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Toreword

1 app the privilege of congratulating Dr Duncan on s growing
attainments 1n clnrcal medieme and ont the avthoratup of the present weork
The practical purposc of such a book 13 to teach the treatment of diabetes
Though there are other good books on this subject, a new one 1s not super
fluous but 1s 2 needed addition to the weight of authorty agminst wrong
docteines The subject 1s controsersial at 2 ume when 1t should already
have been clarified Mortality and disability remam high when they should
be negigmble Diabetes may be ranbed as the worst treated of all discases
m relation to the knowledge and means avarable for nts control Granting
the part played by 1gnorance and carelessness of patients, there ts need of
more warmng agamst the widespread fatal errors of physicians
The three main contnibutions of my early research can be claimed to
have stood the test of tume Furst, the reduction of total calories and body
werght drametrically contradicted the previous universal high calorie hugh
fat traditton which aimed at mamtamng the highest possible weight The
deal of cantrol was set up n cases previously classed as uncontrollable
/i'or the first tune diabetes was hmked with total metabolism, bejond the
narraw glucose metabaliem Second, the long famuhar progressive Joss of

talerance w Hled diabetes was eJucsdated by the expers
mental and clintcal explanation of hydropic degeneration as a remarkable
examyle of anatomuc breakdown of an end organ by fi over

stramn Ths degenerstion and Joss of beta cells was shown to be prevented
by the same dret plan which controlled diabetic symptoms Immedrately
alter the discovery of tmsulin, 1t was further <hown that insubn admras
tration cannot ouly prevent but also reverse this process so that the vacu

olated cells regara granulatron On this evidence was based the first allirma

ton that diabetes 18 nat sp ty or mevitably prog Thurd, 2t
was tearned, first 10 dugs and then 0 young patients, that diabetes 13 atr}l
progressive when the blood sugar remams high, even without glycosuna

The vesulung first advocacy of normal glycema as the standard of con

tenl has been repeated m many of my publications since that tme This
wflueace of hyperglycema has lately been fully confirmed, particularly
by Lukens production of hydropic degeneration and permanent diabetes
e narmal cats by conttnued barge glacose ingections The osigsnal postulate
of connection between hyperghycerma and drabehic camplications has theo

setical and clioteal support

it



vin FOREWORD

Immediately after the mtrod of msulin the theory was proposed

that treatment might consist in giing enough nsulin to metabolize the
requisite quantily of foodstuffs, without regard to urme or blood tests
The writers who have subsequently adopted and publicized this view are
classifiable m three groups First, a small number use a few years of ob
servation as basis for the claim that full and continuous health 15 provided
by 1nsulin dosage which maintains normal weight and absence of acidosis,
with complete disregard of diet restrictions or laboratory tests A second
group contradict the first group with long term observations showing that
most or perhaps all patients thus treated ultimately fall victims of com
phications, but also that controlled diabetics hase a similar statistrcal ha
bility to the same complications, which therefore are regarded as mevatable
and mherent 1n the disease rather than m the treatment A third group
occupy a twilight zone, being satisfied with various degrees of control of
sugar i urme and blood, often fearing hypoglycernia more than hyper
glycemia and considening normal glycerma as risky or detrimental 1n some
cases In actual practice, the result of prevalent teachings has been to m
clude the majority of physicians m this country and throughout the world
1n this third group

My own attitude toward this literature may Likewise be stated mn three
parts (a) Winle the app of gross compl may be deferred
for twenty or more years, they ultimately occur 1n most and probably all
uncontrolled diabetic cases Occasionally there 15 opportumty to see the
lication after prolonged hypergly with Ittle or no

Fan 1okl nd ¢ o v o mada narmal S are

onset of a

msulin daily, such a degree of prolonged deficiency of a vital hormone
should not be expected to be harmless (b) I hazard the opimion that sta
tisties proving simlar d of pl m lled and un
lled drabetes are n In other words, the cases hsted as
controlled by these wniters have not been controlled in any proper sense
of the word This criticism 15 not mere harr <pluting and does not refer
to brief or shght accidents of control The occurrence of a typreal com
plication 18 1psa facto proof of lax treatment mn the sense of gross and
prolonged elevauons or fluctuations of blood sugar, with the specific tissue
malnutrstion which they sigmify (c) This opmnion 15 derived from thrty
five years of clmcal expenience, which has comprised numerous compl
cations occurting 1n seemingly well nourished patients, without acidosis
and with excellent subjectie feelings under various degrees of lax treat
ment, but not a single example in well controlled cases either with good
nutrition under msulin or with severe undernutrition in the tine before
msulin It should furthermore be emphasized that, apart from a few ex
ceptionally labile cases, properly managed control with nsulin does not
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burden patients with serious hardshups or with the supposed danger of
hypoglycemia

This statement applics not to the ordinary senile events occurring at
natural ages, but to all typical diabetic comphications, particulstly the
premature and excessive arteniosclerosss It comprises the uraform pre
vention of these lesions 1n early or youthful cases, the frequent but not
imaniable arrest of processes already actne and the apparent halting of
arterioscleroms even m an advanced slage, <o that no such case has gone
on to gangrene and (barnng one traumatic acculent) no patient who had
previously lost one leg has ever developed gangrene m the other Therefore
for many years | have promised every cooperative patient a full hietime
of health, and 1 have had a standing challenge to family physicians and
the various consultants who see these patients to report a «ingle occurrence
of any of the familiar complications, and nobody has yet shown an evcep
tion Such a sweeping claim was at first qualified by recogmtion of the
frequency of peripheral vascular disease, sometimes entathng gangrene,
among the nondiabetrc population, and the quent Lhelihood of this
nonspecific process in occasional diabetics, so that the absence of any
such examples to date has seemed noteworthy As mentioned, the guide
m diabetes has been solely metabolic normality as judged by the most
delicate known index, namely the blood sugar The gurdance has disre
garded ncidental or secondary manifestations 1n the confidence, for ex
ample, that normal hipid metaboliem 13 ascured by control of the general
disorder rather than by himitation of dietary cholesterol

Briefly, then the therapeutic principle n dial etes 1s the same as 1n any
other dicease The patient being abnormal, the physician’s duty 1s to make
him normal The means are mvailable in diet and meubin It 1« tragic that
the great diccorery of msulin should have bren used for carelessness 1
stead of thoroughness of treatment Dr Dunean’s I ook will place the 1ssue
on permanent record for future judgment of responsibility on one side
for a mistaken dogma of preventability, or on the other side for literally
millions of prexentable tragedies of blindness other disabilities and prema
ture deaths world wide throughout the past quarter century

Dr Duncan has distingmished several eras in diabetic treatment, but
there should be the utmost awakening 1o the vevelutionary epoch which
Lies ahead, 1n which the 1deals will receive practical application so as to
abolish all complications Perhaps the carefully ordered life of the diabetic
may even set the example for longevity and freedom from artersal and
organic degenerations beyond the present average among the general popu
lation

Frepertek M ALLey






Preface

The objectives 1n preparing this volume have been twofold, first, to brmg.
together and correlate up to date principles in the understanding of and
1n the treatment for diabetes mellitus and, second, to deal with this disease
and 1ts complications m such a manner that physictans and students may
find herem & practicable and simphified outhine of therapy
In fulfilling these objectives 1t has been necessary to cover quite a wide
range, touchmg on nearly every specialty i Internal Medicine, as well as
making excursions nto the fields of Physiology, Physiological Chemstry,
Pathology, Surgery, and Dicteties We have avorded as much as possibla
) 1ssues and multipl. of theories and practices, by giving
most emphasis to known pathologic changes, to known phenomena 1nflu
encing therapy and by outhming n considerable detail the practical meas
ures, including the simplified Food Exchange System recently adopted by
the American Diabetes Association, which have proved most useful mn
our experience
No apology 1s offered for frequent repetition of important concepts It
15 by this process that those physicians and students who do not see large
numbers of diabetic patients will quickly grasp the relative importance
of the facts presented
Illustrations have been used freely, especially n depicung the patho
logic changes associated with disbetes Detanled considerations are given
to the many facets of therapy and a considerable section of the book has
been deroted to the compl h and zcute—~of diabetes
All of the references needed to serse the practical purposes of our ob
jectives are included This, of course, 33 by no means & complete Inbliog
raphy of the subject
Reasonable calculations indicate that there are between one and one
half and two mullion diabetic patients 1n this country Also, approximately
25 per cent of the total population have diabetic relatives These facts m
dicate the enormuty of the oserall problem presented by diabetes Our
responsibilities embrace the early detection of the diabetes, adequate treat
ment a continuous educational program, the encouragement of research
wnto the Iadden mysteries of the disturbed physiology as encountered 1
dialetes and the prompt but wise chinical appheation of every adsance
achieved
T wich to express my sincere appreciation to my collesgues for their co
. 1n this enterprise 1 am especially grateful to Dr A Reynolds

n




xn PREFACE

Crane, Pathologist to the Pennsylvania Hospatal, for his constructive critt
cism and for several of the illustrations depreting pathologic changes char
actenstic of dabetes, to Dr John B Flick for his interest and efforts in
behalf of our surgrcal patients, to Drs John B Alexander and Henry Rus
sell for assistance m compiling data, and to Drs Frederick M Allen,
Samuel Soskin and Joseph H Barach, Mr H H Mnrks nnd the U §
Department of Public Health for to rey and
other data from their publications

For pamstaking and efficient secretanal service we are especially 1n
debted to Miss Loretta M Stieber, and to Mrs Dorothea E Duncan for
her very able assistance with the manuscript

To those who collaborated with me 1n the writing of this book I am
especially indebted not only for this immediate enterpri<e but for the years
of interest and work which they have devoted to making the lot for the
diabetic patients a befter one.

To the Dietary and Nursing Departments and to the many workers
whose names do not appear but upon whose teachings and writings we
hase drawn 1n the fulfillment of our objectives, I am grateful

To Dr Frederick M Allen, with whom I spent two happy and profitable
years, 1 owe much and I am e<pecially grateful to hum for his introduc
tion to this volume

The cooperation and happy relations with the W B Saunders Company
have Lightened greatly the labor of preparmg tiis work m 1ts final form

GARrrFIELD G DUNCAN
Aprd, 1951
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CHAPTER I

Diabetes Mellitus

} DEFINITION

Diabetes melhitus 1s a ehronie disease mamfested by multiple disturbances
1n the metabolic processes of the bady 1t 1s the result of a decrease n the
production of endogenous insulin, or of other changes which mcrease, to
a marked degtee, the need for msulin These features singly or n comby
nation produce a relative or absolute wsuficiency of tsulin and account
for the far reaching pathologic and climcal changes characteristic of thiy
discase Followmng promptly upon the development of hypomnsubism, dis
turbances 1 the metabolism of carbohydrate become apparent. The con
centration of sugar in the bload mcreases abose normal-—hyperglycemsa
—and sugar appears in the urne—glycosuria The frequent pasemg of
large volumes of urine—polyuria—ensues Dehydration, and the simud
tancous loss oi munerals, and lass of flesh follow m sprte of excessie
hunger—polyp d h lydip As the Joss of sugar mn
creases. pmlem 18 drawn upon 1n un attempt to replace sugar, to supply
energy and, as & result, a negatue nitrogen balance ensues, and wasting
of muscle becomes promunent Also the catabolism or breaking down of
fat 15 speeded up m direct proportion to the seduction of carbohydrate
As the bolism of fat 1 lerated & pornt 13 reached when
the acetone bodies are produced in quantities beyond the capacity of the
tissuies to utihze them and the excretion of scetone in the vrine folfows

Usless these § rucesses are favorably influenced by treatment they tend
to progress untl the full capacity of the kidneys 10 excrete acetone bodies
13 reached 1t 1s at thrs stage that the refention of acetone bodies i the
blood becomes ble 1o amounte Unchecked, these proc
cases, with great lattude i the ranges of progressivences will lead to a
fatal outcome.

Stetten 7 10 smyestigating Lologre procevees by the eotope techre, has
shawn that under normal conditions & conatderable portion of the body
fat 13 Lroken down and resynthesized daily and that nsuhin s qu.mbm.
tively more molved 10 the syntheis of fat Irom carbohydrate than 1t *
1a the syntheas of glycagen He found that sbhout ten times as much
£ocs mnto the formation of fal 3y into the formation of glycogen In

4




2 DIABETES MELLITUS

diabetic, both of these processes—fat and glycogen production—are inter
fered with to a great degree and sugar, normally used 1n fat and glycogen
production, 1s not utilized but accumulates in the blood and 1s excreted
It 1s clear why the untreated drabetic pattents lose weight so rapidly and
why they gam so readily when msulin 1s supphed It 1s apparent that
diabetes disturbs not only carhohydrate but protemn, fat and total food
and tissue metabolism as well—a fact that Allen has postulated for many
years

The disturbances n metabolism 1n diabetes are remarkably accelerated
and 1ncreased 1n degree by acute infections and toxemias It will be ob
served m the pages which follow that facihties now at hand have reduced
almost to the disappearing point the risks which these complications for
merly held Fifty years ago, Josln? reports, 63 8 per cent of the patients
died of diabetic coma, whereas now a death due to this complication 1s
rare (19 per cent)

Formerly, attention was focused on the changes recorded above and
their ummedate ramfications The picture has changed Diabetes, by lend
1ng atself well to control with diet and 1nsulin, has been subdued and hife
has been kably prolonged As the acute difficulties yielded to therapy
and longevity was improved chronic changes became more and more evi
dent unh] now degenerative diseases have replaced acute complications as
the most common causes of death 1n the diabetic population We refer

top arter and the hazards 1t presents Prom:
nent among these 13 nsufficiency of the coronary circulation Ocelusive
processes mvolving one of the coronary arteries have become the most
common causes of death of adult diabetic patients Arterial sclerosis and
retinal b llary gl 1 and the diabetic
neuropathies, also degenerative 1n nature, have assumed posittons of 1n
creasing importance 1n the diabetic population Peripheral vascular dis
ease continues to be a great hazard The great reduction of the mortality
from drabelic gangrene does not mean that the underlying cause has been
conquered Quite the contrary, peripheral vascular disease 1n diabeties 1s
more prevalent than ever This 1s not surpnising with the average age at
death now bemg sixty four nstead of forty four years (1898-1941) ?
Methods of treating the complications which smmediately threaten lfe
have mmproved to such a degree that a false sense of secunty 1s under
standable, but nothing <hould detract attention from the underlying men
ace of artenosclerosis and from attempls to solve the problems 1t poses

The understanding of uncomplicated diabetes and the individualized

the eatly recogmtion of and treatment for acute
ete —and the acceptance

considerations necessary,
1 Ketosts, 1nf thy

of tlrle challenge which the degeneratite diseases present are essential if
maximum benefit 15 to accrue for these patients







4 DIABETES MELLITUS

All are subject to undul: with ! changes
mn endocrine and physical activities, as well as changes 1n diet

11 PROGRESS IN THE UNDERSTANDING OF DIABETES

The Panecreas and Diabetes, Participation of destructive proces<es
m the pancreas was obseried 1n a diabetic patient by Cawley 1n 1788 but
the app of this was not comprek d unul 1n 1839
when Von Menng and Minkowsk: discovered that diabetes followed the
esperimental removal of the pancreas They established the doctrine of
the mternal secretion of the pancreas In 1901 Opie put forward the hy
pothesis that disbetes was assoviated with alterations 1 the 1lets of
Langerhans of the pancreas Allen showed that changes in the 1lets 1n
partially depancreatized dogs could be produced by alterations m diet,
hydropic degeneration and loss of the functioming islet cells could be
brought about by overfeeding but this process could be reversed by re
stricing the mntake of carbohydrate and calores if the degenerative
changes had not progressed to an extreme degree

Then, m 1921, Banting and his colleagues recovered msulin from the
pancreas, and proted that with this agent successful control of the hyper
glycemia and glycosuna of diabetes could be attamed At last there was
no controversy The pancreas and 1its internal secretion—nsulin—are mn
extricably imolved m diabetes Even when dizbetes 18 produced expen
mentally 1t 13 the changes m the pancreas that cause permanent diabetes
Alloxan which selectriely destroys the msulin producing cells of the pan
creas causes diabetes by domng so Also, tumors of the 1:lets of Langerhans
produce enormous amounts of msulin as do metastatic nodules of these
growths Finally, removal of the entire pancreas i the human causes
diabetes Diabetes produced in this manner 1s a much milder form of the
disease than nught be expected It 15 surprising that a depancreatized man
needs only 20 to 50 units of insulin darly to mamntain good control of the
duabetes which results Is this because an antt thsulin mechanesm or factor
15 also remored with the msulin producing portion of the gland? There 15
some evidence that this 15 <o but attempts to 1solate a hyperglycemtc fac
tor, so far, have been futle

When the pancreas 1s the only endocrme gland to be affected n canang
Qusbetes, as 15 the case when a pancreatectomy 15 performed a mild &
abetes results When, however, diabetes 15 preciptated by 2 primary excess

T wad aad fond ntake and 2 reduction in

. PRI

diabetes that 15 readily controlled by a sagest Lruutiou . .
reduced food mtske and without treatment with meuln Theee patients brcobme
censitive to wmeuln a5 ther werght decreases but they lose this advantage 1f they

permit obesity to Tecur



DIABETES MELLITLS 5

of anterior prtustary or adrenal hormone a mote severe form of the dicease
develops and large amounts of msulin are usually needed to preserve good
health Also, the temporary diabetes resulting from mjections of adreno
corticotropte hormone (ACTIH) s relatisely reistant to mnsultn
Followmg removal of the pancreas from the dog the blood sugar rises
sbove normal, the glycogen stores, particularly those 1n the Iner, become
depleted and sugar 13 Jost 1n the unine in large amounts (Table 1). As the
diabetes remains unchecked mitrogen escretion in the urine increases, mn
dicating a sacnifice of protein m an attempt to meet the defictencies 1n
curred by the reduced metaboltsm of carbohydrate The synthesis of fat
18 reduced drastically and the catabolism of fat s creased The latter
process becomes intensified and eventually to a degree when more acetane
bodies are produced in the breakdown of fat than can be oxidized As a
result acclone appears 1 the urine and, barrng relief from treatment,
scetone bodies eventually accumulate m the bleod, ginng nse to ketosis

TABLE 1
8ove Resuirs Forowne Revovat oF Pancreas
Hyperglycemm
Glycosuria

Reduced glycogen—liver muscle aud skin

Reductron of Hespiratory Quotient

Relative constancy between mtrogen and glucose excretion
Increased nitrogen excretion in the urtnc

Acctonuria

Dehydration

Demgerahization

hetosis

Death—usually within 3 to 14 days unless treated

which, in the advanced stages, causes coma end death following 8 progres
sion of the derangements mentioned above and the dehydration, hemo
concentration, loss of base, and peripheral sascelar collapse which are
associated with them in the final stages

Pawlary Gland and Diabetes, The anterior pituntary gland 13 the
major coordinatur of the cndm‘nnc glands As such, 1t has widespread
wfluence on carbohydrat hiem One of the causes of
diabetes 15 an 1 iml alance ! with basophl,
of the pituitary gland Houseay® {1936) ot served that the removal of the
pancreas from gn ammal deprived of its pitustary gland caused a rmor
sttenuated dialicles than was the casc when a normal dog was subjected ¢
pancreatectomy  Evans and Houseay caused a transitory diabetes in dog:
by mjecting crude extracts of the anterior piustary gland Young,? b)
pyramuding the dosage of such extracts, prosfuced, i adult dog, & perma
nent drabetes Dy of the 1slets of Langerh occurred as a res *
of the admmusiration of pituntary extracts Hawst® prevented the ¢ * 7
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of Addison's disease and diabetes The eflects of increased adrenal cortical
hormones are illnstrated 1n cases of Cushing s disease

Experimental studies and the chimcal evaluation of cases of disturbed
adrenocorticatropic hormone have arded mn the understanding of the part
played by the adrenal cortex in diabetic and nondiabetic indiiduals The
adrenal glands mfluence greatly the availabihty of glucose and its utiliza
tion i the tissues Both of these features are of wmporiance 1n chimeal
dabetes

The Thyroid Gland and Diabetes Chuically, the thyroid gland
affects carbohydrate bolism 1n direct prop to the bolic rate
over which 1t maintains a most important control In thyrotovicosis car
bohydrate 1s abeorbed more rapidly than normal—a feature which may
lead to faulty of glucose tol curves (see p 79) In
abetes tends to be intensified by excessive thyroid therapy or thyratoticosts

TABLL 3
Arzzzratravs iv Foxcrtox o tag THYRGD GLand sxo DAsErEs
THYROTOXICOSIS | CONTROL OF THYROTOXICOSIS
D abetes Aggravated Amel orated
Blood sugar Readily elevated | More stable
Glycosunia Aggravated Tends to be corrected
. - woa Depressed
Normal or shghtly decreased
" . Dormal or sl ghtly decreased
ormal
Normal
. Reduced
Protonged

and the opposite 15 the case with the development of hypothyroidian
(Table 3) Homever, the thyroid hormone 15 not a diabetogenic hormone
1n the same sense as are the pituitary gland and the adreno corirco steroids
It affects carbohydrate metabohsm and hence diabetes through ats nflu
ence on the rate of tissue me!abolxsr;l) Thyroidectomy does not alleviate
akens and Dohan®
! té?;l?:ﬁ:e:na’i'hernpy for Diahetes The construction of the bases
upon which the present therapy for diabetes rests has entailed much re
search which has been rewarded at tumes with sudden great advances

with mtenm periods during which a slower but never completely static

change took place
e“g‘rmo}:ll‘lal?t't P JZslm has emphasized these different phases of progress

ble
ectiye eras or epochs after the physicians responsi
?z’:“;:‘:i‘:he‘ o ts 1 the und ding of and therapy for &

abetes The eras so depicted are as follows
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Naunyn era 1898 to 1914
Allen era 1913 to 1922
Banting era 1922 to 1936
Hagedorn era 1937 to 1943
Best era 1943 to date

The Naunyn Era (1898-1914)

Naunyn was the foremost authority on diabetes of his ime He influ
enced greatly the advancement of climcal and expertmental knowledge of
this discase He was well aware of the hereditary basis of diabetes and
was, until 1886, the champron of & strict carbohydrate free diet Later,
he supported a more rational treatment reckoming the diet on the toler
ance for carbohydrate and calonc of each patient To
Naunyn's pupils we owe much of the early understanding of chmcal
acdosis Naunyn introduced the term “acidoas ”

Naunyns plan of treatment for diabetes was that of a gradual with
dranal of the carbohydrate, the ncrease of the dret after glycosuria had
subssded to 35 to 40 calories per hilogram of body weight and about 125

gm of proten with the carbohydrate all being established below
the amount which would cause glycosunia, occasional fast days were em
ployed when glycosuna was p However, p

or the loss of more than 2 k:logmms of werght was nvoxded Diets hugh 1n
protein and fat content were the rule The adminmstration of large doses
of sodiem ncarbonate 1n cases of acidosis, brisk exercise for the patient
having muld drabetes and much less phy<ical activity when the diorder
was of a severe degree werc advocated

Naunyn had a strong comviction that diabetes should be energetically
treated as soon as the diagnnsis was made Wath this concept present day
authorities on the subject are agreed

The Allen Era (1914-1922)

Allen contributed greatly to the knowledge of the pathology of diabetes
His proofs of the effects of changes in total metabolism on diabetes are of
g clmical mp The principles of und as a
therapeuts. measure 1n the treatment for diabetes are just as true today as
when they were introduced i 1914 Fortunately they nced not be as
ngorously employed as it was necessary to do 1 the pre meuln days,
Allen empha«zed the value of a reduction 1n the total caloric mmtske and
employed this measure to such a degree that one or two fast days were
wncluded per week with sut drets on the days when
the diabetes could not be controlled by less <trict means In this manner
many patients were hept alne who would otherwice have been lost before
nsubn became avmlable Allen showed that loss of weight from uncon
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History of Diabeles

Daabetes melhtus has presented chnncran and 1nvestigator with the prob
lems of aberrahions of metabohsm, the wresthng with which has increased
understanding of metabolism 1n general and to a degree much more ad
vanced than would have been so f the demand for solution had not been
ever present in the form of serious chimcal comphcations The history of
deabetes as presented by Allen® relates that in the Anctent Period “the
passing of frequent and large quantiies of urine” was recorded in the
papyrus Ebers, an Egypuian medical journal alrendy old 1n the time of
Moses (Saundby) ° Polyuria without pain but with emaciation and dan
ger” was recorded 1n reference to diabetes by Celsus (30 BC-50 AD)
The lonic Greek name diabetes, meaming “to run through a siphon,” was
given by Aretaeus (30-90 A D ), who also wrote of the “progressiyeness
of diabetes™ and of the * fatal prognosis” as<ociated with this disease Drab
etes was described as a “disease of tlurst” by Tchang Tchargking (200\
AD) who observed a patient, suflering from this discase, drink ten
quarts of water per day with a relatwe degree of polyuria “Excessne
appetite” was recorded as a symptom of diabetes by Chinese writers about
600 AD The “sweetness of the urine” of diabetic patients was first men
tioned by Ayjur Veda Su<ruta (Chunder Rose) Ants were observed to
flock around the patients’ unine and “weahness, emaciation, polyuria and
carbuncles” were associated with diabetes.

Duabenc gangrene was described as such by Avicenna (950-1037 A D)
Fur losts and tubercul 1 as cb compht

were
cations of diabetes m the fifteenth century Crystals were formed on the
evaporation of the urine of a diabetic patient by Paracel-us (1493-1541),
who mistook them for “<alt,” and hipemia was first assoctated with dab
etes by Helmont (1576~1611).

In the Second or Diagnostic Period Willis (died 1675) observed the
urine of the diabetic patient to be “wonderfully sweet as of imbued with
honey or sugar” Willis was the first to advocate & carbohydrate or un
dernutrihion “cure” The hereditary nature of diabetes was made clear by
Morton {died 1693), and Dobson mn 1775 grasped the fact for the first
ume that the sweetness of the urine was due to sugar Dicease of the pan
1z



HISTORY OF DIABETES 13

creas way first desenibed a3 occurning 1w & patient dying of diabetes by
Cawley (17L3) There were multiple pancreanc caleuht and much destruc-
tion of pancreatic tisue The adjective mellitus was added to diabetes by
Cullen (1709-1790) to distngusch the disorder from diabetes nsipidus
Francie Home, on adding yeast to unne of the diabetic patient, leamed
that the ewcetness dicapprared and at the same time establiched the fer
mentability of the sugar

In the Third Period ot Period of Emptric Treatment, Rollo (1796)
restricted the diet to ammal food and a few green vegetalles and he was
the first to note and record the sgmficance of diabetic cataracts The “odor
of decaying apples”™ was noted on the breath of a young diabetic pattent
by Marshal (179°) The sugar i the unine was identified as glucose by
Chesreul (1815) and Gregory (1825} described the diferences between
diatetes mellitus and dial etes inaprdus Prout advocated “restriction of
protein” an the treatment for drabetes Hie antroduced washed bran as an
adjunct in diet theeapy and he describied coma s a typical and end vesult of
diabetes

In the Yodern or Experimental Period Gregory demonstrated a fer
mental I» sugar n the blood of diabetic patients, Trommer 11841 and
Fehlmg 1n 1050 introduced qualitative tests for sugar in the urine, Clande
Bernatd (16« 3) founded the theory of sugar formation from glycogen and
postulated that inereased Llood sugar levels were dae to overproduction
of «ugar by the Iner, Miathe (1£15) recommended the use of alkali 1n
e treatment for diatietes  Baurhardat (1006-1836) sub d slcohnl
and fat for earl ohydrate, he indisidualized his patients’ needs, advocated
small diets with an oceauonal day of fasting and introduced thrice conked
vegetal les and gluten bresd He obaerved advantages of phyucal exercise
and ahvacated the dasly testing of the urine for sugar Acetone was recav
ercd from the unine of a patient in diabetic coma by Tetters 1n 1857 and
Rusernrol w1874 described the type of Freathing, which <till bears hie
name ohsersed 1n pateents in diabetic coma Severcly restricted diets,
‘“fast dave’ phywcal exerciee and mnadence of complete freedom from
glscosuna were standards used by Cantam (1537-1293) That all disbetes
was pancreatie 1n ongin was hypothecated by Baumel Fhrlich noted gly
copme degencration of renal tubule 1n diabetes and Kutz (1845-1797)
1dentified axvbutrie acid i the unine of drabetic patrenta e alio olwenned
that cxeresse helped patients having null diabetes but that the oppostte
was true of the diabetea were severe

Islet cell formations m the pancrews were discaverad Ly Langerhans 1o,
1569 Diabetes following pancreatectoms an & dog was obeerved by von
Mertng and Minkowshi {10239) wha e<tatlicked the doctrine of the internal
secretion of the pancrets and 1t was Vinkawek) who discovered the low
€04 combiung pawer of the 1ood 1n disbetic coma Naunyn introduced the
term aeidous he recognized climical renal glycosuria and he emplayed
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diets with low carbohydrate, low protem and Iigh fat contents i the
management of diabetes Hydropic degeneration of the uslets of Langer
hans i diabetics was reported by Weicheelbaum and Stangle but it was
Opze, 1n 1901, and Ssoboless who proposed the theory that diabetes was
“due to alterations 1n these 1slets™ Roulston and Woodyatt, Newburgh
and Marsh Petren, Wilder and Shaffer, employed diets with high fat con
tent but 1t was with Allen’s duction of undernutrition as a th
measure n treating diabetics that the fir<t really great advance in therapy
was made,

Important ad luding and subseq to the introduction of
Allen’s undernutrition regimen will be dealt with 1n considerable detail
throughout this book but for the sake of completeness the more important
advances in the underctanding of and treatment for diabetes are histed here

Joshn and others confirmed the benefits of Allen’s undernutrition ther
apy which rapidly became the treatment of choice Allen presented the
hypothesis that diabetes was *a disorder of total metabolism and not of
carbohydrate metabolssm alone ”

Then nsulin was discovered m 1921 by Banting and Best This dis
covery dwarfed 1 importance all others, especially as they dealt with
severe and comphcated diabetes A trend to more liberal calories and car
bohydrate promptly ensued and gradually as the effects of msuln and
other modifications of therapy which wnsulin permutted, the entire outlook
for the diabetic patient became <o altered that 1t 15 difficult m 1951 to
enision that only a few years ago semi stanation was the price patients
with severe diabetes bad to pay to remain alne Even this price was of
no avail in cases of children and many of the emaciated adult dialetic

patients
Removal of the pituttary gland from & dog mcreased the ammal's sen
sitity to msulin (Houssay and Magenta 1924) but this hypersensiuvity
was dimniched by treatment with pitwitary preparations (loussay and
Potick, 1929) The seventy of diabetes was decreased by hypophysectomy
(Houssay and Biasotn 1930) and a transitory diabetes was provoked
by mjecting a normal dog with antersor pituitary extract (Houssay, Bia
sotti, and Riets, Evans, Bauman and Marm, 1932) and diabetes was
made more <evere by injecting anterior pitmitary gland extracts (Houssay
and Basotts, Houseay, 1936) Diabetes was altenuated by the removal
of the adrenal cortex of depancreatized cats (Long and Lukens, 1936)
Then, in 1937, Young expenimentally produced permanent diabetes by
mjecting ntrapenitoneally increasing amotnts of crude extract of the
anterior pitmtary gland Experimental diabetes was made more severe
by gwing large doses of cortm 1n depancreatized adrenalectormzed dogs
s wnd Dohan 1938)
(L;]r(:::lmme sulin was diccovered by Hagedorn (1936) and the m

proved combimation protamine nin¢ 1nsulin was made avalable as a result
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of the mnestigations of Scott and Fasher (1936). The Jatter prosided a
stable product of slow and prolonged action

P

pically selets by adequate
sneulin therapy (Copp and Barclay, 1923, 1ukens and Dohan, 1910) and
the protection from the diabetogenic effect of injections of pituitary extract
by admimetering large doses of insuhin, by a starvation regimen or by a
Tigh fat diet (Hant, Campbell and Best, 1910), added to our knowledge
of this complex subject

The selectne destruction of the beta or msulin producing cells of the
14dets of Langerhans by the intravenous mjection of alloxan (Jacohe, 1937,
Dunn end Mcletchie, 1913, Bailey and Baey, 1933, Goldner and
Gomory, 1943) presented a new approach to the study of diabetes and pos
sibly 1o uts etiology Also, the admimetration of glutathione, a normal
component of the body, protects agnnst the diabetogenc effects of alloxan
Alloxan ean be derned from unc acid The development of hypergly-
cenna and glycocuna followsng inyections of ACTIL 14 rever<ed by adroin-
istering glutathione (Conn, 19149},

Hyperglycemsn, m cats, 1 by " 1 i of
glucowe, has been <hown 10 produce diabetes and 1t has been demonstrated
that control of the diabeles 1n the early stages revcrses the pathologie
processes and produces @ cure (Dohan and 1ukens, 1947)

Taggtng antritional components of a dirt with rodwactire labels and
olwerving their behavior and fate 1s affording a means of making an
wfinitely more profound chemical analyus of disturbed salues in duabetics
than has been poealle heretofore (Stetten, 1913) Hyperghycemia and
ghycosuna e been produced i rabbuts by intraperitoneal injections of
unie acnd after reducing 1ond ghitathione concentrations to a low level
by weans of a diet deficrent i cy<tive and methionine (Lazarow, 1916,
and Gnfliths, 1915) The two principles of ths p and
uric acul- are normal conctituents of the human body One 1s tempted
to apreulate]

Hlormonal smbalance and 1ts management 1n pregnant disbetic patients
(Smuth, Snuth, and Hurwiz 1941, Wlate, 1913} and the importance of
bypapotasserma wmmediately following therapy for diabetic coma (Guest,
1912, Holicr 1916, Nadler et al, 1913) are among the sigmificant ad
vances 1n reducing the mortality rate from these complications The elabo-
waticn of the value of cectrocardingraphy 10 detecting hypopotassemia
duning therapy for diabetic coma by Bellet 2 ol (1950) sl 1s of great
chmeal sigmficance The far reaching benefits derned from sulfonamide
and antibiotie therapies should be included 10 a heting of hidtorical land
matks dealing with progress for the diabetic patient

REFFRFNCES
1 Allen b M Sullman B Bz R

Mansgrapts of the Rockedeller Tn
for Medical Research, 1141, 1919 e Theae
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1940, and that an sncrense of 18 per cent could be expected by 1939, dur
s whicks tsme the expreted sncrease i the totsl population nould be only
9 per cent Rt has been esumated that more than 4,350,000 of the present
population of the Unmted States would eventually become diabetic 1t s¢
faghty probatls that the fotal number of dishetics has been unclevests
wated The high soesdece of diabetes found tn the course of Selectuie
Qervice examumations indicates a hugher frequency of this disease among
the younger age group than was formerly considered?

.
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a8y
Fox 1 Dishetes oncet rates per 1000 (Chances of becomng diabetse within the year
ot #gge) United States, 1935 1936 ¢

Age and Sex. The Aatonal Heslth Suevey 11915-361 revealed that
the snesdence of dialwtes mereased steadily until the sevemb decade of hie
m both sexes There haa beea no significant change 2o 31 1w the twentieth
century an the age ot onsel of the dizbeted in any of the decades of bfe
(Table 33 The peal mnidence for the anset of dishetes for both sexes
weurs Lotwecn fifty and sevents vears of hfe, a8 mdicated an Figure §

The eonstuntly increwing hife expectancy of diabetic patsents on the onc
band with no ugmificant ehange on the ather hand, in the age at onset of
the ditbetes, 13 & promsment fartor i the mereaung icidence of diabetes
n the older age groups

Dhabetrs orcurs more frequently ne the female than 1y the male Mgk
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Incidence of Diabetes

Total Number of Cases, Diabetes 1s more pravalent than ever before
and the incidence of the disease, though not accurately known, 1s <teadhly
increasing There are more than one million known dabettcs 1n the United
States 1 1951, and newly identified cases are currently amounting to
55,000 annually ! The g }) of gmized cases 1s due, m
part, to a newly awakened pubhic mterest and achion ansmg from the
educational actriibes of the American Diabetes Ascociation and 1its sub
sidlary branches, and partly to the broadening scope of regular check up
and Absolute m the d of diab
etes are attributable to the greater numbers of our pepulation in the older

TABLI" 4
AcE At Ovser of DisprrEs (JosLiy)

PER CENT APPFARING IV EACH DECARE 1936-1938

DECADES
Males Females

(1265 patients) (1622 patients)
1 67 16
2 90 62
3 26 62
4 131 110
5 19 8 210
6 221 281
7 16 2 181
8 43 41
9 0z [N

=1

g
s
g

[ N S R

age groups, to the umprolement 1 treatment which permsts diabetics a

«pan of hie closely approachung that of the normal, and to the mcreasing

number of young diabetics who marry and have children who are more

likely to develop diabetes than are children of normal van“ .
Spiegelman and Marks® estimated, on the basis of a National lle;(;h

Survey 1n a house to house camvas involving 200,000 families and 2 600,

000 persons, that there were 500,000 diabeties 1n the Untted States 1

16
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1910, and that an sncrease of 18 per eevt coctd te exzemts? B I',"; T mﬁ_,
1ng which time the expected merease in the titsl pryctat.ce w nld B '»1
9 pet cent. 1 has Leen esumated that more thaz $,3537€(7 of %,- ;p-::
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tughly prctable tht the 10 sarer of distote bay b mdornetr
mated The Ingh weidence of dubvtes fored 13 the crye of Sefartse
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the younger 2ge group than was lommerly coeyborad t
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estimates that 21 per cent of the male population of 1946 will become
diabetic and that 3 8 per cent, or nearly twice as many, of the female popu
lation will develop this disease In the National Health Sunvey,! 9182
diabetics were encountered and 64 2 per cent of these were female Women
Inve longer and are less actise physically than men and are more prone to
become obese between forly and <eventy years of age than are the men

The chances of eventually becomng dabettc, by age and <ex, are pre-
sented mn Table 5

The meidence of diabetes 1s higher m marned than single women®
over forty five years of age and especially higher 1n women who have
borne children Married women who have had children weigh more than
single women This mcreased body weight undoubtedly mfluences the 1n

TABLE 5

Cirances PFR 1000 oF Fyevruatey Breowine Diaperic By Sex asp Ace
Unitep StaTEs 1935 1936 (Manks)!

AcE ALES Fres
Under 15 221 413
15-19 22 4 120
20-23 226 423
25-29 228 12 6
30-31 228 126
33-39 27 2 2
4041 22 4 3
4549 219 394
50-54 20 7 362
§5-59 181 307
60-63 18 238
65 69 13 166
70 14 77 w0
7579 36 32
80-84 20 20
85 89 04 04

crdence of diabetes unfavorably The security enjoyed by the average mar
ried woman ovet forty five years of age influences the likelihood of gaming
1n body weight and hence a greater likelihood of deseloping diabetes There
1s an mcreasing ncidence of diabetes 1n women over forty five years of
age out of all proportion to that observed i the male population The
senousness of the diabetic problem 1n women over forty five years of age
1s depicted n Figure 1 The ncrease i the mortality rate of this group
over male diabetics of the same age 15 strbng (Fig 2)

Occupation, Diabetes 15 more prevalent in urhan than n rural com
mumties This 18 true also of the mortality from diabetes, which 15 between
60 and 70 per cent hugher 1n the former area The dicease occurs morehfr:«
quently among the employing and professional groups and among those
engaged m selling and <erumg food and drinks
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The mortality rates as apj lied to the various oceupations slustrate well
the Lenefictal effects of uccupations calling for ample physical activity and
at the same time highlight the hazards of ownership and other occupitions
n which there 13 refatively Iittle need for much physical activity Hired
help on farms do more physical work than the farm owner and are lesa
Dikely to divelop diabetes than their employers Mechanization of labor
will tend to increace rather than decrease the mcidence of this disease and
the complications which are as a result of 1t

Race, Members of the Jewssh race, particularly women, and especially
those over forty years of age, are more prone to develop disbetes than the
population as & whole Jews comprice approximately 3 5 per cent of the
population of the United States and yet among 5000 new diabetic patients
Joshin found 816 or 16 2 per cent to be Jews 1t 1s conservatively estimated
that diabetes 13 one and one-half times as common among the older Jens
as 1t 18 1n the average population This apphes 1a all countries although
probat ly 13 most clearly shown 1n Greater New York (Jewich Commercral
Survey, 1931)

This racial predieposition has been attributed to persecution which pre-
vented Jews from owming or tilling land, fotcing them 1nto more sedentary
vecupations P'robably the most unportant cause 13 the n breeding of this
race, with cecupation and obesity as precipitating rather than escential
eruses The effects of nccupation, prosperity and well being 1 predispostng
to dial ctes are exemplified 1n the higher incidence of diabetes 1n the Insh
mn the Unitedl States than occurs in the same race lning in Ireland Diab-
eles 13 common among the Teutonic races and uncommon among the Slavs
and Launs The Negro race was formerly, and erroncously, believed to be
relatnnely free from diabetes With the improvement of <ocial standing
and prospenty with larger numbers of Negroes doing lees physical work,
abesity and diabctes have ineresed with greater frequency in the colored
than m the white race Approximately 35 per cent of the patients attending
the Out Patient Dialutic Chinie at the Pennsylvania Hospital are of the
Negro race

Diabetes 15 relatively infrequent among the Chinese and Japanese and
severe forms ([ the diseace are unueual in these race<

Estunates have been made that there were 300 000 diabetics 1n Germany
n 1938, 150,000 te 200000 1 the United Mangdom 1 1939

Dhabetes rates at best are inaccurate In some countries the incidence
1o caleulated most rehally by usng the mortality rate< The Tack of um
fornuty 10 recording the causes {(actual and contributory) of death makes
most figures apeculatne

Mortality. Lak of uniformiy n reporting causes of death detracts
from the value of these vital <tateeties Often, the diabetes hae not heen
recorded on the death certificate 1l the pattent aleo had cancer Thia 1 but e
sn dlustration of how the record of the death of & disbetic may farl o -
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reach statisties dealing with diabetes Approximately two thirds only of
the death certificates of diabetics contan a record of the dibetes [lence
the recorded deaths of 3559 diabetic paticnts 1n Pennsylvania in 1948 may
be one third lower than the actual evperience The new death certificate
form® <hould aid 1n correcting statistics dealing with diabetic patients m
the future

The death rates from diabetes are higher 1 the Unmted States than i
any other country The census reseals that 36 311 persons died from diab
etes 1 1943 31,948 1n 1911 35,160 1 1915, 31 731 m 1916, and 37,515
1 1947 These figures represent 27 1, 264, 266, 218 and 262 per 100,
000, respectively

TABLE 6
Deatn Rates ror tne Tev Lesvive Causes Uviten States 1913-47%
(Cxel r hs and of death armed i Tates per 100 000
estunated md year population exeluding armed forces overseas)

CAUSE OF DEATH 1947 1916 1915

ALL CAUSES 1007 8 997 6 10618

Duscases of the heart 3212 306 8 3214

Cancer and gther malignant tumors 132 1 1301 1314

Intracramal lesions of vascular ongin a4 398 978

Nephntis 56 0 584 66 7

. 46 6 402 514

431 5 518

85 36 4 40 1

286 85 239

26 2 38 266

h 22 29 213

* Alter Vital Statistics—Special Reports National Summares 31 (No 3) 22
(May 9} 1949

Diabetes ranks mnth 1n the list of major causes of death, 1915-1947
(Table 6), m contrast to twenty seventh place 1n 1900 It caused 1n 1913,
three times as many deaths as tuberculosis m white women over forty five
years of age® Wath amproved therapy for tulerculous and preumonia,
diabetes 1s certamn <hortly, to be the <cventh major cause of death m all
age groups and 1 both sexes

Provisional data indicate an mncrease mn the death rate of 6 per cent for
the country as & whole for 1919 over that of 19137

The mortality rate of diabetes increases steadily until the eighth decade
of Wfe The clder age groups have absorbed the mereased mortality rates
from diabetes This naturally follows the reduced rates in diabetres undc;
fifty yeats of age, the aging of the popul diabetic and g 1
the more frequent diagnosis of diabetes in clderly indivduale The average
age at death of diabetic policy olders of the Mectropohtan Life Tnsurance
Company had increased from 51 5 years i 1911 to 61 5 years in 1945
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INCIDENCE OF DIABFTES
diabetes Oser thirty frur yers of age the drath rate an females exceeds

Sex exerts influences 1 the martality rates as well as the madence of

nereanngly that of males as shown i Fagure 2, until in the Jater decades

it 18 neasly twice that recorded for the malw This 1+ 1n more or less

degree, the experience m other countries as well as i the Lnited States

and Canada.
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rewch statistics dealing with disbetes Approvimately two thirds only of
the death cerifieates of diabetics contrm a record of the drabetes Ifence
the recorded denths of 3559 dirbetic patients 1n Pennsyleama n 1918 may
be onc third lower than the actuat experience The new death certificate
form® <hould axd 1 correcting stabishics dealing wath diabelic patients
the future

The death rates from drabetes are ligher m the United States than
any other country The census reseals that 36,311 persons died from diab
etes 1 1943, 34,918 1 1911 35,160 m 1915 31731 m 1916, and 37,515
m 1947 These figures represent 271, 26 4, 266, 218 and 26 2 per 100,
000, respechively

TABLL 6
Deati RATES For i Try I tanive Causes Ustrip STATFS 1945-47%

(Exclusive of stillbirths and of deaths among armed forces oversevs Rates per 100 000
estimated mud year poputition exchuding armed forees overseas)

CAUSE; OF DEATH

ALL causry

Discases of the heart

Cancer s other malgnant tumors
Intracramal lesions of vascular ongin
Nephritus

Accidents (excluding motor vihicle accidunts)
Pneumonta (all forms) and snfluenza
Tubereulosts {all forms)

Premature birth

Diabetes mellitus

Motor vehicle accidents

* After Vital Statistics—Speenl Reports National Summories 31 (No 3) 22
(May 8) 1919

Diabetes ranks minth i the list of major causes of death, 1915-1917
(Table 6), n contrast to twenty <eventh place 1n 1900 It caused, in 1913,
three times as many deaths as tuberculosis 1n white women over forty five
years of age® Wath improved therapy for tulerculosts and pneumonia
diabetes 18 certam, shortly, to be the seventh magor cause of death i all
age groups and 1 both sexes

Provisonal data indicate an merease w the death rate of 6 per cent for
the country as a whole for 1949 over that af 19187

The mortality rate of dizbeles mereases steadly until the eghth decade
of Lfe The older age groups have absorbed the wereased mortality rates
from diabetes This naturally follows the reduced rates 1n diabetics under
fifty years of age, the aging of the popul betic and g 1—and
the more frequent diagnosis of diabetes m clderly dividuals The average
age ot death of duabetic policy holders of the Metropolitan Life Insurance
Company had mexeased from 515 yearsn 1911 to 61 5 years i 1945
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INCIDENCE OF DIABETES
Sex exerls mftuences 1n the mortality rates as well as the incidence of
dhabetes Over thirty four years of age the death rate 1n females exeeds
increasingly that of males, as shonn 1 Figure 2, unl 1n the later decades
it 15 mearly twice that recorded for the males This 1s, 1n more or less
degree, the expenence 1n other countries as well as 1n the United States

and Canada.
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Fig 2 Disbetes Death Rates by Sex and Age Among White Persons, Metropolitan.
Lufe Tasurance Company, Industrial Department, 1916-1918, wdicate (1) a low rate
m childhood and young adult life, (2) & ramd acceleration of the death rate after
forty five years of age in both sexes and (3) the increasing excess of rates for
females over that of the males after forty five years of age, u-chmg nearly 214 times
that for males between the ages of aixty five and seventy fo
(After Spregelman M., and Marks 1 11 Am ] Tub Health 36126, 1936 )
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Etiology of Diabetes

INTRODUCTION

The exact cause of climcal diabetes appearing spontaneously 18 unknown
The circumstances which surround the incidence of this disease m certain
groups, eg, diabetic farmbies,” obese persons, and the methods of pro
ducing diabetes expenimentally, mcrimmate keredity, obesity, damage to
or loss of the nsubin producing beta cells of the 1slets of Langerhans,
hormonal imbalances and other features madequately explained Notable
among the last mentioned are the extreme degrees of msulin resistance
Whatever factor or factors culnunate i climcal dabetes, 1t 15 generally
agreed that this disorder represents a disproportion between nsulin need
and nsulin production and that this does not necessarily mean an insulin
production below normal It 1s known that the demand for msulin often
exceeds the amount necessary to control adequately the diabetes which
results from a total pancreatectomy The totally depancreatized adult
human develops a daily msulin requirement between 30 and S0 units!
This 1s 1n contrast to the large number of diabetic patients needing more
than 50 umts daily and especially those ghly resistant to msulin who
may require several hundreds of umits, or more, daily In alluding to the
low 1nsulin need of the depancreatized man we are aware that the number
of such cases 15 exceedingly small, that the duration of lfe in the depan
creatized state 1s relanely <hort, and that the nutntional <tates and the
tota]l metabolism are likely to be grossly disturbed Pancreatectomy <er
ously disturbs nutntion by reducing the abeorption of fat and protem
and this 13 doubtless a big factor In addition there 1s evidence that the
removal of the pancreas with its afpha ceiis removes the source of a hyper
glycemic factor Hence, if this 1s true, it explams why the totally depan
creatized human needs less insulin than a diabetic who retains the potential

possibality of producing an anti msulin factor
PREDISPOSING FACTORS
Heredity., The predicposition to diabetes by heredity 15 established
d may be other p or

Superimposed upon an inherited i\
deciding factors notably obesity and much Jess frequently, endocrine dis
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turbances Qver 50 per cent of diabetic children have a famuly hustory of
diabetes White and Pincus” to whom e one the clear cut understanding
of the hereditary basis of diabetes present as evidence of this concluston
(1) the almost ssmultaneous detelopment of diabetes 1 1dentical bwins,
(2) the hrgher incidence of the disease among blood relatns es of duabetics,
and 13) the behartor of the meidence of diabetes in secordance with Men
delian pattesns The Mendelian pattern depicts diabetes as carrying reces
sive chatacteristics It 1s predictable that, (1) 1f both parents have diabetes
all of their immediate offspring will have diabetes if they live long enough,
{2} 3f only one parent has diabetes and the other parent 13 pondiabetic
but has a dabetic father or mother, the chances are even that the non
diabetic parent 1s a carrter A diabetic chiid of such a union would estab
hish the nondsabetic parent as & carrier and that other children of this
unton <tand a 50 per cent chance of developing drabetes The chances of
the children of tlus umjon developing diabetes are less than 50 per vent of
the nondiabetic parent who may or wmay not be 2 carrrer, has a drabetic
brother or sister 1f the nondiabelic parent has a distant relative with
duabetes at 15 unlihely, but possible that the children will develop diabetes
(3) sf nerther parent has diabetes but each had a parent who had dizbetes
the chances are 1 m 4 for the development of diabetes mn their children,
1t a child of carrer parents deselops diabetes the chances are 1 m 4 that
the brothers and sisters will develop diabetes also, if 2 diabetic or diabetic
carrier marries a nondiabelic from 8 nondrabetic fanuly none of the imme
diate offspring wili develop diabetes The breedmg out of diabetes falls
within the realm of possibtlity To achreve this 2 consistent umon of de
scendants of diabetic patients with those of nondiabetic famulies for several
generations would be essentral

Geanted an hereduary basis for diabetes exsts, the onset of the disease
13 modified by body weight age endocrine disturbances, occupation, m
fectons and, possibly, by race

Obeaty It 1 known s a result of Allens obsecvations, which have
been amply confirmed, that diabetes 1s amel, d when the body weight
ss reduced by decreasing the calonic wtake Also, the need for snsulin sn
creases remarkably with ncreasmg body weight The obese diabetic s
relatwely resistant to wnsulin. Nevertheless the obese drabetics, excepting
those who have become obese by virtue of msubin plus a diet hugh n calo
ries have mild disbetes Yer, 1f msulin 13 administered to such patients
relatvely large amounts are necessary to make much mpression on the

units of wsulin darly to correct 8 moderate hyperglycemta and yet when
thus large dosage of msulin 13 suddenly and completely withdrawn no acute
mamfestanons result and mdeed the blood sugar concentrations nerease
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but ltle (See Table 13, p 93) Ths 15 3n contrast to the nnderwerght
diabetic patient who may be taking less than 100 units of msuln daily
and who 15 sensitne to msulin, the sudden withdrawal of which would
expose him to the risk of prompt and <errous consequences From these
chinical ob<ervations 1t 1s logical to conclude that pre dabetic obese per
sons maintain a normal blood sugar and delay or prevent the onset of
diabetes by producing amounts of endog msulin and that
this mcreased demand leads eventually to an exhaustion of the sslet cells
and the onset of chncal diabetes 1n indn rduals also predisposed by hered
ity to this disease It appears unlikely that the explanation for these
changes at this stage 15 to be found m a hormonal imbalance, although
the amtral onset of the metabolic abnormality may be so related Altera
tions m the total metabolism by a combination of reducing weight and
a low caloric mntake on one hand and an imncreasing total body mass and
ncreasing weight on the other, offer a working clinical hypothesis which
15 merely 2 continued application of the principles laxd down by Allen and
which are applicable to the majonity of adult diabetic patients when firet
seen by & physician for treatment

Seventy to 80 per cent of diabetic pahents are, or give a history of
having been, overweight, and yet in the reception room of a physician
speciahizing 1n the treatment for diabetes there 1s no such predommnance
of the obese Many have lost weight prior to seehing help but have lost 1t
m an undestrable manner, namely, from the progressiveness of the diab
etes This results from loss of sugar and, at times, Letone bodies with no
concomitant reduction in caloric intake Under these circumstances the
msuhin producing 1slet cells are sub dtoa d il to pro
duce maximum amounts of msulin and the diabetes Lecomes ntenaified 1n
direct proportion to the ensing 1-let cell exhaustion

Race. All comprehensive studies of the racial meidence of diabetes
show a igher frequency of this disease among Jewish males and females
White and Pincus® contrast a positne family history of diabetes in 303
per cent of Jewish males with 23 per cent m all males, and 291 per cent
1n Jewrsh females with 26 5 per cent in all females Inbreeding tends by
virtue of the predisposiion by heredity to ntensify this 1ncreaced incidence
of diabetes among Jews

Endocrine Factors Chnicalls, the co eustence of diabetes wath other
endocrine disorders 15 not frequent Howeter, 1ts occurrence in patients
with hyperfunctioning of the anterior pituitary and adrenal glands, as
ceen 1n Cushing s syndrome, and expenmental studies leave no doubt con
cermng endocrine antagonisms Over 25 per cent of acromegalic patients

develop diabetes
1t 13 1n the experimental

field that most of our knowledge concerning
disturbed harmony between the endocrine glands 1

n diabetes has been
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gamed Permanent disbetes has been produced (1) by remosal of the
pancreas (Von Mering and Minkowshks) ® (2) by partml [zancmatec!omy
—removing nine tenths of the d
{(Allen},* (3) by the injectron of salne extracts of the anterior pituitary
gland (Young) S (4) by the myection of alloxan ® (5) by mtrapentoneal
mjection of glucose 1 the cat (Dohan and Lulens) ¥ Transient dsabetes
has been produced by mjecting uric acid 1nto glutathione deficient rabbits *

Allen proved the necessity of removing mine tenths of the pancreas be
fore diabetes could be produced by overlecding and hus co workers, Copp
and Barclay,? found that control of the diabetes prevented pm»xesme
degeneration of the 1lets of Langerhans and that hyd, 11
cells in the diabetic ammal could be rescued by comrn)lmg lhe diabetes
with 1nsulin and diet Lukens and co workers®® who confirmed these obser
vations believe that 1t 1s the hyperglycemia that 1s responsible for the
degenerative changes m the rlets These studies are of great importance
to the physician treattng diabetes They provide experimental support to
the climcal conclustons of authorities m this field that control of the dia
betes1s an 1mp forcenp prog of d changes
in diabetic patients

When Young® produced permanent diabetes in dogs by imjecting m
creasing amounts of an extract of the antertor pitwstary gland he observed
that a reduction in the number of islets resulted Haist™* found a great re-
duction 1 the insulin content of the pancreas of amimels made diabetic
by Young's method Similarly, in the pancreas of the human diabetie Scott
and T'isher®? found that the aserage amount of insuln an the normal pan
creas was 17 ums per gram n contrast to the average of 04 units per
gram i the diabetic A decreased production of msulin by the pancreas
of the diabetic could explain the presence of diabetes m some cases But
1n the large number of patients who require much more 1nsulin to control
the duabetes than 1s produced by the normal pancreas, as judged by the
msulm need of the depancreatized human other factors must be at work
There may be profligate waste of msulin 1n the body sn a manner not
known This may be due to neutmhzalmn of msulin blockmng of enzymatic
processes d o mhibition by msulin antag ot proteol
enzymes any ene or any comb of which may bly influence
the onset of diabetes

Miscellancous Factors Age The fact that the onset of diabetes 15
most frequent between the ages of forly five and sixty five has been pre
sented as evidence in fasor of a pitwtary wflueace at an age when 1
wurram Ve veneerioon ol Sie et gty ‘normone in the Yook
15 high The onset of diabetes at puberty though with a much lower peak
1s considered to be due 1n part at least, fo the ncreased production of
the same hormone The on<et of diabetes does not occur m direct srela
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but bttle (See Table 13, p 93) Tlus 1s 1n contrast to the underweight
dialetic pattent who may be taking less than 100 umts of msulin datly
and who 1s sensitive to nsulin, the sudden withdrawnal of which would
expose him to the risk of prompt and sertous consequences I'rom these
eluncal observations 1t 1s logical to eonclude that pre diabetic obese per
sons mamlam a normal blood sugar and delay or prevent the onset of
diabetes by producing enormous amounts of endogenous msulin and that
thus ncreased demand leads eventually to an exhaustion of the 1slet eells
and the onset of clmical diabetes 1n indisiduals also predisposed by hered
ity to this disease It appears unlikely that the explanation for these
changes at this stage 15 to be found n a hormonal imbalance, although
the mitial onset of the metabohic abnormality may be so related Altera
trons 1n the total metabolism by a combination of reducing werght and
a low calonc mtake on one hand and an increasmg total body mass and
ncreasing weight on the other, offer a working clintcal hypothests which
1s merely a continued application of the prineiples lard down by Allen and
which are applicable to the majonty of adult diabetic patients when firet
seen by a physician for treatment

Seventy to 80 per cent of diabetic patients are, or give a history of
having been, overneight, and yet 1n the reception room of a physician
speciabzing m the treatment for diabetes there 15 no such predommance
of the obese Many have lost weight prior to seeking help but have Jost 3t
1 an undesirable manner, nanely, from the progressiveness of the dub
etes Tlus results from loss of sugar and, at times, hetone bodes with no
concomitant reduction m caloric mtake Under these circumstances the
nsulin producing 1slet cells are subjected to a 1 l to pro
duce maxymum amounts of insulin and the diabetes becomes ntenstiied
direct proportion to the ensuing 1slet cell exhaustion

Race. All comprehensie studies of the racial ineidence of diabetes
show & Iugher frequency of this dicease among Jewish males and females
Whate and Prcus® contrast a positive fanuly hustory of diabetes 1n 303
per cent of Jewish males with 23 per cent in all males, and 291 per cent
1 Jewish females with 26 5 per cent i all females Inbreeding tends by
virtue of the predisposition by heredity to intensify ths increased ncidence
of diabetes among Jews.

Endecete Factors, Clinically, the co eustence of diabetes with other
endocrine drsorders 1s not frequent However, 1ts occurrence 1n Ppatients
wath hyperfunciioning of the anterior pituitary and adrenal glands, as
seen 1n Cushing’s syndrome, and experimental studses leave no doubt con
cerming endocrine antagonisms Over 25 per cent of acromegahe patients
develop drabetes

It 15 10 the experimental field th:
dsstusbed harmony between the endocrime glands diabetes has been

at most of our knowledge concerning
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SUMMARY

Those most likely to deyelop dabetes are of diabetic families are over
wesght are between forty five and sixty five years of age, and lead a seden
tary existence

Hereduty 1s the outstanding predisposing cause of diabetes It establishes
the bility to the disease ding to a Mendelian pattern carrying
recesaive characteristics

Obesity from the chinical aspect 1s the most important precipitating
cause of diabetes, occurring 1n 70 to 80 per cent of patients whose diabetes
first becomes mamifest 1 adult ife Ohesity, by virtue of an increased total
metabolism makes the diabetic patient relatively resistant to nsulm and
1t would appear that this same 1nfluence 1n the pre diabetic state and mn the
individual made susceptible to diabetes by heredity accounts for the ex
haustion of the madequate pancreas and the precipitation of chnical dia
betes

Aging infections, arteriosclerosis, and trauma play little or no part in
causing drabetes as 1t 13 generally known Hemochromatosis 1s a rare con
dition but one which causes diabetes
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tion to aging, the frequency of new cases decreasing steadily after the md
sixties

The tendency to become overweight mn the forties and fifties with the
resultmg increase in total metabolism has a defimte bearing on the m
creased mncidence of new caces of diabetes at this age The decreasing
total metebolism 1n later Life has the oppesite effect, probably accounting
for the declme 1n new cases alter ity five years of age

Infections Infections play little, »f any, part in causing diabetes Most
mfections, especially pyog f causing leuhocytosis and fever,
mtenaify the sevenity of diabetes while they persist It 1s not surpnising
herefore, that diabetes, und: d at other times, may be recognized for
the first ime duning the course of such infections Viral infections and
mfections which do not cause leukocytosis, notably tuberculosss, have much
Tess effect than pyogemc infections in increasing the seventy of the diabetes
during the course of the pl In fact, 1y the prog

ding tubercul f has been noted to decrease

mstead of mncrease the seventy of the dabetes It would appear that the
decreasing total metabolism 1n such cases has a great msulin sparing effect
which more than neutralizes the effect of the infection, and a decreasing
msulin need ensues Infections 1 olving the biliary and pancreatic tracts
may conceivably cause secondary i<let cell destruction with an ensuing
duabetes If this does occur 1t must be rare The disturbing effects which
infections exert on existing diabetes 1s dealt with 1n the chapter on complt
cations

Arteriosclerosis Artertosclerosis per se 18 not a cause of dibetes If
1t were, the incidence of this disease would not be decreasing duning the
phase of life 1n which artersosclerosis 15 on the increase

Trauma Direct and extensne mnjury to the pancreas could concenvably
canse diabetes, although this 15 extremely unlikely Injury to other parts
of the body will not sffect the carbohydrate function except through mac-
tivaty, fever, and changes mn body weight that might result

Destruction of the Pancreas Progressive destruction of the islets by
imfiltrativ e lesions, tumors, by the fibrotic changes meident to hemochro
matosis, or secondary to pancreatic calcul, will cause diabetes Such cases
have no relation to the clinical problems of diabetes 1n general

Endocrines Hyperfunction of the pumtary and adrenal glands causes
diabetes as seen 1n Cushing's syndrome, but the place of such glandular
disorders m causing clinical diabetes as 1t 1 generally seen despite the
fact that these disorders lend themselves well to laboratory study, 1s not
clearly ectablished Hyperfunction of the thyroid ntensifies diabetes prob
ably 1n 2 manner similar fo obesity, namely, 1 iacreasmg the total met
ahohsm Cure of the thyrotoxicosis, Iike reduction of the obesity, usully
ameliorates the diabetes




PROGNOSIS 29

are they rare

A third group—the mddle aged overweight patients—provide, not 1
frequently, candidates whose dabetes 1s pushed back and off the stage of
detection by a reduction n weight through the agency of a reduced caloric
intake The onset of the diabetes i these palients 13 not acute, the disap
pearance, but not a cure, of the diabetes 1s due to the reduced total body
meass and hence the total metabolism by a means which spares islet cell
function, and to the reduced need for insulin when the synthesis of fat
from carbohydrate 13 reduced This 13 1n contrast to the deletenious effect
that accompames the lo=s of weight due to the actnity of the diabetes,
features of which are hyperglycenia and the excretion of large quantities
of sugar and acetone 1n the unine

The benefits of the reduction m weight by virtue of a restricted calonc
intake form the basis of Allen s* undernutrition treatment Benefits from
undernutrition are obtainable 1n the 1nsulin era, n properly selected cases
(seep 106) as we have previously demonstrated 4 * ' Newburgh also has
found support for the undernutrition regimen i the treatment of obese
diabetic panients The diabetes 1s not cured by the reduchion 10 weight by
undernutrition means In spite of normal responses to glucose tolerance
tests for varying periods a return of the farmer degree of obesity 1s 1ovan
ably accompanied by evidences of diabetes Also, without a gain i weight
diabetes puts i an appearance during the course of acute infections, no
tably pyogemc nfections It would appear that in these cases the benefit
15 due 1o the reduction 1n total metabolism and that the supply of insulin
wnsufficient for the obese state 13 adequate when the total body mass 15
teduced An analogy used in teaching patients 1s that a small furnace—
1 this case the pancreas—is incapable of heating a big factory or plant
Lut 1f the size of the plant 1s reduced to conform wath the size of the fur
nace satisfactory results ensue

It 15 clear that 1f the eradication of all s3gns of diabetes 15 to be achieved
1n the individual case, the diagnosis m the young diabetics must be made
in the very early days of the disease and vigorous and adequate therapy
must be employed, and that in the older overweight patients a suitable
reduction 1n weight should be achieved in an appropriate manner and the
ground thus gamed must be held

Prospects of Acquiring Complicatione Diabetics ate just as prone
to develop most of the common diseases as are members of the general
population They are more likely than their normal counterpasts to be
victims of certan acute disorders notably furuncles, carbuncles, tubercu
losis and malnutrition, 1f their diabetes 1s uncontrolled

The prognosis will depend upon three integrated features (a) the
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Prognosis

The prognosis or outlaok for the diabetic patient should be esaluated from
(a) the standpomt of a possible cure of the diabetes and the advantages
of good control of the disorder 1n 1ts chromc form, (b) the prospects of
acquiring complications with the fluences that play for or against their
development, and (c) Iife expectancy.

Possibilities of Curing Drabetes. A cure cannot be promised n any
case of diabetes Yet, those who have seen many of these patients have
encountered occasionally one whose diabetes apparently disappears fol
lowing appropriate treatment At least, the diabetes 1s no longer detectable
using the usual diagnostic measures This 1s an unusual occurrence and
one that should not be looked upon as a cure until many years pass with
normal responses to annual diagnostic tests One of us has had a <pecial
mterest 1 two children followed for many years after all detectable signs
of an acute diabetes had disappeared In both cases the onset was acute
In one 1t was possible 1o record the onset of symptoms to a certamn after
noon It »s highly probable that in such cases acute reversible processes
are taking place 1n the slets of Langerhans and that prompt and adequate
treatment rescues a number of ‘ hnocked out™ functioming units sufficient
to produce insulin 1 amounts adequate to erace evidences of diabetes

Allen and his associates! hate demonstrated that, in amimals et cells
1n 2 state of hydropic degeneration can be redeemed by rehieving the func
tional overstrain on these cells by restoring to and mamntaming the blood
sugar at normal concentrations by means of diet and wsultn Lukens and
Dohan? have confirmed these observations

Tllustrative of the transient disappearance of diabetes 15 the case of J E., aged
thirty-eiglt years height 6 feet weight 180 pounds who whie en route to the

4 k -~ T T a3 ava athear and nohune Treated
. . venous) sugar
« units of pro
. . . rovement was
ey To
g s 12 O e 0
100 cc and values after taking 100 gm of glucose were one half hour 137 mg
one hour 88 mg  two hours 96 mg and three hours 93 mg Subscquent fests
28
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of therapy vary greatly Those we have set, and our aims, are outlned n
Chapter XIII Life msurance policies are 1ssued to selected diabetic pa
tients who are known to be conservative and cooperatine
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change in the character of the diabetes as a result of the complications,
(b) the management of the complication and (c) the proper esaluation
of and the of approp to combat the mfluence
which diabetes has upon the complication and tice tersa These features
are dealt with n Chapters \V to \VII Actually, when suitable treatment
1s asailable the outlook for the diabetic <uffermg from most of the acute
complications 15 excellent It 15 as good as i the nondiabetic Diabetic
coma, the <pecific acute complication of diabetes, has become an uncommon
cause of death—less than 2 per cent of diabetic deaths in well equipped
hospitals

The complications which cause most concern are those charactenized by
chromic degeneratne changes—vascular disease, notably diseace of the
coronary artenies and of the arteries of the extreminies, diabetic retnitis,
mtercapillary glomerulosclerosis and the diabetic neuropathies

Disease of the coronary artenes 1s the most common cause of death m
disbetics at the Pennsylvama Hosputal, for 18 deaths 1n 514
diabetic patients admitted to the public wards because of acute complica
tions Mabgnant tumors was the second most common cause of death,
occurrmg 1 9 of the 514 patients, and cerebral vascular aceidents the
third 1 frequency, accounting for 8 deaths Intercapllary glomerulo
sclerosis 1s a menace of increasing proportions (see p 197) In fact, 1t was
the most common eause of death in patients whose diabetes developed in
childhood and who had survived fifteen or more years,® whereas deaths
from diabetic gangrene have dechined precipitously since the advent of
extenstve antibiotic therapy

Evidence 1s steadily accumulabing that the hhebhood of the dabetic
acquring any or all of these distressing chronic complications increases
with the duration of the diabetes and the increase bears a direct relation
to poor control of the diabetes

Life Expectancy, The nermal life expectancy for white males and
females 1n the United States, as calculated m 1946, was 651 and 703
years, respectively Statisties issued by the Metropolitan Life Insurance
Company® indicate that the Iife expectancy for white male diabetics 13 62 12
and for white females, 66 20 years The prouumty of the hfe expectancy
for diabetic patients to the normal expectancy has progressed rapidly since
the discovery of insulin Actually, many diabetic patients outine the nor
mal life expectancy

The child dabetic hved but a <hort ime—a scant two years—m the
pre-meulin era Contrast this with Jodlin's®® statistics of today~—of 2659
diabetic children treated since 1898, 2235 are alive!

The prog; for the intell and coof diabetic patient 13
excellent 1f the diabetes 1s 1dentified early and treated dihgently by a phys:
can who has interest and traming 10 this field of metabolism Standards
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the injection Fhe degree of effect and duration of actton are reduced or

fied by & g ot the doses, respectively There 15 5o
need to gne msuhn miravenously etcept in doing wsulin tolerance tests
angd past of the mstial dose in the treatwent of a patient i dabetic coma
s given an this manner (see p 231} The effect of wsuln on the blood
sugar level may be mached by drequent aml hberal wntake of food, par
nculatly carbohydrate and, as would be expeeted, the effect 13 more ap
parent when no {ood 13 given

Insubin 35 a proten and as such 15 destreyed by gastric puces, hene
it 15 meflective when gien &y mouth The hypoglycenic effect which fol
fows the myection of msulin 13 due to an increased rate of wuhdrawal of
sugar from the blood by body tissues Insuhn permits wereased deposus
of glyeogen wn sheletal muscles, prouding hypoglycemic levels are pre
vented Glycogen ws olso deposied v greater quanties wn the Iner of the
diabetic patient when the dinbetes 15 controlled by treatment wutly tasun
Insuln adrunictered to normal amumals causes a reduction w the hepatic
gheogen In the diabetrc insulin also everss an antihelogemc effect u
tnereases the respezatory guatient, it reduces the concentration of serum
wnorgamc phosphate and sctum patesuum, and o wkibds proten cotabo
b when adminustered {6 the dwbetic patient who is excretng large
amounts of sugar and ketones

Lack of msulin results 1n & reduction n utilization and i a shortage
of caxbnh)dtaze w l!\c pettpherat useues Insubin promotes wtibization of
gt or d as glycogen, or synthesis to fat
~by eE(ecung a control over an enzyme, hexchwase (Cort)  This enzyme
xerty 2 catalyhie action on the metabohism of glucose with adenosmne try
shosphate {ATF} to produce glucose 6 phosphate—a product mvailable
for suidation, or for comersian to glycogen, or for synthesis to fat—a
bawe phosphorylation pnmm Theac processes studied wr titro were found
1o 7esult when snoubin complesely refeased the snhat of the b
by pstutary and advenat cortex fractions

“The fall 1n the blood sugar lesel 1s a direct reflection of the snfluence
of wsubin on the banic phosphorylation, m so far as it causes a greater
Tate of remosal of sugar from the blood (Soskin} ¥ Insuhm alse pactcy
pates mn xeactions sn the tricasbotylic cycle*—in the speifie synthesis of
phosphae sn the metabolism of py rusate to carbon dioxide and i aceelerat
ng the conversion of acetate to fotty acids Thongh muesugators have
goond headway $n ~whving the problery sarmvrdieg % wton of weakn
wuch 15 sull not clear,

‘The fact that msulin 1s not essential for glycogen to be festored to skele-
ta} muscles folowing physical exercise 1 of considerable chumeal sigmf
cance The rate but not the extent of restoration s reduced of wsubin 25
2bsent {Lukens) * In the spsubin treated potients the withdrawal of sugar
feam the Blood for the replemshment of glycogen in muscles 15 an smpor
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Insulin

Discorvery of Insulin, *On the 27th of July, 1921, we had a depan
c{t‘zatxzred dog and we decided to begm treatment A duct tied dog was

d and the d d residue of pancreas was removed Jt
was chopped mto «mall preces i a chilled mortar and frozen 1n brine The
mass was ground up and about 100 cc of saline added Of this extract
5cc were ad d mtra ly 1nto the dep d dog Samples
of blood were taken at half hour intervals and showed that the blood sugar
had fallen from 020 to 0 11 per cent 1 two hours The chmcal condition
of the dog was remarkably mproved’ (Banting) t An effectise blood
sugar lowening agent was thus discovered At first 1t was called “eletin”
but Macleod 1 whose laboratory Banting worked, indicated that the new
product would be tsulin and shortly, through the cooperative enterprise
of the Connaught Laboratories of Toronto and the Eli Lilly Company of
Indianapolis this p now designated as regular or dified
msulm, was being used widely 1n the treatment for diabetes

Insulin 1s protein 1n nature and 1s standardized 1n umits A umit 13 the
amount of the crystalline preparation required to reduce the blood sugar
Tevel of a normal fasting (twenty four hours) rabbit weighing 2 kg from
normal (120 mg per 100 cc) to 45 mg per 100 cc withim fise hours

The clear aqueous solution of mnsuln hydrochlonde known as regular
wsulin was the only msulin available from 1922 until the discovery of
protannne msulin by Hagedorn of Copenhagen, Denmark, 1n 1936

Regular Insulin Regular msulin—a clear solution—when admin
1stered subcutaneausly has a blood sugar lowering effect which s per
ceptible within one hour, with 1ts greatest effect between three and sic
hours, after which the effect wears off~-usually about seven to ten hours
after the injection 15 grven (Fig 3) The hypoglycere effect 1s greater
and more prolonged when large doses are given than when the amounts
njected are small,

When administered intravenously regular msulin exerts a perceptible
reduction of the blood sugar within a few minutes with greateet effect in
twenty to forty five minutes, following which the pre injection 1lood sugar
concentrations are usually restored between one and two hours following
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actenizes the regular isulin These two msulins lend themselves well to
a method of combined therapy dose of | 2zing ansubin for
1ts slow but long action and one dose of u-gular msulin gnen for action
at a ime when the protamne zinc 1nsulin 1s least active and at a ime when
a prompt but shott effect 1s desired In the majonty of cases this will be
m the morning when the effect of the previous day's dose of protamine
zin wsulin 13 on the wane, when the present day’s dose of protamine zinc
smsulin, by virtue of 1ts retarded effect, 13 not well “under way,” and when
quicker actton than 1s possible from protamine zinc msuhin 15 needed to
prevent a marked hyperglycema sfter breakfast and, mdeed, after lunch
This combination of protamune zinc wnsubin and regular msulin 13 widely
used The practicsbility of mixing the two inculins 13 considered on page
145 Mixtures, when suntably effective, are very welcome, as they reduce
the number of injectrons needed Howeser, the number of diabetics who
have as good results with the muixture as with the two insuhins injected
separately 13 drsappomntingly small

It may be added here that the slowness of the actien of protamne zinc
weuhn makes 1t a poor agent to cope with sudden or rapudly varymng
demands Hence alone 3t 15 not a satiefactory form of insulin therapy
during the course of acute complications (see p 215) Also, the number
of pattents 1n whom good control of the diabetes 1s posstble with this m
sulin alone 15 small Usually if the twenty four hour 1nsulin need is m
excess of 18 or 20 umits, additional rapidly acting nsuln 1s mdicated
The protamine zinc insultn 15 supplemented usually by one and rarely by
two other doses of regular insulin or by one dose of globm insulin for
most uniform results (seep 143)

In the event of overdosage—the protamune zime msulin being admin
1stered before breakfast—the hypoglycemic reaction 1s most likely to occur
between three o’clock i the morning and breakfast ime This 1s what
would be expected—at the end of the longest period in the twenty four
hours without food and with an msulin which 1s effective for over twenty
four hours

Protanune zine 1nsulin has reduced the number of mjections necessary,
1t has permutted measuring instead of werghing diets in all but the excep
tional cases, 1t has made more umform the control of the diabetes than
was possible formerly, 1t reduces the degree of ocillation of blood sugar
values and with 1t there 1 less glycosuria and fewer cases of coma and
of tuberculosis m drabetic patients than occurred formcrly

Globin Tnsulin. Globin snulin—a clear insulin—was made available
commercially 1n 1942 (Reiner, Searle and Lang) ? It has all the general
properties of meulin but with a blood sugar lowering action which 1s wnter
mediate between regular msulin and that of protammne zinc insubn
Globin 1nsulin reduces the blood <ugar more <lowly but for a longer time
than does regular insulin and its effect 1s more rapid than, but not as pro
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tant cause of hypoglycemia after extra physical exercise This feature con
tributes to the mstabihty of the blood sugar concentration m cluldren
particulasly

The duscosery of wsulin led to mcreased diet allawances for the diabetic
but the shortness of the blood sugar lowening effect and rapidity of action
of regular wmsulin (Fig 3) necessitated multiple doses in most cases when
mselin was needed Many patients needed four injections of 1neulia per
day 1o control adequately the diabetes

Crystalline msulin {(zme swsubin crystals sn solution) everts effects m
distinguishable, clmcally from those of regular msubin ® Cryatalhne
wmsulin 13 svailable on the market though sts production has been greatly
sLoop 10
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curtadled owing, 10 part, at least, to a loss of umts during manufacture
1t 19 nterchangeable chmeally with an equal number of unita of unmodified
msuhm

Protannne Zute Insulin, This product s clowdy aatorphous msuakia
suspenston ayalable as the result of Hagedorn's’ discovery {1936} and
the past played by Scott and Fisher® 1n adding zinc to protamine msulin,

carred advantages which, when bined with those of regular 1nsulm,
improved greatly the lot of the diabetic patient Protamine zmc snsulin
18 slowly absorbed fol 1 t t 1s meter gien

5
intravenously—and eerts a correspondingly retarded mmsubm effect Alco
thes effect 18 prolonged—twenty four to thirty si< hours following the injec
uon (Fig 3) This more prolonged and more unmiform effect of protamine
zinc wnsuln, reducing the extent of the o<cillations of the blood sugar con
centration, 15 sn contrast to the rapid action of short duration which char
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the total were gisen as protammne zinc insulin But, 32 1 or a 3 1 mixture,
with regular msulin con<iderably 1 excess of that with which the excess
protamine could combme, exerts a rapid as well as a prolonged action

NPH 1nsulin has a more rapid effect 1n reducing the blood sugar than
has protamine zime insulin and a slower effect than that of regular nsalin
The imtal mfluence on the Llood sugar 1s almost 1dentical with that of
globin msalt whicl 1s llustrated n Ligure 3

The duration of the blood sugar lowcring effect of NPH insulin 1s some
what shorter than that of protanune zinc msulin This effect 1s conaider
ably longer than that of regulir insulin and somewhat longer than that
of globin msubn In the event of overdosage—the nsuln beng admus
tered before bretkfast-—hy poglycemic reactions are most Itkely to eccur
m the late afternoon, 1n the evening, or durmg the mght NPH mstlin 1,
therefore, an msulin with an intermediate actien and a product winch
lends stself most advantageously to mivng with regular msulin

It would appear from three years experience with this msulin, that a
combination of NPH with regular insulm m proporton of 4 1 would
permit satisfactory control of diabetes with one mnjection daily i a much
larger number of patients than 15 po-sible with any one of the three msulins
i general use The regular insulin would serve to prevent the tendency to
hyperglycema during the forencon and thereafter for the remainder of
the twenty four hours the action of the NPH 1sulin weuld be adequate 1n
moet cases to marmtain satisfactory blood sugar values Regular insolin
tends 1o combine with NPH insultn 1f they are allowed to stand for long
periods after being mixed Hence, mixing at the time of injection 1s desir
able

Other Insulins. Many 1nsulins have been tried i the search for the
perfect product which would become available after injection only when
1t was needed In other words, the perfect inselin should be under a con
trol simtlar to that exemplified by a normal pancreas Attempts to secure
such an isulin are not to be diccouraged but i the meantime we must
sirve for the greatest advantages that can be secured with the insulins
already at hand

Absorption of anil Sensitivity to Insulin The njection of radio
active msulin and the detection of the rate of disappearance of the mnjected
material confirmed what formerly has been assumed, 1¢, the regular
sulin 13 absorbed and disappears most rapidly Next to disappear 15 the
globin and the slowest to be absorbed s the protamme zmc msultn
(Reiner) 12

The rate of absorption of msulin 1s reduced 1n some cases of idiopathic
msulin resistance and when msulin 15 mjected 1nto indurated areas The
rate of absorption 1 most cases determines the speed and duration of
action This »s not always the case, howerer In a very important group of
duiabetics—1mportant chiefly because of thetr numerical strength—namely,
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longed as, that of protamne zmne insulin (Fig 3). Globin nsulin has
earned a secure place 1n the treatment for diabetes Wisely used in prop
erly selected cases globin 1neulin, hike each of the other msulins and com
binations of wnsulins, has 1ts sphere i which 1t 13 the msulin of choice
Unsatisfactory results with globin msulin indicate mmproper selection of
the patient for this type of therapy or mmproper distribution of the diet
or timing of the administration of the msulin The selection of appropriate
patrents for therr respectrve 1nsulin treatments 1s dealt with on pages 139
to 149 Globin wnsulin <hares, to some degree, some of the adyantages of
protamune zinc wsulin but the specific indications for 1ts use are when a
maxumum permissible dose of protamime zine wsuhin fails to act quickly
enough to avoid heavy reactions for glycosuria m the forenoon and yet
if the dose were inereased hypoglycemnc reactions would oecur in the early
mormng In a considerable number of such caces a single datly dose of
globin 1sulin will ebrnate the necessity of a supplementary dose of
regular meulin  Simliacly, a dose of globw with protamine zine yasulin
(not mixed) will on some occasions avord the necessity of an injection
of msulin before supper (see p 146)

Globm 1nsulin 1njected subcutaneously causes a detectible reduction of
the blood sugar within two hours reaching ns greatest effect between six
and twelie hours, with the effect substding from sixteen to twenty four
hours (Fig 3) These effects are mntensified when large doses are girven—
there 35 a more prompt effect, a greater hypoglycenne effect and one of
longer duration When used in therapy globin nsulin 1s admimstered pref
erably one hour before breskfast and i the event of overdosage the hypo
glycemic reaction 13 most likely to occur between 3 o’clock in the after
noon and suppertime Patients tend to prefer the n<k of a hypoglycema
duning the daytime rather than i the eatly mormug hours, as occurs
the case of an overdose of protamuine zinc 1nsulin

NPH Insulin. A new and modified protamune zine msulin—~NPH inselin
—though a relatively new preparation gives promise of earning an impor
tant place 1n the chnical control of diabetes This msulin was prepared by a
method developed m Hagedorr’s laboratory by Krasenbhl and Roser
berg 1* NPH msulin, until secently teferred to as NPH 50 msulin, 1s 2d
mimstered as a cloudy suspension of a crystalline precipitate and contatns
only 050 mg of protamine per 100 units 1n contrast te 125 mg per 100
wnats of the pratamupe zinc msulm n general use The greatest value of
this new msulin hes, m our expenience, 1 the fact that additions of regu
Lar msulin can be made to st without sacnificing much of the rapid acben
of the regulas m=ubin In contrast, when regular meulin 13 added to protam
e zne msulin——contamning 125 mg of protamme per 100 umits—the
tegular msulin combnes with the excess protamtne until the ratio of the
umts of regular meulin to those of protamune zine mstlio exceeds 11
In other words, & 1 1 mixture may be expected to act the <ame as though
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duces the serum phosphoras cancentration and whibsts protein catabolism

Insulm, 1t 1s behieved everts control over an enzyme hevtokinase which
n turn exerls a catalync action on the wetabolism of ghicose with adeno
<ine triphosphate to produce glucose 6-phosphate—a process wlich 15 es-
sential before the products of msuln action mentioned shove are possible
Insulin exerts an wfluence in at least three phases of the tricarboxyhic
cyele

Instlin 13 rendered meflectne when given by mouth

The middle aged obese diabetic patient 13 selatnely msensitne to 1o
sulin The sensitsity to msubm 1s ancreaced with appropriate reduction m
body werght

Claucal ohservations of sensibivaty to snsuln are sll superior to special
tests
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the overweight diabetics, usually of middle age, in<ulin 1s relatiely m
eflective (sce p 93) This, we believe, 1s on the basis of an mereased
total metabolism Certamly, if their weights are reduced these patients
become mereasingly sensitrie to nsubin and af their lost weight 13 regained
s0 also 15 the relatine 1nsulin meensttwity It 1s fully reahized that this ex
planation 1s not complete but for practical chimcal purposes 1t suffices until
further discoveries show means for mproved application m therapy

Special tests for nsultn sensitnvity are surrounded by a multitude of
modifying influences which may add to the confuston and, if not considered,
the bland acceptance of the result as bemng meaningful 1s prone to muslead

The lack of widespread adoption of msulin tolerance tests 1s evidence
agamst their clinical value To nlerpret the result properly, quantitative
hormone studies on urine and <erum are necessary 1n addition to appro
pnate consideration of the diet combinations preceding the te t as well a3
complicating disorders that mught alter the results, not all of which are
measurable

A modified Radisla: test, which shons the diferences occurring be-
tween venous and capillary blood sugar concentrations four to five hours
following the injection of wnsulin, 1s said to detect the source of msubn
resistance, be 1t hepatic 1 erigin or m the peripheral tissues

Himsworth s test of msulin <enaativity comprises the admmstration of
meulin by vemn and glucose by mouth simultaneously and ol serving the
effect on the capillary blood sugar at short intervals for one and one half
hours The patient 1= considered nsulin sensitnne if the expected rise of
the level of the capillary blood sugar 13 prevented by the insulin and 1n
sufin msensitrve 1f the capillary blood sugar values increased as though
little or no nsulin had been given The lack of umiformty of results has
prevented this test bemng of clinical value in general

It would seem highly probable that these tests are measures of hepatic
responses aud that the lack of umfornuty results from the fact that the m
fluences on Iver functions are legion This 15 m heeping with the views of
Soskm and Levine 2

SUMVARY

f
Insulin was discosered by Banting and Best 1n 1921 Tt 1s available :n
four forms Reguler msuhn with rapd action of <hort duration, approxy
malely six to exght hours Globin insulin, with a <lower and longer action
sixteen to tnenty four hours Protamine inc ansulin, which goes nto
action slowly but exerts a blood sugar lowering effect for twenty four to
thirty srx_hours  and the fourth nsulin—APH insultn—with an anter
medrate effect
Insulin used clinically lowers the blood sugar, reduces glycosuria 10
the disbetic and mcreases the depoats of glycogen in the muscles and
Iner It exerts an antihetogeme effect raices the respiratory quotient Te
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duces the serum phosphorus concentration and mhibits protein catabolism

Jnsutm it 15 believed eserts control over an enzyme hexokimase which
1n turn exerts a catalytic action on the metabohism of glucose with adeno
sme trphosphate to produce glucose 6-phosphate—a process which 15 es
sential before the products of isulin action mentioned ahove are possible
Insuhn exerts an nfluence 10 at least three phases of the tricarboxyhc
cyele

Insulin 15 rendered wmeflective when gnen by mouth

The middle aged obese diabetic patient 1s relatively imsensitive to 1n
sulin The sensitinity to ansulin 15 increased with appropriate reduction
body weight

Climcal observations of sensitisity to insuln are stll superior to spectal
tests
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Carbohydrate Metabolism and the Blood Sugar

Introduction. Custom, ansing from early mvestigative work, has led
physicians to constder disbetes a disorder pnmarnily of carbohydrate met
abolism Gross changes in the metabolism of carbohydrate certamly ac
company the changes which characterize thus disease However, with means
lable to tigate pure rates of synthesis and degrad of body

constituents, 1t 1s clear that there 15 a fundamental metabolic pool! 1n which
the products of carbohydrate protem and fat mingle and that Aypo nsulin
1sm (diabetes) 1s characterized by a reduction n fatty acid synthesis, n
decreased glycogen production and, 1n the more severe states, accelerated
protewn breakdown It 1s clear too from the chmical standpomt that carbo
hydrate 1s but one of the important dietary factors to be considered In
fact, the total calorc intake when reduced has a more profound ultimate
effect n controlling the diabetes than have reductions mn the carbohydrate
intake unless the total calorres are reduced also 2 A mavimum effect an
reducing the need for msulin might be expected when both carbohvdrate
and total calories are reduced and when phystcal actaty 1s a promunent
feature This 1s exactly what occurs, and 1 treating the obewe diabetic both
dietary restrictions are ble, exercise 1s ged and, m such
cases, these features provide, short of msulin therapy, the most powerful
means of controlling diabetes

Carbohydrate 1s more prompt 1n 1ts effect on the diabetic <tate, whether
added or reduced than are changes 1n protemn, fat or total caloric intakes
Carbohy drate 15 indispensable and 1s the most readily available food for
energy purposes It affects the level of the blood sugar ummeduately upon
1ts absorption Because of the promptness of the effect of carbohydrate on
the yardstick by which we detesmine the control of diabetes—referrmg
ta the blood sugar level—it 1s appropriate to deal with carbohydrate met
abohsm and the blood sugar m some detail

CARBOIN DRATL—SOURCE, DIGESTION, ARSORPTION
Source, In the normal diet the chief <ources of carbohydrates are
cereals {including gramn products), vegetables, fruits syrups, and sugars
Ordmanily, the sugars and syrups are not wcluded 1n the drabenc’s diet,
40



CARBOIDRATE METABOLISM AND BLOOD SUCAR 41

bohvd,

the reasons bemng that, with some m the total
intake 1t 1s preferable that concentrated forms be avoided, permitting
Liberal helpings of Fruts and vegetables which carry the added advantages
of providing mmerals and vitamins It 15 estimated that 58 per cent of
protem foods, and 10 per cent of fatty foods, are available 1n metabolism
as carbohydrate Hence, the theoretical glucose equuvalent (GE) of a
dret 15

Carbohydrate 4 0 58 protein + 0 10 fat

Digestron. Carbohydrate foods on ingestion are subjected, while still
1n the oral cavily, to the action of ptyalin-—secreted by the salwvary glands
—uhich on miung with the foods, mitrates the conversion of starch to
maltose, and glycogen to dextrose This process 13 continued 1n the stomach
until the salnary amylase activity 1s stopped and acid hydrolysss subst
tuted when the hydrochloric acid becomes mived with the food The diges
tion 1s continued 1 the alkaline medium of the small intestine by the
pancreatic amylase and the intracellular enzymes—amylase, nvertase and
lactase—after the passage of the sugars into the cells of the intestinal mu
cosa DBy selective actions these enzymes reduce the sugars to monosac
charides (chiefly to glucose but also to fruetose and galactose) the state
m which they are absorbed inte the blood

Absorption. It 15 of climcal importance, especially m dealing with
hypoglycemic patients, that sugar 13 not abeorbed in sigmficant amounts
from the stomach unless in the form of glucose and this 1n concentrations
over 40 per cent Hence (unclmnal or orgamic pyloric obstruction nught
prevent the correction of a | reaction by carbohydrate admin
sstered orally 1 dilute forms Syrups, such as Blue Label Raro Syrup,
because of ther hugh concentrations of absorbable sugars are more likely
to correct a hypoglycemia in event of delayed emptying of the <tomach
than are fruit juices which must reach the small intestine to be absorbed
It 1s noteworthy on the other hand that sugar to be absorbed by the small
mtestime must be reduced to 1sotonic concentrations * It would appear that
in the absence of delayed gastric emptying time, the weaker solutions,
such as orange juice, would correct a hypoglycemia more readdly than
would 40 per cent sugar <oluiens Mavmum absorption of sugars takes
place 1 the small intestine Absorption of glucose occurs mn the colon 1n
Iy poglycemic mdisiduals but not, to a sigmficant degree, n normal sub
Jects

Absorption from the <mall jatestine mvolies (a) a p}wiphorylauon
process, a epecific process rapidly plished through the
of the sugar with the phosphate 1 the mtestinal wall, and (b) s:mple
fTusion, a <lower and nonspecific process

The vate at which dietary sugars reach the blood 1s influenced by the
speed of arnival of food in the intestine, the concentration of sugar, the
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muxture of foads (complex nuxtures delay absorption) and the avarlable
phosphorylating capacity The quantitative absorplion of sugar 1nvolves
the state of the intestinal mucosa, the duration of exposure of sugar to the
absorbing surface endocrine nfluences (excessive thyrowd activity accel
erates the rate of absorption and vice versa, pituttary and adrenal cortical
deficiency reduce absorption) and the adequacy of the vitanun take

Infections, deficient intake of B complex, and mamtion imhibit the ab
sorption of sugars Insulin, apparently, has no effect on the absorption of
sugar from the intestine

Carbohydrate, once absorbed into the blood, 1s available, according to
the prionty existing at the time, for (a) energy purposes with complete
oudation, (b) storage as glycogen m the luer and 1n the muscles, (c)
conversion to fat and (d) distnbution 1 the body fluids—notably the
blood—in concentrations which, under normal conditions, remain remark
ably constant The last mentioned 15 the supply line to all tissues

Carbohydrate, m addition 1o tts use as fuel, has a protectne and detou
fying effect in the Iner It spares protemn metabolism and has a far reaching
effect on the regulation of the metabolism of fat Fatty acids are partially
metabolized 1n the liver but their complete oxidation takes place in the
peripheral tissues Ordinanily the amount of fatty acids n transport 1s
small and no detectable amounts of acetone, diacetic actd or beta oxy
butyric acrds—using usual tests—are present 1n the blood or urine How
ever, 1f the fatty acid breakdown 15 1 d as oceurs in lled
diabetes panying reduced carbohydrate stores and reduced carbohy
drate metabolism, ketone bodies appear 1n the urme and finally, barring
relief, they accumulate in the blood This state 1s known as ketosis and 1
the extreme degree will cause coma—diabetic coma

REGULATION OF THE BLOOD SUGAR LEVEL

The constancy of the level of the blood sugar between fixed, but not
widely separated, extremes of normal 1s an ideal example of homeostasis
The stability of the blood sugar 1s the more remarkable 1n view of the mul
ttude of factors which nfluence the amounts of glucose which enter the
blood and the amounts that are withdrawn The wide range of the adapt
ability of the h tatic mech 18 app d when 1t 15 known that
glucose can be admimstered ntravenously at the rate of 080 gm per
Rilogram of body weght per hour and that the rate of administration can
be matenally increased after one or two hours without causing glycosuna
(Wood, Gatt, 1915, and Jordan, 1927)

The concentration of ghicose i the blood at any one time represents the
equilibrium between the contributing and extracting mechanisms which
swhen upset by disease, may permit hyperglycemia as in diabetes or hypo
glycemia, as n adrenal cortical isufficiency or hypermsulimsm Comil
tions which tend to affect the rate of glucose exchange to and from the
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blood are listed it Table 7 The quannty of carbohydrate ingested, mstlm
and physical exercise are daly d m the
management of diabetes Thesc mll be discussed elsewhere under thewc
respective headings

The concentration of the blood (venous) sugar, under normal condt
tions, remams relatively constant—70 to 110 mg per 100 cc 1n the fasting
and 90 to 160 mg in the postprandral states—with the “grving and taking

TABLE 7
Facrors InFrueveive Tor LEVEL oF e BLoop Stéan

AYPOGLYCDMIC

YPERGLYCEMIC

Dt
Prolonged undernutritton
Decreased rate of absorption of glucose
g, pylonc obstruction
Physucal Ererctse
Tacreased exercise

Luver
Hepatocellutar damage (certain cases)

Lxeesuye carbohydrate intake

locreased vapidity of absorption of glu
e eg gastro-enterostomy

Reduced exercise i dual etic sul Jects

Hepatocellular damage (certain cases)

Kudney
Reaal glycosuria as in nephrosis

Hormones
Antenor pitwitary deficiency Acromegaly
Hypothyroidism Pittary basophalism
Hypermsutuusm Ihyperthyroidism
Adrenal msufficiency (cortical) Phenchromocytoma some cases
Panhypopituttansm Dabeles mellitus
Mediations
Tosulin Comephrne
Anesthesia
17 hydrocyeorticosterone
{Compound

11 dehydro-27 hydroxycorticosterone
(Comprund E—cortiwonr)
Functional Nervous Disorders

Anorewr netvosa an! other anucty | Toxemms
states
Neurocirculatory astheaia Fright
Trauma-—ntracramal
Anger

mechanisms” at work Minute changes mn the blood sugar concentratton
accelerate or depress the rate of release of glucose from the lner Soskin
has <hown 1hat glucose administration by vein not only halts the outflow
of sugar from the Iver but 15 followed by marked mcrease 1n the uptake
of sugar by this organ This 1s followed by a period durning which no
sugar 1s taken up nor excreted by the Iiver and as the sugar content of the
arterral hlood decreases below ats original value the her resumes its out
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put of sugar This thermostat like regulation of the blood sugar 1s pro
foundly up<et when the supply of msuln s wmadequate, as occurs
diabetes

The blood sugar level 1s lowest 1 the fasting state A mixed dret—
protein, fat and carbohydrate—raises the concentration of sugar to a less
degree than a meal a large proy of carbohyd If the
carbohydrate 13 m a reaculy absorbable form such as dextrose, fruit juices
and syrups, the blood sugar 1s affected more rapidly and usually to a more
marked degree than by a mixed meal or even a meal high in starch Pro
ten has a mimmal and fat a neghgible effect on the blood sugar con
centration m the postprandial phase

Conditons which permit carbohydrate to reach the small intestine
rapudly, as mn cases of gastro enterostomy, and which speed the rate of
absorption of glucose, as occurs 1 hyperthyroidism, account for an un
usuaily rapid elevation of the blood sugar and also a degree of hypergly
cemua greater than would occur 1n the normal individual

THE BLOOD SUGAR IN DIABETES

Abnormally ligh blood sugar concentrations are essential to the diag
nosis of diabetes A concentration of sugar i excess of 130 mg per 100 cc
in a specimen of venous blood taken after an eight to fourtecn hour fast
15 usually due to diabetes, as are values 1n excess of 170 mg per 100 cc 1n
blood samples taken after meals In extremely mild diabetes fasting and
postprandial blood sugars may be normal and only by means of special
tests (see p 77) can the disease be detected If drabetes 19 present even
to this mild degree, acute febrile complications usually make 1t mamifest
by causing hyperglycemia and glycosuria

In mild untreated diabetes the fasting blood sugar may be normal 1
amount or 1t may exceed 130 mg per 100 cc but m these cases values
higher than normal—m excess of 170 mg per 100 cc —usually prevail
after meals

In moderately severe diabetes higher blood sugar concentrations are
encotntered—250 to 350 mg per 100 cc are not unusual

In dabetic coma, values between 300 and 800 mg per 100 cc are com
mon Occasionally extremely high values are encountered such as in the
case of ED (p 236), whose blood sugar amounted to 1150 mg per
100 cc

There 1s p lly no diffe an the sugar n venous
and arterial {capillary) blood 1n the fasting state After a meal, howesver,
in the normal person the artenial blood sugar lesel 1s from 20 to 50 mg
per 100 cc higher than that in senous blood This difference betneen

d sugar concentrations 1s an ndcation of the

senous and artenal bloo

quantity of sugar withdrawn from the blood to be oxidized, comerted to
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fay or stored as glycogen As myght bo expected this difference 15 fess
untreated and uncontrolled diabetes

The le of the ff n the of sugar
artenia) blood far exceed those observed mn venous blood Alo, the net
dence and degree of ervor 13 usnally greater when capilary blood 15 used
for blood <ugar determinanons For chmeal purposes we prefer venoas
blood <ugar determmations probably because st 13 with this methad that
we have had most experience The practice of using venous blood for thus
purpase 18 almost unnersal i America 2nd the method most widely used
1n deternmming blaod sugar values 1s that of Folin and Wu whereas capil
Yary Blood 1s the more widely wsed s Enrope and the methods employed
for quantitative sugar analyses are those of Bang Hagedorn and Jensen
and McLean Blood cugar values by the Folin and Wu method nclude

lucase reduction § lsone cyetemne ergoth ere

atine anl others as yet umdenhﬁed which have been considered to be
rather constint and which account for 10 to 30 mg per 100 cc However
Mosenthalt reports that these nonglucose reducing substances exceeded
the upper humst of 30 mg per 100 cc m a consderable pragortion (38 per
cent) of 200 consecutive cases studied and a3 a result advocates that the
true glucoce values be determined He recommends the micro method of
Lauber and Mattice® for this purpose

In the usual management of diabetes and even 11 most diagnostic studies
experience has shown the macro method of determining the 1lood sugar
{1rne blood sugar plus other reducing substances) to be satisfactory How
ever n borderline cases unusually high concentrations of nonglucose <ub
stances might up the scales toward an unjustified diagnoss of diabetes
Ta such eases true glucose values would be special importance The other
alternative and the one we have uced 15 to do a series of tests using the
macro method of determmng the yenous blood sugar values befors makmg
a definite decision

The major sources of giycogen are preformed carbohydrates—sugars
and starches—and pratemns of the diet Glycogen 1s formed duning fasting
states from noncarbohydrate sources by the Iiver This process 1s gluconeo
genests This 18 an ymportant source of sugar dunng fasting 1» the normal
and one that ss drawn upon heavily 1 uncontrolled diabetes Also glu
coneogenesis 13 affected by adrenal cortical hormones removal of which
reduces hissue proten breakdown Convereely the myection of an exress
of these hotmones increaces the rate of protein I reakdown making svaul
at le glucose from tl e metabolism of the resuling amno acids

Carbolydrate 1s the dluef source of energy m the body Energy 1 b
erated th 4 the d it of d by means of certain

phorylation processes the completion of which depends upon enzym

auc sctisty a long perrod of which takes place in the conversion of gly
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cogen to pyruvic acid,* and finally to €O, and water In the event of
relative anowa, some of the pyruvie acid 1s reduced to lactic acid which 1s
restored to the economy of the body (<ee below) Pyruvic acid 1s alo an
excellent glycogen former (Long) The formaton of glycogen 15 dependent
on the following reactions Glucose plus adenosine triphosphate m the
presence of the essential and actne, unmhibited enzyme hexoknase, yields
glucose 6 phosphate and ad. diphosphate Glucose 6 phosphate upon
transphosphorylation yrelds glucose-1 phosphate which combined with
phosphorylase activity yields glycogen as follows
Glucose 7= Glucose 6 phosphates=x
Glucose 1 phosphate ===* Glycogen

It 18 significant that experimentally the hexokinase activity—essential
for the production of glycogen from glucose—can be inlubited by mject
g antertor pituitary extract and that this inhibitton may be neutralized
by admimnstering msulin &

‘The mechanisms mvolied i glycogen breakdoun to CO; and water pro
ceed angerobically to the pyruvic acid stage at which pot adequate oxy
gen 1s needed to complete the metabolism to €Oz and water Lacking
adequate oxygen, pyruvic acid 1s transformed to lactic acid which 13 re-
comerted, by the Iner, into glycogen Clinically, this 1s of <ome importance
as 1t explans a means by which a hypogl dividual m 1
ean tap the muscle glycogen n the effort to correct the hypoglycemia Con
vulsions and the rapidly ensuing increased formation of Iactic amd, which
1s rapidly converted to glycogen which in turn 1s a ready source of sugar,
have doubtless saved the lies of some diabetic patients who have weathered
recovery

severe hypogly reactions, , to <p

RESPIRATORY QUOTIENT

(and the relatire combustion rates of protemn, fat and carbohydrate)

Chnically, consideratron of the respiratory quottent 1s of hittle moment
but as 1t 15 altered 1n diabetes 1t should be understood by students of this
subject The respiratory quotient (RQ) 1s the ratio of the volume of
carbon dioxide produced to the solume of oxygen absorbed by a tresve
Vol €O, produced
Vol 0, absorbed

In the metabolism of glucose no eall for oxygen beyond that already 10
the food 13 mecessary for the oxidation of the hydrogen as shown in the

RQ =

equation
Cg Hy205 + 60, = 6C0; - 6H, 0
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and for each molecule of Oy absorbed a molecule of (0¢ 1s formed Hence,
3 corbohydrate only 1s beng metsbobized, the RQ 1s 10 During the
metabolism of fat afone the quotient 15 071, for protem it 1s G 80, for
aloohol 1t 18 0 6T and on an ordinary mised diet the RQ 15 about 853
The quotient 1s taken 23 an indication of the type of food being metabolized
~—the closer to 10 the hagher 15 the percentage of carbohydrate and the
closer to 07 the tugher 1s the percentage of {at being utihzed Although
these assertions are generally correct, phyaologists cantion that af fat 1s
beang transformed 1o carbohydrate & low RQ 13 to be expected but the
d of the I process and the ultimate met

aholism of the carbohydrate are not to be lost sight of

In uncontrolied dinbetes the RQ tends 1o be low 1n heeping with the
reduced amount of carhohydrat bolized and with the I of
fat catsbolism Insukin therapy reverses this rend and markedly so 1f an
ample carbobydrate mtake 15 mamtamed

The respiratory quotient can be determined for experimental purpose
by measuring the amount of oxygen consumed and the amount of carbon
dioxsde produced per hour * Correction for the amount of protem metabo
lized »s necessary hefore the nonprotesn R Q can he caieutated Each gram
of mitrogen exereted 1n the urine assuming that the renat functson is nor
mal mdicates that 625 g of protesn bave been oudized hnowing the
total nitrogen excretion 1t 1s possible to caleulate the oxygen and carbon
diovide that have to do with the metalicliam of the protewn and ta deduct
these amounts from the total respiratory exchange From this information
and with & known R 1t 1s a simple matter to caleulate the amounts of
protenn fat and carhohydrate oxidized over a grven penod The reader 13
referred to standard tests on physiology for funther detarls

* Accord g 1o Avogadras Jaw equal volumes of paces with the same pressure and
temperature contarn an equal number of molec iles To metabole 106 gm of glacose
75 ltres of oxygen are tequized from onteude 1+ for tle amdation of the carbon

?

snl 75 btres of carbon dwxide are proluced The R Q 15 therefore o =1

kS
Tn tle comd uetion of fat tich in carbon and hydrogen uni relatwely poor 1 oxygen
200 res of O; ore neelrd and M2 Vires of €O are produce] The R Q
12

12 0 1 Dest ant Tavlor)

0
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Disturbed Physiology in Diabetes

Introduction. In diabetes the storage of glycogen m the hver and 1n the
muscles 1s 1mpoverished and the utilization of sugar by the tissues 15 re
duced There are no d bl between the pk logic proc
esses of the normal and those of the diabetic patient whose diabetes 1«
under perfect control This fact presents the most logical reason for ade
quate control of the drabetes when 1t 1s possible to do so The disturbed
physiology characteristic of diabetes occurs when the diabetes 1s “out of
hand’ and the degree of <everity of the uncontrolied drabetes influences
greatly the magnitude of these disturbances It 1s with this concept
mind that the abnormal processes are dealt with

The storage of monosaccharides, notably glucose, as glycogen, follow
ing thewr absorption from the small imtestine and transit by way of the
portal systein to the liver, 1s greatly reduced m diabetes As a result Jarge
quantities of sugar gain access to the systemic eirculation and this excess
1s made greater because of a reduced abiiy of the diabene properly to
utibize sugar The concentration of the blood sugar 1s increased to hyper
glycemc levels and when these exceed the renal threshold—0 160 to 0 180
mg per 100 cc 1 venous blood—for variable periods glycosuria results
Sugar 15 lost 1n the urine 1n amounts varymg from minute traces to several
pounds per day A umgue type of starmanon ensues—the extent of which
1s directly related to the amount of glycosuria

In moderately severe and severe diabetes sugar 15 lost m the urine even
during fasting The sugar 1s derived from the dimmishing supply of hepatic
glycogen at first and later an emergency source, the body protein 15 tapped
(o nature’s attempt to proude sugar for sital funchons An index of the
excessne protein breakdown 1s to be found 1 the increaced excretion of
nitregen m the urime—edch gram of urinary mitrogen indicates the met
abohsm of 625 gm of protem and the normal excretion of mitrogen 10
twenty four hours varies from 10 to 14 grams Quantitative determmnations
of the mtrogen excretion are not pecessary i the clinical management of
diabetes Tt suffices to know that m uncontrolled drabetes, of more than a
body protem 1s being sacrificed, muscles heeome
Jassitude 1s intensified This loss of body protem

48

mild degree of severily,
wasted and the patient’s



DISTURBED PHYSIOLOGY IN DIABETES 49

has played a Jarge part 1 making poor risks of diabetic patients for sur
gical procedures mn the past and n causing lowered resistance to infec
tions, and 1n the deselopment of other h 1 defs as
a direct result of malnutntion

As the loss of sugar increases the of fat 15 aleo
Thus 15 not detectable chrucally 1 the carly phase, s the peripheral tissues
can metabolize a small increase of the ketone bodies which are transported
to them after thesr production in the Iner However, as the production of
ketone bodies exceeds the amounts utilized 1n the peripheral tissues acetone
bodies appear m the urine and finally in the blood 1 amounts detectable
by crudely quantitative tests {see p 67) A digest of the chinical outcome
of the distarbed physiology as it ovcurs in diabetes 1s presented 1 Table 8

ol 1 d

TABIE 8
Tue CuNicar QutcowF oF TrE DsSTURBED PHYSIGLOGY 1+ DI4BETES

Polyuria
Increased mitrogen
exeretion
Acetonura
Retorded al ihity Hypurketonemin
to store and util Hyperglyceria (hetosis)
Iypo wsulinsm ~ |1ze glycogen  — and — | Dechydration
(Diabetes) o Gl ot ]
of glucose 1y Toss of weight
Iner Asthenin
Decreased resistance
to infection
Degenerative dis
orders

The means are avalable to correct theee deficiencies In the early phases
a normal status 1» promptly restored by msultn therapy and a suitable diet
In the latter phase that of advanced ketosis, a reversion of the abnormal
processes 13 still possitle but at this stage the treatment 15 more complt
cated because of the dehydration and the disturk m electrolyte bal
ances which have intervened (see Chapter XVII)

The salient features of the chain of events which characterize diabetes
mellitus as seen climcally are summarized as follows (a) hyperglycemua
and glycosursa Among equelae of these abnormalities are acetonunia, 1n
creased ketonenua (hetosia), polyuna dehydration deminerzhzation, loss
of weight asthemia and decreased resistance to infection (b) Degenera
twe disorders Diabettc retmitis and cataract, discase of the coronary
arteries renal and peripheral vascular disease and the neuropathies are
chronte of disturbed phystology over long periods The suc
cese in lhing hypergt and gl wall be renarded by the
P ar of these compl
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I‘Iy‘pel"glycemm The relatnve mfluences of a disturbed regulation of

arbohy bolism with ote i
- 7 of glucose by the lner, and
Iwu(h l;u: gﬂllule l:° store glycogen to a normal degree, and wnparred u;zh a
ton of glucose by the nssues
i Susk{nl A 1ssues as ]c]auses of hyperglycerna are not entirely
p the verprod theory

Reeping with which nsulin prevents overproduction of sugar by the lner

LIVER

NORMAL BLoab,
SUGAR LEVEL

5,70 THE TISSUES
@) Nomal
R
1
. -k
b) Non utilization <) Overproduction

Fig 4 Diagrammatic analogy illustrating the non utihzation and overproduct on
theories of d abetes (after Soskin} 1

an inhibiting effect which 15 reduced in the msulin deficient <tate—duab
etes Hyperglycemia ensues

The replacement of glycogen 1n <heletal muscles following phy ucal exer
cise 18 retarded sn uncontrolled diabetes ” and as the <keletal muscles pro
vide the overwhelming bulk of bolically active tissues of the body this
18 of great sigmficance All are agreed that insulin facilitates the tranut of
glucose mto the tissues and facilitates its activity s cellular metabofiem
and that these activities oceur as a direct result of increased phosphoryla
tion made possible by insulin actnaty Tn uncontrolled diabetes these func
tions are profoundly disturbed and as a result the sugar 1s not witl drawn
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from the blood as rapidly as under normal circumstances and with the
hver releasing sugar at an mereased rate kyperglycemua results

Nonduabetic hyperglycenna may ocour following intracrantal 1njuries
(tnfection or trauma, 1n shock and following the admimstration of anes
thetics) Hyperg! under these cond 15 ¥, not lasting
more than a few hours, and the mechanisms of ity production are dis
turbed nervous control of releasmng sugar from hepatie glycogen and stimu
lation of the adrenal medulla

Glycosuria Glycosuria, as detectable by the usual tests—Benedict’s,
Clinitest and Galatest—does not occur under normal conditions In the
untreated diabetic glycosuria 13 the rule It 1s most frequent after meals
and 1s least and may be absent before breakfast It usually occurs when
the concentration of the sugar in the venous blood exceeds values of 160
10 180 mg per 100 cc Under unusual circumstances this so-called renal

TABLE %
Grucose ContenT oF Bopy FLutns Noratat, AND 1n UNTREATED DIABETES

nonasL DIABETIC
LU
Glucose (mg p r 100 cc )
Whole blood 60~ 90 110-750
Plasma 0-110 130-800
Serum 0 110 130-800
Lyniph ~0-110 130-800
Cerebrosp nal flu d 10~ -0 75400

threshold may be lower than 160 mg per 100 cc—a low renal threshold
~—and the glycosunia resulting 1n the nondabetic under these
1s known as renal glycosuria or diabetes innocens—a poor term A low
renal threshold occastonally 1s present as a complication of diabetes The
relationshups of blood sugar production, rate of ublization and hyper
glycemia to the renal threshold are depicted schematically 1n Figure 4

Glycosuna 1s considered as bemg due to diabetes untsl proved other
wise, because 1t 15 due to diabetes much more frequently than to any
other disorder and because, if the diagnosis of diabetes 15 mssed, 1rrep
arable harm may be done The differentral diagnosis of sugar 1n the urine
5 dealt with on page 87

The sugar contents of tl e various body fluids in normal and n diabetic
subjects are ind:cated 1n Table 9

Retosis Retone bodies {aceto acetic acid, beta hydsoxybutyric acid and
acetone) are normally produced almost exclusively 1n the Liver and trans
ported 1n the 1ood for utilization by the tissues The quantities of ketones
produced from fat far exceed those from other sources In fact the degree
of ketasts 15 au 1adex of the catabohism of fat and there being no redue
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tion 1 the ability of the peripheral tissues to dispose of ketone bodies 1n
the diabetic an excess of ketone bodies 1n the blood must mean that they
are bemg produced mn abnormally large amounts

Normal carbohyd, bolism with an adeq intake of carbo
hydrate and total calortes and normal stores of glycogen are the factors
which prevent excessie breakdown of fat On the other hand, during star
vation or mn the case of uncontrolled diabetes, when large guantities of
sugar are lost n the urine, less sugar 13 metabolized and glycogen storage
1s depleted As a result an increase m fat metabolism occurs

A lver with a good <tore of glycogen turns out sugar but when this
store 13 depleted, and the fat content of the cells of the liver increases, the
metabolic process becomes one of increased ketone production * When
the accelerated production of ketone bodies exceeds the amount removed
from cireulation by the peripheral tissues the excess, at first, 15 excreted
in the urine (ketonuria) Esentually when the excretory mechanism 1s un
able to keep pace with the prod the ketones late 1n the blood
(hyperketonemia), as occurs n diabetic coma Insulin 1s the most potent
antiketogenic agent known It produces this effect by preventing the depost
tion of fat in the hver, by restoring glycogen storage 1n this organ and

pecially by facil g the bolism of carbohydrate, an effect which
promptly reduces the excessive production of Retones

Alloxan Drabetes Islet cells of the rabbit's pancreas are selectively
destroyed and diabetes 1s caused by a single intravenous injection of
alloxan,® * 150 to 200 mg per kg of body weight Diabetes 18 produced
mn dogs when 50 to 75 mg ot alloxan per kg are given Larger doses
cause uremia plus diabetes An imtial hyperglycemia lasting fifteen mun
utes to one hour follows the mjection of the alloxan This, 1 turn 1s fol
lowed by a marked hypogly with Isions The hypogly 18
due presumably to mnsulin released from damaged slet cells Finally
hyperglycema and permanent dabetes ensue

The damage to the slets 13 completed with great rapidity—alloxan 15
not detectable 1n the blood for longer than five munutes after 1ts 1njection
intravenously

Alloxan diabetes 1s of great interest to mvestigators because Alloxan
1s chemically related to uric acid—a normal constituent of the body, the
glutathione concentration normally present 1 the blood 1s greatly reduced
after the ad: of allotan, glutath d d 1n Jarge doses
protects agamst the et cell destruction by alloxan, transient diabetes
has been reported to follow the mtrapenitoneal injections of urie acid m
rabbits5 but this only occurred when the blood glutathione lesels were
reduced by means of diets deficient 1 cystme and methionine and also

formed first It may be reduced to beta hydrosy
be reversed Acetone 1a an oxidation product of
t1c acid or beta hydroxyb scd

* Acetoncetic (diacetic) scid 15
butyric acid and this process may
nne or other of its p: &
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&

on the basts that iny of punified hormone
(ACTH) produced m man & transient disbetes assocrated with a con
srilrm co relatron betw een loss ot tolerance for carbohydrate, mm‘ca«zd
parine metabolsra and depresced levels of blood glutath
The ehmcal sigraficance of allotan diabetes 15 that t permats the ex
plosasion of this problem from a new approach
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Pathology of Diabetes

INTRODUCTION

Few diceases cause more widespread pathologic changes than does dib
etes Most of the changes charactenistically seen are those associated with
P aging the d diseases of the artenes are outstanding
Because of the inconstancy of cellular abnormalities the occurrence of
normal Lissues m patients with sesere diabetes and the occurrence of the

s

. ‘,‘K/
AN TG o TR

Fig 5. Normal 1slet of Langerhans.

occasional dentical changes m the pancreas of the diabetic and of the non
diabetic diabetes can be diagnosed on morphologic grounds alone 1n but

a small percentage of cases .
The most conustent pathologic changes in diabetes are thase of accel
54
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erated degenerative processes These are especially duscermble sn the o
culatory system, the eyes, kidacys and nervous system Changes an the
pancreas are disappomtingly inconsistent

PANCREAS
A. Acute Changes Acwe degemerame changes, noiably hydropic
degeneration of the wlets of the pancreas, can be produced i expers
mental drabetes A normal mlet 15 iHustrated m Frgure 5, and acute
hydropic degeneration of the islets—a reversible stale—is depicted tn

Fig 6 An advanced stage of hydropic degeneration, of the cella of the istets ol
Longerhans (Conteay of Dr F M Allen)

Figure 6 Parual pancreatectomy-—nine-teaths of the pancreas betng re
moved—followed by overfeeding cauces hydropic degeneration and, bar
ning rehef by appropriate treatment, exhaustton and death of the 1slet cells
Also, in producing diabetes by injecting an extract of the anterior mtmtary
gland ths form of degencratne change 15 noted* {p 5), and when
hyperg 1 d by the ratrap 1 sajection of glucose,
hydsopic degeneration of the nlets occurs {p 15} Hydropic degenera
tion does not occur m alfoxan dabetes, in which case there 13 chemucal
d of the nsuttn producing cells—the deta cells—in contrast fo
the overnorhing exhavshion, and fanctonal death of these cells brought
about by feeding the partially dep d arumal and by the ad
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munstration of an extract of the antertor pitwtary gland Op the bass of
theae changes, observed at will i experimental drabetes, 1t 15 highly prob
able that hyvdropic degeneration of the iclets occurs nearly :11 3f not
all drabetic patients at one time or another The fact that ]l)dmpu‘vdegen
eration first noted by Weschselbaum (1901), 1s detected only oceacionally
on exammation of hesue secured at autopsy, or by biopsy, 1n the haman
1= no evidence that this degeneratne change 15 not an escential feature 1n
the development of climcal diabetes If one could select the time that
would be most propitious for ol <erving hydropic degeneration 1t would

ol d

"~ i'« g b
[ A Ay
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Fig 7 Bands of mieracinsr fibrosss and three sslets which hare undergone extenave
hyahne degeneration {(Couttesy of Dr F M Allen)

be in that period <hortly after the onset of the clinical mamfestations of
dhabetes and when the intensity of these manifestations were not modified
by treatment, or during the progression of a fulminating diabetes The
of this procedure doubtless deprives us of the positne
praof that hydropic degeneration 15 an indispenssble phase n the pan
ereatic change tn diabetic patients Hydropie degeneration 16 an acute and
transitory process
The destructive process of Iydropic degeneration 15, m <0me cases, ac
companted by attempts at regeneration by the et cell: Mitotte figures
may be <een, particulerly at the periphery of the 1dJet clusters That these
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new cells may be more readily destroyed than the more mature cells by
the functional overstramn that exists 18 possible and this phenomenon could
explam why they do not save the situation Furthermore, the stimulus 1o
new cell production may subside with control of the diabetes One nught
speculate that 1f 1t were possible to stimulate sslet cell hyperplasia or re
generation and yet keep the diabetes under control adequate cells might
reach maturity in sufficient numbers to cure the dizbetes There 15 much
expermental evidence that, 1f there 15 adequate treatment before irrep
srable degenerative changes have taken place hydropically degenerated
cells can be redeemed and all mamfestations of diabetes can be overcome

Lymphocytic nfiltration of the 1slets occurs in children with <evere
duabetes and 1s considered as an acute process Acute inflammatory changes
1n the pancreas are not charactenstic of diabetes and yet diabetes, on un
common occasions follows Tepeated attacks of pancreatitis when most of
the organ 15 destroyed

B Chrome Changes Chrome mamfestations of diabetes are detected
with greater frequency than are the acute and transient changes Among
the chrome changes there 1s a reduced number of islets of Langerhans
—although this 15 not mvariably so—and 1n keeping with this, sigmficantly
less 1nsulin 1s recovered from the pancreas of the diabetic—0 4 units per
gram—than from that of the nondiahetic—l 7 units per gram

Replacement of the slet cells by a hyaline substance 13 the moxt com
mon finding 1n autopsy matenial of diabetic patients (Fig 7) That this
type of degeneration 15 not imited to the pancreas 1s well known The
atteries and kidneys are particularly mvolved by the laymg down of hy
alme material Hyalimzation of the 1slets 1s more common 1n patients over
forty years of age but 1t 1s related more to the duration of the diabetes
than 1t 1s to the age of the patient or to the degree of <evenity of the dab
etes The source of the hyaline and the reason for its selective localization
n the 1slets are unknown Hyahmzation 1s a slow process but eventually
1t destroys the function of the 1slets which 1t mvades and with progressie
mvolvement of more and more 1slets the functional capacity of the insulin

13 reduced p ty It 15 not known whether

hwhmzauon 15 2 cause of, or the xcsul! of diabetes

Fibrosis 1s next mn frequency to hyalimzation as a chrome change m
the pancreas of the diabetic patient Also 1t 18 primanly a lesion of the
selets and there 15 little extension mto the acmnar tissue It 13 present 1n
elightly over half of these patients the cause of the fibrasis s not known
extension 13 along the cour<e of the vessels of the 1clets and st 15 most
common in patients over forty years of age

C Pancreatic Lesions wilh Secondary Dinbetes Pancreatic cal
cul: are uncommon They may be muluple 2nd <cattered throughout the
pancreas or solitary with the calculus oletructing the duct of Wirsung
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and, by settng up a retrograde autolysis, destroy the pancreas The actnar
portion succumbs first and the 1slets later This 1s, surely, a rare cause
of diabetes

Infiltrabion of the pancreas by neoplastic grotths and by changes with
deposits of 1ron as seen 1 hemochromatosts are uncommon causes of di
abetes

EXTRA PANCREATIC CHANGES

Liver. Fatty livers deselop mn diabetic amimals maintaned on a diet
deficient 1 cholme and without nsulin 2 Fatty deposits also occur 1n the
liver of untreated diabetic patients and more especaally 1 the diabebe
child These deposits disappear quickly and the size of the liser rapidly
lessens when the diabetes 15 controlled adequately, especially when choline
or one of 1ts precursors 1s admmnrstered freely In the patient with uncon
trolled diabetes and 1mpending coma, hepatic glycogen disappears from
the cytoplasm of the liver cells but the nucler of these cells become en
gorged with glycogen These changes are reversible

Skin. The shin 1s an organ of considerable mmportance as a storehouse
for glycogen but in uncontrolled diabetes the glycogen stores in the <ken
become depleted while the sugar content of the <kin may be nearly treble
that of the nondiabetic because of the systermic hyperglycemia Other
cutaneous evidences that may be associated with diabetes and character
1zed by deposits of hpids—chiefly chol 1 the shin are hel:

Ip um I and i hipordica diah um

Furuncles, carbuncles and pruntic disturbances are common complica
tions of diabetes Infections of the skin were the most common complication
in 514 consecutive diabetic patients admitted to the wards of the Pennsyl
vama Hospital (see p 212) because of acute complications Xanthe
chroma, a yellow discoloration of the skin of the palms of the hands
soles of the feet and nasolabral folds, 1s due to a pigment derived from
foods rich i carotene, notably the yellow foods eg, egg yolk, hutter,
carrots and sweet potatoes Diabetic patients who ingest more yellow
foods than 1s normally the case are also more likely to exhibit xantho
chromic deposits 1n the skin

" M T g pre-
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of waxy exudates, deposily U1 HPIUY, LUl ULy wites 4w rrhage

and atheromatous changes 1n the larger and hyalme thickening of the
media of the smaller arteries The source of the waxy evudates 1s not
Lnown but there are evidences that they are hyalinized deep retinal hem
orrhages which result from venous <tasis and rupture of veins Capillary
aneurysms i the mmer nuclear layer of the retina grie the appearance of
petechial hemorrhages Superfic:al flame <haped hemorrhages are arfenial
1n ongin and occur more frequently 1 the hypertenuse diabetic but hyper
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tension 1s by no means neceseary for this type of lesion to occur Increased
capillary fragility 1s a common finding n these cases There is no ap
parent direct relationship between hypertension and the deep retinal hem
orrhages of venous onigin
A pmhfemne retimitis may take the form of a dense white fibrous
n h areas or the formation of new
vessels to he seen most frequently about the optic dick Both of these ab
normalities are distressingly common
The foregoing changes 1 the eyes are directly related to the duration
of the diabetes and to the poot control whicl has been exerciced over this

Oy :':;,'

Fig 8 A normal rensl glomerulus

disorder for leng periods Cataracts, indictingmshable from semle cata
racta are somewhat more common, but not strikingly sa, in the older
diabeties than 1 the nondiabetic population True dalenc cataracts are
seen 10 young pallcnk Fonuna(ely they ae rare
Kidneys /) y 1 , as deseribed by

Kimmel tiel and “1[:0!\,‘ 18 of major unpor!:mce because of ats l'requem:y
and lecause the incidence of this complication 1s mcreasing In 1ts ad
vanced stage this dicorder 13 indicatine of dialctes There 13 a hyaline
material lad down between the capallary loops progreseing until all seg
ments of the glomerular tult are involved and forming rounded hyalne
masses 10 the glomeruly Multiple egments of the tufts may Le ivolyed
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with eventual replacement of the entire glomerulus (Fig 9) A normal
glomerulus 1s allustrated in Figure 8 An advanced degree of arterio
sclerosis with yts subintimal deposits of hyaline substance 1s usual m these
cases (Figs 10 and 11) The clinical counterpart 1s indicated by edema
arterial hypertension and alburminuria The reduction of renal function
ultimately cauces uremua This disease process occurs 1 a mild form in
both diabetic and nondiabetic subjects It may remain relatively stationary
for long periods but when the edema and albuminuria are of great degree
and the serum albumin 1s reduced tte duration of Life 1s measured 1
months and not 1n years

o e
LR

Fg 9 latercapillary glomeruloscleros s sn diabetes mel tus Note character st ¢
nodular hyal ne t} cken ng sn ene segment of the tuft and the d fluse mtercap llary
scleros s

Artertosclerosis 1mvolving the renal arterioles 1s the most common renal
d sorder assoctated with diabetes In diabetic patients over f fty years old
1t 15 found 1n 77 6 per cent or about five times as frequently as i non
diabetic controls® The charactenist ¢ changes, 1e  submnmal deposits of
hyaline are much more mtense 1n d abetic subjects In fact th ck homog
enous deposits of hyaline substance in afferent and efferent renal arteroles
present strong presumptive evidence of diabetes This change illustrated
in Figures 10 and 11 1s contrasted with normal renal artertoles as de

ted 1n Figure 12
P‘C’I‘he degrege of arteriosclerosis appears to have a d rect relation to th;
degree of artenial hypertension in patients under fifty years of age thougl
artenosclerous occurs even in <evere degrees (Fig 11) in d sbetic pa
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tients ;ﬂthoull hypertension In individuals over fifty years of age the de
gree ol involyement 1s related more to adsvanen
ng age than it 1s t

degree of hypertension s 5 Bt

T}(;em 1s good evidence that diabetes 1n some manner, intensifies the
Spe; and degree with which the hyal ne deposits in the arterioles are
made

Nl h !

il ' a rapidly prog form of hy
with uremia secondary to thrombonecrosic glomerulitis or intimal fibro
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Fig 12 Normal renal erter oles.

s15, may be encountered in assoctation with d abetes but there 15 no specific
relationship between the two diseases

Pyelonephrins 13 a common complication of dubetes Of 60 of our
diabetic patients coming to autopsy between 1927 and 1942 21 had ewt
dences of actiye or healed pyelonephntis The disease may take an acutely
destructive for tizing renal papalliis—with abscess for
mation and necrosis of the papillae ®

Arterosclerotic changes n renal artertes occur in diabetics with greater
frequency than 1n nondiabetic subjects but morphologically the disorder

13 the same m both
Artertes Lestons of the vascular system are responsible for the deaths
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1n more than 50 per cent of patrents who have diabetes for more than fif

teen years Sclerotic changes 1n the coronary arteries predominate as do

smilar changes 1n the artenes of the pelvis legs and feet (Fig 13) Ir

reversible changes are represented by swelling and hyaline degeneration

of the ground substance of the mtims and the infiltration of liprds and
fi These pi h and

pr

Ean b
'B % 5- Fac—o _;j
iz 13 A A ecction of two med um s17ed artenies near thewr junct on. Each shows
4 marked encroachment of tle lumen by a hyalne th cken ng of the wctima and
one shows 1 alditon tle o clu on of t1e lunen by a 1t rombus
B A secton of a normal artery of approximately the same sze 1s shown for
compar <on,

rotic—are scen most frequently 1n the aorta the coronary arteries and
the vessels of the extrenit es Hence the predisposition to occlusion of
tle coronary arteries and to occlusive vascular dicease of the extremities
1s not <urpnising

A third type of va cular degeneration inolves the medium sized ves
sels cavsing irregular medial necrosis and ealeification without 1pid
deposition This 15 Monckeberg’s sclerosis
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Nervous System Not much 1 known of the pathologic changes 1 the
neurologie comphications of diabetes Demyelinization of the nenves occurs
1 cases of diabene neuritss which 1s the predommating scute and revers
thle neurologic comphication of disbetes The degeneratnne changes of the
drabetic neuropath the ct Hy chronic 1 comph
cations——aceur an the peniphesal nerves anywhere m the entize nenouc
system, and in the spwnal cord particularly 1 the posterior and Iaters!
columns and are sdentical with those seen n pernicious anema Theee
changes account for the dusturbances i sensztion the so-called diabetic
tabes and i rare cases, changes 1 the bones and jownts of the feet ndi
tingmshable from Chazcots jomts and trophuc ulcers of the feet {see p
207) These neurologic changes have been attributed to artertosclerosis
Thus 1s not the whole ansner howeter as they occur m some wstances 1n
the absence of siguifieant arteriosclerosis Infechion 13 the appavent cause

m some but not all cases The deg changes of ad d degree
1n which the process may be yrevessible are distinct from those 1n which
acute mft y changes pred: The acute changes 25 seen m

neuritis are reacily cured primanly by control of the disbetes and less
{requently by correction of dietary deficiencies notably a deficieney of
yizanun Bya
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CHAPTER X

The Urine aud Blood in Diabetes

THE URINE

Glycosurin In general, the term “glycosuna™ 1s loosely used to mean sugar
11 the unine ta the broad sen<e and i3 not restricted to glucose i the unne
a3 occurs in diabietes A relatively snpocent glycosunia oceurs in =ome
wondiabetse subjects who have permanently low renal thresholds far gl
cose, and others whase renal thresholds atre temporanty reduced as occurs
during pregnancy and m hyperthyrowhsm Other sugars, as discussed on
page 90, may be excreted m the urine but this 13 an uncommon occar
rence and 15 of hitle or no chinecal significance

Glucase, & fermentable, deatrorotatory, copper reducing sugar appear
mg in the utine in amounts demonstrable by the Benedict and other tests*
n common use, should be considered as being due to diabetes unti proved
otherwice It 15 a ermpler mattet to estabhinh the diagnouis of diabetes and
thereby identtfy the sugar as glucose mditectly than 1t 18 to dentify the
sugar by chemmical means A search for hyperglycerma after the stram of
& meal usually will give the answer 1f the patient has diabetes but +f doubt
shil eviats the <pectal tests presented in Chapter X1 are reorted to Gly
cosuria 18 the most commion, though not the most senwuitne mdication
which leads ulttmately to the diagnosis of diabetes melitus Ordinanidy
ghycosuria 1= the result of hyperglycemnia, sugar bemng lost when the venous
bload sugar level exceeds the renal threshold, uswally between 160 and
168 mg pec 100 cc Glycosuria 15 of <pecial unportance because 1t 18
tested for in the conduct of & routine utinalyns, hence the chance of sts
discovery 15 great and the detection af the diabetes 13 more Itkely 1n con
trast wath the more delicate, but less frequently performed, test for diah
ar e, Seiermweien of e level of the Wloed augar

Thete 13 2 copper reducing substance m normal utne but the quannty
18 5o mmute that 1t cscapes detection by the usuat tests Sugar occurring
mn the urine in concentrations below 01 per cent may be conmdered as
normal Glucose when boiled wath an alkaline copper solution {Benedict's
test, p 67) reduces the copper ta cuprous oxide, thus changing the color
of the solution from blue 1o green greenwh yellow, orange or brick red

* Chingest and Galstest, see p 67

63
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with increasing concentrations of sugar Ordanly, glucose occurring n
suflicient quantities 1n the urine to be detected by the Benedict test ind:
cates a pathologic condition Glycosuria may occur m sume normal per
sons for short periods after an unusually great carbohydrate intake This
1s alunentary glycosuria and may be attributed to o lowered renal thresh
ald or to absorption of glucose from the mtestine at a rate too rapid for 1ts
prompt removal from the eirculation Starving individuals may have gly
cosuna upon the resumption of feeding (hunger glycosuria). These are
nocent forms of glycosuna

The glycosuria which occurs as the result of diabetes vares from
scarcely detectable traces to large amounts, 10 per cent or more It 1s un
usual, however, to find a concentration of sugar in the urme of diabetic
patients m excess of 10 per cent For prachical pusposes qualitative tests
(p 67), which are crudely quanttatnve also, applied to fractional col
lections of urine serve adnurably as guides 1n adjusting the nsulin dosage
More will be said of this in the section on treatment

In the case of a pattent having a mild diabetes, glycosuria 1s most likely
to occur during the daytime and 1n the evenmg, that 1s, during the time
of day when three meal> are taken m fairly close succession Under these
circumstances glycosuria 1s least hkely to occur m the mormng before
breakfast—at the end of the longest period without food—and an eremng
specimen, not the first one voided m the morning, 1s the one most likely
to contain sugar In contrast, the severe grades of diabetes cause con
tinuous glycosuna until corrected by appropriate treatment

When sugar 1s found 1n the urme, and the blood sugar values are nor
mal, both before (fasting) and two hours after a liberal mcal, and when
the patient 1s subjected to a glucose ol test, the diag of a pon
diabetic mehituria 1s justified

False positive reactions to tests for glycosuria are common The copper
used m quahtatwe tests for glycosuna 1s slightly reduced and may be
nustaken for sugar when large quantities of conjugated glycuronates oceur
m the urine They appear 1n decomposing urine and may be svoided by
exanumng freshly voided specimens The glycutonates appear in the urine
1 considerable quantities and grve a mildly positive Benedict’s test after
the ingestion of salicylates, menthol, chloral hy drate, morphime and amino
pyrine As a group, the glycurenates reduce the copper 1 Benediel's and
Fehling's soluttons but, unlike glucose, are nonfermentable

The homogentisic acid of alkaptonurra reduces the alkaline copper solu
tions, thus gwing false positne tests for sugar In this disorder, if the
urtne 15 allowed to stand and become alkaline by ammoniacal putrefaction
or 1f alkal 18 added, 1t assumes a black or gray color Alkaptonurza 13 2

rare condition
Tests for Glycosurta For mass examnations, for office and elinic prac
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uce, the foliowing simphified tests for sugar and acetane in the urme are
y Also they are employed as routne by diabetic patients who

lest their own speoimens

CLINITEST FOR GLYCOSURIA * This convensent modificatson of Trommer's
test permufs & qualitative, and crudely g , te<t, for sugar in the
arine The test 1 made by placing 5 drops of urme 1 a fest tube, the
dropper 1¢ rinced and 10 drops of water are added, then one Ulimtest
veagent tablet—contaimng anhydrous copper svifate, anhydrows sodum
bydravide citrie acd and sodium bicarhonate—as added Heat 1 gen
erated by the chomical reaction 1 the tuhe cavang the solution te boit
The test tube 1 not to be shaken while the <olution 15 boshing The result
15 read after the boihing has ceased for at least fifteen seconds There 15
na <ugar 10 the sample te<ted 1f the resnlting color 13 blur Sugar is present
if the final color 13 dark green, yellow, orange, brown or rust red The
amotnt of sugar present, up to 2 per cent, can be determined with a fair
degree of aceuracy by contrasting the color obtamned with the s<tandard
color scale

GALATEST FOR GLYCONUREA T This test for sugar m the unne is accurate,
simple, requites no boilmg and grves a prompt reaction 1t 13 performed
by placing on a piece of plasn white paper an amount of the Galatest
reagent——contaiming a hismuth salt, sodwm bydroxide and sodum sihicate
~—=ulficient ta cover one third of a dume To this is added one «mall drop
of urine The result 13 read after thirty <econds have elapsed If the powder
takes on the amber color of urme the <pecimen tested contams 1o sugar
The colur changes from a bight gray to black with increasing concentra
hions of sugar The approxmate amount of sugar present 13 eshmalted
by comparing the color obtained with the standardized colar <cale

BENEDICT'S QUALITATIVF TFST FOR SLGAR IN THE LRINE {MODIFten)
Fgupment

1 Qualitative Benedict's Solstion Lwhin purchasing testing <olution,
spectfy Qualitative Benedsct’s Solution as Nenedict’s Quantitatine Solution
docs not change color when batled with glucose)

2 Tect tubes mathed at 5 cc and 25 cc levels

3 Dropprr pipette

4 Water bath
Tecknic

1 Put 25 ce tapprovimately ! teaspoonfult of Benedict’s Solution
m 3 test tube

2 Add t drops of the ueme to be tested Tlold ppette perpendioutarly
while adding drops

# Materuals for this test meay Le secured from Acies Compane Ine Fikhart Tnd
1 Calateat equipment 10 nNnnal)l: from the Nenver Cherucal Mig Co Ine,, 163
Vanch St hew York 13
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3 Shake tube to mx urine and Benedict’s Soluion thoroughly
4 Putthe tube in a water bath of boiling water and bal for fise munutes
5 Let cool and read reaction
Interpretation
Clear blue solution No sugar
Light greemsh yellow Famt trace of sugar
Yellow to orange Moderate amount of sugar, about 1 Pper cent
Chocolate brown to brick red Large quantities of sugar, over 2 per cent
This test hes the advantage of being inexpensive

Vidllard Smuth s Micro Yodification of Benedict's Quontitatue Test for Sugar wn the
rine
In chnical practice the exact quanttative determinstions of sugar 1n the urine
are nat often necessary but this smplified metl od of obtaming ths mformation 1f
destred 1s inclufed for the sake of completeness
Equipment
1 One small ning stand with test tube clamp a micro Bunsen burner or smalt
alcohol Jamp
2 A Pyrex test tube (18 by 160 mm )
3 A Millard Snuth pipette Mo 2 and a 1 cc O-twald prprite
Technic
1 Transfer 1 ec of Benadicts quantitatite solutton to the tewt tube (hell m
ning clamp) and add 02 to 07 gm of anhydrous w0 lium carbonate Bumping 1s
prevented by adding & thoroughly dried pebble 2 prece of quartz or a pinch of
talcum powder
2 The mixture 1s rased to and kept at the hoiling point
3 The urmne js added slowly from the Smith pipette until all of the blue color
disappears Care should be taken 1o allow time for complete reduction bLefore a Jing
more urine The test 15 done alowly an{ care must be taken not to pass the end
point The percentage of sugar present 1¢ read directly from the pipette without
calculation Urine contaming less than Y per cent of sugsr 1s titrated directly When
larger amounts of sugar are present the urime i3 diluted 1 10 or 1 20 before fitration

Specific Gravity., The =pecific gravity of the urine wsually ncreases
m direct proportion to the amount of sugar present A specific gravity of
1030 or above, obtamed on & pale unne 1s almost without fail, due to
sugar The specific gravity 1s restored to normal when the glycosurta 1 cor
rected However, & normal specific gravity, 1010 to 1 025, 15 common even
though glycosuna 1s present

Urine Volume, In untreated and symptomatic diabetes the twenty
four hour urme volume characteristically exceeds the average normal of
1500 cc In fact, the quantities may reach <everal gallons The great 1n
crease 1n the volume of unine gues but little index of the seventy of the
diabetes but, i general, the greater the volume the greater 13 the amount
of sugar present Occastonally the polyunia 1s so great that amounts tataling
more than 50 per cent of the body weight may be voided 1n twenty four
hours Control of the diabetes restores the rate of urine excretion 1o norma}

Ketonuria. Ketonuria 1s the first recogmizable stgn of ketosis though
it 15 of little importance m the diagnosis of diabetes Tt results when, from
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& lack of 1asulin, the ntetabolisn of carbohydrate 1s reduced, the mietabo-
tism of fat 13 accentuated and ketones sre produced 1 greater than normal
quantities hetones are also dernved from certamn amino acids Ketonurta
accurs m a midd form 1 healthy nondiabetic subjects whose food intake,
especially the carbohydrate, 1s greatly curtaled hetonuna, caused by
diabetes, 13 common without other evidence of ketoais This was an espe
cially common findimg i the pre-insulin era when diets hugh i fat and
low m carbohydrate content were the rule A considerable quantity of
ketones may be excreted in the unine without thexr accumulation n the
blood or without a reduction of the carbon dioxide combimning power Fail
g appropriate treatment, hawever, the rate of the production of ketone
eventually exceeds the rate at which they can be excreted It i« then that
qualitative reactions for acetone and diacetic seid 1n the plasna, or serum
betome poaitive and 1t 1s then that the acetone odor appears on the breath
An extremely rare excephion to thus rule 15 <cen when, with renal disease
email amounts only of acetone appear 1 the unine when large quantities
are retamed 1 the blood

The ketone bodies are acetone, diacenc acud and beta hydroxybutyric
acid Acetone and diacetic acud appear under sumilar candibons Hoth are
wdentified by a madified Rothera test,* or more comvement <ull the Ace
test ™t

An creasing loes of beta hydrosybutyrie said sn the vrnz accom
pames a deepening ketosis In severe hetows 1 15 10 Uns form that most
of the ketones are lost amounting to as much as 200 pm 10 twenty four
hotrse The tects for acetone and diacetic actd in the urme are <trongly
positne before appreciable smounts of hydrotybutyne seid are excreted

Retonura 3 a gmde for funher mvesugation The amount of ketones
excreted 13 of tess immediate importance than the amount of these products
winch has accumulated in the tssues and m the bload Tt has been shown
that mnd degrees of hetonuria may persist for months and years without
apparent harm whereas, 2 4 plus reaction for ketones in the blood from
a patient who also has glycosuria 13 smple evsdence to make a diagnosis
of diabetic coma

Qualitatire Tests for Acetone {a} THE ‘ ACETEST” TEST This test for
atetone 1s @ smmple and reliable test which merely molves the adding of
a drop of freshly vouded urine or freshly secured sample of plasma or

* Bedsde test for plasma acetons and diacetic serd (Rothera Wishart)  Two drops
of plasma or serum ave placed in a Wacsermann tube ani supersaturated watlh
anmonwm suifste crystals ani shaken Two drops of approwimately § per cemt

wdium nittopruscde solution see adted and shsken Two drops of smmonus water
ert added an) shaken Allow to sand for three munutes

Interpretation Permanganyte color ~— trace of plasma acetonr
ight blue ~ mofrrte
Deep blue or almoat hlack —  heavy reaction for plasma acetone

+Acetest reagent tablets are manufactuted by Ames Co Ine  Elkbare Int
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serum to a tablet which contains ammo acetic acid, disodium phosphate
and sodim mitroprusside The color of the tablet 1s noted after thirty sec
onds have elapsed Interpretation of the test

Whte or cream color negative test

Purple unt 1 plus reactton
Lavender 2 plus reaction
Moderate purple 3 plus reaction
Deep purple 4 plus reaction

(b) RoTHERA’S TEST * To 5 or 10 cc of urnine add about 1 gram of
ammomnum sulfate and 2 or 3 drops of fre<h concentrated sodium mitro
prusside solution and oserlay with strong ammoma A reddish purple ring
shows the presence of acetone

(c) ACETONE TEST (pENCO) Tlns simple and accurate test for acetone 13
executed by depositing on a dry white paper suflicient of the Acetone Test
(Denco) reagent—contaming sodium bicarhonate, ammonium sulfate and
<odium mitraprusside 10 anhydrous form—to cover one third of a dime
and by mostening this entire amount of powder with 2 or 3 drops of unne
to be tested In the presence of acetone a shade of purple wll develop
within tharty <econds, a trace of acetone yields a light lavender color and
with increasing amounts the color will be darker, 2 dark blue indicating
2 4 plus reaction In the absence of acetone a grayish yellow color 1s the
result

We uce this test routinely 1n examimng the urine and the blood plasma
or serum, for acetone

(d) QUALITATIVE TLST FOR DIACETIC ACID IN THE URINE (GERHARD'S
TEST) To a few cubic centimeters of the urine add 10 per cent aqueous
solution of ferric chloride, drop by drop, until the phosphates are precip
tated, filter and add more of the ferric chloride If diacetic acid 15 present,
the urine assumes a Bordeaux red color Cluncally, we do not employ the
test for diacetic acid but rely on the tests for acetone as indication of the

degree of hetonuria
THE BLOOD

Sugar Content. Hypergl;cemia is the most decise mndication of diab
etes Without 1t the dizgnosis cannot be made with certainty A concen
tration of sugar 1 a specimen of venous blood, taken after an eght to
foutteen hour fast, m excess of 130 mg per 100 cc, or a value exceedmg
170 mg after a hearty meal 18 usually due to diabetes There 1s prac
tcally no difference mn the sugar concentration in yenous and artenal
(capillary) blood n the postabsorptine (fasting) <tate After a meal, how

*Todd and Sanford Cln cal Diagnosis by Laboratory Methods, 11th Ed, W B
Saunders Company, Pluladelptia 1948
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ever, and 1n the normal person the artenal blood sugar level 1s from 20
to 50 mag per 100 cc hrgher than that in the venous blood Tius difference
represents utilization of sugar by the Lissucs and the duflerenes 3¢ reduced
m untreated diabetes and the normal vanation 18 restored by adequate
treatment

A diagnomis of diabetes <hould neser be made on the bass of a smgle
bload analysis unfess the hyperglycemia 13 accompamed by glycosuna
and characteristic symptoms The most cextain criteria of diagnozs are
sepeated]y elevated fasting blood sugar values and glycosuria It 15 signifi
cant that i the patient with an untreated hut mild diabetes glycosuna
tends to subside toward morming—at the end of the fangest period without
food 1t 1s then sleo that the blood sugar level 1s the owest 1n the twenty
four hours

Sugar 18 present m the blood of normal persons 1 cancentrations vary
ing fram 70 to 110 mg per 100 ce {asting (accarding to the Folm Wu
rethod} There are slight differences 1 the valnes according to the method
of determnation emploved but chnically these differences are inuigmificant
The blood sugar levels in the average untreated diabetic patient without
acute complications sange between 120 and 300 mg per 100 cc (Folin Wu
method)

The hyperglycenna and glycowatia of diabetes behave in a character
istic manner Liberal additions to the carbohydeate and total calorc intake
tend to ncrease their seventy, while vestnicted carhohydrate and tota]
food allowance have the opposite effect

Hyperglycemia may be pre<ent for only <hort periods, two to four hours
after each meal with normol faching values 1m patsents having mild diabe
etex The hkelihood of 1dentifying the<e muld cases 13 enhanced by taking
the blood <pecimen for detcemination of the sugar value two hours after
the biggest meal of the day Values 1 excess of 170 mg per 100 cc and
an accompanying ghycosmrin make the dingmosts sbnious

The degree of hypergh cemia alone 3 not an accurate midex of the sever
ity of the diabetes An untreated obese patient may have 4 bloo sugar
lesel of 500 mg or more per 100 cc and yet the mildness of the diabetes 15
apparent when the hyperglycemia s promptly corrected by merely restrict
g the total food mtake It 16 a relial le rule to consuler that et ery untreated
oterwaght dialette patient has a mit! dinbetet despite the degree of the
fiyperglycerma that 15 found In eontract the underwerght patient with un
treated diabetes has a <evere diafetes though the Hood sugar Jevel mas
not exceed 250 mg per 100 cc To rectore the underwerght patient to goad
bealth o gun m weight 55 imperatne This end s achieved only by a2
hbetal food intake and in<ulin therapy To repeat the level of the blood
sugar is not a relable mdex of the screnty of the diaberes The degree of
iyperglycemsa sn the ight of the relation<np of the patient's werght with
that of the normal 15 a move reliable pmde The fat diabenc panent fhas a
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muld diabetes and the lean diabetic patient wih o persustent fasting hyper
glycemia has a severe diwsbetes 1t 1s well, 1n most mstances, to delay grvimg
an opmion on the seventy of the diabetes 1n underweight patients untit
repeated blood sugar values are known and their Tesponse to appropriate
treatment 1s observed

Other departures from the normal composition of the blood {Table 10)
are not of special value m arrung at a diagnosis of diabetes They are
for the most part, observed during complications of this disorder and will
be dealt with nnder the respective comphications We refer to al n
the hemoglobn, the urea mitrogen, concentration n the blood plasma
acetone, carbon dioxtde combining power, plasma or serum chlorides, the
blood volume as scen i ketosis, and cholesterol and fatty acid values

TABLE 10]

ALTERATIONS 1N THE COMPOSITION OF BLOOD Assoctatrp wiTi Draperes Mrruitust
CONSTITLFNT I NORMAL nncEl TN UNTREATED DIABETES

- a ketous

.ot n ketosis

-~ - n ketesis

- 1 ketoss

. Ketoss

UL UL g /40y L) 9 6- 1y 3° | Increased i ketosis
Potassium—as k (mEq /L) 38 3% Increased n untreated

elos1s

118 16 & }| Decreased after onset of
treatment for ketosry
Sodum—as Na (mEq /L) 133 6-136 3 | Decreased 1n ketosis
—=as Na (mg /100 m! ) 307 5-316 Decreased m ketoss
Sugar—as total reducing substance arte
rial whole blood ** (mg /100
l

—a3 mg /100 ml

80 -110*  |Increased

1)
venous (mg /100 ml) 70 100* | Increased
Cholesterot—Total {mg /100 ml) 156 -190* | Incrensed
Fatty acids—Total (mg /100 ml) 290 —420 | Increased

Lipid  Phosphorus—Leathin  (mg /100
ol 12 - 14 Tncreased

)
Total acetone bodies (as acctone)

(mg /100 ml )
Acetone—qualitative test on plasma negative

13 26 |Increwsed m ketosis
+++ + 11 diabetic

com

* Lxtracted from Sunderman and Boerner s Normal Values in Clinical Medicine
W B Saunders Company, Philadeipha 1950

** Blood 13 taken from the finger tip or from the lobe of the ear

1 The values are those obtained on plasma or serum taken under fasting conditions

unlesy otherwise mdicated
Note In the climcal management of diabetes the common studies are those of

blood sugar cholesterol COs and plasma acetone



CHAPTER X}I

Symptomatology, Physical Signs

and Diagnosis of Diabetes

A SYMPTOVATOLOGY

The symptoms of diabetes may be classified 1nto three groups (a) those
of uncomplicated drabetes, and diabetes with (b) acute complications and
(¢} chronic complications

(a) Uncomplicated Diabetes, The symptoms associated :th uncom
plicated diabetes are fatigue, polyuria, polydipsia, polyphagia, loss of
werght and pruntus The onset of symptoms, 1n presumably uncompl:
cated diabetes, 15 usually sdious but 1t may be abrupt—so abrupt indeed
that the date of onset can be clearly recollected Tius latter manner of onset
13 most frequently encountered in the young diabetic patrent

(b) Acute Compli Rapid i of the symptoms of
uncomplicated drabetes plus an acute infectton e g, catbuncle, lumncle.
fection of the resp y tract and the that

develop as a result of the respective infections Failing correctne mensures,
anorexia, nausea and vomiting, dryness of the mouth, drowsiness, ab
dommal pain and coma, zll being symptoms of diabetic hetosts, may de-
velop gradually over several days with no other apparent complication,
but ucually they deselop raprdly—in a matter of hours—and an acute pre-
ciptating comphication 13 usually detectable An occlusion of a coronary
artery with the characteni<tic substernal pain 1s among the common acute
complications of diabetes

(e) Chronie Comphieati The s d with, and due

to, chronic complications are, for the most part, mdicative of degenerative
changes and these are largely of the vascular system

Dumness of vision, <udden or gradual, of mild or severe grade, and,
less 1 headaches are which suggest diabetre retimus,
cataracts and glaucoma

Substernal pain or numbness, ot pai in the left shoulder and arm pre-
cipttated by exercice, and prompily relieved by mitroglycenin therapy, inds
cate msufficiency of the coronary eirculation

-q




4 DIABETES MELLITUS

Weakness, noctursa, swelling of the ankles with hypertension albumn
uria and retinitis are signs of wntercapitlary glomerulosclerosts

Pam along the course of a nerve, burning, numbness, tngling aches and
brzarre widespread parns, particularly in the legs and feet and oceurring at
might, paralysis, tabetic manifestations with disturbed sensation 1n the feet,
disturbed efficiency 1n sweating and impotence oceur in diabetic neuropathy

Irregular menses or amenorrhea, relative sterility, and varous A
culties altending pregnancy m the diabetic attend the hormonal disturb
ances of diabetes

Pamn mn the calf muscles on exertion which 1s releved by rest (inter
mittent chudication), coldness and ¢ramps 1n the evtremities, paresthesias
with development of cyanosis m the feet when placed 1n the dependent
position and with pronounced pallor when elevated, with or without ey
dences of gangrene, sigmiy adranced peripheral vascular disease

The complications of diabetes and their varied symptomatology are dealt
with 1 Chapter \V The more important complications and the symptoms
1o which they give nise are presented here for the sake of completeness but
also because the only presenting symptom that may lead to the detection
of the diabetes 15 often a symptom of some complication

Special Consideratton of Symptoms

Symptoms may suggest a diagnosis of diabetes but nothing more On
the other hand, the finding of glycosuria, an 1muial step toward a diagnosis
1s not nfrequent 1n the absence of classical symptoms

The varied symptomatology of duabetes 1 a typical casc 1s at once 1n
dicative of some systemic disorder General weakness, loss of weight, exces
sive appetite and thusst, the frequent passing of large quantities of urine
without discomfort, rising at mght to vord, pruntus (which 1n the female
occurs particularly about the vulva), and backache are the most common

1

y of led and 1 d diabetes Loss of hibido with
impotence 1n the male 15 less common than the foregoing classic symptoms
but 15 more frequent than 1s Ily supposed Direct q of

patients may be required before this complamt 1s elicited

It has been estimated that as high as 12 per cent of patients having
diabetes have no symptoms of thus disorder Tlus observation 1s based on
the finding of glycosuria 1n appl for and those underg
routine health exammatians There 1s no doubt that many persons wh
are free from symptoms hase a mld diabetes of which they are ignorant
We are meredulous, however, of the value of figures based on applicants
for Life wsurance who <tate that they have no symptoms

General Weakness This may be the only symptom of diabetes Tt has
he most common presenting complamt of our diabetic pattents This
common to 0 many debilitatimg diseases gives Ittle indication
underlymg dicorder It 15 a symptom, howerer, that

0

been
symptom,
of the nature of the
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deserves serions consideration and 1 s a good practice o e figate
thoroughly each patient who complams of 3t

Loss of Body Weight A rapd loss of bedy weight 1 the afebnle
patient, especially 1n the young diabelic patient, 13 common Tius symp
totn 13 reachly accounted for Glycowunia oceurring 1n amounts varying
from mete traces to as much as 15 per cent accounts {or a good portion of
the loss of weight Glycowuna causes & pecubiar form of starvation but
accounts for the seeming paradox which exists when, with mereaced appe-
nte for food, the intake greatly exceeds that of the normal and yet a loss
of weight continues There 1s an evcessie breakdoun of protemn as mdy
cated by the abnormally Jarge quantilies of nitrogen excreled 1 the urne
Loss of weight 1s due, in part alvo, 1o the loss of body water by the duurests
resulting from the effect which the high concentration of «ugar in the blood
exerts on the renal tubular epithelium Further loss 1n weight 13 encoun
tered 1 the presence of Aetosts i which an increased degree of dehydra
tion, and loss of nounshment, m the form of hetones, are additional fac
tors This feature 13 dealt with n the section on comphcations

Great importance attaches to body wesght and its changes 1n diabetes
A person with untreated and uncontrolled diabetes may lose weight whale
partaking of an unrestnicted diet Duning this process the diabetes tends
to become more severe, hence, loss of weight wn this manner s njurious
This 13 true even i the case of the obese patient becauce 1t leaves less
wesght 10 be reduced by a method which improves and controls the diab
etes Tlus latter and beneficial method of reducing weight 1s brought about
by curtailing the patient’s total food intake—exactly as one would reduce
an obese nondiabetic patient This restriction lessens the immediate de
mwand an the 1slet function of the panctess and at the same time consoh
dates this gain, since it reduces the total metabolism by virtue of the
reduced body weight which ensues Lishing monotany 1n repetition con
cerming one of the most important aspects of chnical diabetes we re atate
A loss of weight, 1 @ decrease in total metabolism secured by the resirie
tion of the total diet, decreases the jood loss grres the pancreas functional
rest, affords the overserght panient with uncontrolled diabetes a remark
able tmprovement in carbokydrate and total food tolerance end brings
the diabetes under contral wathout the admnustration of wsulin

A loss of werght due to the actuurty of the diabetes, whetker due to 1gnor
ance or wljul neglect, destroys food tolerance, the diabetes becomes more
serere, and the need for insulin increases An obese patient who becomes
underneight beeause of the actnaty of the diabetes loses all of the advan
tages 1hat go with a reductson 10 weight by appropniate treatiment, and the
necesaty of ueing nsubin indefimtely 13 usually nescapable W e hope ths
19 clear It 1s of vital importance [t reprecents one of the fundamental

derations of dial etes, the unds Jing of which we owe to Dr Fred

erck M Allen
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Excessive Appetite and Thiret. These symptoms occur 1n direct
relation to the amount of glycosuria and the polyuria until ketous wnter
venes As ketosis develops ancrevia replaces the polyphagia Excesuse
appelite 1s a compensatory effort to replace lost nounichment, polydipsta,
to replace lost fluds The thirst and the frequent vording of large amounts
of urme are among the most common symptoms of diabetes occurring 1n
about three quarters of all cases It 1s 1n this group of patients that back
ache 1s common This symptom can be reproduced 1n a normal person by
having him dniok large quantities of water Distention of the renal cap
sule by increased activity of the kidneys with greater than usual volumes
of flud passing through them apparently 19 responsible

The physician who recognizes diabetes early does his patient a great
service No reltance 1s to be placed on the absence of symptoms One has
but to consider how much so many patients owe to chance examnations
for other disorders, routine or to realize this
Diabetic patients who are free from symptoms are not immune to com
plications, nor 15 the diabetes mnocent m such cases

Complications of diabetes often prompt the patient to seek treatment
The discovery of diabetes, of the presence of which the patient may be
entirely 1gnorant, 1s often made on such consultations

B PHYSICAL FINDINGS IN DIABETES

Many diabetic patients are obese but many have no physical evidence
of the diabetes from which they suffer However, the more carefully the
examunation 1s made, the more often will the search be rewarded by the
discovery of abnormalities which, when correlated with the symptoms, are
found to be more or less charactenistic We refer especially to the fatigued

PP , the J and kliing of the skin observed mn patients
who have lost ueight, and to dryness of the skin 1n those patients who
suffer from excessive thirst and polyuria There 1s 2 mild degree of pallor
of the skin of the face 1n many diabetic patients This 1s particularly no
ticeable 1n those who are overweight, are past mddle age, and who have
advanced disease of the artertes This may be attnibutable to the eleva
tiou of the blood lipid concentrations, but 1n most nstances 1t 1s prob
ably due to vascular disease It 15 especially common 1n patients suffering
from disease of the coronary arteries In the young patients, particularly
females, taking large amounts of insuln, the skin may have & waxy trans
parency with a smoothing out of wrinkles of the face This has been e
ferred to as an * msulin face’ It 15 noticeable shortly after insulin therapy
15 begun and 15 due to water retention 1n the skin This conditien tends to
disappear when the diabetes 15 controlled over a period of months We
can recall, however, several young women in which this state remamed

unchanged for <everal years
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Other shin dworders may occur as & vesnit of the dhaletes namely,
palp und, rarely, A dad um and hecro
btosis hipordica diabeticorum
Though all ehades of healtht frons the robust, normal appearing dizbetic
patient to ane criteally 1 with hetosis are obsersed, #t 13 well 10 emphassze
that most physical abnormalities observed in these patients are due to com
pheations of dsabetes The untreated diabelic patient 15 especially sus
ceplible Yo gingus, pyorrhes alieolarts and to staphylococcie infections
etr, furuncles, carbuncles and bactererma e 18 more prone than the non
v wmew mbercelosss This complication 1s most
« W T tarscoma
hiabetsc
coma shoned evidences vz wu o Boucor,
Cooper and Richardeon® found tuberculosis to be twice sy wv mon
3106 duabetic patients surveyed as m a smilar nondiabetic group
The degeneranire changes are readily detected on physical examnation
ewpecsally cataracts diaberie retencis and genernlrzed disease of the arterses
Coldness of the extremutces cyanosis of the feet in the dependent position
and a cadaverie pallor when they are elevated, gangrens of the toes, heel
or other parts of the feet nccur as a result of edensne changes m the
atteries frrtation of the shin may be generalized but occurs most fre
quently about the gemtaha as & result of pruntus, which 1 common, as
are emdermophyton nfections The fungus infections nvolve the feet,
between the toes most frequently but may be found elcenhere on the
body
The physical signs of diabetic como are conndered m deta] eleeshere
but { ccause migns of this complication should be looked for in every acutely
1 diabetic patient they are summarized here as follows marked debydra
tian an odot of acetone on the breath, "air hunget™ {(Kussmauls respirs
tion) reduced ntra oculat tension, dey <k and mucous membranes, low
blood preseure, hypothernug, repyd pulse eigns of plevrisy {uncommony.
abdoromal tendeyness with 1aryimg degrees of ngdity, and coldness of the
extrermties

C. LABORATORY ST DIFS 1N THE DIAGYOSIS OF DIARFTES
The diagnonis of dighetes reets finslly on laboratary dsts the most 1m
Doxiant of whach are
1 Glycosuna—nceurring conromtant with a hyperglyeemmn
2 Hyperglycerua
3 Speciat tests for doubtint cares
a Effect of & meal contaming 100 gm of carhokydrate on the
concentration of sugar wn the haad
b Stapdard glucoee Inlerance teer
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¢ Onehour, two dose glucose tolerance test (Exton Rese proce-
dure)
d Intravenous glucoce tolerance test
Glycosurna  The diagnosis of diabetes 15 made by the appropriate
consideration of the presenting symptoms family and past history, physi
eaf findings, and especaally the laboratory data Sugar 1n the urine 13 of
great diagnostic value because 1t 1s recognized so readily by a test apph
cable as a screening or survey test If everyone would have a specimen of
urine, which was voided two to three hours after the iggest meal of the
day, tested for <ugar, glycosura could be found 1 most diabetic patients
who were not under treatment * Glycosuna 1s a signpost pomting to the
1 wluch can be established by finding an excess of sugar 1n the
blood—hyperglycenua
IMyperglycemia In the detectton of mild diabetes the determination
of the blood sugar value two hours after a meal (see p 79) 15 a much
more sensitive te<t than 1s a fasting blood sugar value This 1s important
Tt 33 1mportant because <pecial tests are most frequently needed 1n the de
tection of diabetes when 1t 15 present 1n a mild form The blood sugar
value 1s lowest m the untreated diabetic just before breakfast—this being
at the end of the longest period m the twenty four hours without food
Normal fasting blood sugar values often occur in the presence of mld dt
abetes Undoubtedly dizbetes often 15 missed by reliance on fasting blood
sugar values 1n determmning the diagnosis It 15 when the dhabetes becomes
more severe that the fasting blood sugar 1s also ahove normal Repeated
fasting (postabsorptive) venous blood sugar values exceedng 130 mg pes
100 ce {Folin Wu method)  are clearly indicative of diabetes

Spectal Tests for Doubtful Cases

(a) "Test Meal, The use of a test meal m detecting diabetes has fallen
into relative disuse This 1s unfortunate becauce 1t must be rare indeed
that the sugar value in a specimen of blood taken two hours after a stand
ard meal contmmng 100 grams of carbohydrate, does not disclose diabetes
f 1t 15 present We have, 1n a small sertes of diabetic and nondiabetic sub
Jects, compared the results from this test with those from the more exact
ng, more time consuming and more expensie standard glucose tolerance
test and there was no mn<tance 1 which the results were at vanance We

* The American Diabetes Assnciation has endorsed the distribution to the publie
through ph of a sinple he Selftester—with which anyone can
test the unne for <ugar This eyuspment s prepared by the Ames Company Tor

Elkhart Indiana

us blood plucose valurs are employed as determined by the

$When true venos de e ting

< 110 mg
Somngs1 or other metha] concentrations i excess of z
wnd 150 me after a meal establ <h tae diagnosis of d‘ab:‘:",\ e e 100 ¢ (Folin

slues of capil
- P
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consider this simple test to be more rehiable than the one hour, two dose
glucose tolerance test, 1t 15 mexpensive and 1t can be readily carried out i
a physicraw’s office with & mummum expenditure of time At least as a
prelimmary sludy this test has ment and when glucose tolerance tests may
be 1mp we d it as & satisf n many
cases 1n clinical practice

The patient prepares for the test by partaking of a normal diet which
will include at least 300 gm of carbohydrate daily for at least three days
prior to taking the test meal

The test meal (see Table 11) 1s tahen 1n place of the regular breakfast
and venous blood {5 cc ) for a sugar determination 15 taken two hours after
the meal 1s fimshed 1f the value (venous blood <ugar, Folin Wu method)
exceeds 170 rag per 100 co and glycosuria 1s present 3t 1 practically cer
tain that diabetes 13 the cause If the value 1s below 130 mg however, it

‘TABLE 11
Test MeaL CoNTAINING 100 Grists oF CARBOITYDRATE
carpony

PROTEIN FAT "

o o o
Bonana 133 grawms (1 medn} 1o — 31
Shredded wheat 30 grams {1 b1 cuit) 33 03 25
210 grams (1 cup) 72 96 120
Bread (white) 60 grams (2 shices) 54 06 318

Butter 10 grams (2 teaspoonfuls) — 85

Total calories 612 17 4 %o 100 4

38 unhikely that diabetes 1s present To add to the certainty of the diagnosis
a glucose tolerance test (sce p 10) may be dewirable

A final diagnosis <hould not be made on the basis of only one deter
mination of the blood sugar Speclmcns can become musplaced nnd errors
can be made Also, tranaitory gl and hypergl
In nature, are not uncommon 1n cases of head injuries, intracramal infec
tions or vaccular accidents, thy mlo‘\n:o!\s, l\ypexp\muamm, excessie
activity of adrenal 1 d and 1 1 dis
turbances, some discases of the Iiver, during anesthesia, asphyxia and por
somng from chemicals

Some latitude 13 ble 1 ectablishing the diagnosis of diabetes
in the thyrotoxie patient We allow a moderate degree of hyperglycemia,
20 mg per 100 cc above that of the non thyrototic patient, before con
sidering 1t diagnostic of diabetes Even then, this diagnosis should be ten
tative, in the borderline caces, until the thyrotoxicos:s 1s corrected and the
usual methods of evaluating the diabetes are applicable

(b) Standard Glucose Tolerance Test, It 1s 1n diabetes mellitus
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that gross alterations 1 catbohydrate tolerance are most frequently ob-
served 1t 15 1 the detection of this diseace in s mildest states that 5:0

made of the fact that normal indivduals can ingest conaiderable quanh::s
of carbohydrate with byt trfling changes 1n the concentration of sugar 1:
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Fig 14 Three glucose yolerance curves, A4 depicts the nonmal glycemic response
10 the ors] administration of 100 gm of glucose The nse in the blood sugar level 18
rapid baut a normal value 15 restored mn two hours In B the glycenuc response 1s
slower and normal values are not restored until the third hour as 13 found w mild
diabetes € depicts the fasung hyperglycenua and the continoed increase 1 the blood
suzar level even at the third hour as seen 1o severe diabetes. Glycosuria usually
oceurs when the blood stgar level 13 mamtamed for varying periods above 160 mg

per 100 cc as depicted by the heavy black line
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the presence or absence of diabetes The value of this test Lies n 1ts diag
nostic aid and not as an indicator of the severity of the dubetes If the
patient 1s underweight and has a high fasting blaod sugar value the dab
etes 15 almost certain 1o be severe and in these cases results simlar 10 those
depicted 1n Curve C, Figure 14, would be found, 1e, a hyperglyceric
fasting blood sugar value with continued increases 1 the degree of hyper
glycerma throughout the three hours sub 1o the oral ad
of 100 grams of glucoee We wich to emphasize that in chimcal practice a
confirmed fasting blood sugar value of 130 mg per 100 cc or higher,
with glycosuria would establish the diagnosis and make a glucose tolerance
test unnecessary The curve (C) 15 presented as an tllustration of the values
encountered 1 such a rase and not as a recommendation that a glucose
tolerance test be done when the diagnosis 1s obstous without it Glucose
tolerance tests mn such cases are needless In spite of this, the practice of
performing these Lests on patients obviously diabetic 13 widespread This
practice 1s patticularly pernicious in the federal and military hospatals

Indications 1In general the glucose tolerance test 1s indicated when the
chagnosts of diabetes or 1ts extlusion, cannot be clearly made without
1t Individuals for whom the test 1s employed will fall mto one, or a com
bination of the following categories, namely, those having

a History of gl ppl for hfe are the most fre
quent subjects for a glucnse tolerance test under the circumstance of having
& history of glycosuna

b Family lustory of diabetes—for many reasons 1t 18 important for one
with a famidy hustary of diabetes to establish the presence or absence of
this disorder Contemplation of marriage, the selection of occupation, and
the adoption of preventne or palliative measures are examples of these
reasons

¢ Transilory glycosuria and hyperglycemia dusing other complications,
eg pregnancy, hyperthyroidism hepatitis: staphylococeic infections—par
ticularly furuncles and carbuncles—and following a stanvation regimen
Follow up tolerance tests are of <pecial value in this group

d Glycosuria nathout hyperglycema as occurs m renal glycosuria, e g,
nephrows and 1n some cases of pregnancy and of thyrotoxicosis The value
of such a study 12 emphacized when one recalls <eeing patients who have
been needlessty and meflectinely dieting and taking 1nsulin when the die
order was one of renal glycosuria

Ce Tt iy when p ble, to perform ths test
m the absence of conditions other than a possible diabetes that would
nflucnce the tolerance unfasorahly For ths reaven the glucose toleranct
test for the detection of daal eles 1¢ contrandicated during the course of
wnfections, hepatic dusturbances and dietary restrictions espectally a star
vaton regunen or & low carbohydrate diet or a hugh fat diet Yow in car
bohydrate conlent wluch though they do not alter the true capacity of
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pancreatic 1slet cell function, do exhibit temporary alterations which are
adaptations to a reduced demand for msuln (Allen) In patients with
thyrotoxicoss an addstronal 20 mg of sugar per 100 cc of blood, above
that usually considered as indrcative of diahetes, 1s allowed

The glucose solution occasionally causes namsca This delays absorp
tion and distorts the blood sugar coneentration curve, hence, if the curve
does not conform to that for a normal tolerance n the event of nauses, the
test should be repeated after a lapse of seven to ten days Tests done before
a week has elapsed may mislead, as n mild diabetes a raptd successson of
tests tend to show a progressive mmprovement 1n the tolerance for glucose
Also, actrve exercise during the course of the test will have a simular effect
Contrariwise, prolonged rest m bed tends to reduce the tolerance for gla
cose and permuts <hightly higher curves than are obtained when the sub
Jects are ambulatory

Techmic of Standard Glucose Tolerance Test The patient reports m the
morning having had a daily intake of at least 300 gm of carbohydrate
for at least three days immediately prior to the test but having had no
food since the previous evemng The bladder 1s emptied, a sample of venous
bloed (5 cc ) for sugar determination 1s taken and 100 gm of glucose, dis
sohed 1n 300 ec of water and flavored with the juice of a Jemon, 1s gnen
by mouth Specimens of blood and urme for sugar determmations are se
cured one half hour later, and at one, two and three hours

Interpretation Two values 1n the curve depiching the various concen
trations of sugar 1n the blood are of outstanding smpartance, as 1t 13 upon
them that the real value of the test depends They are (a) the fasting blood
sugar ralue and (b) the value obtained tio hours after the ingestion of
100 gm of glucose (or 175 gm per hilogram of body weight in the case of
a chid)

FASTING VENOUS BLOOD SUGAR The normal range of the fasting blood
sugat concentration 1s between 70 and 110 mg per 100 cc Values 1n evcess
of 130 mg are indicatrve of diabetes unless proved otherwise

THE TWO HOUR BLOOD SUGAR VALUE The normal individual s able to
restore the blood sugar level to 120 mg or lower two hours after the inges
hion of the glucose A more Lberal interpretation 1s permissible 1n the event
of one of the complicating conditions (see p 81), which mildly depress

the carbohydrate tolerance In these mstances two hour values up to 150
dered diab 1f the three-hour salue 1s below 120 mg

mg are
pe‘; 100 cc Such cunes are common 1n cases of thyrotovicosis the cor
rection of which restores normal responses to glucose tolerance tests and
in so domng Justifies the lement interpretation n such cases

THF PEAM VALUEs The maumum concentration of sugar in the ood
normally 1s found thirty or sty munules after the mgestion of glucose
Some authorities believe that 1f the peak value exceeds 170 mg per 100
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cc 1t 15 induicative of diabetes We gine little heed to the peak of the curve
even if 1t exceeds 200 or 220 mg per 100 ce providing the two hour value
15 restored to 120 mg or below A blood sugar regulating system which,
between the onc-hour and two hour mtenvals, can eradicate such a degree
of hyperglycenna 15, most § robably, not lacking 1n mnsulin Unusually high
peaks &t one balf and one hour sre more Ukely to be due to an unusually
rapid rate of absorption, 2s 15 known to occur in cases of a functioning
gastro enterostomy and of (hywm‘(lcosxs

Barning cond already a normal curve re
veals a fasting value below 120 mg and a two hour value at or below 120
mg per 100 cc Tolerance curves are indicative of disbetes, 1f the clinical
evaluation 1s 1n keeping with the diagnosis, and f the fasting blood sugar
exceeds 120 mg and if the two-hour value exceeds 130 mg per 100 ce 1t
15 agreed that the fasting bload sugar may be normal, and indeed 1t usually
13, 1n cases 10 which the glucose tolerance test 1s used properly This bemng
the case the value which s of utmost unportance 1s that obtained at the
end of tno hours Indeed, 1n the majonty of cases, the test and interpre
tation may be simplified and the expense reduced by domng only one blood
sugar determiation—two hours after the glucose has been taken This 1s
assuming that previous fasting Llood sugar values have been normal Bar
Tng again, the conditioning influences mentioned on page 8%, a two
hour value above 130 mg 1s indicative of diabetes

Glycosuria may influence the type of curve Large quantities of sugar
m the urine, occurnng concomtantly with blood sugar values on the bor
derline, would weigh in favor of a diaghosis of drabetes 1n the belief that
had no, or very Iittle plycosunia resulted the concentration of sugar i the
bloed would have been agher

Urtne, collected simultanenusly with the collection of each blood sample,
permts a study of the relationship of glycosuna to the degree of glycemia
as well as some evaluation of the renal threchold

The excretion of glucose m the urme depends upon (a) the concentra
tion of sugar m the artecial blood reaching the glomeralt of the kidneys,
{b) the rate at which the glomerult filter the sugar out of the blood and
() the rate at which the filtered glucose 1s reabsorbed by the renal tubules

The renal threshold 13 usually concidered m terms of the concentration
of sugar m venous Llood which 13 an unreliable index of the concentra
tion of artenial 1lood reaching the renal glomeruli for at least several hours
after the ingestion of food The varying differences between the arterial
and venous blood eugar concentrations during a glucose tolerance test are
presented in Figure 15 These dufferences should be considered in evaly
ating renal gheosunaaf there 1s to be clear thinking of the physiologie
| rocesses 1n operation

Some authorities, and notably Lawrence,? prefer using capilary blood



DIABETES

84
to venous blood for <ugar determmations The former 1s subjec:
greater range of concentration and 15 likely to be musleading to
expenienced with the method

The greater stability of the venous hlood sugar values over
capillary blood would appear to make the former the more re
climeal purposes

Miscellaneous States Afjecting Tolerance Test The degrees to w
bohydrate tolerance 15 depressed n a multitude of chimcal disorde
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Fig 15 Sugar of venous and finger blood after mgestion of glucose (From
G L. J BioL Chem Yol 55)

shight as to cause no conclusion 1n differentiaing the usual case frc

of diabetes These changes are noted 1n rheumatord anthritis, sembt
artenal hyp ne:

plastic diseases, cardiac d
preguancy, obesity, apoplexy, ulcerane colitis, cirrhoss of the
cholecystitis and bronchial asthma Tt can be gathered from the for
remarks that every diabehic patient when suitably studied will exh
elevated and prolonged glucose tolerance curve but that every hig
prolanged curve 13 not indicative of diabetes When the results are
clusive a subsequent test, or tests, are indscated If employed wise
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sterpreted m the hght of good climcal judgment, glucose tolerance tests
will rarely miclead

{¢} The One Hour, Two-Dose Glucose Taleranee Test (Exton
Rose) This tet has not been found m our experience, to be as rehable an
index of disturbed carboliydeate takrance a« the foregoing standard glu
cove tolerance test It 15 conmvesient in that it s sunple to pesform requires
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Fig 16 Bewits of the onehour twodose glucos toferance test (Exton Row
proceduse)

Note A thr normal cure the repsi niee and prompt fat of the blond suger Jevel
Band € chasariessstic of dinbetes with the cantinaed wctesse 10 the sugsr concen
tiaton with {asting values above sosmal. Larve O segresetta presumpiine duabetes
an§ eurre £ presumptise normat bath ese sondcagoost ¢

fewer ventpunctures than the three haur glucose talerance 1t and 1s com
pleted 1n one bour o deseable festire i office practice The results are
slependable 1f the blood sugar values clearly indicate that diabetes 1a pres
ent {ser cunes B and € bigure 16}, or of they clearly ssgnily & normal
tolerance as mdicated 1 cunve A Tt 1s sioted, howeser, that there 1s a brosd
200t 1n which the interpretation can only indscate a presumptive diagnons
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of diabetes when the blood sugar values are 1n the upper portion of the
zone, or the presumption that diabetes 1 not present 1if the values are some
what lower In practice, a test 15 needed that will be cleatly positive in ats
ndications and especially 1n those cases in which the one hour test 15 apt
to leave one with a presumptive diagnosis only The high meidence of 1n
conclusiveness which attends the use of this test 1n doubtful cases has led
us to abandon 1t 1n pref; to the dard glucose tol test Fur
thermore, the Exton Rose test has been based on a ymisconception concern
g the underlying physiologic processes which account for the types of
curves obtamed * It 13 agreed that the maximum rate of absorption of gl
cose from the gastro mntestinal tract 15 085 gm per hilo of body weight
per hour or about 60 gm per hour for the average sized man ® There 1<
evidence that the maximum absorption 1s carried on at a <lower rate than
this, namely, 43 gm per hour ¢ This being so, a one hour study cannot
possibly give an accurate measure of the patient’s abihity to dispose of 100
gm of glucose, much of which 1s still 1n the intestinal tract at the end
of this period

Furthermore, 1t 1s not the second dose of glucose which causes the blood
sugar values to fall i the second half hour of the test but rather the ac
celerated utihization of sugar by the tissues and ce<ation of the produc
tion of sugar from glycogen by the hepatic procesces which are et m mo
tion when the blood sugar 1s mubally increased Tlis mechamsm once 1n
action, under normal conditions, continues until the blood sugar 1s <lightly
subnormal The blood sugar concentratton begins to fall from its peak
when the rate of sugar utilization surpasees the rate of absorption from the
gastro mtestinal tract and this occurs even while maumum absorption 15
taking place and 1s not affected by an additional dose of glucose given one
half hour after the 1mtial dose Minor changes 1n the rate of absorption
and not necessanly in the rate of utihzation, may deternune whether the
Iigher concentration of sugar 1n the blood occurs one half hour or one hour
after the admimistration of the imtral dose of glucose This 1s also true when
the standard three hour glucose tolerance test 13 nsed but, 1 thus case, the
longer period permts a greater degree of correction than 13 possible m

one hour
It 1s for the foregoing reasons that the Exton Rose glucose tolerance

test 15 not recommended for the detection of diabetes 1 doubtful cases

Technic The patient reports before hreakfast having had a daly non
sestricted diet with a carbohydrate mtake of at least 300 gm for three
days preceding the test One hundred grams of glucose are dissolved n 650
cc of water This 1s flavored with lemon and divided into two equal parts
The test 1s conducted after an overmpght fast

1 The bladder 1s emptied
2 A sample of venous blood (5 c¢) 1s taken and immediatelv there
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after one of the pottions of glucose 1n solation (50 g of glucose) 1s guen
by mouth

3 After & turty mnuie tersal & scvond sample of bood 1 taken, 2
wrine spectmen secured and the remasnng glucose (50gm } solution 1sghen

1 After anothex thirty manute nteryal specrmens of blood and usime are
obtamed

The sagar concentration i each <pecumen of blood and the amount of
sugar 1f any i the urme are determuned

Aormul Tolerance Curre § The fasung blood sugar Jesel 13 below 120
mg per 100 cc

2 The onchour level does not excred 160 mg per 100 cc

3 The bluod sugar fevel 1s lower at the end of one hour than at the end
of the first half hour

Talerance Curres Indicating Diabetes 1 The fasting blood sugar value
mas be rosmat o 1 excess <§ 120 mg per 100 cc

2 A contwued wcreace of more than 25 mg mn the sugar Jevel duning
the second hall hour

1 A onehour blsod sugar salve m evcess of 100 mg per 100 ce

{d} Intravenens Glucose Tolerance Test This test 13 not recom
mended for general chucal wse Howeter 1 the uausual case when o 18

to reumient ab Dities of absorption of gltcoce from the

tatesune, such o3 ocours an thyrotoxicosss, hypothyroidim and gastro
enterostpmy sul jrets this test may be of satue

Technic Gluose 05 gm per hilogram of body weight, 15 gnen intra
senausly as a 20 per cent solution sn distiled water at & untform rate over a
perroad of one hatf hour Bloed (S ¢¢ ) 18 wathdrawn for sagat determmation
before the infasion 18 began, at one half haue at one bour and hourly thete-
after untat four hours hate elipeed from the me the nfusion was begun

Interprztation. Dormal Result the wal Blood sugar level 1s pormal
the ecneentration of sugar 1 the Flood does sot eveeed 0 25 per ceat upon
cempletion of the anfuson snd the lovel thereafter flls steadihy, gong
below the wmiat kzvel at tno hours with a return 1o the pre-tnjection Jevel
or thereabouts betneen the thied and fousth hours

in disbetes the 11rod sugar does not return to normal (below 120 mg
prr 100 ¢ ) wathin two hours of commencing the nfuvion

Diflerential Diagrosts
habetey may be confuced with osher drordees which eause ghyconuers
and vpergheemia The bife of an unconscrony patent who has ghycosuna
and a heperghoensn as the result of an sntracrams} hemorrhags may be
e pardized of careful mvestszation faals 10 rereat the real ilness Should
fle condition Le mastaken for disbetic ketosrs and Jatpe amounts of msulin
te guen, the danger 1y obvions
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Glycosuria. The presence 1n the urine of substances which reduce cop
per 1 solution to cuprous oxide may be mistaken for glucose These are
pentose, lactose, levulose maltose, and rarely galactose, conjugated gly
curonates, homogentiste aeid, vitanun C and creatiine The recognition
of these various factors 1s dealt with on page 90 Glucose appeaning n the
urine of a nondiabetic patient 15 apt to be especially mislerding It occurs
wn renal glycosura and following intracramal injuries and m shoel.

Renal Glycosuria Glucose appearing 1n the urnine in the presence of
a normal blood sugar concentration 1s known as renal glycosunia, referred
to also as ‘ bemign glycosuria™ and * diabetes mnocens *” Renal glycosuna
1s a symptomless and 1nnocent condition requiring no treatment It has to
do with alterations 1n the renal threshold for glucose and represents a re
duction m the ability of renal tubules to reabsorb sugar which has passed
through the glomerul The blood <ugar level above which gly cosunia occurs
15 the so called renal threshold for glucose If the venous blood sugar lesel
m the normal indnvidual 1s increased artificially, glycosuna occurs between

TABLE 12

Tne Retstiovsuir oF THE BLoob SuGir LEVEL Anp THE Sucan 1v e Urive
14 & Case or Revar Grycosunia

lem 130 pxr Zru 230 Py 3rpy
Blood Sugar Unine Sugar Blood Sugar | Urmne Sugar | Blood Sugar
Per cent Per cent Per cent Per cent Der cent
0 100 15 0 108 14 0093

160 and 180 mg per 100 cc In long standing diabetes the renal threshold
15 often higher, even as high as 250 mg per 100 cc On the other hand, 1n
renal glycosuria glucose appears in the urine without any elevation of the
blood sugar above the normal concentration (70 to 110 mg per 100 cc)
This 1nnocent disorder occurs n two forms The one 1 which there 13 a
constant loss of glucose in the urine the quantity of which 1s not altered by
changes n the diet and only with great difficulty by givng wsulin, and
the other 1n which there 1s a temporary lowering of the renal threshold as
observed during pregnancy and hyperthyroidism Renal glycosunia s not
a forerunner of diabetes Expermentally this condition 1s produced by
gwang phlonzin to ammals

Importance 1s attached to renal glycosurta because of the danger of mis
taking it for diabetes The combination—diabetes and 2 low renal threshold
for glucose—occurs occasionally

Renal glycosuria 15 probable 1f, when the diet 15 restricted or when
insulin 1s given, there 1s no decline 1n the amount of plycosunia Further
more, from day to day there 1s litle change n the amount of g])cosul{;:l‘
These 1nconclusive observations are suggestive but 1t 1s only by paralie
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exammations of the blood sugar lesel and the urine that the condinon 16
clearly demonstrated

A simple method of ydentifying a renad glycosuna ss as follows The
Bladder 11 emptied aad the urine 15 discarded, 8 oz (240 cc ) of water 13
gwven a sample of venous Flood 1s taken thurty minutes Yater a <pecrmen
of urine 1¢ of tained and at the end of another thirty minutes blood 13 agan
oftained If Loth blood sugar values are normal (70 to 110 mg per 100
cc ) and 1if there 13 2 considerable amount of sugar m the urine collected
at the midway period the diagnoss of a low renal threshold is confirmed
Qne may carry the test further by <ecuring a second urtne specimen and
a thurd blood sugar salue as sllustrated sn Table 12

Pregnancy and the Renat Threshold In 10 to 15 per cent of nor
mal preguant wemen there 15 8 lowering of the renal threshold for sugac
allowing glucose not lactose as 15 generally supposed to escape in the
unine Lactosursa 15 common during lactaon but does not occur duning
gestation Lactosursa and glycosunia may be obsersed simultaneously 1n
the same patient The renal threshold for glucose returns to normal after
the laciation perrod has ended

Uy peethyrosdism I hyperthyradem it o5 not unususl to find a
lowering of the renal threshold for glucoce The problem 1s not as smple
howeser as that which occurs durng pregnancy These patients are apt

. 1 . L

frequently 1s restored to normal by appropriate treatment of the hyper
thyrordism  Unfortunately thes 14 not alnays the case

Nephrous The renai thredhol } for glucose e lomered m nephrosie
{t s awsuated that degenerative changes m the tul ular eputhelwm ympur
the at <orption of glucose from the gl merular fltrate The associated chint
cal evsdences of nephirous remove any diagnoste difficuluies

Alimentaey Glycosarer It 10 behmed by some that alimeatary gly
tosuria represent & deereased renal thre<hold for sugar but that the thresh
o}d 35 sufficiently Ingh to prevent contrmuous ghicosuna and that sugsr
appears 1n the urine after extea *loads™ of carbolydrate This wterpreta
tton shout } be accepted with reserve and a careful study of the individual s
rarboldrate tolerance should Le made m each metance So-called “ali
wentary glyec auria™ may be due to s reduced renal threshold for sugar er
ta an wnereased permeability of the intestsnal mueosa for sugar Both canses
sve sanocent It <hould be suspected howerer untif proven othermice that
the glycosuria s due to diabetes

Bracasen of the Shpaphyaia Hyperglycerma and glycosuris ndie
tinguishal le from that oecrurrmg ta uncoraplicated diabetes, sre common 1n
acromegaly
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The diabetes which occurs as the result of changes 1n the hypophyas
1 the acromegahc patient doubtless has its onigin i the excessive activity
of the prturtary gland The fact that 1rreparable changes take place 1n the
pancreas as a re-ult of these changes has heen conclusively shown expert
nentally by Young?

The important d 15 that galic patients who hase
hyperglycemia and glycosuna have two disorders, acromegaly and diab
etes, and should be treated accordingly

Putustary Basophelism (Cushing's dicease) Tlus disease, due to tumor
growth of the basophilic cells of the anterior Jobe of the pitmtary gland
also causes hyperglycemia and glycosuria Here also at least two disorders
~—basophilism and diabet: t The dabetes 15 doubtless due jnd
rectly to the changes in the hypophysis

Diseases of the Adrenal Glands. H; perglycemta and glycosursa may
occur as the result of a tumor of the adrenal cortex The diabetes 15 1ndis
tnguishable from chrome diabetes ordmarily seen except that 1t 1s cured
by removal of the adrenal tumor The clircal signs of tumor of the cortex
of the adrenal gland are ndistingwmshable climcally from these of pitustary
basophilism

The subcutaneous intramuscular or intrayenous mjection of epinephrine
(adrenalin), an extract of the adrenal medulla, provokes hyperglycerma and
may cause glycosuria This 1s a tranatory effect lasting only a matter of
munutes It neither causes nor predisposes to diabetes The hyperglycemic
response 1s due to & liberation of glacose from the liver The same mech
anism, under control of the sympathetic nervous system, operates 1n shock
fear and anger, and permts unusual effort to resist threatened danger

Intracramal Injury. Clnically glycosuria and hyperglycerma are
common after intracramal trauma This may result from violent aceidents
i which the base of the brain 15 ajured and 1 event of miracranial hem
orrhage as o result of mjury or disease of the vascular system, or from
1njury caused by intracramal tumors and acute infectious processes

Glycosuria of this type 1s 1 no way related to diabetes It should be
equally clear, however, that a patient having drabetes may suffer an intra
cramal myury and so glycosuna i such cases should not be dismssed
Lghtly

Melituria, Meltuna 1s a term employed to nelade all sugars nhueh
may appear in abnormal amounts in the urine Sugar being detected by the
usual tests 15 Iikely to be glucose but 1t may be levulose, pentose, lactose—
durag lactat very rarely gal maltose, heptul fol
lowmng the ingestion of avocados—and sucrose, which does not give a
positive reaction for sugar with Benedict’s test until hydrolyzed with hydso
chlorc acid Sucrosuria s to be suspected when a urine free from albumn
has a speaific gravity above 1035

The clinrcal sigmfi of the

diab 1 15, first, the dan
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ger that they may be vegarded as being due to diabetes with the prospeet
of 2 Wfetime of treatment  <econd, that a reducing subsance sn the prine
epecally glueose in hyperthyrosdiam and during pregnaney and lactose
daring lactation, may be taken for granted us bemg due to the current
i and the possbility of a ting dsabetes be oserlooked

and thied, oll meluturias are clhinically benign and relaticely 1anacent except
the glycosuria due to diunbetes and that uncommonly seca i extensine
hepatoceliutar disease 1 whuch case the patient 13 serionsly i Hence from
the physicsan s and patient & pounts of view the problem resahies iteelf mto
a queston fs B sugar i the urine due 1o duabetes or 15 it nor® Methods
employed m making the disgnosts i problem cases are dealt with an
page 77

From the point of view of the seienit at may be amporiant to identify
the sugar, especsally 3f 3t s not glueose and ot due to diabetes * Chmealhy
the meltuna 3¢ of httle umportance of 3t 15 not dialetsc v origin and 1f
st docs not lead to an incorrect diagnosis

* For more deiar} on the nud jeet of mehtorm e reader is referred Ra the worke
of Cantarow an} Trumpers Clinreal Biochemuctry 4tk Ft W D “aunders Compsny
Pldalelilia Alo Marble A ¢ Ve Chin N\ Amer p 313 March, 1917
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Food Requirement

Introducuon, Every diabetic patient must grve special attention to his
diet for best results The zestrictions are not great In fact, umformity of
an adequate diet from day to day s the most important feature of the
dietary therapy for diabetes, rather than the severe restrictions as for
merly practiced The dietary needs will vary with the condiuioning nflu
ences such as (a) change m occupation and physical actwvty, (b) obesity,
mdicating a reduced caloric intake but with a more liberal diet as the body
weight approaches the desired level, and (c) acute complications during
which a full quota of calores, protein and carbohydrate with an equally
spaced distribution of the diet, throughout the twenty four hours permts
better control of the diabetes with msulin

In & g the diet, individual, 1n terms of so many grams
of protein, carbohydrate and fat and the total calories, 1s the first requisite
The second 13 filling of the diet prescription n menu form This menu
will indicate certam food exchanges (see p 112), which permit a <elec
tion from a vamety of foods without acrificing umformuty of values
Thudly, the patient 1s thoroughly trained m the use of household meas
ures, viz, the teaspoon, tablespoon, ounce measure, cup, shee of bread
strip of bacon, etc, m accord with the food exchanges permitted m hus
specific diet

This traming we have found, 15 most effective 1f done by a dietitian who
15 especially qualified i simphfying the dietary program, i 1nstructing
the patient in the latitude of the <election of foods permitted and mn accu
rately completing the menus Weighing of the food 1s rarely necessary
the treatment for uncomplicated diabetes

DIETARY NEEDS
A. Normal. Dietary needs are conditioned by age, <ex, body weight and
occupation The protemn ntake for the normal adult ranges from 60 to
120 grams, the fat, 60 to 120 grams, carbohydrate, 250 to 400 grams,
and total calortes from 1780 to 3160
B. Desbetse, The patient whose diabetes 13 well controlled needs no
more and no less food to accomplish the same result than the normal per
92
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«on but thete 1s greater urgency to re<trict the calories for diabetic patients
who are overweight and a modest reduction of the carbohydrate for nearly
all diabetics «implifies the control of the d abetes

Total Calories The total calories are 2 most important consideration
in planning the diabetic diet One of the fundamental prineiples 1n the
dietary treatment of the diabetic patient 1s to avoid overfeeding and for
the patients over thirty five years of age the body weight, barring certain

TABLE 13

Trr Beserterae Ervecr or A Deer Low ©¥ CALonmes 15 Twe Cask or Ax Osese
Duernc Pamient

(E D female 36 years of age Ht 66 mches Wt 211 pounds)

BL00D
SUGAR TRINE TNSULIN | WEIGHT
paTE 4 r € | &L |(uc/100| svoan | (wvmrs) | (us)
cc)
1949
March 10} 110 | 95 j 200 | 2100 01+ 1o 21
{100 { 33 {100 | 1100{ 10 3 110
12 [ 110
13 04+ 110
14 “ [ 110 209
I 0 110
6] [ 110
17 31 0 None
18 3 0
19 [
20 “ o
al o« | - | . » -
22 0
Subsequent tests following the patient s discharge from the hospatal
Apel 1) 100 | 33 | 100 j 1100 160 0 None 205
Apnt 7 un [ 19934
May 5 107 ° 193
June 16 95 0 189
Jaly 21 119 o “ 18"
Sept. 1 - - 124 0 182

com] lications (p 210) should Le brought to 5 to 10 per cent below the
standard weight teee \ypentocy 2631 for hus age height and sex Thus
thin { atients are {attened obe<e patients are reduced and patients of stand
ard weight are subyected 1o a minor reduction 1n wesght,

Changea 1m the total calories have a more far reaching effect on the 10
suln requirement than have changes in the allowance of carbohydrate
(seep 135)

Approximately 75 per cent of adult disbetic patients are overweight
when they firet seck medical attention because of their diabetes. All authon
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Food Requirement

Introduetion Every diabetic patient must give special attention to his
diet for best results The restrictions are not great In fact, umformuy of
an adequate diet from day to day s the most important feature of the
duetary therapy for diabetes, rather than the severe restrictions as for
merly practiced The dietary needs will vary with the conditioning influ
ences such as (a) change m occupation and physical actrity, (b) obesity
idicating a reduced caloric intake but with a more Jiberal diet as the body
weight approaches the desmred level, and (c) acute complications during
which a full quota of calones, protemn and carbohydrate with an equally
spaced distribution of the diet, throughout the twenty four hours permits
better control of the diabetes with nsulin

In d the diet, indrvidual in terms of <o many grams
of protein, carbohydrate and fat and the total calories, 1s the first requisite
The second 1s filing of the diet prescription 1n menu form This menu
will indicate certamn food exchanges (see p 112), which permt a selec
tion from a varety of foods without sacnificing umformuty of values
Thirdly, the panent 1s thoroughly tramed 1n the vse of household meas
ures, viz, the teaspoon, tablespoon, ounce measure, cup, slice of bread
strip of bacon, etc, m accord with the food exchanges permutted in huis
specific diet

This traming, we have found, 13 most effective of done by a dretitean who
1s especially qualified in simplifying the dietary program 1o instructing
the patient i the latitude of the selectton of foods permitted, and in accy
rately completing the menus Weighimg of the food 18 rarely necessary 10
the treatment for uncomplicated diabetes

DIETARY NEEDS

A.Normal Dietary needs are conditsoned by age, sex, body weight and

occupation The protein mtake for the normal adult ranges from 60 to

120 grams, the far, 60 to 120 grams, carbokydrate, 250 to 400 grams,
and total calories from 1780 to 3160

B. Diabetic The patient whose diabetes 1¢ well controlled needs no

more and no less food to accomplish the same result than the normal per
92
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son but there 13 greater urgenty lo restrict the calories for diabetic pattents
who are overseight and a modest reduction of the carbohydrate for nearly
all diabetics <imphfies the control of the diabetes

Total Calories The total calories ate a most umportant consideration
1 plannmng the diabettc dret One of the fundamental principles m the
dietary treatment of the diabetic patient 13 to avord overfeeding and for
the patients over thirty five years of age the body werght barrmg certain

TABLE 13

‘Tue Besericat EFFect oF A Dier Low 1v CaLorres 1v THE CASE OF AN DBESE
DuaseTIC PATIENT

(E.D femsle 36 yearsof age Ht 66 ches Wt 211 pounds)

BLOOD
svcar | vene | rvsury | wenr
pATE ® r ¢ At [ ouc 7100 suosm | {ovims) ()
cc)
1949
March 10| 110 | 95 | 200 | 2100 o1+ 15 211
1 w00 33 { 100 {100] 10 [l 110
12 0 110
13 o4+ 170
1 I3 110 209
15 0 10
16 0 110
17 1 o None
18 3 9
19 0
20 0
2, 0
22 0
Subsequent tests following the patient s discharge from the hosp tal
Apnl 1| 100 | 33 [ 100 [ 1100 160 0 None 205
Aprd 7 u- [ 19934
May 5 107 1) 193
June 16 95 0 189
July 21 19 0 187
Sept 1 12 0 182

comphications (p 210) should be brought to 5 to 10 per cent below the
standasd weight (see Appendix p 265} for hus age herght and sex Thus
thin patients are latiened obese patients are reduced and patients of stand
ard weight are subjected to a munor reduction m weight

Changes 10 the total calortes have a more far reaching effect on the m
subin requrement than have changes m the allowance of carbohydrate
(see p 135)

Approxiuately 75 per cent of adult diabetic patients are overweight
when they first seek medical attention because of therr disbetes All authory
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ties on diabetes agree that the obese diabetic panent <hould e reduced,
yet the neglect of this important method of controlling the dicease and
avoiding the use of wsulin 15 widespread The untreated obese diabetic
patient has a nuld diabetes and, barning compheations, contral of the dis
order can be achiesed and maintamed by reducing the caloric intake sulf
ciently to bring about a <low reduction i weight—about two pounds per
week Data from the case records of two obese diabetic patients are presented
m Tables 13 and 22 to illustrate the magnitude of the ads antages of reduc
mg the body weight The great saving of msulin and the ease with which
the diabetes 1s controlled are exemplified All will agree that the reduction
m weight, 1n ntself, will greatly enhance the Life expectancy Patient, ED,
although admitted 1n coma (March 4, 1949) with a blood sugar of 1450
mg per 100 cc, had an inherently mild diabetes, as shown by the ease
with which 1t was eventually controlled by restnicting the caloric intake
and <ecuring a reduction 1n body weight The prompt elimination of such
a large dose of wnsulin—110 units daily—would be a hazardous under
taking 1n the case of a thuin patient but 1n the obese subject who 1s rela
hvely resistant to msulin thrs can be done without fear in the absence of
acute complications For the overweght patient, a diet low m calories (see
p 107) will achieve a proper reduction 1n weight As soon as the diabetes
15 controlled, the rate of reduction may be cut in half by gradually increas
ing the calonic mtake When the body weight reaches a trifle below the
standard level further increases in the diet are made to prevent continued
loss of weight Suntable adjustments are made m the eatly control phase
and 1n the eventual long term treatment period to regulate the rate of re
ductron and to achieve a stationiry weight at a desirable level

By using the formula for prescribing the diet as outlined on page 106,
1t will be found that the mdividual with a body werght closely approv
mating that of the normal will have a more liberal diet than the overneight
patient Ope dose of msulin daily will probably be needed The under
wetght patient will need a diet adequate to promote a gam i wesght and
because of the hiberal diet and the mcreasing total body mass and total
metabolism, msulin therapy will be essential

Proten We have been more Iiberal with protein 1n the past few years
and have gamed the mpression that diabetic pattents have a better sense
of well being when the protemn mtake exceeds, by a small margin, that
ordinanly consumed by a normal percon As & result, ot & waxusnal lo pre
scribe less than 100 grams of proten for the adult male and less thar 20
grams Jor the adult female dwabetic

The diabetie’s need for protemn 15 the same as that of the nondiabetic
as long as the diabetes 15 well controlled A psotein defiest occurs f ISYE;
amounts of <ugar are lost 1n the urine To correct this feature a llberal
allowance of protem, 1n excess of the normal allowance, and the contro
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of the diabetes are indicated For the actual estimation of the protemn
quotas for the wndwvidual patient, see page 106

Need for ancreased protemn duning growth and n the treatment for cer
tam complications, notably hepatitis, pregnancy, citrhosts of the Iner
and nephrosts, 1s recogmzed and appmpnate amounts are prescribed

Carbohyd) The carbohyd varies with the seventy of
the diabetes In the case of the overweight patient with mild diabetes 1
sutin therapy can be avoided by the continued restrictions of total calorres
and carbohydrate These restrictions are related as the body weight de-
creases and it 1s not tnustal to find these palients tolerating eventually
a diet of nearly normal content—carbohydrate, protem, fat and total calo
11es, without hyperglycema or glycosurra It 1s desirable to hate the long
term dret contan 225 to 300 grams of carbokydrate

For the underneight diabetic there 1s ordmanly no escape from msnlin
therapy and, as small mcreases 1 the mnsulin dosage permit large n
creases . carbohydrate, iberal quotas of carbobydrate are allowed at
once—as much as 200 grams—with additions to 250 and infrequently to
300 grams after the diabetes ts controlled

Far Fat 1s uced to make up the calories not provided by the protetn
and carbohydrate Each gram of protein and of carbohydrate can be con
sidered as providing 4 calories, and each gram of fat 9 calories Hence
the calenlation of the fat ano“ance 15 2 simple mauer Because of the
bperma and the | h 0 & with dia
betes, and the eﬂ'ect of fat on the body weight we prefer to keep the fat
content of the diet as Jow as 1s practicable It 1s better to give higher carbo
hydrate quotas and control the diabetes with meubin when necessary, and
to keep the fat content of the diet Jower than has formerly been the practice
Fat 1n excess of 100 grams daily 1s rarely justified It 2s highly probable
that the degeneratie changes m the vascular system will be less of the fat
mtake 15 hept down te 50 gm daly as advocated by Rabmowitch? & core
promse—between 50 and 100 gm —at this stage 1s justifiable Such allow
ances will force the carbohydrate and proten quotas wpward This 1s
permissible Dieta exitemely low n fat—less than 40 gm daily—ase un
palatable, but wath 50 to 75 gm of fat there need be no cacnfice of
patatabibity

Dratnibution of Weals Unifornuty of distiibution of the diet from
day to day reduces the amplitude of the oscillations m the blond sugar
concentratrons and permits better control of the diabetes than when no
w0 successive breakfasts are althe or no two lunches or no two dinners
The diet 13 adjusted to the mdividual s needs and the distribution accwed
ab, as indicated below, 13 mamtaned from day to day untl new cireum
stances warrant a change The most common distrsbutions of the dret as
ustrated in Figures 17, 18 and 19, are
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(a) For the patient having a muld duabetes and not requinng msulin
the carbohydrate protem and far are divided equally among the three
meals There 15 no objection to withholding a portion of any meal to be
eaten between that mealtime and nest, or some from each meal as s
trated 1n Figure 17, page 109, for a bedtume nourishment

(b} For the patient taking a single dose of protamine zinc msulin the
outhne for three meals (Fig 18) shows that they are equal but a portion
of the breakfast, usually a glass of milk and three soda crackers—one milk
and one bread exchange-—1s withheld and taken at bedtme (See 1llus
tratrve diets on pages 125 to 132 ) This practice serves a double purpose
First, 1t means the carbohydrate mtake for breakfast 1s reduced at a time
when the action of the morning nsulin 15 not well under way, and second
the bedtime nourishment reduces the hkelihoad of hypoglycemic reactions
1 the early morming hours and permuts, because of this a larger dose of
protamine zinc insulin to be given than could be used with safety other
wise

(c) For the panent taking a single dose of globin or of NPH 1nsulin the
diet 13 divided nto three equal meals but, as with protarmne 2mnc msulin,
milk and crackers—one mlk and one bread exchange—are withheld from
breakfast, but m the case of globmn msulin (Fig 19) they are taken between
3 and 4 P In this manner the Likelihood of hypoglycemic reactrons be
fore supper 1s guarded against and larger amounts of globin 1nsulin ean be
given without risk of hypoglycemia than could otherwice be done af this
precaution were not taken This 1s of great practical value since the larger
the dose of globin insulin given the more quickly 1t acts and the longer the
blood sugar lowering effect persists Under these circumstances the results
obtamed with globm msulm more closely duplicate the results obtamed
with combined regular and protanine zme msubn therapies

(d) For the pahent taking a dose each of protamine zinc and regular
insulin, separately or mixed with or without a small pre supper dose of
regular msulin, as 18 necessary m some «evere and labile cases, the diet 18
dwided mto three equal meals No food 1s withheld from breakiast because
1n thiy case the protamine zinc msulm 15 being supplemented by 1be rapidly
acting regular insulin It 15 permissible 1f the patient wishes, to eat a small
portion of the lunch at 11 a2t This practice reduces the chances of a
hypoglycemia—due to the regular msulin—just before tunch Also the
samie need to prevent a hypaglycema m the early morning exists as
(b) above and to accomplish ths a glass of milk and two graham crackers
—one mulk and one bread exchange—are taken irom the evening meal
(Fig 19) or given, n addition to the prescribed diet at bedtime

The distnbution of the diet 1 the presence of acute compheations 13

ages 217 to 221
CO’I‘:“;:::;" (};fgComphcnuons During scute compheahons particd
Latly wfections, which greatly alter the effectiveness of msulin 1t has been
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our prachice since 1932 to divide the diet into four equal meals, one given
every six hours, or 1n very rare mstances where seseral hundreds of units
of m~ulin are given 1 each tuenty four hours, the diet 1¢ divided into six
equal meals and one 15 grven an hqud or soft form, every four hours
Thas feature 15 dealt with 1 morte detail on pages 217 to 221

This plan of therapy during acute complications has recenved wide
spread adoption It permts the control of the drabetes no matter how se-
sere 1t may be The control one secures over the diabetes by this measure
during acute complications 1s comparable to the secure control over an
automobule which follows when one shifts from high to Jow gear

Surgreal complicattons, hike infections, temporanly increase the sever
sty of the diabetes, and make the administration of msulin necessary This
18 true even 1f the diabetes 1s mild and nsulin 15 not ordmarily needed
The dtabetsc patient who 15 undergoing a surgical operation, hike the pa
trent with an infection, needs a feeding every six hours, each preceded by
a dose of regular msulin The details of the management of these patients
will be considered 1n Chapter XVI

The presence of artersal hypertension or of congestive heart farlure 1n
a diabetic patient necessitates restriction in the salt intake m addition to
the diabetsc diet, and the presence of hyperch or of h
diabeticorum necessitates restriction of fat and a more hberal use of car.
bohydrate than 1s ordinanily mdicated

Standardized Diets. Convenience 1s served in the use of standardized
diets and for most patients with uncomplicated diabetes, such diets are
satiefactory Eleven standard diets are presented m Table 18 and on pages
122 10 132 The et most Llosely appro<imating 1n total calones, the det
prescription discussed 1n Chapter X111 1s adopted for the individual pa
uent and suitable changes to the more liberal or the more restricted diets
are made 1f indicated by alterations m body weight

Standardized duets are not applicable mn dealing with acute eomplica
tions, such as nephritis with mtrogen retention and duodenal ulcers Diets
for such patents must be more highly individuahzed and made to conform
with the diet which expersence has shown to be most effectine m treat
ment for exrsting complications Uniformity of the diet from day to day
will permit adequate control of the diabetes, a factor which 15 usually of
no small importance m fortifying the therapy for the complicating dis
order

The use of standard drets for patrents thoroughly instructed mn the flexa
bilittes made possible by using the various food exchanges has simplified
greally the deetetic aspects of the therapy for diabetes

The foregotng plan of dietetic treatment adheres n principle to that
advised by Allen and by Josha though we are more hberal with the pro
tein and carbohydrate quotas but rely greatly on restricted fat and total
calories mn treating diabetic patients who are overweight
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The more liberal proten allowance adds remarkably to the ¢ staying
value’ of a meal Also, the appetite 18 more effectinely satisfied Because :l
these advantages that are apparent, and others not so apparent, 1t 1 un
usual that the so called permanent or long term diet of the adult contains
less than 90 grams of proteir The carbohydrate allowance 15 higher than
1s recommended by Joshin and his associates We favor this increase be-
cause 1t permils a lower fat intake and because 1t has been proven by
Allen and ob<erved many times by us that great increases in carbohydrate
are permissible with but httle change in the need for insultn, provided
the total calomnes are not increased at the same time—appropriate reduc-
tions being made in the fat ntake Also, the high meidences of liperma and
hypercholesterolemin and the tendency to degeneratne changes in the vas
cular system m diabetics encourage us to increase the carbohydrate and to
decrease the fat to the imits of practicabality

Conirast with Other Diets Diets of Instorical mmterest are commented
upon 1n the Chapter on History The diets of today vary greatly We be
Lieve the diet prescriptions presented i this book are those which, mn gen
eral, are used most widely We tend to give more hberal allowances of
carbohydrate and protem than many but somewhat less carbohydrate than
15 included 1 “Free Diets "

In general, three types of diet are considered m present day medical
writings

1 The more conservative diet with hiberal protemn, nearly normal car
bohydrate and with the total calories regulated according to the dictates
of the body weight This measured diet 1s aimed, with smtable use of
sulin, at restoring physiologic processes, as closely as 1s practicable, to
normal We think of this plan of therapy as the Phystologic Plan

2 The ligh carbohydrate, low fat and low calorie diet advocated by
Rabinowitch! 1s standing the test of time and has much 1 its favor An
ilustrative diet 13 as follows Protein, 70 grams, Carbohydrate, 400 grams,
and Fat, 50 grams (2330 calories)

3 Free diets as recommended by Stolte® are advocated by Tolstor*
These are normal diets, not weighed or measured Insulin 15 used to pre
vent symptoms but otherwise glycosunia and hyperglycemia are diste-
garded We beheve that thus program fosters the mantenance of an un
physiologic state and one which, by permilting hyperglycemia over long
periods, predicposes to early degeneratrie changes Diabetic neuropathies,
increased susceptibility to tubereulosis and mereased hazards during preg
naney are charactenistically more presalent in patients w 1th uncontrolled
diabetes It appears inescapable, from accumulating elmical data that a
penalty will eventually Je evacted—a penalty which otherwice might be
prevented 1n some, and postponed 1n others

Vitamums and Minerals Fuamins There 1s no convincing evidence
that vitamn therapy kas a more specific benefit for the diabetic patient
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than 1t has for the nondiabetic There 15, howeser, considerable evidence
that diabetic patients require more of the vitamin B complex—especrally
thiamine, nicotimc acid and miboflavin—than do normal persons One
rught think that the diet for the diabetic is such that this apparent m
creased need would be satisfied It 1s impressive, howeser, the frequency
with which diabetic patients, from middle ife on, complain of nondescript
aches and pains which subside promptly on thramne therapy and a recur
rence of which 13 prevented to a large extent by the regular admmistration
of yeast after each meal For these patients we advocate the empinical ad
mnstration of brewer’s yeast with each meal particularly during the win
ter season when the vitamun mtake 1s hkely to be reduced

Peripheral neuritis 1s a common complication of diabetes which yields
to adequate therapy with thramine, although the response 1s often a slow
one Thiamine, nboflavin and nicotimic acid are known to play essential
parts i the processes of carbol bol and other
components of the B complex are possibly yust as escential Thramine defi
clency results in a diminution of an essential co carbozylase, dipho<pho
thiamene, and the failure of the carbohydrate to be metabolized past the
pyruvic acid phase which follows 1s detected by finding excessive amounts
of pyruric acid—one of the most active of all the intermedrary metabolites
—n the blood This ab 1 state 1s fied by the car
bohydrate intake Normal conditions are restored following the admims
tration of thramine and prolonged control of the diabetes

If 1t 13 true that the duabetic patient needs more vitamns than the nor
mal indnvadual as we suspect 1s the case, the usually recommended mtnimal
mntzke of vitamins 15 madequate It 1s for this reason and those already
presented that we recommend that for adult drabehie patients the vitamn
intake should equal that for the normal woman during the latter half of
pregnancy, as indicated 1 Table 14 Additional increases are made for
the pregnant drabetic This recommended practice of gwing more than
the normal requirement of vitamns to our diabetic patients 13 based largely
on the chnical improvement observed as a result of 1t We <hall continue
with this measure for this reason and because of the strong 1mpresston that
by domg so neuropathic changes so common 1n the diabetic population,
may be prevented

Refi in the sndustrul p ¢ of fonds have reduced thee
vitamin content This 1 especially <o 1n the of
grams and vegetables and jushfies using vitamm-enriched foods and, when

advisable, the prescnpnon n! supplemenmy vllamms, as noted above
N e . i t. IR
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diet for uncompheated duabetes The loss of sodmm chionde n polyuna
may ereate a craung for salt i the untreated diabetic Also, as ketous
appears and progresses unfavorably, the loss of sodium chloride may reach
grave proportions Sodyum chlonde administered early 1 the trealmznt
of ketowis 15 an effectnne suppk y measure w P
vaseular collapse {see p 230}

Calerum and potassium also are present i adequate amaunts m the
uszal diet for the uncompheated diabetic Great losses of both of these
merals oceur sn ketosis Decalerfication of the bones 15 common an the
elderly diabetic The inclusion of a pnt of whole mih or skimmed milk
ssx the dady diet for the adult and a quart of whole milk for the cluld will
prevent calerwm and potassium depletion 1w the absence of comphications
Spesial consideration 33 grven to the potassium intake n ketohic patients
{see p 238) sn whom & hypopotassermia may be a cavee of death

lmn Dcﬁcteacy The alsoxption of sron 1 intesfered with in cases of

common n diabetes n patients past forty five
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years of age Iron therapy i such cases should be 1n conjunction with the

d of dilute hydrochloric acid The P of ¥ dram
each of dilute hydrochlonic acid and essence of pepsin 1n a glass of water
with each meal plus 1ron therapy 1s recommended * Iron depletion assoct
ated with achlorhydria n the female during her reproductive years 1s ex

P \i) ble to this bined therapy

Ferrous sulfate 0210 03 gm (3 to 5 grains), given orally, three times
daily after meals, 15 effective 1 many ca<es of hypochromic anemia with
out achlorhydna

Choline, or 2 Y; of choline, and mosttol (methis
chol) 1s adminsstered three or four times daily 1n cases i which there 1s
enlargement of the liver due to deposits of fat

1

* For patients who prefer tablets or capsules to ! quid medicines, Glutamic acd
bydrochlonde (Lilly) 1s avalable sn pulvules for admunmstration with ferrous sulfate
Each pulvule of this preparation dispensed as “Acidulin s equivalent to 10 m mms
of dilute hydrochloric acd USP
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Treatment

TNTRODUCTION AND DICT

Introduction. The treatment of the diabeic patient embraces the con
tral of the physiwlogie disturbances, m <o far as this 18 praciicable, and
the guiding and reassering of the peteent in the readjustments wiich are
mevitable with the anset or dusclosure of & chronic and, to 2}l wntents aad
purposes, an mcutable disease which st} carties, to the unmformzd gnm
stigmata of the past R and g the
diabetes, are important until the patient nm{eruanda that fie wall not be
starved, that he will be rehieved of his ssmptoms  that ke can anbiaipate 3
nearly normal hie evpectancy, that he, hamself, will be the helmsman
conducting the treatment——a most reassuning feature when he s gqualifed
to be tis own helmsman—and that he will not need to change Ins ccen
pation, except sn rare wnstances, or give up costomary actnities

In short, diabetes, though at 18 a chromic disease 1s controllable and
the changes for the panent wll be the mproved health he will enjoy when
treatment gels under way, the adoption of a more uniform plan of eating
and exerczsing from day 1o day, and the admunstratien of suhn of neces
saty

Reassuranee, 1 r!xe sarly days af his digbetes when ke 1s apt to be

55 an phase of the prep of the pa

trent {ar a lifetme plan of sreatment The peschologre aspect and the physt
ologic therapy are sseparable and hath <hould be conducted by the in
termst rather than dmding responsibilities with a psychiatrist

The treatment {or diabetes 15 not s umple one and, whilt a centam de
gree of umformity exwsts 10 the measures employed, 1o two patients will
be trested 1 tdentically the same monner The objectizes are to pronde
rehef fram symploms to restore as nearly as 1s practicsble, a normal
physiclogre state wih freedom from hyperglycerma, ghyeo<unia, hyper
bpemia and hypercholesterolemna to promote normal development physt-
cally and mentally, to restore and mamtam # high standasd of nutrtion
that wall stabstze the body weight at a deiratle level, to prevent comph
sations and o reduce the r1shs to which palients with diabetes are exposed,

w0




104 DIARETES MELLITUS

g, mf surgery, preg and accidents, and to have these pa
tients partake of varied activities which will culminate m an enjoyment of
a full life A due regard for the patient as a whole, and not only for hu
blood sugar level and glycosunia, 15 1mportant for overall good results

Blood sugar values restored to and marntained within the normal range
of fluctuation can have none other than a good result when wisely done
It 15 true that in some cases too strenuous efforts to mamtam a normal
blood sugar may increase the nisk of hypoglycemc reactions However
the proper distribution of the diet and the correct selection and combina
tion of isulins, and the exereise of good elimical judgment comprise the
methods of solving these problems The glycosuria will subside with proper
treatment 1n most cases and the immediate symptoms of dabetes will be
abruptly stopped Certain cases of a pecubiarly labile diabetes present spe
cial difficolties (see p 256)

The means available for correcting the physiologic disturbances assocs
ated with diabetes are (a) dietary management, (b) msulin (c) teaning of

}the patsent, (d) exercise (e) general care, and (f) muscellaneous measures

Treatment 15 most effective if the mttial phace 15 carried out sn a hos
pital with the patient on an ambulatory basis A few days—usually four
or five—suffice to gain an with the ch 1strcs of the indi
vidual to have d under lled d to evalu
ate the diabetes and decide on the measures most suited for the indvidual
to observe the mitial response to these measures and—of greatest impor
tance—to tram the patient in diet management, insulin therapy, testing the
urine, and special hygiene

The mbal treatment or so called ¢ standardization” conducted at the
physician’s office 15 tume consuming and 1s often doomed to failure In
the unusual nstance, however, and where a properly tramed office per
sonnel 15 available, the efforts may be rewarded with success We know of
nothing however, that has such a lasting impression on these patients as
the hospital routine and tranmg and we know of no patient who regretted
having had this expenience

Diet Every diabetic patient should be diet_conscious He should be
aware of the degree of flexibtlity of the diet permutted 1n his case and he
should understand why there <hould be quantitative umiformity m diet
and regulanty of meal hme from day to day The objectives of the dret
therapy for diabetics are adequate cafores to restore and mamtatn & esr
normal body weight, a normal or shghtly higher than normal proteis
take with <hight resttiction 1n the carbokydrate with suflicient fat to pro
de the calories not provided by the protein and carbohydrate There
should be no short changing 1n munerals nor vitamins and finally, when
the optunum diet distribution 15 decided upon, this plan <hould be adhert(;
to from day to day To eat a large breakfast and small lunch one day an
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the reverse on the next would create undesitable fluctuations of the blood
sugar

Bresersptron of the Dhet for the Dicbetic Patient Having Mo Acute Com
phedtion The mitral dret 15, at best, a trial diet and alterations are neces
sary, 1 most cases, as ciroumstances change The Qietary requirements
will vary with sex, age, growth, body bmid and weight, activities, response
to treatment, the sevexity of the diabetes—and whether the patient needs
nsulm or not—and compheations 1 35 clear that there 13 no permanently
fixed dret for the individual but one winch 13 subject to changes as one or
2 vombination of circumstances dictate Howerer, the aum 15 to arnve at
the dret which will meet all essentiel sequirements and be relatwely wn
form from day to day In 1! this end the followmg magor fea
tures are faken into account

{a) Total calones

{b} Protem

{¢} Carbohydrate

() Fat

(e} Mumerals and vitamins (Seo pp 98 and 99)

In general, overfeeding 15 avorded, 2 tnfle more protem than formerly
presertbed 15 permutted, the carbohydrate allowance 15 increased to quotas
chosely comparable with those of normal diets, and the fat 15 kept as Tow
&8 13 practicable—below 100 grams m the grest mayorty of caces We
share, to a considesable degree, Rabinowstch s respect for a low fat and
4 moye hberal quota of carbohydrate

ToTAL cALORIES The total caloric 1alue of the diet 5 one of the most
mportant constderations when deating with the dietary needs of the
diabelic patient and changes in the wial calaric content of the et have
a far reaching effect i the control of the diabetes These features are ex
emphfied especally in the trestment of the overneight patients who com
prise over 70 per cent af the new dabetie patients seen month alter month
by general prachtioners This 1s a fact that mght eastly be overlocked
when 1t 1 realzed that most medical writings on the subjert of diabetes
deat with patients who need msulin The most satisfactonly effective man
ner of controlling the diabetes m overnerght patients 13 to reduce thesr
weight by means of & reduced calonc make Al authonties are agreed
that the obese dwabetic should be reduced 1 weight and yet it 13 com
prehensible why tus efficient means of conirolhing the disease, and avord
sitg the use of masador, w90 afes utirely neglected The wnteeaed obese
dizbetse patient has a mild chabetes despste the degree of hyperglycemia
and, barring acute comphcations cantrol of the diabetes can be man
tamed readily by reducing the caloric wtale sufficiently to accomplish a
slow reduction 1n wesght

The Amencan Dinbetes A through s Ed 1 Commat
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tee, 18 fostering a uniform method of prescnibing diets for diabetic pa
tients With certam modifi the following plan conf with their
recommendations, except that here we employ measures to reduce the
obese patient more rapidly and we aliow more protem and more carbo
hydrate 1n the diets and hence, less fat
Total Calories (a) To estimate the approximate basic caloric require-
ment for twenty four hours, muluply the ideal body werght (see Ap
pendix) m pounds* by 10 Add 100 to 200 calories 1f the pattent 15 2
young tall male, deduct 100 to 200 calories 1f the patient 15 elderly,
short, or female, or if the patient 1s obese deduct 200 to 400 calores
(b) For a patient with ordenary light activities the diet shold usually
provide 30 per cent more than the basal calories and, with greater
activity, 50 to 7o per cent more than the basal calories (<ee illustra
tive diets, p 107)
Example Female patent fifty five years of age, 1deal weight 140
pounds, hght activity

Multiply 1deal wesght by 10 {140 x 10) 1400 calories
Correction for age and sex, deduct 100 calories
Basal calonies 1300 calortes
Add 30 per cent 390 calories
Mamntenance diet (Total) 1690 caloties

PROTEIN Multsply the 1deal weight 1n pounds by 75 to determine the
protemn 1n grams—children will need hugher quotas of protem (Chap
AIX)
cARBOHYDRATE The carbohydrate allowance 1s iniluenced by the total
calories permitted and the seventy of the diabetes and, in particular,
by whether or not insulin therapy 1s needed Accordingly, the plan
of prescribing this dietary component 1s as follows

(a) Carbohydrate allonance—I00 to 125 grams—jor the obese
diabetic trecewng a low caloric intake and no wnsulin: As the diabetes
15 controlled and the body weight reduced additions are made at relz
tively long intervals until the diet contains 250 to 300 grams of car
bohydrate

(b) Carbohydrate allonance—250 grams—Jor the patient nho 18
underweight or normal weight and who needs insulin Increases to
275 and occasionally to 300 grams are destcable sf such & hiberal quota
does not appreciably mncrease the difficulty an controlling the diabetes
FAT The balance of the calories not provided by protemn and carbo-
hydrate are made up with fat, e g, a diet contaming 100 gm_ protein,
275 gm carbohydrate and 2200 calories will need 77 gm of fat viz,

* Pounds are used m preference to kilograms This 15 done without sacrifice of

any benefit and because scales for weighing purposes on this continent nco;:i weights
1 pounds and because the computation of kilograms {rom pounds 1s avoides
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Zratein 100 gm, 400 calorres
Curbohydrate 5 gm 1100 calowses

Total 2500 calorres
Balance of ealunies 1o be made 0y Witk fat
2200~ 300 == 700 calores T00 — 9 = 77 gm. of Iar
‘The preseniption of the diet may be simphfied by merely deerding upon
the tofal calories and adopting the standard diet outlired s Table 18, i
which the total calorzes most nearly approvimate that of the prescribed
dhet
Hlustrative Diet Presciptions For A Qbese diabetic pattent, female,
aged fifty fine years, actual weaght 180 pounds, 1deal werght 136 pounds,
hght actreqty.
Muluply adeal werght by 10 {136 x 310Y 1360 calones
Correction for ege, sex, degree of obesity, deduct 400 calores

560 caloties
Add 30 per cem for bght actwity 288 calotes
Total 1248 calonies

As dset No 1Y {p 121) approtmates this total calovic value 1t may be
selected without further calrulation It will be found to checl. closely
However, the diet prescription may be carned on to mclude protesn and
carbohy drate, viz

Prote:n % x 136 85 gm
Carbohydrate 130 gn.
Fat = 1243 ~— 860 == 338 calomes 333 ~ 9 = 43 gm

B Patient of normal weght, male, age thinty tno, actual wesght 150

pounds, weal weight 150 pounds, hight activity and seceives isalin

Mulhsply sdeal weaght by 10 (150 x 26) 1500 caloryes
Cotrecuon for age and sex, sdd 200 calosees

1700 calonies
Add 30 per cent for hght actmiy 510 calones
Towd 2210 ealonies

The 1013l calorses, as caleulated, most closely approach thar of net
No VI (p 129) hence tus dhet can be prescrbed withous further calew-
lalion Qr, 1f the eature diet presersption s computed 1t wauld be as followa”

Protes 5 3 350 93 gm.
Clrbahydu(c (250 10 275 gm } 275 gm.
Fat = 2210 — 1372 = 436 calonies 438 ~ 9 == 48 gn

This diffesence between the diet calculated 1n this manner, and diet No
VI, or dret No V11 13 not sufficrent 1o be of great clineal mgmficance,

C Underwerght diabetic patient, Jemale, age erghteen, actual weight 96
pounds, wdeal werght 132 pounds, quite attive and receines snsuhn

L
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Muluply ideal weight by 10 (132 x 10) 1320 calories
Correction for age snd sex deduct 100 calories

1220 calorses
Correction for activity 75 per cent add 915 calones
Total 2135 calorses

The total calories as estimated most closely approximate those of diet
No VII {p 128) This diet may be employed without additional caleulatron
However, mdividual calculation of the other dietary components would
indicate

Protein by x 132 80 gm
Catbohydrate 260 gm
Fat = 2135 — 1360 = 775 calories 775 — 9 = 86 gm.

Adjustments n the diets are made at infrequent intervals after the 1ntial
stages of therapy

In the case of the obese patient the rate of the reduction of body weight
may be slowed up to a pound or two per month as soon as the dabetes 18
controlled Suitable mcreases 1n the total calortc allowance of the duet are
made to <ecure this end When the body weight reaches the standard level
which may require several months, further ncreases are made to prevent
ittle 1f any further decreases in weight The return to an obese state, of
course, would restore the hazards which accompany 1t Patients are warned
of this

Diets of a low caloric value are employed to reduce weight and to secure
the benefits that follow but care should be taken that they do no harm
It 1s especially mmportant that the intake of certam vital food factors should
not be reduced beyond the minimal requirements In fact, as indicated on
page 99, the diabetic patient may need more of the vitamm B complex
than do normal individuals

Dustribution of Meals in Relation to Insulin Therapy Approprate dis
tribution of meals permus better control of the diabetes and decreases re

kably the n<k of hypog!! reactions The accomplishment of these
desirable features and the allowance of an adequate diet with great flevt
bility 1n the choice of foods comprise our chief reason for adhenng to a
form of therapy that comes close 1o physiologic control of the diabetes
This 1s 1n preference to measures which pernut what we consider to e
unwarranted degrees of hyperglycermia and glycosunia

On first thought these dietary considerations may appear confusing but
they are based on well founded principles and have proved to be most <atis-
factory Other combinations than those presented may prove to le equally
effectrve but for the sake of simplicity only the programs we hase found
to be most satisfactory with the respective insulin treatments are presented
It will be obsersed that when the 1deal program of msulin therapy (more
fully discussed 1n Chapter \IV) 15 determined the distribution of the diet
becomes automatic In this manner decreases are made in meals preceding
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the peniod 1 which a hyperglycemra 1s hikely and more hberal food intake
15 permitted preceding peninds m which hypoglycenua reactions might
otherwise oceur

A Ao tnsultn For the diabetic recesving no nsulin 2 portron 1s taken
from the total et for a bediume nourishment In the case of very low
calorie diets, eg diet No ¥ (900 calormes), this nounishment must neces
sardly be scant In fact, a glass of skim mik—one mik exchange with the
fat omtted—1s afl that 13 aliowed on the diet referred to But when 1100
ealories are permtted, a bedtime nourtchment of ¥ graham cracher~~Y% of
a bread exchange—1s added as indicated 1 diet No 11, page 123

The duet values, after the bedtume nounshment 1s deducted are divided
snto three equal meals—for hreshfast, Junch snd supper, as ndicated

| % %

avzarnye AUKGH Supper

1 al ol 4

Fig. 17 Depicts the deduction of & mourishment from the total diet for a bedtume
nounsshment This method of dwdiag the diet 1s employed

A Then 5o imsuhin 1 needed tsce diets I, X HE and I\ on pages 122 10 120)

B Vhen & combination of yegulor and protamine zine mseba—seperately or myxed
—15 gnen before breakizst with & dose of regular sasubin before supper

Figure 17 The deduction af food from the mam meals serves 1o decrease
the peaks of demand for msulin and the evening nourishment ads 1 cor
recting and m preventing excessive hunger, a favorable feature when the
diets are small, as 1s frequently the case when msulin is not needed *

B. One dose of profamme e wsuln daly before breakfast In this
mstance g portion of the breaklast—one mlh and ene bread exchange—1s
deducted and guven at bedume {Fig 18) The small breakfsst 15 advan
tageous beeause of the slowness of the protamisne zinc msulin in geting
under way and the bedtme noursshment senves to reduce the likelthood
of & hypoghyemia during the night when there 1s <till considerable mauhn
sctivity

€ One dose of lobin sl daly before breakfus s the wdhcation for
a port; mafh. and one carboh h: f the breakfast for
wn‘umphon betneen 3 and 3P u lFx" 18\ The action of globm wnsulin
 ow wn e “wke off Y madong 3 woalh bredkiant dessrable, and the
greatest apparent isulie action hesgy between 3 ¢ M and supper tme, &
noustshment hetween 3 and § 5\ reduces or elimunates the likelthood of
tpogheenue reactions before supper

One dose each of protamsne znc wsulin and globm wsuln daly

* Except when the calores value of the diet 8 very low, 35 12 dieta No 1 and
ho M, the yenal valurs for odd ims mounchments aree one mlk and one Bresd
exchange, £, one glass of milk and fve ssltine crackers,

P
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before breakfast calls for a small breakfast with 2 nourishment between
3and4 r, as a safeguard agamst a reaction due 1o globw insulin, and &
bedtime nounishment 1o reduce the risk of a reaction due to protamine
2 wsulin during the night and 1n the early morming One nourishment
—one mifk and one carbohydrate exchange—1s taken from the breakfast
and the other, of equal value, 15 taken from the evening meal as wdi
cated in Figure 19

)
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Fig 18 Illustrates d; the wathdrawal of & from the
breakfast meau for a bedume snack when protamine znc msulin only 1s taken
before breakiast The distnbution when globin msubn 1 used 1s andicated by the
broken line

E One dose of protamine zinc msultn and one dose of regular wnsulin
admnstered separately or os @ muxture 13 balanced most satisfactorily
with a liberal breakfast—one thurd of the total diet—a liberal lunch also
one-thied, and an evemng meal from which a nourishment 15 deducted for

at bedtime as indicated m Figure 19

)
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BREAKFAST waon | 7T T sueeee
¢ -1
LR N N }

s B
L 4

Fig 19 Nlustrates diagrammatically the division of the diet

A Sohd lines~when regulor tnsulin and protamine nnc insul n sre given before
breakfast.

B If a dose eact € ae Weagkfaet
the deduction of a and 4
P pt—indicated by - henent

A

sold and broken ines is el
' or when regular asul n is piven

The rapid achon of regular msulin 15 the reason for the Tiberal break
fast The full third of the diet for unch 1s advisable as the action of the
regular msubn supersmposed upon that of the protamine zine nsubm 38
stall quite active well nto the afternoon This action has subsided by supper
time hence the hedtime nourrshment—dne rmlk and one catbohydrate ex
change—1s taken from the evemng meal As in the foregoing m‘mncrﬂl
the bedtime nourishment serves to neutralize the hypoglycemc effect of
protamine zinc msulin between mmdmght and breakfast tme
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F One dose each of regular wnsuhin and protamune zinc wnsulin before
breahfast, separately or muved, and one wnjection of regular anubn before
the eremng meal This program, for patents having severe deabetes, wids
cates, according to prinaiples already dealt with, a hberal breakfact, a
tiberal lunch, a Iiberal supper and a bedtime nounshment Hence, as in
“A" (p 109}, the bedtime nounshment—a mulk and & carbokydrate ex
change—s taken from the tatal diet before tt 15 divided 1nto the three
wman weals (Fig 17)

G One dose of NPH insulin The diet, i the case of a patient taking one
dose of NPH msulin daily before hreakfast, 13 dissded an @ manner that
provides & small breakdast, a noursshment between 3 and 4 pw1, and 2
bedtime pouzishment as depicted i Figure 19 Thus distibution 1s used
because of the stawness of the initial action of NPH insulin with the tend
ency to hyperglycenuc values in the mid forenvon tnless the breakfast 1
reduced Some pabents tend to have hypoglycemic reactions before supper,
bence the 3 to 4 P 3 nounshment, but others are more prone to reactions
duning the night and t 1s for thus reason that a bedtime nounshment s
presesbed This nounshment 13 deducted from the exenng meal It 15
weld known that +f the supper 1 divided in this manner the inflaence agamst
= hypoglycernie reaction is much greater than if the same tota food were
slt taken at one meal

H One dose of APIf ananhin to whach regular tnsulin has been gdded
This has been a very satisfactory muxture of msohns We employ NPH with
regular tasulm o & propartion of 4 1 almost exclusively and winh thes mix
ture the same distabution of the diet as ovthined 12 * €7 20d andscated 1
Figure 3938 used, 3 ¢, a portwn of breakfast 1s gven between 3 and 4 P 1t
and a porhion of the supper at bedume 1t 13 true that, with the rapidly act
g tegular msabin added, the hyperglycenuc tendency dunng the fore
noon 15 elinunated and accordingly the breakfast need mot be reduced
Uoweves 1t aimplsfies matters to take the mud afterncon nounishment from
the breakfast when the bedtume nounishment 1s taken from the supper The
risk of hypoglycermic reactions befors hunch, because of the reduced break
tast, has not been a problem

SIMPLIFIED METHOD OF COMPLETING THE MENU FRIOM A
PRESCRIBED DIET—FOR THE PATIENT

The essentsals posing the mf d 1 a diet pre
seniplion to & menu with the amount of esch food for each meal are

1 A prescription for a diet, e g, protem 90 gm , catbohydrate 210 gm,
and fat 5 gm (1700 calosses)

2 A f{amshanty with household measurieg devices Yos will need
standard § ounce measuring cup, ¢ teaspoon and fablespoor Level gnd
not heaped measures are zeferred to m these pages

3 Speatal mformation about foods

s Dhets for dubeties a1 xuch that no spectal “diabetic fooda”
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necessary~—the same foods used for the famuly are best Use in appro
priate amounts milk, vegetables, meats, fats and fruits without added
sugar (Indeed, some of the diets high 1n carbohydrate may contain sugar
but this 1s an individual consideration and one to be settled by the phys:
cian m charge )

b Seasomng of foods 1s the same as for the nondiabetic when the follow
ing agents are used chopped parsley, mint, garlic, onion, celery, salt, nut
meg, mustard, cinpamon, pepper and other spices, lemon, saccharne and
vinegar

¢ You may use freely, and without reducing your “diet account,” coffee,
tea, clear broth, boutllon (without fat), gelatin (unswectened), rennet
tablets, pickles (sour, or unsweetened dill), cranberries and rhubarb

4 A working knowledge of the source of food components Carbo-
hydrate foods are frurts, cereals, breads, vegetables, ete Protem foods are
meat, eggs, milk, nuts, etc Fat foods are butter, cream, margarime and
olne onl

These food components may overlap For instance, while milk 1s con
sidered a protem food it also contains fat and carhohydrate Also, bread
and cereals are carbohydrate foods but contam <ome protein This over
lapping has complicated diet problems in the past but with the adopton
of the Exchange System 1t 1s now a simple matter to make an approprate
menu from a prescribed diet

5 A familanty with the Exchange System® which 1s summanzed
Table 15

TABLE 15
Cowrosrrron o Foon I'xenances®

ust roop ——aRE | - Icm
1 Mk Exchanges Yipmt | 20 | 12 8 10 | 170
2a Vegetable Exchanges | as desired

2b  Vegetable Evchanges | 13 cup 100 7 2 _16’
3 Fruit Exchanges vanies 10 40
4 Beead Exchanges vartes 15 2 68
5 Meat Exchanges Yoz 3 [« s|m
6 Fat Exchonges Tup 5 st s
oo & b 4 b

' Sysem”
# Meal planning has been sunphﬁc:i by the mlr'ndl‘lcn.o.n nl‘lh:_fx’:‘l‘)\n:f;ﬂy‘; PXI’_

) - . - n
. »
secuteu o b L oasa e -
copies with WMlustrative photographs of average helpngs can be purchasea
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MILK E‘(CHAI\GPS—LXST l
One exchange of milk pontaina 12 praees Cot v

Mk 3 oue
plan (o drmk 1
This bt shes "
Typs v s Gm  Amount to Use
Wholo milk (plarn or homogenszed) 210 1oop
* Slam 210 1cup
Lvaporated milk on .
rterad 23

YPGETABLE FACRANGES~LIST 2
AR vegetables contan sugar but some have more sugat than othecs The vege
tabley have been divided mto threo groups according o the amount of sugar they
have
Trer 84 am s 17

VEGETABLE EXCITANGES 4
{Contatn ittle Corbohydsate Protemn or Colnr ot
You may e -
”

* Brocc L ek Lreens Oksa
Bruasels Sprouts Chard * Pepper
Cabba; Collard Radsshes
Cauhilower Trandelion Sauctkraut
Celery ale Strng Beans young
. r‘hwory Mustacd Summer Squash
Cuctimbers Spinach * Tomatoes
* Escarol. Turmp Greens * Watercress.
Tggplant Lettuce

* Fhese vegetablea cuntam sigmGieant smounts of vitamin A

VFGETANLF EXCIANGFS B

{Conta ~7 =~
Fhese reget . .

e these vege . "

cooked yegetal '

vegeistile
Meets Pumpkia

* Canrots Rutabagas

Onons * Squash, winter
Peas green “Turpp

* Thase vegetal les are rich wn vstamin A
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You may serve vegetables plamn or with part of the weat or fat exchange for
seasoming You may wish to use the vegetables milk and meat exchanges in your
meal plan together In this way you can make soups stews ot other dishes

For salads you may use mayonnasse or French deessing as your fat exchange
(For example 1f you use 1 teaspoon of mayennaise you would give up 1 teaspoon
of butter) Zero salad dressing (recipe page 118) may be used as desired

FRUIT EXCHANGES~LIST 3
One exchange of fruit contams 10 grams Carbohydrate and 40 Calories

Lach exchange of frust shown below contajns about the same amount of sugar
Your meal plan will tell you how raany exchanges you can have each day You
may use your fruit fresh dried cooked canned or frozen as long as no sugar has
been added Look at the label on the can or package to be sure 1t ndicates un
sweetened or no sugar added

This list shows the dufferent amounts of fruits to use for one fru t exchange

Meas Gm
Apple 1small (2 diam ) 80
Applesauce ¥ cup 100
Apricots fresh 2 medum 100
Apricots dried 4 halves 20
Banana 14 amall 50
Berries Straw * Rasp Black 1cup 150
* Blueberries 24 cup 100
Cantaloape 3 (6 diam) 200
Chernies 10 large 75
Dates 2 15
Figs fresh 2larpe 50
Figs dried 1 small 15
* Grapefrurt 35 small 125
* Grapefruit Juice 14 cup 100
Grapes 12 T
Grape Juice % cup 60
Honeydew Melon I dum) 10
Mango 34 small -0
* Orange 1 small 100
* Orange Juwe ¥ cup 100
Papaya 14 medium 100
Peach 1 med um 100
Pear 1 gmall 100
Pineapple 3 eup 80
Pineapple Juice 1§ cup 80
Plums 2 medwum 100
Pranes dried 2 medium 20
Raisins 2 Thsp 15
* Tangerioe 1large 100
Watermelon cup 17

For variety you canserve frutasa salad or with unsweetencd gelatin as a dessert
+These fruits are rich sources of Vitamn C use st Jeast one serving each day
BREAD EXCHANGES—LIST 4
One bread evchange contans 15 grams Carbohydrate 2 grams Protewn aad "0
Calories

For each bread exchange called for on your meal plan choose any one item on the

bst below
For example
14 cup cooked cereal
1 shice bread and 1 small potato will gne
1 slice bread and 1§ cup cooked rice and

changes

1wl ou 1 Bread Exchange
el potate you 2 Bread Excl anges
1§ cup corn will give you 3 Bread Ex
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Tlus bst showes the different amounts of foods 1o sé for one bread exchange

Meay Gm
Bread 1shee %
Bascust, Rolt 1{2 dm) 3.3
WMulfia 142 dam) 35
Corabread 1{1% cube} 35
Flour 214 Thsp 20
Cerest cooked 15 cop 100
Cetenl dry (Inke & pufTed) 1, cup 20
e Grits cooked 3% cop 100
Spaghettr Noodles etc cooked Ygeup 100
Crackers grabam (334 sq) 2 20
Oyster 20 (%5 cup} 20
Salunes 2 sq) 5 2
Soda (218 s} 3 20
Round thin (134 diam )} -8 0
Vegetables
Beans & Peas dnied cooked Y, cup 9%
{ima navy spht pea cowpeas etc)
Baked Beans 1o pork 1{ cup 50
rn 3§ cup 80
1 arsops 2% cup 125
Potatoes white baked boiled 1(2 diam) 100
Potatoes white masbed 14 oup 100
Potatoes ueet or Yams 1§ cup 50
Sponge Cake plam 1{13s cube 2
Yoo Cream (om 2 fat exchanges) % pint 70

B
white crackers nice or spaghett) that da not have the vitamas added
MEAT LACHANGES—TIST 5
One meat exchunge contmns  grams Protein 5 grams Fat and 7o Calones
You may have any kind of meat you wish Cheese eggs and peanut butter can
be taken un place of meat for vacety
For each meal exchuge called for ov your meal plan choose aay oze e on the
tat below
For example
1 Frg will gise you 1 Meat Frcbange
1 gunce €} eese and 1 ounce Ham will give you 2 Meat Exchaages
1 T'gg and 3 enp Cottage Cheese and 1 sl ce Bologoa will gve you 3 Meat
Crehanges
This List shows the different amounts of foods to use for ene meat exchange

Meas Gm
Alent & Poultsy {smed faty los 30
{beut dambl pork bver chcken etc)

Lol Cuvs (434 s1 Jg Uuck) Tehoe 45
¥ rankfurter 1{8-97b) 50
Fish Cod Mackerel et loz 30
Solwon Tuna Crab 3, cup 30
Oysters shamp Clams 5 small 4a
Sardines 3 medium 30
Cheese cheddar Amcnican lox 30
Coltage H cup 45
50

Peanut Butter 2 Thep. »,
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FAT ENCHANGES—LIST ¢
One fat exchange contains 5 grams Fat and 43 Calortes
Al fat foods are high 1n calories Too much fat or too much of sny food may
cause you to gain weight A person with diabetes should try to reach his 1deal weight,
If he weighs too much his diabetes will be harder to control
Use the foods on this hst only 8 allowed on your meal plan
You may use your fat exchanges 1n prepanng such foody as vegetables and meats
For example 1f you use a teaspoon of fat to fry an egg give up one fat exchange
For each fat exchange called for on your meal plan choose any one item on the
List below
For example
1 teaspoon butter will give you 1 Fat Exchange
1 teaspoon margarime and 1 shice bacon will gne you 2 Fat Exchanges
Thus lList shows the dufferent foods to use for one fat exchange

Meas Gm
Butser or Margsrie 1sp 5
Bacon cnsp 1 slice 10
Cream light 20% 2 Thsp 30
Cream heavy 409, 1 Thsp 1
Cream Cheese 1 Thsp 15
Freach Dressing 1 Thsp 15
Mayonnaise 1tsp 5
Ol or Cooking Fat 1tsp 5
Nuts 6 small 10
Olives 5 small 50
Avocado 364 diam) 25

6 A fambanty with the means and advantages of a varied dietary
The recipes included in the patients’ pamphlet as prepared by the Amencan
Diabetes and American Dietetic Associations are included in the pros
pect that they will be helpful as examples m this respect

RECIPES
— -t
LEMOV GELATIV
(May be used 1a any amount)
1 teaspoon unflavored gelatin 1 tablespoon Jemon juice
2 tablespoons cold water 14 cup water
- - 2314~ 14 crand 10 m nates at room

ou wish you mey
n yuice and 35 cup
- 14 cup coflee 10

place of 33 cup wael
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ORGNGE GrLaTsy 1 Serving equal 1 Frut from List 3
Use 34 cup arange yce 35 place of water in recspe for lemon gefatin
vrNeapeLl GELATINY ) Serving equals 1 Frust from Last 3
} tenspoon unflayored gelatin 1 tablespoon lemon jutce
35 cup vold water 14 cup pmeapple gmce
enure gELATiN-—T 1 Servang equals 1 Fount from Tist 3
One serving of any Trart from Last 3 way be added to lemon gelatin such a3
1 small hanana.
v eziarin—10 L Serving equals 2 Frnts from Last 3
One serving of any fenet from Last 3 may be added to orapge or piaeapple gelatin

FRUIY ICE
1 Sepving equals X Frwt feom Last 3
33 cup orange ymice or 3§ cap pmeapple gusce 1 epg mhite
1 tablespoon lemon ynce 1a eup water

Combme frwt juce and water and freeze St mnilure often whie freexng
Whee almost hard fold in one stiflly beaten egn wlute

FRENS FRLIT CUP

{3 Serving equals 1 Frun from Lt 3y

Any frits in List 3 may be combind to make a frust cup 34 cup of mrerd frunts
euals 2 servang

Trample
Orsnge Grapefrnt Pineapple Peach Orunge Blacklerres
Apple Grapefrnt Strawbesties Gropes Orange Vieton

elon Grapefrait, Banma

CANNING FRUIT BITHOUT SLOAR
1 Serving equale 1 Frunt from Last 3y

Any fruit—-praches pears ¢ imay be canned at home by fullowing the vaant
directions fur canning except that you omst the sugar Con frnt in sis own ymce
with enaugh water added to St the yar You wilt find directsons 1a any cook Lonk
for the smount of tme fo steam the frmt The frust milt keep all right of the ean i
property sealed

RAKED CUBTARD

1 Serving equels 3§ cup Mtk and 1 Meat Fxchrage)
1epp Few graims salt 34 tesspoon vamita
b4 enp milk Sprinkle of nutmer

Deat the exp shghtly ster v wedk salt and vandla ¥ you wish sdd 3{ gram
sacchaen to fhavar Pour into B custard cup and spriokh. with nutmeg Set 1n pan
o fiot water and hoke 10 & moderate aven (3,0°) for sbout 45 munutes

Ot Gavors. such ac lriond emon. orangs or manle may be wied o phace of
amify

CHEESE FoADLE
{t ~erving equals § Tread Fychange and 2 Meat Lxchanges and 1 cup Mitk)
Lesn 1shee bread cvhed
1 cup mitk ¥ eup cheese therd {102}
Salt peppes chopped parstey aa} omon
Brat the egx aid aulk bread cheese and sensomng Rake ¢
1358°) untit fiem tn the ceater alont 20 or 30 nunutes ehe 1 8 modematz over

In phace of cheese 3§ cup {1 nz) of chapped ham chicken tuna Guh of satmon
sy be wsed
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VEGLTABLE SOUP
{1 Serving equals 1 Vegetable from List 2B)
1 cup meat stock or bowllon cube and 1 cup water
16 cup mived vegetables carrots, peas 1 stalk celery, diced
14 small onion, chopped 3£ cup tomato Juice
34 cup cabbage shredded Salt and pepper
Prepare vegetables and add to broth Boil together until vegetables are just tender
about 20 minutes
POTATO SALAD A
(1 Serving equals 1 Bread Exchange)
14 cup cooked potato drced 1 or 2 tablespoons Zero salad dressing
Salt, pepper, chopped onton celery, parsley, green pepper, as desired
Combrme ingredients and serve ‘
POTATO SALAD B
(1 Serving equals 1 Fat Exchange and 1 Bread Exchange)
Use same recipe as Potato Salad A except that 1 teaspoon of mayonnaise may
be used 1n place of Zero salad dressing
POTATO SALAD C
{1 Serving equals 1 Bread Exchange and 1 Meat Exchange and
1 Fat Exchange tf destred)
1 hard cooked egg, sliced, may be added to recipe for Potato Salad A or B
3 cup (1 0z ) diced ham bologna or frankfurt, or 5 small shrimp may be used
n place of egg
ZERG SALAD DRESSING
(May he used 1n any amount)
14 cup tomato jyuice 1 tablespoon onton finely chopped
2 tablespnons lemon juice or vinegar Salt and pepper
Chopped parsley or green pepper horseradish, or mustard et , may be added
1f desired
Combine ingredients 1n a Jar with a tightly fitted top Shake well before using
MEAT STEW
(L Serving equals 2 or 3 Meat. Exchanges and 1 Bread Cxchange and
Serving Vegetable from List 2B and 1 Fat Lxchange)
2 or 3 oz meat cubed
1 small potato
Salt and pepper 1o taste

1 teaspoon fat
15 cup muved vegetables hst 2B
(carrots, peas omons)

BAKED CHICKEN AND RICE

(1 Serving equals 1 Bread Exchange and 1 or 2 Meat Exchanges)
34 cup cooked rice 14 cup clear broth
14 ot 14 cup diced chicken (1 or 20z} Salt and pepper
Chopped parsley, onons, celery, mushrooms green pepper. pimento or tomatoes
may be added for vanety, if desired
Combime the above ingredients and place i dish Bake yn a moderate oven uati)
brown
n;;x place of rice you may use noodles or spaghetti For the chicken you may us¢
any type of meat or fish, such as, lamb, ham, tuna or shnmp
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FISH CHOWDFR
{ Secving equals ¥ Pt Lischange and 1 Bread Lxchange and
1002 Meat § el snges and 1 eup M 1)

1 teaspoar fat 4 or 34 cup cocked fish (1 or 2 02)
35 small onion ehopped 1 cop mik
1 xrea)) potato sherd Salt and pepper

Cook fioh wn salted water Afelt fal 10 saucepsn browa the omon Add cooked
B shiced potate ¥4 cup water i wlich fish was cooked Coner and cock for 15
mumites unkit patatoes ate tender Add mulh and scaseatngs

TEAUAN SEAGHETS
(1 Serving equa’e ¥ or 2 Mest Exchanges end 1 or 2 licead
Lxchanges and 1 Fat F'xchange)

1 temspoon 8% Saly pepper

4 small onon chapped 35 cup tomatoes

2 tatesponns tomato paste Yar 2oz hamburg

3 cup water 14 cup coaked spaghetty

Browa the omon hamburg and fat Add the tomato paste water snd tomatoes
Allow to ummer gently fnc or more hours 1 norded add tnore water Serve on 33
at 1 tup cooked spagheth 1 or 2 teaspoons grated heest way be used

AACABONT AVD CHFESE
{1 Serving £g1s2ls 1 Bread Exchonge and 1 or 3 Meat.
Ecchanges and 3¢ enp Milk)
¥4 cup onoked mecaron 14 cop milk
4 0r 15 cup diced cheose (Lor 208) Salt peppez dash of mustard

Rk ehrest and ik together i donbie boler unti) smouth Add moearons sad
mys well Tlake in moderate oven about 20 muntes o watd brown

Tn ylace of macarnm you msy us 1y cup cooked rice noodks or spaghetty

MIXED VEGETABLE 8ALAD
{May be used ta any aweunt)

Any comt mation of vegetables from Last 24 may be used such as

ttuce cucumber celery geeen prpper
2 Chucary tomato tudish

1
7 Lettuce tow spinach tadish

talal may be combaned with Zero Salad Drosung French Dressing or Stayon

vase depending upon fat alfoncd m 3 our meal plan
MARING THE MENY

Hlpstration Dyct Prescription Frotem 90 g carbolydrate 210 g
fat 55 gm  and 1700 calorses (Standard det No V, p 126)

Step 1 Dhvide the day’s protewm, fat and carbohydrate sllowances mto
approumately three cqual meate * Example-

Protain W~ 3 e g
Tat So+ 3w 18to19gm
Cushohydrate 210 = 3 = W gm

Step 31 Plon the ment far each raesd
Example {a) List the fonds destred for breakfast as designated 1n cot
uren A Table 16

* Unequsl distesbution of the diet 1s often wndicated This 1a discussed on pages
308 snd $LE and ilawrated i the standsed diets on pages 133 1o 158 e
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(b) Insert the exchange from which each food 1s taken as i column
B and for convenience add the List number of each as m column C

TABLE 16
IrLustranve Mexu por Breakrast
A B c D E
Cggs Meat exchange List 43 2 2 eggs
Bread Rread exchange List #3 3 3 shices bread
Butter Fat exchange list 46 1 1tsp butter
Ak Milk exchange st §1 1 1 cup mlk
Frut Fruit exchange hist #3 1 134 serving fruit

Step Il Adjust the amounts {the number of exchanges) until they fill
the total for each dietary component as 1n column D This procedure 13
expedited by completing the carbokydrate quota first, then the proten,
and la<tly the fat The foods and amount of each which are selected to use
up the exchanges allowed are listed n column E The completed menu 13
presented m Table 17

TABLE 17
IrLustraTioN or CompLETED MENU
no HOUSEMOLD| WFIGHT N ; <
EXCHANGES | MEASURE | GRavs
Breakfast
Meat 2 2 eggs n|w| =
Bread 3 3l 75 6 —_ 45
af 1 1tsp 5 — 5 -
Milk skim 1 le 240 8 —_ 12
Frmt 114 134 serv Seehst3 | — - 1»
28 15 2
Lunel (or supper)
Meat 2z 20z 60 4 10 -
Bread 3 3¢l k3 6 — LS
2 21sp 10 O T
Yegetable 24 1 serv 100 P e
Vegetable 2B 1 serv 100 2 —_ l:"
Mtk skim 1 le 240 8 —_ ]6
Fruit 1 1ery Beelist3 | — -
30 20 4
Erening or (Matn
Meal)
Meat J 3 3oz 950 21 15 —‘—
Bread 3 35l 7 6 —$ _:
Fat 1 Itsp 5 -— -
Vegetable 2A 1 serv 100 e 3
3 egetable 2B 1serv 100 2=
Cruit 134 134serv | Seelhst3 [ — | —
9 20 67
Day s Total a7 | 55 |213
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STANBARD DIETS

Standard dsets 8s sndicated w Teble 18, md greatly m mmphiying
the treatment of diabetic patients For uncomplicated diabetes they serve
sdmzably but they should not be used at the expense of mare sntensie
sndiidualization which msy be hughly desrable during the course of
comphicating diseases eg  duodenal ulcer, hepatitie, et The diet pre
scriptton may be smtable 1o such cases but the food components and the
distnibution of the diet are altered 1o meet the mndiiduals needs and
appropriate changes are made sn the insulin therapy to mamtam good con
trot of the diabetes

Mauimumm usefulvess of the standerd diets will be oltamed {a) when
the preseription for the diet 1< azrned at as outhued on pages 106 10 103
and {hY when full advantage w taken of the fleibabiies rrmtied by the
warious food evchenges In the dlutrative standard diets {pages 122 to
132} a *food exchange” colomn 13 wncluded to stmpliy the substitutron
of sutable foods for those méwated v the warople menu

TABLI 12

Sranpann DiFr Prescrerions

PROTEIY | CARBOMIDAATE] o CAtoRtFs

i k& 100 22
1 hid 120 3 11w
in 8> 130 49 1300
3 el 180 47 1500
M 90 210 55 1700
vy 90 230 &% 1500
Vil 9 260 Ta 2100
ATt 9a 280 29 2300
100 100 2500
118 328 1483 bl
X1 120 833 o 2900

Fleven atan tard diet prescriptions are fied m this table Diets 1T IV Vand VI
are sutable for the intial treatment in the majonty of cases an i for the mare per
manent progravs d ets 1 V11 and V11T suflice for the myonty of the adult patients
1t will be noted that (a) the protein and carbohydeate aliowences m the more
permarent dicts age more biberal than formerly nwd and (h) the fat content 13 kept
below 100 grams excopt tn the three ugh calonc diets

The stavdard diets Dos Ita IV anclusive—prosading 906 1100, 1360
and 1500 valories sespectivelv—are uted w the treatment of overweight
patients havtag mild diskietes Theee passents do net need msolin and they
are at Iiberty to save anv part of any meal fo | ¢ taken ! etneen meals or at
hedume 1f dessred It 3s snadvssable on the other hand to take only mo
big, meals 1 the day ar two very small meals snd one large meal

The more hiberal dicto—fram 1700 to 2000 calones—are comnonly
veedd by patients tokung msabin in which case there are pecsfic sndications
for a drstnibuten of the diet which gues matmum sdiantage 2o the se
«pectise nsubin therapy This feature has been dealt with already 1
detal (p 103} -
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Insulin Therap)y

Introduetion. In the contemplation of insubin therapy the followmyg con
siderations will apply

{a} Sahent features gosermng msulm need

(b} Is snauhn therapy advicable and, if so,

{e) Whnch meulin preparatson or combnation of msubin therapies 15
indicated what 1 the correct timmg of the adnunstration of the
msulm in relation to meals haw 1o the proper dosage detettuned
and under what cireumstances ss the insuhin regunen changed”

{d) Admumstsation of msulm

A SALIENT FEATURES GOVERNIAG THE MEED FOR INSULIN

Famliarty with the varions wsubin preparations and the rate, degree
and duration of thesr respectne activities ts negessacy for the proper selec
tion and the most effective combraations of tasuling {or the mdnadual pa
tient Indwvrdualizatson 1s the essence of msulin therapy Mo two patients

TABLE 1%
Aurerations 1v DIST ans Tis CHANGEnG NEED FOR Tvstrry
oTEry rar crroomonaTE cE
(ox) (et ) (oa) cuomes ax)
an 0 1.0 2000 208
Diet chanped ta
80 i 280 2008 333
Encreases 1n the carbohy drate ond the ! glucose tent of the duet,

assluvirated cruve only @ mugor merease 1 the peed for insuhn o 1ong as the total
catores are not incrensed (G L = glocose equnatenty

may roquire the same dose of msuln Unbke most drug theeapres the snds

vidual's need for wnsulin 18 determuned by several fectars and 1t 2 onl)

sfter the amount of wnsubin guen 15 adpusted to conform with the mde

vidual s “need pattern’” that the dsabetes is controlled Too often one hears

the loose remark that one umt will fock after” a certain number of grams

of glucase The msulin nead does nat canform o any such exact equi afent
133



134 DIABETES MELLITUS

and the clamm that 1t does indicates a falure to understand the multtude
of influences which determine the amount of insultn & patrent may need
In order to emphasize some fundamental dietary factors which affect the
msulin need chnically, several illustrative studses are oflered

Furst, a diet of 80 gm protemn, 120 gm fat and 150 gm carbohydrate,
gwing a total value of 2000 calories (theoretical glucose equrvalent or
GE = 58 per cent of protemn - 100 per cent of carbohydrate - 10 per
cent of fat == 208 grams) may be allowed (see Table 19} Let us assume
that with this diet 60 unuts of insulin are necessary to control the diabetes
The dosage of mnsulin having been established, an abrupt change in the diet
1s made to 80 gm protem, 280 gm carbohydrate and 70 gm far—2000
calories (GE = 333 gm } It will be observed that the glucose equna
lent has been ncreased from 203 to 333 gm but the total calories have
been kept constant by reducing the fat content of the diet If the insubn
need fluctuated only with the amount of carbohydrate allowed 1n diet, an
mtrease of 60 per cent—ot 2 dosage of 96 umts—would be needed to con-

TABLE 20
AvTeraTioNs ¥ DIET Anp THE CrANGING NEED FOR INsuLiv
PROTEIV FaT CARBOHYDRATE cE
(om) (D) (cx) GALORIES {ox)
80 120 150 2000 208
Duet changed to
80 120 280 2520 338

Inereases 1n the carbohydrate and total calories ag Wlustrated cause relatively
great mncreases o the msuhn peed

1ro) the disbetes as efficrently as 60 unnts had done previously This 15 not
what happens Wuth the abrupt increase 1n the carbohydrate of the diet
some glycosuria and hyperglycema usually occur, ut, these changes are
small and are readily overcome by the addition of only a few units of m
suln Why 15 this s0? The reason 13 that the total calories were kept un
changed and the only reason why there was any ncrease in the insubin
dosage at all 1s that carbohydrate has stronger glycosunic and hypergly
cenmc effects than the calonc equivalent of fat! ?

A second phenomenon and one of equal climeal signsficance 18 iltus
trated Had the mitial dict 1 Table 20 (P. 80 gm , F 120 gm, and C 150
gon—2000 calones) been changed by merely adding the 130 grams of

.. 1L 4+ 1 malae ae £59M nravided by 1t to make the new
calories, the increase 1n
sary to control the diab

etes when the carbohydrate merease was accompanted by a r:dum;m n:
fat Combining these two phenomena 1t 13 observed that the total ca ;77[1,;
profoundly affect the insulin dosaze and the carbokdrate allovance @
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diet can be greatly unereased with only manor changes in the wsulin need
resulting, pravided the total calories are not increased also

A third phenomenan a0d one of utmost importance, chimeatly can te
ustrated if a dret of protein 0 gm, fat 120 gm, carbohydrate 150 gm
~—2000 calories (theoretical glucoce equiralent 208 gm ) 15 replaced by
2 dhet with app ly the same th 1 glucose equivalent but with
3 reduced total calories e g, protein 50 gm  fat 50 gm, carbohy drate 153
gm, 1400 calories (GE 207 gm ) (See Table 21 ) I the dietary influ
ence on msuhn need were confined to carbohydrate no change i the in
sulin need would ensue This ts not what happens There 135 a remarkable
reduction sn the msulm need The wmhal reduction 1 due to the reduesd

TABLE 21
Arreariovs w Dier and me Crancing WEED FOR TNty
FROTEIN FAT CARBONYDRATF ge
(ax) (ou) (o) cromes (ox)
80 120 1350 2000 208
Duet changed to
80 50 155 1500 207

Reduction of the tatal calortes by geducsng the fat but without appreciably
slterog the glucose equivalent a3 illustrated conses a marked reduction 1 (he
need for 1nsulus

calartes With progressi e loss of weight and reduction w the total metabe
hm, there 13 also a progre<snve reduction in the tasuhin need

The faregowsg phenomena, reproducible at will ndicate that

1 Carbohydrate has & grester insubn demand than the calore equia
lent of far.

2 The insulin need 15 goserned to a large evtent by the total catoree
value of the diet

3 The comtamation of 2 low ealomie diet and o reductron wn body weight
ty reducing the 1013} tissue metaboltsm exerts a profound snsulm sparmg
actton

4 The combination of & diet suiciently ngh i calozies to add to the
body werght exerts an increa<e w the need for wmsuha which §s progres
snve unhit the deet 15 reduced or untid the Fody werght becomes stabilized
Tins effect on the 1eahin ts by sistue of the large amount of food plus the
weressed fotal mrtaholtem that accrues with & gun i body mass

5 Sumslatly compheations affect total metabolsm and 1 domg so
affect the wsulin requizement Al influcnces which ncreaze the totst et

aboliem with but one f physical the need for
souhn These are ncreased calonc intake abeenty, wmfections, fevers
toxemuas, pregnancy and th Contrarmwise, all wnfluences which

seduce the totat boliem with but ane 7 the ceasatron of phye
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cal exercise—reduce the need for insulin These are reduction m calonic
intake, reduction m weight, correction of snfections, fevers and toxemias
termination of pregnancy and the control or cure of thyrotoxicosis

The protemn content of the diet 1s not subject to the great fuctuation
observed i the fat and carbohydrate contents and also 1ts effect on the
mnsubin requirement s feeble 1n contrast to that of carbohydrate and total
calories

B, IS INSULIN THFRAPY ADVISABIF®

Insulin therapy 15 indicated at once in all

1 Diabetic children

2 Underwerght adults who have glycosuria and hyperglycemia

3 Patients having acute complications, whether the underlying diabetes
1s muld or not, 1f there 13 glycosuria or hyperglycerna at any time 1o the
twenty four hours

4 Cases of pregnancy complicating diabetes

5 Patients with 2 hustory of a sudden onset of symptoms of diabetes
within the three months prior to the consultation This applies to the pa
tient with apparently mild diabetes who will obviously do well without
msulin eventually, as well as to the patient with an obviously severe diab
etes

Insulin therapy 1s indicated i the treatment for diabetes when this dis
order 1s not or obviously will not be, controlled satisfactorily by suitable
dietetic measures and exercise and during acute complications for all
diabetic patients, many of whom under usual circumstances may not need
1t Some authonties give msulim, in the minal days of treatment, to all
diabetse patients In favor of this plan 1s the more rapid control of the
diabetes and the traiming of the patient in the admimistration of msulin
while he 15 under competent supervision It alo emphasizes that many
patients can discontmue mnsulin The majonty of diabetic patients have &
mld diabetes and ultimately do not need msulin This mformation has a
good effect 1n neutralizing a general and erroncous belsef that once one
uses msulin he must 1lways use 1t Unfortunately this 13 usually true for
the thin patient having severe diabetes, but 1t 1s not true for obese patients
who have mld diabetes y

AlL patients who have an acute onset of the diahetes, whick may be m:d
or severe, should be grven msulin with the hope that some may be cur
‘These rare mdividuals are the young or the thin patrents with severe diab
etes who are ordinarily gnen wnsulin from the outset of treatment The
obese, untreated diabehic patient has a mild diabetes winch dewe]ogshm!
sidiously when the body mass has increased to such an extent and ha
been mamntained for a sufficient period to exhaust an already redaced pan
creatic reserve
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The amount of msultn necded 13 not relative to the degree of hyper
ghyterma with any constancy, ner can it be calculated wilh any degree of
exaciness accordmg to the amount of sugar in the urnme H glycosuna
exists i the cace of a patient taking insulin, more 1nsulmn 1s needed, but
what 5 untts will do 1n nidding the urine of sugar in one patient may re
quire 25, or mote, wmts m another

It 15 a good working rule, barning acute comphieations which will be
considered later, that ail antreated diabetic patients who are considerably
overneight udl not need tnsulin potwithstanding the presence of a high
lasting blood sugat level on the first exammation Lsery physician who
sees many diabelrc patients has seen fat patients with blood sugar levels
above 300 g per 100 cc and jet insubin was nok necessary to control
therr dhabetes

1t 13 & good workimg rule, too, that alf children and underueight disbetie
pattents require msulin even 1f the imtial level for fasting blood sugar
should not be high The certanty that msulin will be needed by growing
chuldren and underweight adults 15 based on the knowledge that to pro
mote normal health and physical growth, & gain i weight and a hberal
dhet, each of wiich merease the need for insulin, are necessary The com
bination of a persistently elevated fasting blood sugar level and undernu
trtton makes msultn therapy mperative 1f good health s 1o be restored
1t has been our practice at the Pennsylvama Hospital never to gne maulin
to overwesght diabetie patients unless during <ome acute complication and
unless there has been a recent sudden on<et of the diabetes The ment for
the control of the dial etes should go to the dretetic measures and not to
a prelmnnary and temporary course of msulm treatment In this manner
the patient can be deeply impressed by the value of a restricted diet Ap
proxumately 40 pet cent of the patients currently attendiog the metabolic
cliwie at the Pennsylama Hospatal do not need msutin We have observed
the effect of mstlm on obese drabetic patients at other chmics and, for the
purposcs of study, have gien msulin 1o sinilar patients Anowing that the
diabetes 13 mherently nnuld and that the reduchion of a few pounds in werght
would control at, one might expect that a small dose of insuln would suffice
to accomplish the same veult Tlts a5 not so These paticats are relatiiely
ceststant to meulin Repeatedly aver 100 unuts of wnsulin a day were peces
sary 1o accomphsh n reducng the blood sugar tevet what was as readily
obtained by & shght reduction 1n weight These patients have three means
to control thetr diabetes without msulin 31z, a low calonie dict, a reduc
tion 1n weight, and physical cxercice All three are powerful agents 1 re-
ducing the need for insulin Vsrious attempts have been made, especially
by Himwortl,? to elasafy digbetie patients 1ata tnsulin tesistant and 1o
sulin senatise groupe Mot of the meulin resistant patients were ruddle
aged or overweight There seems to be a generat lack of apprecistion for
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the fact that the overweight msulin resstant patient loses this resistance
to wsulin wn direct proportion 10 the reduction of body weight Any
factor which reduces the total metabohism, with one exception (te, the
cessation of physical exercise), aids 1n the cantrol of the diabetes Reduc-
tion 31 body mass seems to be the most effective of these factors Newburgh
has confirmed our work and extended the proof of benefit secured by reduc
tion 1n weight in the obee diabetic patient

The eflect of a reduction in weight by virtue of a reduced calonc intake
1s 1llustrated 1n Table 22 One to several weeks are needed, as a rule, to
control the diabetes 1n these overweight patients All who are famihar
with the effect of obesity on life expectancy agree that overweight should

TABLE 22

TypicAL Respovse or Tme BLoop SUGan LEVEL anp GLycosunis N THE Osese
DuseTic PATieNT To THE REStRIcTioN OF THE ToTAL Caromtc CONTENT OF
g DIET Wirnour TeE Arp o INSULIY

A Fe Female While Aged 51 Height 61 Inches Ideal Wewght 135 Lbs 39 Per Cenl
Overweight

DIET BLOOD BUGAR

DATE weenT MG PER

Bs r | ¢ |caronms 100 ce
Jaly 7 1933 183 70 | 8o 100 219 220
Jaly 2 181 70 | 80 1100 o 177
Jaly 28 18135 | 70 | 80] 1100 0 m
August 11 179 70| 80| 1100 0 122
October 20 170 7| 9| 1300 o 15
January 26 193¢ | 1673 | 70 | 8] 1200 0 10
August 21 153 70 | 9| 1300 | vt trace 13
March 8 1935 18 7 | 105 1100 [ n3
July 12 17 70 |11 | 1600 0 110
October 9 1936 15734 | 70 [ 115 ] 1600 0 110
December 10 156 70 | 120 1600 0 120
June 25 1937 165 75 {160 [ 1800 0 13
August 13 161 7 | 260 | 1800 0 109

Summary With a loss of weight of 9 pounds the blood sugar level fell from
0 240 per cent to normal Subsequently the carbohydrate tolerance was much 1m
proved Even with an increase 1n weight of 14 pounds_from the lowest{level §the

blood sugar rema ned normal

be corrected In the diabetic this sesult, accomphshed by appropriate die-
tary measures, carries a double benefit—it cures the obesity and controls the
diabetes

If, for any reason, the body weight 1s not reduced and the diabetes 18
not controlled, prolonged and needless hyperglycemra and glycosuna
should not be allowed Insulin should be employed This 1s a recognition
of failure, however The patient will lose weight without asulin, as be
should 1f he 15 convinced of the advantages that will accrue, and of he has
the will power to resist excess food Hospitahzation, traming and reassur
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ance are essential lo the successful treatment tm most of these problem
cases

The ohese patient’s appetite 13 greater and a reduchion i wesght s
more difficalt to secure 3f he 1« grven ipsubin While maaln s harmless
to stich patsents 1t musleads the patiest into thinking that 3t 1s ansulin, ot
the dret, that 13 smportant Beades 1113 a wasteful prachice

T VIHEN DSULIV

There ate five insulins commeraally avadsble—regular {or unmodt
fied), erystalline,” protamine zing imsulin, glabin and the recently released
NPH wsabin which 18 another modified snsubun

Protanune Zive nsulin, This type of snaulie 1 stowly absorbed and
hence its biood-sagar lowenng effect does not gam much headway n the
&1+t two or four hours after the injection {Fig 3) The slow absorphen
of this msubn provides 1is greatest advantage—=a prolonged effect The
blood suar depressing efiect of a dose of protamine ame nsudm Lasts for
twenly four to thirty stx hours I sprte of the overlapping effect of the
waning dose with that of the newly myected dose the combined effects are
not adequate in most tases to prevent marked hyperghycema and gly
cosutra dunng the {orencon

It 18 aleays well to gre the protamme zne wnulm ta one dose dasly
one hour before breakfast unless combined with regular methn

Its greatest effect will be exerted duning the daytune su to eiglteen
hours after mjpechon when three meals come m Uose succession, and its
dimimshing effect will be exerted after mudmght & should be dlear that
the dimmisinng effect may w the alsence of food durning the long night
penied, be quite sufficient to provole a n poglycemna 1 the early mornmg
Thrs 19 the e that 2 hypogh cemra due to protarmne ninc wanhin 1s most
Bhely to occur The larger the dose the more delayed 15 the maximum effect
and the more hikely are hypoglycemic reactions to oceur n the early morn
mg A doce of 60 vans of protapune zme meubn wass observed, in the
course of a specral study ta bave ats greatest effect from twebe to taeuty

* Crystali ne mubn (2ine vsnl n eryaiads o soluron} has an effect mdistngaal
able from (at of regulsr meulin The elin nstian of this sl will reduce the
confusion meelent ¥o the irteavmg puwber of mepline El Ltly & Co bas stopped
the commetmal manufactenag of crstalline weuba

FNPIE ansulin (N neutrs) P protamune ¥ Hagedornd 1+ & neutral crystaine
protame zine ansulva which ects more promptly w teducing the blood auzer than
rovamine Zine smsulin— amular 1 thes respect to glabin ansuba—and the blosd-sugar
Ioweting #fect perescts for at Iradt twenty fous howts,

The # hantages clanme lor WPH sncwlin are 1t ts stahle with hitle of an excess of
protamiae regules snahn oz be adied o MPID sneadn without much Jow of ats
raptd Ylond-sugar Jowering acton 4t fills the insulin need of a larger number of
dighetic patwnis ¥ian a» posible with protamine nae 15 uho ot globin neglin and
the wreeanty o} making ineulin mitxtaces 13 somewhat reduced. There can be no
daebt from ous espenence shat this s & valuable snaubin gni whee @uwd 1n con
senction with sunable aljustments 1n diet and when aecesaary with a dded regular
wslia 11 13 wopenior fo protamino puc itsulm for chmeal practice
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hours after its 1njection, even though 20 grams of carbohydrate were
given at two hour mtervals throughout the period of observation (Fig
3) In chmeal practice, the dimmishing effect during the might 1g Inghly
desirable, there bemng no food taken at this tme Occasionally we hear
of a dose of protamme zinc msulin bemng given before supper This
practice would mean that the greatest mtensity of the snsulin acton
would be m operation durmg the early hours before breakfast and at 2
time when 1t 1s preferable to have the blood sugar lowering effect on the
wane

A small dose of protamine zine nsulin may suffice to control the diab
etes m relatvely rld cases In the more severe cases when larger amounts
of mnsulin {especially 1if more than 20 umis) are needed, two features stand
out (a) The slowness of msulin action permts the drabetes to get out of
hand’ 1n the forenoon, and (b) there 1s an ncreased risk of hypoglycemc
reactions 1 the early morming These two features are corrected first, by
the addition of a dose of regular insulin 1 the morming which acts
promptly and tends to prevent the hyperglycemia and glycosuna in the
I second, by a reds of the dose of protamme zinc msulm,
and third, by giving a bedtime nourishment, as indicated 1n the standard
diets, pages 126 to 132

Protamine zinc insulin pernuts fewer injections of msulin, reduces the
extent of oscillations of the blood sugar and controls the nocturnal bleod
sugar level It has reduced complications, notably ketosss, and many pa
tients, who formerly would have had to weigh their foed, do well using
household measurements, because of protamme zinc nsulin

From the prachical standpomt protammne zme msulin suffices to con
trol the diabetes without supplementary regular msulin, n 2 very small
percentage of patients, although the percentage successfully treated with
this msulin alone can be extended by reducing the carbohydrate for break
fast and giving a bedtime nourishment

To determme the dose of protarine zine msulin we follow hree simple

rules

(a) Part of the breakfast carbohydrate 15 given at bedtume

(b) Daly, or on alternate days, the msulin 1s mcreased, from a safe
nitial dose of approxumately 12 units, by 4 to 12 umis, depending on the
degree of glycosuna * No further mereases are made when the fizst vnne
voided before breakfast becomes free from sugar

(e} At this pomt two specimens of venous blood are taken for sugar

* During hosputabization complete fractional urine callections are made over speci
fied periods namely 7to11ane 11am todpar, dto 9P u and 9Py to 7 AM,
and are examuned for sugar At home smtable adjustments of the msulin dossze u;
made on the bacis of tests made on simgle specunens of urine voided before eacl
meal and at bedume

1t 15 often deswralile for patzents wh
tmen most likely to contam sugar This i
10 the plan of msulimn therapy employed.

0 rarely have glycosuna to test only the spect
formation 1s presented 1 Table 23 according
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determinations, one before breakfast and one two hours after lunch I the
fasting blood sugar value 1s below 120 mg per 100 cc, i 15 not safe, be
cause of the danger of early morming kypoglycemuc reacrions, to increase
the protarmune zinc tnsulin, and if the post cibum blood sugar 13 below 160
mg per 100 cc and there 15 no sugar m the urine voided before each
meal, we conclude that the drabetes 15 adequately controlled In anticipa
tion of a reduction n the need for insulin moderate reduchions m dosage

TABLE 2%

Samisractony (A) AND U~satisracrory (B) CovrnoL or ThE DitseTEa Wim
O~E Dosr oF Protasuve Zive Insuuiy Dty

PATIENT A
Tests for Glycosuna

Blood Sugar

Dayof! Insulin
49en | (mg per 100
oc)

Treat | Pal [T~
ment | (Units) A

¢ ] MNeme | b Jaarr| wrd | 1ar

M~

Haw
T1lawm .

5 8 ++ +++] ++ ++
6 8 + ++ ++ +4
7| | + i =+ |+ -
e | 1 | o + o P
S e | o v | o | o
10 o | o | o o 0 [Fasung80

Post-cibum 130

PATIFNT B

ot |+t

5*40}0

++4 Fasting 66
3om 20

Indications for patient B One dose of glol in in~ulin (see Talle 25A) or a com
bination of protamine zinc and regular msuling (sce Table 26)

are advisable after a few days of freedom from glycosuria It will be noted
n Tables 24 to 28, with the exception of the 1mitial blood sugar determina
tron, the degree of glycosuna 15 used as @ guide to therapy unti} the urine
becomes free from sugar, at which time pre and post cibum blood sugar
determmations are done on the same <

Fasting blood sugar values alone " ading In fact, 1t s a
sumple matter to * » fasting | normal with protamine
zine msulm al s not ent m blood sugar values

3 Faebs determinations have

should nat be
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thest place but, unfortunatel), at 13 rather unwersal that they are the onfy
hlaod sugar analyses done

Usually, if the snsulin need evceeds 20 umts, one dose of protamine
zae tnsulis will not suflice for adequate control of the dibetes In such
cases the fasting blood sugsr value may be below 120 mg and yet the two-
hour post ctbum vatae exceeds 200 mg a3 Wustrnted 1 Table 23 B, with
glycosuria brefore lunch, supper and at bedtime These are sndications for
an wenhin which exerts a wose prompt effect m the daytime and s shorter
duration of action than aceurs with protasine zine mauhn Clobtn insulin

TABLL 23
Grosts nseirs Themaes Samisracrony (B) (hvsaneractone (€3

PATIENT B

Yests for € .hmunn

Day of} ? 7 [rTr—
Froas f frln forv e gpay | Haw ton por 200
et | (unate} ’ t { few [
“ LR L | mma 66
lig 7 f | , 3Fw 20
iht ac) | { |
" T o
i u.xabm |
heae) 3 !
8 ! 113 0 + 0 e Fastimg 123
1 drv 9
i o . g g
P
I ") r+ +rrd] 0 o ;hmn.z"m
Globin
{ ()l)mz\ycﬂml
{ | at1308)

Indvations for Patient { Cne duse cach of protanune ng fsuln aad femler
Tasuhin gen 15 maistes b fore breakfat (Talic 20A}

fulfills these criterta and 1o the insubin of choice for those patients with
diabetey of the next geade of greater aeversty (see Table 25) Or, a modest
reduction of the protamie zme maulin with a small dose of regular snsulin
tnjected acparately, or, the same total 2mount gnen as a 2 1 mexture of
tegular and protarmne zinc insulm, tespectively, may be the next step
Cloben Tusulin, A aingle dose of globin weuhin guen dasly one hour
befare breakdast will control a convderably higher percentage of the cases
of diabetes than 13 posulde to do with a wngle daily dose of protamme
ant awtalin In fact, expertence has shown that one dowe of glabin soeulin

amly can completely replace the single-dose therapy of 7 £ine e
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subin and successfully extend its sphere of usefulness to the control of &
abetes of a more severe grade

The speed with which globin msulin reduces the blood sugar ncreases
as the dosage 1s mereased This effect 13 much more promunent than 13 the
case with protamine zinc msuln (Fig 3)

For the patient for whom one dose of protamine zinc msulin 1s not ade-
quate, as 1ndicated above, globin msulin msy suffice and by this means

TABLF 26

Protavive Zive INstLIN Anb REGULAR INsuLy Tutaary (INJFCTED SEPARATELY)
Satisracrory (C) Unsamisracrony (D)

PATIENT €
Tests for Glycosuna

Day of Blood Sugat
Treat | Inubn [P Fattaw | HAY | gorv | fmg o 100
ment cc
12 |80Globm | ++ | +++4 0 0 §u6hn§ u:'«o
Py
13 |opz1 ++ + + +
12 Regular
14 [70PZI 0 0 + + Fastng 118
12 Regular 3y I

A 2 1 mixture of the regular and protamine zing nsulins frequently pives satis
Mctory results eg

b | 22PZ1
St Regular | 0 ) + ]
PATIENT D
Fasting_ 80
8 |B0PZI 3
24 Regular | 0 ‘ 0 Fbtd [ bt ] Beu 2N

TIndscations for Pattent D One dose cach of protamine zne ant globin msal
given 1 hour before breakfast (see Table 28D)

multiple doses or a mixture of mnsulin may be avorded To determme the
dosage of globmn msulin the following rules (se¢ Table 25) are recom
mended
(a) Ordwartly, only one dose of globmn msulin 1s given daily and ﬁln!
1s admimstered approximately one hour before breakfast (Globm m<u;ﬂ
13 not grven before supper, except 1n rare cases 2and then 1n small amou;:m
If this timing of administration 1s employed 1t 15 1mportant to reahze
the most intensne nsulin achion from a pre supper dose octurs duning

the night )
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(b) A portion, usually one milk and one carbohydrate exchange, is
taken from the breakfast and 1s given to the patient between 3 and 4 P ¥t
daly as a means of reducing the Iikelihood of a hypoglycema before sup
per when the apparent effect of globm inaulin 15 greatest Additions of
4 or 6 umits on alternate days to the initial do<e of § to 16 umits are made
untll the <pecimen of unne vorded before upper 1s free from sugar At
this point 3 Pt and facting venous blood sugar values are determmned
If the patient 19 free from hypoglycemic reactions, if the 3 pw blood
sugar 15 between 80 and 130 mg per cc, and 1f the fasting blood <ugar
does not exceed 130 mg per 100 cc  the diabetes 13 under satisfactory con
trol Moderate reductions in the dose of snsulm are advicable after a few
days of good control of the diabetes and a further decrease 15 usual when
normal activities are resumed Further minor adjustments are made as
indications arse The steps tahen m arrving at the dosage of globin m
aulin as well a< the detection of the cases in which 1t 13 not <atifactory
are illustrated i Table 26 Some patients prefer globin nsulin solely
because there 1s practically no danger of a hypoglycena during the mght
as exssts with protamine zine mnsulin We have delineated the <phere in
which globm sulin 15 most vatuable In this sphere 1t has 1 our expers
ence yielded better results than other preparations or mictures of insulin
Globin 1nsulin 15 almost unmversally satisfactory for patients not requiring
more than 40 umts daily and when the proper adjustment of the diet 1s
observed In a decreasing percentage satisfactory results are sccured with
doses 1n excess of 40 umits However one of our patients takes a single
dose of 86 unts of globin insuhin with good results Like the other mnsulne
globin insultn has 1ts realm of best activity and we suspect that it 13 F ecauce
the critersa used 1n arriving at the proper dosage are different from thase
for the other insulins that failures have resulted Globin insulin has &
secure place n the treatment for diabetes until a better nsulin than 1
available at present 15 discovered

If the 3 r v bloed sugar value referred to above 1s between 80 and 130
mg per 100 cc and the fasting blood sugar 18 1n excess of 200 mg with
early morning glycosuria and glycosuria before lunch 1t 1s clear that fur
ther inereases 1 the dose of globin meulm <hould not be made, because of
the danger of hypoglycerma 1n the late afternoon, and yet, the diabetes
1 not well controlled Ordinanly we abandon globm m preference to a
coml ination of regultr and protamine zinc insulins under thewe circum
stances

Insulin Comlunations Protamine 7tne Globin and Regular Insuln
and Mixtures An mjection each of protamme zinc msulin and regular
msulin 19 guven onewhall hour 1efore breakfast when the rapid action of
regular mnulin and the prolonged action of protamme zmc in<ulin are
needed The amitial doses will sary but for purpose of ustration, 20
un t of protamime zimc 1nsulin and 6 units of regular msulin are njected
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<eparately The urine voided before each meal and at bedtime 15 tested for
sugar Daily increases of 2, or 4, or 6 units may be added to the regular
msulin until the <pecimen before lunch becomes free from sugar Sim
larly, the protemme zinc msulin 1s mcreased until the first <pecrmen voided
m the morning 15 free from sugar At this point samples of bloed for sugar
determmnation are taken before each meal and at 9 pa This four test
curye <ecured when circumstances warrant 15 of much greater value than
single daily tests If all values are satisfactory—between 80 and 150 mg

TABLE 27

ProTamINe Zine AND Gropiy Insutin THErspy (INJECTED SFrARsTFLY)
Satispacrory (D) UssaTisracrony

PATIENT D
Tests far Glycosuria

Day of, Blood Sugar
Treat | Inutin SP i [ MAY= [ ygny | (mg perio0
ment An M cc)
s |sopzI o 0 |44+ ] 444+ | Fastngso
24 Regular 3pw 2
9 WPZI [ ++4 0 +
34 Globin
10 [70P21 0 ++ 0 + Fasting 130
34 Gichn 3pm 100

To avod 2 tmjections a mixtare of regular and P Z T insuling may be tried 2 I—
the results mect our standards m only 10 to 20 per cent of cases

PATIFNT E
8 |80PzI 0 ++++ 0 ++4 :‘]nsunsﬂg‘:
As 2
32 Glob n Waws
9pwv 230

far insul n
Indications for Patient T' A dose each of protamine zine and regul

mJectelfl separately 15 minutes to 13 hour before breakfast and a small dose of
regular 1nsulin before supper (sec Table 28)

per 100 cc —no further change 1s made, as 1 the case situstration e Table
96C In the more severe cases at 9 p M hyperglyceria may reman as the
only unsatisfactory blood sugar value and there 13 also a 4 plus reaclwln
for glycosuria on testing the 9 Pt specimen Several methods are ava
able to cope with this Furst, bined globimn and pi o
zine nsulin therapy (injected separately), illustrated i Table 27D,
wll correct the evemng hyperglycemna and 1f given one hour before brt:}(
fast, a forencon hyperglycerma may be presented When suecessful n:;x :
two injections are needed When this combination 15 vsed & mulk an
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carbohydrate exchange 1s taken from the breakfast and gnen between
3 and 4 7 M. to insure agamst a hypoglycermia before <upper due to globtn
wsulin, and a nulk and a carbohydrate exchange, deducted from the eve
ning meal, are taken at bedtime, as sllustrated 1n Figure 19, to guard agaunst
the sk of a hypoglycemta in the early mormng hours due to protamine

INSULIN THERAPY

TARIT 28

ProTunNE £18¢ AND RFGLLAR [N61 Ly B ronF BrEanrast asn Hrct tar Instun
Brronr Supprn 10 ConTroL A SevFRE Ditneres

PATINT ¥

Day o Blood Sugar
Trent | Tnwilin "7"“ { Taw [ ’i:“ 19ps | (mg per 100
mn A } ! )
8 a0zl o Gersl o | 44+ | Faung 84
32 Globin I Max 280
3pw 60
| | 9ew 230
9 leopz1 3 4] 0
12 Rtegulne
buore |
Lreak
fust
19 ftegutar
before J
supper | |
w et T o | tawnglos
18 Regulae 1aw 140
Infore Iy 169
Lreak | ’ 9pu 110
fast
10 Regulwe
bufore
supper 1

One or the other af two alternative plins might e tond to svord the three injec-
tiom

(@ A austure of reguli and protamne mnc imsolin 2 1 (orcasionally 3 1)—
matial d e being 68 units of regulae and 33 umits of protamine zine insulin mixed
and i cted simultancoty from the one syetnge

or

@)\ uxture (8 1) of NPH amt reguler insutins

of NPH s 20 umts af regul e mlin

the mitial d e ing 80 unity

2ine nsulin The<e adjustments in dict 2re not found to be inconvement
Patients Like them They increase the patient's <afety and they permt
larger amounts of weulin to be gnen and better control of the diabetes
results

In & second, ot alternatnve plan, the protsmine zinc inwlin and regular
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msulin given before breakfast are supplemented by a small dose of regular
msulin before supper and adjusted untl results are satisfactory (see Table
28) Injections of combmed regular and protamine zinc msulin are Pprop
erly given about fifteen muinutes before breakfast If given longer before
the meal the likelthood of hypogl 15 greater before break
fast, owing to the rapid action of regular mnsulin at the time in the twenty
four hours when the blood sugar 1s usually lowest because of the retarded
action of the protamine zinc nsulin Because of the rapid action of regular
msulin the full quota of food, one third of the total duet, after deducting
a milk and bread exchange, 1s given for breakfast The one milk and one
bread evchange are given at bedume as a safety measure agamnst a hypo
glycenua 1 the early morming {Fig 17) The patient may take a portion
of hts lunch at 11 A M to 1ncrease the margin of safety against a hypogly
cema before lunch time Usually this measure 1s not necessary Thurd the
total number of umts found to control the diabetes by the two mjections
Lefore breakfast and one before supper are given m a single mjection as
a 2 1 muxture® of regular and protamme zinc insulin or, rarely, 2 3 1 mix
ture 1s more effective To guard agamnst hypoglycemic reactions the same
measures are taken as when two mjections are given before breakfast and
one before supper, presented above

Insulin mixtures are, at times, surprisingly satisfactory 1n controlling
severe grades of diabetes This 15 the exception, however Not more than
20 per cent of our patients do as well as we want them to on the micture
therapy However, we believe that to avord multiple doses the mixture
method should be tried and 1f good results are not obtamned separate m
Jections are recommended

Regular Insulin There 1s an occasional patient who, because of aller
gic manifestations, 1s unable to use protamine zinc msuln In ths event
globm msulin, to which allergic responses are rarely, 1f ever, seen, may be
tried In the event that nexther of these insulins 1s tolerated recourse may
be had to the use of regular msultm as 1t was employed 1n the pre-Hagedorn
era
Examination of the fractional collections of urine for sugar already m
dicated 15 used as a guide 1n mereasing the msulin until the urine 13 free
from or contains only a trace of sugar

One dose, 8 to 12 unnts, of regular nsulm given twenty mmnutes before
breakfast may suffice to control a relatively mild drabetes Usually more 18
necessary Whale sugar contmues to appear in the 7 to 11 A specimens

* Protamme zmo msubn contams sufficent excess protamune to combine with
added regular msulin up to approximately a 1 1 mivture ? Hence if a rapid effect b”
expected from regular 1nsulin added to protamme znc insulin the ratio must o;
greater than 11 A ratio of 2 1 1s the most widely effective mixture but & uu;m
3 of regular to 1 of protamme zine wsuln 13 used ogcasiomally The reau]l;] rom
muxtures of globm and regular msula are 1 our experience, too upredictable

clinical practice
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210 6 units may be added datly When the dose reaches 18 or 20 unuts or
1f the 7to 11 A M urine becomes free from sugar while the other fractions
contam sugar, 1t 1s well to give tiwo doses These may be grven as follows
12 umts twenty minutes before breakfast and 6 units before supper Itis welt
to make no increaze n the total dowe at the time 1t 13 divided The mere
spltting of the dose has the same eflert as an mcrease The smaller the
dose of regular 1nsulin the more effective 1o cach umit

Further increases, 2 to 4 umits daily are made to the morning dace while
giycosunia perusts in the 7 to 11 A v urine fraction, and to the evening
dose while there 13 sugar in the 110 9 r 1 fraction

Three doses are usually indicated when the amounts have reached the
nerghborhood of 20~0-16 The dwvsion might be as follows 16 units be
fore breakfast 8 units before lunch and 12 units befure supper, prescribed
83 16-8-12 Small additions, 2 to 4 umts, may be made daily as outhned
shave Glycosuna in the 11 A% 10 4 P\t collection indicates an increase
in the noon dose while frecdom from glycosunia would supgest no change
This applies al<o to the other doscs and epecimens An occazional patient
does better with a «mall third do<e given at bedtime metead of before lunch

The foregomg plan of treatment serves the majonty of these patients
who require insulin There 15, however, a group of more severe cases in
which a pomt 1s reached when, 1f additions are made 1o any one of the
three doces of insulin, & hypoglycena results during the day and yet a
hyperglycema occurs in the early morning This 13 due to three large doses
fairly close together on one hand and a long mght period without 1neulm
on the other The diabetes 15 <o sexere that when the effect of the evenming
weulin 18 exhausted and the patient has not enough endogenous msulin to
keep the blood augar at a normal level during the remamder of the mght,
8 progressive ncrease in the blood sugar concentration occurs This ac
counta for the mormng hyperglycemia despite the normal blood sugar
values throughout the temainder of the day Allen® cuggested lengthenmg
the day periods between doses and shorterung the might period without in
sulin by gring the morming wmeulin one hour earlier The timng of the
noon doce remains unchanged but the evening dose 1s gven one or two
hours after supper When the seversty of the diabetes calls for this plan,
there need Le no fear of a hypoplycenua durmg the mght A portion of
the supper may Le faken at L edtime of a safeguard seems neceseary

When 5 fourth dose s Teeeanry, st oceavonally SRTWTs W patieras v
10g severe diabetes 1tas well to give st at midmght, with a small amount of
nourishment {1 milk and 1 bread exchange) The other three doses, 1n
event of the fourth dwe being needed ehonld be gnen prior to the re-
spectise meals The fourth dose 13 usually needed for a short peniod ounly

The great fields of uselulness for regular wsulin are (1) i comhination
with protamine tine instlin and with NPH ineulin therapres, and (2)
the treatment during acute comphications of diabetes (Chapter \\ 1)



150 DIABETES MELLITLS

D ADVINISTRATION OF INSUIIN
There 15 no feature 1n the treatment of diabetes that necessitates more
detailed mstruction than that of msulin admimstration In order that no
important aspects be mussed the instruction 15 dealt with under the fob
lowing captions

Commercial brands of insulin 5 Site of mjection
2 Preservation of msulin 6 Withdrawal of insulin
3 Syringe and needle 7 Techmc of mixing msulins
4 Sterthzation of equipment 8 Timing of 1njection

1 Commeretal Brands of Insulin, There are four different insulins

in widespread use
Regular msulin
Globin msuln
Protamine zinc msuhn
NPH 1nsulin

Each nsulin 1s labl lly i tho g

U 40 red label 40 umts per cc
U 80 green label 80 umts per cc

Pattents are tramned to avord confusion and error 1n measuring ansuln
by alnays using a syringe showmng graduations up to 40 umits per cc
when U 40 1nsulin 1s being used and a syringe showing graduations to 80
umits per cc 1 the case of U 80 insulin Serious errors of dosage—some
times a double dose and other times one half a dose—are traceable to con
fusion resulting from measuring U 40 insulin on U 80 calibrations or viee
versa Although accurale measuring 13 possible by this method 1t fosters

errors and ding;

Patients are taught that a unit of U 40 msulin has exactly the same
effect as a unit of U 80 and that the reason for two different concentrations
1s that they allow, for patients taking large doses of msulin, the injection
of twice as many units, by taking U 80 mnsuln 1nstead of U 40, without
ncreasing the volume of fluid mnjected

2 Preservation of Insnhin Commercial insulins are remarkably
stable A bottle of msultn being drawn from daily does not need to be re
frigerated It does not detersorate at room temperature even if the daly
withdrawals are small Also, the injection of nsulin at room tempera
ture causes less discomfort and, 1n <ome cases less local reaction, and
greatly reduces, or possibly el the kkelthood of suk far
atrophy with disfigurmg puting of the skin We have had patients lne n
the tropics and use msubin at current atmospheric temperatures with no
bad effect Refrigeration 15 desirable for reserve supphes of ansulin and bot
tles from which <ome msulin has been withdrawn but which are not 1n

le but a% its action
anl as 1ts produc
in separatcly

»

* Zine imsulm crystals m solution—crystalline wsulin—is asailab
18 for practical purposes identical with that of regular insulin
f1on has been greatly curtmiled 1t 15 needless to deal with this insul
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datly mee Freezing of insulin should be provided agamst, as 1t reduces s
potency.
3 Syringe and Needle. The offial tasultn syringes® adopted by the
Amerrcan Drabetes Association® are asailable in three models
1 A} ce synmge with calibrations for U 40 wnsulin with markings
n red enamel—total capacity 10 unts
2 A 1 cc synnge with cahibrations for U 80 wnsulin with markings
1n green enamel—total capactty B0 umts, and
3 A 2 cc synnge cahbrated for U 80 msulm with markings m
green enamel  total capacity 160 umts
The markings n red and green enamet conform with the colors of the
{akels on the bottles of U 40 and U 80 snculins, respectively Confusion
and mishaps will be reduced 1f these standard syringes are used exclusely
Jor the admimstration of msulin
Needles 1 meh in fength wath 25 gange and made of rustless steel, are
to be preferred They are less bkely to be brolen and when the needle
15 thruet through the skin at right angles there 1a tess sk of wyecting the
wmsuhin antramuscularly than »f fonger needles are vsed I longer needles
are preferred, imgection at an angle of 15 degrees 18 advisable
4 Mteritizanon of Equipment. Alcoko} sterhzation of syringe and
needle saffices provided they are not used 1o give mjections to any but the
one patient Alcohol does not destroy certam vicuses, notably the hepatitis
virs Quibreaks of hepatitis have oecurred in diabetic chimes? * in winch
ihe slenhization of syringes was imadequate Alcohol sterrrzation of syrmge
and aredle has been emploved 1n some clines w which the mormng dose
of meulin 1s administered by the nurse to the patient after the withdranal
of & aample of biood for tecting 1§ needles and s1singes are 1o be used
for more than ane wndu idual, sterelzation should be by autoclasing, er
by bading for a mmmum of fiftecn munutes
The patrent’s personal espupment for msubn ijection 1s organized on a
tray or 1n & suutahle contawner It comperses Insulin, one botile of alcokol
—ordinary commercial rubbing alcohol s satisfactory~-colton, insuhn
synnge, ond 10 needles A sione—an Atksnsas o stone—upon which to
sharpen ncedles 19 a uselul adjunct
5 tute of Injection, Inswln i3 administered subeutaneously—not n
teamuscularly or intravenously texcept as noted on p 231} When the
patient makes the ingection hinell which is practically aluays the cace
exeept in very small chuldren and during complications, the thighs and ab-
dimen are the most convenient site« Some can alws use the arms—over
the deltoid muscles Subx utaneous tnjections by nur<es are u<wally made
mto the defront and buttock regrons The site <hould be vanied i 2 man
ner tlat will prevent an ingectton tn the same epat mare than once 1n two

*These eyringes mar be secured Jrally or from Bevton Dickrmson Company
Ruthetfor! N}
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weehs Injections should not be made into indurated areas or 1 close prox
ity to depresstons due to decrease 1n subcutaneous fat

6 Withdrawal of Insulin A small ball of cotton 15 soaked with alco
hol and used to thoroughly cleanse the rubber cap on the msultn bottle
The pledget of cotfon 1s then allowed to rest on top of the imsultn hotle
until the syringe and needle are prepared The needle 1s adjusted on the
syringe and, with the full length of the needle 1mmersed m alcohol, the
plunger 1s withdrawn untt! the syringe 13 full of aleohol The alcohol 1 ex
pelled 1nto the bottle and air 1s drawn 1n and expelled repeatedly from the
syringe until the needle and syringe are dry

Regular and globin 1nsulins do not need to be agitated but protamine
2me msulm which tends fo <ettle 1n the bottom of the bottle 1s umformly
suspended by rollng the bottle between one’s hands It should not be
shaken, as this causes bubble formation and interferes with making a ho
mogenous distribution of the msulin which 1s contamned n the mlky par
ticles

The next motion 1 to msert the needle through the cork into the msuln
bottle and expel an amount of arr, eyual to or 1n excess of the do<e of 1n
sulin to be withdrawn, mto the bottle The nsulin botile 15 held n the
myerted and vertical position and nsulin 1s allowed to flow nte the
synnge This occurs without pulling on the plunger 1f the proper degree
of posibise pressure exists in the bottle A bubble or two may enter the
syringe These are expelled 1nto the bottle and the exact amount of msulin
needed 13 measured and the needle 15 withdrawn from the bottle

The site for myection, having been selected, 1s thoreughly rubbed with
the alcohol soaked pledget and the needle (13 mch) 1s plunged full length
and vertically through the skin After slight traction on the plunger reveals
that the needle 1s not 1 a blood vessel the contents are discharged The
needle 1s withdrawn and the area rubbed again with the alcohol soaked
pledget If blood enters the syringe the needle 1s withdrawn half its length
before discharging the insuln

The syninge 1s rmsed free of msulin by drawing alcohol mto snd dis-
charging from the syrnge several times The bottle of alcohol should he
stoppered at all tumes except when mn use Alcohol evaporates seadily when
exposed to the air, leaving water with no antiseptic properties

7 Techmc of Mrung Insulins. The techmic 13 modified when a mix
tare of msulins 55 ased Both msaline bottletops ace cleansed itk the botiles
standing upright and an amount of air equnialent to or in excess of the
dose of the resp msulin to be withd 18 mjected 1nto each bonle
The air 15 mjected mto the bottle of protamine zinc msulm first—but no
insulin 15 withdrawn—and then 1nto the bottle containing regular msulin
which 1s then iverted and the appropriate amount of msulin withdrawn
Regular wnsubin s always withdraun first—a measure which prevents the
introduction of even minute quantitics of protamune zine msultn wto the
bottle of regular wsulin The syringe 1s held in the vertteal position with
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the needle ponting upward The battle of regular meulin 13 removed and
the bottle of protannne z2inc insuhin 1s then substituted from which 1s drann
the propet amount of nsuln

By holding the syringe uprght throughout this maneuver the two
«ulins will, for practical purposes, remain unmuzed w the syriage and 1f
wome bubbles must be returned to the protamine zinc wnsulin bottle this
can be done without discharging any of the underlying regular insulin te
the bottle contaimng the protamune ziac insulin Abe, by mantaming post
Ine pressure n each bottle, as directed, 1t will not be necessary to cope
with the difficulty preseated by o multitude of small bubbles in the syringe
brought about when insulin 1s withdrawn againet & negatie pressure—
the bublles entering along the harrel of the svringe when the plunger 1<
forcibly withdrawn Wath the proper ansounts of each insulin m the synnge,
the bottle of protamme zinc insubin is remosed from the needle and the
syrage 18 wnverted several tnes wn order to auc the nsuline, which are
then myected

8 Timing of the Jnjection of Insnhm.® The me relationslup bee
tween the injection of iwwhn and the tahang of food depends largely on
the type of meubin used {sec Table 23) When protamine zinc only, or
globra anly, or a dose each of protamme ziec and globia weulia 18 used,
the injection 15 grven one hour before breakfast A musture of regular and
protamme zinc 14 tajected about fifteen minutes, or immedately, belore
breakfast Regular menlm when emploved to the excluvon of the slower
acting meulins tm the treatment for acute compheations 1s injected just
Lefore mesls (see p 215) The timing of the mjection of regular snauhin
1 the rare case of mtolerance to the «l>wly acting ineuhins and 1n the sb
sence of complications depends an the severity of the diabetes as to whether
1t 13 mjected fifteen mnutes before the tahing of food or one hour before
breakfast, just before anch and one hour after supper or at bedtime Thie
aspect 13 dealt with on page 148 Many injectrons of regular insulia, as
Riven an the treatment for alctic coma in the mitial stages, have no rela
tion to {ood or glucose admmistration {<ee p 231)

COVPLICATIONS QF INSULIN THERAPY
{Mypoghrcemia Allergic reaction Fat dystrophy Tnsulin edema
Prechyapia Soctal problems )

typoglycema (Insulin Reaction)

Cona s pud Natare of Hypogheemic Reartinne in Dighetes, A
hypoglycennc reaction accurs when too much menhn has been given in

* A gingle dase of NP 1nsulin 1o 2 fmnntered one Your Jwlore breakfaet bot of
Texulyr meulin has Lern 211ed s API smubn the misture Js wmectat fifteen mimutes
or gust belace breakfast daily

+“Iypoglreemic resctinns” or "msubn feactians™ ste the scceptable terme and gre
preferable to “ineubn shock * which as misteading §t 1s pot until the patient by i
ectremes that t can euly be sud that be fo in shock The mpns snd symptoms of ¢
Byposlyceru teacuon a3 ssually obterred e e of shock
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relation to food mtake, physical exercice, decreasing resistance to insulin
as complications subside, and to 1mproving carbohydrale tolerance m the
absence of complications The usual amount of insubin may prove to be
excessive (a) if only a part of a meal 15 caten, (b) if with the diet and
wsulin constant there 1s an unu<ual 1ncrease n physical exercise, (c) of
appropriate reductions are not made 1n the msulin dosage as an acute 1
fection subsides, (d) when the carbohydrate tolerance mmproves with the
control of the diabetes, (e) 1f there 1s faulty distribution of the diet, or
(f) 1f there 15 :improper timing of the admunistration of sulin These are
comnion causes of hypoglycemic reactions associated with mnsulin therapy
but all features which tend to reduce the need for msulin predispose to
hypoglycemrc reactions The less common are included 1n Table 29

TABIE 29
CavsES—FUNDAMENTAL 4D PREDISPOSINC—OF HYPOGLICEMINS DUF TO Tastnty
TrRERAPY
A Fundamental
1 Too much 1nsubp
2 Too little food
B Predisposmg
1 Increased exercise
2 Fauvlty distribution of diet and vomiting
3 Improper timmng of insulin 1ngections
4 Improed tolerance as
a Diabetes 1s controlled
b Complicating ketosis 1nfection or toverma sul sides
¢ Body werght 1s reduced
d Pregnancy 1s terminated
5 Undernutntion
6 Change m the site of isulin injection from an insulin tume-
faction to other areas
7 Correction of thyrotovicosis

An msulin reaction 15 characterized by a depresston of the venous blood
sugar level below normal—usually below 60 mg per 100 cc Values down
to zero have been recorded

The onset of h 1c of a hypogly at
a higher blood sugar level when the hypoglycernia 1s due to regular mnsuln
than when 1t 15 canced by protamine zinc insulin The slowness of the action
of the latter, presumably, permuts better adjustment to the falling blood
sugar concentration, hence v hen sy mptoms do oceut they mdicate 2 greater
depletion of the blood sugar than 1s the case when the reductton 1s brought
about more rapidly As a result 1t 1s not uncommon to find venous blaod
sugar values as low as 55 or 60 mg per 100 cc, or even lower, without
symptoms 10 the case of an overdose of protamine zme mnsulin Ordmanly,
this 15 not the case 1f these values are due to regular insulin

Physical Eernon Physical exertion i all but severe and untreated
iabetes, has a blood sugar lowering effect This feature assumes epecial
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imporiance m the patients taking lacge doses o snaulin An ad justed aeden-
tary regrmen wtersupted by & game of golf, tennis, hiking or other strena-
oue exercie 33 sery bhedy 1o be complicated by s Bypoglysemic seathion
tnfess more food than asual has been sngested or unless a moderate reduc-
ttan 1n the previous dase of insulin has hren made The msulin need tends
1o ke tess, for mamy patienty, w the sumwer tie when tnereased exerave
18 the rale

Faulty Disiribution of the Dist The fadure to hase the pauent ueing
globwy ineulin take & 3 to 1 At noucshment predieposes to hypoghceme
reactions before suppes The omuscion of bedtime noun<hment by the pa
yent taking profamsne zinc msula nereases the bikelihood of an me<slin
reaction before breakfast tsee Table 23} Didsved of reduced meals zee
predisposing causes of in<uhin reactions If the patient 15 taking regular 1n
subn before breakfast a reduced breakfast and a delwyed lunch would
operate 1n favor of an nsulin reaction as would a reduced lancheon and
delayed supper i the case of globim meulm therapy, and a reduced supper
and omission or reduction of the bedtime nourshment o the <ace of pro
tamne zine nsulin therapy Vonuting of food after insulin has been gnen
Jeaves the patient expased to a possibh smeubin reaction of the dabetes 15
controlled and f precrunionany measures are vot taken Sanafl fiqnd feed
gs may be permutted at one-hour intennals untid gheowna s noted or
of oral feeding 18 contramdicated glueose a 5 per eont wolation: w diatitled
water, may be sdministered slowly by vemn

Improper Tyming of lnsultn {ngectzan T'atients tahing both protamne
nine msubn and regular sneuhin before breakfodt are more hable to hace
an ineutm reaction sf the msudm 1 g en too long before breakfact lngec.
fion immediately before of not more than fifteen msmutes hefore breahfast
seduces s nick te a mmimum We never gne two daily doses of pro
tamune zine meulin, but i one dose 1 gnen before hreakfact and a second
1 given before supper the danger of 2 eaels marming hspoglycerma s i
tensifiert In same matances we give a small dose of globim mevhn before
appee wooddition to the larger mamtaiming dose before beeakfast Thie
practice, unless pgudly controfied prediposes to meubin reactsons in the
eatly morniag

Dierdocage of insulin, through error m measurement 4 ar uncommar
cause of hypoglycera When at does occur it s wsually ascoctated with
ane of the following (/3 tnscha admnteted by some one not {ully
framed i the techme, (b measunng wsufm of one strenpth (1 70) e a
syrnpe geaduated for anather {7 40). te) errers m making muxtures of
weulin, e g an erronenus tetersal of a 2t maviure of regular and pro
mme nne meubine would mtenaidy the protamne 2inc m<ulin action and
predipose ta 6 ypogheesna m the earh morming

Improved Toleronce for Carbokyidrate The witial contral of the diabe
tes with insuhin oe followed by a reducedd taeulin need m most cases This
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ymprovement may be measured in terms of a few to many unts Failing
to anticipate this improvement by reducing the msulin, as control of the
hyperglycemia 1s achreved, makes msulin reactions probeble This gain 1

1 15 noted m 1 d dhabetes but 1t 33 much more marked
when complications, notably infections, ketosts and toxenas, are brought
under control The reduced msulin need may be measured i hundreds of
units, and when suitable reductions are made msulin reactions are unlikely

Undernutruion Pabients who receive msulin and at the same tme are
on a weight reducing regimen may develop 1nsulin reactions as their weight
decreases Reduction of body weight has 2 profound influence in reducing
the need for insulm Tlus 1s true of a reduction as a planned therapy but
it also occurs m cases of malnutnition accompanying debilitating diseases
such as mal disorders and Iy with the that oc
curs with tuberculosis

The termination of pregnancy 1n most cases 19 accompanied by an
creased sensitivity to msulin As 1n the correction of obesity, the termina
hion of pregnancy reduces the total metabolism and predisposition to hypo-
glycemic reactions 1s increased as a result

Changing Site of Insulin Injection Insulin may be relatively neflectne
when 1njected into indurated areas or into msulin tumefactions but hypo
glycemic reactions may be precipitated without changng the dose but by
mjecting the msulin into Ioose subcutaneous tissues

Symptoms of Hypoglycemia The symptoms charactenzing varymng
degrees of severity of hypoglycemic reactions are as follows

Mid Reacnion Mild hypoglycemic reactions exhibit symptoms of a
stumulated sympathetic nervous system hunger, weakness, tremulousness
nervous bility mild 1 disturl headache, mild mental
confusion and depression, and a detached manner 1n answermg questions

Reaction of Moderate Severity As the more severe grades of hypogly
cemua develop disturbances m the central nervous system and psychatne

£ , excessive Pers with skin
cold and clammy to the touch, numbness of tongue, lips or buccal mucosa
cardiac palpitation difficulty 1n mental concentration, loss of memory
diplopia staring expression, blurning of vision, difficulty n walking, 1m
d 1 bility and di n
1

parred

Severe hypoglycemic nclude hung of muscles,

of unine and, 1n unusual caces,
transient hemiplegia  Protracted coma for hours or days even after the
Blood sugar 1s retored to normal may rarely occur Mental deterioration
15 a rare compl of prolonged severe hypogly states Fatslities
due to msulin reactrons are rare. They are most hkely to occur 1 debil
stated individuals with poor glycogen * Jeast Iikely in the robust
and muscular p * ample < 1
Hypoglycemc Teto,

ylm may not be ob
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wenied 1n the early stages Tley vccur most frequently between m dn ght
and breakfast t ne The yat ent may be found stuporous or m an uncon
#¢ bus state drencled watl per praton He may on the otfer hand feel
wekenrsngandia ea cloudover! smnd untlhedayeaten Head
ache 19 part cularly com non dursng an}ollow ng the correct on of 2 hypo
glycerm 2 due to protam ne 2 ne nsuln Al o retrogra le amues 3 18 com
mon fatents may go about ier dutes i a dazed manner far aryimg
per ods before attract ng attent on or before tak ng food and yer tt ey may
13 e no recolfect on of dr s ng home, of cros ng the street  of the
conelus an of an amportant meeting  or other happen ngs ma y of wh ¢h
catry the yoss ! Hy of gra e danger clagr <t mpr eonnent

Ttus of e Cors § M aped et yas F{ ber scloo room and p oe eded to
b homs cos ng se  al man horoughts e en rou s § was an un } ber mo her
D 81 wolfng herfood hs an mse n en ion was w pected Ugon ccovery
Y pa o had o reolec on of ba ng def be hoolmom o of fnfng b way
hatne Thapa eut x wow % colfege gradus ¢ snf tesch ng school

Pasen E. M an insursnce aalestnan bad no re olec on of wha occurred n a
trohour period du g wh b he drove bs au omob e unsccompaned fa 18 nuler
slong & bu y b ghway 8 ound traffc  fes o end by runnng oo 4 post. He was
found n 8 wea by Beld by & ¢ t sapers who on Sndng bs dabe i dent featwn
ad Idba orange juce & suptly of w B tey found n he pa en = au omob le
Tho poss b} eva eadng 1 s od o0 we 2 ¢ many Ths expt cu © was the resalt
ofans empt on he part of o carele pa et o halsnce » break g de restr  san
w han o erlose of asula.

Diagnosis A} story ndratng that the patent has d abetey and s
rece v ng s uln treatment ts belpful Ths nformat on 13 not always ob
ta nable and esenafitis the po bty of unconsc ousness re<ult ng from
uther causes mahes a carcful different al & agnos s 1 portant

‘The pat ent 1 an asul o react on 5 &y exh bit s g 4 rang ng fron st ght
tra g tory moments of confus on to con plete unco s ou e<s The mode
and tac of onsct of symytoms are smportant. Tie patent may appear
“queer  u £xed express on 13 common and conver<at on may be w thout
proper sequence He may bel are Y ke an anto sten He appears conlased
and 13 emot onally upset over tnvial matters or without apparent caue
1le 2 ay Lecome bo sterous and re. t cxam nat on an i trestment The on
et of unconserousne v before meatf ¢ rme sl ould nake one i pect { ypo-
gheen 2 whlo i t occurs between one and three Fours after 8 hearty
weal ¥ ypoglycem o 18 boss Lhely to be the cau e

Theve 14 usnally some palior of the <b o ot n general the patents
sppeasance 18 nop that of 8 person who has been 1 but that of one whe
has fsintel The shn s wet Beads of per pirst on &re comman on the
frdead sttiohar margn the face body an testremteos nre coli o
clanmy and 112 underclot) es re wet w th perep rat on The bady tem
frrature may be st phily below normal Tie pupl are lated e intra
ocular tens on 1mot & tarbed the pul ¢ rate v ad aneed w i} normal or

nereased force and the blood presure i ¢ ther normal or 2y frequently

o
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oceurs, 15 elevated It falls below normal only when the patient 13 13 ex
tremus The breathing 15 undisturbed Marks from the njection of msulm
are usually apparent on legs, arms or abdomen The tendon reflexes are
overactive and a Babmski sign may be elicated during but not 1mmeduately
after recovery from the reaction

The exanunation of the urine offers little of value 1n confirming the
diagnosis The absence of glycosunia 1s suggestive evidence, however, n
the case of an unconscious patient known to have diabetes and known to
take msuhn Furthermore the absence of glycosursa and ketonuria 1s defi
nite evidence agamst diabetic ketosis On the other hand, the patient whose
blood sugar goes quickly from a high to a low level may have sugar m the
bladder urine from a preceding hyperglycemic phase Sugar m the first
p btamned from the patient should not rule out the
possibility of a hypoglycerma After the bladder has been emptied, a second
specimen should contain no sugar 1n case of a hypoglycernia

A low blood sugar level, below 60 mg per 100 ce , 1s the most important
single evidence of an m<ulin reaction One mu<t make a diagnosis on ehm
cal evidence however, and begin treatment The patient’s welfare should
not be jeopardized by delaying therapy until the blood sugar concentra
tion 15 known

Differentral Diagnosis The most frequent causes of unconsciousness
likely to be confused with insulin reactions are alcoholism, diabetic coma
(ketosis) and intracramal lesions Trauma, poisontngs, epilepsy, uremd
syphilis of the central nervous system, and rarely, hyperinsulinism, malarra
and Addison s disease may simulate, 1n part, a hypoglycemiz due to an
overdose of msulin Night sweats of tubercul fe ph
diabetes are occasionally suggestive of, and may be confused with an
sulin reaction

Diabetic Coma (Retosis) The chief charactenistics of diabetic coma are
presented on page 226 and the characteristic climcal diflerences between
diabetic coma and an msubin reaction are presented m Table 30 In con
trast to the patient having an insulin reaction, the patient n coma {keto
si1s) has recened too Nitle msulin, there 13 marked deliydrazcon and a7
hunger (Russmaul breathing) with an odor of acetone on the breath, the
onset of symptoms 15 <low, at least eight to twelve hours, and 15 prtctdf:
by enoreva, thirst, polyunia and later vomuing, the pulse 18 weak an!
tapd and the blood pressure 1s subnormal, the tendon reflexes are dlmm‘
1shed and the plantar reflexes are normal, there 15 usually no twitching o!
the muscles or convulsons, glycosuria and acetonuria are present, “'";
15 often a complicating tufection n the hetotic patient 2nd finally the blubole
sugar level 15 above normal, the plasma acetone 13 promptly dt\l‘lf“ .
(cee p 227) and the carbon dioxide combining power of the Llood plasm

duced

* ;leth:re 1s any doubt whether one 13 dealing with dubetic coma (hetosis)
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or an inewhy reactton {hypoglycemia), the therapeutic tedt of grang gla
cose (dextrose), 20 cc of a $D per cent solution i deetilled water, sotss
venously, <hould be made This will do the Letotic patient no harm and 2
will restore the hypoglycerme indnadual 1o consciomeness m most cases
Intracraneal Lesians The more common intracramiaj Jesions that are
fikely to confuse one i makng the diag ) h hrom}

5

are

TABIF 30

A Conpagrsan av sue Custcar Bvornees oF v tsoruss avp Disarnc
Covta {heroue

HYPOCLYCLUI
Toa much msglin ar not | ot « nough msvha
enotigh food

A well person who b Sery il

DIBFTIE VOMA (RFFOSI)
Cause

Genocol apprarance

famted i

Rrenthing Narwal | Rapi tand d < {usr hunger)
Onwt Rapd (min stee) ISDw gt bt 12 hours
Uupger Great [y
Thirst Nom. Gr at
Lamuting Rasc  mnon

e Startng and pumds thishid Sankin
Dusturbet vision Diploptn and tiffieuits m Hannems

foctng
Headahe Common b it
Intraocubar tension Norna Drrrased
Skin et {mpecally Dreesd) Dy
Thcaura Noernal Debrdroted
Patee Full and rape Weak nnd rapit
At hunger Prowent
Blood pressure 1 vated or nurmul b pormol
Cardie pafutation Feequen At nt
Constipatson ong Prei ot
Muscular twitching Common At
Ners otavness Commn Alrnt
Babrmeks « ugn Common Absent
Complenting wfectoms | Abont Comawon
Abudstminal pinn Alsent Common
Unige supar § None after restu b anme v et
[ deenrd

Bliod sagae V¥ Lis nopnal Abone p gmat
Actorumna

Abunt Present

Hespotiae 1o tpcatment | Bapad {rmantes) aw (i)
and embals int corel ral vessels tumors and trouma A careful phyvaeat ex
amuination will reveal srgns of arterial disease, focshinng neuralogic sign<
or evnlence of trauma and there wilf be no marks of the meuln inyertion
The bload sugar level will be normat or maderately elesated and gheosusss
is common when there 14 njury to the baw of the brawn Thes veapuinen 10
due to stumnlation of the mmpathetre centers

Treatment of Ty pogh comua. The hypoglycemsa chould be correvted
withott delasy Mild resctions are readihy semedied by having the patent
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dnnk 2 glassful (240 cc) of orange juice, or take four or six glucose
lozenges (8 or 12 gm) Al patients taking wmsubin should carry these
lozenges or lumps of sugar with them Any sweets will serve the same pur
pose Cane sugar must be reduced to a monosacchanide before 1t 1s ab
sorbed, hence 15 soinewhat slower than glucose 1 correcting a hypogly
cemia Honey, molasses, syrup and hard candy are all effective but 1f not
available other carbohydrate foods may be given if the patient 15 shle
to take food by mouth Fruits, cereals, bread or erackers will correct mild
reactions Often 1t 15 only necessary to take a meal a trifle earhier than
usual and make surtable changes 1n the msulin dosage on the following day
There 15 danger 1n feeding an unconscious patient Atelectasis and preu
monia may result from the mhalation of food mto the lungs dunng this
procedure If there 1s no alternatne the ri<k 35 reduced if the patent s
held 1n a sitting posston and fed <lowly with a spoon Liquids <hould not
be poured 1nto the mouth of an unconscious patient One or two glucose
lozenges or, laching these, a lump of sugar placed between the cheeks and
teeth will dissolse slowly and be swallowed with little nisk
Dextrose 20 cc of a 50 per cent <olution 1n distilled water 1s guven in
trasenonsly without delay to the patient who 1s unconscious or having
comvulsions as a result of a hypoglycemia The recovery from unconscious
ness 1s prompt Offen consciousness 1s restored before the mtravenous in
Jection 1s completed Should this measure fail to restore conscrousness a
continuous mtravenous admmstration of a 10 per cent solution of glucose
{dextrose) 1n distilled water 15 begun This latter measure 13 Tarely necrs
sary but m instances in which enormous doses of nsulin are taken by
rmstake 1t may be Ife saving Consciousness having been restored intra
venous treatment 1s no longer necessary, but when the reaction 13 due 10
protamine zinc insulin 1t 15 @ good plan to gwve 10 or 20 gm of carbo
hydrate half hourly or hourly until the next meal 1s taken or until glyeo
suna 1 provoked In this manner one can prevent hypoglycemue reactions
due to protamine zme msulin which are apt to recur because of the con
tinued action of wmsulie after theie temparary correction A recurrence of
the reaction 15 not Iikely when the hypoglycemia follows overdosage with
regular insuln
*1f stenle ghucose 15 unobtaimable and of feedings by mouth are not prac
tical, carbohydrate 1 hqud form may be adminitered via 2 tube paseed
through one nasal passage and mto the stomach The withdrawal of flmd
which turns blue htmus red 1s proof that the tube 1s m the stomach end
not 1 a bronchus This precautionary test <hould always be made Reten
tion of food 1n the stomach may present absorption of carbohy drate henee
too much reliance should not be placed on oral or tube feedings if there s
not a prompt (within ten or fifteen minutes}, satisfactory elmical retponsg
The hypoglycemic individual absorbs considerable glucose it d“ ,,]a )
mimstered by rectum Twenty grams of glucose or corn syrup izeolt
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n b ounces of warm water and given by the Murphy drip or internuttent
methods have served well tn emergencies on several occasions when in
structions regarding treatment had to be given to the patient s relatnes by
I ng-ditance communication

Epinephrine (sdrenalin), 05 10 10 cc of a 1 1n 1000 <olution gnen
sulrcutancously, may cause a return of consciousness and allow foad to
be taken by mouth It operates by Liberating gluco<e from glycogen Little
effect can be expected from epinephrine in the emaciated patient or in the
tateent who has a severe reaction from protamine zinc insulin 1n which the
hepatic glycogen 13 heaaly drawn upon before symptoms of a hypogly
cemiz a] pear Epmeplirine 1s effectne i the well nounished patient and
when the hypoglyccmua 15 the result of an overdose of a rapidly acting 1
sulin The eflect of the epinephrine 1n any case 1s only transitory It <hout |
never be relied upon alone but should be supported by the administration
of food

Diabetic Identsfication Card Every diabetic patient taking in<ulin <hould
carry an appropriate identification card Such a card doul tess saved the
hves of at least two of our patients and sased onc patient from a sojourn
mn a pnson cell The cards employed at the Pennsyhanta Hospital carry the
following tnformation

1 HAYE DIABFTES AND TAKE INSULIN

It I am found Sl unconscious or behaving unnaturally
Place a candy of Jump of sugar between my checks and teeth o feed
‘me orange uice slowly
If not ymproved sn 15 nnutes
take or send me to a hospital of notify my phystcian

Ay name s

Adtres ‘Telephone

My physician 1s

Address Teleg hone
I'revention of Insulin It (Hypozl ). A

.
of an meulin reaction may Le prevented by reducing the insulm on the
day following a reaction and on succending days If the reaction occurs
Fefore breshfast the {rotanune zine snsulin shoull be reduced by 2 10 8
units, 1f 1t occurs before Junch the mormng dose of regular neulin 1s re-
sponaible and shoul 1} e reduced by 2 to 8 umts thereafter, if the reaction
oceurs in the late evening the deg of nsulin grven belsre super should
be reduced by & sumilr amount

Tt 33 1ot wiec to reduce the snculin docage without determining the cause
of the reaction S1oul] the hypoglycemit bne Icllowed unususl exerciee,
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an omulted meal or vomiting, no reduction 1s mdicated on the followng
day af normal conditions are restored

Insulin reactions may be prevented m the following ways

1 A small reduction of the mnsulin dosage, of 4 to 12 units, 1s made
when unusual and strenuous exercise 1s planned When the usual amount
of 1nsulin has been injected and extra exercise 1s taken 2 moderate addt
tion to the usual duel, such as a banana, a glass of milk or a glass of orange
juice, 15 advisable A regular daily plan of exercise, uniform 1n time and
amount, will reduce the hikehhood of reactions

2 In event of vormting the amount of msulin 13 reduced to one-half the
usual requirement if there 1s no glycosuria, keeping mn mind that even if
food 1s not ingested metabohism of the body tissues continues Rarely m
deed should a do<e be completely omutted, though this 1s a common (and
dangerous) practice Each specimen of urine 1s examined separately and
1f heavy glycosuna should occur more insulin 1s given This plan 1s also
adopted 1n case of diarrhea Close supervision of the diabetic patient who
1s vormting or has diarrhea 15 essential, as 1n one pauient they may cause
hypogly cemic reactions and m another ketosis In case of vomiting, food
by mouth should be stopped Nounshment sn the form of a 10 per cent
solution of glucose (dextrose) may be given by vein, one liter every exght
hours At least one liter of normal saline 1s indicated 1n each twenty four
hours, as are ammo acid preparations, n protracted cases Regular msuhn
1s gnen at six hour mtervals (p 220) In case of diarrhea, bland foods
and those which tend to cause constipation are allowed although mtra
venous therapy may be needed 1 severe cases

3 Appropriate reductions are made n the mnsulin dosage after the diabe
tes 1s brought under control A gain in carbohydrate and total food tol
erance occurs at this time and the need for insulin decreases proportion
ately A decrease of 4 to 8 umts a day until glycosuria occurs 1s a good
practice At this pomt a small increase 1n the amount of msulin gven will
usually suffice to adequately control the diabetes Greater reductions should
follow the reduction n body weight and eradication of ketosis, nfections
and toxema

4 Increasing the mnsulin too rapidly 1s a cause of reactions which 13
easily avorded The increases in the amount of wnsulin given should be
emall—2 or 4 umts daly—as control of the diabetes 1s approached

5 The timing and dictribution of the wsulin are arranged according 1o
the plan presented on page 141 It 1s especally important, when 2 "l"dl)l
acting nsulin and protamine zinc msulin are given before breakfast, tha
the meal be not delayed more than fifteen minutes after the nsulins are
admimstered The same 1s true of the evening meal if a dose of regular ‘;‘
sulin 1s gnen before the meal This precaution 1s necessary because of l],:
presence of a combmed action of protamine zine insulin and regular sl
at the end of a considerable period without food
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6 The tikelihood that seactions will oceur hefore lunch 1s seduced, sn
the patient susceptible to reacttans, by taking part of the Junch—the frun
of mulk—at 10 30 or 11 &y Mimslarly the hkehhood of early morning
fiypoglycemic reactrons 18 greatly reduced by taking food at bedtime fsee
p 180}, When globun weufin 15 employed, a milk and a bread exchange,
deducted from the breakfast, and tahen st 3 £ 31, ands in preventing late
afternoon seactions

7. A small reduction—3 to 12 unsts—of the msultn dowage when the
pateent 13 drecharged from the hospital 15 a wie precaviion o offcet the
effect which the increased exercise has in precipitating low blood sugar
Sevels

Allergse Reactions to Insulin

Local reactions about the site of the wmsulin ngectson, behieved to be
allergic, are mangfested by swelling sedness, drscomfort and wchung They
are common when protamine zinc imsulin 15 used sad unusual when the
rapidly aching msulms or globin msubin are gives Swollen and wdurat
areas abaut aa inch ot en inch and a half 1n dismeter appear and bevome
hiot and tendes These loeal zeactions fiast apprar from tno 10 twehe hours
afier the anjection 13 gnen The reaction 1« at sts height from erghteen to
twenty-four hours, after which the wflammatory reaction and the suetling
gradustly subside untrl there s 5o trace of them wn three or four dsys In
the sensitie patient, there may be three or four of these “axeas” in the
vanous stages of progresaon and regresuon at one fime  Fortunateh
within three or four weeks desenutization vsaally occurs sportaseauely

1t 19 rare to enconnter a patent allergic to msulin proten sl rden
tified by noting allergic renctions to all forms of meubn Allerpic senn
sty to the speesfic snmmal protein 15 comewhat mure frequent and
wdentshied, 2y an example, when sehief ollows the change from mebin of
pork ongin to that made from beef * The most commen of ail sllergic
manfestations to snsuhn therapy are avociaied with weantends to pro
tamine zinc ansubn—alleviated spontancousls m st cases end an the
prosistent cases, by changeg to glabea wmealin The addition of projamne
—having we antigenic propertics—to snaulin  a true antigen— 4 beheved
ta create o hagher mneudence of seamtnty to esshin then when wmeuhn
alone 13 jrcted mato wmdiniduals haveng o detectalle senutints to pro
tamine solution thern and Langaer) * Resumption of snsulin therpy after
o fapae of weeks to years a8 followed in 2 week 1o ten dave fn svatemie re
ections urtieana ewelling of face and exttemutiea o snme patent< having
an allerpee senviticty to snsuhn

Be recrystallining suised beel and pork mnsalin several tmes Jogeat®

* Incohin available commerceally 1s of pork an ! beel trpse D) atigin nish the exrep-
tion of the Sharp & Pohme predors which 13 of beef ongm. bref mal &« aratable
on rrquent from Flr Ll & Cimpany Reenatsunt eulit 10 vot commernali
aralible tn thes country 8 yet
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was successful i retainng the activity of the msulin while elminating
impurities which were considered to be the causes of the allerge reactions

It 15 rare to find a patient allergic to globm msulin but if sensitivity to
the msulin protemn 1s present-—an uncommon occurrence—it is to be ex
pected that allergic response will follow the mjection of msulin of any
brand or source

Treatment for Allergic Reactions to Insultn, 1 It may be prac-
ticable to omit isubn This 15 always the case in the obese patient with
unicomplicated diabetes Control of the diabetes by appropriate restriction
m diet and reductrion n werght will avord untoward allergre reactrons from
msulin It must be assumed, however, that every drabetic patient will sooner
or later develop acute comphications and will need nsulin temporanly It
15 therefore of great importance to cleatly establish hus allergie status and
determme which nsulin, if any, he can take without nisk of severe allergic
reactions If he has an allergic <ensitnty to all insulins desensitization 13
recommended, after which msulm 1s guen with suffictent frequency to
avord a return of his sensitisaty In the case of the obece diabetic one njec
tion per week will suffice, whereas daily mjections will be needed for
therapy 1n the thin diabetics

2 No special treatment 1s needed for the common locsl reactions which
subside spontaneously after a few wecks of continued :nsulin therapy

3 Allergse reactions to protammne zinc nsuln of sufficient severity to
warrant more vigorous action usually subside by changing from protamine
zinc msulin to globin msulin Changing of the commercial brand of msuln
—from one lot of insulin to another or from the product of one pharma
ceutical company to that of another—has been bencficial on some occd
sions This 1s attributable in most cases to changing the ammal source of
msulin

Generalized urticaria or constitutional reactions, especrally edema of the
face and mucous membranes dyspnea, prostration gastro mtestinal symp
toms and stiffness of joint= following mstlin ad are
but pre<ent a genume problem when they occur

These reactions as well as the persistence of severe lacal reacts
treated as follows 05

a Epinephrine hydrochlonide (adrenalin) 1 1000, subcutaneously,
oo $or om aduht wnd 02 ue for a chnkd Tho dose 1 sepeated as feequentl:
as every half hour depending upon the <eventty of the reaction In eﬂrtlmc
emergencies epmephrine may be given mtravenoucly but at @ rery siokt
rate and 1n doses of 03 to 05 cc

b Ephedrme sulfate 15 gnen by mouth 25 mg (% gr) for th .
and 8 mg (14 gr) for the child, at four hour ntervals until improyvemen!
occurs

¢ One of the antihistamine drugs 15 gren orally at
until relief 1s secared and maintamed

ons are

e adalt

four hour mtenald
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Rapid desenutization 1s indicated when the reaction tn each of the avail
abfe snsufins 18 severe in @ person who muct hase insultn The patient may
hase a severe mnfection or be n a <tate of precoma, or coma In either
case de<ensihization to allergic Teactions to in<uln may be life saving We
have given sul of minute q of regular maulin
atten to twenly nunute mtenal- Increases are made from the wnitial dose
of Ypoo of a umt to 1540 10 50 and g0 on, doubling the dose for each
suceesstre anjection untl it reaches 1 umt 1 no sigmficant local reaction
develops when this amount 1s given, therapeutic amounts are administered
1o control the dal etea In thts program of desen<ilization the anticipated
increase 1s delayed and the same dose repeated 1n the esent that an unto
ward Iocal reaction develops The deseninization to regular insulin 13 ree
ommended because 1t 1s this brand of m<ulin that 1s uced in the event of
acute complicationa It 19 1mportant that ne interruption in ansulin therapy
hie permitted following de<enaitization, in this manner reducing to a mm
mum the return of hypersenutivaty to ansulin

Hlustrative Case Report B € male aged sty five years, with onwet of disbetes
1 Oclober 1939 took tmsuln from Januery unul March, 190 la Augus 1910
wsalin was resume | because of @ pmall catbuncle After mnc days the patient de
seloped urticaria an 1 his face Legan to swell ecpectally 1 lower Lp and under his
€3cs 1le was found by wntrscutancous tests, 1o be scnatne 1o all available tseven)
brands of insulin Hle was rapiily and suceessfally desesitized with regular osulin
Legimniog with 1/500 of & urut in distilled water anf doubhing the dose at ten
minute mtervals except when a defnute wheal forme in which event no increase
%as made when the next imection was gnen This program was conninued unn}
within Uree hours, 1t was pocuble to grve 1 umit sul cutancoudy A dowe of 5 umts
was tlen prven suhcatancously without 11l effect

Fat Dystrophies

Tnsulin Tumefnetions. Local pamless, indurated areas of fat hyper
trojhy somelimes occur where insulin 13 injected in the «ame arca over
ling jretiode The swelling 1« * rul bery™ to palpation and the shin 13 ad
lierent to the subcutancous tissue Not mnfrequently the overlying <kin 1a
pecaliarly insenatine to pain For this reason patients especially clnldeen
wish to have the meulin injected 1mto this arer but as the induration m
tetferes with aberrption of the meulin, this 1+ a lad practice

Treatment consists of changing the <ite of injection yn <uch a manner
that one site will not be used & second time 1 any fortnight The swelling
gradually subades Injections <[ ineubin ehewhere with s more rapid al-
sorplion may precrpitate hypoglycenne reactions unless suitable adjust
ments 1n the dosage are made

Fat Atrophy Due to Insulin. Concave depreesions i the cutancous
conlour due to atrophy of subcutincous fat and appeaning in areae nto
which tnsulin has been jected over relatisely Ling periods—several weels
tr several years—are net uncommon in child diabetics of both seves and
of adult females—usually under thirts years of age (Fig 20) The comds
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tion 1s not common m the adult male diabetic population Fat atrophy 1
areas remote from the myected area has been reparted

The cause of the fat arophy at the sute of the msulin njection 1s un
known beyonad the fact that 1t 15 related to nsuln therapy Many theonies
have been put fornard wn explanation of its cause—faulty technic of ad
mumistration of insulin, impunties 1 the aleohol ueed for cleansing and
sterihzing purposes, the preservative m msulin, local metabolic Teactions
the low temperature of insulin when njected, local injury and androgen
wsufficiency The sex and age occurrence suggests that the androgens may

Il
w
‘

)

fat 1 Jorations
Fig 20 Fat Atroply Concave pitung of the skin due 1o atrap)y of

used for 1yecting refrigerated 1nsulin (Patient JH) This disfigurement g:uvw:;e
1n three months when ineulin at room temperature was used and without changing
site of imjectron

have a protective effect aganst this disorder On the other hand, the paumy1
of subcutaneous fat 1n the adult male may be a factor The conditton limt
restricted to nsulin therapy, as repeated injections of priaitrin i the ? :-;
ment for diabetes msipidus are known to have caused st Varymg of !t
sites of the 1njection has been recommended as a preventive measute ‘:
our expenience no local lipodystrophy has occurred as long as |};cdn;;\: lic
injected 15 at room temperature In fact, this simple measure has le
correction of the deformity without altering the site of u-uecmmsme e

This disfiguting but harmless condition 1s corrected by w‘ury;:lg'm'd po
of 1nyection of wsulin m such a manner that a site will m;lt hch“ o
injection twice 1 any fortmght The mjection of msulin whic
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allowed to reach room temperature 13 the most effective preventnne measure
The pitting dwappears slowly, requinng from two to four months and
rarely one to two years to subside completely

Insulin Edema

A flling-out of the face, gising 1t a waxy appearance, smooth and frer
from wnnkling with a reduction of facial expression, 13 seen 10 some
patients following the rapid control of a severe diabetes with snculin An
imbalance n the osmolic_pressure between crrculatory and tissue fuids
caused by withdrawal of glucose froms the blood t« believed to be re
sponsible These patients are usually, but not always, young females One
patient had not only the * meulin facies” but extensne edema of s ex
tremittes and disturbance of v1sion ss well during the firet few weehs he
recenved insuln This patient had a complicating xanthoma diabeticorum
with 2 blood cholesterol of 1666 mg per 100 cc and a <evere dishetes The
water retention probably was exaggerated by the high carbohydrate diet
which was allowed

Ordinanly no special treatment 1s necessary for this “insulin edema
thaugh 1n the case referred to above the edema was so extensne that the
salt was withdrawn from the patient’s diet and for a few das< he was
gnen ammonium chlonde, 13 gm (grams 20), three trmes daly It 10
well to imedsgate the kidney function of any diabetic who has demon
strable edema, which 1s one of the fing signs of an pillary
glomerulonephrius (Rimmelstiel Walson's disence) (sec p 197)

Presbyopia Due to Insuln

A transent preshy opia occurs in a considerable number of patients when
they recerve meulin for the first time This disturbance 15 attnibuted to 2
reduced elastierty of the lens and 1s probally the consequence of a dis
turbance of the adjusted osmotic pressure in the tissue of the lens and air
culating flutds The re<ult 1« diffieulty m focustng viann on nearby olfects
The changes are lalateral The degree of change usualls amounts to about
2 diopters but 1n the young patients, 1n whom the conditron 1« moat troubfe-
some, changes of § diupters are sometimes observed This disturbing com
phication has occurred 1n my expenience for the mast part i young adult
patients, whereas Walder states “This disturbance 100 vision 1« much more
marked 1n andisiduals who are approaching the age of natural presbyopia
and whose Ieners. Lecause of age, bave already Tost elashiests

Tius disturbance 1« entirely apart from hypoglycemic reactions and for
tunately after 1wo 1o four werks of 1he preshivopia precip
by insuln therapy, disappears entirely

The patient should be aduised that the disturl ance 1« temporars. Glises
putchased at such a time, though satisfactory during the penind of prese
Yyopia, woull gradually become unantalle with the setoration of the
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normal osmotic equilibrium between the lens and ocular fluids Evamna
tions preparatory to prescribing for glasses should be delayed until at least
sit weeks have elapsed subsequent to control of the diabetes The tem
porary derang will have d ed by tlus ime In solated
stances 1t may be desirable to overcome this disturbance m vision from the
beginning of treatment by securing suitable lenses for temporary use

Insulin Therapy as a Social Problem

All chuld diabetics need msulin and special consideration of their diets
These factors tend to make them different from normal children Children
resent “being different” more than do adults The adjustment problem 15
a great one It will requise sympathetic understanding on the part of the
doctor »f the young patient’s confidence 1s obtained to a degree which
makes 1t more satisfymg to the patient to heed hts advice and dernve the
full benefits of treatment than 1t 1s to * follow the crowd ” This 15 a real test
for the doctor It 15 a real test for the patient Thus feature 13 dealt with
more detal 1n Chapter \I\

Diabetic patients have a higher than average intellect, yet 1f 1t 1s known
by a prospectne employer that the candidate for a position has diabetes
and uses insulin, the chances of employment are seduced 1f not elimnated
The increasing number of diabetic patients intensfies tlis problem on &
national and 1nternational scale

The diabetic who has a hypoglycemic reaction in public 13 suspected of
bemg intoxicated 1f, by chance, he has the odor of alcohol on his breath
during a hypoglycemic reaction, he may be subjected to the mdigmities
attending arrest and to the danger of us umdentified hypoglycemta while
awmting a hearmg One patient, because of lus behavior mn a restaurant
where he sought reltef from a hypoglycemic reaction, was considered to
be drunk and was thrown out bodily The encounter with a police officer
which followed, ended happily when the patrent produced a diabetic 1den
tificatton card hoold

Disbetic patients taking more than 20 umits of nsulin daily shoul
not engage 1n occupations that expose them to power driven machinery or
that entail the drning of an automobile The patient taking large “"‘"““]“
of msulm, who drives a private automobile, 15 cautioned that he shou?
take extra food before doing so, cspecially 1f he does so just hefore meal
time a of

The soaal problem which diabetes presents 1s 2 big one, an ]"f"c In
many vaneties, concernmg all ages, occupations and all walks of hfe -
the treatment of diabetic patients a igh degree of indnvrdualization l!h :
rule The aims should be (a) to control the diabetes adequately wit o::‘
making the program so mfleuble, or so exaching that to lf]oﬂb‘:] lz"fmc
hardly be expected, (b) to adopt effective safeguards agamst hypogh o
reactions—to mamtain a high standard of health 1n general and to un:
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stand the sndniduals socal problem and gwide im in such a mancer
that in doing what gives him greatesy sanisfaction be sl mrlude the mets
ures best suited 1o cope with hus diabetes and hus social adjuatment

Insultn Resstance of Warked Degree

Barning acute complications of dialetes severe degrees of idiopathi
tesstance to nsulin are uncammon and thewr cause 13 unknown One of
our patents (JG) had an isulin need 1 1937 which altered 10 a
rhythnuie fashion between 100 and 2500 unts dady for many months The
only apparent compl factor was a cholelith with po acute man
fe<tations No abruj t change followed the cholecystectomy but over seteral
manths which followed, the need for m=ulin decreaced gradually and when
last seen 1n August, 1930, her diabctes was controlled by 176 units daily

Great increases 1n the reustance to msulin ave common duting (a) acule
complications. notably nfeclions, hetous, acute diceminated pancreatitis,
and ly during acute p hymal discase of the lLiver, and (b)
chrontc complications, especially the following aliergic manifectatic s
dhecase of the adrenal and pitwstary glands and hemothromatoas

Unknown Disorders. It 13 the insulin rewstance that elcvates the daily
need 1o extremely lasge doses—many hundreds of units—without any ap
parent cause that 13 the mystery These cases ate rare 1n contrast to the
common orcurrence of nsulin resitance, 0 etcess of 200 unts daiky, vc
curring duning acute complications

Cauges of Inaulin Resstance. When due to acute complications the
insulin resistance rapidly subsides wsth control snd corrrction of the pre
eipitating condition, whereas insulin resistance due to undetectat le causces
tends to subude spontancously hut gradually over periods of monthe or
years There 1s an occasonal exception to this rule Smelo' reports a pa
tient who required 700 1o £00 umts dwly five and one half years alter the
ol of the seulin Tesitance Our pabent (3G ) tahes 176 units after
three and one halt years

In view of the fact that the underfying disturbance in the physwhgy of
these chrome cases, without obvions complication, 1s entirely speculatine
2 tevicw of the sul ject here 1s net consulered appropriate It wwffices to
place our suspicion on aberrations in the cellular enzyme system. Hor
manal disturt ances ate known to increate the necd for meulin fur it 16
dsul tlal of thas explvine such cases as that referred to alove, 1n wiich on
careful evaluation no xuch disturhance was detected

It baa fren auggestcd that the sneulin 10 excreted n the urime [f 2o,
Wiy not 10 an actne form, as the injechion 1nto 3 mouse of apprecial le
quantitics of such & patient s unine after a huge mjection of snsulin has no
bapaglycemic effect

Treatment of lysulin Resiatance, 1 Acute complicatione are d
with as outhned an Chapter \VI
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2 Insulin 1s grven in sufficient amounts and with sufficient frequency to
avard ketosis When no cause 1s detected 1t may be necessary to treat these
palients 1dentically as one would treat them for an acute comphcation It
was necessary, n the case of J G., 1o give regular 1nsulin m doses as high
as 475 umts every four hours day and mght over a prolonged period
Attempts to gve fewer doses or smaller amounts resulted 1n the prompt
appearance of ketosis The ultimate favorable outcome, as illustrated by
this case, 15 the rule

INSTRUCTION OF THE PATIENT

Patients will benefit from a general knowledge of diabetes They will
find a regular source of wmformation written especially for them 1n The
Forecast,” a b hly publication Patients d 1n this subject are
bkely to abandon treatment and believe themselves cured All who treat
drabetic patients have seen those who come for help because of failing
vision, or peripheral vascular disease, or degenerative disease of the kid
neys and who give a hstory of diabetes of which they beleved themselves
cured years previously We are not certain that diabetes 15 ever cured and
1n any case, 1f 1t 15, the mirequency of this occurrence 1s such as to make
1t of no practicable 1mportance except to that rave indrvidual who 18 m
volved We hold out no hope of a cure from means now at hand but do try
to dispel the fears that many patients have, fears born of a background
of all the worst cases they have occasion to remember We owe 1t to these
worried patients promptly to point out the companson of the outlook for
drabetic patients n the present with that of the pre msuhun eras

A few days are spent n the hospital for the purpose of controlling the
diabetes and 1nstructing the patient However, ths 3s but an introduction
to a Lifetime study and trammg The instruction deals with

1 General knowledge of dialetes
2 Causes of the symptoms of diabetes

Hunger

Thirst

Lo s of weight

Polyurix

Weakness
3 Sugar 1 the urine

Source and amount

Relation to blood sugar

Tests for sugar in the urne

What urine spectmens to test

Is sugar 1 the urine always an nd cation of diabetes?
4 The blood sugar

Normal values

hy blood sugar determimations are necessary

;(ya]ﬂygc o Blood sugar saluss 1 untrested diabetes and in contralled disbeles
§ Diet prescniption

Protemn fat carbohydrate and total calories
* Publ shed by the American D abetes Association Inc 11 West 42nd St

York 18 N Y

Teew
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et meau from diet prescription
“election and preparation of loods
Messuring of foods
Wetghing of foods—rarely neceseary
utribution of diet
7 Exercie
Effect on patent s werght
Filrct on blood sugar
Effect on need for tsulin
Adya tment of dict and insuhin needs because of etercie
8 Inauln
Necl for insul n an{ dosage
Commercial brands an! their 1 fentification
A lminsstration
“terthzatron and maintenance of ¢ wipment
Mezwurement snl mising when 10 lieste {
e of mpection
Timung of injection
9 lnwha reachions (Hypoglycemia}
Detnition
Symptoms
Treatment
Cause ani prevention
Times that reactions are most hkely to occur
10 Changen 1n bady weight an | diabetes
Lovs of wewglt in treatment for drabetes
Loss of weigtt n ntreated diabetic patient
Cun in weight
11 hat 1o do in case of vnretame t food—vomung or darrhes an in case of
com Iete Joss of appetite with mversion to food
12 Infections ani dialetes
Suger in unine
Blnd sugar
Retous (coma)
That 10 do in caw ol infcction
13 Duabette coma {ketous}
Defimition
Caysed
Presentin
What 1o do af Letosis 1 suspeeted
13 Care of the feet
1% Surgery and diahetes
16 Misbehiefe—enprerally about the out
ani jnsukin addiction

Lo ko ineuhn subatitutes there are mons—

patrent will carry oaee for weels and

1
This tramng of the diateie pabient wil K73 0 A

manths but Ix fore discharge from
understand
1 The prepatation

u he diet
e e o tvautin be » recrming the d e be bl

{ahe, the litie of the ingection and how and where to sdminnter the jnesln
3 The merantonne of an meslin Feaction and how #0 correet thens
e e sugar and 10 Lnow Wbl specumen s uld

o to

be tested

e Y
measyring or weighing an €3 this 14 necewary,
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5 How to keep an up to date record indicating dates, diet, wnsulin dos
age and results of the tests for sugar in the unne

Exercise. Physical exercise, judictously employed by patients who have
no d g d 1 of ble value tn the treatment
for disbetes It improves the total food and carbohydrate tolerance and
reduces the need for nsulin In the oserwerght patient having a mild diabe
tes exercise has two beneficral effects, (a) an msulin Iike action 1n reducing
the blood sugar level and (b) the reduction of body werght which reduces
the need for insulin Hence, the patient quckly learns that glycosursa tends
to occur when he 15 phy«tcally nactive and that 1t subsides when he s
active

In untreated undernourished patients having severe dabetes exercise
15 not helpful but actually accentuates the wasting processes characteristic
of this disease and the blood sugar level 1s increased instead of lowered
But, evercise becomes a helpful nstead of a harmfol agent 1n these cases
when the diabetes 15 adequately treated wath diet and msulin Its blood
sugar lowermng effect 1s restored and all the advantages that accrue as the
result of a good physical condition are added The decrease mn the need
for 1msultn followtng discharge from the hospital 18 largely due to the
effect of exercice, an effect which 1s anticrpated by a modest reduction 1
the nsulin

Exercise as an instrument of therapy 1s best used by having the patient
remamn relatvely active during the amihal period of hospitatization—by
making active exercise a daily routine and one of umform extent and regu
laraty of tume as far as prachicabihity will permat An ordinary amount of
exercise should never be curtailed 1n the well treated diabetic unless some
complication dictates otherwise Exercise producing undue fangue 1s un
destrable, however It will not always be possible to regulate the amount
of exercise from day to day, hence the mmportance of teaching patients that
increaced exeraise will have an effect similar to added insuln and that
omtssion of exercise will have the opposite effect They are mstructed that
exercise during that time of day when they are most likely to have hypo
glycemic reactions (see Table 23) will merease this risk Meals following
snereased exerciee should not be deliyed A reduction m the amount of
insulin given prior to mncreased evercise 1s frequently advised Panents
learn from expertence what reductian serves best to prevent an sl re-
action on one hand or glycosuria on the other The dose that 19 10 be
reduced will depend upon the time of day that the extra exercise 18 taken
For instance, the pahent who takes protamine znc msulin and regulas
tnsulin before breakiast and who elects to play tennis before lunck reduces
the regular snsulin by 6 to 12 units and does not delay hus lencheon If ;n
the other hand he or she spends the evening roller skating ot dan¢ing 1he
reduction should be from the protamune zine snsulin and the bedtme nout
1shment might be mcreased but under no circumstances omitted The pa
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tient taking & dose each of protamine 2inc insulin and globin snualin before
breakfact and who plans to undertake extra exercie duning the afternoon
nay safely reduce the globin snsulin, the amount being judged by expert
ence actording to the amount of exercise Extra food at lunch and/or an
increased 3 3t nounshment would reduce the need for a smaller dose of
msulin.

In the case of 8 sevete diabetes yequining a dowe of regular ineulin before
supper, as well as regular and protamine 2ine insulins before breakfast,
the reduction 14 from the dose of msulin taken befote supper m the exent
of extra exerriee 1w the evening

Adjudtments counteracting the hypoglycerme efiects of cxtra exercise
are hest made by increased food intake for patients taking insulin mextures,
an the mixtures do not fend themarhies to as accurate predichions as when
the 1nsulins are injected neparately In these cases 1t 1s & good prsctice to
1ake an apple, or an extra glass of milk and 5 sods crackers, or a banana
at the meal preceding the exercice, or this nourishment can be taken ad
santagrously just Defore or, less favorably, duning the exercise, and the
meal subsequent to the exerciee should not be delayed

Profound bypoglycemic seactions are bkely 1f these meacures are 1z
nored by patients 1aking large amounts of meulin

Care of the Shin. With good eontral of the dialrtes theee patients are
nn more subject to disorders of the skin than sre nondiabebe ndisaduale
Emphasis 14, however, ginen to the need for good hy grenn—plenty of soap
and water daily and meticulous attention to the cleanlineas of underclothing
The male subject 18 adviced against having barbers shave the baek of lus
nech beeause 1t e belienesd that this practice inereases the neidence of
furunculc sie and of cartuncies Two patients seen recently had carbuncles
- one an the bick of the neck and one on the salp Each was due 10
Sty hyfococcus aureus organtems which were compielely resistant to pent
allin—clnically and 1y Iihovatory testing Though the antibtotie therapes
have proved of unmenss vslue sn coping with the<e complications we still
conader them among the serious dangers to the diabetic

Care of the Teeth. Thotough cleansing of the teeth with an ammont
strd dental punder sftee each meal and at bedume will go far 1n counter
a ting the prediposiion which diabetic patients have to the deselopment
of dental cavaties and ginginitis Proper nutnition is also important in thie
respect A dents] suniey, every st months, 1s recommended

Care of the Feel. The impovetishment of the eirculshion in the feet of
thabetic patienis who are padt middie age 18 80 common that special care
of the fert 1 necewsary to prevent complications, partieulatly gangrene In
adbition to the control of the diahetrs presentive messures inelode

A toat hygiene

B Avcitines of injuey

+ (- Callus formation and corns—coreretion and § revention
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D Epidermophytosis—prevention and treatment

E Special measures

A Foot Hygiene 1 Take a warm (never hot) foot bath each evening
Dry feet gently but thoroughly and especially between the toes 1ith 2
soft absorptive towel

2 Anoint the feet with toilet lanoln after bathing once to three tumes
weekly sufficient to keep the shin soft Substitute rubbing alcohol for tie
lanol if the skin becomes too soft

3 Cut the toenasls straight across even with the ends of the toes—nexer
short and never cut back at the sides

4 Once weekly the feet should be powdered—with taleum or 1f there

18 a predil to epidermophyt a film of § dal foot powder 1s
rubbed 1n gently and some 1s carefully dispersed between the toes The
for eprd phytosis 1s d d on page 194

B Atod injury 10 the toes and feet 1 Exercise care mn cutting the pails

2 Wear comfortably fiting shoes made of soft leather

3 Never place the foat on the floor except 1n a shoe or shipper

4 Use care in the treatment for corns and calluses

5 Never apply hot water bottles heatng pads or other external heating
appliances to the feet

6 Avod irrtating med to the feet especially 10dine phenol
and proprietary preparations for removing corns and calluses

7 Prevent and correct epidermophytosis

8 Avoid hose with raised seams

9 Break mn new shoes very gradually—one hour daily at first

Corrective measures deal ng with {C} Calluses and Corns (D) Epider
mophytosis and (E) Special Measures—Buerger s exercises passive vas
cular exercise lLigation of vemns and the immersion of hands and arms 1n
hot water~—for improving circulation of the feet 11ll be dealt with m the
prevention of gangrene page 189

Cautiomng of Patients Agamst Unsubstantiated Clasms Patients
with diabetes are prone to scrutimize news releases on medical subjects m
the hope for some advance in the treatment for diabetes Patients are cau
tioned aganst p 1 on the part of the onig
1nal author but usually on the part of the press Also claims made by
manufacturers of proprietary products often lach substantiation In one
instance honey was expounded as having curatwve value for the duabetic
Special brews of one kind or another crop up from time to time for whict
great claims are made but which to date have not benefited diabetic sub

jects.
Patients may need to be renunded that they have an adequate diet and
with 1nsul n the diabetes can be controlled even under the mo t adverte
concrete meas hand they can afford to

circumstances With !
y chance one of these

wait for the com of new <
s
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i

urns « ut as one might hope for nothing has been ot Fusthermore, dan

gers falee hopes expense and ditappaimntments will hase been avoided
The great deaire for a semedy that will be effective when taken orally

16 rauly understood [fowever, e yet there is no substitute for ynsulin and

nsuhn 19 not effectize when taken by mouth
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cnarrer XV

Complications of Diabetes

INTRODUCTION

Chrome , notably deg ve disturb of the vascular

and nervous systems and of the kidneys, present problems of a nature
quile different from those of acute complications They cause no apprect
able change 1n the <everity of the diabetes The real problem 1s that these
chronic complications ate common and that once established they tend
to progress, and 1t 1s they, and not the diabetes per se, that incapacuate
and threaten life The measures recommended 1n dealing with these chrome
degeneratise dicorders pertain to good control of the digbetes month after
month and year after year, to smtable changes i diet, and to preventive
and correctne procedures that may be wdicated 1 the ndividusl case
These features are dealt with under their respectise headings elsewhere
this chapter

Nondegenerauve disorders of a chronrc nature which complicate diabe
tes gre, m general, treated as in the nondiabetic with approprate adjust
ments to msure adequate control of the diabetes

Every diabetic patrent will have an acute complication sooner or later
Whether 1t 1s an acute appendicitis, tonsilliss, carbuncle or other acufe
disturbance, the treatment that 1s <atisfactory under usual conditions ab
ruptly becomes madequate The blood sugar ncreases mn concentration
above normal and large amounts of sugar are lost 1 the urme The an
orexia so common during acute febrile episodes may lead the uminformed
to omit 1nsulin at such times This mistake may lead to grave dangers

Too much emphasis cannot be put on, first, the unfavorable effect which
most 2cute complications have on the diabetes Even the patient who ords
narily does not need wmsuhn may suddenly—within a matter of hours—
present the ndications for emergency insulin therapy A good illustration
of thus 13 the obe<e disbetic patient, E D, a synopeis of whose case record
15 presented on page 236 This patient with a muld diabetes developed
dizbetic coma durmg an acute infection and was i 2 pertlous condition
requiring 1750 umts of ansultn 1 the first wenty Jour hours of treatment
The second feature of acute complications 1s also illustrated by this case
namely, that as the acute complication subsides the seventy of the diabetes
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15 reduced and, 1 this case, sabisfactory eontrol of the disorder was mam
tained without insulin Thirdly, good controt of the diabetes 1 an 1mpor
tant ail 1n overcoming the acute complication and st makes complete re
turn to the §recomphication status of the diabetes move certain than f
the dishetes 15 allowed 1o remsin out of hand during the acute epreode
Fourthly, the ease with which even the modt severe case of duabetes can
be controlfed duning these trying periods 18 to he emphauzed

1t 1s not true that the diabetes cannot be controlled during acute com
thications 1t 15 not true that pose control of the diabeles does not alter
the outloak 1n an unfasorable manner 1113 not true that diabetic patients
ate untavorable riks nor that they respand less well than nondishetic pa
tients to sulfa or antil otic therapy Hecognizing these principles the phys
cian who 19 familiar with the need to alter the diet and its distrsbution and
to adjust the 1nsulin therapy, as the indications for these changes will arne
will tide the diabetic patient through acute erises with very httle 1f any
more i<k than of the patient were net diabetic.

An illustrative case 10 presented on jage 209, depicting the methods of
therapy employed at the Peaneylvama Hospital Separate sections are des
voted 1) the prol lems presentrd by other comphcations of an acute na
ture, notally pregmancy, infections surgical oonditions and diabetic
coma

CURONIC COMPEICATIONS

1 Degenerative ¥ ascular Lesions

Theee distinet at nanmalities, usually grouped undes the hea ling of ar
terioselerasia are expreially common in the dialetic populatin -nd appear
at an eather age than i nondual Thee are (a)
sentially 8 diwase of the intuma  {b) enleificanion of the arterial scalls
(Monckeberg s sclerosis) and {c) artersolarselerosts ANl grades of imahe
ment {rom nunmal 1o extenave changes of an advanced nalurr are seen
Theee thres suleategories of 1 are

J dent of
rach other  any one may cerur singhy or they m:y be comt l:n'd m the
same patient {fowevet, whatever underlying processes are st work, all
three age commonly assotiated with diabetes and especially diabetes that
has nct bren well treated and 19 of Jong duration These changes are apt
to aj peat at an early age—in the twenties—and far outstrip 1 progres
sveness nnular changes seen n ol ler nondishetie imdmduale The earh
Mot the apred with which the deprnersine procears progress and the
advanced degree of the degenerative changes 1n the disbetie patient are 1n
contrast with th e later oneet, the shiw pre prese, and the lesser degree of the
same dise rdet 1 nondiabetie sndividuale,

The wetlencr of advanced and 1erapacitating astenisl disease 30
creaung at an alazming rate This increase 1 attrib uted 1o the prolangmd
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Complications of Diabetes

INTRODUCTION

Chromc pl: notably d e disturk of the vascular
and nervous systems and of the hidneys, present problems of a nature
quite different from those of acute complications They cause no apprec:
able change 1o the severity of the diabetes The real problem 1s that these
chrome complications are common and that once established they tend
to progress, and it 1s they, and not the diabetes per se, that incapacitate
and threaten Life The measures recommended 1n dealing with these chronic
degenerative disorders pertain to good control of the diabetes month after
month and year after year, to suitable changes m duet, and to preventne
and corrective proced that may be mnd d 1n the ndrvidual case
These features are dealt with under therr respective headings elsewhere in
this chapter

Nondegenerative disorders of a chronic nature which complicate drabe
tes are 1n general, treated as 1n the nondiabetic with appropriate adjust
ments to msure adequate control of the diabetes

Every diabetsc patient will have an acute compheation sooner or later
W hether 1t 15 an acute appendicitis, tensilhitis, carbuncle or other acute
drsturk the that 13 factory under usual cond, ab
ruptly becomes inadequate The blood sugar mcreases 1n concentration
above normal and large amounts of sugar are lost 1n the urine The an
orexa so common duning acute febrile episodes may Jead the uninformed
to omit msubin at such times This mistahe may lead to grave dangers

Too much emphasis cannot be put on, first, the unfavorable effect which
most acute complications have on the diabetes Even the patient who ords
nanily does not need nsulin may suddenly—within a matter of hours—
present the idications for emergency msulin therapy A good 1llustration
of this 1s the obese diabetic patient, E D, a synopsis of whose case record
15 presented on page 236 This patient with a nuld diabetes developed
diabetic coma durmg an acute infection and was i a pertlous condition
requining 1750 units of nsulin m the first twenty four hours of treatment
The second feature of acute complications 13 al<o illustrated by tlus case,
namely, that as the acute complication subsides the <eventy of the drabeles
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15 reduced and, 1n this case, satisfactory control of the disorder was main
tained without msulim Thirdly, good control of the diabetes 13 an ympor
tant axd 1n overcommg the acute complication and st makes complete re-
turn 1o the pre comphication status of the diabetes more certamn than 1f
the diabetes 1s allowed to remain out of hand during the acute episode
Fourthly, the ease with which even the most severe case of diabetes can
be controlled during these trying periods 13 to be emphasized

It 15 not true that the diabetes cannot be controlled during acute com
plications Jt 13 not true that poor control of the diabetes does not alter
the outlook 1n an untavorable manner It 1 not true that drabetic patients
are unfavorable ricks nor that they re<pond less well than nondiabetic pa
tients to sulfa or antib therapy R these p les, the physt
c1an who 15 fanihiar with the need to alter the diet and 1ts disteibution and
1o adjust the mnsulin therapy, as the indications for these changes will arise
will tide the diabetic patient through acute crises with very htle, 1f any,
wmote nisk than 1f the patient were not duabetie

An 1llustrative case 15 presented on page 209, depicting the methods of
therapy employed at the Pennsylvania Hospital Separate sections are de
voted to the problems prc<enlud by other comphcations of an acute na
ture notably p surgical d and diabetic
coma

CHRONIC COMFLICATIONS

I Degeneratire Vascular Lesions

Three distinct abnormshties, veually grouped under the heading of ar
teriosclerosis, are especially common 1n the diabetic populauon and appear
at an eatlier age than 1n diab The<e ate (a)
sentially a disease of the tima, (b) calaification of the arterial walls
(Mancheberg's sclerosis) and (c) artertolarsclerosis All grades of mole
ment from mimmal to extensive changes of an advanced nature, ure seen
These three sul of arteniosel are
each olher—any one may occur simgly or they may be combined in Ihe
same patient However, whatever underlying procesces are at work, all
three are commonly assotiated with digbetes and especially diabetes that
has not been well treated and 1s of long duration Thexe changes are apt
to appear at an rarly age—n the twenties—and far outstrip, 1n progres.
«nveness, similar changes seen 1 older nondiabetic mdniduals The early
<tart, the speed with winch the degeneratine processes progress and the
advanced degree of the degeneratve changes in the diabetic patient are yn
contrast with the later onset, the slow progress, and the lesser degree of the
same dicorder m nondighetic individnals

The incidence of advanced and incapacitating artersal dicease 15 1
creasng at an alarmung tate This increase 1s sttnibuted to the pralonged




178 DIABETES MELLITLS

Iife span of the diabetic The average hife span in the Naunyn era was 445
and 1 the Best era, 615 years ! This 1s undoubtedly part of the answer
but other factors assocrated with diabetes are at work, factors which <
far, have defied unraveling It 15 mto this field that most 1ntensise research
activities should be directed A basis upon which to apprasse 1mprovement
or other change, will be established 1f a most careful evaluation of the
arteriosclerotic status, in 1ts broadest aspects, 15 made n every case This
will involve especially & most careful hustory dealing with symptoms and
functional capacuty, retinoscopy, blood pressure determnations, notation
of the degree of thickentng of the palpable arteres, the extent of the cardiac
borders, preferably determined by fluoroscopy and recorded by roentgen
ray pictures, el liogram, ecaluation of the circulalton of the feet
(see p 1B1), and a roentgen ray search for calerfied vessels A tourmquet
test will often detect undue capillary fragihiy—especially in patients having
retmal hemorrhages A recording of the blood cholesterol (venous blood
with patient i fasting state) may be of value for comparative purposes
The presence or absence of albuminunia should be noted and also the range
of the specific gratity of sugar free urine The blood urea mitrogen concen
tratson 1s d d if alk 1a and arterial hyp are present
Arierniosclerosis Obliterans (Atherosclerosis). The changes in
the mtima of the arteries which charactenize this disorder make it the
ding vascular pl of diabetes Intimal plaques form on
the side of the medium sized artertes causing a localized narrowing of the
lumen which predisp to occl pecaally of the coronary arteries
and the arteries of the distal extreputies hence the term arterioseleross
obluterans which, because of 1ts descriptine connotation, 18 recening gen
eral adoption
The obliterative nature of the atheromatous changes by reductng the
size of the lumen of the artery, reduces the capacity of the veseel to deliver
blood to the peripheral tissues i normal amounts Varymng degrees of
obliteranion may eust for long periods without causing symptoms but, as
the Jumen of the artery 1s prog Iy mf? d upon, Jly symp
toms, notably angmal pams and intermittent claudication are noted on
occastons of mncreased physical actity Stll later, the patient becomes
more and more conscious of the impaired circulation as indicated by cold
hess and disturbances 1 <ensatron i the feet, and finally with complete
occluston, localized death of tiscue occurs This 15 evemplified i the case
dial

of my or of of an
The precip of the acute pl 1s usually on the basis of
a thrombus occurring m the vessel where ats wall 15 deformed by eccentnie
h plaques Insuff y of the coronary eirculation and gan

grene are dealt with under acute complications (see p 212)
The mechamsms associated with these changes are more readily under
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stood 1f 1t 18 vealized that ] 18 not a static cond; but one

with persods of bation and penods of It comprises Jocal
1zed ntimal thickening 1 which necross takes place and cholesterol and
other lipds are laid down in the diseased site These subsequently are
discolved out, leaving clefts The resulung softened mass 1s the <o called
atheroma The atheroma 13 subject 1o cellular exudation, vascularization
of the margins organization and, in the advanced lesion, hemorrhage
Destruction of the media occurs 1n advanced cases and calaification of the
plaque 18 common Atherosclerosis bears a direct relationship to obesity,
10 the duranon of the dibetes and to hypercholesterolemia with poorly
controlled diabetes
Leberg’s Sclerosis. Cal of the media of the muscular

arteries 1s the salient feature of Monckeberg's sclerosis It 13 not as com
mon as atherosclerosis 1 diabetic patients but 15 seen more frequently
and in more advanced <tages 1n these patients than in nondiabetic ndi
viduals It gaves to the palpable artery a beaded contour of stony hardness
—the 30 called pipestem artery Calcification of the media may oceur in
any artery but invohvement of the vessels of the distal extremities 1s the
most common

Artersolarsclerosia In this form of arteniosclerosis hyaline material 1s
la1d down 10 the walls of the arterioles as deserihed on page 62 It, also,
occurs more frequently and at an earlier age and to more severe degree
1n diabetic than 1t does 1n nondiabetic subjects OF diabetsc patients over
fity years of age srtersolarsclerasis mvolving renal vessels 15 present 1n 776
per cent or about five tumes as frequently as 1n nondiabetic controls Ar
teraal by 1s more ly 1 with arter
than 1t 1s with atherosclerosis

Treatment for Chromic Degeneratire | ascular Complications of Diabetes
The cluef avm m treating patients having chrome degeneratine changes an
the vascular system 1s to restore disturbed physiologie processes 1o nor
mal, or as neasly to normal as 1s practicable, and n this manner provide
relief from or reduce as much as 13 possible, the subyectiye symptoms and
clhimeaf evidences of the disease In so downg it 13 hoped that the tendency
of the disorder to become worse will be alfayed

Correction of Dusturbed Physiologic Processes Disturhances in the phys
1wlogic processes and the practicable means of dealing with them are as
follows

1 NYPERGLYCEMIA AND CLICOSLRIA The treatment 1s as outlined on
page 103, except that 1t 1s advicable to adjust the diet and ineuhin more
conservatively than 1n patients having nvmimal or no demonstrable changes
i the vaseolar system A gradual decresse of the hyperglycemia—over a
penod of seversl weeks—1s preferable to rapidly attained control Hypo
glycemic reactions should be guarded agamst, as they predispose to occlu
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ston of the coronary arteries 1n these patients Fi ortunately, these patients
usually have a wide margm of safety Permutting good control of the diabe-
tes without undue nisk of hypoglycemic reactions
2 HYPERCHOLESTLROLEMIA AND EXCESSIVE CHOLESTEROL ESTERS AND
LeEsia The high madence of msufficiency of the coronary artertes 1n
nondiabetic patients who have hypercholesterolemia and those who hate
xanthomatosis emphasize the part that hike disturbances 1n phystology may
Play in the presence of diabetes A reduction of the Iipid transport 1n the
blood 15 most readily achieved (a) when obesity 1s corrected and {b) when
a liberal carbohydrate intake 15 2 All of 250 10 335 gm
of carbohydrate mn the daily diet usually are necessary to reduce the hyper
cholesterolenma appreciably and to reduce the metabolym of fat sufliczently
to overcome the hyperhperma A low intake of fat—below 75 gm, and
preferably below 50 gm daily—s deswrable It 1s probable that when the
P d and vanable mech mvolved are solved 1t will be all too
obvious that most diets, recommended by authorsties on diabetes, contamn
too httle carbohydrate and too much fat (c) We advocate protem n ex
cess of 100 gm
3 oBEsiTY Correction of obesity will tend to prevent as well as allevt
ate the | of the deg: changes m the atterses It 1s
accomplished as outlined on page 105 except that when advanced artenal
disease exists 1t 1s preferable to permit as liberal an intake of catbohydrate
as 13 practicable, e g, 250 gm 1n a diet contaming 100 gm of protem and
1700 calories Circulatory difficulties are much more common 1 the over
werght than 1n individuals of normal werght Atherosclerosis 1» most com
mon in the obese and relatively uncommon 1n these who are underweight,
and undernutrition militates aganst the development of the complication
1n man and tends to protect experimental animals who are not s0 protected
of 1n a well nourtshed state Also, based on autopsy evidence, a thin sab
ject of fifty years of age usnally has less atherosclerosis than a forty year
old fat person (Wilens) * Wilens has shown that a reduction body
weght causes regression of atheromatous changes and a reduction of the
lipid content of atheromatous plaques 1 a significant percentage of cases
The state of nutnition plays an umportant, if not an essentzal, part 1 the
speeding up and slowing down of this serious complication of diabetes
An optmum state of nutriton with the body weight a trifle below the
standard weight after thurty five years of age 1s a goal aimed at too infre-

quently and much less frequently 1s 1t attained
Tln vor ot an an body weght 1n cases of

favorable influence on lgh

the diabetes has, in out ex

on artenial hypertension

habenc patienws The of hyperter
herosclerosis and arteriosclerosts
these d processes

i

diabetic than 1t has

s1on 18 of special value m subjects with at!
2

ted, the hyp
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Restriction of the salt intake »s of outstanding value This measure attamns
even greater importance 1f the hypertensie obewe diabetic patient dr plays
evidences of eirculatory decompensation The benefits of this measure were
o served 1n 1926 i dealung with exrculatory farlure in nondiabec subjects ?

ded 1

18 when the

for 1t are clear These arc
1 The patient 1s not over fifty years of age
There are clear evidences that the hypertension 1s progressne
There 1s no mitrogen retention m the blood
The heart 1s not markedly enlarged certainly not more than a 50 per
cent mcrease above the normal dimenstons and with no evidences of
congestive heart failure
The responces to amytal cold pressor (1f apphcable) and tetra ethyl
ammonium chlorde (etamon) teq: and the exclusion of a pheo
hry toma by the dib drochlortde and b
tests indicate that one can rea:onnbly anticipate a beneficial outcome
Good results and vice versa have followed despite poor responses to
these tests but in general they give valual le impressions as to the
course to pursue
When responses to conservative treatment—reduction of the obese
salt free diet mild sedation and psychiateic therapy—are unsatisfac
tory
When & complete chinical apprassal indicates that the patient without
a sympathectomy has 5 hfe expectancy of not more than five years
These may appear to be severe terms upon which to decide eoncerning
a sympathectomy but 1f adhered to necdless sympathectomies will be
avoided and on the other hand the patient who derives little or no benefit
from other therapies and 1s a fit subject for operstion will not be deprived
of the posable advantages which 1t has to offer It has been e<timated
that approximately 4 per cent of hypertensise patients are suttable candy
dates for sympathectomy

~ N

o

o

-

11 Diseases of the Coronary Arteries Complicating Diabetes

Ocelust n of the coronary atertes has far outetripped other causes of
death 1 diabetic patients at the Penncslvama Hospital The frequency of
this sertous complication 1s as frequent indeed 1n the past two years has
been miore frequent n the female than in the mnle diabetic panenls This
1s of great interest as, 1n the diab this )

occurs yn male and female Ietween the ages of fifty one nud sixty mn ap-
proximately a 5 to 1 ratio ¢ There 13 an mcreaung incidence of diseases of
the coronary arteries 1 diabetics and e«pecially 1s this true for the female
patients At one time during the past year we hal on a general medical
ward of forty Teds, five female diabetiea each with an occlusion of a coro-
nary artery Each was overwerght four were known to have had increased
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artenal blood pressute, one had na previous history of diabetes, and four
patients had a long standing uncontrofled diabees

The ramn known factors at work 1n mcreasing the prevalence of dis
ease of the coronary artenes i diabec patents are (1) the extended
duration of the dwabetes, the degrec of severity and control of the diabetes
—tmld diabetes of <hort duration 1s not as likely to be complicated by oc
clusive disease of the coronary arteries as when the dicease 13 of long dura
tion, of a severe degree and poorly controlled (2) The sncreased <pan of
Iife for diab has mft d unf: bly the incidence of disease of the
coronary arteries (3) Excessive concentration of cholesterol and other
Iiprds o the blood 1s assorsated with a much higher frequency of athero
sclerotic changes and occlusive phenomena than when these chemcal b
normalities are absent (4) Artertal hypertension, (5) obesiy, (6) exces
swe use of tobacco and (7) hypogls predispose to oecl
ston of the coronary arteries which have undergone marked atheroscletotic
changes It <eems most probable that this 15 the result of an “alarm reac
tion” and bears a relationship to the increased amount of epimephrine 1
the circulanon which oceurs with the development of a hypoglycema

Patients with occlusive disea<e of the coronary arteries are predicposed
to sequelze simular to those seen in the nondrabetics but the sequelae are
likely to appear earlier and they tend to be more rapidly progressive m dia
betic mdwiduals They include myocardial decompensation heart block,
auricalar and ventnicular fibniflation, complete occlusion of a coronary
artery, and embolism

There 15 no satisfactory yard<tick with which 10 measure the efficacy of
prophylactic measures tn the indiidual case but 1t 15 our impression that
benefit accrues from control of the diabetes, from reduction of hyperchales
terolema through the agency of hiberal carbohydrate and protem and fow
fat allowances 1n the diet, from the correction of obesity and hypertension,
from the restriction or complete ehnunation of the use of tobacco and by
D great care 1n p g hypoglycemic reactions

An understanding ntermist who has a comprehensive knowledge of the
patient’s problems, mental and physical, 15 1n the best position to give effec
twe reassurance and guide the patient into gracefully accepting the situation
1m which he finds himself and 1n helpimg him institute an optimum regimen
of Lising

Treatment Insufficiency of the coronary circulanion may be mamfest by
attacks of angwna pectors, the treatment for which compnises

1 Gradusl control of the diabetes—tlns takes several weeks if the rsk
that attends rapid control 13 to be avorded

2 The correction of obesty A low calorie dret 13 employed and when
the werght has reached a satisfactory level, the duet 1s mcreased, u<ng bb-
eral protein and carbohydrate with low fat contents, e g, protein 90 gm,
carbohydrate 275 gm , and fat 59 gm (1900 calories)

2 Vasodilators—mitroglycern, 03 mg (Y500 gr) and amunophyllne,
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05 gm (7% gr ) are most commonly used for the atleviation of an attack
of angmna pectorrs Patients who are subject to attacks of angina should
never be without nutroglycerin, which may alco be used as a prophylache
measure when the patents  attack pattern s known To present recur
rent attacks the fallowmg remedies are recommended theobramme ¢al
cam,® 0§ g (734 gr 1 and phencbarbital, 10 mg {4, gr) four times
daily, or papaverine hydrochlonde, 60 rag (1 graw) four tumes daily
4 Restriction of phy«ical actvity—chrbing exercises and bnsk walk
1ag agamst « strang or cold wind especially are to be avoided Abeolute
physical rest duting én anginal attack will ucually bring relef
5 The use of tobaceo 1s mterdicted
6 Reductron of the totsl body metabolism by admimstering sufficient
amounts of &-propyl thiouracst to keep the basal metabolic rate between
runus 10 and minus 25 per cent Ordmanty this 1s aclueved with 50 mg
four trmes dady, though larger ynitial amounts may be veeded and smalier
maintenance doses may suffice This measure 13 secommended as an espe
cially satrelactory reedy but 1ts use should he restnicted to mtractable
cases of angua pectaris
Actte Occlusion of o Coronary Artery. The treatment employed at
the Pennsyliamia Hospstat and supplemented by other meacures that may
be indicated, to grve reltef from pan, to put the patient at rest mentally and
physically, 13 as follons
1 Complete rest in bed-—patient 1 fed and not allowed to hathe, or
turn or get on a bed pan without help
2 The diet 13 liquid, soft or regular as tolerated It 1s dwided mto four
equal and amall meals as for other acute comphirations (see p 217)
3 Muneral ol 30 cc and Buidextract of cascara sagrads, 4 to 8 cc, 15
gwven daily at bedbme »f needed for daly evacustion
4 Papaverine bydrochlorde, 60 mg (1 gram), 1 gwen orslly every)
{our hours
5 Motphmme sulfate 1 ueed n amounts sufficient to provsde relief from
pam—usuafly 15 mg (% grain) or 30 mg (?: grain}, given hypoder
ruically
6 Hepann, 50 mg, 18 given st once intravenously and repested every
ix hours untl the Dicumarol therapyt has reduced the prothrombin time
to 30 1o 20 per cent of normal
7 Theumarol ss adnunistered orally as follows
300 mg on the fira day
200 mg on the second and third days.
50 1o 360 mg dafy tereafier a3 needed to mantaly 2 prothrombin time
between 20 and 30 per cemt of normal un) ambulation 15 permitsibler

vsally theee o fire woeks—at whick tme the enwoagulant therapy re
ducontinned
* Commererally avalable as Partal and Tarobarb~both swyyhed by A J Parker
Compuy Philadelphs
14 more vapily effective sniicoagulant, Tromexan—a brand of ethyl biscoumsce
tate iy showing conerdersble gromise and may replsce Dicumarol
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Studies 1 Prothrombin time 1s determined daily unul the patient’s tol
erance to Dicumarol 1s known Thereafter the test 1 done on alternate days
or every third day

2 An electrocardiogram and an erythrocyte sedimentation rate are se
cured at weekly mtervals

3 Close clinical obsers atron—<everal times daily Readings of the blood
pressure are taken twice daily until convalescence 1s under way

Reduction of the body weight, while reparative mechansms are at work
15 not ded but when ] 15 well established dy
four or five weeks after the acute onset, a reduction program 1s advised for
the patients who are overweight

Treatment for the diabetes during the acute phase 15 the same as for an
acute mfection {see p 217), until the patient 13 free from pain and can
adopt a regular meal schedule

111 Crrculatory Disturbances in the Legs and Feet

Appraisal of the Cirenlation Farlure of the artersal circulation to deliver
adequate amounts of blood to the tissues results from a narrowing of the
artenial lumen as occurs frequently m the peripheral vessels of the older
diabetic patients Arteriosclerosis obliterans occurs eleven times more fre
quently 1 diabetics than in nondrabetic controls ®

The evaluation of the circulation 1s 1n reality the determination of the
degree of patency of the lumen of the artery at its narrowest point and it
1s upon this feature that the prognosis and therapy depend

Symptoms Mild degrees of 1 bl cause no symp!
but as the condition progresses the sensation of coldness m the affected ex
tremuty becomes apparent A decrease in the muscular endurance and 1m

paired sensitivity to mrmor njuries and an accompanying partial anesthesia
appear subsequently The symp of lagic origm are to be evalu
ated carefully 1f the pitfall of atinbuting a diabetic neuntis to a deficient
curcalation and not to a more widespread diabetic neuropathy s to be
avoided The physical signs of cireulatory 1nadequacy must support the
diagnosts of an 1schemic neuntis Otherwse, the symptoms are more likely
to be due primarily to bolic dege by littes an the nerves
as otcur 1n the neuropathies associated with diabetes (see p 202)
Intermuttent claudication, first appearing after brisk walks for consider
able distances, appears as a frequent symptom A severe grade of artenal
obstruchion 1s present when this symptom 1s provoked by walking 20 to 30
yards and at a slow pace 1f comparative studues are being done from time
to time, the same distances and speeds 1n the various observations are main
tamed A short raprd walk will provoke internuttent claudication when 2
slow walk for a long distance may not be accompanied by this distressing

symptom

Pain—severe and persistent—in the feet and especially the digits
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while at rest, and especially at night, mndicates advanced vascular obstruc
tion, provided neuropathic changes are not responsible The onset of rest
pam may be msidious and progress gradually or 1t may be sudden with the
complete occlusion of an artery Rest pain 15 commeon 1 the region of an
ulcer or of & gangrenous area
Pain due 1o an 1scherme neuntis 1s of wider distribution and the discorn
fort 1s vanable 1n nature and 1ntensity and has burning or shootmg char
actenstics
The onset of pam 1n an extremity having a poor circulation may follow
2 mimor mjury to the foot In this case the local reaction exerts a demand
for circulation which the circulatory means at hand 1s unable to meet The
situation may be made worse by local vasoconstniction This 12 & comnon
the of gangrene although gragrene may
appear ;ponmneoualy mth or wnhout pain Frequently a vesicle 1s the first
focal sign of gangrene
Physical signs On inspection the dependent kmb with a normal etrcu
lation shows no discaloratton but with advancing arteriosclerosis obliterans
.he affected member hecomes bluich red when i the dependent posttion
This discoloration fades provimally over the dorsum of the foot but
some cases 1t extends halfway to the knee or even ligher The prompt
change to a cadavenc pallor following the elevation of the foot for two
mimutes and a slow—1m excess of thirty seconds—return of the cyanosis on
returning the foot to a dependent position, combine to indicate an advanced
degree of obstruction in the arteries These postural changes are highly sig
nificant when present The development of collateral circulation may pre
vent these color changes even lhnugh the large vessels are pulceless It 1s
fi that artenioscl involves chuefly the larger vessels
and 1t 13 not infrequent that the capacity for artertolar dilatation 15 not
greatly »mpaired Marked pallor may follow the sudden occlusion of an
artery of medium aize
Trophic changes 1n the skin, muscles and nails may be apparent on 1n
spection Ulceration and gangrene with or without apparent infection may
be present Evidences of a pyogenic infection, a lymphangitis and of eptder
mophytosts are important Local injuries, and especially fissures that result
from fungus infections afford a ready portal of entry for other infective
agents
Gangrene imvohes the more promnent pmm ol the feet as a rule—the
toes, the heel the p of the 1 jonts of the small
and great toes thc doreum of the foot and the malleolar regions
Palpation The tips of the toes are cold 1n advanced degrees of oblitera
tixe artenosclerosia The involved foot may be cold 1n contrast to 1ts fellow
A duflerence sn temperature 1 the two feet 18 especally significant when
both have been exposed to the same environmental temperature Whether
this coldness 1s due to a functional or orgame obstruction 15 determined
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by special studies of the skin temperature It 15 1mportant to detect m
parred or absent pulsations 1n the doreals pedss, posterior tibial, pophtes)
and femoral arteres Pulsations of the dorsalis pedis arteries m’ay be ab
sent because of congenital anomalies but »f, m addition, the posterior tibial
and popliteal pulsations are simpaired or absent, artersosclerosis obliterans
18 almost certam to be the cause We consider the degree of pulsation and
changes m temperature of the tips of the toes as the most umportant of the
clinzcal means of apprmsing the circulatory efficiency of a hmb Poor tone
of the muscles and 1mpaired or mtensified cutaneous sensitivities are among
the less specific results of an impaired circulation

Fig 21 Calerfieanon of the arteries an osteoporons in the feet of a disbesse panient

Ulcers over a joint, or <oft corns between the toes are common fore
runners of arthritis or osteomyelitis due to pyogenic orgamsms Careful
physical estimation and roentgen ray studies of these possibilities will often
explain chrome discharging smuses and failures 1n healing

The clinical evaluation of the state of the civculation 1s superior to spe-
cual tests The latter have an 1mportant place m supporting chinical findings
however In general the eirculation 1s good f the patient does not complain
of pamn 1 the extrerines,, 1f there are no color changes, 1f there 13 good
pulsation 1n the dorsalis pedis and postertor tibial artenes, and 1f the tips
of the toes are warm Warm toe tips in the absence of good pulsation of the
penipheral arteries 15 a sign of & good collateral exrculation Comranwise
the circulation wn the imb 15 severely imparred 1f rest pain and mtermutent
claudication are promment, if the bluich red cyanosts {rubor) of the de-
pendent foot gives Wway to a cadavenc patlor when the foot 1s elevated, of
the tips of the toes and the foot are persistently cold and if there 19 ab
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sence of pulsations 1n the peripheral arleries of the foot—the dorsalis pedis
and postertor tibiat arteries

Special Tests These studres are used welectively when needed fo support
chnical impressions Usually they are not necessary

ROEATGENOGRAPHY This study aids in determiming the degree of and
position of calcified areas 1n the artersal wall It should include not only
the foot and leg but also the thigh, as obstructive lesions in the femoral
arteries are frequent Patchy, dense deposits of calcrum causing a8 marked
degree of obstruction, identified by roentgen ray <tudies, may n some
cases influence the selection of the site of amputation

e t

W

TeeTuL (eDmatcabe)
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Fig 22 Sk temperature vasodilatation teat The ancrease in temperature in the Jeft
oot upon immervion of the hands and arms in hot water dicates a high degree of
spastic vasoconiriction The absence of & stmilar response wn the right foot 18 andica
tive of organic vascular occluuon

Roentgenogratas are af value also 1n detecting osteomyeliis of the small
bones of the feet and 1n awaying the degree of osteoporosis and destruc
tion of bone in the rare ca-e of neurotrophic foot (see p 207)

SRIY TEMPERATLRE STUDIFS These studies tend fo (a) confirm the chm
cal disgnosis and (b) afford nformation regarding the relatne degree of
funclional ertenal spasm and of orgamic artenial occluaion The tempera
tures of the <k over the tips of the toes, the dorsum of the affected foot
and vanous other levels are taken the patient having been 1n a room the

of which 1s app: 3 20° € 163° F ) for onehall hour
These readings are recorded and compared with those taken one hour
after both arms and hands have been immersed in hot water, 13 to 15° C.
This schedule, as advocated by Gibbon and Landis © causes a definite reflex
varodilatation and a rise m tempersture 1w the distal extremsties from a
normal temprrature of about 21 7° € on the toe and 30.2° C on the «ole of
the foot, 10 33 5° or 33 5° C 1f the vascular supply 13 normal or if occlusson
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has been due to vaccular spasm (Fig 22) There 1s Litle or no rise m the
skin temperature of the feet in the event of an advanced occlusion of the ar
teries due to organic changes This test 13 especially desirable if a sympa
thectomy 15 considered It dentifies the vascular spastic type of occlaston 1in
which the operation holds promice of success i contradistinction to the or
ganic occlusi e vascular disease, 1n which sympathectomy would be not only
valueless but dangerous Satisfactory evaluation of the all 1n arcula
tion 1 obtained without the more radical nerve-blocking procedures, notably
spinal anesthesia or the 1njection of the peroneal nerve Refinements in the
execution of this test have detracted from 1ts value and hence ate not 1
cluded

PLANTAR ISCHEMIA TEST This test, popularized by Samuels, 1s carried
out with the patient n the rechming position The patient raises the foot
being <tudied to an angle of 45 degrees, 1 which position he flexes and
extends the foor rapidly for one mmute Obstructne arterial disease of 2
severe degree 1s indicated by the development of an alabaster like color of
the plantar <urface of the foot There 15 hitle or no change 1n color if the
artenal circulation 1s normal This test when positive indicates a slowing of
the circulation as does the el and dependency test p d on
page 185

Other Tests Oscillometric studies, arteriography, histamine flare test
intradermal saline wheal test and the fluorescem test are listed because they
appeat 1n medical wnitings frequently and not because of therr chnical value
We do not employ them because they erther add hittle or no wformatton
and are unnecessary, or mislead or carry nisk out of proportion to the n
formation they might reseal We do not mean to detract from the value o}
these tests as research procedures

! D, p

4

2 bl as it 18
1 f m pahents

ff g +
n drabetes ch: 1stically develops
over forty years of age 1t involves the lower extremities almost entirely,
shrombophlebitis 1 not a feature of the disorder, there 1s calerfication of
the arteries 1n 69 per cent, males constitute 83 per cent of those afflicted,®
34 per cent have an associated hypertenston, 20 per cent of Allen’s patients
had drabetes, and elevated blood liprds 15 a common finding
In contrast thrombo angntis obliterans, with which arterwosclerosts

bl mght be confused, p lly always occurs in male subjects
under fifty years of age, 40 per cent have involvement of the upper extrem
)y, 40 per cent have thrombophlebitic ph there 1s no

of the arteries, diabetes 19 a rare complication and the blood lipids are

usually normal N
Duabetic neuropathy may co enist with arteniosclerosis obliterans but
b Ligh may be due to neurotrophic

toe tips and excellent pulsation of the
1sh tendon reflexes and sn mpaired

g pams and
changes m the presence of warm
penipheral arterres Absent or slugg:
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vibratory sense over the distal extremities afford valuable clues m identt
{31ng the reurologic nature of the dicorder 1n contrast to the predomimantly
sascular changes already presented

There should be no difficulty 1n differentiating gout, erthritis, sciatica,
the burming feet of mal states, eryth lolgn and thrombo-
phlebus 1f the history 1s carefully taken and if the physical examination
13 complete

IV Gangrene

Gangrene sn an extremty of the diabetic patient occurs prrmanly be-
cause of the occlusive nature of arteriosclerosis obhterans (Fig 13) and
the resulting mcompetency of the artersa! circulation m meehng sudden

or tncreased latory demands The cause of gangrene 1s
usually injury which may be due to trauma, 1fection or extremes of tem
perature Thromb or embolte ph in an ath sessel

also may be the exciting cause of gangrene Any combination of events
that will tncrease the need for crrculation eor that will obstruct the supply
route 1s sufficient to deprive the tissues of nutriion adequate to retamn their
viabibity

The onset of gangrenc may be sudden and painful, as occurs m the
abrupt cutting off of the circulatton by an arterial embolus Or, there may
be no pain and a vesicle may be the first ommous sign of focal capifiary
damage to be followed by changes i color from the normal to a dark blue-
gray or black in the underlying ussues Infectron, with sts compheating
hyperemra and lymphangitis, 1s a common complication §t may progress
rapudly or slowly and the <peed with which local death of tr<sues proceeds
as a result of nfection will depend on the degree of the desitalization of
the tissue and the virulence of the infection Infection tends to cance local
wflammatery changes with an exudative lesion and accounts for more pain
than 1s usnally the case when infection 13 absent In the latter instance the
gangrenous area may be relatnely painless and become demarcated, hasd,
dry, mommified shrneled and black

In appratsing the clinical state of a diabetic patient who has a gangrenous
area speaial attention 1s gnen to the degree of concomitant degenerative
changes, notably in the coronary cerebral renal and retnal circulations
These patients are usually over fifty years of age and have degeneratne
changes 1n their artenes of a degree seen m control nondiabetic subjects
who are at Jeast ten years older

Prevention More often than not artenosclerosis obliterans s present
to 2n advanced degree when these patients scek treatment Nevertheless,
there will be ample opporstumty to practice prophylaxis though 1t 1s not at
ways as succeusful 24 we would have it be The presentive measures are

A Control of the Diabetes

B Correction of Hypercholesserolema of Posnible For this purpose **
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iral amounts of carbohydrate (250 to 335 gm } with low fat (less than
75 gm ) and ample protem (3 gm per pound of the 1deal body weight)
are alloned

C Weight Regulation It 15 necessary to secure and mamtamn a body
weight a trifle below the standard weight

D Special Care of the Feet Details on hygienic care of the feet are dealt
with 1n some detarl on page 173

E Symptomatic Relief from Pain

F Locol and Systemic Treatment for Ulcers and Infections In addition
to local therapy bactenal cultures are taken from ulcerating areas and from
discharging sinuses and the <ensitaties of the pathogentc organisms to
the yarious antibiotic agents are determimed This measure usually permus
a speafic attack on the offend Too much emphasss cannot
be placed on the value of complete bacteriologic evaluation of these infec
tions Lives and hmbs will be saved 1f such studies are done 1n every case
of bactertal infection Furthermore, cultures of the blood are taken f the
pattent 1s febrile and has an increase 1n the number of Jeukocytes i the
blood

G Physical Therapy The circulation 1n the legs and feet may be 1m
proved by the foll g (1) Sanders llating bed, (2) mter
mftent suction and pressure, (3) intermittent venous occlusion, (4) Buer
ger s exercises, (5) appheation of heat to hands and arms, and (6) thermo

gulated foot cradles Appl) of heat, without appropriate automane
thermoregulation, to the legs and feet are contraindicated Probably no
other single exciting cause of gangrene outnumbers that of the unwise ap
phcation of heat Heat, under normal condittons, causes vasodilatatson and
hyperemia m the himb but with an mpoverished cirenlation 1t does not
exert this effect but rather tissue damage occurs, probably due 1o 2 loral
bolism without a Increase m the

ncrease 1 the tissue
circulation

SANDERS OSCILLATING BED  This 18 the most sansfactory form of the
mechanical methods of therapy The treatment may be contintous or 1n
ternuttent, e g, one hour three times daily depending upon the degree of
reltef from pain that 1s achieved This form of therapy 1s contraindicated
1 the presence of 2 bactenal mnfection with 2 cellulis

SUCTION AMD PRESSURE THERAPY 1 This method* has suffered i popu
Jarity 1n recent years but 1s nevertheless helpiul 1n some cases 1t 1 ton-
trainducated m the presence of collections of purulent material acute bsc
teral infections and cellulitts Suction amounting to 80 to 120 mm of Hg
15 apphed for twenty five seconds alternating with a positive pressure of
40 1o 80 mm of Hg for five seconds At the outset of the treatment pres-
<ures alternating from minus 80 to plus 40 mm of Hg and progressing
to mumus 120 to plus 80 mm are used according to the relief achiesed

* Equipment 15 manufsctured by The Burdick Corporation ilton Wis



COMPLICATIONS OF DIABETES 191

Treatments are given one to two hours daily, decreasing as improvement
18 established to three treatments, and finally one treatment per weeh

INTERMITTENT YENOUS 0CCLUSION 3% A cufl 1s fitted above the knee and
1 nflated to a pressure of 70 to 80 mm of Hg, obtructing the venous
return for one, two or three minutes, followed by a like period of release
When a reactise hyy occurs apprectable reltef from clau
dication results The treatment 1« contmued for ane to two hours darly It 1s
contramdicated n ca<es of venous meuffictency

BUERCER'S EXERCISES * The great advantage of this form of therapy 1s
that it can be carried out by the patient without miricate apparatus {Fig
23} at home and far long periods The patient, Iying on s back, rares

Fig 23 A Buerger board

one or both feet at an angle of 15 to 60 degrees, and allows them to rest
on an adjustable board unttl the feet are quite blanched or until the font
becomes pamfut This vsually requires about one minute of foot exercises
are conducted 1n this poution and =omewhat longer, up to three mnutes,
if the feet are passne The patent then assumes the «itting position with
the legs hanging oter the edge of the bed until & reactionary hyperemia
develops or until pain 1s experienced n the legs or feet After two to five
muntites i this position a rest period for about three nunutes 1 allowed in
the horszontal postion Thie evele may be repeatedt <everal tunes dasly at
firet and increased gradually until the exercises last from one half to one
hour daily Dramatic tmprovement 1s not to be expected

APPLICATION OF HEAT TO MANDS a\D Ams In <asey of vasospasm an

* A Duerger board whick 1 4 ustable to diferent angles ks made smply by having
tno boarde, each % wnch thik 30 inches Jong and 12 mches wide hinged at one
en! with & supporting prop betmern, which is aljuctable to fit on various cleats
according to the angle dewt
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appreciable mcrease mn the temperature of the feet follows the appheation
of heat—hot water bath or electric pad—to the hands and arms This 15 2
simple therapy that patients can carry out themselves Also, this method
enhances the value of the suction and pressure therapy when the fwo lreat
ments are given sumultaneously

THERMOREGULATED FOOT CRADLES Foot cradles without thermostatic
controls are dangeraus devices and should not be used However, great re-
Lief 15 frequently <ecured by having the fect and legs i a foot cradle, the

p of which 1s dat90°F (322°C)

H }asodidator Drugs Several drugs and several combinations of ther
apy are available for trials Some may be effective 1n a case 1n which others
give no benefit In any case most benefit may be anticipated when the ele-
ment of vasospasm 15 great, and least, or no beneht, when orgame arterial
obstruction 1s of a <evere grade

Mscotinic acid, 50 to 200 mg four times daily 1n conjunction with pap
averine hydrochloride, 01 gm {gr 134) three times daily, both grien by
mouth, 1s sometimes <urprisingly helpful

Tetra ethyl ammonwum chloride (etamon) by blocking gangla of the
zutonorme nerious system has produced the same degree of 1asodilatation
as nerve block, <pinal anesthesia and sympathectomy ** Hence, this drug
15 used to determine the relatne degrees of vasospasm and of organic ob-

1

given travenously i doses of 01 to 05 gm The mfusion {Lto Scc} 15
gven very slowly and the patient 1s kept at rest for one hour after its com
pletton The same precautionary measures are tahen when mtramuscular
injections of 08 to 1 0 gm are given—ane-half of the dose 1s given 1n each
buttock A marked drop 1n the blood pressure may follow the anjection
of etamon within fifteen or twenty minutes, a reaction which can be con
trolled, 1f need be, by ad: 1ag ¥ cc of epineph b )

Ths remedy 15 often effective m tmproving the circulation and m re
heving pain but the benefit 1s too evanescent to be of chnical value

Dibenanune hydrockloride has a blocking action on the sympathetic
nervous system as well as a neutralizing effect on epinephrine n creula
tion Both of these actions tend to cause vacodilatation, an effect which
continttes from twenty four to ninety src hours Dizziness and fainting <en
<ations may be experienced on nising from the lying to the standing position
after the drug 1s given These symptoms are assocated with & marked 1e-
duction in the blood pressure

Dibenamnne 15 available for oral therapy but the intravenous route yrelds
more satisfactory results In this manner 5 to 7 mg per hg of body weight
are given m 300 to 500 cc of normal salme solution

Prascol 15 teported to exert a blockimg effect upon the sy mpathetic vas
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cular receptors and & durect histamme Lke effect upon the smaller vessels
It 15 a beneficial drug in cases of vasospasm when admumstered i doses
of 50 mg four times daly—by eral, mtramuscular or ntravencus routes
Que expenience with thia remedy m the treatment for organtc occlustye
sascular disease has been small and disappornting

Tissue extracts, notably Depropaney, have reputed value i rehevmg in
ternuttent claudication  Depropanex 1s given dady in doses of 5 cc wtra
muscularly In a very himited experience with thns preparation we have con
cluded that an equal degree of reltef will ensue if patients subject to attacks
of make an lable practice of walking slowly

Our expertence with diethyl oxide (ether} as a vasodilator 15 mil but 2
review of the literature leads one to beheve that 1t as of hitle practical
value At best, the vasenlar drugs gne disappointing results when se-
vere grades of organic occlustve arlerial disease are present

Other Measures The LIGATION OF THE FEMORAL VEINS has in <evers)
instances 1n our experience gnen abrupt relief from mtractable pams and
the relref was attended with an mcrease in the warmth of the skin in the
affected extremities This 1s not a widely used procedure but the reponse
830 stnking even in severe grades of artenioscleronis obliterans that st de
serves conuideration when conservatine measures fal and amputation seems
to be the Jast resort 1 the attempt to alleviate pain The beneficial response
18 apparently due to a <lowing of the venous return and to an wncrease of
blood 1n the umpoverished atea

Exercise Mild forms of exercice are helpful Patents with mntermttent
claudication must, however, be wstructed to walk slowly Buergers exer
cises are recommended

0ceuPATION Occupatron and other activaties which present speerst nsk
of injury to the feet thould be given up mn the face of advanced acclusive
artental discase of the Jegs and feet

SYMPATHECTOMY In carefully selected cases, and s the face of failure
of canserrative methods to reliere paw and particularly that of intractable
intermittent claudication and mn cases n whuch the element of vasospatm
1 connderable, sympathectomy may offer some Lenefit We emyloy this
measure mfrequently

Care of the Feet in the Pretention of Gangrene General hygene of the
Teet 24 ddealt wath o page 173 Corsection of abnormabties, 8, eallises,
corns, fungus infections fepidermophytosts), 1s as follows

cALLUs FoRyATIOY Calluses are correcled by soaking feet each eve
fing 1 warm, not hot, saapy water for tnenty mmnutes and then rubbng
surface hrasues off with gauze Meacures to prevent subsequent callus forma
tion will depend on the cause ¢ g correctne suppocts for poor arches,
loot exerersrs~—especially the practice of picking up twenty medium sized
matbles with the toes might and mornmg—and properly fitung footwear,
hase and shoes A leather bar aceoss the bottom of the shom—correspond
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mg to the position of the heads of the metatarsal bones—is often helpful in
redistributing pressure everted by the weight of the body

corNs Corns are caused by improperly fitted hose and shoes Properly
fitting footwear 1s the first requisite of therapy The cornified layer 1s pared
off with great care, preferably by a chiropodist, but at least by an expent
enced per<on other than the patient, and one who has good vision, works
n 3 good hight and exercises extreme caution against cutting mto Irving
tissue Distribution of the local pressure 13 secured by employmg appro
priate felt pads ‘ Soft corns between the toes are dealt with by wearng
shoes that do not compress the toes and by keepmg the toes separated
with lamb s wool “Soft corns” are especially h dous as yel
15 frequently an early complication

PREVENTION AND CORRECTION OF EIIDERMOPH3TOSIS Good foot hygiene
as already outhined (p 173) 1s eseential in dealing with nuld momfestations
of epidermophytosis, as nd dbya dorap pp
of the <hin between the toes with 1tching Control of this disorder 1s usually
secured promptly by applying a thin film of fungicidal foot powder, con
taiming zine undecylenate, undecylenic acid and tale® over the affected
area« and between the apparently unaffected toes after each bathing until
the d 18 lled and thereafter, once weekly

When fissures are present the following preparation 1s apphed daily

Rx Salicyhe acid 35 gm
Benzowe acid 70 gm
Castor o1l 300 ce
957 ethyl slcohol 1800 ce

With correction of the fissure, treatment with foot powder 1s begun, or

resumed
Or, m place of the prescription presented above, a fungicidal omtment}

may be used daily

For the setere cases with acute vesicular or bullous eruptions and with
secondary infections, the feet are soaked m a 1 8000 solution of potassium
permanganate for thirty minutes three ttmes daily, for not more than one
week As the acute phase subsides the prescription (salicylic acid, benzoic
acid, castor o1l and ethyl alcohol) included above, or a stronger keratolytic
agent such as one half strength Whitfield s ointment, 18 used untsl 1t appears
advisable to change 1o the foot powder for long term therapy and preven

tion

The presention and correction of epidermophytosts assume importance
Jerabl

de as agamnst the onset of gangrene Un

rmophytosis provides portals of entry for secondary infection
he focal var

of

treated epide
which 1s often sufficrent to tip the balance unfavorably when !

+ Available commiercially as Desenex Powder
+ Available commereually as Desenex Owmntment
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culalion is adequate 1n the absence of nfection but sufficient to meet the
wncreased crrculatory demands that attend an infectious process

Treatment for Gangrene, The therapy for gangrene due to occlusne
vascular disease in a diabetic 1s conducted in cooperation with a surgeon
who has a <pecial interest n diabetes and who 13 especially skilled in the
management of these patents

Many factors may influence therapy but the most important are (1) the
degeee of efficiency of the circulation and (2) the presence of mfection
Concervatine D e 13 justifiable 1f the area of gangrene
18 well demarcated and superfical, 3f the tips of the toes are warm and
thete 1s good pulsation in the dorealis pedis and the postetior tibial arteries,
when the extremity retains normal color on elevation and when mn the de-
pendent postion The first principle 13 to do no harm The actine therapy
comptises (a) Control of the diabetes but not so strictly that hypogly
cemmc reactions are hhely tb) Eradication of mfection Tlhis 18 done by
gentle release of confined pus from which a culture 13 grown and the sen
stivity of the palhogtmc orgamsm to penicillin, aureom)cm, <hloromy
celin, t and 15 d This deter
mination of the -en«mun of the organism we consider 1o be a highly
important procedure, as  usually gies the clue to which antibiotic or
combination of antibiotic ageuts can be expected 1o give the most benefit
Between the time that the culture 1s taken and the report on the sensitivities
18 recenned we ghe procane penicifln, 150,000 unite, mtramuscularly
daily Thereafter, sutable doses of the appropriate antibioic agent are
guen {c) Where crusts of dried exudates are present or without evidence
of trichophyton mfection the aflected foot 15 soaked n a solution of potas
sum 1 €000, the of which should not be lower
than 90° ‘32 2° C) and not tigher than 105° F (405° C) for one-
half hour three times daily (d) Subwqurnl to the foregaing local treat
ments locn apphcations of Furacin or tyrothricin have been valuable
{e) Improvement of the artenal circulation i the imb may be accom
plished by anternuttent venvus occlusion 1f there 1s no venous in<ufficiency
Barring contramdicalions, as already noted, other methods may be tried
{see p 1901 The presence of an acute infection calls for complete re<t of
the affected part and as a reeult mo<t of the measures that are of uee
prophylactically ate to he avorded when infection is present () Ligation
of femoral veins hae yielded gratifying results 1n a few carefully selected
cates n which pan was predormant and 10 which indolent gangrenous
ulcers were at a stand<tlf Occavionalhy the results from this smple pro-
crdure are s0 spectacular thal we commend 1t for more frequent conaidera
tion than t generally recenes

The inerdence of has d § with the growth

of sulfonanude and antibrotic therapy  Futthermore, when amputation 1s
decsded upon remaal of the foot at the tranametataraal site 1« done with

o,
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less prospect of subsequent higher amputations than was formetly the case
A careful appraisal of the exrculation—methods of which are outhined on
page 184, will aid greatly 1n coming to the proper conclusion concermng
the need for amputation Consideration 1s also given to the fact that the
occlusive vascular disease 15 not confined to the legs but that the vessels
of the heart, bramn and hidneys have not escaped Despite these considera
tions, with the skill of the surgeon, the advances 1n anesthestology, and the
newer drug therapies, these patients with widespread vascular disease do
wonderfully well when subjected to surgery

The mndications for amputation are

1 Ext with no 1mp t under conservative treat
ment and 1t a hmb which 1s extremely impovenshed of circulation

2 Deep extensive and extending nfection, and especially with an ex
tensive osteomyelitis which 15 intractable to more conservative measures
A phalant may be safely removed if the osteomyelitis 15 hmited to a
phalangeal bone

3 Intractable pain with evidences of extreme grades of erganic vascular
occlusion—great care being taken not to be mistaken by a perspheral
neurihis

SITE OF AMPUTATION The level at which the amputation will be done
18 decided upon after a careful appraisal of the local circulation The aite
selected should be high enough to be i a relatively well vascularized zone
H 1n the process of removing a hmb the surgeon finds more extensnve oc
clusive disease and less bleeding than he thinks might promise good post
operative progress a higher site 15 1mmediately selected In general, 1t 1s
wise, m case of doubt to select the higher of two contemplated sites Roent
gen ray films may show a marked degree of arterial obstruction just abeve
the knee The amputation 1 such a case would be above the obstruction
unless the evidences of an efficient collateral circulation were marked

Anesthenic The choice of anesthetic 13 made by a competent anesthetist
Generally, spinal anesthesta 1s used for amputations However, if there 19
an extreme degree of infection and necrosis and the patient shows marked
evidences of a toxema, the circulation of the mb 1s entirely obliterated
by placing a tourniquet above the knee sufficiently ight to stop the artersal
arrculation, and the mb 1s refrigerated by packing it 1n 1ce to 2 pownt
<everal inches above the tourmquet 7 After several days, witk the pro
nounced clinical improvement that 15 usual, the leg 13 amputated above the
level of the tournquet With refrigeration no other anesthetic agent is
used In properly selected cases we have found the foregoing procedure to
be an excellent one Ordinanly the procedure of causes httle
Mifficulty m mamtamng control of the diabetes but when necessary the
same measures are used as are employed with other surgical procedures

as outlmed on page 221

P
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V. Renal Dusorders and Diabetes

Two rena] disorders— Hary glomeruloscl i e
{etred to as l\lmmehu:l“nlsuns dlten*, and pydonephnru-——dcscne
special consideration because of the high incidence with which each 1
associated wu)x dxabe!u From the pathologrt’s point of view a third renal
&1, ght be added It 15 recognized only at
autopey by the pn::enre of g!)cngen m the repal tubsles and s presence
bears a direct relatonship ta the lack of control of the yperglycemma
and glycosuna immediately preceding death Glycogen nephross 13 of no
known chinreal fi except as a
with glycosuna

3 0

Yoacl i

pillary Glomer The wncreanng mcidence of m
4 losclerosis and the unf it carnes,
v«hen n~suc\nled with diabetes, make this :\)mpllcn\lon one of the most
serious of the chronic complications The disorder 1s nat confined to dia
betic patients but 1t 1 only in such patients that 1t occurs 1n an advanced
form--doubtless because of the accelerabng mfluence untresled diabetes
exerts on the progress of dl-gencmlne duordm
The of 4 with diabetes was
recogaired 1n 1936 * ts mmn-mv incidence has been attributed to the
mereased longevity of diabetic patients Time will probably show that other
factors are ot work and posably some festnre or featutes of present day
therapy for diabetes will play o part
Intercapillary glomerulosclerosis 1¢ sdentified by the presence of deposits
of hyalme masses 1 the central portians of the glomerular nodules [Fig
9} Pathologists are not agreed about the source of the hyalin An increas
mg number Leheve that the depouts are made 1n the capilasy wall and
fot 4 selerowis and hyol of the L ticsne as postutated b
Rammelsiel and Wilson These changes have been obscried 1n 18 to 63 per
cent of duabettca coming 10 autapsy ' Lukens' obsersed wdentical changes
m the kidney of a dog kept diabetic for five yrare, sfter injrctions of crude
extract of anteror pitutary glands
The clisieal tmamfestations origmnstly reported upon were drabetes, al
bunununa and edema We have observed pauents who fulfilled these cn
mm and 1n whom the disrace ran a benign chirome course for many years,
1 the first imd of thus pl 1t tends to be
fermutient at first as does edema—the cecond manmifestation of intercapml
lasy glomeruloscleross The degrees of imvoliement and the progressne
tendencies are vanable All graduations of this complication are seen from
the mitial mifd form to the advanced and malignam stage with full develop-
ment of the rephrotic mantlectations and with a hfe expectancy measured
m months instead of years In such cases we find diabetes of long duration,
vetinal hemorrhages, edema of the extremties {or generalized), elevated




198 DIABETES MELLITU

arterial blood pressure, albuminuria, hyahne casts and red blood cells 1
the urine, kypop , mald to mod. degrees of anemia and vary
ng degrees of renal wnsufficiency

Intercapillary glomerulosclerosis occurs about twice as frequently 1y
males as an females 1t 15 most frequent i the third and fourths decades of
Life, 1s rarely seen n the <econd decade, and the onset decreases in fre
quency 1 those over forty years of age In our patients having this com
plication, almost without exception, a hstory of poor control of the diabe:
tes was secured This 1s what one might expect when 1t 1s reahized that no
young diabetic escapes degenerative arterial disease sf the dubetes 1s poorly
controlled

Prevention and Treatment Prophylactic and therapeutic measures are
directed toward improving the patient’s general chmcal condition and are
as follows 1 Control of the diabetes This 15 accomplished as indicated 1n
Chapter XIII with the following modifications

2 Duet If there 1s no elevation of the blood urea mitrogen valaes (above
15 mg /100 cc ) a liberal protein intake—up to 140 gm daily—is allowed
to compensate for the loss of protein 1n the urine and i the attempt to
replenish depleted protein stores With urea retention the amount of pro
tein 1s set at approximately 0 33 gm per pound of the standard body weight
plus an amount approimately equal to that of the protein lost in the ure
daily Liberal allowance of carbolydrate, 275 to 335 gm daily, will aid m
spanng kidney function The total calories are calculated as for uncom
plicated diabetes (p 105) This diet will permut a low fat content which
15 desirable m any compheation of diabetes in which degeneratne changes
i the arteries are promment The restriction of the salt intake to a mmnt
mam 15 highly desirable i the presence of edema but this restrichion 13
cautioned agamst as the edema disappears in those cases m which the blood
urea value exceeds normal It 13 a simple matter to precipitate chmeal
urermia if this precaution 15 not heeded

Hematinics are worth a trial At best they are relatively meflective and
of the red blood cells are below 3 000 000 per cu mm a transfusion of whole
blood, 500 cc, 1s given twice per week, until values closely approximating

normal are reached

Standard measures of coping with myocardial decompensation are used
swhen mdicated Duuretics may be helpful but should be ueed cautiousty if
red blood cells are present in the utine 1 appreciable numbers

Pyeloncphritis, Pyelonephritis 1s @ common and dangerous complica
tion of duabetes Diabetic patients, and especially diabetic women :re pred
disposed to mfections in the unnary tract Bowen and Rutzman'® foun
normal urmary tracts i only 7 of 82 unselected drabetic women P’eh;,
nephmiis 15 four and one half times more common 2s z cause ofddeall‘
among diabetic than 1t 15 among nondiabetic patients,}® ‘and of 307 deaths
of diabetic patients 1t was the srxth commonest cause Pyelonephntis was
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the cause of 21 of these deaths ¢ A pecular form of pyelonephritis—a

renal papll d mostly with diabetes A specific
total necrosis of the renal pyramids occurs with, or without, abscess forma
tion, and 1nvolvement of both kidneys 18 frequent This serious complica
tion occurred 1n 25 per cent of the cases of acute pyelonephnitis and ac
counted for the most severc forms of the disease

A sugar laden unine 13 probably a better medium for organiems than
unine containing no sugar This feature and the higher frequency of bladder
catheterization 1n diabelic subjects who have been 1n coma combine to
crease the Likelihood of pyelonephnitis in the<e patients Alo ptosis of the
ladneys, patticularly on the right side, which follows the rapid loss of
weight, =0 common 1n these patients predicposes to kinking of the ureters
and hence to infection These features are apt to play a part no matter
how the infection reaches the kidney—whether 1t be by the hematogenous
or tetrograde routes or invasne extension from adjacent infections

Climeally, this complication 1n the typical case 15 characterized by the
sudden onset of recurring attacks of fever, chills and backache The urine
=ediment contams pus and mynads of orgamsms, and albumin 13 pre<ent

The studies recommended in such a case comprise, fitst and most 1m
portant, the 1dentification of the organism by culture of the urine and the
detertmination of 1ts sensiity to the varous antibiotic agents Though
the colon bacillus 1s the most common offender this 1s not an adequate
reason for neglecting to determine, with certamty what organism, or or
gamams, are responsitle Ten cases of mfectinns of the urinary tract
which neomycin was the only antibiotic agent to which the infecting organ
1sm was sensitive 1llustrate the need for highly speciahized selective study
and therapy !

The predisposition of diabetic patients to tubercalous infections 1s well
known The unportance of identifying & renal tuberculosts while the wnfec
tiom 15 confined to one kidney 1s abutous

Second, the apprar<al of phy<ical abnormalities by a urologast this will
comprise & phenolsulfonphthalemn excretion test, a pyelogram—the dye
being adounictered .,.u;\mou-l)—and if fouml r«cnual to e<tablih the
diagnoas a retrog N

The treatment for p)clnnephnm should be prompt and conservatively
aggressive The diabetes 1s controlled as 1n the case of other acute infec
tions (ace p 213) The degree of glycosuria is reduced in some cases by
sugar consutning organisms in the urinary tract This 16 a minor matter

The therapy agaimst the infection will be dictated by the type of organ
1im and to which of the remedial agents 1t 13 sensitine In the event sul
fonamidis are used as 13 frequently the cace 1t 1s important that at least
one spectmen of unine per twenty four hours should be alkaline an reaction
and at least 1500 ¢ of urine should be excretesd in this peniod 1t 1s easier
to secure one alkaline specimen by grving a single large dose of bicar
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bonate of soda daily than 1t 1s to keep the urine alkaline by giving maltple
smaller doses Gantrisin has gamed populanty for 1ts effect m sterilizing
the urinary tract of gram negative organisms and the absence of renal com
plications attending 1ts use

Surgical measures that are indicated should be carried out without fail
if the patient s clinical condition permuts The diabetes 1s not a deterrent to
such corrective measures

VI Ocular Lesions

Ocular changes attributable to duabetes have a degenerative basts and
as mught be expected patients with degenerative ocular changes present 2

Fig 24 Diabetic ret nitis Note the deep round hemorrhag ¢ aress the waxy exudates
and decreased caliber of the arterioles

igh incidence of artenal disease—hy and diseases of the coronary
and peripheral arteries chronic renal disease and hypercholesterolema
These ocular lesions have a defimite and durect relationship to the duration
of the diabetes™ and to 1ts poor contral Sixty per cent of patients having
diabetes for more than ten years show retinal hemorrhages (Waite and
Beetham) Poor control of the drabetes 1s not always evident, however, Tds
some patients exhibit advanced degenerative changes and yet have a ml
duabetes that has not been appreciably out of hand .
The retinal abnormalities are the most frequent of the sertous ocular

mplications They comprise
COAP ;fasculnr Changes 1 Deep, rounded punctate hemorrhages—the
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most distinctive diabetic earmark in the retina {(Fig 21) They are venous
in onigin and are not necessanly related to artenal hypertension

2 Superficial hemorrhages which tend to be flame shaped They oceur
in the nerve fiber layer and are of artenal ongm and are related to the de-
gree of artenal hypertension and, 1n at least some cases, to capilary fragl
Ay

3 Engorgement of the retinal veins

4 Narrowing of the artenoles with evidences of sclorosss, and micro
aneurysms of the capillaries

B Exudates 1 Waxy exudates, which appear to be the result of hya
imzation of the deep retinal hemorrhages

2 Cotton wool exudates

3 Lip:d deposits

C Proliferative Changes Reftnutts Proliferans In this abnormaluy
there 15 a laying down of new tissues most probably in the attempt to cor
rect previous damage As a vesult dense White areas of new tissue with
newly formed blood veseels are to be seen and mast frequently in the region
of the macula_ Viston 15 1mpasred up to complete blindness depending on
the areas mvolved Contraction of the scar lissue may cause separation of
the retine Also, &p hage may p 8 b h
glaucoms

Other Ocular Compheations of Diabetes These abrormalies do
not aswume the same degree of widespread chimeal 1mportance as retniys

does but are nevertheless, not infrequently encountered in diabetse Ppatients
Al n~ [

B!

disorder

2 Corneal wrarkling demonstrable with a sitYamp and » cormea] gyerg.
*cope

3 Transitory changes in tefraction  occurring for a she,

» |\ypﬂg()tem|); 15 corrected (sce p 167 " perod after

4 Argyll Roberteon ug i—this abnormality 1 non ssph 13 2,7
tubjects 1s a mamfestation of neurapathic changes {sce p 21, betse

5 Xanthelrema Patet es of | prd depoats on the eyelil, 5y,
complication of diabete« although they are not dvslinctiye of theg,

6 Tuharco amblyoj i has been abrerved by one of uy, y gy 555
patients recently Tmprovement followed the withdrawal ol tehgey iabetie
control of & muld diabetes 1 each mstance and the

Treatment for ocular comphicati us of drabetes sncludes

1 Control of the disbetes

2 The use of & diet Liberal in protein nat less than Iy fr

nor lexs than 90 gm for the female diabetic and mcludm;l}ml

21 foBogent

the mate
tmounts
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sf clarbohy drate (250 to 335 gm } and small amounts of fat—below 75 gm
arly

3 Ascorbic acid, 200 mg daily, with rutin, 20 to 200 mg three times
daily according to the degree of capillary fragility as determined by the
Gothlin index test are worthy of a trial 1n cases of retinal hemorrhages

4 Cataracts are treated as in the nondiabetic subject

5 Transitory refractive errors due to a reduction of hyperglycemia are
managed as outhned on page 167

6 Neurologic changes mvolving the eyes as part of a diabetic neuropathy
are treated vigorously and 1n the same manner as other neurologic abnor
malities (see p 207)

7 Xanthelasmic patches ordnanly should not be imterfered with If
removed they almost invariably recur

VII Neurologic Disturbances Complicating Duabetes

Neurologic disturbances are among the most common compheations of
chabetes Collens and coworkers™ found these abnormalities 1n 93 per cent
of all thewr diabetic patients The cause or causes of these disorders are
not entirely clear but d evid -pond: ly mdicate that
disturbances 1n nutnition which accompany loss of weight 1n the presence
of a long standing and poorly controlled diabetes are the usual precipitat
g factors Although uncontrolled drabetes and loss of weight are usual
forerunners of these disturbances, this 15 not always so In fact, findmgs
typrcal of the milder forms of so called diabetic neuropathy have been ob
served 1n patients before the diabetes developed Also, patients who have
not lost weight and whose diabetes has been under excellent control for long
periods may exp a mldly prog D d habl
from that ordinanily accepted as diabetic 1n ongin It would appear that
there 1s an underlying disturbance which tends to be intensified by poor
control of the diabetes and loss of weight but that these features are not
essential to 1ts development It 1s true however, that this type of neuropathy
15 seen for the most part but not exclusively in diabetic patients Acute 1
fections and vitarmin deficiencies may play a part but it appears that these,
with the possible exception of vitamm By o deficiency, are modifymg cir
cumstances rather than essential features The neurologic abnormalities
are degenerative 1n nature and 1t 1s not surprising that the other major
fegs frsorders are froquently found m 1arymg grades of develop
ment 1n subjects with neurologic disturbances We refer especially to di
abetic retmitis, disease of the coronary arteries the kidneys and penipheral
vascular disease The various neurologic disorders associated with diabetes
are, mn all Lkehhood, part of the same process but observed at different
phases and under different crrcumstances they present features so vanable
that therr sep 1nto several categ 18 not

The detection of a diabetic neuropathy 1n its early stages 1s of utmost
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importance For this purpose studies of the vibratory sence are parbeularly
vafuable Distusbances i the sibration sense are recogmzed chnically by
{8} decreased scusty o a complete inability fo detect the vibrations of a
turang fork and (D) mereaced perception time Barach®* and Collens™
have afiracted attention to the value of thus examination We can support
shewr claims and emphaaize that the common erzor of sttributing symptoms
of nesrolagic orgin to disturhances sn areulation can be ehimnated »f
proper imvestsgation of each posubility 13 carned out We consder the
neurologic survey 1o be one of the most smportant i apprmsing the chn
108] status of the diabetic patient

For the detection of an wupmred vibration sen<e & tuning fork of an
sluminum slloy with a frequency of 123 {Fig 25) serves admurably The
detection of the vibration and the prompt recognition of s cessation—

Fig 20 A tumng fork as wed m the defection of disturbances of vibrabon sense

the pntient’s ey es being closed—is evadence of 8 normal vibratory sense The
handle of the vibrating tumng fork 1s apphed to bony prominences—
the sternum, radiue ulna crest of the fum sarrum tilaa, the malleok and
the phal f p i? the patient’s vibra
1100 sense Studies trvoling upper extremties are done lacgely to sequant
the patient with the procedure Imparred vibration sense sn the opper ex
tremity occurs but not nearly as frequently 507 1o as great s degree 23 15 ob-
served in the legs and feet

The degenerstive changes which account for the Mocking of the trans
msnien of fhe sibratory mpubas oceur i the postersor eolumns of the
spinal cord and sn the perpherat nerves In dishetes the latter 1 predom
asnt

The vibiratson <ense normally s fest acute 1n nlder age groups, s vart
2o under normat eircunitances sud Bndings sndsstingurehal le from thaee
found 1 dishetrs are obseried i patients with fabes dorealie and with f
mary or pernicions anemit
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For practical purposes the following classification of the diabetic neu
ropathies has proved to be satisfactory

Chronte Neuropathies, A The early or muld and often 1ll defined
form of diabetic neuropathy—the most common form—is gradual 1n onset
and the symp most {; 1 d and d with Joss of
weight and uncontrolled diabetes for long pertods, are vague pains aches,
shooling pains, cramps, numbness, tiagling and burning, hightning stinging
or needling sensations, stiffness and formication, most frequently occurrning
m the legs and feet but occurnng infrequently m the upper e and
m the trunk These symptoms tend to be worse at mght and upon exposure
to cold The increasing ntensity of these symptoms at mght provides a
clue in differentiating )l distur} from a latory ynsuffi
ciency Tendon refleves are frequently impaired or absent Tenderness of
the calf muscles 1s common and <ome 1mpairment 1n the vibratory sense 1s
asual i the legs and fect 1n this relatively early phase

This disorder may remain relatively stationary for long periods 1n some
patients but characteristically 1t subsides readily with the control of the
diabetes and with appropriate supplementary therapy

B The moderately severe stage of diabetic neuropathy 1s charactenized
by greater disturbances m the tendon reflexes, and 1n the vibratory sense
The symptoms have been present for a prolonged period and areas of cu
taneous paresthesia are often detectable We include also 1n this group those
cases with abnormalities of the sutonomic nervous system which respond
satisfactorily to therapy in contrast to those whick do not and which are
classified 1 the severe or refractory group Fallng in this moderately se
vere group are some cases of mtermittent nocturnal diarshea, or intermst
tent diarrhea and constipation, stubborn constipation of relatively recent
onset, delayed emptying of the stomach, impotence, vasomotor instability
causing giddiness on msing from the recumbent to the erect position due
to orthostatic hypotension and absent sense of bladder filling These pa
tients tend to be underweight and indeed 1t 1s quite hikely that malnuinbion
plays a contributory part m the production and mamtenance of ths climcal

state
Involvement of the autonomic nervous system 1s defected 1 patients
having disturbances of the gastro mtestinal and the genito urinary tracts
The devel of ob p or, 38 Occurs IR some mstances,
diarrhea which 1s especially troublesome at night, 1s not infrequent These
two disorders sometimes alternate 1n a smgle patient The absence of free
hydrochlonic acid from the gastric secretions 1s a prevalent but not an
essential finding Incontinence of feces has been noted Epigastric pain, in
distingwishable from the gastric crises of tabes, 1s occasionally encountered
Roentgenologic studies dicate disturbed motility tn the gastro miestnal
tract with, m some cases, a scattered barium paitern as seen in severe defi
ciency states Unlike the ‘hea of pancreatic i the diarshea
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of diabetic
creatic extracts
1 nt of the periph nerves leads to reduction or

elimination of perepiration i the 1nvolved areas reduced vasomotor and
pilomotor function and to dependent edema secondary to the altered perme
ahabity of the caplh Reduced & g of the set glands may
sccount for the strophic and shiny changes which the skin of the extremities
undergoes

Orthostanc hypotension occasionally occuss as a result of neurocircu
latory ab m patients exhubating <t of diabelic neu
ropathy Dizziness weakness on | haeical etertion and, in the more severe
grades of the disnrder, syncope occur in awociation with the decrease 1
Hood pressure which fallows the change from the supine to the standimg
position

Dusturbances in the genio urinary tract 1dentifiable with diabetic new
ropathies include disturbances in sphincter control due to degeneratne
changes 1n the pudendal nerves permitting dnbbling paralysis of the blad
der with the * cord bladder syndrome—painless distention of the bladder
with tetention ¢ f unne, an mpatred sense of Madder filling and a predis
postlion to infection 1n the gento-urinary tract Sexual ympotence 1s a cor
mon complication This may exist with or without a loss of ilido Loss of
ejaculatory power may exiat without Joss of potentia but a combination of
these disorders 1s the rule, with atony of the bladder an additional but less
frequent complieation

C. The late, severe and relatively refractory neuropathies 1n the diabetic
petient are uncommon In contrast with the frequent occurrence of the
mulder forms Tle most {requent complaints when perspheral neries are
mvoled are loss of wesght general weakness disturbed sensation in fret
varying from numbness tingling pins and needles sensation, a feeling that
* hus feet do not f elong to hum,” to complete loss of sensation with painless
ulcerations oot or wnet drep 1s an uncommmnon feature §ut untteadiness
of gait 1 not infrequent

Invalsement of the peripheral nerves and the fasciculy propru of the
spinal cord causes disturt ances in the tendon teftexes There may be com
plete abrence of all reflexes 1 ut diminushed or absent Achilles reflexes are
especially frequent, as 14 8 depresuion of the perpheral superficial sens:
bilitice Reduced pupillary responses to hight even to the degree ohaerved
w the \rgyll Robertson pupil have been obsered

Cases of neurotropic feet in which there 15 complete loes of sensation
and great destruction of bone {F1g 26} are uncommon although we have
scen five fuch cases 1n the past year Chrome ulcerations of the feet mav
be mistaken for disbrtic gangrene on the Fasis of atteriosclerosts of Literans
ut in the caves we have seen the tips of the toes have been warm and there
hias been excellent pulsation of the penpheral arteries of the feet. Destrucs

pathy 15 not nfl d by the oral ad of pan
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tron of bone and the extrusion of bony fragments through a sinus at the
base of an ulcer may occur Shortening and stubbiness of the foot develops
as a result of marked destruction of hone

There are evidences that, 1n some cases, this destruction of bone 1s due
to a secandary infectious process but mn others the disorder appears to be
on a purely reurotrophic basis

In cases of extreme degree irreparable orgame changes i the nervous
system have been noted The following ca<e report 15 illustrative

J € a male pharmacist aged forty three years when sdmitted to the Pennsylvama
Hosputal m 1949, gave a hustory of having had diabetes mellitus for fourteen years

uring that period the diabetes was under irregular control, with 35 to 50 umts
of msulm daily

About two years previoucly there was swelling of the rght foot At first this swell
ing disappeared on bed rest but Ister 1t became constant Fous months before adms
sion ke expenenced numbness of the feet and of the fingertips About the same time
edema of the left foot and an ulcer ou the right great toe appeared Later an ulcer
appeared on the left great toe and another under the proximal end of the Jeft
metatarsal bones.

He gave no famly history of diabetes He had had chromsc intermittent diarrhea
with *mlky fatty stools ” of three years’ durztion anemia with pallor, and dizziness
of stular duration left abducens nene weakness and diplopia for six weeks and
mormng naused, relieved by food, of seven months' durstion The panents weight
had heen from 132 to 134 pounds (60 to 61 kg ) for the preceding eight months

The physical exammnation revezled A eystolic blood pressure of 178 mm Hg
with a diastoli¢ pressure of 120 mm , normal pupllary reactions to light, arterio
venons mcking of the retnal vessels arteriolarscleronis round hemorrhages and waxy
yellow exudates on ophthalmoscapy, generalized pallor of the slan and mucous
membsanes, the hiver was not palpable, 4 plus pitiing edema of the nght foot, ankle

and lower leg, 1 plus edema of the left foot and ankle, with a marked ncrease 1n
[T RO Yeae hanaath the

absence of touch, pamn, vibration and position sensation in the leet 4Bl Anumis
bilaterally, hypalgesia over the dorsolateral surface of botk Jegs loss of vibration
sense 1 the fips of all fingers of the right hand and in the fourth and itk finger
tips of the left band, tenderness over the course of the femoral and peroneal nerves
and absent patellar and Achulles tendon reflexes bulaterally, and a positive Romberg

2! hicat
sign was elicited . «  mmfam Y0INa 1018 2104
al

s
n

- . T
serum albumin of 3.5 gm. and a cholesterol value of 310 mg Phenolsulionpntnaien
excretion tests showed that 5 to 10 per cent of the dye was excreted 10 twenty
minutes with a total two-bour excretion of 30 to 33 per cent ‘There was a marked
excess of fat 1n the stools Gastric secretion contamed less than normal amounts of
feee hydrochloric acid prior to the admustration of histamine Serologic tests on

. ed but ncomplete destructiott

« ots (Fig 26) There was con
along the latersl margis
stiact radiol
rsal

d periosieal proulers 10n
1 bones In the left foot only two inds
d periosteal prohiferation along 1he fifth metatas

siderable =oft tissue swellng am
of the fourth and fifth metatarsal
cent areas m the cuboid bone an
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were gbwrind Filas of the banls were nrgatine eacept for Areas of bane destruc
ton at sie dital end of the mddle §halanx of each e ile finger

fluring the patents coutse mn the heptal, Bus diabeirs was comtrolled by 42
umts of protamine pnc snsulin aat 13 ands of segular wesbn gnen sparately
Belore Lreskfat anl & 280050} nie et comamng 175 g of praten 300 gor o
carbiotydrste ant 100 £ of fat in three equal fee dmgs and 2 bedume noorichment.

fle was given tranefusins of whle blood, ddute hydrochlone sexd by mouth »
coniree of pers 1llin herapy, sopplementary vitamins, ant borte a1} eolution sosks
ani foracn omimeny apphed lorslly to the pedal uloerations,

Tle durrhes promptly resred a2l the ttovls becawe normal sbe hemoplobss
cancenteatian cow 1o 12 gm ot 1 co pnd the red crll count 1o 40 maflion pec
ru mm The blood ures nurogen conicentration remsnied elevated but was pot made

. [

.. o L el
. Lo ' .o T
P . ared

. . e e o e

by 26 Fatenue destruction of booe a5 seen 1n 2 cav of peurotrahic Joot 1 8
dusbetic pavent 11 €

peevssted The uleerations hraled slowle amd meompletely There was 5o chsoge m
$he neurologic almormalitics or 1 the spprarancs of the bunes of he feet on
Toe gtgen ray Blom

Thue prtent had diabetes mellane, dubetic ctmopathy dragopathy with nenro
sro fac ufcerstions anl bane deions of the fert anl micrcspillary glomenso
wloraets Ronnetstie] Wabon s diveases

subvequent tn discharze o prolonged enurse of vitamun D5y thetapy was wothout
trbing beoeft slibongh after tno yeare dte degenerstine disor lers do not sppear
to have progrese § antevorably

Trcatment for Dubenc Meuropathy \dsmin By bas been, 1 our ex
pericuce the arnt gramspsly effective tessure i carreching these neuro-
patluc diantders [t s grven ntramuseularhy 1 doses of 30 nucrograms
statdy fur three to fise davs omd thereafter anon pes werk has been adequate
The veliet frons mght pans and from the swa3ing of giddness on watking »
has bren #o promy tac ta lease no uncertzinty about the sperific relief whic
this drug provides Also, a return of the nibratory menee is noted weehi
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few days and a more gradual correction of ympotence has been observed
Relief also follows the adnunistration of large doses of vstamuin B complex
but 1t 13 achieved at a considerably slower rate

Control of the diabetes and especially if the diet 1s low m calories and
unless forufied with vitanuns may increase the mtensity of the neurologic
mamfestations This 1s avoided by giving a diet of sufliciently high calonic
value to prevent a reduction in weight for the time beng, by controlling
the diabetes with insulin and by employing vitamin B, » therapy

Acute Peripheral Nearitts This distressing complication 1s mire
quent m contrast to the common chrontc neuropathies Scratica serves to
1llustrate this group The onset of tlus true form of peripheral neuntis 18
usually rapid with severe pain throughout the distribution of the mvolved
nerve, mtensified by motion and with exquisite tenderness on pressure over
the nerve, and with tender muscles Involvement of the musenlar funetion
varies from a mild degree of weakness to actual paralysts as seen m foot
or wnst drop Atrophic changes occur n prolonged cases Absent tendon
reflexes 1n the involved zones, e g, the Achilles reflex 1n cases of sciatica,
1s charactersstic Poisoning with heavy metals, thiamuine deficiency, infec
tions, exposure to cold and pressure on or mvasion of, nerve trunks by
neoplastic growths, are causes of peripheral neunitis and are to be conad
ered in addition to the diabetes When directly attributable to the disturbed
phystology associated with diabetes the duration of attacks varies from
three to twelve weeks

Treatment Therapy for acute peripheral neuntis 1 the diabetic 13 rden
tical with that for the nondiabetic with the added features (a) prompt
control of the diabetes, and (b) the prevention of a loss 1 weight The
reduction of body weight tends to intensify the symptoms and great care
should be taken to mamtain the existing weight, even 1n the obese patient,
until the neuribs 1s corrected

Thiamine hydrockloride, 50 mg, 15 admimstered ntramuseularly darly
until relief 15 secured, and vitamin By, 30 micrograms, 1s gien intra
muscularly daily for three to five days and thereafter once weekly

Other features of treatment are rest in bed, and nfra red heat treatments
over the mvolved areas”for at least one half hour several times daily

Acetylsalicylic aeid, 06 gm (10 gr) three tumes during the day, and
an enteric-coated tablet of sodwm sahicylate, 06 gm {10 gr ) belore reur
g are recommended When the pain 1s <esere codeine sulfate, 003 gm
(05 gr ), may be used to supplernent the salicylates

VI Tubercalosis
Diabetic pabients are especially susceptible 1o tuberculous infections
Pulmonary tuberculosts was about twice as common 3106 diabetres as
n a comparable nondiabetic group 26 It was three ttmes as comumon 1
those taking more than 40 umits of rnsulm daily as w those taking less or
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no ivealin, and tuberculasis wax about twice as cornmon 1 diabetic patients
who were belw the standard weight 1n contrast with thove above standasd
werght Attacks of dubetic coma predipose to the development of pul
monary tuberculony

TADLE 31
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Treatment In general, the treatment for tuberculons infection in the
diabetic 15 the same as in nonduabetic The diet 1s <ufficiently hberal to pre
vent a reduction 1n weight during acute episodes of the dicease and at no
time <hould the tuberculous diabetic be permutted to reduce his werght
below the normal standard (<ee Appendix p 266) 1t s preferable to keep
the body weight 5 to 10 per cent above this standard

Tuberculous fections may not alter the need for msulin greatly Add:
tions to the usual 1nsulin frequently suffice to control the diabetes but 1n
some, especaally those with secondary mnfections, 1t 1s necessary to employ
the four equal meal <chedule—a meal every si< hours with an appropriate
ammount of wnsulin before each (see p 215) It 1s hughly muportant that the
diabetes be contmuously controlled Repeatedly we have obsersed pattents
do badly at imes when the diabetes was out of hand Occasionally, as the
tuberculous process progresses the need for insulin becomes lIess It 15 not
true that tuberculous patients derve benefit from a hyperglycemia

The prompt control of the diabetes 1 the case of AB 15 depicted m
Table 31 It was not until this favorable progress was made that there was
the shghtest sign of his tuberculous infection abating

. - - - o P

. T - a4 2 daa) Clanter YAT and 1 crated 1n Table 31
= ncregung the
e of erystallime
On October 13
and thereafter tle diet was equally divide ! and given at stx | our mnterrale Note how
promptly the correct amounts of msulin were determined and al o that the total
amount was reduce ! by October 20 1o 80 units Thu sausfactory control was readily
accomphi<hed without any apparent abatement 1 t e fel rile course of the un lerlying
disorder Howener the ensuing clincal mprovement was prompt T 15 not a singu
Tar result
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cuarter X VI

Acute Complications of Diabetes

Daabetic patients are exposed 1o the same ncute complications as non
diabetics but there are certain abnormalities to which they have a special
predilection (sce Table 32) Of the latter, diabetic coma (discussed m Chap
XVI1}, myocardal wfarction and scute wfections complicating occlusive
vascular disease 1n the exirenmties are the most common Infectious proc

TABLE 32

‘TuE RELATIVE INCIDENCE OF AcUTE CoypLicAtions 1v 513 Consccuniye Diasemc
ParignTs ApMITIED 10 THT PuBLIC WARDs oF THE I ENASYLVANIA TlospiTaL,

Skan Infections 67
Respiratory Tract Infictions 65
Urraary Tract Infections 56
Card ac Failure 46
Gangrene of Lower Ltrumity 43
Myocardia? Infarction 38
Gynecologic Conditions 33
Fractures 28
Cerebral Vascular Discase 21
Daabetic hetoss u
Cancer of Digestiy ¢ Tract 2
Penitorutis 8
Cholecystitis 8
Osteomyeliiy [
Cancer of Respiratory [ract 6
Embolism &
Hyperthyrordism 5
Mscellaneous 171

Lotal 633

esses are among the most common acute complications of diabetes and 1t
18 not an unimportant fact that 1n mest instances these acute episades are
supenumposed on chronic degenerative disorders, notally artenial disease
This crroumstance tends to modufy the treatment as well as the prognosis
Myocardial infarction 18 an scute and serious complication which occurs,
1a a large part, as the result of chronic degenerative changes in the coro
nary arteries The clinical aspects of chrome and acute coronary artery
212
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msufliciency including coronary occlusion, and the myocardial infarction
which results, are dealt with on page 181,

ACUTE INFFCTIONS

Acute infections are the most common of the acute complications They
smpar the effectiveness of meulin and tend to preciptate a high degree
of hyperglyremia and diabetic hetosis progresang to coma with great
«peed, that 13, 1n & matter of hours The effect of fever alone, and feser plus
infection on the duration and degree of the blood sugar lowering effect of
msulin 1n contrast with the effect when no {ever nor mfection nor leuko
cytosws are present is dizgrammatically depicted 1n Figure 27, For these

THERELATIVE ERRECTS of IDENTICAL AMOUNTS
o£ REGULAR INSULTN ON THE B100D SUGAR LEVELS
1N CompLiCATED AND NoN CoMPLICATED DIABBTES.

Hours
wl 2 3 & 10

A {me Iusscno
Leugocytosie
p JArTIFICIALLY Inpuced
Fever Nolrukocy Tosis

NON COMPLICATED
DIABETES

Fig 27 The d Serences sn the blood sugar lm\ennx eflect and the daration of the
effectiveness of 1dentical doses of regular neulin un Jer notmal end abnorroal cireum
stances are duagrammstially presemed {Duncan Carey sni Hudwn Medical Chuies

fN A Dov 1989

rcasons and the fact that recovery from infections is retarded 1f the diabetes
18 not adequately contrlled <perial attention toward the prevention of
fection and & special alertness when infection 13 already present yreld high
choical divadends,

Diabetes 13 more difficult to control dunng acute infections and 1t 1s
for thi« reason that changes 1 the dutnbution of the diet and snsulin are
usually made—changes winch permt more certam and | rompt control of
a duletes wluch under the abiding circumstances 14 hikely to get out of
hand with remarkal le rapidity

I'atients with uncantrolled diabetes have a sul normal residance o an
fectious organsms, e<pecially to the tabercle baellus and the Staphylo-
coccus aureus

All of the reacons why acute infections affect the diabetes #0 unfavor
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ably are not known but we do know that infections which increase the need
for msulin most markedly are those causing fever and leukocytosis, and
that the behavior of the diabetes 15 frequently a rehable mdex, favorable
or unfavorable, of the trend of an nfectious process The duration of m
sulin action 1s reduced as 1s 1ts degree of action by acute infections accom
panied by fever and leukocytosis Infections not caustng fever have little
effect on the isulin need and those which cause no leukocytosis cause
relatrvely-hitle mcrease 1n the need for insulin Viral infections and tuber
culosss are examples of the latter 1f secondary pyogenmic orgamsms get a
foothold, as in the case of an acute sinusitts complicating & simple coryza
of viral ongin or a mixed infection 1n a case of pulmonary tubereulosss,
a change 1n the need for tnsulm 1s likely to be prompt

I m tissue bol de of enzymatic | and
increased proteolyfic activities i the blood i patients having a fever and
leukocytosis may explain the behavior of the need for nsubin but, until
the problem 1s clearer and until more <pecific means of attacking it are
available, we are obliged to continue with the excellent therapeutic means
at hand, even if they may appear cumbersome

It will be concluded from the foregoing remarks that patients who have
mld diabetes and ordinarily not needing in<ulin will almost always re
quire msulin 1f an acute mfection 15 contracted There are a few patients
who have no detectable evidences of diabetes under normal carcumstances
but who have manifest diabetes during the course of an acute infection,
notably nfections due to the Staphyl aureus and especially car
buncles

Prevention Preventive measures comprise mmunizaton when prac
ticable control of the diabetes an adequate duet, hygienic care of the skin
and special care of the feet, as has been stressed slready

Treatment for Acute Infectrans General Considerations The fea
tures tn therapy for drabetic patients suffermg from acute infections are

A Cognizance of the effect which mfections exert on the diabetes and
on the need for msulin

B Specific measures directed toward eradicating the nfectron—drain
age, antibiotic or sulfa therapy, and the occasional use of antitoxin

C Insulin therapy—who should recerse mnsulin, the brand of msulin,
the amounts and the distuibution

D Diet therapy—alterations wx dret and i its distribution

E Special meacures—surgery, roentgen ray irradiation  1ntravenous

therapies
Spectfic Considerations A The eflect which infections exert on the diabe

tes has been discus<ed at the outset of ths section, page 213

B Specific measures to be taken ta eradicate nfechion are of greatym
portance The high degree of specificity with which antibiotsc drugs over
come bacteral wfection makes the early dentification of the offending
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organim or orgamsma and their respechive sensitivities fo the sanous
antibiotic agents of great smportance Best results will follow 1f material
for a culture 15 secured at once before any antibrotic agent 13 piten
The materal for culture growth may be from a carbuncle, furuncle,
alisces, discharging sinus, an ulcer, the urine, the blood, the spal fluwd,
elc

Tlas procedure need not delay therapy As soon as the culture matenial
13 secuted the antibrotic agent which zeems mast likely 10 he effectine 1s
given Too often we find carbuncles which have been domg badly end
threatentng hfe, only to find that the offending organssm 1< resjstant 1o the

b P always p Mlin—that the patient has been recen

ng The broader 1s the scope of the bacteriology laboratory 1 detectng
the «preific senatnities the more often prompt cures will result

Other specific measures should nat be overl whed, © g, adequate dram
age 1n cases of pent up purulent matenal

INSLLIN THFRALY Insulin 1s ginven to every patient, no matter what 1a
the degree of sevenity of his diahetes, 1f hus fasting Dlood augar level ex
ceeds 120 mg per 100 ce or if the postprandial value excreds 160 mg per
100 ¢c

B use segular meulin exclusnely durng the course of moderately se-
vere and scvere infections In many cases, however, the disturhance 1s so
slight that small to mederate increases in the amount of long acting meulin
gnven will suflice without disturhng the usual routine For the more sciere
infecticns regular meulin only 19 used It 19 not used 1n combnation wath
a slowly acting insulin becanse the latter does not exert a uniform effect
thraughout the twenty four hours

The action of regular insulin 14 prompt and the fact that ite action 1«
«f short duration makee it & simple weapon to mampulate when bath the
Hoad eugar level and the meubin requirement may be sul ject 10 rapid
alterations

The follwing method of distributing the invalin has been employed at
the Penneyhama Tlosg ital for the past seventeen years with favorable re-
sults  During the course of modrrately severe infections the meulin 1o
gsen an four duaded d ies at evenly spaced intervals The deet 1o mimularlhy
disidedd sa that the patient secenes the same amount of earbohydrate fat
and protein after each anjection of msubin It 14 convensent to gne meals
and imolin at 6 A 31, 12 noon, 6 23t and 12 mednight Thes program per
mts the uniform control of the Hood sugar Ievel dunng the most sxevere
complications Changes 11t the dosage of imwubin are regulated according
to the amount of sugar found an the urine, which 1 colleetnd before each
nourishment and by the Jerel of the Hlood sugar (see Talle 33)

Occavionally, i cases of very severe infections and 1 which very large
amounts of insubin several hundreds of vnite daih, are gnen, 1t has been
a temporary expedient (o dissde the insahin inte six doses an 1 the diet anto
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six equal nounshments, both gnen at four hour intervals As the ertrcal
phase passes, the injection of msulin and a nourshment are gnen every
s1¢ hours

The regulation of the msulin dosage i the ca<e of a patient takmg 80
umts of msulin prior to ad for for a carbuncle 1s 1llus
trated 1n Table 33

In the unusual case when meals and msuliz are grven at four hour inter
vals, collecttons of urine are made for the <ame pertods, and hkewise when
meals and insulin are given every stx hours, the urine 1s collected each
six hour perted The bladder 15 emptied before each feeding and the degree
of glycosuna 1s determined

The degree of, or the absence of, glycosuna 13 a <utable guide 1n chang
g the dosage of nsulin (see Table 33}, but occasional blood sugar deter
munations are of value Of great value 1s the testing of the plasma for
acetone The patient 1s 1n no danger from ketosis 1f there 1s no detectable
acetone 1n the plasma or serum For the technic of performing this test, see

TABLE 33

AN ItLusTRATIVE GUIDE TO INSULIN THERAPY IN THE CASE OF
AN Acute InvecTION

Time ’12‘1 Jorw 220 esw 123 [6ew |12 [6av 12w
Glycosurta 1 ! S+ [ 3+ [ ar| 0 J1+| o] o[ o
Acetonuria 2+ |1+ |1+ | 0 o | o]0 |0 |0
PlasmaAcetone | 0 | 0 | 0 | o ] o [ o] o | 0o 0
Blood Sugar }

mg /% 320 132
Insulin 2 | 40 | 50 | 10 l 35 | 35 | 30 l % | o
page 69 If the patient’s d 15 not p f: bly and the

nfection 1s of a serious nature and there 1s acetone 1n the urme, a test
for acetone n the plasma 1s advisable at least twice daly The presence or
absence of acetone in the unine ordinanly 13 a good guide but if the reac
tion 15 4 plus 1t 15 1mportant to know to what extent the acetone bodies are
aveumalating ix the Hlood

The change from the pre-comphcation nsulin regimen 1s sllustrated 1n
Table 34 This program 1s llustrative only It provides a simple means of
crudely estimating a safe imbial program of insulin therapy, followmg
which the amounts of ansulin given are altered as indicated according to
the degree of, or absence of, gljcosurta as Mustrated 1 Table 31 The
1mtial dase of wmsubin for the patient having a nuld diabetes can safely be
12 units For those receving msulin routmely the imial dose will not be
excesstve 1f 1t equals one quarter of the routine dose plus 2 moderate 1
crease The determunation of the yma] dose 1s Mlustrated for varyng de-
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grees of inealin need, 1n Table 31 The 1n<ulin 15 mcreased at each injection
unttl the diabetes 1 brought under relatinely good control Jt1s well to mamn
tain a fanly firm rein on the diabetes To do this when the time to reduce
the in<clin dosage arrnves it 13  referable to reduce and not fo omit & dose
Dothing will upeet diabetic control more quickly than omitting a do<e of
itsulin when a reduction in the amount given 1s all that 1s needed As the
infection subsides the neulin 13 reduced steadily 10 prevent hypoglycermc
reactions The need for great reductions 1s often necesary following the
prompt correction of an wlection In such cases there 1s little danger n
making Iig reductions—as long as heasy reactions for ghcosuna are not
present—uatil the precomplication doage of insulin 1s nearly approx:
mated

The precomplication regimen 1« resumed after one or two days have
elapeed without fever This can be done abruptly, e g, 20 units of regular

TABLE 31
A\ Guinr 1v Citavana T Resercrive Ivstua Procraws v s Py Pt or Acere
CawpicsTions
DURING COMPLICATION—
PRION TO COMPLICNTION THE INTIAT DoE—
RFGULAN 1heL11N
1) Noinwlio 1=
(2) Sungle doses of 30 units or less of I Z ansulin Glolan|
or NPI msobin 15
u) Coml ined 1nsultn theragaes totating 80 units E
W “Comt ined 1nsulin therapies—total 100 urts 40
(2} Comlined 1nsulin therapies—total 130 units 50

Note The imtind dovo 13 one<puirter of the former dady d wo plus & tiod Tate
incriase Subsequent d mes will e justed acconding to the degree of glycosuria
n ench surceeding miz-hour anine fraction

wmeulin given at six hour intenvals (total for twenty four hours~-80 units)
18 replaced by 60 umte of protamme 2inc insulin and 20 umts of regular
msulin injecled separately

DIET THERAPY As has been indicated an the foregaing paragraphs, the
diet 15 divided 1to four equal feedings during acute illaesscs—exeept 1n
rare cates when six equil feedings, one every four hours—are guven

The diet requires soine modification from the uwal form Tt 1s 1mpor
lant 10 mamtam an sdequate protewn allowance—a mimmum of 0.5 g
per pound of the normal body weight Liquids fortified with concentrated
protein foods ate deirat e il the usual protein foods are unpalatalle. Con
valescence 14 epeested by grmg more hberal sllowances of protein—up to
066 gm_per pound of body weight Thia protemn qucta 1o espersally deir
atle i dealing with prolonged infections of open wounds such as ulcers
from which much protein 1s Jost Liquid nourishment may be all that the
scutely 1l patient can tske and tlus should conuet largely of fruit juices,
skimmed milk, cream, grucls and ginger ale with glicose
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A sample diet prescription 15 as follows

Protem 110 gm
Carbohydrate 250 gm.
Fat 50 gm
Total calories 2000

This diet 13 presented 1n menn form as a liguid diet (Diet XII) and 2
diet of normal foods (Diet XINT) In each instance the diet 15 dnided into
four equal meals suitable for use 1 most cases of acute complications
Following the recovery from the acute complication the pre comphcation
diet 15 resumed simultaneously with resumption of the former plan of m
sulm therapy

PARENTERAL NOURISHMENT When & pattent cannot take feedings by
mouth or by gavage, an intravenous program of feeding 15 used bemg
patterned on the six honr <chedule outlined above No method i present
use can supply adequate nutrition by this route, and caution must be
exercised to use it no longer than necessity dictates and to prevent the
excessive admrmustration of sodium chlonde

We have found the basic formula, for parenteral feedings as recom
mended by the National Research Couneil to be eminently satisfactory

To meet the requwements for the nutnition of a patient who will be unable to
take any food or fluds for some days and therefore should recewve a nutnient whil
wtll provide an adequate amount of some proten substitute,

Water 3000 cc

Casein bydrolysate 100 Gm.
Glucose 200 Gm
Salt 10 Gm,

Tlus will require two liters of five per cent casen kydrolysste &ve per cent ghicose
solution and one Lter of 10 per cent glucose solution a lotal of 3000 cc Smce
the casemn hydrolysate 1s neutralized it will contain § G of salt per liter or 10 Gm
1n two liters Other conven ent formulae can be devised by wh ch the volume can be
kept below 3000 cc

An mtravenous nfusion of 750 c¢ 1s started every six hours and regu
lar msulin 15 m)ected subcutaneously as each infusion 1s begun

The quantity of flurds gaven 13 adjusted to promote and mamtain nor
mal hydration Mild degrees of glycosuna are permitted as a safeguard
agamst a hypoglycema but sufficient amounts of msulin and carbohydrate
are given to prevent appreciable degrees of acetonuria Blood sugar values
are hikely to be misleading while glucose 15 being 2dmmstered by vein

The dosage of nsulin 18 regulated 1n such cases also according to the
degree of glycosuna For an unconscious or wcontinent patient an induell

g catheter 1 introduced nto the bladder, under appropnate precautions
ployed

3n order that the samples of urine may be secured Gantrismn 15 em,
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in doscs of ¥ gm four tunes daily, as a prog hylactic agent aganet 1nfec
tion 1n the urinaty tract winle the catheter 15 1n place

The methods of therapy for diabetic patiems having acute complica
tions and surgery at the Penneyliamia Hoepital have been reported and
evaluated 1n some detmil by Alexander, Loomis and Lee? Consmiderable
portions of the article which deal with surgery and diabetes are presented
serbatim with the authors’ con<ent

SURGFRY AND DIABFTES
Insulin therapy has made 1t possible to gre disbetic patients all of the
benefits of surgery with prospects of results closely approaching those
achieved with nondiabelic sul jects For the relative frequency of =urgical
d in the acute compl zee Table 35

TABLI 3,
Tie NFamive Incoesce or Supsieat Cowrucaniond v 511 Consectrne
Diareric Pamients Apwitrep To Tir Punuic Wares or e Pressvirani
1oserrar Becatse or Acure CoupLicamons

An jutation of [ xtremity 4
Goynrcol e Operations a3
Lagstion of Vein 32
Intra atxtominal Surgery bl
Inctwon an i Drainage 2
Sympatl ectomy la
Operatins on the Lyes 10
Normal D hvery of Ll 4 8
Ra{cal Mastect sy 4
tnteatt racic Op rations 3
Thyr 1 fectomy 3
AL werllancois "3
Tral 2~

The diabetes 1s controlled prior to elective operations but in emergen
cies diabetes 14 pot a d to surgieal p i provided a
moderate or severe degree of ketosi 19 not present, 1¢., a 2 { lus or greater
reaclion for acetone 1n the plasma or a CO2 comluning power of the plasma
below 33 yolumes per cent

P'rocedure of Therapy  Our procedure an preparing these patients for
operation has been as follows

1 Flective Surgery Patients undergoing clectne surgeey ste kept on
their usual routine of therapy until the day of operation

2 Non elective, Non emergency Surgery In noneclectine surgery when a
delay <[ tno or three days 18 purmisulle, the diabetes 14 controlled usng
the four equal meals, one every six hours, and each preceded by & dose of
regulsr ineulin This 1< sdentical wath the plan of thetap y for acute mfee-
tons (see p 217)
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3 Emergency Surgery When immediate surgery 1s necessary and (a)
the diabetes 15 not comphicated by ketoss, no delay 1s mdicated, but (b)
when the patient has ketosss with a 2 to 3 plus reaction for ncetone in the
plasma or a CO; combining power below 35 yolumes per cent, a delay of
four to six hours will be adequate, with Liberal doses of insulin gven sub
cutaneously and glucose and normal salme given ntravenously, to restore
the carbohydrate metabolism and water balance sufficiently to proceed with
the operation {c) Patients in diabetic coma should not be subjected to
surgery beyond mnor remedsal measures, e g, myringotomy for the dran
age of an abscess, the opening of an airway, the arrest of hemorrhage, or
other to forestall an diate disaster

The Day of Operation Procedures for this day are modified by the
urgency and nature of the operation, the severity of the diabetes, the clim
cal condition of the patient, the anesthesia, the necessity 1 some cases
for an empty <tomach, and the prospective ability of the patient to take
food orally after the operation

In dealing with the diabetes there are two main objectives (1) Avoud
ketosis, and (2) avord hypoglycemic reactions

Management of the diabetes 15 integrated with the other needs of the
patient as indicated by our usual program, which 1s as follows

1 Nourishment, Fluds and Sodium Chloride The six hour schedule of
giving nounishment 1s adhered to The nourishment before operation 15
given as 1 liter of 5 or 10 per cent solution of glucose Following operation
the basic plan 1s to grve 750 ce of a 5 or 10 per cent solutton of glucose
ntravenously, slowly, 1n each six hour period A new bottle 1s started every
six hours Every third bottle (or 1000 cc as the case may be) should be
given as 2 5 per cent solution of glucose 1n normal saline If nourishment
18 gwven 1n this manner for more than one or two days, casein hydrolysate
1s added—the equivalent of 25 gm of protein per day

On some occasions more fluids are ndrcated, 1n which case 1 liter 13
gaven 1n place of a 750 cc admunstration (see Fig 29) Contranwise, 1n
cases of sargical shock with anunia and a lower nephron nephrosts result
1ng, the amount of flmd would be reduced to approximately 1200 cc daily
unti] urine 1s secteted We have had no occasion to resort to this measure
for a diabetic patient

2 Insubn Ocdinarly one-quarler of the previous day’s tolal doce of
1nsulin 15 gnen prior to the preoperative admimstration of glucose This 18
not a fixed rule It may be advisable to give less if there 15 any fear of
hypoglycerma, af the operation 1 prolonged the risk of & hypoglycema
can be ehminated by giving glucose intravenously during the latter stages
of the operation

Postoperatrely the amounts of msulin, a dose every six hours, are regu
lated according to the degree of glycosuna Mild degrees of glycosunia are
preferable during the first two or three postaperative days
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Simple opetative procedures—the ligation of vetns, wncistons and drain
age, and dental extractions—and, indeed, many amputations may be per
formed without any change i the four meal chedule, the operation being
sunply inserted between feedings

Four illustrative plans of therapy in operative cases are presented n
Figure 28 It will be observed that nounichments are given at 9 a1, 3r v,

Diacrams to lirorraaze Prane dov MANACEHENT of
Diaperes on OPFRATIVE DAY

For hrcirion ard Draunage Ven Ligatior and. Smiler Muror'Procedures

SaM SAM Fam 1} _3" 12} M n»

FEEDINGSE — 1 -
[V GLucost
Inrorny i {
PERATION. Y W
For Arputalion Jetting of Fractures
IAM 6AM M N LY oM M nsM
FEEDINGS | 73N
[V GeucarE T _ ~
INTULIN l_k!w: ces fort_|
CPERATION .,
For Ampulation Thansurersrar Profzatreromy
IAmM 6AM  TAm nK M M LY 1M
;‘H'DI)-'GJ' | ! L ]
GIUCOSE + - +# -
Insoriy - 1
OPERATION 1

GRS'TFECNAYQH‘/ ]‘HYﬁOIDFCYDMYaAd Crotscyrrecromy
3AM GAM  AM BN SPM 6PM oM 1M

OrzratioN 1 ]
Fig 28, Four plans of theragy for duleue patients subjected ta surgery of sarving
degzees of complexity are depicied disgrammatically (Alter Alexanter J ., Looms,

A H anllee € ToJr Melral Cmes of North America Sept,, 1919)

9 ra and 3 a3t This tuming 1+ a matter of conenience and 1t obviously
14 quite as puitalle 1f 4 12 noon, 6 731, 12 midnight, and 6 A 31 schedule
1@ selected

The notmal dictuit wtion of meals—uaally theee meals and a bedisme
nourishment—and insulim are resumed when the patient 15 afel nle and can
take regular food The tranution {rom the six hour schedule to the normal
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regimen 1s performed n the same manner as that following an acute mnfec
tion (see p 217).

An llustrati e operatne case reported by Alexander and his co workers?
13 presented as follows:

A fifty eight year-old duabetic Negress, E T', was admutted on February 26, 1948
with 2 body temperature of 101° F and symptoms and signs which strongly sug
gested a diagnoais of acute cholecystitis Operation was deferred until the acute
process had subsided

A cholecystectomy was performed on March 9, 1918, under nitrous oxide-oxyzen
ether anesthesa The pathologist’s diagnosis was chronic cholecystiis and cholelth
1295 A Wangensteen dramage was mawtained for twenty four lours slter operation
Fever was present for three days postoperatively with @ maxmum of 1012° F but

1 was otherwise ful and the patient was discharged March 20,
1948, on the eleventh postoperatne day

The drabetes was treated on admission by means of a 2100 calorie liqud duet
divided 1nto four equal feedings with 14 umts of regular an<ulin before each feedng
Prior to this itllness the insulin requirement was 28 umits a day Glycosunia was
elummated by the second day i the hospital On the day of operation, as shown m

3/efs 3f10p48 3fpufes
T3am aam 3o aem 1T 3am aam e oom [ 3aM

Orat Freoives
VGrycosz
Insvry

Oring Joear_ |0 o I3+ [2+ I+ fi+ 1x Jo o
OPERATION 1 7 I i1 1
DIAGRAMMATIC REPRESENTATION of [LLUSTRATIVE

Operarive Care (Crozseyerecromy)

Fig 29 The plan of medical therapy for & dtsbetic patient (E ') undergog a
hol y 1s depicted Jer, Loomis and Lee Medical Clinics of North

America, Sept, 1949}

Figure

was &

same 0 .

5 per

:p”‘“ v, . 2 el cannt an far alveaerr 4 het the test for acetbue

N at ihis tme

N PP, 3 AN,

[ . of 5 per cent
. ot glucose m

£ rmal sabne was used Reactions for glycocurss Temawed 2 ptus or iess and those
o im0, oand fecbags culd g be tolerated and  fou el i
eimilar to the preoperative diel was ordered Regular 1asulin was guien, as usud!
Lefore cath feeding. Return to & three meal diet and Jong acting insulin was accom
plished prior to discharge from the hospital
Tins case hustory illustrates the general management of a diabetic pat‘:egl
requining major surgery. It demanstrates the preoperatrie four meal scl :15
ule used as the basic pattern during the operatine and postoperalie perio d
When 1t was 1mpossible to use oral feedings, glicose solutions were give
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intravenously, each infusion bemg started at the time when the mesl would
have been setic] Regular mwulin admnestered subcutanconsly was used
throughaut the ertical period and always at the beginming of a feeding or
infusion This ease 1o unueual in that the doee of 1nsulin did not need to
e altered duning the entire operative period Al<o, the amount of Auid
gven was greater than would ordinanly be required

Choice of Anesthesis Ttas preferable to have a qualified anesthetiet, who
13 farmifiar with the patient, to make the choice of the anesthetic When prac
tical le, tocal ot regional anesthesia 1s desired For spinal anes
thewia 19 our choice except n the occanional case 1n which the hmb has
been refngerated (cce p 196) 1n this event no further ane<thesia 1s neces-
sary For general anesthesia induction with gas-oxygen and continued with
ether 13 eminently satisfactory Mitrous oxide 14 the general anesthetic of
choice for short operstions and when good relaxation of the abdominal
muscles 14 not a vequisite

Frery effort 1s made to avoud anoxia Morphine, of uced, 15 given 1t
mal dowes Chioroform and cthy! chlonde are contraindicated for diabetic
J atients

NFYFRFNCFS

1 Dunesn ¢ c Carey LS, enllelson M T M Chn “orth Amenen (Nov )
1919 p

2 Nevanat ne..,mh Council i Convalescenice aad Rebabilitation Report Na 1
Tkeb) 1944

% Vlevnler ] B, Loomis, A Ho and Lee € T, Jr 3 Chn North Amenca
(St 19l 143
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Diabetic Coma

Introd The patholagic ph sy of diabettc coma has been
dealt with 1n Chapter Vi As an muoducnon to the practical features 1t
suffices to say that (a) Diabetic coma 15 one of the greatest of medical
emergencies {b) Tt 1s preventable (c) It does not deselop while the diabe
tes 15 under good control (d) It 15 recogmzable and may be readily cor
rected in 1ts early stage< (e) Deaths from dabetic coma have been reduced
dramatically but they still occur because of 1gnorance delay and neglect
(f) Fatalities may oceur from hypopotassema appeartng as a complication
of therapy for diabetic coma (g) Hypopotassema® 1s readily detected by
electrocardiographic studies and ean be prevented or corrected by the oral
admmstration of potassium chloride

The prompt detection of hypopotassemia and 115 correetion 1s of new
and important interest At the outset of therapy for dabetic coma as a
rule there 15 a hyperpotassemia as nd d 1 the el
record 1n Figure 30 but as therapy 1s carried out several processes which

tend to reduce the of p 1n the I are 1 oper
ation Theseare the dilution factor the excretion of potassium m the unne
the Joss by vomting deq intake the util of this electrolyt

1 the laymg down of glycogen and of protein and other factors not clearly
underctood

Potasstum chloride can be given routinely as indicated 1n the outhne of
therapy There need be no concern of this therapy doing harm 1f unne 1s
being excreted freely Anuria tends to prevent hypopotascemia The routine
administration of potassium chloride should be omutled i the patien 15
anunic This 1s recommended for tno reasons (1) because 8 hyperpotas
semia may he precypuated amd (2) becavse there 3s not bkely 1o be 2 need
for 1t during this period

An excellent review of the present status of potassrum therapy has been
published by Elkinton and Tarail

Nature of Diabetic Coma and Tts Diagnosis Diabetic ketosis pro
gressing until the patient 15 1 a state of coma occurs when the uhilization

* Potass um 15 present in normal serum 1n concentrations of 38 to 43 mEq/L.

(148 10 168 g /100 mb.)
26
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of carbohydrate 13 reduced to a degree which causes an increase of great
magnitude 1n the metabolism of fat As a result, acetone bodies (acetone,
diacetic acid and beta hydroxybutynic acid) are produced at a rate which
exceeds the ability of the body to complete their oxidation and the excess,
1 the early stages, 1s excreted in the urine As this process progresses 1 plus
reactions for acetone 1n the urine are replaced by 2 plus, 3 plus, and finally
4 plus reactions The kidneys, and to a munor extent the lungs, can carry
off, for variable periods, the excess acetone bodies from the blood but, bar-

+8 SERUMK =77
R R(sEC)= 64
CaLc QT = 32
36
SERUMK =31
R-R(sEC)= 56
2 Cac QT =2%
42

QT interval normal.
Hypopotassemna  Lawer tracing—scrum K 31 mEq /L

(12 mg /100 mL)

T wave mverted

QT interval prolonged

ring relief, finally acetone production exceeds the functional capacity of the
excretory mechanisms and acetone bodies accumulate in the blood At first,
this stage 13 detectable by the appearance of traces of acetone in the blood
plasma but, if not corrected, 2 plus, 3 plus, and finally 4 plus quahtative
reactions for plasma acetone are observed Usually, 1t 1s not until 4 plus
reactions for acetone in the urine are obsenved for vamable periods that
amounts of acetone increase in the plasma‘to a sufficient concentration to
be detected by the usual tests employed Hence, in general, a 3 or 4 plus
reaction for acetone in the plasma indicates @ much more edranced degree
of ketosis than do sumular reactions obtained on examination of the urine.
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Diabetic Coma

Introd The pathol physiology of diabetic coma has been
dealt with 1n Chapter VIII As nn lntmduclwn to the practical features it
suffices ta say that (a) Diabetic coma 15 one of the greatest of medical
g (b) Itisp ble (c) It does not develop while the diabe

tes 15 under good control (d) It 1s recogmzable and may be readly cor
rected in 1ts early stages {e) Deaths from diabetic coma have been reduced
dramatically but they still occur because of ignorance, delay and neglect
(f) Fatalities may occur from hypop: g as a compl.
of therapy for diabetic coma (g) Hypopotassemla 18 readxly detected by
electrocardiographic studies and can be prevented or corrected by the oral
admmstration of potassium chlonde

The prompt d of hypop and 1ts 15 of new
and mportant mterest At the outset of therapy for diabetic coma, as a
rule, there 1s a hyperpotassemia, as indicated 1n the el d h
record 1n Figure 30, but as lherap) 15 carnied out several processes which
tend to reduce the conc P m the 1 are n oper
ation These are the dilution facmr, the excretion of potassium 1n the urne,
the loss by vomiting, madeq ntake, the uhl of this electrolyt
in the faying down of glycogen and of protein and other factors not cfenriy
understood

Potasstum chloride can be given routinely as indicated 1n the outline of
therapy There need be no concern of this therapy dotng harm if urine 13
bemng excreted freely Anuna tends to presvent hypopotassemia The routine
adnumstration of potassium chloride should Le omitted 1f the patient 15
anaric This 1s recommended for two reasons (1) because a hyperpotas
semia may be precipitated and (2) because there 1s not hkely to be a reed
for 1t during this period

An excellent review of the present status of potassium therapy has been
published by Elkinton and Tarail *

Nature of Diabetic Coma and Its Diagnosis. Diabetic hetosis pro
gressing until the pabent 13 1n & state of coma, occurs when the utilizatien

* Potassium 1s present in normal serum s concentrations of 38 to 43 mEq/L.

(148 to 168 mg /100 m)
226



DIABETIC COMA 227

of carbohydrate 13 reduced to a degree which causes an imcrease of great
magnitude in the metabolism of fat. As a re<ult, acetone bodies (acetone,
duacetic actd and beta hydroxybutync acid) are produced at a rate which
exceeds the ability of the body to complete their oxidation and the excess,
1 the early stages, 1s excreted 1n the urime As this process progresses 1 plus
reactions for acetone in the urine are replaced by 2 plus, 3 plus, and finally
4 plus reactions The kidneys, and to a minor extent the lungs, can carry
off, for variable periods, the excess acetone bodies from the blood but, bar-

+8 SERUMK =77
R-R(secy= 64
CaLc QT = 32
36
SERUMK =31
R-R (sEC)= 56
2 caLc QT =2%
H2

T wave—increased smphtude with a narrow base
QT interval normal.
Hypopotasserna  Lower iracing—~serum K 31 mEq /L.
(12 mg /100 ml)
T wave mverted
QT interval prolonged

ning reltef, finally acetone production exceeds the functional capacity of the
excretory mechanisms and acetone bodies accumulate in the blood At first,
this stage 13 detectable by the appearance of traces of acetone i the blood
plasma but, if not corrected, 2 plus, 3 plus, and finally 4 plus qualitative
reactions for plasma acetone are observed Usually, st 1s not until 4 plus
reactions for acetone in the urine are observed for varable periods that
amounts of acetone increase 1n the plasma‘to a suffcrent concentration to
be detected by the usual tests employed Hence, m general, & 3 or 4 plas
reaction for acetone in the plasma indicates a much more advanced degree
of ketosis than do similar reactions obtained on examtnation of the urine.
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Diabelic Coma

Introduction The pathologic physiology of diabetic coma has heen
dealt sith an Chapter VIII As an mtroduction to the practical features st
suffices to say that (a) Diabetic coma 15 one of the greatest of medical
emergencies (b) It1s preventable (c) It does not develop while the diabe
tes 19 under good contral {d) It 15 recognizable and may be readily cor
rected 1n 1ts eatly stages (e) Deaths from diabetic coma have been reduced
dramatically but they sull occur because of 1gnorance, delay and neglect
{f) Fatalties may occur from hypop appearing as a

of therapy for diabetic coma (g) Hypopotassenma* 1s readily detected by
electrocardiographic studies and can be prevented or corrected by the oral
admimistration of potassium chloride

The prompt d of hypop and 1ts 15 of new
and mmportant interest At the outset of therapy for diabetic coma as a
rule there 15 a hyperp as ndicated m the electrocard) h

record 1n Figure 30, but as therapy 1s carried out several processes which
tend to reduce the concentration of potassium 1n the crreulation are m oper
ation These are the dilution factor, the excretion of potassium i the urine
the loss by vomting d ntake, the util of this electrol.
1 the laying down of glycogen and of protein and other factors not clearly
understood

Potassium chloride can be given routinely as mdicated in the outlne of
therapy There need be no concern of this therapy domg harm 1f urine 13
betng excreted freely Anuria tends to prevent hypopotasserma The routine
admimstration of potassium chloride should be onutted 1f the patient 18
anuric This 15 recommended for two reasons (1) because a hyperpotas
serua may he presputated snd (2) because there 1s not likely to be & need
for 1t during this period

An excellent review of the present status of potassium therapy has been
published by Ellinton and Tarail #

Nature of Diabetic Coma and Its Diagnosis Diabetic ketosis pro
gressing until the patient 1s 1n a state of coma occurs when the utihzation
mEq /L

* Potasstum 1s present 1n mormal serum 1 concentrat ons of 38 1o 43

(148 to 168 mg /100 ml)
226
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of carbohydrate 15 reduced 1o a degree which causes an mcrease of great
magmitude m the metabolism of fat As a result, acetone bodies (acetone,
diacetic acid and beta hydroxybutyric acid) are produced at a rate which
exceeds the abihty of the body to complete their oxidation and the excess
1 the early stages 1s excreted 1n the urine As this process progresses 1 plus
reactions for acetone 1 the urme are replaced by 2 plus, 3 plus, and fnally
4 plus reactions The kidneys, and to a mnor extent the lungs, can carry
off, for variable periods, the excess acetone bodies from the blood but, bar

+8 SERUMK =77

R-R (sECy= 64

CALc QT = 32
36

SERUM K =31

R R(sEC)= 56

2 CaLc QT =29
42

T wave—Increased ampltude with = narrow base
QT mterval norma
Hypopotassemm  Lower tr2 mg—serum K 31 mEq/L
(12 mg /100 ml)
T wave myerted
QT mtenal prolonged

nng relief finally acetone production exceeds the functional capacity of the
excretory mechanisms and acetone bodies accumulate m the blood At first,
this stage 13 detectable by the appearance of traces of acetone 1n the blood
plasma but, if not corrected, 2 plus, 3 plus and finally 4 plus qualitative
teactions for plasma acetone are observed Usually, 1t 1s not untid 4 plus
reactions for acetone 1n the urine are obeerved for vanable periods that
amounts of acetone mcrease 1n the plasma‘to a sufficient concentration to
be detected by the usual tests employed Hence, in genersl, & 3 or 4 plus
reaction for acetone in the plasma wndicates a much more advanced degree
of ketoss than do stmular reactions obtatned on examinanon of the urine
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Diabetic Coma

Introd The pathol physiology of diabetic coma has been
dealt with in Chapter VIIT As an mtroduction to the practical features it
suffices to say that (a) Diabetic coma 1s one of the greatest of medical
emergencies (b) It 1s preventable (c) It does not develop while the drabe
tes 15 under good control (d) It 15 recognizable and may be readily cor
rected 1n 1ts early stages (e) Deaths from diabetic coma hase been reduced
dramatically but they <till occur because of 1gnorance, delay and neglect
(f) Fatalities may occur from hypopotassemia appearing as a comphication
of therapy for diabetic coma (g) Hypopotasserma® 1s readily detected by
electrocardiographic <tudies and can be prevented or corrected by the oral
admumistration of potassium chloride

The prompt d. of hyp. and its 15 of new
and important interest At lhe oulsel of therapy for diabetic coma as a
rule, there 1s a hyperp ua, as nd d 1n the el
record 1n Figure 30, but as therapy 1s carried out several processes s which
tend to reduce the of p m the I are n oper
ation These are the dilution factor, lhe excretion of potassium in the unne,
the loss by vomting, deq intake, the util of this electrol.

1n the laying down of glycogen and of protein and other factors nat clearly
understood

Potassitm chloride can be given routinely a< indicated m the outhne of
therapy There need be no concern of this therapy doing harm 1f urme 18
being excreted freely Anura tends to prevent hypopotassenua The routine
admimstration of potassium chlonde should be omtted 1if the patient 1s
anuric This 1s recommended for two reasons (1) because a hyperpotas
semua may be precipitated, and (2) because there 15 not Iikely to be a need
for 1t during this period

An excellent review of the present status of potassum therapy has been
published by Elkinton and Tarail

Nature of Diabetic Coma and Its Ihagnosis. Diabetic ketosis pro
gressing unul the pattent 15 1n a state of cama, occurs when the utihization

Potassium 15 present in normal <erum m concentrations of 38 to 43 mEq/L

(148 to 168 mg /100 mL)
226
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of carbohydrate 1s reduced 1o a degree which causes an increase of great
magnitude 1 the metaboliemz of fat As a result, acetone bodses {aotote,
diacene acid and Leta hydraxybutyric acid} are produced st a rate whach
exceeds the abihity of the bady fo complete thesr axidation and the excess,
1n the early stages, 1s excreted m the unne As this process progressex 3 plis
reactions for acetone 1 the urme are replaced by 2 plus, 3 plus, 20 fizally
4 plus reactions The kidneys, and 10 = munor extent the lungs, can carry
off, for vaniable periods, the exeavs acetone bodies from the Bood bot, bar

+B! SERUMK =77
R-Rse= 69
Carc QT = 32

SERUMK =3}
RRsecy= 55
2 Cate QT ~ 0

42
Fig 30 The wfuentes of the concenteat on of potasy
eardiographuc vecords ace Mlusirated m Brecordial Iy '};:‘ &; oy
Hyperporasemia Upper tracing—serum & 17 kg 7, fr el o 47y
(30 g /100 ml)
T wavewincreased amphrede wpy
QT ateryal normal. 1 Barmuw basy
Hypopotossen & Lower tescsng_serum & 31 nfy
7o (1 mg #100 mt } A
T wave wrered
T mserval prolonge}

ring reliet Bnally ecetone production exceeds the f,

“imw mechantsms and acetone botdes uccmn“x:l:: :;;‘l ;'»:t? e e
this stage 19 detectable by the 4ppesrance of traces of py e At £ree,
plasma but, of not corrected, 2 plus, 3 plus, and finy, S B e Hord
reactsons for plasma acetone are observed Usually, Fdonatese .,
veactsons for acetone in the unne are obuerved for vy g ¢ T2 § prae

a « ? wtone increase m the plasma’to 8 aumm:" Pty that
t + ~ smployed Henes, ., ° 24 [

. . - PR 51'“&:.1 or 4 pls
o) n . P s

. . -
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The diabetic patient having 4 plus reactions for glycosuna and aceto
nuna, and a 4 plus reaction for plasma acetone fulfills the chemical eraterna
necessary to make the diagnosi> of diabetic coma The diagnosis can be
made at the bedside Urine for testing 15 obtained by catheter 1f necessary
and 10 cc of oxalated blood allowed to stand for 2 few mmutes wall provide
plasma or serum, of which only one drop 1s needed i the test for acetone
(see p 69)

Excessive production of ketones provides the clue to the diagnosis and
the early detection of this clue 15 of extraordimary importance The sum
plicity of the tests for acetone 1n the plasma puts a precise and valuable
diagnostic measure in the hands of every physictan The diagnosis can be

blished without elab I or techmical assistance and—of
most mmportance—therapy can be started at once It 1s practicable then,
even m remote places, to give a patient mn diabehic coma the apportunities
of recovery closely approaching those enjoyed by patients m large cities
with nearby hospital facilities In case of the latter group their chances of
recovery from dizbetic coma are also greatly enhanced if the diagnosis 1s
made 1 the home and not delayed until the patient 1s admitted to the
hospital We know of a patient 1n whose case the diagnosts was made and
100 units of wsulin and § ounces of well salted broth were grven within
thirty munutes of the time the physicran saw the patient This illustrates
what can be the next great advance in the management of diabetic coma—
immediate diagnosts with wmsulim and sodium chloride admumstration
begun 1m all cases prelmmary to moving the patient to the hospital

Prior to and m the early stages of ketosis important disturbances 1n the
patient’s flurd and electrolyte balances have been taking place, notably the
creased hyperglycemia with 1ts druretic effect, the loss in the unne of
large quantities of sugar and of base, especially sodium and to a smaller
degree but nevertheless of great importance, patassiutn All have a beaning
on the chimcal state of the patient and on the therapy necessary These later
considerations account for the intense dehydration, hemoconcentration
creased spectfic gravity of the whole blood, low, and at times imperceptible
blood pressure, vascular collapse with evidences of the resulting Tenal
incompetence as indicated m the gravely ill patient by oliguna with
albumin and granalar casts, or 1 some mstances by anunia with the devel
opment of the tremuc state, if correction 15 delayed If the shocklike state
prevails for many hours, changes in the renal tubules charactenstic of a
lower nephron nephrosts may occur In these rare cases the evcessne admm
istration of flds 1s fraught with great danger

Second only m mmportance to an early dragnosis and wnsulin therapy are
the halting and correction of these secondary and dangerovs processes
Adminstration of salty broth, orally, as soon as the diagnosts ts made will
often turn the tide favorably and i some cases will be bife savng Most
medieal wnitings deal almast exclusively with d and t of
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coma 1n hospitalized patients This communication stresses also what can
be done in the field so to <peak, or, as it were, at the front hne before evacu
ating the patient to the hospstal

Preciptating Causes of Diabetic Coma Any factor or factors which
increase total tissue metaboli m with one exception—physical exercise—
tend 10 intensify the diabetes and as a result inerease the need for insuln
Tilustrations of this effect are observed 1n cases of thyrotoxicosis, preg
nancy, febnle disturbances and gain 1n body weight A diagrammatic illus
tration of the reduction in the eflectiyeness of meuln during acute comph
cations 1s presented 1n Figure 27

The unf; ble influence of g total bolism alone or when
combined with other features which predispose to and cause diabetic coma
may precipitate a chimcal emergency with great rapdity The pregnant
and the thyrotovic diabetic patients who develop acute infections illustrate
this group, as do the neglected obese diabetic patients who acquire staphylo
cocele skin infections, notably carbuncles Also, the patient who disregards
—by 1gnorance or :ndifference—dietary restrictions and overeats, with the
result that the diabetes 13 out of control 1s predisposed to develop ketosis
when a precipitatmg factor makes 1ts appearance He 1s a candidate for a
rapidly developing ketosis in the event of infections even of a mnor nature
gastro 1ntestinal disturbances (vomiting or diarrhea), surgical complica
tions and the omission of wsulm It 1s remarhable how frequently the
diabetic patient, because of anorexia duning an acute complication, omits
msulm This may be done with or without the advice of a physiian In
such cases the anorevia 1s frequently due to ketosis in 1s early stages and
all that remains to speed the quickest possible development of coma 1s the
withdrawal of insulin therapy The anorexic diabetic patient 1s a potential
emergency at all times hut when the anorevia 1s associated with some other
disorder, be 1t an upper respiratory tract infection, gastro mtestinal upset
or one of the posaible multstude of compl the evsts and
careful chnical evaluation and therapy are necessary 1f needless misk 1s to
be avorded Such patients who exiubit <trongly positne reactians far gly
cosursa and acetonuna and who=e plasmas give a 2 plus or 1 plus reaction
for acetone ate 1n the pre coma state

The anorexta of the diabetic patientsuflering from an acute chinical con
ditron 19 intenufied by nausea and, with the enset of vomuting and it
unfavorable mfluence on the flmd balance and chloride depletron, the dehy
dration and vascular collapee 1n these patients are quichened

Sodium chloride adminstered as <alty broth m the anorevic phase may
halt and will certaily po<tpone the downward progress We hase repeatedly
oberved that this umple measute has alleviated nau »a, and yomiting often
ceases when salty broth 1< ingested Failing an early disgnows or early
treatment or both the Letosis gams headuay Janly—everal days to weeks
—n the neglected dialietic without acute complications, Lut the ketows de-
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velops very rapidly—a matter of hours—n the presence of acute infection
and toxemia

Prevention Diabetic coma 1s preventable but to achieve this goal pa
trents must be tramned thoroughly concerning (a) the factors which pre
cipitate coma, (b) the speed with which coma may develop and (c) the
manner wmn which the early symptoms are mamifested Also, we must make
earlier d, provide adeqs therapy and saf d agamst over
t 1f this comy 15 to be p d, and d with mm
mum risk if 1t 15 already established

Patients should be aware of the benign course which controlled diabetes
pursues and the upheaval that can come with great rapidity with an acute
afection It 1s remarkable how many patients test the urme regularly for
sugar only untl they feel badly and, by discontinuing tests with the onset
of a complication, deprive themselves of the only real clue that they under
stand, namely, strongly positive reactions for glycosuria Following 1n
rapid succession come the anorewa, nausea and often vomiting The speed
with which these patients may pass nto the danger zone cannot be over
emphasized

With adequate traming diabetic patients make provision for testing the
urine 1n the event of 1llness and they will always regard loss of appetite
with or without nausea m the presence of strong reactions for glycosura
as danger signals concermng the correction of which therr physician should
be consulted Also, the patient should know that in the anorexic phase
msulin must not be omitted 1f strongly positive reactions for glycosuria
are present The pre-coma state should be suspected under these cireum
stances In case this suspicion 15 confirmed by a 4 plus reaction for gly
cosuria and acetonura and a 1 or 2 plus reaction for plasma acetone, small
frequently admimstered doses (every four hours) of regular msulm are
indicated The amounts are regulated according to the changes 1n the degree
of glycosunia In these mstances the admmstration of salty broth by mouth
will usually alleviate the nausea and permit frequent admimistration of ear
bohydrate by mouth which, with the accompanymng msulin therapy, will
quickly correct the early ketosis Too hitle attention has been given i med:
cal Literature to the value of sodum chlornde in dealing with the pre coma

state
In the event that the acute compl which 15 p the ketosis
1s not correctable promptly—within a matter of hours—the danger of keto
15 can be reduced and the control of the diabetes can be more exacily regu
lated by prescribmg the diet mn four equal feedings—one every six hours
—and regular nsulin—one fourth of the former total msulin dosage plas
a modest increase—before each feeding making adjustments accordmg to
the effect on the glycosunia 1n the respective six hour fractions We have
used and advocated this prmeple of treatment for many years It bas re
cerved widespread acceptance Illustrative msubin regimens are presented

1 Table 34, page 217
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A hquid diet divided into four equal feedings which has been found to
be sanisfactory 1s presented 1n Diet XII When regular foods are tolerated a
diet a9llustrated 1n Diet X111, may be employed until the routine dict and
tnsulin may be resumed after the acute complication has subsided

Treatment Therapy 13 directed at the fundamental faults by giving
tnsulin frequently and 1 adequate amounts, by restoring fuids and elec
trolytes until normal values prevail, and by providing adequate carbo
hydrate to peraut a reduction in fat metabolism and to replench depleted
glycogen stores Other, but secondary, therapeutic measures are included
m the following outhine of treatment for dishetic coma employed at the
Pennsylvania Hospital

Outlime of Treatment for Diabetic Coma The working diagnoais
of diabetic coma 13 made when 4 plus glycosuria, 4 plus acetonuna, and
4 plus plasma acetone are found 1n the case of an acutely 1ll patient When
these findings are present

1 Begin treatment 1umedsately
Tnsulin (regular)~40 umits intravenously®
60 umts subcutaneously

Flusds and Chlorides—2000 cc normal saline ate given mtra
venously (gue rapidly=-15 to 20 cc per minute—i systolic blood
pressure 13 below 90 mg Hg)t
Studies—Secure immediately

{1) Blood for sugar content, acetone bodies, hematocrit CO;

combimng power, <pecific gravity (whole blood), and urea
determinations

{2} Unine for culture and routine complete analysis
The Director of the Medical Division or, failing to reach hum, &
senior assitant will be notified promptly by the medical resident
of the admssion of a patient 1n diabetic coma The resident will
al<o alert the Lab v for ctudies Also,
for full ime service of a resident and nurse should be made until
the patient’s life 14 out of danger
IV Secure unne at two hour ntervals} for sugar and acetone deter
mnations until the ketosis 1s corrected
Secure 11o0d specimens at four hour ntervals, day and mght, for
acetone, €O, and eugar and spearfic gravity (whole blood) until

1

-

* Wath the except on of this mtial dose all sn<ubin 1s admimistered subcutaneoasly

1 Heat should not be appled 1o patients in d abetic coma as the peripheral vaso-
d latation which it causes may intens fy the shock! ke state Normal room temperatures
are guite satisfactory

A retention catlcter may be ueed for ths purpece when necessary Utmost care
B EE s .

. [T - . e
ce e = e a -
. . P e -
m twenty lour hours. Immeduately prior to removal of catheter a wrine specimen for
cultare 15 obtamed.
— -
1
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the patient 1s conscious and retaming nouri<hment by mouth Sub
sequent studies as conditions indicate
VI Secure an electrocardiogram as early as 15 practicable and repeat
at four hour mtenals for twenty four hours Mose frequent trac
ings are mdicated to ginde therapy 1 cases of hypopotassema
Treatment During Critical Phace Subsequent to the Prelummary
Meacures Quthined 1 T
Immediately upon recenving confirmay e reports on the blood
<ugar value and the plasma CO  combining power, or within one
hour of making the diagnosis whichever 1s earber, begin
Insubin (regular) 50 umts subcutaneously at one-half hour inter
vals until an appreciable reduction of the plasma acetone or m
crease 1n the CO_ combining power 1s noted Increases abose these
amounts will rarely be necessary, but if no decrease in plasma
acetone or increase ;n CO_ combining power of the blood plasma
has occurred sfter six hours* of therapy vack <ucceedutg dose may
be 1ncreased by 25 unis unti} such changes are noted Dangers of
a rapudly developing hypogly cenna will be avosded by giving glu
cose (1 liter of 5 per cent solution) intravenously after six hours
of therapy (see Par \) or carbohydrates orally, f practicable
111 When to Reduce Insuln
An appreciable reducton of the plasma acetone and an apprect
able increase of the CO_ combining power of the blood pla=ma
comncide with a lessemng of the reststance to msulin Such find
ings should put the physician on the alert to the possibility of 2
rapidly deseloptng hypoglycenua When the climcal conditton and
laboratory findings indicate that the pattent 1s showing satisfactory
progress the msulin dosage schedule on an hourly and later two
or three hour basis may be guided as follows
4 plus glycosurta—30 units
3 plus glycosuria—reduce to 20 umts
2 plus glycosuna—reduce 10 10 vnys
1 plus glycosuria—omit dose
0 glycosuria—omt doce of msulin and grie 20 gm carbo
hydrate
The reductron of plasma acetone fo a trace or an increase of the
CO_ combining power to a value above 40 volumes per cent 15 it
the chnical condition of the patient permits ndication for nsulin
and diet at six hour intervals (see Par \III}
IN\ Fluds and Salts

Toss of electrolytes and flmds to a marked degree occurs m the

It 1¢ usual to find Lttle change 10 the blond findings iy the first four hours bat
he end of six hours improvement should be noted unless unusual circurnsiances

present
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development of diabetic coma Correction of these deficsencies 2t
|hr earliest ommrt\m\l) E3 xmfwnhw 'I!us 15 dane praperly by the
af saline solution,

amounts of 2000 16 3000 o within the first two hours of treatment
Further admsnistration 1s given freely winle the <pearfic gravity of
the whole blood remains above 1055 whie the hematocrst values
remam above 50 per cent and the 3 stolic blaod pressure remains
below 90 mm Hg As soon a3 the pahcn\s condition permits,
broths and carbol Ayt d cereal gruel,
ganger ale bnonfﬂer\ci«’n“ s“mzmd tea and later frutt jusces
—may te gnen Potasanm chlonde,* I gm every four hours for
five dases 18 given rontinely to the adult panent after four hours
of therapy provided unne 18 being excreted frecly Relatuvely
smaller amaunts are gnen to children Accurate records of Rusd
ntake and output are essential
Carlokydrate

Glucoee 1000 ce of a § per cent <olation s normal <aline, 1
grsen mtravenowsly beginming ix houra after the first dose of
wreulin 1s gisen of at this ime hagmds given orally are not retarned
Tius 15 repeated n aix hours of the patient 1 not talang or retam
ng nounshment by mouth
Alkale

The admntstration of alkal usually 13 nnt necessary However,
an amount of racemie sodiam lactate sufficrent to rane the €O,
comluning power fo a relatnely mnocent level—30 volumes per
cent—will relteve air hunger rapidly Larger amounts are contea
mdicated The foregorng amaunt of alkaly 1s pernusable also for
the cribeally 3t patient hoving a plauna CO; combining power
helow 15 volumes per cent \ tranefuwion uwing whole blood 1s an
efficient means of restareng both buse and blood solume
Gastrsc Lasage—Enema

The stomach ehould be emptsed of is contents 1n caves of ab
dommal distention abdonunal pain or somsting Faght sunces of
warm normat sahne soluton are left in the stomach An enema 1s
ndicated i cearly every carc of coma U may be delayed untit
t m the patient s condition 13 noted

Dret

When evudences of acute hetois have subaidad, & hquid det 1s
atlowed for tnehe to menty four haurs and therealter a * house
chet” of the ante vulues for example, proter 110 gm £t 65 gm,
and carbohydrate 250 gm (2000 calories) The diet s given 1n

4§ w0 bicarione of hypops lasemis are nat carrected peamptly 1y the orsl a Imainise
trasion of potawmm chloride gove 106 6 500 o of & 1% per cent salation mtra
venously slody until a satifactory electrocardiographoe eqponae 13 obrerved
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four equal feedings, one evesy six hours; and finally, with com-
plete recovery from the attack, the diet and imsulin regimens as for
the uncomplicated diabetic patient are resumed.

Case Report. The case report of a patient treated recently for diabetic
coma 15 presented It allustrates many of the features already touched upon
wn this communteation and others that will be dealt with 1 chronological
order.

E. D, a Negress aged tlurty sic years, was admitted 1 a profound coma to the
Pennsylvania Hospatal on March 4, 1949 Relatives stated that the patient was three
TABI Y 37
Sowyany or Lanonatony Dara ane Tirrary (Panient L D)

paTE BLOOD URINL
Sugar| CO [, Ureal Ttem
mg /| vol mg /latocnit| Sp Amount
v 0] e | om0 e | G | suee [Acctone A0
ce |cent| PSR oo | cent
1M00Aw | 152 ] 22 |++++| 38 | 51 ++4[++++H 300
100pw | 1372 [ 16 |++++ B |1 066|++++++++ 133
300w 863 | 18 (++++| 31 38 (1 0394+ +{F+++ 700
500pw 831 ++4+ L1039 |4+ ++|+H++-H 1125
700P s 83 |[++++ 32 ot |+ TH
900rw | 377 ++++ a3 +  {++4+ 15
130ew 291 ++++| 35 0 B 2 ok of I Y
Tirst 12 hours 3360
130aw 287 +++ 37 0 ++++ 150
330anm | 321 ++ 33 + +++ -
530am | 251 19 + 0 + —
900awm 186 + 26 36 + + 300
Second 12 hours 1530
24 Hour Totals 3810

Total fluds admimstercd  Tirst 12 hours 8 730 cc —mtravenously
Sccond 12 hours 3 900 ec —orally
Total tnsulin admimisteted  First 12 hours 1350 umts.
econd 12 hours 100 umits

months postpartum and that smce the delnery and following a “cold” she had com
plained of excesave tharst and appetite and the frequent passng of lurge smounts
of urne and that sl e had lost weight from 236 pounds to 211 pounds im this periad
The fanuly doctor had made the diagnowis of diabetes one week Lefare her admzssion
but his advice to seek howpital care went unheeded The panent had no apprtite
for food on the day prior to admiwion and toward cvening she had “dificulty getting
enough breath™ At 4 00 oM on the day of admussion she was found to be uncon
scrous and could not be aroused

O admiseion a catheterized <pecimen of urime gave 4 plus reacuons for glycosuna
and acetonura and there was a 4 plus reaction for plasma acetone The criteria {or
duabetic coma being fulfilled, insulin was given at onee—50 unats of regular msuhn
sntravenously and 50 umits of regular insulin subcutancously Also, an intravenous
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ynfusion of normal saline was Hegun Chemucal studwes of the wmitial epecimen of
blood revesled a blood sugar Irsel of 14,2 mg per 100 cc and 2 €Oz combimng
power of the plasma of 12 volames per cent

The physieal examination feveated the profound state of coms marked ohesty, &
severe degree of dehydration, sn1 typicsl Kussmanl breathing aleo of 8 severe degree
The tongue was yed and dry and the conjunctival refleses were shuent The blood
gressure was 95 mm }g avstolic an! 50 diastoliv, the pulee rate 1% an} the bodv
irmperatore 102 F rectal} Giberwie the physical finfings were not yemarkuble
The lungs were clear and there was Bo distention of the abdomen Laboratory €0
ings summaniced 1n Table 37 thow [lama sucsr 1352 mg per 100 e, placma
acetone 4 plus, CO; combining power 12 volumes per cent blnod urea mtrogen 38
mg per 100 cc, glycosuna snd acetonuria 4 plus, albumnuria 2 plus, and many
granalar casts in the wne The feukocyte count was 17,650 pet cu mm of blood
There were S0B0000 sed cells per ca. mm  the hematocrit readsng was S per cent
and the specific gravity of the whole blood was 1066

Insulin Insulm, with the exception of 200- and 100 unit doses admms
tered early 1n the treatment, was given in doses of 50 units every half hour
until the blood sugar was reduced to 377 mg per 100 c¢ The totals
amounted 1o 1350 umits i the first twelie hours of therapy and 1750 units
1 the fir<t twenty four hours This amount of weulin far exceeds the quan
tity wsually neceseary to correct ketosis It will be obcerved 1n Table 37
that there are no evidences that exceseine amounts of nsulin were given
nor were there, at any ime, chinical mgns of overdosage 11 was conaydered
of utmost 1mportance that large amounts of msulin be gren frequently
with ample carbohydrate as fong as 4 plus reactions for plazma acetone
were found As the contentration of plasma acetone decreases the senswbi
Wy to 1nsulin ncreases, hence & lessening of the amounts of msulm as well
a3 & reduced freq of ad are
reactions are to be prevented

Flurds An extreme degree of dehydration was chmeafly manfest, the
blood pressure was 95 mm Hg sy<tohe and 50 mm  diastolic and the speeific
gravity of the whole blood was 1066 \normal 1032 to 1038). These
stydies when repeated indicated that despite the adminietration of unusually
great amounts of Guds—2700 ¢ of normal saline 1n the fird 1wo hours
of therapy and 6200 cc 1 the first s1x hours—the specific gravity of the
whole Blood was «tll clevated—1 059 Neverthelees with progress heing
otherwise fayarable the rate of the admimctration of flid was sharply re-
duced The total volame of fluds—normal sahine, placma and glucose 10
drstalled wates—~gnen in the first twebie hours reached a total of 8730 cc
In the second twelve hours of treatiment fluds given by mouth smounted
to 3%0 cc, hringing the total 1 the firt twenty four hours to 12600 cc
Less flund 1n this Latter period might have salficed but with a unine solume
of anly 450 cc. a amaller fluud intake was not Justified Alwo, dehydranion
was still mamfest The latge output of urine 1 the first tnehe haure wac
not attributable 10 excess flud intake but rather to the direte mfuence of
the hyperglyeerna which presaded When this was alleviated the posilne
water halance was enhanced
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four equal feedings, one every six hours, and finally, with com
plete recovery from the attack, the diet and msubm regumens as for
the uncomplicated diabetic patient are resumed
Case Report, The case report of a patient treated recently for diabetic
coma 1s presented It 1llustrates many of the features already touched upon
1n this communication and others that will be dealt with m chronologwal
order
E D, a Negress aged thirty si¢ years was admitted in a profound coms to the
Pennvylvania Hospital on March 4 1949 Relatives stated that the patient was three
TABLE 37
StasARy oF LaBoraTory DAT4 anp THERAY (PATIFNTE D)

DATE HLOOD URINE
Sugar | CO; Acetone Ureal Hem
mg / | vol wg /jatoent | Sp Amount
3449 6 | per [ 0 NT00 [ per | Gr Sugar | Acrtone] " .0y
re Jeent| PESMA | oo} eint
100 an | 152 12 [4+44] 38| 51 S+ 300
100y | 1372 | 16 {4+ +| 48 o ++++[++++ 13
300pw | 8641 18 |4+ 3t | 38 9|+ |+ 4 TV
500pu | 831 + 4 1 9|+ 44| 112
" 00 e n 33 |44+ 32 bbb |k T8
900pw | 377 +4+ 4] 35 + |+ W0
130py | 201 +4 35 0 [+++4 1B
(RO L B
First 12 hours 3360
.
130am | 287 b 37 0 |++4+ 1O
330aw | 32 e+ 35 N
530am | 21| 40| + 0 + -
9004w | 186 + 26 | 36 + + 300
LI B

Second 12 hours 40

24 Hour Totals 3810

Total fluds admunsstercd  First 12 hours 8 730 ce —~ingravenously
Second 12 hours 3 900 cc —orally
Total msubn admmstered First 12 hours 1 350 umis
Second 12 hours 400 umts

months postpartum and that since the delivery and followsng & coli she had &
Plamed of excessue thirst and appetite and the frequent passmg of large amounls
of urine and that she had lost wesght from 246 pounds to 211 pounds m this peno
The family doctor had made the dugnosis of diabetes one week before her admissot
but bis advice to seek hospual care went unhecded The patient had no appetn®
for food on the day prior to admsssion and toward evenmg she had ~difficulty getting
enoigh breath At 400 A on the day of admusion she was found to be uncon
scuous and could not be aronsed

Ou adoussion a catheterized specimen of urine gave ¢ plus reaccions for glycosifit
and acetonuris and there war @ 4 plus rezction for plasa cetone The cotens 6
diabetic coma bemng fulflled onba was given at once...50 umts of regular msU®
intravenously and 50 units of regular wmsulin subcutsneously Also, an mira €893



DIABETIC COMA 237

infuston of normal sabine was 4egun Chemeal studies of the il epecunen of
blood revealed a blood sugar level of 1952 mg per 100 ce and 2 CO» combimng
power of the placma of 12 volumes per cent.

The physcal examination revealed the profoun! state of coma marked obesty #
severe degree of debydration and typt al Kussmanl breathing al v of & severe degree
The tongue was red and dry and the conjunctival reflexes wete absent The blood
pressure was 9> mm Hg systolc an! 50 d astolic the pulee rate 155 and the body
temperatare 102° ¥ (rectal) Othervace the phyaical findings were mot remarkable
The lungs were clear and there was no di tention of the abdomen. Laboratory find
ings summarize ] 1 Table 37 vbow Plasma sugar 1452 mg_ per 100 cc  plasma
acetone 4 plus CO2 combn ng power 12 volumes per cent blond urea nitrogen 38
mg per 100 cc giycosuria an] acetonunia 4 plus albaminunia 2 plus and many
granular casts s the unne The Jeukocyte count was 17650 per e mm of blood
There were 5080000 red cells per cu. myn  the hematoerit read ng was 51 per cent
and the specife gravity of the whole blood was

Insultn Insulin, with the exception of 200- and 100 umt doses admims
tered early i the treatment was gnen in doses of 50 units every half hour
until the blood sugar was reduced to 377 mg per 100 cc The totals
amounted to 1350 units in the first twelve hours of therapy and 1750 units
1 the first twenty four hours This amount of insulin far exceeds the quan
tty usually necessary to carrect ketosis It will be obserned 1n Table 37
that there are no evidences that excessne amounts of insulin were gnen
nor were there, at any ime clincal signs of overdosage It was conaidered
of utmost importance that large amounts of msulin be grven frequently
with ample carbohydrate as long as 4 plus reactions for plasma acetone
were found As the concentration of plasma acetone detreases the sensitiy
1y to msulin ncreases hence a lessening of the amounts of ineulin as well
as a reduced freq of ad are imperatine 1f hypoglycemic
reactions are to he prevented

Fluds An extreme degree of dehydration was chnically mamfest the
blaod pressure wa< 92 mm Hg syctolic and 50 mm diastolic and the specific
gravity of the whole blood was 1066 (normal 1052 to 1058) These
studies when repeated indicated that despite the admmnistration of unusnally
great amounts of flurds—2700 cc of normal <aline 1n the first two hours
of therapy and 6200 cc 1n the first «1¢ hours—the <pecific granty of the
whale blood was «tll elevated—1 059 Nevertbeless with progress bewng
otherw e fayorable the rate of the administration of fluid was <harply re
duced The total volume of fluds—normal sahre plasma and glucose 1n
distilled water—gaen 1n the first twelve hours reached a total of 8730 cc
In the sccoud tuelie hours of treatment fluwds given by mouth amounted
to 3900 ¢e., bringang the total 1n the firat twenty four hours to 12 600 co
Less fluid 1n thiy latter persod might have <ufficed but with a urine volume
of only 450 cc a smaller fluid intabe was not Justified Also, dehydration
was gtill manife<t The large output of unine 1 the first twelve hours was
not attributsble 1o excess fluid intake but rather to the diuretic influence of
the hyperglyeenua which prevarled When this was alleviated the positsse
water Falance was enhanced
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four equal feedings, one every six hours, and finally, with com
plete recovery frem the attack, the diet and mnsulin regtmens ss for
the uncomplicated diabetic patient are resumed
Case Report. The case report of a patient treated recently for diabetc
coma 18 presented It illustrates many of the features already touched upon
1n this communtcation and others that will be dealt with in chronological
order
E D a Negress aged thirty six years was admitted 1n a profound coma to the
Pennsylvania Hospital on March 4 1949 Relatives stated that the patient was three
TABLE 37
Suwwany oF Lasoratony Data ane Tuerary (Pamient E D)

DATE BLOOD URINE
Sugar | CO; Acetone Ureal Hem
mg / |vol mg /atoerit | Sp Amount
374749 | 160 | per o | pr | Gr Sugar | Acctone| " (o)
ce cent | Plasma | oo cent
100w [ 1452 ] 12 (4444 38 { 51 b 30
100pyw | 1372 | 16 \++++ 18 |1 066|+++-H++++ 13
300pm [ 86t | 18 [++++ 31 [ 38 109/ +4+++H++++ 00
500pw | 831 + A+ 01094k HE++4 1D
700 P M 3B |++++ 32 +4+ [ T
900ew | 377 ++++ 33 + |+ +++ M
130y | 291 ++++ 35 [
First 12 hours 3360
130aw | 287 +++ 3 o J++++ 10
330aw | 321 ++ H + |w++| -
530am | 1| 9] 4 0 + —
900am | 186 + 26 | 30 + + 300
Second 12 hours 450
24 Hour Totals 3310

Total lmds admimstered  First 12 hours 8 730 cc —intravenously
Sccond 12 hours 3 900 cc —orally
Total insulin admimistered First 12 hours 1350 umts
Second 12 hours 100 umts

months postpartum and that since tl e dehvery and following a_cold” efe had com
plained of excessive thirst and appetite and the frequent passing of large amoun
n this perx

of urine and that she bad lost wesght from 216 pounds to 211 pounds
The famtly doctor had made the diagnosts of diabetes one week before her ad o8
but his advice to scek hospial care went unheeded The pauent had no appe s
for food on the day prior to admission and toward evening she had ~difficulty g
enough breath At 400 At on the day of admiscion she was found to be oo
scrous and could not be aronsed {rcosurit
On admission a catheterized specimen of unine gave f plus rections Jor BlEHE
and acetonuria and there was a 4 plus reaction for plasma acetone The r]mc:n il
drabetic coma bemng fulfilled msulin was given at once—50 umits of Feguidr WU
intravenously and 50 units of regular wmsulm subcutaneously Also an At

drssion
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{nfumon of normal salne was dezun Chenucal stalies of the imtsal speeimen of
blood revesled & blood suzar Irvel of 1452 mg per 200 ce amd & €0o combining
power of the plasma of 12 yolumes per remt

The phyacal sxam nation recealr1 the profoun! state of cama marked obesity a
severe degtee of de) yiratzon ant lypical Niersan) bresthing. ale of 2 severe degree
The tongue was sed snd dry and the conyunciiva} sefleses were sbaent The blood
pressare was 9> mm Mg wyiohe and 50 duastohe the pules yate 156 and the Gody
temperatare 102° F frectal) O} erwise the phywcal finlings were nat yemarkable
The lungs wets clear and there was po dwientson of the ab lomen Laborstory find
ings somoarczed 1 Table 37 show  Dlasma suzar 1452 wg per 100 con plasma
acetyne 4 plue, CO2 combimng pawer 12 volumes per ceny blood wrea mitrogea 38
mg per 100 cc, glycouma snd acetonuz 4 plus alumspana 2 plus, and many
granalar easts ca the urme The Jrakocyte count was 17650 pef cu suar of bloos
There wers SO0 red cells per ou_mwm the hematoen reading was 81 per sent
sl the specsfic granity of tie whale hlood wes 1066

Tasufin Inaalin with the exception of 200 and 100 urt doses admmms-
tered early 1 the treatment w25 given 1n doses of $0 wnss every half bous
unnst the blood sugar was reduced fo 377 mg per 100 cc The totals
amossnted (o 1350 units t the first tveke hours of therapy and 1750 unts
wn the fivst twenty four hours Thes amount of el a7 evceeds the quan
ity veually meceseary o custect hetosis Tt will be absenied 1o Table 37
that there ate ne evdences that excessine amounts af wsulin were gven
nor were there, at any time chnical signs of nyerdosage 3t was considered
of utmast importance thas large amounts of meulin be gren frequemdly
with ample catbohydrate as long as 3 plus reactins for plasma acetone
were found As the concentration of plasma avetone decreases the sensitiv
1y to el sncseases hence a lessening of the amovnts of neuln as welf
a3 & reduced frequency of adminsstzabon are imperstsse sf hypoglyrenue
FeIHons are 1o be reyented

Flueds Ap extreme degree of dehydratian was chmeslly mamfest, the
110od pressure was 5 mm 11g sy<tohe and 50 mm dsastolse and the <pecific
gtavity of the whole bload was 1666 (normal 1652 to 1038) Thewe
studies when repeated indieated that decpite the admimstration of unusoslly
great amannts of Rusde—2700 oo of norwal estine 1n the first twa haure
of therapy and 6200 ¢6. in the first six hours—tke specsfic graviy of the
whole Blocd way stifl elevated—1 039 Nevertheless with progress bemng
othernite fasarable the rate of the admineetration of flonl was sharply re
ducrd The total \olume of Auids—normal saltne, plasma and glucose in
dustafted water—grven in the firt tuelee hours reached a total of 8730 cc
in the secand tuelse hours of treatment fiuds given by mouth amounted
ta 3900 ce., bringing the total m the first tnenty four hours to 12606 ¢
Less flund 1n thas Jatter period might hase eufliced but with a unine solume
of only 130 tc & swoller And amake was gt junfisd Alvo, debydration
was sl mamfest The farge output of urne wm the first tache houts was
not sttributsble to exress fnid mtake but rather to the druretic imfluence of
she hyperglycenus which presaired When this was afieviated the poatne
water halance was enbaneed
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Plasma During the first hour of therapy the blood pressure decreased to
a systolic pressure of 80 mm Hpg the pulse rate became very rapid and
eventually the pulse was impercepuble At this stage 350 cc of plasma was
given A gradual merease 1n the blood pressure to 110 systohe and 70
diastolic ensued

Alkal: Because of the wtensity of the air hunger 600 cc of sodwum
racenuc lactate solution was given ly A dramatic 1mp
followed The admmnstration of alkal doubtless accounts to a
degree, for the clevation of the CO, combining power to 33 volumes per
cent while the plasma acetone bodies, not so appreciably affected by this
therapy, <ull gave 4 plus reacttons This illustrates one means by which
alkaly therapy may, on the surface, be misleading

Glucose The mtravenous adminstration of 5 per cent glucose solution
—700 cc—was begun eight hours after therapy had been started This
was necessary, as the blood sugar had been reduced to 291 mg per 100 cc
while 4 plus reactions for plasma acetone still prevailed Subsequent car
bohydrate intake was for the most part by the oral route

Potassium  Electrocardiographic tracings were made at the onset of
therapy and frequently thereafter Selected tracings of the second standard
lead show a high T wave and a normal QT interval In contrast with later
electrocardiograms the ngh T wave was iterpreted as imdicating a hyper
potasseria-—a common finding prior to ansultn therapy and hydration m
cases of diabettc coma A tracing four hours later shows a reduction 1n
the amplitude of the T wave The QT interval remamned unchanged At
seven hours the T wave was stull further depressed, suggesting the early
stages of hypopotassemia Potassium chloride, 1 gm, was given orally at
once and repeated every four hours for five doses The amplitude of the
T waves was normal four hours after the onset of potassium chloride ther
apy and d so—the el d bemg repeated at twelve and
twenty four hours respectively Prolongation of the QT interval in addi
tion to progressive changes from reduced amplitude to flatteming or even
snversion of the T waves 1s a common ndication of hypopotassemia (Fig
30) This change did not occur 1 this case Possibly the eatly detection and

Terabl.

correction of the hypop p d the develop of this char
actenstic
In spect, and from the exp of others, formerly unexplaned

deaths 1n the second twelve hours of therapy in pattents relieved of ketosss,
and with no hypoglycemia, can surely be Jaid to hypopotassema These
patients, desprte their satisfactory blood sugar and €O, combining power
levels, were unduly weak and apprehensive and, with 2 rather sudden onset
of paralysis of the respiratory muscles, death followed quickly Electro
cardiographic tracngs, taken frequently, afford an excellent means of
detecting this dangerous complication hours before the chinical attack 18
Likely to develop Holler’s® patient developed paralysis of the respiratory
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muscles and was 1n a respirator <everal hours when a very low serum potas
stum concentration was found A dramatic recoyery followed the admints
tration of p chloride E} d present a much simpler
method of detecting this abnormahity than does quantitative analy=s of
the serum potassium The work of Bellet and co-workers* has made this
clear,

The current explanation of the development of hyperpotassemta 1s to the
effect that during the intense dehydration potassium leaves the cells and
with sncreased tissue protemn breakdown hyperpotassemia and loss of potas
sium i the urine result Hence, although the concentration of potassium
1 the serum 15 d, the total body p 15 d 2 But, when
therapy 15 1nstituted the serum potassium 13 diluted, much 13 excreted with
restoration of adequate hydration, cellular affinity for potassium 1s re
stored, and some potasstum 13 u<ed in the glycogen deposition n the hver
and 1n association with protein deposition 1n the tissues Hypopotassemsa
19 likely to ensue

Penicillin’ Because of the unexplained fever, and of the prophylactic
value of peicillin, this drug was given during the acute phase of the illness

Gastric Larage This measure was not made use of as there was no his
tory of vomiling or abdominal patn and there was no distention of the abdo
men An enema was given after consciousness was restored

Progress Notes Improvements n the chemical values of the blood are
noted 1n Table 37 Climcally, the recovery was slower than 1s usually ob-
served It was not until therapy had been carried out in an intensive man
ner for thirty four hours that the patient was fully aware of her surround
ings, though after filtecn hours she gave indications of understanding what
was said to her Howeser, though 1n a semstupor she was able to take
fliids by mouth after twehie hours of treatment and a hiquid diet with
values of 110 gm protemn, 200 gm carbohydrate and 95 gm fat (2100
calories) was prescribed and given 1n four equal feedings—at six hour
mtervals The insulin also was admintstered at six hour intervals The diabe
tes was promptly controlled—fasting blood sugar value £6 mg per 100 cc.
—with the diet outlined above and with 180 unsts of msulin daily

There being no evidence of an acute complication remaiming on March
11, the seventh day of therapy, a reducing diet—100 gm protein, 100 gm
carbohydrate and 22 gm fat (1100 calortes)—with supplementary mim
erals and vitamins was allowed With this dict 110 umits of msulin (£0
units of protamne zme and 30 umts of regular meulin) daily maintained
normal blood sugar values and freedom from glycosunia

Pursuing our often repeated contention that an obe<e diabetic, and one
who cannot attribute her obewty to ineulin therapy, has a mild diabetes,
and that obe<e patients are relauvely insensitise to insulin, we dud what one
would not dare do 1n the c14¢ of a thin disbetic—we discontinued the 110
units of insulin abruptly on March 17 and gave none thereafter Traces of
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ghycomiria accurred only on four weashone dogdug the remnfdce uf her
DBopital atay  cight daye and the fasting Dlood Tad e veased only from
B g (Mardh 19 0 P g i ). s partont wae dleiarpedd
ot Mhaect 2E e wheameen o the o sueecaiug weeks i the Ot Patlent
Depnrtiment s hnd geduced In welght an wverape of 10 &g, (L) e
weeh i Dlood angar vabeee were noremal, Hie fast I fug 1T g per T
oo amdd there was oo migar fnoany of the feactanal wiine colleclons. Sab
reguent pragress bos beon cqually i tory (Ang 19%),
Contmunte Thls case Mhieiraten the folls inge

Lo That exen though the disbetes 1 il an acut infection, even ay
okl e anuppee sespitatory act ffection, mny preipitate s d g eous
ha torels

2 it anorcdn wae an outstandlng sympton of the ketass ot that
it fullowed s qurionl of vcealve apptite

3o Nt a3 phae deactlon for plasna neclane necumpunylng a1 plas
teactlon for glycasuria dn o conatime pition vegified the Qinteal disgniste
of aliale tic coma before At was possthle to hnow the Blood stygrae valee and
e 4O, combining power of the plasta

b Tt the raphily decpendng state of aiogh was ameliotated by the
administeation of blowd plisiia

5 Thut enal decomprnsation indwated by the clevated hloml urea
wwitrogen, the athambumin aud casts deovedoped with progeesdon of the
peaipheral varcular collaps

O Lt susnally Dirge doss s of Jabin nrs ol rated g profosml
Aetosin

T Uit inany Bteen of Mald were dadiwated and thay the adimiudstiation
was carried ont npldly while the necd was great, weing the speific gravity ™
af the wholo Mood  with correetlon for the degree of hyperglyrenta ac
a nelinble Inccator While the vaduen woe alove 1055 wapld admindsiras
tion wa poeidaadble bt wonld st Te constilored omentlal 31 the Yiood
prewenze wae well anstabued and the hematocrit valne was nerly gormad
More flatcd, by far, wan given to thie patlent than i uamlly the cane

W That o tonsenyathe gmomt (600 ¢ ) of Yy malar Tacate solotion
promptly allevinted the intonse degree of Ty perpnea, nnd ting desplte this
evldenice of dinteal fmprovement and an eeombon of the €O vom! Inlag
pouet lo 33 vulimen pee cont, 8 1 phas eaetion for plasmaacdone it
maltadned Thie cloyntion of the €O combinlag power I conaldered mi?
futad anid miede e these clec atnistatiec o grente elndeal vatue bo placed on e
ualitathve -t cnndely quantitathve  teacdion for plasma secone W
Tewtlngg ass ) dilatlans of the plasa for acctone it posdile o secnre o
e aec e o aluatlan of the anount of hetonea tetajned in the Dl

0 Ut plucwe therapy was withhe W for cipht howa beeause of the
method A ahogt welb o] of O sermining $hie

W e falling 1)
* Detonmnine Ly the falling Ly oe sitmn sl on 1 e w1y e

vadse nslig vy lig oncantiatma ol
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aevere degree of k i 1t 15 not dered that glucose given

earlier would have been harmful but that it was unnecessary 1s obvious

10 That hypopotassemia which 1s prone to deselop as treatment pro
presses, 13 detectable with adequate chinical accuracy by electrocardio
graphic studses and that this dangerous abnormality 13 readily corrected
by the oral admimstration of potassium chloride [t 1s quite probable that
the degree of duresis 1nfl the ik of hypop We suggest
the routme use of potassum chloride given by mouth when renal excre
tion 15 good but witbhald 1 n the event of oliguria or anunia unless there
are d of hypor If the urgency de
mands potassium chloride may be given :]owly intravenously—100 to 500
cc of a 114 per cent solution—or subeutaneously

11 That the uncomphicated obese dial etic can tolerate large amounts
of 1 this case 110 unst hich can be abruptly withdrawn with
minor elevation of the bloed sugar resulting while the patient 15 receving
a low calorie diet which, 1f contnued brings the diabetes under perfect
contro}

REFERENCES

1 Nadler C S Bellet S and Lanmng M Am ] Met 5 838 1918
2 Flknton J R and Taral B Am J Mel 9 .00 1950

3 Holler J W JAMA 131186 1916

4 Dellet S etal Am ] Med 6 12 1919



cuarreEr X VIIT

Pregnancy Complicating Diabetes

Introduction. In the pre msulm eras pregnancy was infrequent in diabetic
patients and 1f conception did occur gestation rarely proceeded to full term
with a viable baby and without grave r1<ks to the mother But, with insulin
therapy, and all that it permuts, p 18 no longer Tt car
ries Dittle, if any, greater risk to the life of the diabetic mother than to non
diabetic controls and the frequency with which full term viable babies are
cecured has increased greatly But, stillburths remain approximately six
times as frequent with diabetic mothers as occurs with nondiabetics
(White) It 1s to be noted, too, that although the mothers come through
pregnancy without the former risk to hife they are predisposed to eclampsia,
hypertensive and renal disease, hydramnios and 1rmtabilty of the uterns
Notwithstanding the progress that has been made, diabetes because of the
degeneratne changes associated with 1t and notably arterial and renal
disease, and the tendency to hormonal imbalance, exerts far reaching effects
on the course of pregnancy Pregnancy, in these cases, 13 not a contract
to be entered upon hghtly, but barring the hazards of a diabetes of over
twenty years’ duration, prematurse arterial disease, hormonal disturbances
which can to & large extent be lized, and the unpredictable congental
anomalies, the outcome 1s likely to be satisfactory A sansfactory outcome
depends considerably on the control of the diabetes, the adequacy of the
duet, hormonal therapy when indicated, and the wise selection of the means
of termmating the pregnancy

The Diabetic Mother, 3. 1 Irregul, Delayed develop
of secondary sexual charactenstics, amenorrhea, irregular menstrustion
meno and metrorrhagia, and an early menopause are frequent 11 women
with untreated or poorly controlled diabetes However, with good control
of the diabetes, catamenta 1s apt to occur at a normal age, or returns after
2 few months of amenorrhen, 1f the Jatter has been due to uncontrolled
diabetes In general, adequate control of the diabetes brings about & normal
menstrual cycle i the great majonty of these patients

Ferulity Poorly controlled diabetes mihitates against conception but with
better management of the dsabetic patient fertlity 1s smproved Despite
this 1mprovement diabetic women are somewhat lesy fertile than nondia

282
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beties N 1 defi d with led diabetes are
probably a byg factor in the production of stertlity Ihcturbances 1 hor
monal relationships, especially a decrease 1n the amount of gonadotropic
hormone of the anterior pituitary gland, are al<o consmidered to be impor
tant influences

Abortion and Miscarriage Abortton and muscarriage are drectly pro
portional to the lack of control of the diabetes They occurred in 33 per
cent of a series of uncontrolled diabetic patients, as compared with 2 per
cent 1n patients whose diabetes was well controlled (White)
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Fig 31 Caletfied pelnic artenies 1n & disbetic woman fifty years of nge.

Sullbirths and Toxemia Stllbirths are, despite insulin therapy, a1x timea
more common n diabetic than 1n nondiabetic women Factors that operate
10 produce this are the tendency of the babies o! disbetic women to be over
weight, and also the remarhable f hyd n these women
Diabetic patients are predisposed to toxeml:\ by the prevalence of artero-
pc!uosu and of hypo-ovanamsm which result 10 abnormalines of the ses

(excess serum b ds ) Caleifi of the pel
vic arteries (Fig 31), though not common, increases grealy the Iikelikood
of atllbarths

Abnormalises of Diabenc Pregnancies Vascular diseases and hypo.
ovapaniem are the most common abnormalities affecting the diabetic
mothers. Whte! found evidences of vascular diseace (coronary srtery dis
ease, calerfied vessels, retmopathies and nephritis) m 70 per cent of her
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patients whose diabetes began 1 childhood and was of twenty years’ dura
tion or more Her rule for estimating the effect of the diabetes on the patient
from an obstetrical pomnt of view 1s as follows Up to five years® duration
of diabetes, the obstetrscal diabetic patsent can be considered the same as
a nondiabetic as far as vascular disease goes If the duration of the diabetes
15 five to fifteen years the amount of vascular disease to be expected makes
the pauent’s physical age equal to the duration of the dibetes added to
her actual age If the diabetes 1s of fifteen or more years' duraton, the
chronological age 13 doubled to get the pattent’s phystcal age Because of
the serious vascular disease present in diabetic patients whose discase 1s
of long standng, White” advises agamst pregnancy mn 2 diabetc woman
over thirty years of age, whose diabetes has heen present twenty five years
Or more

As a result of the hypo ovanianism which, like vascular disease, increases
m severity with the duration of the diabetes high levels of follicle stumu
lating hormone 1n the blood and low levels of 17 ketosteroid excretron m
the urine are apt to develop The result 15 that diabetic women tend to be
gynecologically older than therr stated age

Chemical abnormalities of diabetic pregnancies are a low renal threshold
for dextrose, and a disturbance of water balance The Jow renal threshold
which 1s phystologic 1n pregnancy and has been reported tn 35 to 60 pes
cent of all pregnancies, can result 1n the excretion of large amounts of glu
cose 1n the urine while the blood sugar levels remain within normal range
When less than 100 grams of glucose are utilized daily, ketosis may result
The disturbance of water balance 1s shown by an excessne gamn 1n weight
followed by edema hydrammos and fetal edema

Mortalty (a) Maternal In the pre msuln era, the maternal mortality
was between 23 and 30 per cent, but now the maternal mortality, when
the diabetes 15 properly controlled, ts no ligher than the 0 6 per cent which
occurs 1n nondiabetic controls There s no excuse for diabetes tn vself
being responsible for a maternal death

(b) Fetal Abortions, miscarriages and stillbirths remain hugher m dia
betic than diabetic p Futh the fetal and neonatal
moriality have been found to be as high durmg the five years preceding
the onset of thabeies as after the disease developed 3 Whate* bas reparted
a fetal survival rate of 82 per cent 1 433 consecutive diabetic pregnancies,
but this varied with the occurrence of normal* or abnormal balance of sex
hormones If the sex hormones were normal the fetal survival was 95 per
cent, 1f abnormal and uncorrected, the survival rate was only 58 per cent,
+f abnormal but corrected with estragen and progesterone therapy, the sur
vyval rate rose to 89 per cent In seventy erght fetal deaths (18 per cent}
there were hormonal ;mbalances 1n 97 per cent of the mothers 66 per cent
of the mothers had onset of diabetes before they were ten years of age,
xcess of 200 rat umts per 100 cc

* Seram chorionic gonadotropin values not n e
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52 per cent had had diabetes for more than ten years, 46 per cent had
hypertension or albunmnuria, 33 per cent had artenostlerosis (20 per cent
had artenosclerotic changes 1n the pelvic vessels as detected by roentgen
ray exammation, Fig 291, 5 per cent had been w diabetic coma duning
ihe pngnﬂnny and 1 per cent 1n eclampsia

The Diag of Dia) Complicated by Pregnaney, When a
pregnant woman develops dsabetes, the diagnosis of this disease may be
complicated because of the great frequency with which renal glycosuna
occurs 1 normal pregnant wemen The diagnosis of rena\ g\)cosunn as
opprsed 1o that of diabetes con he established b
hons of the sugar 1n the blond and unme (sec p 831 ln quectionable
races, glucose tolerance tests are mdicated A pregnant woman showmg
glyeosuria, even with a normal glurose tolerance curve, but having a family
Iistory of diabetes, shovld be watched for the development of diabetes for
several years

The Effect of Pregnancy on the Dinbetes, The effect of pregnancy
on the diabetes 1s unpredictable In some, the msulin requirement remams
unchanged, 1n others 1t decreases, and in still others 1t increases.

In general, and if the diabetes 13 well controlled, we have found the need
for 1neulin (a) 1o wncrease shghtly duning the first trimestec—~probably a
reaction to endocrine ;eadlus‘mmu (b) to rematn relatiely stationary in
the second 1 1er—~the qual deselopment phase for the cluld, and
{¢) to be increased 1n the third trimester—~during the phase of quantitatine
growth with an overail increase 1n the total metabiolam

Oceavronatly the mother's diabetes appears to improve 1 the la<t tnie
mester 1t 19 probable that this 15 due 1o msubm provided by the fetus
berause, Jollowrng delivery, the 1sulin need 10 theae cases mereases, Much
more commen s the steady mcrease 1 the insubin requicement dunng the
last three months of pregnancy This 1< oo expected tesponse to the increase
i total metabolism accompanying the increase i the size of the \mby

Daabries 15 not made woree by o1t s adeg)
durmg the penod of geotation

Management of the Pregnant Dinbelic Patient. General Weasures
The regimen 35, 1 general, the aame for the pregnant diabetic woman ay
for the non pregnant Good general hygiene and a reasonable amount of
outdoor riercie are encovraged The patient must be under close scrutiny
ty both the interpict and the obstetrician throughout the pregnancy. She
<hould be seen every twe werks danng the fiest two tumesters, sud every
week duning the Jast tmester

Duet 1n general, the dier <hould he adequate to prevent undernuttition
duning pregnancy and, av there 14 conuderable evidence that diabeue
patients need more vitamins than 1 vsually the case, special care 13 talen
to prevent yitamin defictencies

TOTAL CALORIES Theee are calculated as for the nondiabetse (p 105) -

.,
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multiply the :deal body weight (see Appendix) 1n pounds by 10 and 1a
case of pregnancy add 100 calories The correction for activity will be
vanied according to the behavior of the body werght but for the imtral diet
30 per cent of the basal duet 13 added Example Patient twenty erght yeats
of age, 1deal werght 136 pounds

Multply 1deal wesght by 10 (136 X 10) 1360
Correction for age and pregnancy add 100
Basal calones 1460
Add 30 per cent for activity 438
Total calones 1898

PROTEIN Multiply the ideal werght in pounds by % to determine the pro-
ten 1 grams In the illustrative case above this would be % X 136 =
119 gm

CARBOHYDRATE We prefer a liberal quota of carbohydrate, eg, 250
grams or more The calories not provided by proteiz and carbohydrate
are suppled by fat, eg,

Proten 119 X 4 476 calories
Carbohydrate 250 X 4 1000 calories
Calories from protemn and carhohydrate 1476

Fat = 1893 — 1476 = 422 422 — 9 = 47 g
DIETARY SUPPLEMENTS One quart of milk, or skim mulk, 1s mcluded
each day’s diet to care for the need for calerum Also, in view of evidences
that diabetic patients may need more vitamins than nondabetics, supple-
mentary vitamins*® are prescribed
There 1s considerable latitude :n the need for vitamns duning preg
nancy The following amounts are regularly prescribed for daily use

Vitamin A 6000 T U
Vitamin D 400 to 800 I U
Vilgmun B Complezr Thiamne HCl 1 § mg
Riboflavin 25mg
Nicotinic acid 18 mg
Vilamin C 100 mg
Vilamin K 2mg of synthetic vitarun K, wtramuscularly at least four
hours before delivery or preferably 2 mg daly for each of
two days before delivery
Insuln We give msulin to every pregnant diabetic patient The amount,
brand and distribution are determined as for the non pregnant patient but
spectal care 15 taken to keep the fasting and postprandial blood sugar values
within normal ranges This may Tequire one to three injections of nsulin
daily
In cases 1n which the insulin requirement increases steadily during tbe
# One therapeutic yitamun capsule (Squibb) on alternate days will provide adequate
amounts of vitamins A D thamune HCI, nboflavin macinamide and ascorbio acid
The supplemental admimstration of vitanuns E and K has been recommend
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fimal he usual e~~a marked ved m the need for
wsulin follows delwery Contrarwise, when the seventy of the diabete:
appears to be greatly allevisled and the need for msulim decreases during
the Tost three months of gestation delwvery 13 followed by an wncreasec
seventy of the diabetes and ansulin must be gnen m increased amount:
to control the diabetes and 10 avert ketous (Duncan and Fetter) *

The Management of Complicatsons, Nausea and 3 omunng The nau
s and voruting of p has rarely been bl N our expen
ence with these patients Frequent feedings supplemented by glucose admmn
istered intrasvenously may be necessary to prevent hetosis In this even
a temporary schedule of four, or six, feedings m ¢ach twenty four hours
with yegular snsubin before pach 13 emplojed as in deshing with other acute
complications (see p Z17) Thus program 15 usuafly not needed but when
1t1s the normal or neual regimen s restored as prompily as »s prachrable

Carrection of Hormonal Imbalance The relatne ments of hormonal
therapy, hgh protemn diets with supplements and early delivery by resarean
section ste not clear Nesertheless, the combination of all three has afforded
the best therapy to date for these patients and 1t 15 recommended for use
until more effective measures are avalable and proven

In White's* sertes of 439 cases, only 17 had a normal hormonal bafance
and therefore did not need substiution treatment A severc diabetes of
long standing fasors the develop of b 1 imbal which ap
pears to be a faulty prod of p ! with poor prod; ot
metabolism, of estrogens and cnmpensmory high Jevels of serum choronte
gonadatropin—above 200 rat umts per 100 cc Unfortunately, the labora
tory procedures necessary for the detection of 8 hormona) sml alance, viz.,
serura level of estrogen and chorionic gonadetropin, and unnary excretion
of pregnandiol, are expensive and not avadable 1n moct laboratories Fur
thermore, the cost of the estrogen [diethylehlbestrol) and progesterons
(Pmlu!on) n the doses n:tmnmtnded 1+ often prolubitne

d and excre
t10n of eatrogen and prrgnamlml—-«huuld be made, if possible, 1n all preg
nant duabetsc women, and corrected 1f an imbalance 13 found If the deter
wunations cannot be made, we advise substitution therapy i sll pregnant
women with long standing or sesere diabetes, and i patients with & history
of a previous obstetrical accident

Estrogente hormone 13 grsen o present the clesation of serum ehorions
gonadotropin, and progesterone 15 ginen to prevent excessne destruction
of estrogen

The hormonal therapy recommended by Whitet entails the duily sntza
muscalr of estrogen (diethylstiibestrol) and prog (pro-
luton) according to the schedule outiined 1 Table 3%

ORAL m\xmsmmm OF DIETHTLSTILBESTROL. A lows expensine therapy
has been d by South,® comp the oral ad; of
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dicthylstilbestrol 1n doses of (a) 5 mg daily, by mouth, beginning dunng
the sinth or reventh neek of pregnancy (counting from the onaet of the last
menses), {b) the daily dose 15 increased by 5 mg at two week intervals
to the fifteenth week (c) 25 mg daly in the fifteenth week (d) There
after the daily dose 13 mcreased by 3 mg at weekly intervals (e) Dicthyl
stilbestrol 13 discontinued at the end of the thirty fifth week

Treatment 1s begun not later than the <ixteenth to the mineteenth week
and the imtial dosage 1s always the one for the particular week of preg
nancy accotding 1o the plan of therapy outlined above

Salt Restriction A mederate restricion of the daily salt 1ntake, not more
than a total of 3 gm 1f edema 15 present and even greater restrictions are
exercised 1f the retention of salt and water assumes more than a mild degree
In addition, courses of ammomum chlonde—4 to 8 gm daily for three
days—are given as needed with rest periods of two or three days between
courses

Termination of Pregnancy The choice between permitting spontaneous
delnvery and delnery by cesarean section 1s not always an easy one Bar
fing ob we prefer sp del when

(a} the mother has had a previous and successful confinement, and

(b) when the diabetes 13 of recent onset and there 1s a normal concen
tration of choriome gonadotropin 1n the <erum and with no wgns of
toxemia

Following White s lead, cearean section early in the thirty eighth week
18 recommended for

(a) primiparae

(b) pre eclamptic patients with increasing blood pressure, edema and
stbuminuria

(c) thoee 1n whom the chortonic gonadotropin has not been reduced to
normal

{d) these who have had previous abortions or stilibirths and no suc
cessful full term pregnancies, and

(e} 1l the baby appears to be unusually large

The riek attending a cesarean section 15 extremely small Furthermore,
the management of the diabetes 15 <ul jected to less disturbance by this
method of termunating the pregnancy than if normal labot 1s permutted

These tules almost identical to those advocated by Wlite, simplify the
§ rollems surrounding the termmation of | regnancy and have Ied to graty
{ying reaulte

Treatment During Labor and Deliery The patient 15 gnen the equiva
lent of 1010 15 gm of carbohydrate { e hour duning lal or, which amounts
10 150 to 200 gm 1f the labor 1s long The carbolydrate 1s given by mouth
of practucalle Otherwiee 1t 1v admimistered 1ntravenously as 10 per cent
dextrose 1 normal «aline solution or distilled water Regular mnsulin 1s
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given 1n small doses at four hour ntervals, the amount being increased or
decreased according to whether sugar 13 present or absent m each spect
men of urme Exact control of the diabetes 1s pot mportant for the short
pertod involved The aim 15 to prevent (a) ketosts and (b) hypoglycema

Anesthesia Ordinanly, caudal b 18 employed for sp
vagmal deliveries and spinal anesthesia for delvery by cesarean section

Treatment During the Early Postpartum Period A prompt reduction 1n
the 1nsulin requirement occurs m most patients after delivery, and espe-
cially m those whose msulin requirement increased in the final trimester
of pregnancy Obese patients who required large amounts of 1nsulin during
pregnancy can usually get along without 1t within a few days after dehvery

Lactation Diabetic women lactate poorly even though the diet 15 ample
Supplementary feedings are needed 1f the mother nurses her baby, a pro
cedure which 1s not advocated for diabetic mothers The deficiency of milk
may be due to a decrease 1n the lactogenic hormone of the anterior pitwitary
gland The diabetic mother who nurses her baby needs less msulin than
she did before she became pregnant Since lactose in the urine may be
mustaken for glucose, and since the loclna renders the urine unsmtable for
examnation during the early postpartum period, frequent blood sugar
determmations are needed to guide the msulin dossge m the lactating
mother

Postpartum Complications Eclampsia may develop 1n the postpartum
pertod It 1s treated, if 1t occurs, as in the nondiabetic, with intravenous
1njections of dextrose solutton and of concentrated human albumen (salt
free), oxygen therapy, intramuscular injections of 50 per cent magnesium
sulfate solution and sedatives Pyelitis and pyelonephritis are the most
common causes of postpartum fever i the diabetic patient Sulfonamides
or are ind d as in the nondral {<eep 193) Puerperal
fever, a rare combination, 1s also treated as in the nondiabetic While
1nfection persists the msulin dosage 1s increased as need be and the patient
should be placed on the regimen for patients with acute comphcations (see
p 214}

Care of the Newborn Infant of the Diabetic Mother The infant
born to a diabetie mother needs special care The chief dangers of the neo
natal pertod are hypoglycemia and asphyxia Compensatory overactivity
of the fetal pancreas with resultant hypoglycemia in the infant 1s doubtless
the result of madequate control of the mother’s diabetes during the last
trumester of pregnancy Exact control of the mother’s disbetes during ges
tation tends to prevent hypoglycemic attacks in the newborn 1nfant Its
wise to give the mfant feedings of a 5 per cent aqueous solution of lactose,
through & medicine dropper, every two hours from burth through the first
three days of Ife The use of lactose water obviates the need for mira

lar or sub of dextrose solutron

Resprratory dificulties, with a tendency to asphyxia, occur more often
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w nfants born of diabetis than of normal mothers Ketoge, bypoglycenua,
ot trauma to the cerebral cortex from @ long labor assotiated with a lacge
baby may contnbute to the production of ssphyxia In White's sertes, 60
per cent of the mfants showed some degree of reepieatory diffieulty Speerat
care 1 removing mues from the anfant’s mouth and throat by suction
and postural dramage, snd the use of an iecubalor, w which the tempera
ture 33 29° € (842° F') and the atmosphere contamns A Jorge amount of
oxygen, will reduce the danger of asphyxia

Fetal Anomaties Congenuat defects are unduly frequens in babies born
of diabette mothers Whate reported that twenty two of 123 babies born to
disbetic women had twenty s congenital defects Thus ane -
defect, compared to one m fifn £ ¢
conaen » ¥V
smb

L o wuts 1o disbetic mothers ace offen unusually large
ta 124 pregnancres, Wlute foand that 80 per cent of the safants exceeded
the normal weight The Jengih of these babies s well 4g the werght, ex
ceeded normal The wverweight was conudered to be due to far edema®
and splanchnomegaly, the latter being most matked o the irver <ploen and
heart My pre eviderce of A s of the spleen and Iner was
tetn 1 fourteen of the seventeen infants upon whar autopaies were per
formed Atelectasss was observed w thteteen perststence of fetal glomeruh
w #ix, and hyperplasia of the wlets of Langerhans in fise Theee nfants
showed the general appearance of postmatunty forg har double eye.
fashies atelectasts, and enlargement of the spleen “hller and Wilion? have
Ihewtse reported cardiae hypertrophy, exeessie ¢erythsoposens 1 the biver,
and hyperplasta of the 1slets of Langerhans 1 babwes born to disbetic
mothers Theee findings were most frequent m the largs babies

Onttook for the Clutd ¥ she sfant of the drabetic mather 59 born
alive, sty chances of survnal are neasly zs gaad as thosg of infants borm
of normal mothers, and the mortality duning the first vear of hife of babaes
born of diabetic mothers 14 the same—$ per cent—as that for babies born
of nondiabetic mothers (W lute)

Dizbetes 15 d e« @ recessue tzrast ence the cild
cannot inherit the dicease from the mother alope Unlecs the father bas
duabeten alep, or carries a recesane factor for diabetes, the chuld will not
develop the dussase

Summary, Athongh good contsol of the duabetes 1n the pregrant
woman has redueed the maternal mortality ta almot ;i the incrdence of
abosons, miscarnages and stblbinihs remarns much Sigher than an non
dishetic women This hugh fetal mortality 10 doz 1o the fuzb mesdence of
tavemis mm disbetic women, winch m lorn results from the high incidence

Aendel

* Bdems of the newborn wfanta ol dusbetic mothers 18 ment wed 1n med <al wx g
i858 us & tomman securrence It has ot been & common comphication in sur caves
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of vascular disease and the frequent imbalance of <ex hormones The latter
can be successfully treated with estrogemc hormenc and progesterone, but
so far the problem of vascular disease n long standing diabetes has not
been <olved During pregnancy, there 1s an increase i the insulin require
ment, especially m the first and third trimesters, and after delivery the
msulin requirement usually decreases rapidly With adequate control of
the maternal diabetes during the last trimester, overactivity of the 1slets of
L hans of the fetal p. 15 probably prevented, and the n<k of
hypoglycenna 1n the newborn baby thereby decreased We favor normat
spontaneous delnnery in drabetic women, unless an indication for cesarean
section aside from the diabetes exists The newborn infant of the diabetic
mother needs special care to prevent the deselopment of hypoglycema and
asphyxia

REFERENCES
1 White P Proc Am Diabetes A 6 259 1915



CHAPTER X]X

The Diabetic Child

INTRODLETION~INEIDENCE—SPECIAL RISAS

The chuld with diabetes poses problems which are often more comphcated
than those presented by the adult diabetic Relatnely, the chuld 13 i a
state of metabol and psychol biity  He 13 subject o changes
that pany growth, to fl n bolie and 1 patterns
and 1o the inablity of the immature mund to comprehend the probl ms
which diabetes presents

Disbetes 13 uncommon i cluldrern Qne cheld 1o two thousand under
the age of Rlteen, regardless of <ex, may be expected to develop drabetes
The merdence 1s slightly higher 1n the Jewish segment of the populanon

A prompt diagnonsis followed by adequate treatment ehminates mostality
due to diabetes i children However undiagnosed and passing as * nephrs
4" “bod wetting” or a *behavior problem ' diihetes m children may
Lr comphcated by a ketosts with great rapidity But, even st thyy stage +f
the ntaladies—diabetes and ketosss—are tdentified, prompt therapy though
mure comphcated, 1« succes<ful in restoring good heaith

FTIONOGY

The anlluence of hieredity m the deselopment of diabetes 13 estal hiehed
da beredity factor 13 the outtanding and isathls the onls common pre-
dieposition te dabetes w childhaod Lnlike 1n the adult obesity plays no
apparent part m precipitating dial etes A clear cot hitory of diabetes m
the famuly 15 not always obtamed There ate abvious rcrions why ths
+houll be, but ane tmportant one 18 that the pirent, or parents may not
develop climical duabetes until tong after the chnld has been under treat
ment for this diecase Fagire fannlies havieg diabeled the alinnet sumpl
tancous deselopment of diabetes 1n twina and family trees spotied with
duabictes are inescapal le evidences of the inflarnce which heredity exerts
Fuethermorr, the studies of Pincu« and W hute! have shown that the develop
ment of diabetes follows a Mendelan pattern and with reresne charac
teristies

Drerartintty of endocrine glauds hae & Jess necure place as an ehalngic
factor 1 preemptating diabetes Howerer children are tafler than pormal

k)
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at the onset of the disease Also, these children exhubit bone development
in advance of their ages and secondary sexual charactenistics develop pre
maturely, and ketosteroid escretion values tend to be higher than 1n non
diabetic children of the same age To blame the putmtary gland 1s mviting
and 1t 1s highly probable that this gland plays & part, even 1f not the pre-
disposing part, i producing clintcal diabetes

There 1s no evidence that mfection causes diabetes

SYMPTOMS

The symptoms of diabetes m children are more sudden mn onsct and
more marked in their severity than in the adult Cases with an msidious
onset do occur but they are uncommon We have seen one such patient who
had been treated for “nephnitis” for four months because of nocturia'

In the infant, who cannot make his complamts known, the posubility
of diabetes should be kept m mind when thirst and weight loss are marked
Older children may complain of bemng tired, an mabihity to *heep up,”
aching 1n the extremities, and headache Excessive thirst, hunger, fre
quency of urmation and loss of weight are the most consistent group of
symptoms Loss of weight, in ¢ild or adult, 1n the presence of an increased
ingestion of food, 1s suggestive of diabetes mellitus, although the other
causes of loss of weight, notably mtestuial and nutritional desorders and
overactivity, are not to be disregarded Occasionally, the diabetic child 1s
1n coma due to ketosts when first seen by a physician This 1s particularly
true when some other complication, notably an acute mfection, may attract
the parents’ attention and at the same time intensify the speed with which
ketosis develops In such cases diabetes may even escape the physicran’s
attention af he does not make a routine practice of exammmng the unne
In these cases the excessive appelite gives way to anorexia, nausea, and
often vomiting extreme degrees of lassitude and somnolence The frequent
passing of large quantiies of urine 13 an imanable symptom and con
tinues well into the ketotie phase and until the dehydration 1s of such a
degree that it tends to reduce the amount of urme produced

DIAGNOSIS
midhood the hkelibood of a

The acuteness of diabetes m
prompt examination, the polyuria attracts attention to the unnary tract,
and glycosuria 1s found The renal threshold for sugar 1s not elevated 1n
children and 1f the urine 13 exarmned during the course of symptoms sugar
will almost invanably, be found Specimens voided two to three hours

Glycosuna having been found, the diagnosis 18 tonnzitied ity v v =
tration of sugar 11 a sample of venous blood taken before breakfast exceeds
130 mg per 100 cc, or 1f in excess of 160 mg per 100 cc af the blood 13
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taken after a normal meal If there 1s doubt about the diagnosis, a test
meal (sce p 79) may be given, and if the diagnosis 1s still not clear a
glucose tolerance test (see p 82) 1s done, gning 175 gm of glucose per
kilogram of the normal body weight The spacing of the blaod sugar deter
ounations and the interpretation of the test are the same as for the adult
{secp 82)

PREVENTION
There 1s no known practicable means of presenting diabetes 1n children
To be successful 1n preventing diabetes, diabehics and persons predisposed
to diabetes by heredity would need to marry into nondiabetic families
This ble plan, 1f d for <everal g would tend
1o delete drabetes There 1s no convincing evidence that diet restrictions or
alditions play any part in preventing diabetes 1n children

TREATVFNT

The successful treatment of the Juvenile diabetic entails a =pecial under
standing of the disease process in the child and an appreciation of ks atts
tude towards the dicease, towards treatment, towards his playmates and
towards Iife

The success of therapy will depend largely on the ability of the physt
can to secure the confidence of the child Spectal needs for the growing
and developing child—the physical and mental needs—are to be conud
ered Furthermore, the regimen should be as flexible as 15 practicable and
thould be shaped n such a way that a reasonably normal hfe and normal
childhood activities are possible The criteria of good contro} for a dual ctic
child are

1 Adequate nourishment.

2 A fasting blood sugar level below 150 mg per 100 cc and post

prandial levels below 200 mg per 100 cc

3 Freedom from * major™ or consistent ghycosuria

4 Cholesterol content of the blood below 230 mg per 100 cr

5 Nermal physiologic and hol Jj and development

Our practice has been to admut all new drabetic chiliren to the hoepital
for a period of standardization and traming Under ordinary eircumstances
this 1s the wisest procedure Howeser, 1f adequate factlities for metabolic
studies and instructions 1n diet and insulin therapses are available 1n the out
Palient service or physician's office, there may be certan advantages to
providing the matruction with the patient carrying on hus normal activy
ties The child Jearns 1o live with lus diceace 1n his home environment and
the problems of management can be <olved as they are This prevents the
necessaty for a second period of adjustment after dichtrge frem the hos
ptal. Duning this period frequent vicits to the office are necessary—as
often as three or more yistts per wech—for the firet few weeks Thus 13
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at the onset of the disease Also, these chuldren exhibit bone development
1n advance of their ages and secondary <exual characteristics develop pre
maturely, and ketosteroid excretion values tend to be tugher than m non
diabetic children of the «ame age To blame the pituitary gland 13 inviting
and 1t 15 highly probable that this gland plays a part, even 1f not the pre
disposing part, m producing clinical diabetes

There 15 no evidence that mfection causes diabetes

SYMPTOMS

The symptoms of diabetes i children are more sudden 1n onset and
more marked in their sesenity than in the adult Cases with an insidious
onset do occur but they are uncommon We have seen one such patient who
had been treated for “nephritis” for four months because of nocturia!

In the infant, who cannot make his complaints known, the possibility
of diabetes should be kept 1n mind when thirst and werght loss are marked
Older children may complain of being tired, an inability to *keep up,”
aching in the extremities, and headache Excesstve thurst, hunger, fre-
quency of urination and loss of weight are the most consistent group of
symptoms Loss of weight, m chld or adult, in the presence of an ncreased
mgestion of food, 15 suggestine of diabetes mellitus, although the other
causes of loss of weight, notably 1 and 1 d and
overactivity, are not to be disregarded Occasionally, the diabetic child 1s
m coma due to ketosis when first seen by a physician This 1s particulatly
true when some other complication, notably an acute mfection, may sttract
the parents’ attention and at the same time intensify the speed with which
ketosis develops In such cases diabetes may even escape the physician’s
attentton 1f he does not make a routine practice of examining the urine
In these cases the excessive appelile gives way 1o anorexa, nauses, and
often vomiting, extreme degrees of lassitude and somnalence The frequent
passing of large quantittes of urine 1s an mvanable symptom and con
tinues well 1nto the ketotic phase and unnl the dehydration 1s of such 2
degree that 1t tends to reduce the amount of urine produced

DIAGNOSIS

The acuteness of diabetes 1n childhood increases the likehhood of 3
prompt examination, the polyuna attracts attention to the urnary tract,
and glycosuria 15 found The renal threshold for sugar 1s not elevated
children and if the urine 15 examined durimg the course of symptoms sugar
will, almost snvariably, be found, Specimens voiuded two to three hours
after a meal and not at the end of a fasting period are most Tikely to contan
sugar The soecimen voided before breakfast 13 least Iikely to contamn sugar

- -
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laken after a normal meal If there 15 doubt about the diagnosis, a test
meal (see p 79) may be given, and if the diagnosts 14 still not clear a
glucose tolerance test {see p 82) 13 done, gning 175 gm of glucose per
kilogram of the normal body weight The spacing of the blood sugar deter
minations and the interpretation of the test are the same as for the adult
(seep 82)

PREVENTION
There 15 no known practicable means of preventing diabetes m children
To be successful 1n preventing diabetes, diabetics and persons predisposed
to diabetes by heredity would need to marry into nondiabetic famiies
18 ble plan, 1f d for several , would tend
to delete diabetes There 13 no convincing evidence that deet restrictions or
sddions play any part in preventing diabetes 1n children

TREATVFNT

The successful treatment of the jusenile diabetic entails 2 «pecral under
standing of the dicease process in the child and an appreciation of his atti
tade towards the disease, towards treatment, towards lus playmates and
towards life

The success of therapy will depend lasgely on the ability of the physi
cian to secure the confidence of the child Special needs for the growing
anlda 1o o1 [ N AN mot baocamad
childhood activsties are possible The criteria of good control for & drat etic
child are

1 Adequate nourishment

2 A facting blood sugar level below 150 mg per 100 cc and post

prandual levels below 200 mg per 100 ce

3 Freedom from “major” or conssstent gly cosuria

4 Cholecterol content of the blood below 230 mg per 100 cc

5 Normal physiologic and peychologic ady and development

Our practice has been to admt all new drabetic children to the hospital
for a period of standardizatton and traning Under ordinary circumstances
this 1s the wisest procedure However, 1f adequate faciltties for metabohic
studies and instructions 1n diet and ineulin therspres are available 1n the out
Patient service or physician’s office, there may be certain advantages to
Providing the mstruction with the patsent carrying on s normal activi
tiex The child learns to line with his diserce 1n his home ensironment and
the problems of management can be solved as they are This presents the
necessity for a second period of adjustment after discharge from the hoe
pal Dunng tlus period frequent visits to the office are nececary<=as
often as three or more visits per weck—for the first few weeks T




256 DIsBETES MELLITUS

essential not only 1n the solution of problems as they anse but also because
there 1s a marked tendency for a reduction in the insuln Tequitement to
occur during the first two weeks of adequate management Close checks on
the blood sugar levels and glycosuria at frequent ntervals are adyssable
n order to anticipate and prevent hypoglycemic reactions

Diet Unlke the adult the child 13 constantly sdding 1o the size of hus
body Adequate dretary provistons are taken into consideration for this
continmng and variable growth Spewial attention 1s gnen to the protein
content of the diet and to the total calories as requisites for normal devel
opment Carbohydrate 15 scarcely less important as a source of energy Fat
15 chuefly smportant as g source of calories

TABLE 3¢9
Faescy ReQuinewests op Crmpren®

Total Calories for Children Aecording to Body Yeeight
f

AGE IN YEARS CALORIES PER MLOCRAM | CALORIES PFR FOUND
-2 100-90 50 o
3 s 90-80 40 36
69 80-"0 36 32
10 13 T0-60 3227
Boys Girls Boys Gurls
1115 60-05 50-55 27 2 23 2
16 17 60-55 40-10 A7-25 20-18
18 19 52-30 40 3> 25 23 18 18

* Rose Foundalion of Nutrition The Macmullan Company 1933

Calories The chuld, because of s great expenditare of energy, s needs
for gronth and his relatiy e increased surface area per unit of body weight,
needs mote calories per kilogram than those who are fully grown The very
high requirements of infancy and early childhood fall gradually until after
puberty, they reach the adult levels These conaderations are mdicated
n Table 39

Proten Protem 1s “construction matertal *—an essental for growth
Modern dietettc prachice 1s tending toward more generous allowances of
protein for adults as well gs for chuldren and there ate reasons to Lelieve
that thuis will lead to better development, better health and 1ncreased Jon
gevily
The darly protewn allowances for children are from & mnimum of 26
gm per Mlogram of the normal werght 1o 30 gm per Lilogram (09101}
gm per pound) Larger quantities of protem are permssible during the
correction of malnutrition and patients with & lalnle diabetes” are lees
likely to have hypoglycemic reactions 1f the protein content of their diets
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18 high Presumably this Lenefit dernves from the slow delivery ot carbo-
hydrate from protem food<

Carbohydrate All diabetic clnlidren need inculin Hence there need be
no sesere restriction of the carbohydrate quota when, for s few more units
of insulin, nearly normal amounts of catbohydrate are well tolerated

The mavimum daily carbohydrate allowance 1s 320 gm Untid this mau
mum ts reached ue prescribe 50 per cent of the total calories as carbo-
hydrate

The distribution of the carbohydrate 1 the deet for the child 1s the same
a3 for the adult (see p 108} It 1s always permisable to save part of any
meal for consumption tho or three hours later Regularity of the quanti
tatise distrbution of earbohydrate from day to day 1s an umportant feature
1 preventing ncedless risks of hypoglycemia, or of extreme degrees of
hyperglycemia

Ordimarily diabetic patients are advised not to eat sugar, the reasons
bLemng that 1t 13 a very concentrated food, devoid of vitamins and minerals,
and takes the place of bulkier foods containing both of these accessory food
factors However, we have no oljection to the use of cane sugar in small
and approprate amounts when 1t 13 desirable to reduce the bulk of the diet
and provided precautions ate taken agamst the development of mineral
and vitamin deficiencies

Fat. Fats are important as sources of calonies, fat soluble vitamuns, essen
teal fatty acids, and as a great addition to the palatability of the diet The
diabetic ehuld has a tendency to hypercholesterolemia and an excess of fat
w the diet may thys trend App 1y 20 per cent of the
total caloric content of the dict 1a tn the form of st and the mam sources
are dairy products, margarine and meat If the hypercholesterolemia s
marked and persistent, even after the msttution of weulin therapy, the
amount of {at 1« reduced 1 favor of & more hiberal carbohydrate quota and
the {atty portions of meats, which are hugh 1o cholesterol, are elimimated

Vinerals The demands for minerals are high in the growing child In
fants need 6 mg of yron per day and the need ncresses to 20 mg daily
duning periods of maxunum rate of tncrease in wesght Adequate amounts
of calerum and phosphorus will be supplied by one quart of whole milk
daily in additton to the other dictary constituents

Fitarmns If the protrn, fat and carbolydrate peeds of the child are
met from natural fords, well prepared, and containing liberal amounts
of mikk and raw fruit and vegetables, there need be no concern about the
possibulity of sitamin deficiencies However, methods of prepsration, ees
«onsl sarations i the quahity of foads, and the availabulity of simple com
plete s stamun supplements have Ied us to employ routinely a multiple vita
mw supplement eapeule darly m the treatment of children with diabetes

Insulin. All iabetic childeen need insuha therapy  Practically all dia
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betic children succumbed within two years to the disease 1n the pre msulta
eras In general the principles governing msulin therapy are the same
for the child as for the adult The critena for good control and the speed
and duration of mnsulin action are the same However, there are relatively
stable homeostatic mechanisms which tend to provide a wide margm of
safety between a hypogly and a hypergly 1n most adult diabetics
which are not nearly so efficient 1n the child As a result the concentration
of sugar n the blood of a child diabetic 13 much more labile and may
change rapidly from a high level to a low one or vice versa Furthermore
these changes are set m motion by conditions which 1n the adult would have
httle effect, e g, a change of 2 or 4 umts of msulin, physical exercise and
delayed meals In fact, all wnfluences which tend to change the 1nsuln re
quirement (see p 43) tend to have a more intensive effect on the child
than on the adult

Some adult patients have diabetes that has the labile* characteristics of
diabetes m the child

The small margin of safety between hypo and hyperglycenua 1n the
child 1s doubtless related to the smaller supply of glycogen on one hand
and to the amount of physical exercise mdulged m on the other It 13
because of this narrow margin of safety that mild degrees of glycosurta
are considered advisable as mdications of security agamnst hypoglycemic
reactions The amount of glycosuna need not exceed 10 gm daily 1f there
1s appropriate tuning of the meals and wsuln as illustrated on pages 108
to 111

The selection of the insulin regimen 15 much the same as that for the
adult, In practically no case does a single dose of protamine zinc msulin
control the diabetes satisfactorily A single dose of globin msulin 1s satis
factory mn a small number of cases A mixture of protamine zinc 1nsulin
and regular msulin 2 1 or occastonally 3 1, 1s more effective than a single
dose of exther protamine zinc insulin or globin msuln One relatively large
dose of globm msulin one hour before breakfast and a very small dose
before supper 1s satisfactory in some cases A ruxture of protamine zint
1nsulin and regular msuln 2 1 (or 3 1) fifteen nunutes before breakfast
and a small dose of regular 1nsulin before supper 1s a most effective plan
of therapy

However, sery good results have been secured with & muxture of NPH
w1 &5 anoem o oteg before

diabetre

patient (see p 108)
Checkung the control of the dabetes 15 effectively done by securng ont

the test day—usually within a day or two before discharge from the hos
* These cases of labile diabetes are often referred to as brttle dighetes”—s

poor terta.
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pital—a Bood sugar value before breaklast and one 31 3 P31, and Ly test
g 8 speeymen of unne voided belore each meal and at bedtime for sugas

The Jasting blood sugar value 13 an jadex of the adequacy of the prestous
day’s dose of protammipe zinc ynsultn, the 3 £t value will mdicate the
effectineness of the mormng dose of globin sneubin The presence or absence
of glycosursa just before Junch 11 a chieck on the mornmg dose af cegaular
wsulin, the results of festing the urine vorded before supper and ar bed
tme ure fusther checks on the effect of the momung dose of globan or “PH
msulin

Determination of the sugar values of blood withdrawn belore each meat
and at bedtune provides a more critical chech which 13 uced vecamonally

‘The resulis of the foregoing tests not only mdicate the degree of control
of the drabetes but may mdicate a change of the type of wsulin or 2 dif
ferent distnbution ar & muxture may be suggested

The needs of the ctuld diabetic ste more subject ta change than those of
the adult Fack office wesit should be the occasion for cheching the blood
sugar, frachonal urinalyses, body wesght, rate of grouth (Fig 32), phon
cal scnvities and general health

Home reports are kept by the patient when practicable, or by a parent
when necessary One testing of the urine daly 1s derrable and a test befose
each meal and at bedume 13 dove one day per week The latter method
18 adopted darly 1n the eveat of any complicating illpess or uf the tests
teveal large amounts of glycosuna The results cerve 83 an andex upon
which 2o base a ehange of mwubin or deet, ar both

Exerctee, The wmportance of normal exercise 1 the physical, mental
and social deselopment of 2 cinbd 15 great and the dsabetie child should nor
be excluded from these activanes The modern treatment for diabetes makes
* possible for the child 1o fit anto group or individual athletics m & normal
marner One of our patsents was a star performer on Ins fugh school swim
ming feam, another 1s an enthusiastic tackle on the 80-pound equad A
nationally famous tentus player bas s severe grade of diabetes

Physical evertion reduces the blood sugar i addition 1o, and wmde
pendent of, the msulin actinity tn operatian st the tme Vaofeny physicat
exertion 18 therefore Likely to produce a hypoglycentia unless an adequate
adpustznent 1 diet or msalin, or botk, ts made 1w adiance Swee there 1
o appreciable harm 1o be expected from a tegnsitory hyperglycenua ot 13
Sut praciice ta supply an tcess of 7eachiy svailable glucote by mouth just
before the exercice 13 begun An apple or a Fanana 15 rot only permisuble
but desrrable A candy bar ss even permisail le before 2 strenuous game ot
along fuke A shart persod of hyperglyrema 1 to be preferred to the riek
ol an nsuhin roaction Ths 'y measure s p larly amp
Prior to swimmung where the etercise may be prolonged and where the
ppatent danger from 4 hypoglycemia ts imcreased

Educatlon, These children are waually iatellectus! beyond thewr years
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betic children succumbed wathin two years to the disease m the pre msulin
eras In general, the prunciples governing msulin therapy are the same
for the child as for the adult The critena for good control and the speed
and duration of msulin action are the same However, there are relatively
stable homeostatic mechanisms which tend to provide a wide margm of
safety between a hypoglycenna and a hyperglycemia 1 most adult diabetics
which are not nearly so efficient mn the child As a result, the concentration
of sugar m the blood of a child diabetic 15 much more lahile and may
change rapidly from a high level to a low one or vice versa Furthermore
these changes are set 1n motion by condittons which in the adult would have
Lutle effect, e g, a change of 2 or 4 umts of insulin, physical exercise and
delayed meals In fact, all influences which tend to change the msulin re
quirement (see p 43) tend to have a more miensive effect on the child
than on the adult

Some adult patients have diabetes that has the labile* characteristics of
diabetes m the child

The small margm of safety between hypo and hyperglycemia 1n the
child 1s doubtless related to the smaller supply of glycogen on one hand
and to the amount of physical exercise indulged 1 on the other It s
because of this narrow margin of safety that mild degrees of glycosurta
are dered advisable as rmd of security agamst hypoglycemuc
reactions The amount of glycosuria need not exceed 10 gm daily if there
1s appropriate timing of the meals and sulin as lustrated on pages 108
to 111

The selection of the msulin regumen 15 much the same as that for the
adult In practically no case does a single dose of protamne zinc 1nsulin
control the drabetes satisfactorily A single dose of globwn msubin 1s satis
factory m a small number of cases A mixture of protamune zine msulin
and regular msulin, 2 1, or occastonally 3 1, 1s more effective than a single
dose of exther protamine zinc msulin or globmn insulin One relatively large
dose of globin msulin one hour before breakfast and a very small dose
before supper 1s satisfactory n some cases A mixture of protamme zinc
wnsuln and regular msulin, 2 2 (or 3 1} fifteen mnutes belfore breakfast
and a small dose of regular nsulin before supper 1s a most effective plan
of therapy

However, very good results have been secured with a musture of NPH
insuhn and regular wsultn, 4 1, given approvimately fifteen mmates before
breakfast—the mixture being made at the time of admmmstration

The distribution of the dret 1s 1dentical with that for the adult disbenc
patient (see p 108}

Checking the control of the diabetes 1s eflectively done by securing, on
the test day—usually within a day or two before discharge from the hos

* These cases of ‘labile diabetes’ are often referred to as ‘brsttle diabetes™-s
poor term.
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pab—s blood sugar value before breakfast and one at 3 par, and by test
g a specmen of urine voided before each meal and at bedume Jor sugar

The fasting blood sugar value 1s an dex of the adequacy of the previous
day s dose of protamune zinc snsubn, the 3 Par value wil indicate the
efctiseness of the morming dose of globmn meutin The presence or abeence
of glycosuriz yust befare lunch 15 a check on the marnamg dose of regular
weulin the results of testing the urine vorded before supper and at bed
trme are further checks on the effect of the morming dose of globn or NPH
msula

Determination of the sugar values of blood withdrawn before each meal
1nd at bedtime provides a more critical check which s used occastonally

The results of the foregoing tests not only mdicate the degree of control
of the dizbeles but may mdicate a change of the type Hf msulin or a dif
ferent distribution or a mixture may be suggested

The needs of the child diabetic ase more subject to ol a1 ge than those of
the adult. Each office visit should be the occasion for cheching the blood
sgar, fractional urinalyses, body weight, rate of grov th (Fig 32) phys:
el actiities and general health

Hlome reports are kept by the patient when pract cable or by a parent
when necessary One testing of the urine daily 19 d Ll and a tent before
exch meal and at bedtime 13 done one day per woeh The latter methad
w adopted darly 1n the event of any complicatiny, luess 1 1f the tests
taaal lirge amounts of glycosurta The results ene as an wdex upon
whick to base # changa of tnsulia ar diet, or both

Exereise The importance of normal exerctse m e plysical, mental
&nd socaal development of a child 1s great and the diabet child should not
be excluded from these activities The modern treatment for diabetes makes
1t powsble for the child to it 1nto group or ndwidual wthletics in @ pormat
manner One of our pattents was a star performer on hus hugh schoel sxm
g texm, another 13 an enthusastic tackle on the 80-pound =quad A
"tonally famous tennis player has & severe grade of diabetes

Phpeical exertion reduces the blood sugar n addinou o and mde
pendent of, the meulin actnty in operation at the ume Violent phy«ical
€xertion 1s therefore Likely to produce a hypoglycerma unless an adequale
0 tment 10 dret or insultn, or both, 1s made 1 advarce Swmce there )y

0 aprectsble harm to be expected from a transttory hyperglycema 1 13
Wrermeae n B N L e Ve e pth st

Yorghke A ghort period of hypetglycenna 13 ta be preferred fo the fisk
“aninslin reaction This ¥ measure 13 | Jarly mp J
Pt 10 siimming, where the exercise may be pralonged and where the
‘7isreat danger from a hypoglycemta 1 increased

Education These children are usually inteliectual beyond these )P-’:‘
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and frequently their understanding 1s better than that of adulte Ther lem
tations should be streseed only enough to lead then to take senaible pre
cautions Thus the circumstances undet which hypoglycerma may develop
(exercise or delayed meals) should be explained and adequate preventine
measures described The reason for ineulin and the dangers of omitting a
dose are pointed out By the age of eight or ten years the child should he
grang humeelf the meulin injection and should be capable of performing
the uninaly<es required The Chinitest method of teting for sugar 13 sumple
and can be petformed at an early age Farmharity with the food exchanges
and & knowledge of the flexibility they permit gne the young as well as
the older patient great reaseurance

As the child matures 1t 1s well to guide him, 1f possibfe, 1nto an occupa
f1on not requiring contact with power-driven machinery or wregular hours
of diming or slecpang: The use of tobacco should be discouraged since there
are many reasons to believe that this habit may accentuate the vascular
troubles that so frequently develop in adult hie

Reassurance, commenting on faverable progres at school and wn =ports
arc valualle 1n developing and ncreasng a will to follow the pattern of
Iising which will not be completely normal but will afferd, to these young
Ppatients, oppotlumties to excel which would otherwice be demied

Special Conshilerntions. With control of the diabetes there tends to
Le & decline 1n the inwulin reqmretnent during the firet few weeks There
after, as the chuld grawe the general tendency 13 for the ineulin requirement
1o inctease, more of less 1n proportion to the increase n mze of the body

In some gurls there may be a tendeney 1o by poglycemia just before the
menstrual petiod In others the opposite 1a true L svally these tendencies
will be quantitatively consistent from month to month o that provisons
can be made 1y altering the dose of meuhin at the appropnate time

As the child grows his requirements for food as well as for insulm,
gradually change and the diet should Lie reviewed at intervals of not longer
than six months, 1n the light of changes in weight and age As adoleswcence
15 paseed the diet should be Lased on adult requirements

All of theee children <houll wear engraved medal identification brace-
lete A swtatle inscription might be

Front 11ake sneulin 1f 1 am ek or faint give me sugar Call a doctor

fover)

Back Name and addrese

The education, traning and adjustment of the diabetic chuld can be ex
pedited by 8 summer o1 two ata camp for diabetic children Many of theee
camps, with a lequate medical and educational perconnel, are coming into
enistence Here the ¢hdl by being with other diahetie indinaidualy, Joces
hie sense of being handicapped He i« taught that he can Iine with, and
make Light of his extra load The stimulue to becoming sellwuMicrent is
great under these conditions and u fretful, resentful chld fraquently be

7
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comes praud of his ability to cope with his disease Every child with diabe
tes, who 1s otherwise healthy, should be given an opportumity to attend a
diabetic camp

COMPLICATIONS

Ketosis Cinldren suffering from diabetes are, generally speaking more
prone to develop ketosis than are adults This 1s because of (1) the * lahle
character of their disease, (2) the greater varety of circumstances which
will upset their regimen, (3) the greater frequency of mtercurrent febnle
diseases, and (4) fluctuating «evenity of the diabetes 1tself

The more common precipitating causes of diabetic coma are

(a) Infections causing loss of appetite—added to this, the insultn may
be erroneously omtted A dose of 1sulin 13 never to be omitted while gly
cosuria 1s present If a patient cannot take food, one half of his usual dose
of 1nsulin 15 taken and a small amount 1s taken every four hours until seen
by a physician, if strong reactions for glycosuria prevasl The management
of the diabetes during acute complications 15 the same for the child as for
the adult (see p 212)

(b) Errors in the dosage or the complete omisston of nsuhin

A word of caution 15 sounded regarding abdomnal pain 1n the juvemle
diabetic This symptom 1s frequent] d 1n cases of ketosis 1n
clild diabetes Abdomnal pam, vomiting splmting of the abdomnal
muscles and leukocytosis mumiching an acute appendicitis n detail are
promptly corrected 1f due to ketosis by relieving a distended stomach and
by admimistering sodtum chloride If relief 15 not prompt the possibility of
an acute surgical condition 1s greatly enhanced

g1cal Compl The of the diabetes duning sur

gical complications 1s the same for the child as for the adult (see p 221)

Miscellaneous Considerations

1 Dichetic or Pseundodwarfism Uncontrolled and severe diabetes in
carly childhood causes a stuntmg of physical growth—a pseudodwarfism
Growth, sexual and osseous development are retarded The abdomen 13
protub and there 1s enlarg of the liver Obesity frequently de
velops after the diabetes 15 controlled

The cause of this psendodwarfism 1s not known Malnutrition, secondary
to the diabetes 1s doubtless an 1mp factor Hyp dism 15 1ndi
cated by the reduced excretion of ketosteroids but there are evidences of
actiity of the anterior pitutary gland and the basal metabolic rate tends
to be elevated Nevertheless a decrease n the growth hormone 15 a prob
ability

Treatment Control of the diabetes and more liberal quotas of protein
than are usually prescribed are advisable Supplementary vitamins are
gwen and thyrowd therapy 18 tried very cauttously It ss doubtful +f the
benefit observed 1s actually due to the thyroid medication
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White reports good results from the intramuscular myections of pitentary
extracts so Jong as the epiphiyses are open but that aiter eeventeen years of
‘ge puberty 19 precipitated with therapy but physical dwarfism remaine

prop * caes accel d growth in retarded bogs

2 H 15, Enl af the lwer s when the
dishetes has been he)l controlled The Iner may be qurte large, etendrog
to the pehas, and its edge 1s firm, sharp and shghtly tender The enlarge.
ment 13 due to excessive depoats of glycogen, or fat, or to hydropic degen
eratron The functron of the Jner 1s not grossly impaced. The Inver usually
reveris to normat size following a short perred of goud contro} of lhu diabe-
tes, but thes 18 1 I by ads
Our experience 13 chielly with choline 10 doses of 2 gm (hm times daily

3 Premature Degenerative Changes. The inctdence of degeneratine
diseae in adults who have had disbetes mnce chidhood 15 extraordmanty
high Premature arferiosclerosis 1s the most commoan of these changes,
though the incidences of retinatis nnd of renal disease are also higher than
in those who soquired diabetes after childhood

Jutendle cataracts, though rate, develop with great apeed and always mm
those cluldren with poorly controlled diabetes The oparsty myolies the
antessor and postertor portions of the optic lens and leads to great mpair
ment in viston The treatment depends on the stage of development of the
ditorder when delected Control of the diabetes may halt s progress,
‘needling” of the lens may be effective, or surgical removal may be neces
sary

So far, the only preventive measures that offer optimustic results against
the foregomg degeneratrie diworders are {a) control of the diabetes and
thy the correction and prexention of hyperchalesterolenua These attns sre
actieved by having these young patients take drets Jugh in carbohydrate
300 to 400 gm ~Ingh 1 protem and low 1 fat—not i excess of 50
g —~with appropriate msultn therapy

PROGAFSS OF THF JUVENILF DIABETIC—-FACTS AND PRINCIPLES

The juvenile diabetic 13 brought face ta face with rexponsibilities of the
adult Dewpte the best of mlentions and efforts of ali concerned & barries
or modidying wfluence cond: Is actisties hat and ss a reanlt
the accauonal child becomes 7 moody and Uy un
stable A sympathetic understanding with good discsphinary traming on the
part of the wre parent diestpates the chuld s frustration and makes bun the
key person on the team~—the patient, parents and physicran With ado-
lescence and maturity s better than sverage intelbigence works 1 hus
favor~stuations are easier to handle, hus £go 16 Ima sensitive and he
develops relfconfidence Instead of ferling restricted and hemmed m by
the differences nlech exist between hia and other children he begine, wish
or before adolescence, to accept responsl thities. The aceeptance of respona

* Oreton (Tiba), 25 mg hwo or thre Limes wevkly for by o three years.



264 DIABETES MELLITUS

bikity when the adolescent gets his fivst position and earns hus first money,
or when he or she falls 1n love or experiences some other matunng mfly
ence, has a favorable influence on the control of the diabetes

Finally, a normal approach fo marrnage and parenthood 1s encouraged
with an understanding of the part played by beredity 1n causing diabetes
and of the special care necessary during pregnancy 1f 1t 1s to come to 2
successful conclusion

TABLL 40
DiABETES 18 CHILDREN CONTRASTED wITh DitBETES OccunANG N AbuLts

CHILDREN ADULTS

Onset Abrupt Usually gradual

Weight Normal Approvimately 70 per cent are
overweight

Stabibity Diabetes Jabule Dunbetes uspally relatsvely
stable

Insplin Necessary for al! Approvmately 1§ must take
suln

Coma Relatn ely frequent. | Infrequent

Sensitivaty to Minor Very sensilive Relatnely insensitive

Changes

Family History of Diabetes | Very common Common

Degeneratiy e Changes Infrequent Common

Hepatomegaly Common Relatrvely uncommon

Control of Diabetea Duffeult vy

Control of Food Intake Daflicult Relatnely easy

Vanations of Activity Great Small

OUTLOOR. FOR TIIE JUVENILE DIABETIC

The outlook for the juvenile diabetic 1s excelfent in contrast with that
of the pre insulin era Diabetic children, wisely treated, grow n 2 normal
manner They do better than the average student m school Professional
or other independent careers are ged, thereby ng or fe
ducing the possihilities of being refused employment because of the diabe
tes Ordinanly, diabetic indrviduals do well at any occupation but it 38
unwice for them to be exposed to power driven machmery and equally
unwise to select a posiion or professton which by 1ts pature entasls rregu
lar hving, meals physical activities and traveling, eg, a diabetic who
becomes & physician should not practice obstetrics or do general practice
but nstitytional work, permitting regularity of meals and hours, would be

quite satisfactory
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Insul n admimistration
Adrenal cortex and diabetes, 7
glands and diabetes, €
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Alkali in treatment of coma 233
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tes 200
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Amputation for gangrene 195
choice of anesthetic 196
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site 196
Amytal test 181
Ancient period of disbetes 12
Anesthesia  choxce n smputation for
gangrene 196
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1 labor and delivery 250
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etes 181
treatment 182
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ferentiation 188
premature 2
renal 60
Arteriasclerotic changes m reaal arterics
62

complicating  dha

Ashton 64

Atheroma compheating diabetes 179
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Avicenna 12
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Barry 2nd Rosenthal 45 47

Bacophilism pitwitary 90

Bayman and Manmt 14

Baymel 13
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Best Hast and Campbell 5 11 15
Beta cells destruction 55
Beta hydroxybatyric acid i ur ne 69
Biasott: and Houssay 14
Buasottr Houssay and Reets 14
Blood 70
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sugar in coma 44
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regulation
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Body we ght reduction 1n arterial hyper
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Bread exchanges 114
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diabetes 177
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prevention of gangrene 193

Cslorses for diabetic chuld 256
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1a pregnancy complicating disbetes 215
total 105 106
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digestion
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m treatment of coms 233
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cst ng wnsulin therapy 1
metabolism
protem and fat combustion rates 46
requuement 1m et 106
source
Carbuncle 58 77
Card idenuification 161
Care of feet 173 174
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of teeth 173
Carey Duncan und Hulvon 22a
Case xeport of coma treatment 236
alkali 238
flusds 237
gastne lavage 239
glucose 238
insukin 237
penicillin 239
Plasma 238
potasaum 238
Cataracts complicating diabetes 59 73
77 201
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Btorical aspects 13
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Cawley 4
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hepatomegaly 263
ketosu 262
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retimue 263
surgscal 262
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273

Chil dusbetic_diagnosis 254
etiolngy 253
ineidence 253
outlook 261
prevention 23
progress 263
specral con 1feratians 261
symptoms
treatment 25
calories 256
catbobydrate 257
diet
education 209
exerc e 209
fats 257
snewhn 257
mmerals 257
itamins 257
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degencrative vascular disease  treat
ment 1
Circulation coronary
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Circulatory disturbances 1 legs and feet
appraral of circulaton 184
complicating diabetes, 183
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roentgenograpby 187
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Cold pressor tect 181
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Collens and Wilentky 210
Colowick Cort ani Con 33 39
Colowick Price an1 Cort 47
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blood sugar 1 44
causes precipitating 229
diagnons 226
hastorical acpect 13
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nature 2%
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Cure posibilities 28

Coshings disesse 90
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Cyanosis of feet 7

Deata rate 19
Defination 1
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fustorical upecl 14
Degenerative changes 2 49 7
comphesting diabetes 1 cmﬂ, 23
vascular lesions, 1
comphicating d sbetes treatment,
179
correction of disturbed phys.
1ologic processes 179
Denco test for acetonuria 7
Drlpropunel 10 prevention of gangrene
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powder
Decensitization 1n allergic reactivny coty
ol eat ng tnsuln therapy 165
Dextrote See Glucose
Disbetes 1nnocens, 51 8
Diaceric xcid 1 urme 69
Gethard s test, 70
Rotbera Wishart test €9
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faboratory signs 77
Disgnostic penod 12
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of gangrene 192
test 181
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Det 92 103 104
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calones 93 105 106
carbohydrate requirement 95 106
concervative 98
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Det  distribunon
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selation to apsubn
erapy
one dose of globin nsubn
dauly before breakfast 109
one doxe of APH insulbn 111
one dose of APH msulin to

one dose of protamine zinc 1
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one dose of protamine minc 1
subia daily before breakfast
09

during complications 96
fat exchanges, 116

yequrement 95 101 106
(ood nchznges 12
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hh carbobydrte Tow fat and low

calore 9
Motratme 107
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ligu d diet 218
in coma 233
1n digbetic child 256
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earbohydrate, 215
protein. 2
supplement 296
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physiologic plan 98
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900 calories, 122
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2300 calomies 129
2500 calorres 130
2700 calories 131
2900 calories 132
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wan 211
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Durkin and Fetter
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therapy 165
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Ectavests  of pregnancy  treatment
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Edwards Mnllory and Crane 6%
Ehrheh 13

Elective surgery preparation for 231
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Endocrine disorders as predisposing fac
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1o diabetes, 203
Enemg in treatment of coma 233
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Ephedrine sulfate in allergic reactions
comphlicating msubn therapy
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prevention and cortection 194
Epinephrine and disbetes 6
n allergic reactions complicaitng nsu
In therapy 16%
m hypoglycemua compheating mnsul n
tlerapy 161
Etan on as preventise of gangrene 192
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artenosclerosis 26
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endocrine disorders 23 26
hereduty 22 27
nfoctions 26
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predisposing factors 22
race
trauma 26
Evans 14
Evens and Tloussay
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Allen er2 9
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Nauayn era 9
Excessive appetite "6
Iustorical sepect 12
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Exchange system bread 113
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froe 114
meat 115
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Exercise 172
as preventive of gangrene 193
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Exudates 1 retina comphcating diabetes

1
Eye changes in 58
disesses con phicating diabetes 200

Face smsuln 76
Famaly hastory of diahetes glucase toler
ance test
Fat atrophy complicating msghn therapy
165

dystrophies complicating imsulin thera
165

exchanges, 116
for diabetic ehild 257
protemn and carbohydrate relative com
bustion rates,
requirement 93 101 106
Fangue 76
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Fret and Yegs curculatory dnturbances
appeassal of circulation 184
compl cating dibetes 184
phys cal signs 183
plantar 1schemia test 188
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skun temperature studies 187
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gangrene 189 See also Cangrene
pam
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callus formation care m prevention of
gangrene 193
care 173 174
48 Treventive of gangrene 193
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fissuses treatment 194
gangrene 77 185
teurotrop ¢ complesting  dishetes
200
Feblng 13
Femorsl veins ligaton as preventive of
gangrene 103
Fectility disbetes ani 212
Fetal lummnl es complicating diabetes,
2

3
mortality in pregnancy complicaung di
abetes 243

Fetter and Duncan 247 252

Fetter and Durkin 31

Fetter Durk n anl Duncan 31

Fibrows of pancreas, 57
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Fish chowder 119

Facher and Scott 15 25 27 31 39

Fissures on feet \reatment 194

Fitz Allen and Sullman 12 15

Flwds and salts in treatment of coma
232

Fohe aod requirement for 101
Food exthanges bread 114
compo 1en 112
fat 1
frun 113
meat 115
milk 113
vegetable 113
requirement 92
Fork tuning a3 used m detection of dis
turbances of vbration sense 2
Free diets 98
Frot conming without sugar 116
cup 1
exchanges 113
gelaun 117
1ce 117
Furonculoss 58 77
Tustonical sspect 12

Gavatsst for glycosuria 67
Gangrene 2
amputation for 195
choice of anesthetic 196
mdncnuon: 19
wte
hnsmncnl aspect 12
7 185

39
application of beat 191
Buergers exereise 191
care of feet 193
callus formation 193
corns
sovdermophytony 193
fissures
Depropanex
dibenammne hydrorhlonde 192
etamon 192
exercise 193
intermttent venous occlusion 191
Dation of femoral veins, 193
n e wal 12

ph)nr-l N | erapy 190

priscal

Sanders N.u.un; bel 190
suction #nd pre sure therapy 190
sympathectomy 193

tetra ethyl ammonium chlorile 192
thermoregulated foot cradles, 192
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Gangrene, prevention, hissue extracts, 193
uleers and snfection,
vasodilator drugs, 192
treatment, 195
Gantrisia, 200, 220, 231
G}s;xzw lavage 10 treatment of coma,

Gatt, 42
Gelatin, coﬂec. 116

pmeapple, 117
mito-urinary tract, disturbances, neuro
logic disorders and,

Ge;gmd'a test for diacetic acd 1 upine,

Gibbon and Landss, 187, 210

Ginginns, 77

Guls, height, weight and age table,
267

Glaucoms, 73
Globin snsulin, 35, 38
diet when takmmg, 96
therapy, 143
protamine mnc, and regular 1sulin ther
apy, 145-148

59
Glomerulosclerosis, 74
intercapllary, 2
complicating diabetes, 197
prevention and treatment, 198
Gluconeogenesis, 45
Clucose, hstorical aspect, 13
m hypoglycemia complicating insylin
therapy,
18 treatment of coma, 233
w unne, 65 See also Glycosuna
renal threshold for, 88
tolerance test, 79
contrandications, 81
dietary restrictions, 81
hepatic disturbances, 81
infections, 81
factors affecting, 84
dications, &1
famly history of diabetes, 81
glycosurta without hyperglyce
'ma, 81
lustory of glycosuria, 81
transitory glycosuna, 81
transitory hyperglycema, 81
nterpretation, 82
fasting venous hlood sugar, 82
peak values,
two-hour blood sugar value, 82
intravenous, 87
anterpretation, 87
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Glucose tolerance test, mtraveaous, tech
e,
normal curve, 83
one hour, two-dose, 85
cn;;zl mdicating  diabetes,

Eaxton Rose, 85
normal curve, 87
renal threshold, 83
technuc, 82
10)erance curves, 33
Glutathione, hustorical aspect, 15
Glycogen breakdown, mechamems in
volved,
!ormuon, 46
Bephrosi:
Glyrosu.na,l 49 81, 65
ahmentary,
and rena] threshald, 89
drabetes and, differentiation, 8%
Benediet's qualuative test (modified),
67

bemgn, 88
climitest for, 67
complicating degenerative vascular dis
ease, treatment, 1
diabetes and, differentiation, 88
galatest, 67
Rustory of, glucose tolerance test, 81
hunger, 66
renal, 51
diabetes and, differentiation, €8
historteal aspect, 13
rdentificatson, 90
tests, 66, 78
false positive reactions to, 66
transitory, glucose tolerance test, 81
without hyperglycemua, glucose toler
ance test, 8
Goldner apd Gomon, 15
Gomon and Goldner, 15
Gregory, 13
Gniffith, 15, 27, 53
Growth chart, female, 260
male, 260
Guest, 15

Hacrporw, 14, 32
Hagedorn era 1n treatment, I
Hagedorn, Jensen, Karup .nd Woodstrup,

Hns!, 25,27
Haist, Campbell, and Best, 5, 11, 15
Headache in hypoglycenna after msulin
therapy,
Heat, spphcation, as preventive of gan
grene,
contramndicated 1n coma, 231
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Heals and weght of children between
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of men fifteen or more years of age
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lematzcs 1n m-emp,um glomerulo
atleros s 198
Hemochromatosis 58
H morthage ret nal, 2 58
Heparin m coronary occlus on 183
Hepat ¢ d sturbances glucose test contra
wd cated 81
Hepatomegaly compheat ng diabetes 1

Heredity as pred sposing factor 22 27

llermln and Reid 210
Herger M n]mros and Welander 175
anohrme

llxmswonh 4, ll 137 175
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