs
and the determunation of the effective antibiotic by senst
tinaty tests  Parenteral therapy 1s often of Limited value
when the blood supply 1s poor and the approprate antibiotic
must be applied locally At the same time 1t 1s important to
estabhish adequate dramnage and the separation of sloughs 1s
often assisted by Eusol dressings  Vasehine gauze 1s usually
an unsatisfactory dressing as it tends to keep the lesion

boggy and indeed it 15 well to expose the lestons ta the
air as much as possible

Ischaenmuc Lesions  The ischaemue foot should be heptcaol
It 15 extremely difficult to tmprove the blood supply mn the
diabetic with extensive penpheral vascular disease  Vaso
dilator drugs such as Pnscol and Rontcol give disappormtig
results  Buerger s exercises are agam of little value Ant1
coagulant therapy 1> sometimes ginen a tnal on the assump-
tion that repeated thrombotic episodes may be a contribu
tory factor 1n 1schaemic gangrene  This 1s often worth while
because even although the blood supply may show little
mmprovement there may be a dramatic relef of pamn with
anticoagulant therapy and this seems particularly to be re
lated to injections of hepanin  Sympathectomy has few
advocates although Cohen (1955) believes 1t should be tried
more often  He has claimed that after sympathectomy the
{foot blood supply can be doubled and the foot remains warm
and withstands minor trauma much better  He also claims
that sympathectomy often relieves 1schaemic resting pamn
quite dramatically and the improved blood supply may
facilitate better healing i amputation eventually becomes
necessary  On the other hand he con 1ders there are defimte
contraindications to sympathectomy  These 1nclude cases
with extensive sepsis and cases with cold cyanotic feet as
this indicates poor arculation flow and capillary paresis
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and the releasc of artenwolar tone after sympathectomy m
creases the capillary stasis and the gangrene tends to spread
He also considers that gangrenous areas should be allowed
tolocahize as well as possible before sympathectomy and that
Ppatients with diffuse generalized arteriosclerosis are not con
sidered good subjects  Unfortunately this 1s so often the
case that most workers hase found the results of sympa
thectomy most disappointing and have found that the only
real benefit conferred by the operatton 15 the relef of 15
chaemic pain  Indeed as already pomted out there 1s
almost never any alternative to some form of amputation
m 1schaemic drabetic gangrene although the more con
servative measures Indicated above are always worthy of 2
tral and when amputation does become obhigatory 1t 15 wise
to be as conservatrve as possible 1n the operations which are
carnied out  When the lesion 1s confined to a single toe 1t 15
often posstble to carry out 2 local amputation but m certam
cases 1t 15 wise to amputate all the toes at once If the
stump does not heal 1n about two weehs then 1t 15 unhhely
to do so and 1t 15 probably not justifiable to rest the patient
m bed longer than that period of time and 1t 15 best to
mobihize him as this 1» occasionally followed by healing
Much more commonly in these cases 1t becomes obyvtous that
a more extenstve amputation 1s requred  Trans metatarsal
amputation and Symes amputation have been tred but
the most satisfactory procedure 1s below knee amputation
An artenial block at the level of the femoral artery should be
the only indication for pnimary above hnee amputation
Oakley Catterall and Martin (1956) believe that the most
satisfactory techmque for performing below hnee amputa
tion 15 to use the techmque advocated by Silbert (1944)
which avords any form of pnmary suture at the time of
operation instead the stump flaps are loosely wrapped
vaselme gauze and the stump immobihized mn a plaster shab
for ten days Re dressing 1s then carrted out 1 the theatre
and 1f there 1s no sepsis it may be permussible to perform
secondary suture  More often 1t 15 wiser to allow healing by
first intention re dressing at ten day ntervals until healing
1s complete  Attempts at pamary suture have been found
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to tesult 1n many cises requring above knee amputation
whereas this 1s practically never necessary i the above pro
cedure

Neuropathic Lesions It 1s important to recognize the early
s1gns of neuropathic lesions on the feet and in this re pect
the scaling shin and clawing of the toes have already been
mentioned At first the clawing 1s mobife and can be cor
rected by the ansertion of an appropriate fitting mn the shoe
When this deformity s fixed however 1t 1s essential to avord
anv mternal fitting 1s this would merely force the flexed toes
agamst the mside of the shoe and precipitate the develop
ment of a pressure sore and later a perforating ulcer  In these
cases an outside rocking bar may be fitted to the mstep
Trophie ulcers may occasionally heal when pressure 1s taken
off them and any infection treated and neuropathic joint
changes 1n the tarsus may sometimes be arrested by immo
bilization 1n plaster Unfortunately however in a number
of cases the destruction of the tarsus 1s progressive and when
this occurs the foot may become so swollen and deformed that
the patient may eventually sech amputation himself

General Measures  Although the management of each
diabetic foot lesion vanes according to 1ts aetiology there
re certain general principles which may be applied to every
case

It 1 important to estabhsh and mamtam good diabetic
contrel and the addition of vitamins may be benefictl  In
particular the patient with neuropathy may be guen added
vitamn B in concentrated form such as Parentrovite al
though there 1s little evidence that this confers any real
benefit \When nursing diabetic patients with lestons on their
feet 1t 15 vital to appreciate that diabetic feet are abnormally
vulnerable to mimnor degrees of trauma and it 1s essential to
try and prevent further lesions developing particularly on
the toes or the heel erther of the same foot or of the other
foot  The most satisfactory prophylactic measure i this
Tespect 1s to nurse the patient with us foot 1n shngs thus
heeping the toes off the bed  Heel rings are not satisfactorv
as they creite pressure ponts and great care should be
exeraised 1 moving bed cradles so that the feet or the legs
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are not struch by a metal part of the cradle Cooling the
affected part to room temperature while warming the rest of
the feet to promote reflex drlatation and the use of alcohol
tahen to relieve pain by vasodilation and to ard the collateral
cireulation are adsocated by Rob (1956)

Prophylaxis  The management of fully established lesions
on the feet of dibetics 1s so drfficult that 1t 15 important to
stress the need for the most energetic prophs lactic measures
because many lesions are preventable Good diabetic con
trol reduces the likelthood of nfection and may delay the
development of arteriosclerosts and neuropathy At the
same time diabetics must always pay special attention to the
care of their feet and this 1s even more necessary wheneser
signs of vascular 1nsufh 'y or pathy have appeared
The importance of foot hygiene has been summarized by
Lowrte Redfern and Brush (1g55)

The pomts may be summarzed as follows

(1) Foot bathing The feet should be bathed daily avoiding
excessive soap to preserve the natural o1l The shin may be
kept soft with o1l or lanoline

{2) Socks or stockings should be one half an mch longer
than the feet to avord binding the toes together

(3) Shoes These should be wide to permut toe morement
and ventilation and there should be one half inch space be
yond the great toe  The hming should be smooth and shoes
should be changed daily  New shoes should only be worn ene
hour at a tume for breahing i Shoe nails should be avoided
and patients should not walk bare foot

(4) Every effort should be made to avoid foot injunes and
infections  Toe natls should be trimmed strarght across but
not too short Any mterdigital tinea should be treated
urgently because inter digital infectton often starts in this
Way  No hot water bottles or electric pads should be use::l
and no strong antiseptics should be applied to the feet No
corn plasters should be apphed as they tend to cause P"est
sure and the parmg of corns should be done with the utmolsd
care Inparticular any patient gomg toa chiropoditst shoul
inform him he 1s a diabetic Corns should be softened and
trimmed and callouses should be presented 1f possible by
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the weanng of well fittng footwear or treated by panng
after softening  Hard callous being ane of the most common
causes of subsequent ulceration and cellulitts

The wnportance of the prophylaxis of these foot lesions 1s
stressed especially m view of the duration of these complica
tions  Apart from the importance of such prophylaxss to the
patient himself the question 1s of wider economic importance
1n view of the long periods of disability which may occur and
the long periods of hospitahization whirh may be requtred
Th Committre on diabetes of the Massachusetts Medical
Society (1955) report that the average duratton of hospitat
stay of so. dubeties with foot lesions was 266 days and
omitting the <hort stays was 30 days 9o of the patents
were i hospital Go-100 days
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Jarc) alyy (18 4) was Onle of the €arhest to re,
neuroIog: )] Signs 1n diabetes Mellityg he
Wrote f pamns o, Sciatie distribyy, and pe, pheral arcas of
Anaestp, harq ( 884) obsery 1 diabetye
Patientg deep Tellexes yyepq often gp, Y (1885)
describeq Iightn,, '8 pain; quisite Paraesthes;,, and the
noctuma 4y, nsifications Ipto nd Althays
{1885) com on Stmifa gy of diap, tic neuroparh}
M Some caq © tabeg ¢, i

Since these early descnpnons Many workers have Studied
the ReUrologrcal ﬁndmgs I diabetes and it 5 clear that the
Tanifest, tions of diabet;e Neuropa 'V are manfo1q Rundles
(1945) hasem, hasized that ¢he entire nepy OUS 53 stem may be
Moheq |, Cluding ¢ Centra DPertpherat and autopom,,
ce chiefly o the Peniphera)
s, sory, dxsturbances are the COMmonegy Sy mptoms
Wwith Muscle Cramps Numbnegs tmglz’ﬁg‘burﬁfng"s?rﬁahons
a —these sy mptoms_bemg charactenshcall}
Most severe at mght Other dlsturbances 'nclude museytyr
Pareg;s autonomlc ol ement;musmg sphiricte; dlsturl:
ances, anq Dccaslonally imoh ement of the central nery gy,
Systeny Mith mentay changes
lany 244 Mpts haye been made to classxiy the diabetye
1eUropathres Jordag (19,6) Suggested thay there are three
Perghy caemyce nwhich muscle tenderpegs

'Y}
Is found 54 the time of dragnos;s and clears when the diabetic
Ught under trol (, €generatne 1 whick
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means the commonest form of diabetic neuropathy and 1s
d by pamn paraesth and pareses In this

neuntic type many workers including Rudy and Cpstein
(1945) and Rundles (1945} hae obsersed that the symptoms
may first appear or become aggravated after the control of
the diabetic state

Martin (1953) has thoroughly reviewed the hterature on
the subject of diabetic neuropathy and has put forward
certamn x1ews on 1its causation

Degenerative yascular disease vitamin B, defictency and
the disordered metabolism of diabetes are the three major
factors commonly.cited.. Martin carned out skin tempera
ture studies and took oscillometric readings of the pulsations
1n the calves 1 150 patients with diabetic neuropathy and
the results of hus tests did not suggest that vascular disease 15
of importance in the aetiology of the condition nor 1s there
any conclusive evidence that 1t 1s caused by an absolute
relatnne or conditioned B, avitaminosis

Poor diahetic_control would appear to be a more defimte
causal factor m the dex elopment of neurapathy and Martn
found that diabetic neuropathy was rare m diabetics who
had always beenLwel{controlied  Gillifand (1951) considered
that diabetic neuropathy occurred as part of the Kimmelstiel
Wilson syndrome  Martin was unable to support this behef
and considered that the association of diabetic penipheral
nerve disease ind the hammelstiel Walson syndrome was
comadental  Diabetic neuropathy seems to be mainly re
lated to neglect of drbetsc treatment while diabetig retino.
pathy and nephropathy are more closely related_fo th
duration of the diabetic.state  The co eustence of thes
three degenerative complications of diabetes mellitus 1
some Cases 1s explamed by the assumption that they are all
1n some as yet il explained way the result of the metabohe
disorder

CLINICAL MANIFFSTATIONS OF NEUROPATHY
Hyperglycaemic Neuropathy It 15 common for pan and
paresthesiae to be present at the onsct of severe diabetes
with hypergl: In these cases there
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may be no objective signs but the reflexes are sometimes
dimunmished or absent  The conditton 1s rapdly relieved by
diabetic control

Frank Neuropathy This group mcludes a large number of
cases presentin, a vantty of symptoms and associated with
definite objectrve signs

Symptoms

Paim This 15 the most outstanding symptom It 1
destnbed by the patient as cramp Iike burning or tinghing
and 1s almost invamably worse at mght  The mtensity may
be extreme and response to analgesies poor The pain most
frequently affects the legs and feet but 1t 1s often 1ll defined
and il localized w1th accastanal bursts af shooting or lightrung
stabs These symptoms have sometimes been described by
the term  electric feet syndrome

Weakness Patients complam of weakness much less
commonly than of pain but weahness and wasting of the
quadnceps femons muscle 1s not uncommon and foot drop
15 also sometimes seen (Hirson Fewmann and Wade 1953)

Physical Signs  Absent tendon reflexes are the most com
monly met signs . diabetic neuropathy and Martmn found
some reflex abnormality n 92 per cent of the cases wn Jus
series
Hypalgessa to pm prich and cotton wool 15 also common
and vibration sense 15 frequently lost 1n the legs and muscle
tenderneeg 1o present m about half of the cases Motor signs
are less common but 1n those cases complainmg of muscle
weahness there 1s usually some wasting present  An imter
esting-feature of the symptoms and signs i drabetic neuro-
pathy 1s that they are asymmetrical

Other Mamifestattons Apart from these more usual symp-
toms and signs 1n diabetic neuropathy there are a number of

1

less
I\ttumpnﬂuz Lestons of the Feel Perforating ulcets of the

feet.are common m drabetics with nentopathy  Frequently
the leston 1s painless and the patient often 1gnores 1t unty
secondary nfection oceurs and even osteomyehtis of the
underlymg bone develops In its most adsanced form the
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neuropathic lesion of the foot can result m what 15 virtually a
Charcot_jomt.. This complication of diabetes was first
desenbed bv Bailey and Root {1942 1947) who observed the
panless destruction of the tarsus i 17 patients with poorty
controlled diabetes  Foster and Bassett (3947) descnibed two
cases of severe and poorly controlled diabetes with signs of
damage to the somatic and ners ous systemin the region of the
neuropathic joints 1 the lower iimbs  Martin found evs
dence of neuropathic bone and jont lestons in 6 per cent of
s cases and suggested that these changes occur more
frequently than has previously been recognized

The tarsus 15 most commonly aflected as m the case re
ported by Lister and Maudsley (1951) but sumlar changes
have been cbserved m the huee jomt (Shore 1947  Spear
1947} and in the ankle jomnt (Foster and Bassett 1947) A
Charcot joint mav develop rapidly in diabetic neuropathy
with sudden swelling of the foot 1 the absence of infection
The prognosis of the neuropathic srthropithy appears to be
bad and there s hittle tendency to improvement Amputa
tion 1s often required  See also Chap \I1

Gastro tntestenal Dus'urhar es Nogturnal attacks of diar
rhoea hax e frequently been reported m patients with diabetic
penpheral nerve disease  The patient 15 usually awohen n
the early morming with a bout of diarrhoea lasting « few
hours  the bouts mav occur almost daily for a period and
may then be followed by a penod of constipation  Lower
abdominal discomiort and flatulence are the symptoms most
commenly a seciated with the diarthoe: The stoals are
loose but otherwise no macroscopic nor mucrascopic changes
are present  Banum studics and sigmoidoscopy are likewise
normal It has been assumed that the umtability of the
bowel 15 a manifestation of diabetic neuropathy affecting the
autonomic nervous system  Bargen Bollman and hepler
(1936) referced to the coudition as the  diarrhoea of dia
betes  and Shendan and Badey (1946) repotted a senies of
40 cases A barium meal was camed out 1 28 cases and
found to be normal  proctoscopy was ncrmal 1 15 cases
studied but by tamune fast achlorhydia was present 1 14 of
29 patents Hydrochlonc acd froduced hitle benefit but
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ate_more_commonly,_fiue 10 cerebral arteno cleruss rather
than ta 2 prmary.nesse-lesion

Although diabetic persons are perhaps no more frequently
affected with degenerative changes 1n the cervical or lumbar
discs they do seem rather more hiable to suffer symptoms
{rom root compression than non diabetics  Sctatw pamn and
the pamn of cervical radiculitts are thus common mn drabetic
pattents

The treatment of all forms of diabetic neuropathy remains
unsatsfactory  Cytamen pregnant mammahan Iner vita
min B complexes and ather preparations have all heen tried
with no conclusnvely satisfactory results  Good diabetic
control at present seems to be the only practical approach
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are_more commonly_due to cerebral artenosclerosis rather
than ta 2 pnmary.nerselesion

Although diabetic persons are perhaps no more frequently
affected with degenerative changes in the cervical or lumbar
discs they do seem rather more hable to suffer symptoms
from root compression than non diabetics  Sciatic pain and
the pain of cervical radiculitss are thus common 10 diabetic
patients

The treatment of all forms of diabetic neurepathy remains
unsatisfactory Cytamen pregnant mammahan hiver vita
mun B complexes and other preparations have all been tried
with no conclusnely satisfactory resnits  Good diabetic
control at present seems to be the only practical approach
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crude Itver extract by injection was of value m controliing the
diarrhoea m a number of the cases

Urogenital Disturbances  Impotence occurs occastonally
1n diabetes and in particular Rundles (1045) has stressed that
1t 1s common in patients with diabetic neuropathy He
found 1t 1n 27 5 of his male cases

Disturbance of bladder function may also occur—the
commonest chnical picture bemng that of retention with
overflow i the absence of any evidence of bladder nech ob
struction

It 1s probable that both impotence and retention with
overflow may be dependent upon neuropathy affecting the
sacral autonomic nerses

Diabetic Vyelopathy  Garland and Tavener (1953) hasve
described five cases of dtabetic neuropathy m which there
were no objectv ¢ sensory changes but all of whom complained
of pam 1 the legs maumally 1 the hip and thigh All
showed some degree of wasting of the leg muscles with loss of
tendon reflexes and n four of the five cases the CSF pro-
tem was ramed  Electromyography was performed on four
cases and 1n each case the findings were compatible with 2
cord leston  The authors pomnt that the pertpheral site of the
lesion m drabetic neuropathy has been accepted for many
years although there arc a number of references to cord
lesions 1 the Iiterature Bruns (18go) described motor dis
turbances without objectrve sensory loss  chromatolysis of
antertor horn cells and degeneratii e changes in the posteriot
roots are mentioned by Courvtlle (ra45)  Gnggs and
Olsen (1937) found_degeneratne_lesions of the. postenor
and lateral columnsn the cervcal.and mud thoracic regions
of thecard Woltman and Wilder (1929} found similar
changes

Other manifestations of diabetic neuropathy haie also
been described  Pupallac_changes are frequently found 11
cases of diabetic neuropathy The commonest-abnormality
15 a sluggsh reaction to ight but although many waters héue
desciibed the Argyll Robertson pupil as occurrng 1n 12
betes 1t 1s only rarely seen _Cranial-nerve-palstes are com

mon 1 diabettes but-the_exsdence yould suggest that they
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lying cause remains unhnown  Many factors have however
been considered

I Size of the Foetus

The infants born to diabetic mothers are often abnormally
large and this naturally prescnts an increased hazard to the
mfant at the time of delivery The cause of these wfants
being so Jarge 15 not fully understood but the causative factor
operates not only in frankly diabetic women but also m
cases of prediabetics because an enquiry into the obstetric
hu tory of women presenting with drabetes 1n later Iife wall
often reveal that they were delivered of abnormally heavy
fants many years before the onset of frank diabetic symp
toms Barns and Morgans (1948) have suggested that there
might be an excess of growth hormone from the maternal
anterior pituttary lobe causing the mfant both of the dia
betic and of the prediabetic mother to be large

Il Late Toxaemua of Pregnancy

Toxacrma late 1 pregnancy 1s more common m diabetic
than n non diabetic women and this 1s certainly a contnbu
tary factor in the high foetal mortahty 1n these pregnancies
Hurwitz and Higano (1952) found that 29 per cent of diabetic
women developed toxaemia in pregnancy compared with 8
per cent of non diabetic women  They were able to relate the
incidence of tovaema directly to the sesenity of the diabetcs
and also noted a higher meidence when the diabetes was of
long duration  Barns und Morgans (194q) using very strict
cntena for diagnosing toxaemia at Umversity College Hospt
tal found that 43 per cent of diabetic women developed
toxaemit compared with 35 per cent of non diabetic women
but they beleve that duabettes have a tendency to develop a
severe type of toxaemia

Peel and Oakley (1949) stressed that the greater incidence
of toxaemia falls 1n the last three wecks of pregnancy

Smuth et al (1944) found that in the late toxaemsa of preg
nancy there ts often a high level of serum gonadotrophm a
10w serum oestrm les el and dimimshed pregnandiol excretion
¥ these 1 ab \! were shown 1o




CHAPTER \IV
DIABETES AND PREGNANCY

I the pre msubn era 1t was rare for a diabetic woman to be
come pregnant and when pregnancy did ocour the maternal
mortality rate was high  Amcnorrhoea 1s coramon n wn
controlled diabetes and this was probably the factor account
g for the low fertility rate in untreated diabetic women
figures rangug from 2-6 per cent bemg quoted by Von
Noorden (rgog) and Shipper (1933} Furthermore
the premsulin era the immediate maternal mortalty
m pregnant diabetic women varned from 25-30 per cent
(Duncan 188z Williams 1goq) und many more women
died within tyo years of delvery usually wn diabebic
coma

Since the wntroduction of msulin the fertiiity rate has nsen
steadly and the association of pregnancy and diabetes 15
now so common i diabehic practice that 1t 15 essential for
those undertahing the care of dabetics to be familiar with
the management of these cases

With proper diabetic care the maternal mortality rate bas
fallen to very low figures Lawrence and Oakley {1942)
quoted a mortality rate of less than 2 per cnt and in the Joshn
Clime (rg52) there have only been 3 deaths among 702 €5¢S
observed since 1922 The mtroduction of snsulm has thus
resulted 1n pregnancy being virtually no more of 2 hazard to
the diabetsc than to the non diabetic woman  On the other
hand the chances af the loetus survzsng are spll fas from
certam  Henley (1947) m reviewing 160 pregnancies which
occurred 1 diabetic women 1 the pre mnsulin era found a
foetal survnval rate of 57 per cent Companng this with
present dav figures he found that the foetal Joss rate 15 still
as Iugh as 40 per cent 1n many centres and few worhers untib
recently consistently claim a foetal »alvage rate of more th:u;
70 per cent  Intrauterme deaths still bueths and neonata
deaths account for the actual foetal losses but the under
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doubtful whether 1t 15 ever a cause of neo natal death and
there 15 510 1ndication that the admimstration of glucose by
mouth 13 of the shghtest value to these infants

IV Congemtal Abnermalities i the Foetus

The medence of congemtal abnormalities 1s greater 1n
children of diabetic than of non diabetic mothers and this of
course cyuses an sncreased mortality rate  Comyns Berheley
el al (1938) state that the incidence of congemtal abnormal
ties in general 1s 3 per cent whereas Buarns and Morgans
(1949) found an 1ncidence of 10 per cunt m a sefies of 4o dia
betic pregnancies  Hydramnios 1s frequently present when
the foetus 15 abnormal

In a series of 14 cases born to diabetic mothers at kin, s
College Hosprtal Peel and Oakley (1949) found g cases of
gross congenital abhormahties g1 ing an mcidence of 6 3 per
¢t Internal hydrocephalus con,emtal heart disease 1m
perforate anus renal tract abnormalities and skeletal de
formities were all found Furthermore Whittaker {1056)
found on 1nvsting a group of diabetic mothers who had been
delnvered at hung s College Hosprtal to bring thewr children
for examunation that 1o per cent of thesc children had evi
dence of some gross congemtal abnormality

Management of the Pregnant Diabeic Although some
Pregnancies ;n diabetes may procecd normally and result in
the dulnery of normal infants at full term t 1s not po sible to
determune the cascs 1 which this 1s Iihely to occur with any
degree of accuracy A previously normal obstetric story 15
probably the best prognostic sign i this respect but 1t 15 by
T means always reliable

Because of the persisting hs h foctal loss rate it 1s essential
to regard every dibetsc pregnaney as beiny potentially
abnormal and requnng special attention  throughout
the pregnancy with the fullest co operation between the
Physician the obstetrician and the paediatricran The phys
@an must be constantly aware of the effect that the
pregnancy may have on the diabetsc state and the obstet
Tic1an must consider the effects that diabetes may have upon
Pregnancy

N LDM



176 DIABETES MELLITUS

precede the onset of the toxaemia On the assumption that
these abnormahties might be related to the foetal catastrophes
White et al (1939 1947) treated a senes of pregnant drabetic
women with cestrogens in large dosage They claimed a
much higher foetal salvage rate after the introduction of this
form of treatment but no strictly comparable control cases
were studied No other worhers have been satisfied that
hormone therapy 1s of any real value and mn a Medical Re
search Council Report (1955) 1t was concluded that oral stil
boestrol and ethisterone did not reduce the foetal mortahty
and there was hittle 1f any bencficial effect on maternal
health in pregnancy

III Hypoglycaem:a in the Newborn

The normal blood sugar level 1n infants s much lower than
mnadults  Ketteringham and Austin {1938) found 1 a senies
of normalinfants barn te nan diabetic mothers that the mean
fasting blood sugar level fell to the normal nfant range which
15 5575 mg per 100 ml dunng the first two days Much
lower figures have been found both 1n mfants of diabetic and
of non diabetic women and Pedersen (1954) quoted a range
for babies of non diabetic mothers of 26-150 mg per 100 m!
and for babies of diabetic mothers 20-205 mg perTooml but
1 both groups the values ranged mainly from 40-90 mg per
100 ml In this senes the average blood sugar m normal
mfants was 66 mg per 200 ml and 1n nfants of diabetics it
was 63 mg per 100 ml the difference not bemng significant

In the case of pregnant diabetic women the blood sugar of
the infant 15 likely to be high at the time of birth unless the
maternal diabetes 1s very well controlled The fall to normal
level after delivery 1> therefore greater m these snfants than
m those born to non drabetic mothers and 1t has beer;
thought that they may sometimes suffer from the effectsh of
hypoglycaerma  Pedersen (1954) found a direct relauonsbu:
betw een the blood sugar of the mother and infant 2t birth by
found that the subsequent fali n the blood sugar of the m‘g.]nt
1s rapid and may occur withmn half an hour of birth 1:
rapid fall 1n blood sugar 1s the only factor likely to caus
serious harm to the mfant of the diabetic but 1t 15 very
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doubtful whether 1t 1s ever a cause of neo natal death and
there 15 no indication that the admmstration of glucose by
mouth s of the shghtest value to these infants

IV Congemtal Abnormalities 1n the Foetus

The ncrdence of congemtal abnormaltties 1s greater
children of drabetic than of non diabetic mothers and this of
course causes an increased mortality rate  Comyns Berheley
et al (1938) state that the mcidence of congenrtal abnormal
ities tn general 1s 3 per cent whercas Barns and Morgans
(1949) found an mardence of 1o per cent m a sextes of 40 dia
betic pregnancies Hydramnios 1s frequently present when
the foetus 1s abnormal

In a senies of 142 cases born to diabetic mothers at hang s
College Hospital Peel and Qakley (1g49) found g cises of
gross congenutal abnormalities giving an meidence of 6 3 per
cent Internal hydrocephalus congenttal heart disease 1m
perforate anus renal tract abnormalittes and skeletal de
formities were all found Furthermore Whittaker {1956}
found on inviting a group of diabetic mothers who had been
delivered at hang s College Hospital to bring their children
for exammation that 1o per cent of thse children had ev
dence of some gross congemital abnormality

Mapagement of the Pregnant Disbetic  Although some
Pregnancies in diabetes may proceed normally and result in
the delus ery of normal infants at full term 1t 15 not possible to
determine the eases n winch this 1s ikely to occur with any
degree of accuracy A pretously normal obstetric history 1
probably the best prognostic sigh 1n this respect but 1t 1s by
no means always rehable

Brcause of the perswsting h&,h foetal loss rate 1t 1s essential
10 Tegard every diabetic pregnancy as beang potentially
abnormal  and requinng spceial attention  throughout
the pregnancy with the fullest co operation between the
physician the obstetrictan and the pacdiatncian  The phys
ictan must be constantly aware of the effect that the
Pregnancy may have on the diabetic state and the obstet
nician must consider the effects that drabetes may have upon
Pregnancy

N LoM
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In the light of our present experience the highest foetal
salvage rates have been reported from centres where the
fullest co operation has been practised between the physician
obstetricran and the paediatnician and where the infant has
been deln ered duning the fast four weeks of pregnancy etther
by Caesarean section or by surgical mduction Adams
(2955) gives a companson of mortality rates hefore and
after close Lason between intermssts and obstetricrans was
mstituted  the gross foetal mortality was reduced from
40~I4 per cent Intrauterme deaths from 27-5 per cent and
the neonatal deaths from 13-9 per cent Together the phy
siian and the obstetrician must detide m each mndi idual
case at what stage and by what means the pregnancy 1s to
be terminated  The help of the paediatnicran 1s vital i pre-
tentuny, an wnproved foetal salage tate betng adsersely
balanced by an i tal death rate

1t 1» conv ement to consider the problems that may anse 1n
each trimester of pregnancy

Furst Trunester \When a diabetic woman becomes preg
nant she should be told that the pregnancy causes no par
ticular nisk for herself so long as she remams under close
supersision and that every thing posstble will be done to en
sure the delivery of a healthy child although this must be a
less certain outcome of the pregnancy than were she not dia
betic It 1s well to explam at thus stage that the pregnancy
will probably have to be ternunated before full term exther
by the premature induction of labour or by Caesarean sec
tion
Regular monthly attendance at the diabetic climc and at
the antenatal chimc must be 1nsisted upon at the outset with
more frequent attendance later

In the first tnmester of pregnancy there may be a shyht in
crease 1 the msulin requrements but unless hyperemesis
precipstates hetasts which requures treating on its own men ts
there 15 not usually any marhed merease untl later m preg
nancy (Skipper 1933 Barnsand Morgans 1949) Through
out pregnancy however there 1s a lowenng of the renal
threshold for sugar and this presents a constant difficulty
Blood sugar estimations are essential for assessing drabetic
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control and raising the insulin dose sumply because of m
creased glycosurta and without blood sugar control may
easily cause hypoglycaemia

Routine antenatal examnation 1s carried out at thi stage
as 1n any other case with special reference to any previous
obstetric history  Blood examinations including W R and
Rhesus factor determination should be carried out and 1t 1>
wise to be sure that the patient has had a recent chest \ ray

Second Trimester The diabetic state 15 usually faurly
stable dunng this period but again 1t must be assessed by
blood sugar estimation rather than by the degree of gly cosurta
present In the antenatal chinic a close watch must be hept
for any early evidence of toxaerma the urine blood pressure
and weight records being the chief factors on which this can
be assessed

Third Trimester It 1s during the last three months of
pregnancy that the closest observation of the pregnant dia
betic woman 1s required  Tovaemia of pregnancy hydram
nios premature labour and intra uterine death are all Lable
o occur at this stage while the insulin requrements tend to
ncrease and the diabetic control becomes more drfficult

The patient must therefore attend both the diabetic chnic
and the antenatal cime¢ much more frequently and dunng
the latter part of the time she should be seen each weeh
Ideally she should be admitted to hosprtal for full assessment
at the 35th week (Tolstor 1953) The physician and the
obstetrician can then decide on when the pregnancy 1s to be
terminated and by what method

Routine delinery by Caesarean section at 36 weeks will
result in 2 high proportion of Itve births  But thts may mean
subjecting a number of women unnecessanly to Caesarean
section and 1t may result in a number of infants sufferig neo-
natal deaths although these may b infants who would
otherwise have died 1n utero  On the other hand although st
seems as 1f pregnancy c4n be continued until about the 38th
wech when the chances of a lne birth and 2 viable infant
are optimum  a certain number of mfants will then dre 1n
utero between the 36th and the 36th week 1f pregnancy s
allowed to continue until then It 1s thus not possible to

rd
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dogmatsze on erther the time or the method of delnery and
each cage must be consdered on its own ments

For the obstetrictan the exact time of the termmatton of
¥ y depends upon his ment of the matunty and
the size of the foetus the presence or absence of toxaenna or
hydramnios and a consideration of the previous obstetric
history

For the physician the state of the drabetic control and his
assessment of the patient s general phy stieal condstion are the
chief factors to be considered

Caesarean section 1s probably the method of debisery which
gnes the most conststently good results although there has
been an increasing tendency of hte to mduce labour surgl
cally at any rate as 2 tnal Caesarean section being performed
only 1n those cases where there 1s a defimte obstetnc mdica
tion for this methed (Hurwitz and Higano 1932 Tobto
1953)

From the point of view of managing the drabetic state over
the time of delnvery 1t 15 probably easier for the physician
when a €aesarean section 15 performed  The time can nsually
be chosen and the carbohy drate mtake and insultm cover can
be planned as in the case of any other surgical operation
(See Chap \VII'} Soluble mnsulin should be used rather than
any long acting preparation and 1t 1s esseential to ensure
that the patient s stomach 1s empty even of glucose dninks
when she goes to the theatre The mtravenous route must
be used for the admmmstration of appropnate amounts of
glucose 1 50 per cent solution  Immediately after delnvery
there 1s often a dramatic fall 1n the patient s insulm require
ment and this must be watched for so that hypoglycaema
may be avoided erther by reducing the insulin dosage or
\ncreasing the catbohydrate content of the diet  If possible
the dimbetic state should be controlled by blood sugar
estimattons over this period

CARE OF THE INFANT
The infants of diabetic mothers hae a high neonatal
mortahty They are frequently largeand unhealthy Ioomngl
often having a brawny lLized oedema
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baemotrhage 1s common at birth and thete 15 a high a1
dence of atelectasis with respiratory distress (Tofstor 1953}
1t has been shown by Winter and Gells {1954) that the res
prratory distress 15 due to the development of pulmonary
hyaline membranes throughout the lungs cansing a diffuse
tvpe of atelectams  This was found 1n 75 per cent of inlants
laching some other major cause of death  The cause of the
membrane 15 not clear but the child develops mcreasing res
piratory distress duning the first few hours of ife and esther
dies of respiratory failure after twenty four or seventy two
hours or gradually begins to improve and recovers com
pletely over the same pertod of time

The d of pul y hyaline b 1s higher
1n infants born of diabetic mothers than in other infants and
1t 1s more common 1n all infants delisered by Caesarean sec
ton than 1n those delnered by the pelvic route White
(1954} found hyalme membrarnes 1n 85 per cent of autopsied
infants of diabetic mothers  The choice of Caesarean section
delivery m infants of diabetic mothers is therefore not 1deal
but the high foetal death rte in such infants justited the
creased nish of pulmonary hyaline membranes from Caesar
can section delivery  Bound et @l {1956) found that 30 of 36
babies with the pulmonary syndrome of the newborn were
premature and 2 hyaline membrane was present an 73 per
cent

In order to reduce the neonatal mortahty of these infants
t0 a nunimum their care should be entrusted to the paedia
1r1c1an as soon as they are delivered  In spite of thewr large
size these infants must be treated as premature bables  The
airway must be cleared and postural drainage instituted but
only for as long as 15 essential because the viscera often bemng
enlarged may cuse further respiratory embarrassment by
their pressure on the diaphragm  Oxy gen should be given if
respirations are delayed  stomach aspimtion should be
carned out since these infants frequently have excessive
amounts of flwd 1n the stomach and subsequent +omting
and aspiration of the matenal may favour the development
of the hyahne membrane syndrome (Gellis ¢ al  1949)
This mav be repeated as necessary  The mnfant should then
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be moved to a special nursery and placed 1mmediately 1 an
incubator 1n a humified oxygen ensronment for 24 hours or
longer Pennoyer and Hartman (1955) They shonld not be
bathed and feeding witheld for the first forty eight hours
Antibrotic therapy should be started

The onset of hyaline membrane disease may be preceded
by apnoea cyanosis abnormal respiration or chest retraction
soon after delivery but more commonly rapid respirattons
with a constant expiratory grunt retractton of the lower
chest and sometimes intercostal spaces fullness and promm
ence of the sternum flaring of alae nast restlessness proceed
mg to fatigue and exhaustion ncreasing cyamosis and
pestads of apnaea increasmg mn severity come on gradually
over a pertod of 4-6 hours mcreasing mn seventy and erther
resolving completely (1-4 days) or termmating {fatally
{Pennoyer and Hartman 1955}

It 15 clear that there 15 still much to be learnt about the
management of diabetes and pregnancy In the light of our
present state of knowledge 1t cannot be overemphastzed that
1t 15 essentsal that the physician the obstetrician and the
paediatnican should o operate m the closest way possible
and that the patient should be under observation through
out the entire pregnancy The satisfactory results that can
be chieved with such an approach hase been stressed by
Pedersen et @! (1954} In 149 diabetic pregnancies there was
an overall foetal mortality of 27 per cent  On dniding the
pateents into long and short term treated diabetics according
to the stage of pregnancy w hen the patient was first seen he
found that the foetal mortality was only x2 per cent in the
cases followed from early pregnancy compared with 36 per
cent 1n the cases which did not come under observation until
the latter part of pregnancy  All cases were treated on the
same lines the principles bemng classical control of the dia
betes wrth conseriative and obstetrical management only 8
per cent cases beiny, delis ered by Caesarean section Mo hor
smones were admuntstered and all the infants were fasted for
at least twenty four hours after delivery Pedersen belteves
that the stnibing difference mn foetal mortality it the two
groups Is good evidence that the most important simle
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factor 1 the management of the pregnant diabetic 15 the
exerase of strct diabetic control throughout the whole of the
preguancy
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fully understood and the specific cause for foetal enlarge
ment and mortality are unknown It has however been
suggested that there 15 an increased output of growth hor
mone by the antertor pitustary dunng pregnancy and that
this may be responsible for the large size of the foetus and
occastonally for 1ts intra uterine death (Teel 1026 Engle
and Mermod 1928) Inany event from the practical stand
pomt 1t 1s important to recogmse that infants born to
women 1 the prediabetic phase are lLiable to the same ob
stetric hazards as are those of frankly diabetic women and
secondly a woman who 1s deli ered of infants weighing more
than 10 Ib should be investigated to exclude the possibility
of her having latent diabetes
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CHAPTER \VI
THE TUBERCULOUS DIABETIC
IncipEncE

THE presalence of pulmonary tuberculosis 1s greater in dia
betics than 1n the general population and before the discosery
of wsulm active pulmonary tuberculosis was a common
autopsy finding i diabetics (Gnesnger 1859  Viindl
1883 Widhamson 1898}

It 1> difficult to determimne the true mecidence of tubercu
losts m diabetics because different critena are adopted 1n
different surveys  Thus i an extensrs e public health s estt
gation carrted out m Philadelphia there was an mcidence of
pulmonary tubercle 1n 8 4 per cent of 3 106 diabetics as com
pared with an incidence of 4 3 per cent of 70 767 non dia
betic mdustrial workers (Dillon ef al 1952) On the other
hand Warwick (1957) found an mncidence of only 1 8 per cent
in 1 851 diabetics observed at Unnersity College Hospital
over the years rgqo~54 The table reproduced from her
paper summartzes the findmngs of some of the larger surveys
carried out  {Table 1)

The incidence of tuberculosis m diabetics has clearly been
mfluenced by the better diabetic control which has been
achseved since the advent of insuln and Himsworth (1938}
clarmed that well controlled diabetics were no more liable to
develop pulmonary tubercle than non diabetic subjects

This view has not been full borne out but in the Phila
delphia survey 1t was found that the prevalence of active
tuberculosis increased markedly with the seventy of the
disease  Furthermore active pulmonary tuberculosts was
more common 1 patrents under 40 than m older cases and
there was also an increased prevalence mt those joung
patients who had been diabetic for ten years or more

Warwick found the same relationships between age con
trol and duration of diabetes  She also found that m nearly
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RADIOLOGICAL APPEARANCES
The \ ray appearances often show adsanced changes
when pulmonary tuberculosts 1s first dragnosed  Warwick

e

F1c XVI 1 —Tuberculosis n a diabetic woman aged 70

found m her sertes of 108 tuberculous diabetics that at the
time of diagnosis 25 per cent of cases had lestons mn one zone
only 35 per cent had lestons 1 more than two zones and 48
per cent had cavities  Steidl and Sosman (1927) recognized a
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specific radiological lesions which they descnibed as  dia
Dbetic tut Ths 15 ch 1zed by a wedge

shaped lesion spreading from the hilum and occurning in dra
betics over the age of 40 years Tig \VI 1 shows the

3
1\

\ ray appearances m a diabetic woman aged 70 Tig \\ I
- shows the satisfactory umpros ement on antibiotic therapy
Warwich found thes Iesion 1 11 per cent of her ca e but
only s\ were over the age of 40 and she constdered that it

———e

lie VI 2—Samecaseaft tecatment
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ncreasid casbohydrite allowance  Tor these reasons it 1s
wise to treat the patient with tue or more doscs of soluble
msulin each day

2 Contral of Pul Tubercul The 1ntroduction
of effectnne bactertal therapy for pul 'y tubercul
hns been of great benefit to the tuberculous diabetic  Thus
m Warwick s senes o deabetsc with putmonary tubercn
losis recenuing antibactenial dry,, treatment stnce 1930 has
died from tuberculosts Rest antibactenal therapy with
streptomycmn para amino saheybe actd (PAS) and som
and (I N A H) m ther vanous combinatrons and any local
collapse therapy requured are the mmitial measures in the treat
ment of pulmonary tuberculosss ;m drabetres  Should anv
form of thoracic surgery be required such as segmental re
seetion lab or plasty these
procedures may be carned out under the cover of an anta
biotic umbrella

Although xdeally the tubesculous diabetic should be treated
10 a speuiaf unst the importance of this has only recently been
appreaated  Luntz {1957) has descnbed the work of such a
umt which was introduced 1 Birrungham  The umit com
prses 25 beds with out patr at chinies and provides domm
aliary senvices and has greatly improved the standard of
treatment offered ta tub reulous diabetics

Proghosts

The combimation of diabetes and pulmonary tuberculosis
hias 1w the past been a particularly serious one {sev Table .}
but this should now be regarded as out dated and a much
more optimistic view may be taken « hen a case presents al
though the management of the cise ¢alls for the close t co-
speration between the chest physteran and those 1n charge of
the diabetic aspects of the case

PROPEALANIS AND TARLY DIacsosis
It 1s more common for tubcrculos:s to develop m hnown
habetics than for the risurse to oecur—or for the two ton
ditions to present simultancously  Routme chest \ rays
shioald be camned out on ali newly diagnosed dabetics and
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to establisy Idea] contro} before Operation and o modified
techmqye has to pe adopteq

MAN\GE\JE\T OF thE Pranngp Casp

It1s most satxs!actory to adm,¢ Cases a¢ least three or four
days before the g eration date unng thg ttme the degree

Of diabetye Contro) assessed p, € tests ang Sersal
lood Sugar estimatyg, any necessary 5 Justment 1 ghe
diet May be ma, 8eneraly ) best to , € as hittle

e In

S possible With the treatmen, of a ey controjje, case pyt

when the Patient ;g takmg an aPpreciaple dose of msulp eg
W to

More ¢, Mits daxly 215 wyse nge to tyg or more
doses of luble 1 I becayse of BTeater eaqq n estap.
s, ing g T contr) With s ble th N with any
long acting ingyj,

*t 1mpg, Y€ the time of Operation

AManged 45 Nearly 54 exactly z¢ Possible . eally the dj
etic Patieng bemg Submutted fora Planpe, Operation should
be the first cage on the Irgs and pre[erably the Iist should pe 1

Dre ope, tve Preparagyo, should pe Simple apng shoulq
at ca; S

Ted oy, 10n diabetyes Tha:

Overmpgh tanag,, Should pe the mothing shoulq
e g1 ¥ uth for t least four p, € Operation
time €qunajens f the batients p, Icarbuh_)dmte
breakf, should pe 81ven ingr, 0Usly as 50 per
cent elucose together With the pre a, nged dose of soluble
nsulin gl € Appears ¢, have Notorioys tendency
20 be pre, ent 1 th, ach whey, the patiens arTives i the
theat, d 1t 15 for thy, Teason thye € aboy e method 55
Preferreq S noth;, '§ which o Sperates ap anaes

en;

tion of such flyq, has been on the direction 2 physician
Any further Pertodie admmlstmtmn of glicose Tequired
Over the Operation Penod cap po Stmilarly oy ep by the mtry
te at norma} nter a1 Blood SUBar estimatyon

e carrie out to ailay anvety on the part of the
ANaesthetrsy whose frequent concern g5 Joss the patiens should
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bottles are used each dav a reasonable carbohy drate mtale
15 assured and the diabetes can very easthy by controlled by
4 or 6 hourly tnyections of soluble 1nsulin

MANAGEMENT OF THE Acu1r Sursicar EMERGENCY

It sometimes happens that a new case of diabetes 15 dis
covered on routine pre operative unnalysts when the patient
ss admitted with an acute surgical condition but it 1s mace
common for the case to be already a hnown diabetic In
exther event the diabetes may well be unstable possibly wath
severe hetosis  The Jatter should if possible be treated before
operation and 1 any event an immedhate blood sugar esty
mation should be catnied out and prompt action taken If
the blvod sugar 1s greater than 400 mg per 100 ml with
hetones present m the unne st will be quste safe to gne 100
umts of soluble msultn—50 units wtrasenoy Iy and 50 by a
deepsubcutaneonsinjection At the same time anintravenous
snfuston should be set up with which the patient may be taken
to the theatre Instrally starting with normal salne the m
fusion can be changed to 5 per cent glucose when 1t 15 estab-
shed that the blood sugar 15 comimng under contro] there
after the drabetic state being controlled by regular injections
of msulin with frequent blood sugar estimations

REsPONSIBILITY FOR THE Casg

From the tine the patient recerves his pre medication
ants? he has fully regatned cor.crousness on hus return to the
ward the anaesthetist naturally feels responsible for the
case and because of this he feels that 1t 1s g ht that he should
have a free hind 1 ordern, any freatment to the patient
duning this period and 1t 15 over this pomnt that anaesthetist
and physicians sometimes find 1t difficult ta co-operate fully
It 1s however essenttal that they should do so and that they
should take a jomt responsmbility for the patent aver the
operation period  As already stated the anaesthetnt fears
Ry pogly caemua as the greatest hazard although n fact 1t
ot 2 common complication during the surgical treatment of
diabettes  As pomted out by Foster and Franos {1955) there
ate usually stress factors present tn the surgical dhabetic
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which tend to cause hypurglycaerma  These mclude infec
tion both physical and mental trauma blood loss anovia
while any acute surgical emergency may cause a previously
well controlled diabetic to become uncontrolled Admuttedly
the relief of the surgical cordition especially when there 15
sepsis present may predispose to hypoglycaemm and m the
particular case of the termination of pregnancy by Caesarean
section there 1s frequently a sudden fall in the blood sugar
and n the msuhn requirements of the mother This &
honever one of the few instances when hypoglycaemia 1s
Iikely to occur and provided the blood sugar 1s detetmined at
regular intervals there should be hittle difficulty in control
Iing the condition Detection of clmical signs of hyvpogly
caema 1n the unconscions patient may be difhcult because
most patients are sweatmng 1 the heat of the theatre while
the pulse rate and volume may vary on account of the
operation and the anaesthetic  No reltance should be placed
on any obsersation except blood sugar estimations

CHOICE OF ANAESTHETIM

Apart from avoidmg the use of any agent Jikely to increase
the blood sugar levels by releasing glycogen from the Iner
1t 1s amportant that the diabetic patient should not be ren
dered anowic during anaesthes:ra  Any degree of hypoxta
rapidly produces per sz a sustamned by perglycaemta due to
sympatho adrenal sttmulation (Courville 1936} and 15 also
undesirable 1 the presence of the type of vascular disease
which 1 so common n diabetics because 1t may predispose
erther to cerebral or coronary artery thrombosis

PREVEDICATION
Although atropine has been shown to block wmsultn ecre
tion produced by 1agal stimmlation (Portis 1050) and mor
phime can predispose to anovia by e prratory depression the
agents commeonly u ed for premedication can vsually be ad
wmimstered with safety

GENTRAL ANAESTHESIA
Experimentally 1t has been shown that with ether and
chioroform anaesthesta there 15 a breahdawn of glycogen
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{Brown and Long 1930) and 1n the case of ether this has been
attnbuted to the fact that ether 1s a marhed sympathetico
mimetic agent and the efiect being dependent on the conse
quent release of adrenaline  In addition ether tends to cause
vomuting  In the case of chloroform the tovic effect on the
Iner 15 probably the mmportant factor Both ether and
chloroform are thus undesisable agents for general anaes-
thesia 1n diabetics  Cyclopropane is a safer anaesthetic and
causes only a slow nse in blood sugar though yomtting 1s
sometimes induced (Robbms 1940) Foster and Francis
(1955) have suggested that thiopentone induction with
nitrous ovide and oxygen supplemented with mmmal tn
chlorethylene pethidine or relaxants 1s probable the best
method for most procedures

Dunng such anaesthesia howeser they stress the import
ance of avording severe falls of blood pressure avoiding
anoxta and carbon dioside retention and mamtaimng ade
quate depth of anaesthesia to prevent sympathetic stimula
tion

LocaL AND SPINAL ANALSTHESIA

Local anaesthesia has only 2 Imrted use m the surgcal
treatment of drabetics  This 35 especially to be noted 1
condttions affecting the feet and 1t should be emphasized that
the combmation of cocame dernvatrscs with adrenahne may
be dangerous m the presence of penipheral vascular disease
because thrombosis may be so easiy precipitated an the
smaller digital essels

On the other hand spinal anaesthesia may be useful espect
ally 1n the elderly patient requinng amputation of 2 lunb and
althaugh the method 1s not widely used mn this country 2t has
been practused with success n other centres and notably at
the New England Deaconess Hospital Boston (Josltn 195-)

Similatly there 1s no contra mdiation to the refngeration
tech m b but hypotensive methods should
be avorded because of the dangers of anovia and the ereased
Llelhood of wnducing throntbests

In summary 1t may be said that just as with .0 mant
other conditions which may affect the diabetic 3t 15 essential
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1o establish the closest co-operation between the ‘anous
clinicians 1n charge of the case  Once an understandine has
‘been reached between the physician and the anaesthetist
there should rarely be anv difficulty m the management of
the surgical diabetic case
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CIrRHOSIS

There appears to_be no_increase_in_the mcidence of cir
thiosis 1n diabetigs as_compared with the non diabeiic popu
lation  Indeed Frankel found only 36 cases of crrhosis
amongst 3 543 diabetics and Joshin (1952) reports only 88
cases among 20 094 diabetics admitted to the George I
Baher Clime an incidence of 0 44 per cent winch 1 less than
the mcidence of cirrhoss mn the non drabetic population
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glycaemia appears to favour the persistence of septic con
ditions

Pruntus Vulvae and Momlia Pruntis vulvae may be one
of the most intractable conditions i diabetics and when 1t
persists after the control of glycosuna 1t 15 usually due to the
presence of a monihal vulvitis  There 1s usually extreme
itching and imitation of the vulvae wath an acutely in
flammed vuls ar and pent anal shinshowinga well defined edge
to the lesion a macerated superficial epthelum and sores
caused by seratching  In 15 cases described by Barr (1957)
having the above appearance C Albicans was demonstrated
1n all cases 1n the superficial epithelium of the vulva  Some
diabetics complain also of a discharge when 1t has the
charactenstic white curd hke or caseous appearance

The & may be firmed by the ]
examination of smears and by the moculation of Nickersen s
medium tncubated at room temperature for five days (Barr
1957}

Even though posittve proof 1s lacking and certainly whilst
awaiting laboratory confirmation 1t 1s justifiable to pre
scnibe I per cent aqueous gentian violet paint In recent
years Nystatin has been found to be effective against the
fungus disease It was discovered 1n 1950 by Hazen and
Brown (1950) and acts by mhibiting cell division and my
celial growth  Since then there have been many reports
the literature of its effictency m treating momhasis of the
vagma Barr {1957) recommends giving local treatment as
an omtment contammng 100 000 units of Nystatin per G of
emulsifying ointment B P base applied to the affected parts
twice daily for two weeks Also the patient mserts two
vaginal tablets of 100 000 umits each mght  She 15 told not
to wash the vulva with soap and water but to cleanse the
skm with warm olive o1l Oral tablets were thought to be
un;lacessary

p 1¢ relief from p pruntus vulvae some
times follows the application of T per cent hydrocortisone
cream

Intertngo  Diabetics and particularly obese females are
liable to develop intertrigo under the folds of the breasts at
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This lugh proportion of patients deseloping lesions greatly
outweighs the average incidence of 10 per cent of allergic
disorders 1n the population as a whole thus suggesting that
factors other than hypersensitivity to msulin are responstble

Tic NIk 1—Lp

at phyat t f
abdom n 1wallanith h

ulnmgct n

for the development of these lesions  Furthermore Gelfand
Fabrykant and Ashe (1954) fatled to find any significant dif
ference m shin tests between drabetics affected wath local
shin lesions and non diabetic controls It seems however
that the occurrence of local reactions may be related to the
manner 1 which msulin injections are made  The maidence
appears to be highest when the 1njection does not ensure de
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posttton of msubm 1n_the deepest layers of subcutaneous tis-
sue and jt 15 sinificantly smaller 1 those who imsert the
needle deeper by thrusting 1¢t strarght 1ato the shin and by
those using an automatic syringe  The daily shifting of the
site also appears to be important n reducing the meidence
of focal reactions  Such a local reaction may follow the nse of
any type of m<ulin and although it was at first hoped that
the msulin zinc suspension mght have been less ikely to
cause reaction than the older long actmg zinc msuln which
contained a foresgn protem (Brit med ] 1953) 1t has never
theless been found with the increased use of these preparations
that the well recognized local lesions may occur (Mason and
Veral 1953 Murray 1954 Armstrong and Lloyd 1954
Davidson 1956) Lipodystrophy ertherin the atrophic orin
the hy pertrophic form 1 less common and of the two types
lipoatrophy 1s better recogmzed

Yohalem and Pollach {1949} found hipoatrophy in 33 3 per
cent of adult diabetic patients and Palev {193) found 2
54 8 per cent incidence of Iipoatrophy 1n a sertes of patients
attending the diabetic chimic at the General Infirmary at
Leeds The complication was sigmificantly more frequent in
fernale than males

\ anous factors have been suggested as causation and these
melude-the presen atiy es used inmanufacture of nsuhn the
alcohol_used n stenthzing synnges and needles local senst
tuuty to msulin myury of nerve fibres and chemicalanjury

of the subcntaneaus fat
None of these factors have been conclusively mmphicated

and Paley {1953) pomts out that 1t has not heen possible to
produce atrophic hpodystrophy expenmentally mn ammals
On the other hand he did find that st occurred more com
monly_1n_patients.on protamune_zmc_msuln than on crys
tallme 1nsulin and 1t seems possible that]n:x lmp\lr:t} n the
njected mpsulin may possibly be the hipaly ticagen

lBecause ﬁxle e'(agt I:':ause of the abnormality remams un
Lnown no rational therapy 1s atarfable although Paley found
that m almost 30 per cent of cases there was a spontaneous
1mpros ement 1respectine of treatment

Necrobiosis Lipadica Diabeticorum  Necrobosts ipordica
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PART 11
MEDICO SOCIAL ASPECTS OF DIABETES

INTRODUCTION

THE 1s0lation of msuhn was one of the greatest achievements
inmedicine  On the other hand because msulm 15 not a cure
for diabetes but merely a means of controlling 1t there 1s now
a growing papulation of hfe long diabetics  The population
1s growing not only because individual diabetics are hiving
longer but because these people are rearing children some of
whom are also hikely to become diabetic or pass on the
disease

Apart from supervising the medical care of disbetic
patients 1t should be the aim of alt doctors 1n charge of dia
betics to try and help therr patients to live as normal and
full a hfe as possible and at 15 with regard to the many medico
sorsal problems that mevatably anse m this connection that
ths section 1s concerned  Furstly the vanous soctal factors
that are wmportant m the different age groups are con
sidered  secondly the functions of the diabetic chinsc are
discussed and finally the work of the Diabetic Assoctation 1s
brefly descnbed



CHAPTER \X
PROBLEMS OI' THE DIABETIC LIFE

To a large extent the soctal problems vary according to th
age of the patient and the vanous age groups will therefor
be considered 1n turn

1 Diabetes n Chuldhood Diabetes though relatssely rar
mn childhood creates many problems when 1t occurs In .
survey of I 307000 schoolchildren under the age of 16
Henderson (1949) found 183 known diabetics an mcidenc:
rate of T 1 7000 The mcidence rose sharply from 1 n
180 000 for children under 5 to I 1n 180 000 for 5- years ant
I 1n 300 for chldren from 10-15

‘When the child 1s very 3 oung at the onset the chief burder
falls upon the parents and 1n many cases the management of
the case 15 complicated by the serous psychological ympact
that 1ts development has upon the mother Indeed1tis often
more difficult to treat the parents of diabetic children than
to treat the patients themselves Dietary restnction 1s diffi
cult to mmpose on young children but unless they are edu
cated 1n some form of carbohy drate restriction at the onset
of the disease 1t 15 difficult to persuade them to accept 1t later
Insulin 1s alway s required 1n juvenile diabetics and the sooner
they are able to give their own mjections the better and most
children should be able to grve their injections by the age of
10 A number of 1¢ jet 1y are avatlable such
as the Palmer mjector (See p 125)

It 15 essential i the management of Juy emle diabeties that
they should be able to take part 1n all the activities under
taken by non diabetic children of similar age and in ths
Tespect 1t 15 the adjustment of the diet and msulm dose pnog
to exercise which requires careful study It wall be Joun
that the requirements vary from pattent to patrent and}{l):
different types of exercise ~ Thus hennedy (1955) states tha
one yuvenle drabetic had found by tnal and error that at:
average set of tenmus demanded an extra 15 G carbohy dra
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children under 16 years of age mn England and Wales with a
school population of 5 mullion

Camps for Miabette Children  In the United States there1s
great enthusiasm for diabetic hohday camps and Marble
(1952) considered that the primary aim of the camp should
be to show diabettc children that they can take part m the
actrvaties of a normatl child and that with reasonable atten
tion to diet and regulanty of meals and msubn mjections
they can Inve as ordmary children

In this country the Diabetic Association has organssed
similar camps for diabetic children and although these have
been on a smaller scale than those tn America they have
always proved both popular and successful  More recently
the Associatton has embarked on a further project and now
runs holtdays abroad for parties of diabetic children

2 The Adolescent Diabetic  There are a number of spectfic
problems that occur 1 adolescent dsabetics  First the d2
betic state may become rather labile This 1s possibly be
cause of the mereased hormonal activity and particolarly m
guls there 1s often assocrated with adolescence a marbed
increase m the msulm requirement At the same time the
adolescent beguns to assert mmself or herself and demands an

degree of mdepend Unless the patient fully

understands the mmportance of mawmtaing good diabetic
control a difficult sttuation can easily arise wath a sense of
resentment at the restrctions of a diabetic ife and a renewed
unwillingness to accept the discplme of diet and regulat
msubn therapy This 1s also the age when the pahents
caseer 15 bewng planned and 1t 15 essential that surtable em
ployment shall be found Work catrying special hazards
raust clearly be avoided and diabetics are not accepted 1
the Armed Services

The  outh Employment Bureau may be able to help and
the vast majonty of yusemle diabetics will find surtable
work There will of course always be a number of cases
who are difficult to place but these are u ually those with 2
Jow 1) 1 whom the diabetes is poorly controlled

3 The Diabetic Citizen The aum of the physician 18
charge of adult diabetics should be that men and single
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must agan be stressed that this complicatron 1s particularly
to be avoided 1 the elderly becanse of the difficulties of re
stormg the flmid and electrolyte balance m a severely do
hydrated elderly patient with a poor cirenlatory system

Good diabetic control 1s therefore as smportant m the
elderly diabetsc as 1t 1s 1 vounger age groups

There are howeser special obstacles to the attamment of
this 1deal  Furst the patients are often disabled on account
of their age and find regular attendance dufficult erther at the
diabetic clinic or at their own doctor s surgentes  Secondly
they are often unrehable because of cerebral artentosclerosts
anq tend to be maccurate both m heepmg their diet and s
therr sulin admuustration while faitmg vision 1> another
factor often respanstble for inaccurate msulin dosage  Econ
omuc factors may also make 1t difficult for elderly patients to
follow therr diets strictly because a diabetic diet tends to be
castly at any rate duning certan fimes of the year

ANl these difficulties must be appreciated by doctors 1
charge of elderly dubetic patients

The help of the District Nurse 1t nsulm admunistration
may often be required although 1t 15 difficult for the dutnct
nurse to ensure that the msuhn 1 gnen at the same time
each day and 1t 1s more satisfactory if a relatn e undertahes
the responstbility of grs ing msubn  The home help service is
also saluable 10 providing domestic 1sstance and some
times m the preparation of meals In some districts 3

Meals an Wheels Service 15 avalable and will provide
diabetic diets

Finally there are those elderly diabetics who are unable to
Ine alone and must be arcommodated exther n chronte sich
wards or m welfare accommodation  The majonty of Jocal
authorities state that they rasse no cbjection to providing
spectal deets for diabetc pabents althaugh somc welfare
officers are still rather unwithng to accept drabetsc patients
In January 1053 The Fredench Banting House was opened
m hangston Surrey for elderly dabetics with accormmoda
tron for about 30 residents It 1s run by the Diabetic Asso-
cation and 1t 35 hoped that further sindar homes will be
opened in the future






CHAPTER \\I
THE DIABETIC CLINIC

THERE ate some phystctans who still beheve that diabetes
should be regarded as a general practiiioner disease and that
once a patient has been stabihized he should be returned to
hts family doctor for all further supervision and care  There
15 perhaps much to be said for this point of view but 1t fails to
take certam difficulties into account  Furstly the number of
diabetics i mdividual practices i» rarely large enough for
many doctors to be enthusiastic m the regular follow up of
therr cases  secondly few farmily doctors have faciltttes for
blood sugar estunations and thirdly there are many doctors
who will frankly admut that they cannot keep abreast of the
modern trends in diabetic treatment although some prac
tatroners feel that they will be even fess mclined to keep up
with modern treatment 1f the diabetic chinx takes over therr
cases The majonty of general practittoners are dehghted
for thew disbetic patients to make regular wisits to the
diabetic chime  If there ts good hiatson between the chime
and the G P the latter will be Lept well mnformed bath about
the progress of his patient and of modern des elopments  In
arder to mamtamn such 2 haston 1t 1s helpful if the general
practitioner recenes a brief report on the patient s dibetic
state after each chinuc attendance This may throw an adds
tsonal burden on the hospital staff but if a simple proforma
1s uwsed as in Fig W\ 3 the mimmum of relevant mforma
tion may be passed on and thm s greatly appreciated by
general practitioners

The functions of a2 diabetic chnie may be considered under
two main headwgs —first thr care and education of the
patsents and second the conduct of chncal research and the
post graduate education of the doctors and therr assistants

1 The Care and Education of the Patients The carc of the
pattent 15 clearly the first object of the diabetic cmc and it
has two distinct aspects  Farstly there 1s the mawmtenance
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of good diabetic control and secondly the education of the
patient and the management of the medico-social problems
already discussed

Dear Dr
Your patent

attended the Duabeti, Clinic on
The degtee of control 15
Unne exanunation revealed
Blood sugar estunation was
Tasuhin dose advised

“vext Chme attendance
REVIARARS

Fo S o3

Wheneser possible new patients should be stabshuzed as
out patients but 1 specral circumstances 1t s more desirable
to admit them for stabilization  In the clinic the staff must
mstruct patients m such routine matters as urine testing
and msuhn adminstration although most patients require
the assistance of thetr district nurse 1n this matter m the
early sta es

Ideally there should be a sentor member of the nursing
staft—~permanently attached to the dabetic choe~but this
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1s often difficult in hospitals where there 15 a shortage of
nursing staff

Duetetic Advice A dietitian should be avarlable 1n the
drabetic clime and the medical and nursing staff should also
be famihiar with the carbohydrate 3 alue of the common foods
50 that they can adiise patients on sumple detetrc problems

In some clinics the dietrcran or catering officers are helpful
10 arrangmng stmple demonstrations

Almoner Service An almoner should be available m all
chintes to advise patients on the many social problems that
may occur  She should be famihar with the particular prob
lems likely to befall diabetics and aware of the varous
facthties such as convalescent homes homes for the elderly
diabetics and other similar sers tces

Chiropodist A chiropodrst service should be avalable in
all diabetic climes but 1t 1s vital that the chiropodist 15 spect
ally trained and aware of the potenttal dangers to the feet of
diabetics Al diabetics should be mstructed m the clnic
about the importance of the care of therr feet (see Chap \II}
and should be warned against the dangers of having their feet
treated by unshilled chiropodists

Routme Cluue Visits  When a patient 15 well stabibized 1t
should not be necessary for lum to attend the chatc more
frequently than once m three or four menths  Every patient
should be thoroughly examuned and resiewed on at feast
one of his attendances each year and an annual chest
X ray should be carried out

All duabetic pattents tahing msulin should carry a card
indicating that they are dibetic and statmg the msulin
dose  The specamen card shown 1n Fig X XI 2 15 that1 sued
by the Diabetic Association

2 Research and Trammng of Doctors  Although certan
types of scientific research especsally those requinng Jabora
tory facihties can only be carned out n the larger centre
every physician i charge of a dubetic chme should be able
to study some clinical aspect of the condstron

As already stressed the patients attending diabetic chmcs
form an 1deal population 1n whom to study the natural hlsd
tory of disease because many become life long attenders an
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