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PREFACE

The writer of 2 monograph, if the subject is one in which in-
formation is rapidly accumulating, runs the rish that formulation
of his opinions may erystallize his thought and thus smpair his
responsiveness to new 1deas  This reflection has deterred me here-
tofore fram venturing to prepare a book on diabetes, although this
disease, for twenty-five years, has occupied the major part of my
attentian  In 191p 1 was taken wto the Sprague Instutute Labor-
atory 1n Rush Medical College and the Presbyterian Hospital of
Chicago, where Rollin Woodyatt, recently returned from Fried-
rich Muller's chinic in Munich, was engaged 1n investigation of
the intermediary metabolism of sugar. For nearly three years 1
was under his tutelage, and that of Frank Billings, with greater
advantage, [ believe, than could have been obtained at that time
in any other environment. For this opportunity 1 am deeply
grateful. In 1919, alter the interlude of the war, I came to Roch-
ester, and here since then, except for an interval of two years
and a few months 11 the University of Chicago, ¥ hase been re-
sponsihie continyously for the supervision of panents coming to
The Mayo Climc for treatment of diabetes, or coming with dia.
betes for medical or surgical treatment of other disease In the
task. I have been fortunate in receiving the best of guidance and
co-operation, and for this T am deeply indebted to many colleagues
and to William and Charles Mayo, whose wise direction created
so effective an orgamization for the practice of modern medicine

Purposely omitted from this bool 15 extensive consideration
of the theory of carbohyd bolism, the physiology of ex-
perimental diabetes, and the pathology of diabetes. These topics
now are so 1nvolved that a book on each subject, as large as this,
would be required to present them comprehensively. Also excel-
lent monographs covering them are readily available. My thesis
is himited to climical considerations, wuh the sngle purpose of
desenibing procedure which in my experience and that of my asso-
aates has proved most effective in the recognition and treatment
of the disease drabetes and 1ts complications.

v
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There is no reason to suppose that the existence of diabetes
imparts immunuty to any disease, therefore, in any large diabetic
practice, every conceivable pathologic condition can be expected.
In The Mayo Clinc 1 one year, 1937, among 1184 diabetic pa-
tients, the diseases associated with the diabetes numbered 153.
Among the unusual associated conditions was one case each of
gout, myasthema gravis, polycystic kidney, protruded nucleus pul-
posus of intervertebral disks, marble bone disease, carotid sinus
syndrome and temporal arteritis. There were two cases of tumor
of the brain, two of tumor of the spinal cord, four of acromegaly,
six of perniclous anemia, and so forth. The experience is men-
tioned to emphasize that physicians who propose to treat diabetes
must be prepared to meet all of the exigencies of the broadest pos-
sible kind of a general practice. Many of the associated conditions
are in no way related to diabetes; their occurrence is pure coinci-
dence. Others are encountered with such disproportionate fre-
quency that relationship or interdependence is suspected. Among
the latter are the diseases of glands of internal secretion other than
the pancreas, several abnormalities of the eye, the nervous system,
the skin, the genitalia, the gastro-ntesttnal tract, the cardiovas-
enlar renal system and hemochromatosis. Special attention has
been directed to them.

The chapters on hyperinsultnism are added because of the im-
portance of knowledge of insulin collapse in the management of
diabetic patients receiving insulin and also because of personal
interest in spontaneous hypoglycemia attributable to functioning
tumors of the islands of Langerhans.

For what I shall have to write in the pages that follow I alone
must accept responsibility, but for the examination of much of
the chinical material that forms the basis of whatever conclusions
may be drawn I am overwhelmingly indebted to many associates.
They cannot all be named, especially the graduate students who
have served as assistants and contributed to investigation. Among
those of the staff to whom I am indebted most for guidance, or who
have been concerned directly with the care of the patients, are

Frank Mann and Jesse Bollman of the Division of Experimental
Medicine and Surgery, Harold Robertson of the Section on .P:inth-
alogic Anatomy and Thomas Magath of the Section on Clinical
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Pathology, Walter Boothby of the Section on Metabolic Investi-
gation, Arnold Osterberg and Marschelle Power of the Division
of Biochemistry, Starr Judd, Melvin Henderson, Henry Meyer-
ding and Waltman Waliers of the Division of Surgery, Henry
Wagener of the Section on Ophthalmology, Henry Woltman of
the Section on Neurology, Lawrence Randall of the Section on
Obstetnces, and those members of the Division of Mediane who
have been my associates in providing for the speaal therapeutic
requirements of patients with disorders of intermediary metabol-
ism. Reginald Fitz, in 1920 and 1921, shared this responsibility,
Franklin Adams and Clifford Barborka were with me from 1922
to 1927, and Frank Allan carried on with me from 1927 to 192g,
and alone from 1929 to 1931, Those who since 1931 have been
so engaged are Edwin Kepler, Edward Rynearson and more re
cently Randall Sprague.

‘To the dietitians and nurses who have labored m behalf of
this group of patents I also wish to acknowledge appreciation,
Foremost among them at present are Miss Mary Foley, Assistant
Professor in The Mayo Foundation, and Sister Mary Victor, M. 5.,
Dietitian in Chuef, §t. Mary's Hospital

‘To the editorial staff of the Division of Publications of The
Mayo Clinic, and to my secretary, Mrs. Hazel Hokanson, I also
am most grateful for alert and helpful assistance.

‘To my publishers I am ind d for much and
especially for their forbearance in the matter of an unusual num-
ber of footnotes. The hiberal use of footnotes as a method of docu-
mentation, a regular practice in books on history or economics,
has not been customary 1n medical writing. This seems to me
unfortunate, since footnotes provide a means of supplying valu-
able contributory material without interfering with the logical
development of the thesis By using footnotes freely the hurried
practitioner and the beginning student can be saved reading time
without sacnifice of more complete exposition,

Several of the chapters in this book reproducc clinical lectures
given to various aud and p y published. For per-
mission to reproduce them I am indebted 10 the respective pub-
lishers of International Clinics, Minnesota Medicine and Medical
Climics of North America. The chapter on “Diabetic surgery”
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appeared in a less completely developed form 1n Christopher’s
“Textbook of surgery,” W. B. Saunders Company. Much other
material represents an amplified version of my contribution to
Barr's “System of applied therapy,” Dr. Barr and his publishers,
Williams and Wilkins, having kindly consented to its incorpora-
tion here.

Russerrt M, WiLper,
ROCHESTER, MISNESOTA
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Clinical Diabetes Mellitus and
Hyperinsulinism

CHAPTER I

THE SUGAR OF THE BLOOD

The sugar of the blood is dextrose. The amount of 1t in the
water of the blood, namely the concentration ar level of the
blood sugar, deviates within limits but is characterized normally
by remarlable constancy. Gross deviation is prevented by a sys-
tem of opposing forces, chiefly hormones and nerve impulses and
some independent action of the hver. By this means the rate at
which dextrose enters the blood is balanced nicely against the rate
of its withdrawal, tissue demand for dextrose 15 met as it arises,
Plethora is prevented when food 1s eaten and scarcity 15 avoided
during periods of fasting  The expedience of such an arrange-
ment is apparent. Blood sugar 1n excess of the level at which
dextrose is excreted by the kidneys would be wasteful, to say the
feast, whereas scarcity of sugar is as badly borne by certain tissues
s want of oxygen.

THE RANGE OF THE BLOOD SUGAR

The reducing power of the blood of normal men and women
after 3 might's fast, determined by the analytical method of Folin
and Wu, represents that of a solution of 00go == 0030 gm. of
dextrose in 100 c.c. of water. Not all of this 15 due to dextrose.
With analytical methods which determine only dextrose, values
are obtained which are smaller by from 6010 to 0 030 gm. per
100 cc than those obtained by the method of Folin and Wu A
Variable difference in the value for sugar exists between blood
drawn from capillaries (arterial blood) and that drawn simul-

* Dextrose was found by Power and Peterson 10 be distnibuted between the
PFlasma and the corpuscles of the blood in proportion to the water of the plasma
nd the corpuscler

1



2 CLINICAL DIABETES MELLITUS

taneously from a vein. The difference is influenced by factors
such as the rate of blood flow, the potency of arteriovenous shunts
as described by Grant, and Clark and Clark, and by the rate of
utilization of sugar by the tissue. The difference at best is a
rough and unreliable index of utilization of sugar by tissues.

EFFECT OF ABSORPTION OF FOOD

As dextrose is absorbed from the bowel during the digestion
of a mixed meal, the level of the blood sugar rises, and if dexirose
alone 1s fed 1n a dose of from o gm. or more, as is customary in a
dextrose tolerance test, the rise may represent from 0.050 to o 070
gm per 100 cc. The high point in such a test is normally reached
in from thirty to sixty minutes and rarely exceeds o.160 gm. per
100 cc. The values then fall, and usually they are down to be-
tween 0 100 and 0.120 gm. per 100 ¢.c within two hours. They
often continue to fall below the initial value, then rise again to
settle finally on the base line, after one or two minor swings up
and down. The inttial rise of the blood sugar level in such blood
sugar tume curves 1s referred to as the “hyperglycemia phase”; the
subsequent fall below the base Iine is spoken of as the “hypo-
glycerma phase.” Great indtvidual vartauons are encountered
the behavior of bload sugar time curves, even with perfectly nor-
mal subjects or with the same subject examined on different days
Previous diets have a marked influence, but so do many other
factors.

The effect of ingested starch on the level of the blood sugar is
less marked than that of a comparable amount of dextrose for the
reason that time 1s required for digestion of starch, so that the rate
of absorption of the dextrose derived from 1t is slower than the
rate of absorption of dextrose after dextrose has been ingested.

The effect of ingesuon of protein 1s minimal, even though
approximately 50 per cent of protein ultintately behaves in metab
olism like dextrose. Protemn not only must be digested beforc
1ts constituent amuno-acids can be absorbed, but subsequently
these must be acted on chemically by the liver beforc dextrose 1§
denived from them

The effect of mgestion of fat on the level of the blood sugai
is negligible. Absorption of fat is slow, and although the glycero!
in it is convertible to dextrose, this represents only about 10 per
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the sumulation depends in part at least on mobilization of jnsulin.
The same explanation has been offered for the hypoglycemic phase
of the blood sugar time curve when only one dose of dextrose has
been given, as 1 a tolerance test.

The mechanisms for buffering the level of the blood sugar are
equally effective against depressions of the blood sugar level, so
that prolonged periods of starvation normally can be endured
without the development of pathologic hypoglycemia. The effect
of undernutrition and starvation on carbohydrate metabolism has
been reviewed exhaustively by Chambers. The blood sugar level
is lowered very hutle by fasting, and m dogs, as was shown by
Morgulis and Edwards, 1t may be raised in the later stages when
the metabolism of protein increases. The glycogen content of the
Irver and muscle suffers severely, although complete exhaustion
of the glycogen reserves, as Lusk emphasized, is accomplished ex-
perimentally only with the greatest difficulty.

Simularly, a diet containing only a few grams of carbohydrate,
Iike the ketogenic diet which I introduced several years ago for
the treatment of epilepsy, causes no significant disturbances in the
blood sugar level. However, a diet low in carbohydrate, as Ad-
lersberg and Porges, and Sweeney have shown, upsets the mech-
anism for buffering the blood sugar in such a way that rich feeding
of carbohydrate immediately afterward produces greater hyper-
glycemia than normal. This effect of a low intake of carbohydrate
1s transient. A few days of a diet richer in carbohydrate restores
the normal stability of the system. The phenomenon is of theo-
retic interest but of less practical significance, it seems to me, than

#This view was combated by Soskm, Allweiss and Cohn, who found that
when the blood sugar of depancreatized dogs Was maintained at a normal level by
the sumultaneous intravenous mjection of dextrose and insulin, grving extra dex-
trose resulted 1n a blood sugar level that first rose and then dechined below the base
line, as 15 observed mn the hypoglycemic phase of the blood sugar tme cutve of a
tolerance test, Under the conditions of their expertment ¢xtra mnsulin to provide
for the extra dextrose was not available—the pancreas being out—and since it was
not required the authors maintained that the homeostasis of the blood sugar nor-
mally does not depend on the ability of the pancreas to secrete extra insulin to
provide for ingested or jected dextrose. Rucketts, however, challenged their con-
clusions with evperuments showing that an unchanging msulin effect, such 23 that
provided by daily doses of protamine insulin, tn cases of severe dubetes or in de-
pancreatized dogs, will not prevent a hyperglycemuc response to ingestion of dex-
trose. He did not deny 1o the hiver an independent part 1 the regulation of the
blood sugar, but belicved that 1s proper functiontng under normal esrcumstances
depends on the avadability of an exira supply of msulin fo meet extra Tequire-
ments presented by ingestion of carbohydrate
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A Jow environmental temperature with or without shivering
increases the amount of sugar in the blood. This, to judge from
experiments of Cannon and his associates, can be explained by
liberation of adrenalin and consequent mobilization of hepatic
glycogen. Fright is elevating and causes psychic hyperglycemia,
Cannon and his co-workers considered that mobilization of adren-
alin, which mobilizes hepatic glycogen, was involved in this®
Asphyxia also is elevating; so is fever. Lactation is depressing
Irradiation with ultraviolet rays 1s said to be elevating, roentgen
radiation is said to be depressing, and so on through a long list of
physical and chemical agencies. To recount them all is unneces-
sary—what I wish to emphasize 15 that the mechanism for stabiliz-
ing the level of the blood sugar 1s effective in normal men to such
a degree that the deviations up or down by physiologic processes
usually are held within bounds and ahways are promptly corrected.

THE LIVER IN THE HOMEOSTASIS OF THE BLOOD SUGAR
LEVEL '

We now must consider separately the individual parts of the
mechanism which sustain the blood sugar within the relatively
minor limits of variation encountered normally. The focal point
in the system is the liver. After hepatectomy in dogs or after
extensive destruction of the liver of man, by such diseases or
poisons as cause diffuse lesions of 1ts parenchyma, no other part ot
the regulatory system is able to prevent the development of ex-
treme hypoglycemia. The destruction of the Iiver, however, must
be extensive, If as Iittle as 20 per cent of the organ is left intact,
abnormality of the level of the blood sugar is not observed. The

*The observation of Folin and associates of emotional glycosuria 1o twelve
of seventy students tested before college examinations is widely known. Lusk cited
other examples and then added the following comment “Evidently such conditions
as these are not to be classed with diabetes mellitus, where there 15 a lund.’(men}il
disturbance 1n the sugar-burning power m the orgamista It would be of service
to between gly where the kol capacity of the organs
has been dimimished or overstrained, and the glycosunia of diabetes in which he
sugar-burning capacity has been affected For example, Klewner and Melzer m
jected wntravenously 4 grams of glucose per kilogram of animal into both normal
and depancreatized dogs. The blood sugar rose gready 1n both groups of animals,
but in the normal animals there was a rap:d readjustment through elmnaton by
the kidney, glycogen retention, and ovidation of glucose, whereas m the depan-
creanzed ammals, though removal of the glucose by the kidney was acuve, the
other two functions were i abeyance and the blood sugar contnued at 2 high
level long after 1t had readjusted itself in the normal ammals ™
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The worl of Mann and his associates revealed that the glyco-
gen of muscle was not available for the maintenance of the blood
sugar in the hepatectomized animal. However, as was shown
by Cori, in the presence of the hver, muscle glycogen is used
for this purpose indirectly. The glycogen of the muscle, unlike
that of the liver, is not hydrolized to dextrose in the body. Its
degradation product 15 lactic acid. However, any part of this
lacttc acid which enters the blood reaches the liver and there is
converted to hepatic glycogen. Thus indirectly, if the liver is
intact, muscle glycogen may serve as a supply of sugar for the
blood.

The capacity of the hver for removing dextrose from the
blood, when dextrose enters the blood stream at a rate too rapid
for its immediate utilization by the tissues, is illustrated by expers-
ments reported by Pollock, Millet, Bollman and Wilder, Jr. Dex-
trose in solution was injected by vein at the constant rate of 2 gm
per kilogram per hour mto normal and hepatectomized dogs. In
the normal animals the excretion of sugar varied from traces in
the first hour of injection to a maximum of 0.15 gm. per hilogram
of dog weight per hour in subsequent hours, and the level of the
blood sugar never exceeded o.20 per cent. In the liverless animals
tnjected at the same rate, the urine contained from 2 minimum
of 08 gm. of sugar per kilogram of dog weight per hour to as
much as 1.6 gm. per hilogram per hour and the level of the blood
sugar rapidly rose to 0.40 or 0.50 gm. per 100 CC.

THE PANCREAS IN THE HOMEOSTASIS OF BLOOD SUGAR
LEVEL

In the absence of the pancreas, provided hormonal activity
which normally is opposed to insulin is maintained, the blood
sugar rises to diabetic levels and stays there, even when the organ-
ism is fasted; contranwise, as is now well known, an excessive sup-
ply of insulin provokes as severe a lowering of the blood sugar as
that which Mann and Magath observed in their liverless dogs. .

The evidence that the export of insulin by the pancreas is
cither stimulated or depressed by nervous control will be con-
sidered later. The evidence that the level of the blood sugar
directly stimulates the export is undisputed. A smaI.I dose of dex-
trose injected into the artery of a pancreas grafted into the neck



THE SUCAR OF THE BLOOD 9

of 2 depancreatized dog will promptly depress the blaod sugat
ferel, whereas the same smail amount of dextrose bas no such
effect of it is injected muo the vesns and thus is first carried o the
Iner. Simnlar results have been obtamed with decercbrate cats.
The effect represents a chenneal control of export of insulin
through some action of the deatrose on structures withmn the
pencreas.  Thus nervous control 15 ar Jeast not essenual (Best
and Taylor).

Mechanism of action of tnsulin ~The action of insulin is be
lieved to be exerted both on the liver and on the tssues of the
periphery.  As secreted by the pancreas, insulin first passes to the
liver, a fact which unquestionably is significant  Its attion there
is to stabilize the hepatic glycogen by inhibuting the reaction gly-
togen -» dextrose.  Also it exerts 2 spanng action on the catabolism
of pratein so that neoglucogenesis from protein s retarded.? The
evdence that a hypothetic formation of sugar from fat also 15
inhibited by insulin is to my tmnd unsatisfactory, although ths
opinion 1s held by a number of investigators  The increase of
glycogen in the hver and muscle of diabetic animals, together
with the catbohydrate accounted for by oxidation, seems to ac-
count for alf the sugar that disappears from the blood when
insulin is injected.

The conclusion that insuln acts on ussues other than the
Hver is based chiefly en the foliowing observations: In the absence
of insulin, hoth 1n depancreatized dogs and sn cases of severe
clinital diabetes, the respiratory quotient of animals fed carbo
biydrate falls to 3 level comparable to thar observed when a non
diabetic animal is erther fasted or deprived of any food contaumng
crbohydrate  This quonent (CO»/0;) corrected so as to ex
clude the influence of protein in the diet {the nonprotein respira-
tory quotsenty is that of buming fat (07e). In the completely

*'The abeence ot inssbin, 33 §n expermenial gad vers wr s © T e e
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diabetic state the nonprotein respiratory quotient is unmfluenced
by feeding carbohydrate or injecting dextrose, whereas giving
sulin promptly changes this condition so that normal, that is,
clevated respiratory quotients, are obtained by giving carbohy-
drate. The respiratory quottent of normal men or animals rises
more after administration of insulin and dextrose than it does
after the administration of dextrose alone; also when insulin is
given with carbohydrate more glycogen accumulates in the mus-
cles. A curious observation, for some time unexplained, is that
large single doses of msulin increase the glycogen stores of the
Itver of drabetic animals but do not do so in normal animals It
now appears that an excess of insulin stimulates activity on the
part of endocrine glands with an opposing effect, especially the
adrenal medulla, with a net result which may represent actual
diminution of hepatic glycogen  If insulin is administered slowly,
and at the same time a Iiberal intake of carbohydrate is provided,
larger amounts of glycogen can be made to accumulate in the
hvers of normal animals than are accumulated after feeding car-
bohydrate alone.

Other evidence of the peripheral action of insulin is the ob-
servations that the rate of fall of the level of the blood sugar
after hepatectomy 15 less (in dogs) if pancreatectomy also is per-
formed and that 1n such dogs as well as in dogs thas only have
suffered hepatectomy the rate of fall is accelerated by injections
of 1nsulin.

THE NERVOUS SYSTEM IN THE REGULATION OF THE
BLOOD SUGAR LEVEL

The evidence that the nervous system plays a part 1n opposing
hyperglycemia, although not fully established, is strongly suggested.
Direct action on the liver is possible, both through parasympa-
thetic (vagus) and sympathetic nerves. Also possible is stum-
ulation of pancreatic secretion of insulin through parasympathetic
nerves to the pancreas  Fibers of the vagus nerve have been traced
to the islands of Langerhans where nonmedullated branches have
been seen entering the 1slet cells. After pancreatectomy walleria.n
degeneration has been traced up the vagus to the hypothalamic
region of the bramn. Also transfusion of the brain with.hypcxgly-
cemic blood was shown by the cross circulation experiments of
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La Barre to provoke secretion of insulin in animals decapitated
except for the preservation of the vagus nerves. However, the
interpretation of the results of these observations will be hazard-
ous until they have been fully confirmed.

The evidence that the nervous system both directly and indi-
rectly is capable of opposing hypoglycemia 1s well established.
‘The direct action 1s through sympathetic nerves on the Liver; the
indirect effect 15 through stimulation of the adrenal medulla and
the action on the hiver of the hiberated epinephrine ® Under both
condiuons hepatic glycogen is released and dextrose thus is dis-
charged into the blood. Macleod and Pearce, although granting
that nerve wnpulses passing directly to the hver release hepatic
glycogen, considered that the presence of the adrenal glands might
be necessaty to maintain the integnty of the glycogenic nerve
fibers. Glycogenolytic impulses arse not only 1n the sugar center
of Claude Bernard, 1n the floor of the fourth ventricle, but also
centers of the hypothalamus.

THE ADRENAL MEDULLA IN THE HOMEOSTASIS OF THE
BLOOD SUGAR LEVEL

Blum is credited with the discovery, m 1go1, that the par-
enteral administratton of epinephrine elevates the level of blood
sugar by mobilization of hepatic glycogen. It also mobilizes mus-
cle glycogen, but, whereas hepatic glycogen is converted directly
to dextrose, muscle glycogen, as has been said, yields lacuc actd
which must first reach the liver by way of the blood stream before
u can be made into dextrose or glycogen Prolonged injections
of very small doses of epmephrine by creating this supply of lacuc
acid may in the end increase the glycogen content of the liver,
but the immediate effect of even small doses is to decrease hepatic
glycogen and with large doses given frequently both hepatic and
muscle glycogen can be severely depleted

‘When the level of the blood sugar is quickly lowered from any
cause the adrenal medulla releases epinephrine, and by this means
the liver 15 stimulated to make good the deficiency Boothby
and I presented evidence revealing this funcuon of the adrenal

*1t 15 also possible that a low blood sugar level acting centrally inhibuts the
secreuon of ansubin through stumulation of sympathetic nerves 1o the pancreas
Exidence was advanced by Clark that the vagus tay mhibit a3 well a3 exare the
secretion of insulin
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medulla, by demonstrating on human subjects that the so-called
reaction to an overdose of insulin was accompanied by an abrupt
spike-like elevation of the basal metabolic rate, comparable in all
ways to that obtained by the parenteral adminustration of a dose
of epinephrine At the same time we called attention to the fact
that the early symptoms of an insulin reaction closely resemble
those provoked by an injection of epinephrine. Cannon, Hous-
say and others later established the correctness of this interpreta-
tion by showing more directly that epinephtine was liberated
when the blood sugar level was lowered abruptly. Abrupt low-
ering 1s necessary. If the level falls more slowly, as it does after
overdoses of protamine-zinc msulin, the symptoms referable to
release of epinephrine are not apparent.

THE ADRENAL CORTEX IN THE HOMEOSTASIS OF THE
BLOOD SUGAR LEVEL

The experiments of Long, and Lukens and Dohan revealed
that the hormone of the cortex of the adrenal glands played a part
more important than epinephrine in the | is of the blood
sugar. The actibn of this hormone also is opposed to that of
msulm. Large doses of it are said not to provoke hyperglycemia
and glycosuria in normal anmmmals, but 1f the pancreatic Teserve
of an animal is previousty diminished by partial pancreatectomy,
severe hyperglycemia and intense glycosuria result from its in-
jection.

That adrenocortical hormone is antagonistic to insulin was
well illustrated by the following experiment performed by
Sprague A dog, maintained alive with administrations of sedium
chloride and sodwum citrate after bilateral adrenalectomy and
pancreatectomy, recewved intravenous injections of dextrose at
a rate of 10 gm. per kilogram of body weight per hour, and
msulin was given hourly in the amount necessary to hold the
blood sugar at a constant normal level. The injection of dextrose
was continued for nine hours and the amount of insulin required
for the entire time was only 5 units. A few days later the same
experument was repeated, giving cortin in large doses before, as
well as with, the dextrose. Again the injection of dextrose was
continued for nine hours, but this time the dose of insulin neces-
sary to prevent hyperglycemia proved to be 40 units. The amount
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of insulin required when cortin was administered equaled that
used in a control experiment in which the dog, depancreatized
but not adrenalectomized, received dextrose at the same rate.

The importance in carbohydrate metabolism of the corucal
hormone was further demoustrated by the behavior of the blood
sugar in dogs and cats after ablauon of the pancreas and both
adrenal glands. Such animals, when fasted, have blood sugar
values in the low normal range, or even suffer from hypoglycemia.
They excrete sugar in the unne only after feedings of carbo-
hydrate or protein, and m this respect resemble amimals which
have been subjected to the Houssay operation, which will be
described later.

Yt further was found by Long, Fry and Thompson that giving
adrenocortical hormone to pormal tats diminished the rate of
excretion of mitrogen and increased the stores of glycogen in the
liver. These effects are not in opposition to but resemble those
of insulin. They perhaps are to be explained by overcompensa-
tion on the part of the pancreas to an excess of cortical hormone.
Exploration of the function of adrenocottical hormone, at this
writing, is in an early stage of development with much conflicting
evidence and consequent confusion. Britton and his co-workers
found that double adrenalectomy caused depletion of glycogen
m both the liver and the muscles, and that this condition could
not be corrected by guing dextrose with cortwal extract.  Addi-
san’s disease in man regularly produces a state of moderate hypo-
glycemia associated not only with poor reserves of glycogen 1n the
liver, but also with asthema which may depend on a defective
supply of muscle glycogen. On the other hand, asthenia confus-
mgly 15 also a charactenisuc clinical feature of hyperfunclmnm"
tumors and states of hyperplasia of the adrenal cortex.

THE THYROID GLAND IN THE HOMEOSTASIS OF THE
BLOOD SUGAR LEVEL

The action of the hormone of the thyroid gland, like that of
the hormone of the adrenal cortex, is opposed in its effiect on the
level of the blood sugar to that of insulin. Xt promotes release of
dextrose from the liver, causes a loss of muscle glycogen and,
of importance in man, although less apparent in experiments on
other animals, it thortens the action of insulin possibly by pro-
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moting a more rapid destruction of the insulin in circulation.
The principal action in physiology of the thyroid hormone is
that of a catalyst to oxidation. With the increased metabolism
more dextrose 1s withdrawn from the blood for fuel; however, I
have observed that dogs which received injections of dextrose at
timed rates actually retained less dextrose when their basal metab-
olism had been raised by a previous administration of thyroxin
than they did otherwise.

Ablation of the thyroid gland is accompanied by a diminished
requirement for wsulin, and low normal values for blood sugar
frequently are encountered in pauents who have been subjected
to thyroidectomy.

THE PITUITARY BODY IN THE HOMEOSTASIS OF THE
BLOOD SUGAR LEVEL

In discussing the piturtary body 1n connection with the disease
drabetes, I shall oppose the theories which attribute to it much of
any etiologic or pathogenic signtficance in diabetes (see Chapter
III}. However, its importance physiologically in regulating the
blood sugar is indisputable. Through its hormones the pituttary
1s capable of affecting several of the other glands of internal secre-
tion as well as the liver  Of primary importance are the hormones
onginating 1n its antertor lobe, although the secretions of its pos-
terior lobe, to a certamn extent, also oppose the action of insulin.
Ewvidence presented by Gurd 1s taken by Best and Taylor to indi-
cate that both the oxytocic and the pressor fractions of pituitrin
exert an elevating effect on the blood sugar.

The brilliant work of Houssay and his collaborators on hypo-
physectomized and depancreatized animals has stimulated enor-
mous nterest 1n the rdle of the anterior lobe of the pituitary body
1n carbohydrate metabolsm The physiologic literature bearing
on this subject, complex in extreme at this writing, has been sum-
marized by Russell, of the Institute of Experimental Biulosy of
the University of Cahfornia  The following are her conclusmns_'

“1 Hypophysectomized animals are remarkably hype.rsensx-
tive to nsulin and may show diminished resp to epineph
Tine. .

“g2, The removal of the hypophysis alters markedly the e
sponse of the animal to pancreatectomy, apparently ameliorating
the effects of this operation . . .
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“3, Anterior lobe extracts may affect the carbohydrate metab
olism of normal, depancreauzed or depancreatized-hypophysec-
tomized animals 1n a manner which is outwardly ‘contra-insular’
or ‘diabetogenic.’ This action cannot be considered simply in
this light, however, for not all of the effects are similar to
those of pancr y and the b of their action 15
unknown. . . .

*4 Hypophysectomized ammals when in good condition and
well fed exhibit no marked abnormaliies 1n their carbohydrate
metabolism except those noted above, but they suffer an impair-
ment 1n the normal mechamsm by which blood sugar levels are
maintained and, apparently, by which the tssue carbohydrate
Teserves are preserved, in conditions in which the carbohydrate
supply is interrupted (as in fasting, phlorizin poisoning, etc.)

“In the rat, the abnormal rate of depletion of carbohydrate
reserves during fasting is accompanied by an apparent increase
1n the rate of carbohydrate oxidation  Both of these effects can
be prevented by antenor lobe therapy

“Two principal theories have been advanced in explanation
of these and related findings—one, that the anterior lobe controls
gluc g from end proten, 1f not from fat, admin-
istration of 1ts extract causing an increase 1n available glucose and
s removal curtailing the supply, the other theory, that the
anterior lobe mfluences carbohydrate ovidation itself, 1ts presence
preventing carbohydrate loss below certain levels and its absence
characterized by lack of restraint on carbohydrate oxidation under
conditions when such would ordinarily occur.”

To me 1t appears that the theones recounted by Russell are
not mutually I and that prot the anterior lobe
both stimulates hepatic neoglucogenesis and mhibits peripheral
oxidation of sugar, with resulting elevation of the blood sugar and
antagonism to wsulin, Unsettled 1s the guestion whether the
action of the pitustary hormones 1n whole or m part 1s exerted
directly on the liver and other tissue, or mdirectly through stumu
lauon of the adrenal cortex  Or similarly, whether the ameliorat-
ing effect on diabetes of hypophysectomy 1s due directly to removal
of the pituitary secretion or indirectly to secondary atrophy of
the adrenal cortex. Atrophy of the thyroud after hypophysectomy
and the lowered basal metabolic rate of hypopituitarism also must
influence the Houssay phenomenon. The clinical evidence pro-

#
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CHAPTER II

DIABETES MELLITUS: DEFINITION AND
DIAGNOSIS

Those who adhere to the umtarian conception of diabetes, as
1 do, define thus disease as an abnormality of metabolism created
by insufficiency of the insular activity of the pancreas. In diabetes
the homeostasts of the blood sugar level is permanently disturbed.
In cases of severe diabetes in which no treatment is employed,
abnormal elevation of the blood sugar level 15 a constant phe-
nomenon. In cases in which the disease is of mildest intensity,
abnormal elevation regularly 1s provoked by administering dex-
trose. In this characteristic, which, as 1 interpret 1t, represents
evidence of wrreparable disease, clinical diabetes differs most con-
sistently from all other conditions assoctated with hyperglycema.
Disorders of other glands of internal secretion or of the liver
or of the central nervous systers, individually or collectively, are
capable of disturbing the level of the blood sugar, but the hyper-
glycemua or tendency to elevation of the blood sugar level in such
conditions is impermanent, whereas that 1n diabetes 1s permanent
except as it may be controlled by restricting the intake of food
ot by grving insulin?

Abnormalities other than hyperglycemia exst in diabetic met-
abolism, but none are as useful for diagnostic purposes. Meli-
turia 15 not pathognomonic, since sugars other than dextrose are
sometimes found 1n the urine of nondiabetic patients, and in
the benign abnormality known as renal glycosuna, a low renal
hreshold for d permits the of dextrose from
blood when the level of the blood sugar 1s within the normal

* Lastng hyperghycemua §s encovntered 1n relatnely few cases of hyperthyrod-

ism and far less frequendy m cases of tumor of the antenor lobe of the picustary

body than has been assumed. The infrequency of such assocrauions may be taken

to sndicate that the normal pancrens can effect 2 compensation by increasing its

export of insuhn  ‘Therefote, when 2 p in

cases of this kind a dsagnoss of diabetes (pancreatic) would appear to be Jusufied
19
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range? Azoturia likewise is not distinctive. The term is used
to designate excretion of nitrogen in excess of the intake, It is
only observed in cases of uncontrolled diabetes of intensity, it also
accompanies nondiabetic wasting diseases. Ketone formation and
ketonusia are inconstant findings in diabetes and occur in nondi-
abetic patients who are starved or vomiting? In severe diabetes
the respiratory quotient 15 depressed to a value which represents
combustion of hittle else than fat, and feeding carbohydrate will
not affect it. This is evidence of mability or diminished ability
to oxidize carbohydrate such as is not found in other diseases pro-
voking hyperglycemia, However, in cases of mild chnical da-
betes, abnormality of the respiratory quotient is not apparent
and 1n the terminal stage of severe diabetes, when great inanition
has occurred, a tespiratory quotient previously depressfd may
again reach normal values. The symptoms of dizbetes, namely,
polyuria, polydipsia, polyphagia, loss of weight, pruritus and
others, are diagnostically significant, 1f present, but in cases in
which the disease 1s mild they may be absent. Therefore, the cri-
terion most dependable for the identification of the disease dia-

1Dr. Fredenick M Allen, whose exhaustive research in expenimental diabetes
laid much of the foundation of our present understanding of diabetes mellitus,
has insisted since 1913 “on the distinction between the disease diabetes, and the
symptom glycosuria {or hyperglycemia),” He regarded the distinction "as pre-
requisite o clear thinking on fundamental diabenc problems . . . Most forms
of glycosunia and hyperglycemia are not diabetic”

Hyperglycema 15 not mvanably associated with glycosunia, s was illustrated
by 2 number of cases reported by Davidson. When not accompanied by glycosuria
its diagnostic sigmficance 15 less assured  Occasionally, m remal fallure the level
of the blood sugar 13 elevated and 1n such cases, if other evidence of diabetes 15
musung, a dugnosis of diabete ' - R - .
doubtful In cases like those
sura 1s not expluned by re .
diabetes mellitus of a very mi
1ologic threshold for glucose
intake of carbohydrate may be benefiaal, subjectively

*1f 2 man who has been starved 1s fed carbohydrate his urine may contam
both dextrose 2nd ketone Some time ago, in a case of renal glycosuria, the
threshald for dextrase was found to be so low that as much as 6o gm. of sugar
was excreted when the diet contained only 100 gm. of carbohydrate. Under these
Gircumstances pot enough glucose remained to nsure satisfactory oxidation of fat,
and the unne contained ketone, yet this condition was not diabetes That the
metabolism of carbohydrate under these crrcumstances was not abnormal was
shown when more carbohydrate was fed. The ketones then disappeared and the
patient was well, although he conunued to excrete dextrose. Thg Jevel of the
blood sugar in this case never was found to excced the normal limits, even after
large doses of sugar bad been gaven by mouth
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s is persistence of a tendency to elevation of the level of the
ol sugar.t
DIAGNOSIS

Joslin's rule to consider any patient who has sugar in the urine
have diabetes mellitus, and to treat him as a diabetic patient
il the contrary is proved, 1s a safe rule to follow 1n general
ctice, but I also would urge that proof be obtained in every
+ before the pattent is condemned indefinitely to the discr-
ned regimen required for satisfactory maintenance in true dra-
es. Rigid diets and insulin are badly borne by persons with a
cosuria due to lowered renal threshold or to presence in the
ne of a sugar other than dextrose, and physicians who make a
cialty of diabetes frequently are consulted concerning chuldren,
well as by adult patients, whose lives have been made miserable
treatment which they did not need The number of these
stakes is not inconsiderable In Iife insurance examinations of
lucing urine from 1000 persons, men and women, Exton found
it whereas dextrose caused g7 per cent of the 200 reductions
which the value if expressed as dextrose exceeded 1 per cent,
caused only 6o per cent of the 8oo reductions in which the value
s 1 per cent or less. Furthermore, 10 per cent of the cases in
tich dextrose was the reducing substance proved to be cases of
nal or some other form of dextrosuria, not attnibutable to dia-
tes mellitus. It follows that only about half of the 800 spect-
0s contaming 1 per cent or less of reducing substance indicated
e presence of diabetes mellitus. In those cases in which the
duction was not from dextrose, in 7.1 per cent glycuronic acid
s responstble, in 2 1 per cent pentose, in 1.8 per cent fructose,
16 per cent vitamin C and 1n 06 per cent galactose. Recent
nployment of vitamin C in a pharmaceutic form suggests that
1s will be encountered in the future more often than in the past,
he figures for pentose and fructose bear out the supposition that

¢ Placing somewhat more emphasis than I believe 1¢ justified on the activity
] Lo e e 7
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range.? Azoturia likewise is not distinctive. The term is used
to designate excretion of nitrogen in excess of the intake. It is
only observed in cases of uncontrolled diabetes of intensity; it alsa
accompanies nondiabetic wasting diseases. Ketone formation and
ketonuria are inconstant findings in diabetes and occur in nondt-
abetic patients who are starved or vomiting® In severe diabetes
the respiratory quotient 1s depressed to a value which represents
combustion of little else than fat, and feeding carbohydrate will
not affect it. This 15 evidence of inabulity or diminished ability
to oxidize carbohydrate such as is not found in other diseases pro-
voking hyperglycemia. However, in cases of mild clinical dia-
betes, abnormality of the respiratory quotient is not apparent
and in the terminal stage of severe diabetes, when great inanition
has occurred, a respiratory quotient previously depresssd may
again teach normal vdlues. The symptoms of diabetes, namely,
polyuria, polydipsia, polyphagia, loss of weight, pruritus and
others, are diagnostically significant, if present, but n cases in
which the disease is mild they may be absent. Therefore, the cri-
terion most dependable for the idenufication of the disease dia-

2Dr Frederck M. Allen, whose exhaustive research m expermental diabetes
laid much of the foundation of our present understanding of diabetes mellitus,
has insssted since 1913 “on the distinction between the disease diabetes, and the
symptom glycosuria (or hyperglycemia).” He regarded the distnction “as pre-
requisite to clear thinking on fundamental diabetic problems . . . Most forms
of glycosuna and hyperglycemia are not diabetic”

Hyperglycemia is not invanably associated with glycosuria, as was illastrated
by a number of cases reported by Davidson  When not accompanted by glycosuria
1ts diagnostic sigmificance 1s less assured Occasionally, n remal falure the leve
of the blood sugar 1s elevated and in such cases, 1f other evidence of diabetes 13
mussing, a diagnoss of diabetes based on a high fasting blood sugar value may be
doubtful In cases Like those reported by Davidson, when the absence of glyco-
suria 15 not explamned by renal nsuffictency, 1 should be inchined to diagnose
diabetes mellitus of a very mild degree associated with an abnormally high phys-
1ologic threshold for glucose In these circumstances, as Davidson found, 2 Towe:
ntake of carbohydrate may be beneficial, subjectively.

If 2 man who has been starved is fed carbohydrate lus urine may contain
both dextrose and ketone Some time ago, in a case of renal glycosura, the
threshold for dextrose was found to be so low that as much as 6o gm of sugar
was excreted when the diet contained only 100 gm, of carbohydrate. Under these
circumstances not enough glucose remained to msure satisfactory ouidation of L;n‘l,
and the unne contained ketone, yet this condition was not diabetes That the
metabolism of carbohydrate under these Gircumstances was not abnormal wha!
shown when more carbohydrate was fed The ketones then disappeared and :h 3
patient was well, although he continued to excrete devtrose. The level of{ e
blood sugar m this case never was found to exceed the normal Limts, even after
large doses of sugar had been given by mouth.
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betes is persistence of a tendency to elevation of the level of the
blood sugar.t
DIAGNOSIS

Joslin’s rule to consider any patient who has sugar in the urine
to have diabetes mellitus, and to treat lum as a diabetic patient
until the contrary 1s proved, 1s a safe rule to follow in general
practice, but I also would urge that proof be obtained in every
case before the patent 1s condemned indefinitely to the disci-
plined regimen required for satisfactory maintenance in true dia-
betes Rigid drets and insulin are badly borne by persons with a
glycosuria due to lowered renal threshold or to presence in the
urine of a sugar other than dextrose, and physicians who make a
specialty of diabetes frequently are consulted concerning children,
as well as by adult patients, whose lives have been made miserable
by treatment which they did not need. The number of these
mstakes is not inconsiderable. In hife insurance examinations of
reducing urine from 1000 persons, men and women, Exton found
that whereas dextrose caused g7 per cent of the 200 reductions
1n which the value 1if expressed as dextrose exceeded 1 per cent,
it caused only 6o per cent of the 8co reductions 1n which the value
was 1 per cent or less. Furthermore, 10 per cent of the cases in
which dextrose was the reducing substance proved to be cases of
renal or some other form of dextrosuria, not attributable to dia-
betes mellitus It follows that only about half of the 8oo speci-
mens contaming 1 per cent or less of reducing substance indicated
the presence of diabetes mellitus, In those cases in which the
reduction was not from dexirose, 1 7.1 per cent glycuronic acid
Wwas responsible, in 2.1 per cent pentose, in 1.8 per cent fructose,
m 16 per cent vitamin C and 1n o 6 per cent galactose. Recent
employment of vitammn C in a pharmaceutic form suggests that
this will be encountered 1n the future more often than in the past
The figures for pentose and fructose bear out the supposition that
e o Placing somewhat more emphasis than I believe 1 jusufied on the actvity

©of diabetes 15 affected, as he said, by the existent degree of actiity of the Gegen-
regulation  The seventy of the diabetes resulting from insufficiency of the ansular
organ, and the sensiwity of the patient to injected msehn may be influenced pro-
foundly by the state of activity of other regulators of the blood sugar
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pentosuria and fructosuria occur more frequently than 1s indi-
cated in the literature.

Proof for the diagnosis in doubtful cases also must be de-
manded for the reason that diabetes mellitus continues to be re-
garded as cause for rejection of applications for life insurance,
and because unfortunately many employers refuse to consider
applicants if they are diabetic. The proof required ordinarily
1s obtained with no great difficulty. The cardinal symptoms of
diabetes, always evident 1n cases of severe untreated diabetes—
polyuria, polydipsia, polyphagia and loss of weight despite a large
intake of food—are pathognomonic, while the presence of reduc-
ing substance in the urine 1s always suggestive and when found
immediately prompts further investigation. The value for sugar
in blood drawn before breakfast usually will be diagnostic if it
is as hugh, or higher, than o 12 gm. per 100 c.c,, provided always
that no other cause for hyperglycema is apparent. However, low
fasting values for blood sugar may be obtained in true diabetes
and care must be taken not to be misled by this In some cases
in which children are seen during the remission which often fol-
lows the original more or less stormy development of diabetes
in childhood, and in many cases in which the patients are children
or adults and the diet has been restricted, or in cases in which
insulin has been taken by malingerers, low fasting values for blood
sugar may be obtamned. Under these circumstances a test for toler-
ance to sugar is called for. The blood sugar time curve of the
standard dextrose tolerance test usually is diagnostic of diabetes
mellitus, but its evaluation must be made with due attention to
the previous diet and to the presence of infection or other compli-
cating conditions, particularly those such as hyperthyroidism, in
which endocrine organs normally engaged in mamtaining the
homeostasis of the blood sugar are diseased.

Dextrose tolerance tests—The dextrose tolerance test, the one
dose-three hour test, as usually performed, is made by giving dex-
trose by mouth. 1n The Mayo Tlinic, 1 gm. of dextrose is goven
for each kilogram of the patient’s body weight. It is dissolved in
water to make a 20 per cent solution and flavored with lemon
juice. The patient must have had no breakfast and must not have
been restricted in his diet, particularly in carbohydrate, for three
or four days before the test is made. The blood and urine are
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examined for dextrose at the zero hout and at spaced intervals
afrer the patient begns 10 dnnk the solution. The peak of the
increase in the concentration of blood sugar uspally 18 recorded
by the determination made at thirty minutes. The normal vatue
for the sugxr in the vepous blood at this me ought not 10 exceed
0180 gm PeT 100 €€ and between the second and third hours
the value should hase returned tO the fasting tevel (Fg- 1)+ Fre-
quently the curve thedt swings below the fasting tevel. The curve
in diabetes reaches its peak later and remains above the fasing
Jeve) more than three hours Fig 2)-

Experience with Eaton’s smplified olerance test the two
dose-one hour test, has beett favorable and this now has become
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a routine procedure at the dinic 1n the Exton test, 50 M of
dextrose in a 20 per cent aqueous solution 18 gven wice—at the
sero hour and exactly thirty minutes after the patient pas started
10 drink the first dose Venous blood 18 cotlected Just before the
first dose is gIven and exactly o0€ our after the patient started tO
drink the first dose of the solution Exton also adyised withdraw
1ng blood at the half hout» put Matthews, Magath and Berkson,
1n a teview of accumulated data, found that the most significant
cntenon in this test 1s the value for the suga¥ of the blood talen
at the hour. 1 this vatue 2s 18 than o 160 gm. PET 100 £ C- the
case is not one of diabetes meltitus. 13t is mare than 0.180 gM
per 300 €Ly the therapeuttc Aiagnosis is diabetes mellitus Equv:
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ocal results occasionally are obtained by any method and, when
values between 0.160 and 0.180 are obtained, or if for any other
reason the interpretation is doubtful, even after repeating the
examnation, the diagnosis should be “diabetes suspected” and
the patient advised accordingly. He then ought to test his urine
at least once a week, avoid the use of sugar and sweets or large
single meals of any kind, avoid overweight and consult a physician
if glycosuria persists or recurs despite these precautions.
Dextrose tolerance tests give very imperfect information about
the severity of diabetes. They should be resorted ta only as an
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Normal fasting bleod sugar limiis
Fig 2 —Diabetes mellitus. The concentratson of blood sugar was within
normal limits before the test and withun the limits of normal alimentary rise
at the determination made one-half hour after the test was begun. It failed,
however, to return to normal limits by the third hour.

Blood sugar gm per 100

aid in the diagnosis i cases in which it is questionable. With
mild diabetes, which alone offers diagnostic difficulty, the amount
of sugar given 1n the test can do no harm, mn cases of severe du-
betes it may be injurious. Allen’s partially depancreatized dogs,
ganing tolerance and progressing toward complete recovery on
starch diets, could be “sent nto hopeless diabetes by admixture
of glucese.”

Negative reactions to tolerance tests almost always can be
accepted with assurance as evidence of absence of diabefes, al-
though one might be led astray by a case of mild, true dmb'etes
in which the patient has severe diatrhea or other gastro-intestinal
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NONDIABETIC MELITURIAS

1 have mentioned (see p z1) the considerable incidence of
nondiabetic reducing urines in cases in which persons are ex-
amined fo1 life insurance. Whenever the test of urine for reduc-
g substance gives positive results, 1t is my practice to determine
the level of the blood sugar before breakfast. If this s high (more
than e.12 gm. per 100 c.c.) the therapeutic diagnosis is diabetes
mellitus—if it is low, a test for dextrose tolerance 1s obtained. If
the response to the tolerance test is nondiabetic, the nature of
the reducing substance n the urine is determined, and under
these circumstances if the reducing substance is dextrose, renal
glycosuria is diagnosed, at least presumptively. Or in these cir-
cumstances if the reducing substance is not dextrose, the several
other sugars that may be responsible for the reducing urine are
tested for.

Pentosuria  (Xylosuria) —Pentosuria occurs  infrequently.
Lasker and her collaborators, reviewing the literature, found only
170 recorded cases of pentosuria. In 119 of these cases the pa-
trents were males and in fifty-one they were females. In every
case the patient was a Jew. The pentose in these cases was l-xylose,
also called I-xyloketose, although 1 many earlier reports on pen-
tosuria the sugar, perhaps incorrectly, was called arabinose. Pen-
tosuria seems to be an inborn error of metabolism, inherited as
a recessive characteristic It occurs with considerable frequency
in affected families and has been reported in twins by Enkelwitz
and Lasker. Patients with pentosuria are often of a neurasthenic
type and complain frequently of headaches, otherwise, no symp-
toms are evident. The prognosis is entirely favorable, and no
treatment is indicated

Lasker and Enkelwitz have described a simple method for the
detection and quantitative estimation of lxylose mn urine. The
Bral test for pentose also may be used. Xylose is dextrorotatory,
but 1s not fermented by yeast. Like other sugars it gives a char-
acterstic osazone with phenylhydrazine. Experiments by Larson
and his collaborators showed that feeding synthetic dxylose to
rats caused the deposition of glycogen in the liver; it is considered
possible that persons with pentosuria lack the ability to metab-

olize this sugar.
Fructosuria.—This anomaly is also thought to be an inborn
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normoglycemic glycosuria is benign and demands no treatment.®
1t is a permanent condition consisting essentially of an abnormally
low renal threshold for dextrose. The hereditary character of the
abnormality has been commented on by a number of writers,
among them Hjarne, who in a family of 199 blood relations found
that thirty-four members had this condiion. The marmage of
persons who probably were both subjects of normoglycemic glyco-
surfa produced no “summation” 1 the direction of diabetes mel-
litus, and although Hjarne, in the same family, found seven 1n-
stances of diabetes mellitus, he concluded that the two forms of
glycosuria had different origins and that their occurrence 1n the
same family was a chance comncidence

Powelson and I encountered a high familial madence in a
group of eighty-two cases of normoglycemic glycosuria at The
Mayo Climic. Twenty-three of the patients came from familtes
in which other members had glycosuria, also apparently bemgn
The patient in one of these cases, a woman, aged fifty-five years,
had six children, all of them living and well. We examined four
of the six and 1n all four obtaned reactions characterisic of
normoglycemic glycosurta. We obtained a speamen of urine
from a fifth and found that it d sugar My confid m
the mnocence of normoglycemrc glycosurta dates from the time
of thus study with Powelson. Not one of the patients 1n the eighty-
two cases previously ohserved at The Mayo Chinic had later devel-
oped diabetes mellitus. Subsequent experience has been equally
reassuning  Thus far only two patients in several hundred cases
in which glycosuria was associated with a perfectly normal re-
sponse to a tolerance test have returned to the chimic with diabetes
mellitus. This proportion of drabetes doubtless occurs in all
patients returning to the clinic,

Statements that mnsulin is without effect in normoglycemic
glycosuria are incorrect. The dose of insulin required to depress
the concentration of sugar in the blood of any nondabetic person
is large in relation to the dose required to bring to normal the

*The only exception to this Statement, in MY opimon, 18 encountered 10
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Alimentary hyperglycema~Many cases formerly designated
ahmentary glycosuria were cases of cyclic normoglycemic glyco-
suria. In addition, however, patients are encountered who re-
spond to the one dose-three hour dextrose tolerance test with
2 blood sugar ume curve that starts at a normal level, goes higher
than the normal “ceiling™ for the blood sugar one hour later, and
yet falls to a normal level by the end of two hours (Fig 5). The
condition scems to rep delay 1n mobulizing the h
mvolved m increassng the rate of utilization of sugar. The hyper-
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Fig 6—Duabetes runocens The concentration of blood sugar is sub-
normal before the test, 3 hugh peak 1s reached tardily and the return ©

normal s delayed as in diabetes mellitus, a low threshold results 1 con-
unvous glycosuna.

glycemia and glycosunia of nondiabetic patients who have hyper
thyroidism frequently are of this type, but other examples also
occur. Mactean designated this the “lag type of response.”” The
prognosss 15 {ess cortainly favorable than with normoglycemic
glycosura,

Dugbetes innocens ~An extremely rare mexplicable condition
1s represented by one of the cases in the report by Powelson and
me, by a case reported from my service by Parsons, and by a few
others in the hterature? The renal threshold for dextrose 1s

*The disurbance 1n these cases probably does not jawolve the pancress. ft
18 more hikely ta depend on some wnusual isolated abnormality of the glyeogentc
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subnormal, and the fasting blood sugar value is normal or sub-
normal. However, in the one dose-three hour dextrose tolerance
test the values rise abnormally and stay high for three hours.
The blood sugar time curve is thus indistinguishable from one
obtainable in any mild case of diabetes mellitus (Fig. 6). The
renal threshold being low, glycosuria is continuous, yet the patient
rematns well with no treatment. In one of the cases referred to,
the thirty-two-year-old pauent, a woman who weighed 136
pounds (61.7 kg.}, had had glycosuria for thirteen years, that is,
since the age of nineteen years. At first she had restricted her
diet, but this was only for a short time. When we saw her at the
clinic she had been eating without restriction for eight years, ex-
creting dextrose continuously, yet had noted no change in weight
and no symptoms of any kind. Our diagnosis of drabetes innocens
was based on the duration of the symptomless glycosuria (thirteen
years) and on the fact that the patient was young. Untreated
diabetes mellitus 1n young persons almost always 1s progressive.
Our opinion as to the benign character of the condition was justi-
fied by the next five years, which passed without any evidence of -
progression of the condition It should be emphasized that the
diagnosis of diabetes innocens can be made with confidence only
after many years of observation, and then probably only in cases
1 which glycosuria has been known to have existed from youth.
Glycosuna of pregnancy.—~This condition also is characterized
by a low renal threshold fo1 dextrose. It is considered elsewhere
(see p 234)- .
Sapremic glycosuria —The term “sapremic glycosuria™ was in-
troduced by Higginson to designate glycosuria that accompanies
toxic conditions and various infectious diseases in nondiabetic
persons. It is not uncommon to find elevated blood sugar values
and reducing substances in the urine of persons with furunculosis,
and although this should always arouse the suspcion of diabetes,
it frequently happens that the abnormalities disappear completely
once the infection 1s overcome. According to Cammidge, gly-

functian of the ver Evidence of disturbance of any other hepatic function 1s not
obtamed ‘The designation “diabetes 1nnocens” 15 bad, not enly because the con-
dition is not true diabetes, but also because the same term formerly was cmployed_
improperly to designate the condition mow called “normoglycemic” or “renal
giycosurna.
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tllustrative cases, are contained in papers of Jacobi and Meythaler,
and Thomsen.

Injury of the pancreas by direct abdominal trauma 1s theoreti-
cally an exciting or provocative cause of diabetes; the unlikeli-
hood of its resulting in more than a transitory disturbance is
supported by the fact that experimental production of diabetes
mellitus necessitates the almost complete removal of the pancreas.
The deep situation of the pancreas in the upper part of the ab-
domen makes 1t improbable that any injury sufficiently severe to
cause almost complete disability of the organ would fail to pro-
duce fatal results by damage done to neighboring organs.® There-
fore such a cause of lasting diabetes must be unusual.

Severe febrile infection of long duration, especially septicemia,
may so injure a normal pancreas by inflammation or toxicity as
to lead to diabetes, but from common experience this is extremely
rare It probably 1s less unusual for long-cominued' sepsis to
transform a latent pancreatic msufficiency to one that is evident

Organic injuries to the central nervous system, according to
Jacobi and Meythaler, are neither etiologic nor provocative factors
in drabetes. In the series of previously diabetic patients studied
by Thomsen, trauma pravoked exacerbation in about a half. The
exacerbation was independent of the kind and site of the trauma.
It set in 1mmediately and had an average duration of twenty-six
days. In no case was the exacerbation permanent, and the asser-
tion frequently made that physical trauma is able to exacerbate
a latent diabetes so that the disease becomes manufest is considered
by Thomsen as mcorrect.

Psychic msult of a severe and lasting character does not pro-
voke true diabetes, but may intensify the disease 1f it pre-exists, or
may temporarily bring to light a condition previously inconspicu-
ous. The posittveness with which both traumatic and psychic
msult are excluded as causes of diabetes by Jacobi and Meythaler
1s largely based on the experience of the World War  Joslin is
quoted as finding only two instances of diabetes among 40,000
American soldzers at Mesves, France, although minalysts was made
systematically, and in Germany, where 1n the last years of the war

*Dr H. Gideon Wells, in his lectures on pathology at the University of Ch
cago, told us that the assassin’s bullet fired at McKinley destroyed the pancreas,
so that for the few days before the death of the wounded President sugar was
exereted in the urine.
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forty days. A factor of some importance in prolonging the period
may be the enforced inactivity of the patient.

A woman, aged sixtysix years, had been known to have diabetes for five
years. Shesustained a traumatic fracture of the surgical neck of the humerus
and of the nght hip. Whereas, previous to the accident her urine had been
free of sugar without the adminsstration of insulin, for almost thirty days
following the fracture she required 25 to 40 units of insulin daily.

A woman, aged sixty years, had had diabetes for four years. Her diabetes
had taken a variable course She sustaned an intertrochanteric fractute of
the femur at 2 ume when she was taking 7o units of insultn daily. For thirty
days following the acadent Jarger doses of insulin were required, and on the
fifth day, in spite of the fact that 105 units were given, she excreted 33 gm
of dextrose, at that time the diet was liquid and contained less carbohydrate
than 1t did before

A man, aged forty years, was knocked ar least 70 feet down 2 road by
an automobile which was traveling at a rate of 6o miles an hour. Multiple
fractures of the long bones were found The possibility of an undiagnosed
fracture of the base of the skull was not excluded. There was no history of
diabetes previous to his admission, yet at the ume of the first examination
reduction by the unine was graded 4 on 2 grading basis of 1 to 4 and the
value for blood sugar was elevated Treatment with insulin and by dret
was instituted  In about forty days admunistration of insulin was dscon-
unued, although a restnicted diet was given On the onehundred and sixth
day after lis admission a dextrose tolerance test was carned out The curve
obtained was practically normat, that 15, the value for blood sugar returned
to normal at the end of three hours
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CHAPTER 1II

THE PATHOGENESIS AND PREVENTION OF
DIABETES*

Every thoughtful physician is impelled, on occasion, to ques-
tion whether therapeutic achievement may not interfere danger-
ously with those natural forces which, unobstructed in the past,
have sustained the vigor of the race; whether his efforts to help
the weak may not in the end create more weakness and, in sum,
whether the ultimate social consequences of his labors will be
socially beneficial or otherwise. These inquiries are odious; nev-
ertheless they insistently are forced on our attention by conditions
such as diabetes where bioplasmic inferiority is involved. Treat-
ment for diabetes now is so satisfactory that the affected individual
can be maintained in normal vigor for a span of years that may
equal a normal lifetime. In this we take a natural pride; at the
same time we must recognize that the ultimate result of im-
proved treatment of this disease, as of many others, may in the
Tong run be socially deleterious and that social advantage demands
prevenuon more than treatment.

INCIDENCE OF DIABETES

The incidence of diabetic morbidity is unknown, but the indi-
cations that it is increasing are very clear. An 1illustration is our
expertence at The Mayo Chnic. Patients come to the clinic for
every ill imaginable, there being no more selection of them than
results from the expenses of the necessary travel. In 1920, diabetes
was discovered in less than o 66 per cent of all new cases (primary
registrations) ; in 1936, it was present in nearly 2 per cent. The
rate of increase has been much the same from year to year. The
statistics are unadjusted; they are influenced, doubtlessly, by the
average age of Mayo Clinic patients, which is relatively high, and
therefore the figure given of almost 2 per cent should not bAc
interpreted as representing the incidence of morbidity from this

* Read before the New York Diabetes Association, Academy of Medicine, New
York Caty, October 15, 1937 Published also in Medical Chimics of North Americz,

July 1939
38
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primarily to disorder of the pancreas, and to locate the original
disturbance in some other part of the system of nerves and endo-
crine checks and balances normally active in holding the level of
the blood sugar within accepted bounds.

A fact almost ignored, however, in some of the recent discus-
sions of the subject is that nio single feature of diabetic metabolism
fails to be entirely corrected when insulin is given in appropriate
doses. Another fact that frequently is lost sight of is that total
ablation of the pancreas, by experimental means in animals or by
disease in man, is the only way in which diabetes always can be
provoked. A third fact of primary importance is that the normal
pancreas possesses an enormous factor of safety.?

The three facts together—that diabetes is completely corrected
by administering insulin, that diabetes, in normal animals and
man, can be provoked only by very complete destruction of the
insular mechanism; and that diseases and conditions which pre-
cipitate dabetes do so in only a very few of the many cases in
which persons are affected by them—these facts, taken jointly, log-
1cally admit of only one interpretation; that the normal pancreas
possesses the capacity to meet any demands that can be placed on
it by overactivity of such antagonists as the pituitary or adrenal,
and even can withstand extensive damage to itself without lostng
its abulity to meet ordinary demands. Therefore, when a pancreas
fails, unless its insular tissue has been destroyed almost completely,
its decompensation must depend primarily on insufficiency of its
original capacity to make insulin; in other words, on insufficiency
of its insular reserve.®

* Minkowski, and later Allen, showed that as much as mne-tenths of the pan-
creas must be removed from dogs before the capaaity of the organ 11 dimmished
enongh to interfere R - - eman e
the factor of safety
Long and Lukens .
leads ulumately to - . :
the deposit of ron, .
parable to total par , - . s
tosie. the clinical conditions descructese 3 the pancreas produee thabetes nfre-

ST am wsing the terms “reserve” and “decompensation’ I Uie sduie bt +
which they are used in connection with the heart ‘The “cardiac reserve” yepreients
the capacity of the heart to endure strain. Exhansuon of s reserve esulis fn
cardiac decompensation, from which complete recovery is a Tare ocourrence,

pancreatic reserve, or more specifically the insular reserve, sepresents the endurance
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observation also has been made by Schmtker and his associates
Houssay’s hypophysectomized-depancreatized dogs and Long and
Lukens’ adrenalectomized-depancreatized dogs are other illustra-
tions of the influence of other endocrine glands on the intensity
of diabetes. Their animals, contrary to statements occasionally
made, are not free from diabetes Given sugar to eat they
promptly excrete it. When fed abundantly, they develop almost
the same degree of glycosuria as dogs or cats that only have been
depancreatized.®

Therefore, none of this recent evidence affects the question
of the primary cause of diabetes mellitus, and it seems to me that
we still ought to adhere to the theory of diabetes as it originally
was mamntained by Naunyn that with very rare exceptions the
primary cause 1s an inborn biologic inferiority, primarily of the
msular reserve ¢ This thesis in recent years also has been ex-
tensively developed by Umber. It is accepted by Woodyatt, by
Joslin (1937) —recently with some reservations—and by many
other authorities.”

*Long, in 2 Harvey Lecture delivered Aprl 15, 1937, summarized the evidence
on the question of how p duabetes 18 by byp It
was his conclusion that there 1s some restoration of the abdity of the tissues to
oudize glucose while, at the same tume, the amounts presented to them (by the
Iiver) are reduced to a Jevel which is within therr capacity to dispose of without
excessive urmnary loss, Quite recently Reid, using a continuous njection technic,
found the tolerance to dextrose of hypophysectomized-depancreatized cats 10 be
even less than that of amumals only depancreatized,

*The absence of morphologic abnormality of the islands of Langerhans in
some cases of diabetes remains a mystery. Bensley has ponted out that the so-
called beta cells of the pancreas normally contain granules, he bas failed to find
granules in 2 number of cases of diabetes, the space they should occupy being filled
with fluid. According to Wondyatt, others find granules in the beta cells It 1s
possible, he wrote, that the impaurment of islet funcuon represents a secondary
change resulting from exhaustion rather than a primary lesion.

7Even Houssay admitted that “in all diabetes there is an Insuficency of -
sulin i refation to the needs of the organum " He inssted, however, that *un all

e sither

of the thess that the primary abnormality 15 that of msular mechamusut  sus
mechanism, when tound, 1s capable of meeting any demands that may be encoun-
tered from variations i blood sugar provoked by other factors

“This artucle by Houssay 15 tremendously valuable as a review of the recent
studies of the endocnine regulatons of blood sugar Tt contams more than 200

references to expermental studies
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cent with disease of the gallbladder. This incidence of cholecystit
disease is at least three times that observed in necropsies on non-
diabetic patients, and with other evidence, much of which is con-
sidered by Joslin (1937), it shows that diseases of the gallbladder
not infrequently precipitate diabetes in the predisposed.

Allen has expressed the opinion that acute blood-borne infec-
tions are responsible for the fibrous changes that are seen in the
islands and acinous tissue of the diabetic pancreas, and that di-
abetes may follow “from functional wear and tear,” months or
years after the original injury has been incurred.

Grauer found eight instances of an increased level of blood
sugar 1n fourteen cases of carcinoma of the pancreas. No control
could be established between altered levels of blood sugar and
liver weight, liver metastasis, common bile duct obstruction, or
metastasis to other organs known to have a physiologic effect upon
the level of the blood sugar, but where the pancreas had been
totally replaced by tumorous growths, or where excessive collapse
of pancreatic tissue had accurred, or where diffuse fibrosis had led
to extensive loss of parenchyma, a disturbance in the level of
blood sugar was almost uniformly associated,

The frequent coexistence of diabetes and arteriosclerosis has
led some writers to consider that the former is responsible for the
latter, and others to take the opposite view. The relationship,
however, remains undetermined. Occasionally the blood supply
to the islands may be dimnished sufficently by arteriosclerosis to
depress the insular reserve, but that this occurs frequently is made
unlikely by Warren’s finding that only § per cent of 259 pancreases
of diabetic patients showed a marked degree of arteriosclerosis
On the other hand, hyalinization of the islands of the pancreas
occurred 1 g9 per cent of Warren’s 220 necropsies on diabetic
patients forty years of age, and in only 3. per cent of eighty
necropsies in which the patients were less than forty years of age.
It is not impossible that hyalinization depends upon disturbances
of the blood supply in a manner analogous to the similar hyaline
deposit in the glomerules of the kidney. '

The other conditions falling in the category of lesions of' th.c
pancreas may be dismissed without further comment. Of princi-
pal significance in every instance is the fact that none of them,
with the possible exception of hemochromratosis of the pancreas.
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ever encounter in goter. Incidentally, this is 2 very good reason
for not using preparations of thyroid in the treatment of obesity.?
The 1ncidence of diabetes among persons with hyperthyroid-
ism 15 about g per cent, This figure, though not extreme, is at
least three times that for the population as a whole and still higher
than that for the nonobese population. Hyperthyroidism js a
. P el
condition which, as is well known, seriously aggravates pre-existing
. Y ag] P 24
diabetes. However, 1t usually is limited in duration, either spon-
taneously or by the intervention of a surgeon. The hypermetab-
olism of obesity is continued for a much longer period, and when
strains and stresses are under consideration, the element of time
is of great importance. It is little wonder that the obese die
younger and are more susceptible than others to the degenerative
diseases, including diabetes.?
® Duncan, Fetter and Durkin have clearly recognized the effects of changes in
the rate of encrgy exchange on the msulin requirement 1 diabetes  Clinically, any
factor, physical exercise excepted, which increzses the rate of energy exchange fn
creases the need for msulin  The authors farther maintain that these same £actors
shorten the penod of insulin effectiveness, so that doses of insulin must be spaced
at shorter ntervals I am convinced, from clinical expenence, that this generally
18 true, although sausfactory experiments to prove the point have not, to my kaowl:
edge, been performed
Exceptions to the rule that factors increasing the rate of energy exchange in-
crease the nced for insulin are exercise and dinitrophenol With exerase the
explanation scems to be that the reaction glycogeng=lactc acd and other reac
vons associated with the release of muscular energy take place wir.houtvthe sater-
vention of mnsulin, With the of by provoked by
wsatin {kewise may not be involved  WWishnofsky and his co-workers absesved that
the administration of dinitrophenol to diabenic patients did not increase their hyper-
glycema, esther an the fasting state or after the ngestion of dextrose, and Barker
found that excretion of ketone bodies by completely diabetic dogs was not aug
mented by guing dinstrophenol  Bryan, Ricketts and Dine gave dinitrophenc) 10
a depancreatized dog in doses suffiient to double the calonic production per hour
without increasing the output of sugar The ammal recerved a constant diet 1
two feedings daily with 15 umts of insulin at each feeding, and thus regume re-
mained the observation ‘These also was no increased ex-
cretion of organic acids, nitrogen or creatinmne  The absence of any change
the excretion of mitrogen 1 this experiment, as well as the constancy of lhe;.r
spiratory quotients, suggests that the metabolic stimulation of dimtrophenol is
Limuted to simulation of fat metabolism . 3
* An interesting parallel to these observations on obesity is the fact reported
by the Metropolitan Life Insurance Company (July xo37) that tallness docs fol
affect mortality The study comprised 20000 men who were 6 feet, % inches (l 5
cm) in height o more; the tallest was 4 feet, t inch (213 am). nn;csns, ke
obesity, involes mereased surface area and, therefore, 3 bugh basal exchangs of
nergy. The difference from obesity 1s that increased heyght is accompant lfyﬂ‘.
increased mass of muscle and organ tissue Thus the basal metabolic dn:; b
culated according to the mass of chemically acuve tissue, would not be dul :; -
tall persons from that of persons of aversge height and average sur(ln;o :l: o e
the group of tall men studied, the mortality from diabetes was normal
aggregate and in s distribution in weight and hesght groups.
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demanded by the high metabolic requirements of a vigorous life.
Throughout most of the civilized countries that report deaths by
cause, it has been shown that diabetes mortality is related to cli-
matic stimulation, the disease becoming a major medical problem
only in those regions having invigorating climates. Diabetic pa-
tients from the North almost invariably find their disease less
troublesome and easier of control when they migrate to tropical
or subtropical climates. Negroes show most strikingly this mn-
creasing severity of the disease toward the North, their death rate
from it rising even more markedly than does that for the white
population. In Europe, too, and in Australia, this relation of
diabetes mortality to climatic drive is just as definite as in North
America. Errors in diagnosis cannot be responsible for these ob-
served differences, for highest rates are not always found where
medical practice is supposed to be best.

“With diabetes it cannot be the level of sugar consumption
that is responsible for the higher rates in stimulating areas.
Rather would 1t seem to be the level of bodily activity demanded
of the population in these areas, regardless of their level of sugar
intake, that determines the frequency of pancreatic inadequacy
Pancreatic load is related to total heat and energy needs of the
individual, and theren lies its dependence on climatic dnive.”

The severe chmatic disturbances 1n the northern states of the
Unuted States depend upon masses of cold air which periodically
descend from the Arcuc Gircle through the valley of the Mac-
Kenzie River, to pass mto the Umted States, just east of the
Rockies, and proceed eastward in the zone roughly bounded on
the south by the Mason and Dixon line and on the north by the
Great Lakes. ‘To my mind 1t is of very real significance that th.t
Canadian provinces, Ontario and Quebec, which lie north of this
zone, have a diabetic death rate which is only half that reporle‘d
in the zone This seems to show that low temperature alone 1§
not the weather factor of major importance. It more probably is
the degree of variability of temperature, together with the degrc'c
of variability of other meteorologic factors, such as barometric
pressure and relative humidity. Possibly, also, rapid changes in
the ionization of the air are important. A very interesting graph
n Petersen's book shows the index of barometric variability n
juxtaposition to annual mortality for diabetes in Chicago and in



PATHOGENESIS AND PREVENTION OF DIABETES 49

llinois. With a single exception, following the year of the in-
fluenza epidemic of 1g1g, the years with low climatic vartability
from 1910 to 1935 correspond throughout with periods of de-
creased annual mortality from drabetes 2

Much more knowledge must be obtained before the fuil sig-
nificance of cimate can be established, but enough information
already s at hand to make jt desirable to devote more attention
to this subject than heretofore has been accorded This much
at least can be said today, that the chimate in the great storm track
of the United States is relatively more sumulating than that south
or north of 1it. The people who live 1n it live more actively,
whether what they accomplish 1s more worth while, is beside the
pomnt. The effect may be like that of hyperthyroidism, in which
characteristically, much of the hyperactivity of the patient 1s pur-
poseless. The result I strongly suspect 1s comparable to what I
have stated occurs i hyperthyrotdism and obesity. The twenty-
four-hour basal exchange of energy 1s increased, and this creates
an increased demand for imsulin, so that pancreatic decompensa-
tion ultimately follows 1n individuals possessed of less than normal
nsular reserve.®

Other preciprtating causes.—In the category of agencies which
place unusual demand on insular reserve, we also find such 1tems
as occupation, economic status, and an urban versus a rural domi-

*Mills (1934), emphasizing the regional differences i diabetes for the disease
in tbe United States and the highet proportion of total deaths in the northern
stormy area, pointed to the fact that m the Tegion where the peak 13 reached,
namely, Nebraska and Towa, the population 1s younger than on the castern seaboard,
As the western populanion approaches the age level of the East, the crest of diabetes
seventy, he predicts, wall advance further 1nto the Northwest. Diabetes in the South
and throughout the Tropics, 18 a mild, disease, rarely

by acetone production, 1n sharp contrast to its characteristics In the region south of
the Great Lakes and 1n New England  In Quebec and Ontano, north of the storm
track, the weather, although colder, 1s not 0 vanable, and steady cold without warm
merludes e ot 50 somilating | The disbetes mortalty sste 1 cortespondingly
ove

W Mills (1934) , commenting on the effects of Auctuations of temperature 1 the
northern tier of states Of the Urited States, pomnted to Bismarck, North Dakota,
which is® “located 1n the heart of the world's most stinulatng reglon, .. - where
AN mees ~F memaer o N
smom e e w
$0g0* - . . .
to avox i
unable to bank hus Eres 30 quicly, man 15 dren to expend fus excess heat as
energy It 1s this constant baening of the weatber changes which generates in
wman there the high level of bodily combustion which dnives bim 1nto action  What
he does may not always be fight, but do something he must *

<
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cile. The usual explanation for all of these is that occupations
which are better paid and crcumstances which elevate the eco-
nomic status of indrviduals, provoke a higher diabetes rate by
increasing the chances for becoming overweight. However, not
all urban and not all wealthy diabetics are overfed or physically
indolent, and the possibility may also be considered that higher
pard occupations and the mere possession of wealth, carry with
them responsibilities of a type that lead to more or less continuous
stimulation of the autonomic nervous system; that, thereby, the
pancreas more frequently is called upon to place a break on the
mobilization of glycogen and that this may constitute a strain,
leading in the end, when the insular reserve is low, to a break in
pancreatic compensation 3 15

Sugar.—There 15 a great deal of difference of opinion as to
whether 2 high consumption of sugar stimulates the development
of diabetes m the predisposed. The evidence is equivocal. The
level of the blood sugar 1s more rapidly raised by sugar than by
any other food, and thus the pancieas intermittently is placed
under a greater strain by sugar than by any other food. On the
other hand, recent observations seem to indicate that sensitivity
to nsulin 1s mcreased by high carbohydrate meals, this perhaps
being effected, as Marks has suggested, by inhibition of pituitary
acttvity. Such a result might neutralize the injurious effect of the
sugar. Himsworth expressed the belief that diabetes may be gro-
voked by diets deficient in sugar. The per capita consumption
of sugar is high mn the United States, and a very high diabetic
death rate accompantes 1t, but as Joslin (1ggy) has noted, our
consumption of sugar has been stationary in recent years, and 1
Australta and Denmark, where the per capita consumption of

* Lombard and Miner, commenting on a group of diabetic histories studied in
the Massachusetts Chrome Disease Survey, found the assoctation of a nervous (et
perament to be next in mmportance to obesity. The sigmficance, measured byal c
1able of “t” of R. A Fisher, was 69 for overweight of 20 per cent or more, and ulr
for @ nervous temperamens  For hitele exercise it was only 285. For heredit &
was 4 61 onst foc-

= Woodyatt lays more emphasis than do others on nervous and emotions!
tors 10 the etiology of drabetes He wrote “Scvere mervous shocks, such a2 ::y
result from injuries, exposures, etc, precede the onset of diabetes 1 2 not i "
siderable fraction of tases “The same 1 true of physical shocks and severe emoL T
disturbances Depressive emotions, anxfeues, fears, unhappiness ansing from vzb "
ous catises—stich 2s domestic infehaties, financial losses, etc, are notoriously capd
of provoking the onset ™



PATHOGENESIS AND PREVENTION OF DIABETES 51

sugar is greater than here, the incidence of diabetes 13 relatively
low.e

Other endocrine glands.—The category of factors creating
more work for the pancreas includes those condittons in which
we have to deal with an oversupply of any of the group of hor-
mones normally antagomistic to the action of insulin. Hyper-
thyrowdism already has been considered, and I have referred to
tumors of the pituntary, and to adenoma and carcinoma of the
adrenals. We also may have to deal at times with cases of diabetes
in which hyperfunction of those glands, not accompanied by con-
spicuous anatomic abnormality, 1s respensible for aggravation of
intensity I have been on the lookout for clinical examples
of such condiuions but have encountered very few of them. One
of my assistants, Dr Rushton, observed that the blood plasma of
certain diabetic patients will antagonize the hypoglycermic action
of insulin 1f injected with 1nsulin 1nto normal rabbits The pro-
cedure 15 one which has been described by de Wesselow and
Griffiths. In a case of drabetes 1n which a very sigmificant restst-
ance to insulin developed concurrently with symptoms of the
menopause, an assay of urine revealed an excess of prolan and no
estrin.  Administering large doses of estrin 1n this case reduced
the requirement for insubin from go to 5o units a day. Blood
plasma originally obtained from this patient and injected with
mnsulin 1nto rabbits inhibited the action of the msuln  Later,
when the patient had been treated with estrin, her plasma was no
longer inhibittng The observation supports the suggestion that,
1n this case, pituitary hyperacuvity, provoked by the menopause,
was responsible for resistance to msulin  The procedure of de
Wesselow and Gniffiths unfortunately seems not sensitive encugh
to reveal many examples of diabetes exaggerated by menopausal
hyperpituitarism  That hyperpituntarism occurs in the menopause
more frequently than Dr Rushton was able to demonstrate 1s
strongly suggested by the general beneficial action of estrin 1n the
treatment of other symptoms of the menopause, as well as by the

R A P |

. . o
udoubtedly il secesve more attention 10 the near future s zppmuﬂﬂou of the
smportance of a more Iiberal supply of these catalytic agents becomes established
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rapid increase of the incidence of diabetes in women after the
change of life.1”

HEREDITY IN DIABETES

Authorities have been commenting for years on the relatively
high incidence of diabetes in the families of diabetic patients, but
we owe to Pmncus and White the first satisfactory study of the
significance of this. They found that both twins contracted di-
abetes in 70 per cent of sixteen pairs of similar twins, as compared
with only 10 per cent of diabetes in both twins of a series of dis-
similar twins. They found also that diabetes occurred nearly
seven times more often among the parents and siblings of diabetic
patients than 1n the relatives of a large group of nondiabetic pa-
tients. They searched for latent cases by sugar tolerance tests and
random determinations of blood sugar and obtained “statistically
supernormal” blood sugars in 25 per cent of the relatives of 169
diabetics, and in only 2 per cent of 125 control individuals. They
then investigated the mendelian recessive ratio in a series of con-
secutive cases of diabetes, and found, when allowances were made
for certain factors which were known to alter expectations based
on this ratio, that the idenufied ratio closely approximated !'he
expected one. According to the mendelian pattern for 2 recesstve
character, a cross between two diabetics should give diabetes in
100 per cent of the offspring; a cross between a diabetic and an
hereditary carrier should give diabetes in 5o per cent, and a cross
between two hereditary characters should give diabetes in 25 per
cent. The incidence of diabetes observed, mn the three types of
crosses, instead of being 100, 50 and 25, respectively or even 100,
40 and 16, after correction was made for selection of cases, was
24, 10 and 4. However, the authors explamn that death_s of indt-
viduals before they reach the age of the peak of diabetic incidence
account for the smaller numbers, and that the similarity between

¥ Gessler, Halsted and Stetson, of the Thomdike Memorial and Harvard Uni-

i f estrin on
versity, reviewed the literature bearing on the effect of adounistration o

expenimental and climical diabetes, and reported observations on ﬁvehiul::l:_
women, past the menopause, to whom they had gven daily intramustust TGO
tons of 50000 mternational untts of estradiol benzoate A mgmficant TOWEHE B
the fasting blood sugar resulted in two of the cases 1 which the onset of [7%

years, 1nt the other the diabetes had preceded the menopause
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because of consanguinity with diabetics. For them we can advise
correction of abnormalities now recognized as precipitating fac-
tors in the disease; medical and surgical attention to chronic in-
fections of all kinds, early thyroidectomy for hyperthyroidism and
for adenoma of the thyroid, which so frequently leads to hyper-
thyroidism, and avordance of obesity, or if the individual already
is overweight, correction of this by a safe, effective course of
reduction. .

Something even can be done about the climate, Mulls (1g36)
suggested vacationing in the South for inhabitants of northern
regions with a vigorous climate. Unfortunately, few people will
be able to follow such advice and the tume of vacations probably
is too Iimited to accomplish anything substantial thereby. More
to the point would be change of residence to the south, preferably
to the tropics. A nationally organized and strongly financed
Public Health Association might undertake to assist diabetics and
their siblings by finding employ for them in the South, thus
perhaps preveniing therr children from developing the disease. .

These means for combating the ncreasing incidence of dia-
betes should not be neglected, but to my mind real progress will
not be made merely by protecting the predisposed. X.’Vhat we
must aim at primanly 1s the prevention of the predisposition. An
organ 1nferiority is at fault, involving deficient insular reserve, and
if this constitutes a characteristic transmissible by inheritance, as
there 15 every reason to believe and as the evidence of Pincus and
White may have proved, the size of diabetic families must be
limited. It is not necessary to demand “‘mass sterih'zation‘~ or even
to ask that members of diabetic farilies voluntarily remain child-
less. If such persons would limrt their families to one child o
even two the same result would be accomplished, since for a family
to survive, the number of children n each generation must exceed

three.
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an illness lasung only two days This was before we had insulin and death
followed in six hours, in spite of administration of sodium chloride and
sodium bicarbonate.

As evidence that early treatment can prevent fatalities, even 1
fulminating instances of diabetes of acute onset, I may cite a case
1n the family of a girl twelve years of age who lived on an isolated
ranch n the Northwest and died before the physician could help
her. 'The illness had lasted only three days. The physician ar-
rived when the child was moribund, and the family first learned
what was wrong from him. The memory of this girl’s early symp-
toms was still fresh in the minds of the parents when three months
later the twin sister of the child—an identical twin—fell ill with
the same disease. She was brought at once to Rochester and,
within forty-eight hours of the onset, although by then severe
acrdosis had developed, treatment was started This twin was
known to be living many years later and her diabetes, although
severe, was not extremely severe. Identical twins, as is well
known, normally develop the same diseases, and when they do, the
severity and course of the affection usually is the same. Thus it
may be presumed that the first child might be alive today if treat-
ment had been instituted early enough.?

2. The seventy of the diabetes—It has been our practice for
many years to classify patients with respect to the severity of wh:ft
may be called the “underlying metabolic abnormality.” This
classification is as follows: .

Grade 1 includes those mild cases in which the cnnd;tm.n is
readily controlled by omitting swects from the diet. The inci-
dence of this mild grade of diabetes among new patients whose

2“Duabetes is an outand-out chronic disease, but 1t must not be forgotten
that the first years of diabetes following the discovery of the disease truly are the
diabenc’s danger zone It 15 a tumph of modern medicine that the greatest mor-
tality from diabetes 13 bemg transferred from the first years following its onset :’
later years The first years of a diabetic’s life should be s safest and not ll;
most dangerous, as was true a few years ago, and deaths 1o the early years shoul
e wprded 18 provenrable snndenis”  (Jadin)

Naunyn, after ating a number of cases of acute, fatally progressing diabetes,
commented, in 1906, that such cases did not necessanly represent severest d:ibﬂt;v
and cited others of equally acute onset mn which early treatment was securt " ans
the later course proved relatively mild Examples of this now occur over an ]on:
again _The umportant (hing 13 early recognition and prompt attention  Delay
faal _Fortunately, even in chuldren the course of untreated diabetes frequetty
chronic—in adults usually 1t 15 very chronic—so that ample fime is allowed for
recognition and treatment.
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whether mild or severe. “Neglect of diet or insulin,” he wrote,
“as well as infections, may aggravate the severity of mild cases to
such a degree that coma, even death in coma, may result. For-
merly we thought that the severity of the constitutional disease
was recognizable by the degree of intensity encountered. That,
however, is wrong. Today we have learned that even the severest
and formerly fatal variations of intensity can be corrected, even
many times, so that after a shorter or longer time the disease
assumnes again an originally milder character and the patient be-
comes as well and effective as he was before the period of ex-
acerbation,”

The severity of the diabetes, as indicated by the foregoing
classification, is of prognostic significance, to the extent at least
that the danger of acidosis is greater in the higher grades. Treat-
ment, therefore, 1 cases m the higher grades must be conducted
with correspondingly greater precision, and the penalty for care:
lessness n these cases is correspondingly more severe.

3. The age of the patient and prognosis —Formerly it fre-
quently was stated that diabetes acquired before the age of forty
years was severe, while that acquired later in life was mild, but
such a rule is unreliable. Before insulin became avatlable, the
diabetes of children almost always was fatal. This probably is
attributable to the relatively greater ease with which ketosis de-
velops among children than to the actual severity of the underly:
ing metabolic disturbance, for, since insulin has been at hand.
the diabetes of many children falls into group 3 (requiring 3¢
unts of insulin or less) and some even into group 2, and remains
in these groups indefinitely. However, the diabetes of a dispro-
portionate number of children is of group 4 and a poorer prog-
nosis for them is still in evidence, This is apparent from Joslin's
table (Table 1), which reveals that after the onset of diabetes the

¢ Naunyn commented that there is no reason to believe that the mulder forms

of diabetes differ 1n any fundamental way from those more severe On the con-
rary, any such dffierence 1s demed Dy the Bt Yy mih dndovies Ty ame
more severe

The patients with diabetes grade g and espectally those with diabetes grade 4.
are most by the lure of of “cures” without det
1ng. or oral remedies to replace hypodermic 1njection of insulm Mitder duabetes
frequently responds favorably to the dietary advice thar mvariably accompanict
whatever hocus-pocus 1s being advertised  Patients with more severe diabetes, hear-
ing of these benefits, ate led thereby to place their trust jn what proves for them
to be 2 chimera.
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TABLE 1
Averace DuraioN or Lire Sussrquent 1o Ovser oF Disberes Amone Dtcmszn
Ex-paTrENTs v Eact oF 0B InposTaNT ERAs oF TaEammMENT BY Ace Grouves
AT Onser  {Experence or Eiutorr P Josury, M D, 1898-1935 )*
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* Prepared by the Statatzal Buseat of the Metropohitan Lie Tavaraace Company
tDevths recordsd up to March 15, 1955

duration of life among children who died continued to be less
than half as many years as that among adults between the ages of
twenty and fifty-mne years?

¢- Avaslability and effectiveness of insulin (insulin resistance) .
~Before the msulin era prognosts in diabetes depended primarily
on the fundamental severity of the disease. Therefore, the lives
of affected children were tragically short, as 1s evidenced in Table
2. This was true even when the best possible dietetic treatment

TABLE 2

Fararrrees 1y Cases or Dun'ru or CrtLoreN Encounterep v Tne Mavo Cuie
e PRE-INsrvLIN ERt

iRty
abetes
Dates of regutration, wcluave | Coses. | Deatha. [ Mortality

Moimun | Massmum, | Average.

October 1, 1915-Sept. 30, 1930 [ D st + 0 w
Dctober 1, 1920-Sept 30 1001 [0 0 5 0 I3 7
October 1, 1921-Sept. 30, 1922 w | 4 W T r i

*On the other hand, 1n another table Joslin reveals that the approach to
normal life expectancy has been pracucally the same from childhood 1o old age
At ten years of age the normal child has an expectancy of fifty seven years, but the
dabetic child one of thirty-two years This s 56 per cent of the normal expectancy
Ataixty years of age the normal man has an expectancy of filteen years, while for
the diabetic patient the expectancy 15 fune years, representing 6o per cent of the
narmal expectancy
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was given. On the other hand, even before the insulin era, pa-
tients now classified by us as in group 1 might live for decades
and often did so with little or no dietetic supervision. Patients
with these milder forms of diabetes frequently are little disturbed
by thew infirmity, except when the intensity of the process is
aggravated by an intercurrent complication, of ene kind or an-
other. Patients with mild diabetes in the later decades are sub-
jected, however, to additional risks ushered in by arteriosclerosis,
indeed, their susceptibility to arteriosclerosis seems to be quite 25
great as that of patients with fundamentally more severe diabetes.

Insulin, as 15 well known, has reversed this prognostic picture;
1ts use almost eliminates the necessity for diabetic deaths of chil-
dren and other pattents, and usually prevents acidosis secondary
to infections and other complications, Unfortunately accomplish
ment still falls short of what today is possible. Many patients
requiring 1nsulin farl to receive it for one reason or another, and
hence deaths from diabetic coma—preventable, inexcusable deaths
—continue. The physictan in general s still insufficiently 10-
formed about how to prescribe insulm, and 1 occasional tragic
mstances even advises against 1ts use. This was pointed out in
Minnesota by my former assistant, Dr. Stafne. On the other hand,
physictans who themselves are diabetic have had an enviable
health record, as 1s evident from the experience of Joslin, who
made the comment that death from coma, of a physician, is now
almost unknown ¢

Prognosis affected by sensitivity to insulin; snsultn resistance—
Sensitivity to msulin vanes greatly even in persons who have n0
diabetes, as has been shown by the wide variation in the doses of
insulin necessary to provoke hypoglycemta in patients under treat-
ment for schizophrema (Rosenberg and associates) . Similarly,
some diabetic individuals are more sensitive than others, as has
o maintaim the severtst

rk and free from sugar
lity of diabetes has not

*“In private practice the physictan should know how
case of drabetes year 10 and year out completely able to wo)
In spuse of all this, Jarge stanistics Teveal that the total mortal has T
cimmished since insulin came  The paradox 1s a challenge for better organiztiod
‘What good orgamization can accomplish 1s taught by evamples such as Stettu’s
[the city of Stettin, Germany], where thanks to effective care of diabetes the nue:
ber of cases of diabetic coma for many ycars has been brought almost to nothing
"The espertence in the diabetzc home at Rilgen may also be recalled, and the results
of Buttner-Giessen. It is apparent that the health service mus attack this probles
in co-operation with dimicians” (Nonnenbruch)
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been shown espectally well by MacBryde and Himsworth. In
general, sensitivity to insulin is found in the younger patients and
those who are thin, whereas insensitivity occurs in those who tend
to be obese or who have hypertension. This relatively moderate
variability of resp to insulin probably can be explained by
differences in the intensity of action of the normal antagonists to
the action of insulin—pituitary, adrenal, thyroid—acting directly
on the liver or other tissues, or indirectly on the Liver through the
nervous system.” Greater wnsensitivity 1s observed as a result of
many infections.® Also markedly affecung sensitivity 1s diabetic
acidosis, the result of which may be an nsulin resistance that per-
sists for many days after the acidosis has been completely checked
It 15 not improbable that the liver 1s principally at fault 1n many
of these cases of more marked insensitvity to insuthin, because, as
1s well-known, degenerative parenchymattis results from draining
the liver of glycogen and filling it with fat, and 1n diseases affect-
ing the liver marked r to insulin occ Ity 1s en-
countered. A pauent with mild d\ahues on my service at the
Billings Hospital, Chicago, d bosis of the hepatic
artery. This was accompanied by a suddcn enormously 1ncreased
requirement of insulin. The case was described by Pollack and
Long.

Mild degrces of insensitivity to msulin are not disturbing {rom
the dpoint of or prog but when true re-
sistance to insulin develops, enormous doses of insulin may be
required to prevent acidosis. Fortunately the complication 1s
unusual. In a case reported from The Mayo Clinic by Allan and
Constam, the patient suffered from hemochromatosis with marked
cirrhosis of the Iiver and ascites A similar case was described by
Root.  On the other hand, neither hemochromatosis nor hepatic

arrhosis consi 1y leads to this lity. Cases have been

*Thus, de Takats, Fenn and Trump showed that the sensiveness to insulin
was increased by celiac ganglioncctomy in cascs in which relative nsensitvity pre
exuted. lustrative of the possible influence of the anterior Iobe of the prontary
1 the previously ated ase of during the
controlled by admustening estrun (e p 51}

*The observation of Birger and Rohl, that the neutralinng effect of blood
serum on snsulin was attributable to an enmn: like factor newtralizable by heat,
and that blood contalning many leukocytes possesses greater neutralizing power,
may have beaning here, although morc pmb:bly the effect of 1nfection on the hner
and tissues 1 the prinapal factor
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seen in which insulin resistance accompanied destructive par
atic disease, but pancreatectomy in animals usually increases st
tivity to insulin and extensive pancreatic disease can exist ¥
relatively benign diabetes. Insulin resistant diabetes has b
described 1n cases of hyperthyroidism. In this situation an
planation is available. In the so-called thyroid crisis the b
metabolic rate probably is enormously elevated and the rate
destruction of insulin very probably is accelerated, Discover:
explanations for insulin resistance may be entirely absent. A
of importance is that occasionally at a certain stage in the prog:
of the condition, sensitivity to insulin may return, and for ¢
reason as much insulin as may be required to control acids
must be used, no matter how high the doses must be pushed. T
number of units given n some cases is almost incredible, Rath
and Froment in such a situation used 2,170 units in twenty-f
hours.® To be considered, also, in the treatment of insulin
sistance, particularly if hepatic disease is suspected, is the adm
istration of large doses of dextrose, as advocated by Ells. )
A high degree of insultn insensitivity was found by Martin
three experiments in which depancreatized dogs were deprived
vitamin B complex, After five to seven weeks, despite the co
tinued administration of previously adequate doses of msulin,
blood sugar was elevated and intense glycosuria developed.
first this could be corrected by increasing the doses of insulin, b
later even very large doses (eight tumes those originally eﬁecnvf.
proved insufficent to suppress the glycosuria In two of ‘.hc e
peniments the disturbance was corrected by admmn.tml'onn‘
vitamins, in one by the intramuscular injection of viumin ;
and B, in the form of betaxtn and lactoflavin, Betaxin alone W

*In Root's ease of insulin resistance 1,680 units were given daily. ;\\ 3 ;
reported by Wiener the daily dose of insulin exceeded 3000 units Rz\: t:;zt ;
Froment apparently obtamed some benefit 1n one case of insubn sessnce
roentgen irradiation of the pitwitary  Prior fo treatment the pauent wnso g
300 units of 10sulin a day, 1n spite of which he was excretng danly 98 & “7"5m y
of dextrose and 11 to 31 gm of beta-otybutyric aad  After m:ume;z “wiemy o
msulin 2 day was sufficient to maintamn control (g5 gm of sugar in ¢ ek!“ e
hour urine and no acetone). The pattent showed bronzing of the s! A\ and &
hver extended three or four fingerbreadths below the costal margin  ATY
ustal case of insulin resistance has been described by Marble ‘The 9nlyl ks
abnormality that could be venfied was a chrome rheumatoid arthrits 1o &0 o
at a later time siX roentgen to the hypophyscal an
each day for six mns.:cuui days (tatal of 1200 Toenigen wniss ta a field 6 bY 6
1n each temporal region, 400 K.V.) ~were without effect.
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ineffective. Lactoflavin alone was not tried. The author con-
cluded that the action of insulin appears to depend on the pres-
ence of the vitamuns of the B complex.'®

5. Adequacy of the diet and prognosis.—Diet is to be the sub-
ject of a later chapter, but a word about 1ts bearing on prognosis
is indicated. Statistical evidence of the advantage, or otherwise,
of the various types of diet prescribed by different authoriues has
not been assembled, but there 1s good reason to believe that in the
effort to obtain control of glycosuria unnecessary restrictions fre-
quently are enforced, with consequent impairment of the nutni-
tion of patients and their subjection to disorders of nutritional
deficiency, including i1ncreased susceptibility to tuberculosis and
other infectious diseases The avarlability of commercial insulin
permits a shuft in emphasis 1n the matter of the diabetic diet from
what is best for the control of the disease to what 1s opumal from
the standpoint of the nutntion of the patient. There 1s no good
reason for supposing that the nutritional requirements of diabetic
patients are any less than those established for persons who are
wellxt

By the same token it 15 perfectly obvious that 1f the pauent is
neglectful of the ordinary care which he must exerase mn the
selection of his foods—since the amount of food must be balanced
satisfactonly against the amount of insulin 2dmimistered—or 1f he

*Reference 13 made 1n this article by Martn to the observation of Schroder
that in general the vitamtn Tequirement in human diabetes 13 greater than normal
Also seferred to are obseriations reviewed by Collaro and Pi Sufier Bayo mdicaung
that in otherwise normal ammals Bavamunons leads to disturbinces of carbo
bydrate d tolerance for increased blood sugar,
mposerished stores uf gycogen in liver, ruscle and heart and dimsnished senst
tvity to fnsulin,

Sindons analyzed the dietetic habuts of eighty-five diabetic patients who had
been under treatment for {rom thrce weeks to twenty-seven years before coming to
his metabohe department i the St Agnes Hospieal, Philadelphia, and obtamed
evidence of hypovitaminoss in the dietary history, the symptoms and physical dis-
turbances of every one of them  Wiegrerho properly emphasized that physicians
frequently neglect other scrious alfections in cases of diabetes “Efforts directed
agunst the duabetes have as an object the complete disappearance of glycosurn and
depression of the level of the blood sugar  To obtain this the physician often pre
scribes a regimen poor in calones and poor in carbohydrate  Such a procedure 1
mpunious for patients affected with other duease  There are nes in which the

the patient and not to cause disappearance of ghycosuria and hyperglycemia
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15 t00 ignorant to be properly educated in these matters, the diffi-
culties of successful treatment are aggravated and the prognosis
accordingly 1s affected unfavorably. Joslin repeatedly has empha
sized that diabetic patients must have brains and must use them,
and Nonnenbruch has stated: “It 15 necessary for effective treat:
ment of a case of diabetes to have an intelligent patient, a wise
physician and a clever cook. The imprudent or stupid patient
cannot be helped.”

On the other hand, I wish to urge physicians, and others who
are undertaking the mstruction of patients, not to be dscouraged
too easily by apparent stupidity It happens time and again that
individuals with no more education than permits them to read
and write with difficulty and who at first seem hopelessly mcapa-
ble, later respond satsfactorily and learn how to take excellent
care of themselves, or of their diabetic chuldren. This especially
is true of underprivileged persons whose intelligence is obscured
by their shyness and consequent embarrassment. The results ?b-
tainable with natively intelligent poor people usnally are superior
to those obtainable with educated and privileged, but undisci-
phined, individuals, In the case of patients who must be com-
municated with 1 a foreign language that is unknown to the
instructor, the difficulties multiply, but even then excellent results
can be had with the help of interpreters. More than one of our
successfully instructed pattents has been deaf and dumb. .

6. Intercurrence of complications.—When their meta‘b?hc ab-
normality is under control and their diet is adequate nutritionally,
drabettc patients seem to be no more susceptible to infections than
others. Their surgical wounds heal normally if the local circula:
tion 15 not impatred by arteriosclerosis  Their colds are not un-
usually frequent, and the incidence of tuberculosis is low. On
the other hand, infections cannot always be avoided and the
danger that accompanies them is aggravated by t?le‘facl tl}:l Usl:"
2Ny the severity of the bolic 2 lity is d Z'
them. If the life expectancy in our treated cases of dmbe_u:s.ml;lS .
perforce remamn lower than normal, this ‘.vﬂl be due prlﬂ;‘}?ﬂ r)-'
ta the greater danger accompanying infections, pregnfincy.’ H::ﬂ
thyroidism and surgical operations, also to the relatively hig! .
incidence of occlusive sclerosis of the arteries of the heart and feet

The undernourished are predisposed to tuberculosis, and di-
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abetics of the era before insuln, 1llfed by necessity, frequently
contracted tuberculosis, This disease is much less common today,
and yet the incidence of 1t among diabetics remains too high
Eather carelessness on the part of the patients in controlling their
disease or the type of diet they have been told to take, must be
responsible. ‘The widespread teachung that diabetic diets ought
to be low in fat and restricted 1n calories 1s open to criticism on
this score. 'The incidence of tuberculosis among patients whose
diets have been prescribed by us has been only 1 per cent, which
compares favorably with that of the population at large in Minne-
sota  Baker, studying diabetic coma among our patients, traced
the subsequent course of eighty nine of them. One was reported
to have died from spinal meningitis but, n view of the fact that
he was suffering from actrve pulmonary tuberculosis when under
our observation, death more probably can be ascribed to tubercu-
lous meningitis  This patient apparently was the only patient 1
the entire series who had tuberculosis, erther before or after one
or more attacks of coma

DIABETIC CURES

From the preceding discussion of the prognosis and course of
diabetes it 1s apparent that the outlook tn any but the mlder cases
depends primanly on the effectiveness of treatment  If treatment
is adequate, barrtng, 1n older groups of patients, accidents related
to associated arterioscleross, life expectancy ought to be as long
as that for the population as a whole. Also, the general healthi-
ness of the indiwvidual ought to be normal. In the large majority
of cases vigorous minds and sturdy bodies are obtamnable; the
adults can pursue their usual occupations with customary energy
and the children desvelop normally, attend their schools and enjoy
their play.? On the other hand, to encourage the hope of com-

™ Only those of u1s whose expenence extends back to the trogic era that pre-
ceded the discorery of insulin can fully realize how much has been accomplished
by that discovery ~As an {llustration of the far-reaching effect of saving lves other-
wise doomed, I have abstracted the following from 2 contnibution by Rosenfeld, 2
wellknown critic of modern panting: *“Thanks are due to the discoverers of the
efficacy of wnsulin at the very least for one Amenican force This s the painter,
whase representations of the inner hic of American things now adorn the walls of
the Whitney Muscum 1 New York It 1s Charles Demuth  As an artist Demuth
@me Into being but & few years before he sickened dangerously with diabetes . .
When the war drove i home [from s studies 1 France] Demuth returned with
 few sensitise water colors They were the first oniginal work of a man destined
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plete recovery from diabetes is unjustified at the present time.
Undoubtedly recovery may occur, more particularly in cases of
acute onset in children and young adults, but the incidence of
these occurrences is so minute as to be insignificant. By this I
do not mean that marked improvement of tolerance for carbo-
hydrate is not observed. The contrary is true in a very large
number of cases of all degrees of severity.

It should be emphasized that transient remission of intensity
is characteristic of the early diabetes of children and young adults
provided some treatment is given At this time the treatment
may be far from perfect—indeed, in some cases all that is required
to control the glycosuria may be some simple dietary. The pa-
tient or parents are overjoyed, the physician is pleased, but the
hope aroused is false In the course of a few months or in a year
or two the intensity of the disease again increases and then to
omit adequate treatment 1s to invite a tragedy. It is important
to warn patients, and if they are children, the parents, to avoid
being lured into a false feeling of security by the early benign
course of diabetes. Even with the exercise of the greatest possible
efforts to maintain a normal blood sugar level, later exacerbations
necessitating the use of insulin, is to be expected in almost alt
cases of diabetes in the young.

Joslin arbitranily has proposed the following standards to
which reputed cures for diabetes should conform. Very few cases

to become an important agent of Amencan self-consciousness  And dunng L;xe
next few years he commenced developing his very personal art . . A deal of the
scope of Demuuch's feeling was already ntelligible from this wark of the years anrd
rior to hus ensis, Had he died [in 1919] . . . as in the Armistice year it appﬂ;t

that he must do, we should be the poorer for an important force . . , Only 2 ﬂ:
of the strong, high-pitched Bermudan landscapes denote the dawning mastery. 1;":c
Demuth Lived on upward of fifteen years During [shortly aftex] the war the v:h "

of msulin had come to light Reprieved, almost as much a well man as hgrh e
ever been, . ., Demuth once agun hobbled socially through the world ., . . "
Demuth stands among the giant clan, Other artists possibly have given Amenc 2

of his own church or factory turrets 1n blue and 1 gray weather, shapely, W
serene amony the high agents of commumal hfe”

Anotherxdmmznc illustration of the far-reaching influence of the iuu;\':g
of ansulin 15 provided by the rescuing from premature certain digbetic death o

Nobel Prize Winner, Dr George Minot Dr Mmot later was able to mn:lnl::l‘;
importantly to the discovery of the eflective treatment of pernicious ancmid, S0
thereby prolonged other valuable lives to add to the sum of values of commun:
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will be found that wiil conform, One in my experience deserves
notation because for some years we thought a cure had been ob-
tained. The patient, a young physician, had been very well untit
one day he noted unusual thirstiness and the same evening sticki~
ness of his dried urine. This prompted him to test lus urine for
sugar and led to finding intense glycosuria. The following mom-
ing the fasting blood sugar was more than 0.500 gm per 100 .
Treatment was instituted at once, and very rigid control of the
glycemia was maintained for the next several years by means of
diet and insulin. After five years the use of msulin was discon-
tinued entirely, and alter seven years the diet was augmented in
its content of foad o as to be almost a general diet. The fasting
bicod sugar and the determinations of blood sugar made before
and after meals for some time remamed perfectly normat, bue sull
tater hypergiycemia returned and msulin again was necessary.

The Joshin standards of diabetic cures ~These are as follows:

1. Diagnosis.~The diag! of diabetes shall be based on a
glycosuria of 0 5 per cent or more, accompanied by a fasung blood
sugar of at Jeast 0.14 per cent or a venous blood sugar after a meal
of at least o 17 per cent.

2, Duration of proved diabetes ~The durauon of proved di-
abetes, by repetition of the tests described under diagnosis, shall
be recorded in months By this plan the mdividual can be classi-
fied a5 2 proved diabetic of one or more months’ duration. The
longer the duration of the proved diabetes, the greater the respect
which will be attached to its cure. Chance glycosurias and hyper-
glycemias resulting from errors in the laboratory, from operative
procedures and from temporary infections, thus would be ruled
out. Hyperthyroydism and hyperpituitarism would not be ex-
cluded and, th a on these cond should be
meluded in the report of the case.

8. Test for recovery.~Glycosuria and hyperglycermia shall be
absent, while the patient is without diabetic medication, both
before and an hour after a meal. This meal must contain at least
o fifths of the carbohydrate for the day, The carbohydrate for
the twenty-four hours shall comprise at least two-thirds of the
cilories necessary to provide go calories per Milogram of body
weight.  Better still, the carbohydrate tolerance shall be unim-
paired as judged by a normal ghycemuc cune following the oral
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admimstration of 60 to 100 gm. of glucose to the patient in the
postabsorptive stage. )

4. Establishment of recovery.—A proved case of one or more
months’ duration, in which tests for recovery at the beginning and
end of an interval of five or more years indicate recovery, shall
be considered cured.

Physicians with experience in diabetes have felt that well-
trained diabetic patients ought to be able to live normal lives,
and that most of their pattents did. 'This is confirmed by a study
by Peterson of a group of patients with severe diabetes previously
treated and instructed at The Mayo Clinic. The majority of the
patients investigated had found 1t possible to carry on their former
programs of work and recreation. Three out of every four of
them had been able to adjust their lives, felt no handicap because
of the imposed regimen and had made satisfactory emotional
adjustments to the changes necessary. Four out of every five had
emotional attitudes that were posttive and healthy. Many of the
failures mn adjustment were caused by factors other than diabetes.
Miss Peterson concluded: “The majority of patients with severe
diabetes have become useful and happy people, taking therr p]afcs
with their associates, and asking neither sympathy nor special
consideration. As a group they are proving that diabetes as 2
chronic disorder need be no handicap, and that personality and
character are the factors determining the effectiveness of treat-
ment.”
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CHAPTER V

REQUIREMENTS FOR EFFECTIVE THERAPY IN
DIABETES

The treatment of diabetes formerly was so complicated that
the average physician came to believe that only a specialist could
undertake 1t successfully. Fortunately more effective and simpler
methods are now available, so that with a few principles held in
mind, and with a mimmum of equipment, the general practi
tioner, in most cases, ought to be able to obtain as satisfactory
results as the specialist.

The requirements for effective therapy without which the
prognosis and course of diabetes are affected unfavorably include.
(1) some knowledge of the subject on the part of physicians—
more knowledge than many now possess, (2) 2 modicum of labo-
ratory equipment, (3) careful instruction of patients, (4} an
understanding of the principles of general nutrition, and (5) 2
certain amount of wisdom to temper the whole, so that treatment
may be adjusted as required to meet special needs of the indr-
vidual. As Naunyn once stated: “Der Verlauf der Krankheit ist
so verschieden wie denkbar "t Although the therapeutic pro:
cedure which 1s to be described 1n this and later chapters will be
found suitable for the majority of patients, modifications of it t0
meet individual variations are necessary.

LABORATORY EQUIPMENT

Very little equipment is required to treat diabetes successfully.
Faalities always must be at hand for performing qualitative tests
for the presence in the urine of dextrose and acetone or diacetic
acid, and 1t is desirable for the physician to be famliar with one
reliable method for the quantitative determination of urmary
destrose.? In former years, when chronic acidosis needed to be
dealt with so frequently, quantitative determinations of the am-

2“The course of diabetes is as vanable as can be thought ™

*The new Sheftel quantitative test for sugar m the unne, as further slmpllﬁ::
by Rhodehamel, Rose and Chen, 1s so convement and easy that '::nt::! ;:u .

2 h traini
quainted with 1t can obtam approvimate results, and wit e
figures correct 10 about 01 per cent The time required 10 perform this test

72
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monia in the urine were considered indispensable. Today, in
cases in which treatment has been given, chronic acidosis no longer
is a problem and, as a rough measure of the degree of acidosis in
cases of acute acidasis, the carbon dioxide combining power of the
plasma is reliable. Facilittes for measuring carbon dioxide com-
bining power of the plasma and the concentration of the sugar
{dextrose) in the blood shonld be a part of the office equipment
of every general practitioner. While these determinations fre-
quently can be dispensed with by the expenenced physician, both
inations are of i in the treatment of aci-
dosis, and the latter is needed in the original diagnosis of diabetes
and in distinguishing it from forms of benign melituria ®
The method for determining the carbon dioxide combining
paver of the plasma is that described by Van Slyke, It involves
the use of a special pipet 1 which oxalated blood plasma first 15
exposed 1o a standard atmosphere of carbon dioxide and then o
sulfuric acid. The carbon dioxide which thereby is released is
measured on a graduated scale. A pipet with the scale bearing
portion 2 5 times the standard length promotes accuracy 1n read-
ing the very low values encountered 1 diabetic acidosis.4
Methods for determining the sugar content of the blood make
use either of blood drawn {rom the vein (macromethods) or of
apillary blood (micromethods). The latter methods are par-
ticularly advantageous in cases 1n which the patients are chuldren

0t exceed five minutes The equipment necessary (obtainable from the El Lilly
Company, Tndianapolisy is contuned fn 2 small bakehite case A tablet dissolved
in the urine provides the reagents, heat is effected by burmng a tablet of meth-
eniamine and the resulting cofors are compared to those of cofor charts and read
©off dureetly i per cent of dextrote,

*“The physician who has a Jaboratory so neal and modemn that he s glad ro
take his patient into it scores wach in reputation . The companson be-
tween the cutlay which the surgeon 18 willing to make for the conduct of s
Practice with that of the physician is most unfavorable to the fatter The surgron
almost invanably takes pride in hus equipment, purchaning new apparatus and
ducarding old wsth Javish hand The physinian seldom expends 1he fractson of
this outlay in the development of a labaratory This should be entircly different
The physiclan should take #s much pride in a well-equipped laboratory as the
surgeon in his fnsrument case ™ (foshn)

* Meayurement of the carbon diovide content of the plasma necessitates 2 mano
metric gas apparatus and blood drawn under il It gives additionat and more
precise {nformavion, but 1s not necesary for routne chnial work  Measurement
©f the hydrogen fon concentration of the blood by electromerne or other methods
protides addiional information, but this too can be dispensed with for chnieal
‘purpascs
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as well as 1n cases of acidosis in which the veins are collapsed,
These methods also are advantageous when it is desirable to obtan
a series of blood sugar determinations at short intervals. They
are described in the manuals of biological chemistry.s Capillary
blood is obtained by puncture of the skin of an ear lobe, a finger
or, in the case of infants, the heel of the foot. When it is used
values slightly higher (1 to 3 mg. per 100 c.c.) than those obtained
with venous blood usually are found.

Methods for determining the lipoids of the blood (cholesterol,
cholesterol esters, lecithin, fatty acids and total lipoidsy, which
frequently are grossly elevated in diabetic actdosis and sometimes
are higher than normal in the absence of acidosis, are not simph-
fied enough to make them available for clinical routine. Other
examinations which frequently are made include the determina-
tion of the value for the total nitrogen and special fractions of
nitrogen in the urine, the determination of the value for the
nonprotein mitrogen and its fractions in the blood, and the quan-
titative analysis of carotene and various electrolytes in the blood,
None of these tests, however, is indispensable in routine clinical
procedure.

OTHER EQUIPMENT

Physicians always should be prepared to treat diabetic acidosis
and severe attacks of hypoglycemia without loss of time. ‘There-
fore, they should have on hand, preferably in the professional
satchel, the supplies necessary for both diagunosis and early treat-
ment of these conditions. The supplies mclude:

1 Insulin, both unmodified and protaminezne insulin.

2 Hypodermic syringe and needles .

3 At least one ampule of 5oo c . of sterile physiologic solution of sodim
chloride,

4 Ampnles of stenle solution of dextrose (50 per cent) for intravenous

injection in cases of hypoglycemia
5 Ampules of solution of epinephrine (1 100¢
purpose.
*Blood plasma contains
PR

0), principally for the same

her reducing substances than dextrose Among
-'"v-- ™ rnn%muenct the Folur method for deter:
mg per wo cc even

+ 1 to prowde the true
- hands, combines the
ns of the blood with

ot .o 1
the Hagedorn and Jensen technic for decermmnation of the seducing subsnce &
the filtrate
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6. Benedjct's solution, test tubes and aleohol lamp (or tablets of meth-
enamine) for testing for sugar on the spot*

7 Solution of ferric chloride for the Gerhardt test for diacetic and, or
crystals of sodium mutroprusside aud solution of ammonia for the
Legal test for acetone.

8. A stomach tube.

THE INSTRUCTION OF PATIENTS

In the long run what the diabeue patient can be taught to do
for bimself will count for more than what is done for lum. Tt
helps relatively hittle to save a life by successful treatment of an
artack of severe acidosis, unless before the patient be dismussed he
has learned how to hve healtinly and happily. First and fore-
most, therefore, among the essentals for successful treatment 1s
this instruction of the patient in what he has to do for lamself,
or in the case of a child, instruction of the parents  This course
of training wmust be thorough and, to provide for it, systematic
arrangements must be made. If the physioan does not have the
time 10 educate these people himself, or lacks the traming neces-
sary, it is inexcusable for him to fail to pravide otherwise for
what needs to be done.

For the instruction of pauents, one or another of the many
manuals written for the patient or, as 1n the case of my "Pramer,”
for the patient and physician, 15 sausfactory. These contam
divections and charts for preparing diet prescriptions, menus and
recipes which provide predetermined amounts of foods for dia-
betic diets, and explicit direcuons about the use of wmsuhin and
the avoidance of complications.

In my "Primer” are included 127 questions which pateerits
attending the diabetic school at The Mayo Clinic are required,
without prompting, 1o answer before they are willingly dismussed
The number of questions gives some 1dea of how much a diabeuc
must know. The dietitians, to be found today in almost all hos-
pitals, or nurses with special experience, can be recruuted for this
important teaching. Dispensaries usually provide diabetic schools
for the indigent, the wealthy can command the services of spe-
cialists, but as in so many other situations, the Jower middle class

* When symptoms suggest diabetie acidosis. postponing of testing of the urine

unul the physician retums to i ofice ls unjustfiable The outft 10 2 bakehte

e deseribed In fooimote 2 {p 71} it very convenient for cartying 1 the pro-
fessional satehey
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is likely to suffer neglect. The opportunity which this class offers
for lifesaving work by the medical profession is enormous.’

Patients must be taught how and when to test the urine. In
some cases of emotionally unstable individuals too frequent test-
ing is to be discouraged, or some other member of the family
should undertake the duty. But unless the test can be performed
as frequently as necessary and with no more ceremony than can
be avoided, the progress of the disease cannot be controlled effec-
tively ® The drugstore laboratory 1s likely not to be reliable, and
testing at least once a day, and usually twice, would involve too
great an expense to the patient, if demanded of physicians. Fur-
thermore, 1f the test is to serve as a guide for the amount of insulin
to be taken it needs to be done at specific times of the day and the
result must be known at once. Benedict’s quahtative test is alt
that is necessary, and the patient readily can learn how to per-
form it. It is very important to prove the reliability of each new
supply of Benedict’s solution. Once in a while the druggist
omits some ingredient and false reactions result In my expen-
ence insensitive Benedict's solution has lulled patients into 2
false sense of security, with an attack of acidosis resulting. Also,
it is important for the patient to know that urine for testing shon_nld
be freshly secreted by the kidneys, the bladder being emptied
thirty minutes or,an hour before the collection for testing is made;
otherwise, the specimen may show sugar long after the blood sugar
has fallen to a normal level, or vice versa, and give deceptive nfor-
mation 2s to whether or not the dose of insulin is greater o
smaller than it should be.

It is necessary for the patient to be able to perform the Legal
test (nitroprusside) for acetone, or the Gerhard test (ferric chlor-

o he adequate treatment of
“There 15 nearly enough knowledge today for the adeq ament o

diabetes, but 1t needs more general and more intense application and the develob
ment m the patient of a decper sense of his own responsibility for his care.
should be abolished, gangrene halved, tubereulosis prevented, pregnans "
cases made safe, ... . the ultmate goal being the avoidance of death in any
way due to the disease”  (Joshn) that
*“Patients weary of testng the urne, but any modern patient knows i
without urinary examinations a diabetic cannot secure the best results. 0nl¥l “':uL
very exceptional eircumstances should they be allowed to omit making hE (07
A daily negative Benedict reaction gives confidence and, on the other han L ":c be
presence of danger, 1t 15 never wise to follow the habits of the ostrich. A "rozt:h
omut tests because they affect the psychology of the patient hastens the appt
of death Rarely there is an exception to this rule”  (Jost)

cy n sutable
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ide), especially if a method of treatment 15 adopted which is pop-
ular in Europe. In this method glycosuria is permitted and only
enough insulin is used to prevent ketosis.
Instruction about insulin and its use must be provided and
prejudice against st, and in many cases fear of the hypodermic
injection, must be overcome. The credulity that some people
have about oral substitutes for insulin is a source of danger, |
usually emphasize the importance of accuracy of dosage and that
the necessary precision can be insured only by means of the hypo-
dermic injection. New patients frequently harbor the belief tha
snsulin, if once used, can never be discontinued thereafter, They
think of it 2 a habit-forming drug, and the physictan must explain
that this is untrue and that the probability of being able 1o do
without insulin at some later time is increased by taking insuln
when it is needed. It 1s very important and very difficult 1o mle
dlear that the unit of insulin is a standard measure ang thay the
different concentrations of snsulin, U-zo, U-40, and sa forth Tepre
sent solutions with different concentrations of insulin ang are oy
insulins of different strengths, therefore, that X vy of 0
although differing in volume, represents lh.c same dose ag unig,'
of U-40, or any other concentration of wmsulin. Al of these tapi
must receive adequate attention 1n the course of the patienty
instruction,

Tt is very important to train thF patient lhomu;t,yy in the
technic of hypodermic injection, with special emphag o the
need for sterdlity (see p 87) . The areas of the fip gy
sites for injection must be pomnted out and the py gn:!

implicit directions about filling fus Synnge, prepany, H,"
and maling the wjection  In our clive he also i . te
adjust the doses both of unmodified and of protaminegy
to his fluctuating vequirements X ’

The insulin reaction is another subject with y é!”u‘enu

using insubin must bc_lhoro:lgh\i ET.:_‘:“::IEF:_;U&’WW s
pr

to
ulin

the , .
1262 that 2 Yarge proportion of Opy panents LVe 3L 3 great 4y STty ypg
many of lhemrg:vS\dp:o\ afford the frequent viaitt (o Phw::fhl becayse
oUd be mecesotated | Also, regrettsl us [ am (0 menon g Fuberyne
¥ recendy, have beon less dependable n the matier of e ity coye < ¢
0 the requirement than me' welltrained patient. . of insul

N
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how to combat them they cannot aveid serious attacks of hypo-
glycerma  For similar reasons the patient must be acquamted
with the early symptoms of acidosis; he must know that acute
emergencles are hikely to provoke this serious complication and
that delay in calling a physictan may invite disaster.

Older patients must learn about the hygiene of the feet and
must be instructed in those measures which will protect them
from gangrene, ulcer and neuritis. This is of extreme importance.
Gangrene today occupies a pre-eminent position as a cause of
death of patients with diabetes.

The prescription of the diet, to my mind, should be left ex-
clusively to the physician and no changes should be permutted
without the physician’s knowledge, except in cases of 1llness when
one of several previously arranged emergency diets is to be sub-
stituted The plan now in use m the clinic is to prescribe the
diet in the form of standard menus and to instruct the patient
how to choose substitutes for the vartous items n the menus. We
no longer teach calories or ask patients to learn how to construct
menus from a prescribed number of grams of the various food
factors. We do believe that weighing the food is desirable for the
first six months of management, or until the patient has thor-
oughly tramed limself to measure or estimate portions of ﬁ?od
with accuracy. It requires much experience to “eat quantita-
tively” without using food scales?®

NUTRITIONAL PRINCIPLES

I cannot close this section on the requirements for effective
therapy without referring again to the importance of knowledge
of the principles of nutrition. There is no valid reason to believe
that the insulin treated diabetic requires fewer calories than the
nondiabetic, or less calcium or less protein or less won, and some
evidence supports the assumption that his need for cerl'ain of the
vitamins—especially some of the elements of the vitamin T com
plex—is even greater than normal.

The food scales should be well made ‘Those provided by John Chaullon
and Sons, ST

North Ad. - L ) .
able and .. ' .
stituted for the scale pan  The duals of these scales are graduated 10 grans, .f;‘:d
also 15 advantageous inasmuch as the 100 gram portion so frequently 1s tm‘:’mylv
m food tabtes, and what calculating 13 necessary 1 mgaking substitutiont 1s siTop!
fied by employing the metric system
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CHAPTER VI

SUBSTITUTION THERAPY: INSULIN AND
PROTAMINE-ZINC INSULIN

The theory underlying the administration of insulin is that
of substitution therapy, whereby compensation can be obtained
for deficiency of the pancreatic islands. With due regard to varia-
tions 1n the diet, insulin 1s njected to provide for the utilization
of what dextrose enters the arculation from the hver (endogenous
supply) or by absorption from the intestines (exogenous supply) -
Dosage depends both on the degree of pancreatic deficiency and
the mtensity of activity of mechanisms opposed to insulin. In
the milder forms of diabetes, satisfactory control of the metabolic
processes usually can be obtamned by limiting the exogenous sup-
ply and no insulin 15 needed, whereas with ncreasing degrees of
msular insufficiency or with increased activity of contra-insular
mechamsms insulin must be given in increasing doses.

The story of the discovery of msulin by Banting, Best and their
associates, as recounted by Bantng, is as follows:

“A very great deal of research had been done on the pancreas previous
to 1920 It was known that there were two types of cells. One group, calle
aanous cells, produce powerful enzymes which are poured into the intestine
for the digestion of food. These cells produce the external secretion. The
other cells are fewer 1 number and occur i groups and are called Lhel
“Islands of Langerhans’ These are the cells which produce the nternal
secretion .

“It was known that the exturpation of the pancreas resulted in dnbel;i
It was also known that 1if the pancreatic duct was tied there was an atmph}'
of all the glandular cells which produce the external secrenons, but the
animal did not become diabetic  Many 1nvestigators had tried to make active
extracts of the pancreas that would be of value 1n the treatment of diabetes

“The oniginal hypothesis on which the wark on insulin was based was
that the enzymes of the cells of external secretion destroyed the active zr:i;.
chabetic product of the cells of mternal secretion Our whole effort was i
rected, to i the ing substances. We first ]ngares
the pancreatic ducts in a number of dogs, waited some weeks for the an:‘x_t;:,
cells to degenerate, then remaved and extracted the remaining cells Lot
extract was tested on a dog that had been rendered dabetic by remoya) el
1ts pancreas It was found that extracts made in this way contamed anmamal
diabetic since they mproved the cliical condition of the 2mm/
and decreased the amount of sugar n the blood and urime. Actine €x

80

a



zas were also made by exhausung the glands of external secretion
ting nd of their destroying enzymes.

then found that an ewract made from the pancreas of loeul
der 4 months’ a powerful antidi
Finally we found 2 chercal means of extracting the active ant.
itance from the whole adult pancreas of the abattowr 2nimals
~oduction of a punfied product then became the problem of the
» Best, Collip, Shaffer, of 5t Lows, and Clowes, of the Eli Lilly
ust be given the credit for the early work on the punficavon .,
sxpeniments on animals it was found that the phystological de.
caused by the removal of the pancreas could be corrected by the
on of msulin It was proved that the increase of sugar in the

rnal secretion of the pancreas and that its admimistranon would
ymptoms of diabetes”

RLQUIREMENT FOR INSULIN
ases of diabetes, both mild and severe, the requirement
1 is significantly affected by factors other than the func.
» isfands of Langerhans First among these is the rate
of dextrose from food. Attempts have been made to
anos between injected insulin and supply of dextrose
s duffer widely with the dose of insulin and with that
3, also with vanious known and unknown clinical devia-
the normal. Nevertheless, they possess a considerable
ignificance, and with 1socaloric diets one is reasonably
uming mn most cases that an increase in the required
I result whenever a change 1s made from a diet provid-
igar-forming matenal to one larger in such materialy
1924) .
‘quirement for msuln also is greatly affected by the
bolism, with 1sosaccharic diets the one higher in calonies
lemand for more insulin and vice versa
linical disturbances which affect the requirement for
¢ those which were considered in Chapter IV under
uencing sensitivity to nsulin.  Insensitivity, as was
iends on the intensity of action of the endocrine antago-
isulin—pituitary, adrenal, thyroid—on the existence or
stenee of acadosls, on infecrion, on abnormaliies of she
on the degree of irritability of the vegetative nervous
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system. The extreme degrees of insensitivity—so-called nsuln
resistance—~have not been explamed; in them enormous doses of
insulin become necessary.

INSULIN

The umt of msulin.—Insulin is a protein with a molecular
werght of 35,100, This molecular weight and the sedimentation
constant, molar friction constant and molecular radius of msulin
are, within the limuts of error, 1dentical with the corresponding
constants for egg-albumen and Bence-Jones protein (Sjogren and
Svedberg). At least nine amino-acids have been separated from
insulim, among them cystine, tyrosine, arginine, histidine, lysme
and leucine. The free substance has not been obtained 1n crystal
line form; the hydrochloride hkewise has not been crysiallized,
but salts of msulin with zinc, cadmium and other metals have been
crystallized. Abel and his associates were the first to do this. Such
crystalline preparations have a potency of approximately 22 unts
per milligram. By defimition of the Standards Commission of
the League of Nations 1n 1g23, the unt of insulin was that amount
of the active prinaiple of the insular cells of the pancreas required
to reduce the blood sugar of a healthy rabbit weighing 2 ;g which
previously had been fasted for twenty-four hours, from its normal
level of approximately o.120 gm. per 100 c.C. to 0045 §m. Pef
100 c.c. Later the potency of the preparation was tested by com-
parison with a standard preparation of mnsulin hydrochlonde 11
a dry, powdered form, prepared by Dudley of the National Insttr
tute for Medical Research, London, England. A crystalline prep?
ration now has been substituted for the amorphous sm{ldﬂf
There is no change in the size of the unit and the luxxsrlng.of
blood sugar in rabbits or the production of convulsions in muc®
are the effects of the hormone that are depended on for the com-
parison of unknown with standard products (Best and Taylor)

Gommercial insulin—Commeraal msulm 1s available 1 s¢V
eral forms. That onginally provided was a buffered solution ";
water of insulin hydrochloride It now 1s commonly spoken ©
as “regular insulin” Better terms would be “solution ‘nf un-
modified nsulin” or “solution of insuln hydrochlorid 3 Tl;‘
solution of crystalline insulin commercially available contains un[)’
the miute amounts of zinc necessary for crystallizatton and dif-



SUBSTITUTION THERATY B3

fers 1nconspicuously n activity from solution of insulin hydro-
chloride. In what follows the term “unmedified 1nsulin” will be
used to denote either “vegular jnsulin” or “solution of crystalline
isulin ™

Protamine-zine insulin, first made available in 1937, is a chem
ical combination of insulin with protamine and added zinc. At
the pH of the tissue fluds 1t is insoluble. Thus, its absorption
ts delayed and its actiwaty prolonged The amount of zinc con-
tained is 1 mg per oo umts Hagedorn, of Copenhagen, Den-
mark, is responsible for discovering this means of prolonging the
activity of insulin. Protamine 1s a polypeptide obtained from the
sperm of rainbow trout, mackerel or salmon. Scott and Fisher,
of Toronto, added the zinc, after noting that protamine had little
cffect on the rate of absorption of perfectly amorphous insulin
hydrochloride, but that when zinc was added the characteristic
slowing occurred  The onginal Danish protamine insulin pre-
sumably contained sufficient zinc or other metal as an impurnty
to produce this effect.

Al forms of commercial insulin are dispensed in 10 cc Tub-
bercapped vials  Solution of unmodified msulin (regular n-
sulin) is obtainable in various concentrations® “U-20” has 20
units to the cubic centimeter, “U-40,” 40 units to the cubic centi-
meter; and so on np. The umform system of colored labels
adopted by certain manufacturers 1s as follows

Yellow label contains 20 unats in each cc

Red label U- o’ contains 40 umts in each ce.
Green lJabel “U-8a” containy 80 umits 1 each cc

Protammne-zinc insulin at present 13 provided 1 two strengths
“U-g0” and “U-80" Both have 2 white label wath red lettering

Ghotce of tnsulin.~Almost all patients who require nsulin
and now are under therapeutic direction from The Mayo Climc
are receiving protamine-zine insulin.  However, in the large
mjority of cases 1t is not used alone, but 1s combined with one or
two supplementary doses daily of unmodified mnsulin. Qur rea
son for using protaminezinc insulin is not sa much that 1t makes
necessary fewer daily injections, or that a saving in the unitage
required usually is observed, although both of these are good
veasons; the prinapal advantage of protaminezine insulin 1s the
continuity of insulin activity easily obtamed with it and difficult
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to secure with shorter-acting insulins, unless more frequent injec
tions are made than is convenient or practical? I have demon-
strated experimentally that continuity of insulin activity is neces
sary to prevent the occurrence at intervals of periods of protein
wastage associated with ketosis (Wilder, 1937). Doses of prota-
minexinc insulm inadequate 1n severe cases completely to control
glycosuna provide protection for the tissue protein and thus make
possible satisfactory treatment with less rigid control of glycosuria
than formerly was required. The conclusion is supported by the
Tesponse of a group of juvenile patients formerly difficult to treat
successfully. In some of these cases the control of glycosuria
with protamine-zinc insulin has been no more satisfactory than
before, but the periodic azoturia and ketonuria formerly encoun-
tered have been missing and growth and development have been
more satisfactory.? Improved sense of well-being also has been
observed by patients with less severe diabetes, whose glycosuria
formerly had been well controlled with no more than two or three
doses daily of unmodified insulin. This is less easily explained—
it may be partly imaginary, but the report is heard frequently
enough to be impressive.

Measuring doses of insulin—Patients and others frequently
are confused when it comes to measuring prescribed doses of m-
sulin. It s difficult in their instruction to make it clear that 2
unit of insulin is a unit, whether it 15 taken from a “U-:.’D"' vial
or a “U-80" vial, and confusion is likely to occur when syringes
are used which are graduated in units rather than in fractions of
a cubic centimeter. For this reason 1 prefer to prescribe 2 1 ¢

*The authontative opimon now current supports this conclusion, although
not all wniters are agr A comment of Whitelnll and Harrop 13 that pm:[nl!
who are lax m the management of their diets do badly on protamjne-2nc 1nsu N
and that 1n such cases unmodified msulin 15 safer, and on the whole, morcbsms-
factory. Also, in cases 1n which diarrhea 15 2 comphaation and in which a sao‘:p(
tion from the bowel 1s variable, Whtehil] and Harrop expressed the opinion 0 ‘:
protamine-zine nsulin 15 wnsafe.  Shernll and Cope, while admifting lhat Ped
tamie-zinc insulin represents a distinct advance i diabetic treatment, qu: “::“.
whether any partcular advantage would be gained from it 1n cases 1 w!:jt m’:ulm
ously an essentially normal balance could be mamntaned with unmodifi &

*Lawrence and Archer have made a siular comment: “A stnking ‘:'l:l"eﬂ:
complete absence of ketosis throughout the twenty-four houss, much mote 0% et
than we have ever obiained by three doses of soluble mnsulin in soere CEF 5
diabetes Even during the period of hyperglycaemia and glycosuria afte e
there is no recurrence of ketonuna, as judged by the sensiive m({opmmo‘ -
It appears that the worst defect of diabetics, the endogenous pmdu(ttl:;lﬂn_
wgar and acetone bodes, 13 mcomparably betier concrolled than eseT
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syringe marked only with diwvisions of 1 cc® [ then can explain
that the syringe, when filled to the 1 c.c. mark, contains the num-
ber of units indicated by the label of the vial from which the
tnsulin is drawn—=20 units in the case of a “U-20" vial, 40 units
in that of a “U-40™ vial, and so on, and that smaller doses will be
fractions of these totals (Fig. 7).

Stability of snsulin—The commercial preparations of mnsulin
and those of protame-zing insulin are astonishingly stable, re-
taining their original potency for twelve months or more, provid-
ing the contaner has not been entered for withdrawal of any

Units of
insulin
T20 U40 U8B0 U100
= {[- 2] 2[- aF 5
- |- 2|- 4{-_.8l-10
~ |- 3|- sl-12]-18
- - 6
Pl
i
- R
- |3
o
e}
- -1
8l
Ql

hig 7 ~Synnge for mjecung insulkn {sce footnote 3). Chart devised by a

former asststant, Dr Amoldus Goudsmue, Jr
part of its contents  The activity of insulsn remaining in a partly
emptied vial for more than a month, or at most two months, should
not be depended on It is wise to heep insulin at temperatures
below go° F Freezing also 1s to be avoided, as it causes some loss
of strength, and 1n zhc case of protamine-zinc insulin, slight clump-
ing. More swength is lost if, after freezing, thawing occurs
rapidly. Frozen insulin should be allowed to thaw gradually at
room tempcraxure

¢ Becion Dickinson Company, Rutherford, N. J. has prepared such a
'Y"nr Tt is their Synnge 1o 6o, the Wilder synuge for insulin
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METHODS OF ADMINISTERING INSULIN

Insulin 15 mactivated by the enzymes of the stomach and
intestine; thus its administration parenterally is obligatory. In-
travenous administration is resorted to in emergencies when an
immediate effect 1s desired, as in the inrtial treatment of coma,
but the usual method is by hypodermic injection. The site
chosen for injection is important. Proximity to joints must be
avotded, and places where the skin moves freely over the under-
lying muscles are preferred. The most suitable places are the
thighs, the upper arms, the abdomen and the buttocks.t

Repeatedly changing the site of injection is of great impor-
tance, to avoid induration of tissue and jnsulin atrophy of fat
Children are the worst offenders in neglecting this admonition.
They quickly learn that a site loses 1ts sensitivity after multiple
injections into it, and then dislike changing to another site. Fail-
ure to change the site of injectron frequently leads to still another
complication. After the subcutaneous tissue becomes indurated
absorption is retarded and later, when insulin is given in. some
other place, a quicker and more intense effect than is anucipated
is obtained.

Minimal soreness follows an njection of in: !
point of the needle comes to rest beneath the derma, without
penetration of the connective tissue sheath of the underlym",’
muscle; that is, m the subcutaneous fatty tissue, the panniculus
adiposus. To effect a satisfactory mjection it is best—as Dr. Wood-

4Only unmodified nsulin i1 suitable for intravenous injection Methz])dsgg
administration of ansulin, such as Tectal, vaginal and nasal, have faded 10 CUUE
usefulness, chiefly because effects have been slight and variable Malmh'e an
with msulin mixed with dethyleneglycol monaethyl ether for rubbing into s sg
have not been sufficiently satrsfactory to justify thewr adoption in practice ”m"",,
gestive observation is that made by Blotner (1gs6), namely, that the 10fcietls
fteer o imantin nf oacreie and dundeml extracts 13 prevented sn vitro if the I

sulin when the

ciates. Tn Murln's expeniments snsulin was placed in Lhury-Veud joop- v )
Jejunum of dogs and zl’;sorpnon was judged by reduction of u"lm"f,f,';—::?’;n "
blood sugar In 61 per cent of trials using four dogs with norm:l] P‘“me positsse
1n 73 per cent of trials with two depancreanzed dogs, the results T s and
The addttion to the 1nsuln of hexylresorcinol and other alkyl yesorei®a® Top
sodium favored 1ts P i other €xp: 7} dogs caused
hexylresoreinot, sodium bicatbonate and insulia given ofally o0 ROTRE! FARF oy
a reduction 1n blood sugar of ooz gm per 100 cc in about h:lgo

ments Obseriations on pitients with diabetes were not Feporte
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syringe with needle attached is loweled into the alcohol; the
end of the thread is allowed to emerge from the nech and is
fastened there by the cork. Kept in this way syringe and needle
are always sterile and ready for use. Boiling to sterilize 1s tume
consuming and may crack the syringe. When the pauent 1
through using it, the syringe should be rinsed with alcohol and
replaced 1n the tube. A block of wood about 3 inches (76 cm)
square and 1% inches (38 cm.) thick, with a hole in the center
of a size to admit the end of the test tube, serves as a convenient
holder.

The patient is instructed as follows-

Directions for mnjecting insulm.~When preparing to take
insulin empty the syringe and needle of all alcohol by pulling
the plunger back and forth several times. Wipe the top of the
bottle containing insulin with a piece of cotton wet with alcohol
Fill the syringe with air by pulling the plunger back, then push
the needle through the clean rubber cap of the bottle. Forcc' the
air contained in the syringe into the bottle, then fill the syringe
with the required amount of nsulin, taking care to avoid air-
bubbles,

Before withdrawing protamine-zinc insulin the bottle must be
inverted several times until its contents are thoroughly mixed
Avoid violent shaking to prevent undesirable foamng." A sats
factory mixture is evidenced by a uniform milky appearance.
After mixing withdraw the dose required and inject this without
delay; otherwise the protamine-zinc insulin will settle out and the
dose will be diminished. The activity is in the insoluble suspen
sion, not in the liquid. If settling occurs within the Pyringe remu¥
by inverting the syringe several times before injecting

Wash the skin where the insulin is to be injected with cotton
wet with alcohol, pick up a fold of skin bEtween.thumb and fore-
finger and insert the needle into the side of this fold, as Shmv:
in Figures 8 and g (see p. 86). Release the sku.!; then pus
home the plunger of the syringe. Firmly hold the piece of co!.tolﬂ
previously used for a sponge over the point of injection and wx:i h-
draw the needle. Massage gently with the piece of cotton, but do
not change its position. Massage, but do not Tub. i

‘We have not been able to determine that the minute amounts
of pure grain alcohol introduced into the insulin vial by this
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twenty-four hours  These observations and other evidence indi-
cate to me that the maximal tolerable dose of protaminezinc
msulin does not exceed what 1s necessary to maintain the urine
sugar free duning the fasting hours of the night This, as Hims-
worth has stated, should be the objective and larger doses shotld
not be used. To expect protamine-zinc insulin m severe cases to
nhibit the rises in sugar content of the blood after meals, and to
give large enough doses to prevent such rises will lead 1nevitably
to reactions during the fasting hours of the night.

The admunistration of protaminezinc insulin in one dose
daily before breakfast, as has been advocated (Wilder, April,
1936), is now widely adopted By this technic the test of the
urine passed before breakfast becomes a very accurate gauge of
the tolerable dose When this spectmen of urine contains sugar,
the pattent knows that the dose does not meet the rate of endog-
enous supply of sugar, Therefore it can be increased with
safety. On the other hand, if the morning urine 15 sugar free,
the dose evidently 1s large enough, and the next question is, is 3t
too large. A reactton occurring in the early morning hours of
the night is evidence of excess, but 1t is not wise to wait for reac-
tions. Our rule is to reduce the dose when the morning urine
15 sugar free

Adjusting the doses of insuln —In cases in which there has
been no previous treatment, and in which acidosis is present
heroic treatment is indicated, as will be described in Chapter X
In the absence of acidosis a suitable diet is prescribed and the
effect of this is observed for four days. During this period twenty-
four hour collections of urine are obtained and analyzed qu.antb
tatively for dextrose The amount contained in the sp.ecnmen
of the fourth day serves excellently as a guide to the initial (%osc
of insulin Whether this be unmodified insulin or protamine
zinc insulin, the total dose for the following day can safely be
24 of a unit for each gram of sugar found ?

When unmodified insulin alone is to be uset el
dosage for twenty-four hours is then given in three equall): deez
doses fifteen minutes before each meal, Subsequently adjustmen

. i ngar in
is made up or down, depending on the appearance of sugal

¢ m the treatment of diabetcs ¥
nd begwn injections of msulin 3

d, the estimated

'The physician who has had large experienc
able to shorten this inttial period of obsenation a
once, by making an expenenced guess at the minal requirement.
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continuous secretion of msulin, and (2) increased secretion after
meals to deal with ingested carbohydrate. No one type of in-
sulin can mmitate both aspects satisfactonly. Protamine-zinc in-
suln provides well for the small continuous supply required dur-
ing the night, but if given in doses large enough also to control
the glycosuria which follows meals it provokes hypoglycemia in
the mght. Unmodified wmsulin acts quickly and is best adapted
to meet the requirement for more insulin activity at meal times
These constderations led Lawrence and Archer and Graham to
attempt the simultaneous mjection in one syringe of both pro-
taminezinc insulin and unmodified insulin. In the mixture some
of the soluble 1nsulin may be bound by the excess of protamine
present in the protaminezinc msulin, but even so irregularities
of action from day to day are no more conspicuous than when the
two insulins are injected 1nto separate sites.

We have adopted this techmc with results that are very satis-
factory. With it 1 most cases we can obtain adequate contfol
both of postabsorptive and of postprandial glycosuria with one in-
Jection a day, given before breakfase, It is said to be important
to draw the dose of unmodified insulin into the syringe first to
avoid introducing any alkaline protamine-zinc insulin mnto this
bottle

The directions for filltng the syringe are as follows:

Using precautions with respect to sterility (sce p. 88), intro-
duce 1nto the protamme-zine insulin bottle an amount of ar
equal to the volume of the dose of protamine-zinc insulin laffr to
be withdrawn. When doing so have the bottle down and intro-
duce the hypodermic needle only just through the rubbe_r stopper,
thereby avoiding contact of the needle with this insulin, Next
ntroduce air into the bottle of unmodified insulin in an amount
equal in volume to the dose of unmodtfied insulin required. ﬁh:i
ject this air mto the bottle and withdraw the dose of unmodi e‘
insulin. Hold the syringe vertically with the needle and bf’ﬁ“;
up when withdrawing the needle from the bottle of unmodif Cc.
insulin, Thoroughly mix the contents of the bottle of P""E“mﬂ;‘
2inc insulin, and with the syrnge still held vertically with .‘:
needle up, enter this bottle and withdraw the doseA of P”’mm'gle
zinc msulin desired. Inject the combined dose into a suita
site by the method described before (see p- 88)-
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which is undesirable unul the physician has convinced himself
that the use of msulin 1s without advantage. In many cases it
seems to be helpful to continue administering a small dose of
protamine-zinc insuln, even when the urine is sugar free. This
explains the third rule which is as follows:

Rule g —The protamine-zinc insuln component of the miv-
ture of msulins is not to be stepped down to less than 6 units un-
less the physician so orders. This small dose can be tolerated
without danger of an insulin collapse reaction even when all
specimens of the urine are sugar free.

An ymportant exceptton to these three rules is contained in
Rule 4:

Rule 4 —On the occurrence of a complicating infection, or
other emergency, when the requirement for insulin is temporarily
clevated, the dose of protamine-zinc wsulin previously effective
n preventing the appearance of more than traces of sugar it LI\F
morning urine 1s not to be increased even though a strongly post-
tive reaction for sugar s obtained. Instead doses of unmodified
insulin are to be given, according to the directions for the treat-
ment of emergencres (sce p. zo1) and the dose of protamine-2in¢
insulin is continued at the previous level. This is to avoid bﬂl}d'
ing up a dose of protamine-zine insulin which may be excessive
as soon as the emergency has passed and because of the long dura-
tion of its action cannot quickly be diminished.

In this procedure, except when the dose of insulin is very §

(6 umts only of protaminezinc insulin) we are encouraging
patient to permit his urine to contain traces of sugar at all times
Thus full advantage is taken of the fact demonstrated previouwsty
(Wilder, 1937) that when insulin is acting in the body, a certait
degree of glycosuria is perfectly compatible with fxe?d.om from
ketosis and stability of the tissue protemns. The reliability Qf this
observation has been substantiated by a study of Tolstot am:
Weber It further 15 attested by the entirely satisfactory growth o
duabetic children treated by this method for the last eighteent
months. The great advantage of the procedure 13 that by ’{"5
means insulin reactions in most cases are much more easily

mall
the

avoided. e
1 was led to adopt this procedure by the difficulty experien nd
in avoiding hypoglycemia and the accompanying headaches a
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lesions usually can be avoided. However, they have been e
countered, even with well trained patients The cause is w
known. Some type of local sensitivity of the tissues of an allerg
type may be responsible. Almost all of these patients have bee
women.? .

The treatment of jnsulin atrophy is principally a matter 0
prevention by the exercise of scrupulous care in the techmic of ti
hypodermic mjection. There is some advantage in using ool
hughly concentrated insulin, such as “U-80.” If the affected re
gions are avoided 1n subsequent treatment, the depressions afte
several months usually fill in spontaneously; occasionally the)
persist for years.

Insulin allergy.—Allergic reactions to insulin have been 1
ported from The Mayo Clinic by Allan and Scherer. Thret
types were described. The first is encountered frequently. I
consists only of a mld inflammation at the site of mjection, which
reaclhes tts maximal severtty in from twelve to twenty-four hoEm
and subsides in from one to three days. The duficulty persits
for the first few weeks of treatment; the patient then appar:mly
becomes desensttized spontaneously.

The second type of reaction also is local but more severe The
mflammaton develops more quickly after each injection, Tasts
longer, and is associated with so much pain that remedial measures
become necessary. In these cases relief sometimes can be ob
tamed by changing to another brand of insulin. Insulin from
beef pancreas frequently 1s tolerated, when that made from the
pancreas of hogs is not, and vice versa. Solution of erystallin
insulm is sometimes tolerated. Desensitization can be EEE‘"d'
either by giving multiple, graduated doses of jnsulin tself, or by
repeated injections of histamine, as suggested by Collens, Lemt;
and Fialka. In The Mayo Glinic, as described by Roth 2
Ry we give hi phosphate in doses of 0.05 I8 twace

®Joshin has wnitten that occasionally the atrophic regions 3¢ remote :L;'"x'
enal centumeters from the site of injection, and that they have even O

places where any connection with the local injection is exduded, but _rs

scen neither. No one has saushctorily explained insulin awophy A PEC

Blotner {1938) contamns a very complete review of the varions theonics btu otk

and the report of a case of local Ext atrophy, which eccurred in 2 nondsa e
rson Who 100k 1nsulin for only three weels o gain weight. ‘The 25D

aas noted four or five months Luter remained stationary for fwo and. P

except dunng 2 pregnancs when it appearsd more marked. Sepsatien

jshed over the region of the atrophy. .
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been no other symptoms, the skin alone being affected. The
patients previously had taken unmodified insulin without difi
culty and their urticaria disappeared when unmodified insulin
again was used alone.

Encouraging results have been obtained in the treatment of
allergy to insulin by the oral admunistration of histaminase. The
procedure 1s described by Roth and Rynearson. The preparations
of histaminase as yet avatlable vary considerably in potency so that
uregular results are obtained The dose is from 6 to 8 tablets a
day.

Insulin edema—~When a patient with severe diabetes has re-
ccived no treatment or very inadequate treatment and has become
cachectic, starting of treatment, particularly with insulin, is ac
companied not unc ly by generalized edema. After the
nutritional state of such a patient has improved, the edema dis
appears spontaneously. In extreme cases the condition may be
sufficiently serious to necessitate special treatment. Withdrawal
of salt from the diet and 1ntravenous admunistration of solution of
calcium lactate 1s effective. The abnormality apparently is at-
tributable to sudden withdrawal of molecules of glucose from the
crrculating fluids.2© 3

Insulin presbyopra —Another effect of rapidly diminishing the
concentration of dextrose in the fluids of the body, and thereby
altering the water balance, 1s the development of transitory pres-
byopia Near vision 1s disturbed and, depending on the degree
of this, as well as on the original refraction, “plus” glasses arc
needed to bring near objects and the printed page into focus
The mechanism of this is not entirely clear, other than that the
prmapal structure of the eye to be affected is the lens. A case w2
cited by Grafe i which the patient previously had suffered r¢-
monal of the lens of one eye. When treatment for z.iiabclcs was
begun, vision was disturbed only mn the eye in whxch.the lens
remained. Apparently the lens loses its normal elasticity .whe'n
an excessive concentration of sugar in the circulating fuids is
rapidly reduced. This disturbance of viston is much maf;
marked in individuals who are approaching the age of nﬂ;::]

» \be next as snsubin pres
e g e e
P!

f dia
whatever means this 1s both were
betic treatment before insulin was discovered.
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been no other symptoms, the skin alone being affected. Th
patients previously had taken unmodified insulin without diff
culty and their urticaria disappeared when unmodified insuln
again was used alone.

Encouraging results have been obtained in the treatment o
allergy to insulin by the oral administration of histaminase. Th
procedure 15 described by Roth and Rynearson. The preparation
of histami. as yet available vary iderably in potency 5o tha
nregular results are obtained. The dose is from 6 to 8 tablets:
day.

Insulin edema.—When a patient with severe diabetes has re
ceived no treatment or very inadequate treatment and fas becomn:
cachectic, starting of treatment, particularly with insulin, is a
companied not uncommonly by generalized edema  After t
nutritional state of such a patient has improved, the edema dis
appears spontaneously, In extreme cases the condition may b
sufficiently serious to necessitate special treatment. Withdrana
of salt from the diet and intravenous administration of solution o
calcium lactate is effective, The abnormality apparently isat
tributable to sudden withdrawal of molecules of glucose from the
circulating fluids.®

Insulin presbyopra —Another effect of rapidly diminishing t
concentration of dextrose 1n the fluids of the body, and thereb)
altering the water balance, 1s the development of transitory pres
byopia. Near vision is disturbed and, depending on the degre
of this, as well as on the original refraction, “plus” glasses ar
needed to bring near objects and the printed page into focus
The mechanism of this is not entirely clear, other than that tht
principal structure of the eye to be affected is the lens. A case wa
cited by Grafe n which the patient previously had suffered re
moval of the lens of one eye. When treatment for diabetes W&
begun, vision was distarbed only in the eye ta which the lent
remained.  Apparently the lens loses its normal elasticity }vhe.n
an eeessive concentration of sugar in the orculating fuids i
rapudly reduced. This disturbance of vision js much mort
marked in individuals who are approaching the age of n.1mﬁ§|

* Thus temporary abnormality and what I describe next as wmsulia mcsh)“r:“
are improperly named  Noth depend on rapid correction of ”"‘"""“":;}x.;

v

whatever means this is both were
betic treatment before insulin was discovered
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been no other symptoms, the skin alone being affected, The
pauents previously had taken unmodified insulin without diff
culty and their urticaria disappeared when unmedified insoln
again was used alone.

Encouraging results have been obtained in the treatment of
allergy to insulin by the oral administration of histaminase. The
procedure is described by Roth and Rynearson. The preparations
of histaminase as yet available vary considerably in potency so that
wrregular results are obtained. The dose is from 6 to § tabletsa
day.

Insulin edema.~When a patient with severe diabetes has e
ceived no treatment or very inadequate treatment and has become
cachectic, starting of treatment, particularly with insulin, is 2
companied not uncommonly by generalized edema. After the
nutritional state of such a patient has improved, the edem2 dis
appears spontaneously. In extreme cases the condiuor} may be
sufficiently serious to necessitate special treatment. Wuhd.mwnl
of salt from the diet and intravenous administration of squu?n of
calcium lactate is effective. The abnormality apparenlIY isat
tributable to sudden withdrawal of molecules of glucose from e
arculating fluids.?®

Insulim presbyopia —Another effect of rapidly
concentration of dextrose in the fluids of the bo X
altering the water balance, 1s the development of trans!
byopia Near vision 1s disturbed and, depending on the degree
of this, as well as on the original refraction, “plus” _gl‘m“ ar:
needed to bring near objects and the printed page into foc;
The mechanism of this is not entirely clear, other than that ;
principal structure of the eye to be affected is the lens. A ms;\\“.
caited by Grafe in which the patient previously had {uﬂcrc -
moval of the lens of one eye. When treatment for (_ilabet:S)‘ .
begun, vision was disturbed only in the eye in whlc.h.thc hcm
remamed. Apparently the lens loses its normal elasticity ‘:15 .
an excessive concentration of sugar in the circulating Aui "
rapudly reduced This disturbance of vision is much m‘;,
marked 1n individuals who are approaching the age of matt

asulin
This temporaty abnormality and what 1 desenibe next a5 fusulin PF T,
arc impropesly nimed Toth depend on rapid corfection of bypetE TG,
whatever means this 1 accomplished, both were recognized complt
betic treatment before insulin was discovered

diminishing the
dy, and thereby
tory pres
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patients with unusually unstable blood sugar levels in treating
whom everybody with experience in diabetes has run into diffi-
culttes. Woodyatt has labeled them “brittle cases.” The patient
passes rapidly from the condition of hyperglycema—even with
acidosis—to hypoglycemia, and back again  Such patients require
most careful management and with them severe reactions can be
prevented only by accepting some degree of undertreatment and
carefully avoiding aglycosuric urine. The condition 1n some cases
seems to be attributable to instability of the nervous
system  The patient behaves as 1f the glycogen of his hver
thythmcally, but not with any regulanty, was released exces-
sively and then bound too tightly.

The symptoms of msulin reactions.~In his famous “Treat-
ment of diabetes mellitus,” Joslin has a paragraph the substance of
which should be held in mind by every doctor or patient con-
cerned with diabetes, It 1s this

“When a diabetic child becomes quiet, lacks nterest and is
unnaturally good; when an adult diabetic acts ambicionless, de-
pressed and morose, or an elderly man or woman weak and faint,
I wonder if their blood sugar has fallen below normal. Very
likely they are hungry, but do not know 1t. If the occaston 1s
some hours after meals, particularly if they have had an active
pertod of exercise and I learn that they took thetr usual dose of
nsulin and, in haste, ate less than usual, I feel reasonably sure my
guess is correct; and the surmise changes to certamnty 1f I find a
tremor of the hands with moisture n the palms and a few beads
of sweat on the forehead. Diabetics m such a condition respond
to questions like and how give the
that soon they may become unconscious, or quite the reverse, be-
come emotionally unstable ”

The early symptoms of reaction to unmodified nsulin are
hunger, weakness, sweating, trembling and apprehenston  These
symptoms are less apparent when reactions follow protarmne-zinc

WeRrvAna dceeston o B3 o P el b e asaan

and cortex n antagomining 1nsuhm, since the removal of the medullary portion
alone only doubled the 1nsulin sensitivaty, whereas removal of the entre gland
increased 1t twenty-four tmes
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the blood pressure, though more variable than normal and fre
quently somewhat Iow, never falls to the level assoctated witl
other types of shock. It would seem preferable to refer to thi
condition as “insulin collapse.” Another point of differentiatior
between ‘insulin collapse’ and the shock state is in the oxygen
saturation of the blood. In severe traumatic shock, for example,
the venous blood frequently has a very low saturation. We have
found, however, that the oxygen saturation of arm vein blood
1 insulin collapse is high and even approaches the arterial level
In two cases the values before insulin were 62 and 76 per cent
saturation; during the height of the reaction the values were 79
and 84 per cent saturation.” .
Causes of wnsulin reaction.—Reactions from insulin occur if
the blood sugar is rapidly lowered to pathologic levels, or irrespec-
tive of the speed of lowering, if a sufficiently low level is reached !
Errors in treatment commonly responsible for reactionf are the
followmg* (1) error in filling the syringe and thus injecting more
tnsulin than is intended, (2) irregularity in taking of food, post
ponement of meals, missing a meal, eating it incompletely, or
vomiting part or all of the food, (3) taking more exercise than
usual, (4) making repeated injections into the same Sit.e' and (5)
overemphasis, especially when protamine-zing insulin is used, of
the importance of having continuously sugar-free urir{& ¢
The general nutrition of the patient affects the likelthood o
reactions and their severity. Cachectic individuals are prone to
develop them, partly because of inadequate reserves of bCPf‘l":
glycogen, also because, in undernutrition, a small dose of insu 1
is more active, unit for unit Patients hypersensitive to msu]l(l"
from insuffictency of the pituitary, adrenal or thyroid gland I ‘;
wise must be treated carefully.’? In addition, there is 2 g“’“P‘;
“Blood sugar levels as high as oloo gm per 100 cC. D(Gsmn;lely‘:;:;xd
accompanied by symptoms Values less than coso gm rarely an 4 moch de
without symptors, although notable exceptions are encountered an case of
pends on the rate at which the level of blood sugar has fallen ‘Thus, i 3 i
puaustary cachexia, the result of 2 chromophobe tumor of the pnumry’.ﬂn period
sugar ranged around oogo gm per 100 c¢ ‘The highest value de':":‘g:,, ufm ere
OF observation was 2965 gm per soo cc. the Jowest 010, ¥ o of :wﬂ'
é{‘,ffm;f: (Wilder, In:ema: Clin, 1936). Also, as will be mentioned -dpr?s- ﬂg}‘:
glycenua mduced by the slow action of protamme zinc msulin frequently

tomless, or nearly so B convulsions
Swann and Fitzgerald found the smallest dose of insulin causing o

weights
in twenty-three normal rats to average 2.z units per kilogram of body wesg!
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a state of acidosis to one of hypoglycemia, and thé urine then 1s
deceptive. Another index is the state of dryness of the skin and
mucous membranes. They are moist in nsulin reaction, untess
the patient has been in acidosis recently, they are dry, usnaily
sery dry, in diabetic coma

Prognosis in tsulin reaction —No pauent has died directly of
an insulin reaction tn our hospitals, but one patient, returning
from the operating room, received accidentally an excessive dose
of insuln, lost consciousness and possibly 1n consequence acquired
fatal bronchopneumonia. An 1llustrative fatality occurred 1n a
nearby town, as a result of overtreatment of diabetic acidosis
achild. We were summoned in consultation, but arrived too late
The child had been given an ampule of insuln (400 umts) ; she
had regained consciousness and then lapsed agan nto uncon-
scrousness, which had been mstaken for diabetic coma and had
been treated with another ampule of msulin A number of other
tragedies sumilar to the one mentioned have been only just averted
The occurrence 1n a few cases of wrreversible cerebral damage from
hypoglycemta, owing to oversupply of insulin, will receive spectal
consideration 1n Chapter XXIV.

Prevention of msubn reactions.—By regulating the intake of
food as well as the amount of exercise, so that both will be nearly
the same from day to day, and by care to avoid excesstve doses
of insulin, reactions can be avoided When diet and exercise
vary widely from one day to the next, the difficulty of estimating
correctly the amounts of insulin required becomes almost msup
erable, Patients n hospital are less active than at home Qute
commonly when well-regulated patients make a return vistt to
the hosputal for re-examination, doses of insulm that at home
sufficed for control prove madequate. By the same token, when
Patients leave the hospital for their homes, where their acuvities
are increased, the amounts of wsulin required dimimsh It is
important to instruct them accordingly It is rmportant also to
advise all diabetic patents that when unusual exercise 1s under-
taken, such as a round of golf ar a game of tenuis, a loaf of sugar
should be eaten before and afterward.

Patients should learn to recogmze the early symptoms of re
action and when these develop to take the antudote—sugzar, Hard
candies which can be purchased in every drugstore in handy pack-
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msulin, being replaced by drowsiness, headache, nausea, pares
thesia and blurring of vision. Later symptoms, after any type of
insulin, include diplopia, disorientation, loss of memory, emo
tional instability and finally, loss of consciousness, with or without
convulsions. Before consciousness is gone, a stage of excitement
may be entered, in which the patient is negativistic, hysterical
delirious or violent. A retrograde amnesia inevitably accompanics
severe attacks, the patient having no recollection after recovery
of anything that has happened, although he may have carried on
a fairly intelligent conversation during the early stages of the
attack, .

Reactions to overdoses of protaminezinc insulin when this is
mjected once daily usually occur in the early mormng, those to
unmodified insulin develop within a few hours of the time of an
njection.

Diagnoss of msulin veaction—~The finding of dilated .pu].:ﬂhv
firm eyeballs, pallor, wet skin, normal or diminished respiration,
normal or elevated blood pressure, normal or full :md‘ bounfimg
pulses and overactive tendon reflexes (positive Bab.inskx reaguqﬂ)
completes the picture of the hypoglycemic reaction. It is dlm
portant not to mistake unconsciousness caused by insulin for IJS
bettc coma. The consequence of giving insulin when suG”d’c
needed may be disastrous. The distinction usually can be rx;il!
by the patient's breathing. Before consciousness has been fsr;
the patient 1 insulin reaction usually behaves Itke 2 drur}x{:"
sailor, resisting assistance, talking boisterously 'and breathi z
nousily and irregularly. Before coma from acidosis the PJ“C;I‘; n’”
drowsy and slow to tespond, but never resistant. His brcalco;
is mcreased in depth but is regular and not noisy. Afm'l :
sciousness is lost 1n insulin coma, the breathing almost a:;:z:
is very light and very shallow, whereas in diabetic com?1 'lt : e
always 15 deeper than normal, resembling the breathing ded
runner at the fimsh of a race. The physician also may be ga“c Jion
by the tendon reflexes. They are overactive in insulin ::sed o
(a positive Babinski reflex is usually obtained) and dfc:eﬁc act
diabetic coma. The presence of sugar and even of dia er s
10 the urine must be evaluated cautiously, unless the Shzing the
been emptied thirty minutes or an hour before co ?zkl trom
spectmen for examination, Patients may pass rather quichy
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the blood sugar level. If epinephrine also is not lable and
the patient cannot swallow, 200 c.c. of a 20 per cent solution of
corn syrup, honey or molasses, or in the absence of these, of cane
sugar, may be given by stomach tube There is some doubt about
the absorbability of dextrose admimstered rectally. Lacking fa-
alities for any of these means of ad ing sugar, a p

ful of powdered or granulated table sugar should be placed in the
mouth between the cheeks and the teeth. As it dissolves some
will be inverted, yielding dextrose and fructose, and 1f the ad-
ministration is repeated, enough dextrose ultimately will be
obtained.1s

The importance of correct diagnosis between msulin reaction
and diabetic coma has been emphasized. In cases in which doubt
remains it is umwise to postpone treatment, even until a report of
the blood sugar can be received. Under such circumstances, 1
would give dextrose intravenously in a dose of 50 gm., and at the
same time administer 20 units of insulin hypodermically. If nec-
essary, I would repeat the injection of glucose an hour later and
with it give another 10 units of insultn By then the diagnoss
surely ought to be evident.

Reactions after protamine-unc wnsulin—The fact was men-
tioned that when hypoglycemia is produced very gradually, as
occurs after injections of protamine-zinc insulin, 1t usually 15 not
attended by the stormy symptoms charactenstic of reactions to
urmodified jnsulin. The phenomena of hypoglycemia, which
have been attributed to protective mobilization of epimephrine,
are less pronounced or entirely absent, and their place 1s taken
by symptoms of cerebral orgin, such as lassitude, headache, nausea
and paresthesia. However, even with protamine-zinc insulin mus-
cular exercise is likely to precipitate tremor, tachycardia and ap
prehension, and under any circumstances, as the reaction proceeds

™ Cane sugar, whech is valueless 1f gaven sntrasenously or by rectum, is hydro
Iyzed by salva or gastric juices yrelding dextrose and fructose Therefore, althongh
tess prompily effective than dextrose, it can be used for oral or mtragastric admin-
raton Joshn has scen no harm result from solutions of sugar introduced through

10 temunate the period of unconsciousness has been to admuinister 500 €¢_of 30
PEr cent 2gueous solution of cane sugar by means of 2 small stomach tube  (Rosen
berg and co-workers )



104 CLINICAL DIABETES MELLITUS

ages are useful for this purpose. A package of them, or sugar iv
one form or another, should always be carried on the person, and
10 gm. of sugar, or the equivalent in candy, should be placed 1
the mouth when the first symptoms appear and every half hour,
or oftener, afterward so long as the symptoms persist.
1dentification card.—The behavior of patients in severe msulin
reaction has led, not infrequently, to the suspicion of intoxication
with alcohol. For this reason it is rather important for diabetic
pattents using insulin to be cautious about taking alcoholic drmk§
Unusual behavior, plus an alcoholic breath, may result in 2 visit
to the police station, or worse. Furthermore, every diabetic
should carry on his person an identification card, containing it
essence the following information:
I have not been dnnking. .
I have diabetes, and if found unconscious or behaving
abnormally, my condition probably is the result of
an overdose of insulin, B
The anudote is sugar Place sugar or candy in my
mouth, If it fails to restore me in 15 minutes, call
my physictan or send me immediately to 2 hospital
Mynameis — —
My address 48 o ——
My physician’s name is _—__——————
His address §§ — v oo
His telephone number fs —— —————

. . . .
Treatment of severe wnsulin reactions.—The antidote for 2
lucose) . The dose &

insulin reaction 1s the sugar, dextrose (d-gl o Hon
quired is small, even with severe reactions, and the administra lm
of excessive amounts of sugar is to be avoided. Dextrose, ngs
50 gm., given by vemn, usually suffices to restore C""‘f“f“ o
within a few minutes, but afterward 10 or 20 gm. admxmsterfm
orally at half hourly intervals until the next meal, or at lcastvm
two or three hours, may be necessary to prevent returnt O_f 5311“1‘:
toms. Physicrans, in this day of much medication with ";:nior;
ought always to carry one or two amptiles of 50 Per cent so effec:
of dextrose, 50 as to be prepared to meet these cmergmm:ﬁdm!
tively and quickly. If such solution is not on hand, :'um gl
consciousness frequently can be restored so that the Pal“u‘an o
take sugar by mouth, if 0.5 to 1.0 C.C. of 1 to 1000 50;li i
inephrine is injected sub ly. The efiect of this

b B ily to restort
liberate dextrose from the liver, and thus temporarily
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diplopia appears and the patient becomes disoriented and

fused. Two of our patients who after injections of protan
zinc insulin were confined to bed and fasting for many hours
not lose consciousness but, by the fifty-second hour, one of ¢
patients became restless and irrational; his pupils dilated and
tendon reflexes were exaggerated (Wilder, 1937). In ano
patient who was taking only 20 units of protamine-zinc ms
daily, confusion, associated with nausea and headache, develo
and the patient remained in this condition for a week before
cause of this disturbance was recognized.

Long-continued hypoglycemia such as that described is
unattended with risk. When protamine-zinc insulin was give
dogs in sufficient doses to maintain Jong-continued but sympt
less hypoglycemia, my colleague, Dr. Bollman, observed fatal ¢
vulsions. They occurred when, after hypoglycemia had b
present for from fifty to sixty hours, he administered dextrox
restore the blood sugar level. The brains of these animals ¥
peppered with petechial hemorrhages.* Patients fortunately
more tolerant. I have been informed of only one death atts
utable to protamine-zine insulin, although numerous instances
overdosage have been encountered 5

Treatment of severe reactions following protaminc-zmc insu
must be continued for a considerably longer time than \351131])
necessary in reaction to unmodified insulin. Recovery Is slos
and relapse into a delirious or disoriented condition is 111.<€1Y
occur unless close supervision is maintained and the administ
tions of sugar are repeated for many hours.
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CHAPTER VII

DIET THERAPY IN DIABETES
DIETS OF THE PAST

It is of practical as well as historical interest 1o review the
dietary procedutes which antedate the discovery of insulm. The
theories on which they were based, many of them sound in princi-
ple when insulin was lable, may have infl d subseq
policy more than should have been permutted. This especially
applies to the theory of undernutritton. For a more detaled his-
tory of diabetic drets and a bibliography which includes the refer-
ences to the contributions of the earlier authors cited in the
following brief account, the reader 1s referred to the monograph
of Allen, Stiliman and Fitz

Systematic dieting for diabetes began 1n 1796, when a surgeon
general of the English army, John Rollo, attributed benefit 1n a
case of moderate diabetes to a diet consisting almost exclusively
of animal food This procedure was adhered to in principle for
the next 100 years. The value of green vegetables was recognized
between 1840 and 1850 by Bouchardat, who also introduced the
practice of boiling vegetables and throwing away the water to
diminish the quantity of starch when necessary It was Bouchar-
dat who first devised 2 gluten bread  Thus was followed by the
bran bread of Prout, Pavy's almond bread and sumilar products
much abused 1n later years. It was Bouchardat who originated
fast days. He had noted the disappearance of glycosuria 1n some
of his cases during the enforced deprivations of the siege of Paris

Cantani in 1880 again pushed to extremes the practice of car-
bohydrate privation, and allowed his patients no food at all but
meat and fat. He resorted to fast days to clear the urine of sugar
and was the first to insist that sugar-free unine was obtainable and
desirable., Bouchardat, Cantani and others, but espeaally
Naunyn, after 18go, came to recognze the harmfulness of an ex-
Cessive meat (protein) allowance.

A number of authorities proclaimed the virtues of individual
foodstuffs  One of the earliest food “cures” was the “milk cure”

109
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was found in the urme. Allen wrote that his experiments were
begun “with a view to the possibility that diabetes 1s a disorder
of the total metabolism, and not of carbohydrate utilization alone,
that the entire diet and maintenance of the entire body mass
constitute a load upon the mnternal function of the pancreas, and
that accordingly in the treatment of diabetes increase of diet and
of body weight increases the strain upon this function, and reduc-
ton of the total diet and weight relieves this strain more effec-
tively and permanently than reduction of carbohydrate alone ™
Emphasis thus was placed by Allen both on continuous freedom
from glycosunia and on keeping the body weight well below the
normal weight of the given individual. The advantage of main
taming the urine sugar free had been recognized by many other
investigators, but to mantain 1t so was considered 1mpossible in
severe cases without danger from acidosis, the obvious desirability
of preserving the body weight had prompted previous authorities
to supply food in excess of the patient’s tolerance To conduct
successfully the Allen treatment, 1t became necessary to measure
food with considerably greater precision than had been done be
fore, tables of food values assumed importance and special food
scales were introduced. The thrice cooking of vegetables, with
dxscardmg of water, was resorted to tn severe cases. The Allen
Tegtmen was widely adopted 1n American clinics between 1914
and 1922, Joshin has referred to this pertod as the “Allen Era”
The better clinical results were evidenced by appreciable pro
longation of the lies of patients and a diumimshed incidence of
deaths attributable to diabetic coma

Petrén, 1n 1920, treated severe diabetes successfully with diets
n which fat, prinaipally butter, supplied most of the calorzes, and
intake of both protein and carbohydrate was ngidly restricted
His procedure was based primarnily on the observation of Naunyn
that excess of protein depressed the tolerance. Petrén demon
Strated that nitrogen equilibrium was maintained and thus that
the protein-sparing effect of fat was comparable to that of carbo-
Dydrate, also that formation of ketone as well as glycosunia conld
be prevented if the calories were adequately supplied by fat

Ne\vhurgh and Marsh, 1n the same year as Petrén, arrmed
l"dependemly at the same conclusions. They adiocated diets
very low in carbohydrate and protein, with calories provided
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advocated by Donkin, who n 1863 gave skimmed asses’ milk as
an exclusive food, n an amount of 4 to 4 5 liters a day, Cow's
milk was preferred by later advocates of this treatment.

The earliest of the carbohydrate “cures” was the “rice cure’
in 1868 of von Diring. The “potato cure” of Mossé and the
“oatmeal cure” of von Noorden were introduced in 1goz. Other
similar “‘cures” followed, eventuating in the “mixed cereal cure”
described by Falta, in 1920.

The advocates of these high carbohydrate diets stated that
starches of various kinds were better tolerated when boiled than
when baked as breads and that starch was better tolerated when
given alone or only with fat. A great deal of individualizing was
necessary; dieting was a “trial and error” procedure, differing
greatly with each patient. The alternating of one diet with ar-
other was advised. The von Noorden diets were thus altcm.altd
according to the indications presented by the individual P:mcnt,‘
for example, six days of a standard, strict diet, with or wn!mut a
measured amount of white bread or its equivalent, depending ot
the case, followed by one day of a fat-poor, vegetable diet, or 2
fast day, another six days of the standard strict diet, then an oa}b
meal day. Occasionally several oatmeal days were ordered lg
successton, preceded usually by a day or days of a diet restricte
in carbohydrate, and followed by one or two fast days. 'I?le alter-
nation of diets was based on the theory that the glycogenic mec
anism of the liver was strained in one direction by one diet and
in another direction by another; the alternation was supp.ose‘}x:‘:
provide the opportunity for successively rehieving one strain 2
another, 5 o that di-

Guelpa, in 1913, proceeding from the point of view ¢ :; o
abetes depended on auto-intoxication, resort?d to loﬂge; l: ;
three days of fasting accompanied by purgation, followe 'Z .
milk day, then a vegetable day, and then 2 gradual returd oy
more liberal diet The process was repeated whe‘n m:ccsdmc
Allen, in 1914, based his similar but more systematic proce! e
on observations of benefit from fasting after subtotal mec;e:unv
tomy of dogs  Allen's method involved an initial period of zum;
of from one to ten days, or more, until the urine bcmlﬂ; mia!
free, then a gradual addition of vegetables and later of fru:} i'suﬂ'
and fat. Fast days were interposed whenever any trace '
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was found 1n the urine. Allen wrote that his expertments were
begun “with a view to the possibility that diabetes 15 a disorder
of the total metabolism, and not of carbohydrate utilization alone,
that the entire diet and maintenance of the entire body mass
constitute a load upon the internal function of the pancreas, and
that accordingly in the treatment of diabetes mcrease of diet and
of body weight increases the strain upon this function, and reduc-
tion of the total diet and weight relieves this stram more effec-
tively and permanently than reduction of carbohydrate alone.”
Emphasis thus was placed by Allen both on continuous freedom
from glycosuria and on Leeping the body weight well below the
normal weight of the given individual. The advantage of main
tamng the urine sugar free had been recognized by many other
wvestigators, but to maintain 1t so was considered 1mpossible
severe cases without danger from acidosts; the obvious desirability
of preserving the body weight had prompted previous authorities
to supply food 1 excess of the patient’s tolerance To conduct
successfully the Allen treatment, 1t became necessary to measure
food with considerably greater precision than had been done be-
fore, tables of food values assumed mmnportance and special food
scales were introduced The thrice cooking of vegetables, with
dxsmrdmg of water, was resorted to 1n severe cases. The Allen
Tegimen was widely adopted in Amencan clinics between 1914
and 1922, Joslin has referred to this period as the “Allen Era "
The better clinical results were evidenced by appreciable pro-
Jongation of the hives of patients and a diminished adence of
deaths attributable to diabetic coma.

Petrén, 1n 1920, treated severe diabetes successfully with diets
in which fat, prinapally butter, supplied most of the calories, and
intake of both proten and carbohydrate was ngidly restricted.
His procedure was based primanly on the observation of Naunyn
that excess of protein depressed the tolerance. Petrén demon-
strated that nitrogen equilibrium was mantained and thus that
the protein-sparing effect of fat was comparable to that of carbo-
hydrate, also that formation of ketone as well as glycosuria could
be prevented 1f the calories were adequately supplied by fat.

Newburgh and Marsh, in the same year as Petrén, arrived
independently at the same conclusions ~ They adsocated diets
very low in carbohydrate and protein, with calones provided
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mainly in fat. The important features of the methods of Petren
and Newburgh and Marsh were that they supplied more nearly
adequate calories and that they overcame the earlier fear that the
feeding of fat would precipitate dangerous acidosis. Accurate
measuring of the portions of food was demanded by the regimen
of Newburgh and Marsh, as was also adjustment of total caloies
to the metabolic requirements of the individual.

The discovery of insulin did away with the necessity of et
treme dietary restrictions, and thus overcame the principal short-
comng of all previous diets in which nutrnition was sacrificed,
perforce, to avoid more serious disaster, While many authorities
of today believe that moderate limiting of carbohydrate and pro-
tein is still deswrable, and others that the intake of fat and total
calories should be curtailed, the essential requisites to reasonably
effective management can now be met by diets that are palatable
and satisfactory, as well as requisite in all nutritional particulars

DIETS OF THE PRESENT

The newer knowledge of nutrition throws into rather painful
relief the inadequacies of the older diabetic diets. It is com-
pletely unpeasonable to suppose that diabetic patients nce'd fewer
calories, or less calcium, or less of any of the several vitamins than
well men, and yet so heavy on us lies the hand of a past, when
diabetic patients had to starve to ltve, that few physxciur.ls have
had the tementy to depart enurely from practices involving the
principle of undernutrition.  Fortunately, few patients ever ad]
here ngidly to inadequate diets. Natural cravings for essenti
nutrients are difficult to resist. The blame for broken diets mor
often is the physictan’s for planming insufficient diets than !fie
patient’s for refusing to follow a diet which provides imadequate ¥
for his maintenance.

The requirements for the adequate nutrition of n g
and children, applicable with no less force in diabetes, ar¢ gl\fr.
as follows 1n a publication of the Counal on Foods of the Ame!
ican Medical Association.

ormal men

ed
Requirements for adequate nutntion (Council on Faud:,( Amencar ’e'"x "
tcal Association) —The standard datly allowance for a man of avemsg B0
(about 154 pounds [63g kg]) and doing 2 moderate am;ﬂn > of pro-
work 15 23 follows: protein, jo gm, calones, about 3,000 (the 70 E™
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poned, and normal bodily and mental vigor are promoted. But
how many physicians adhere to these principles? A few years ago
I secured, from four large diabetic clinics, diet prescriptions for
a hypothetical male patient, 2 white-collar worker forty years of
age, 5 feet, 5 inches (165 cm.) in height and of standard weight.
The calories ranged from 1,780 to 2,280. Obviously if the clinic
prescribing the largest number of calories was right, the othe
prescriptions were deficient? Deficiency in calories is not the
only shortcoming of low calorie diets. Unless unusual precau
tions are taken in planning menus, other nutnitional factors wilt
be low, so that a low level of calories generally means semi
starvation in such items as calcium and one or more of the
vitamins.

My experience teaches that normal nutrition cannot possibly
be mamntained in a moderately active individual with fewer cal-
ories than are represented by the sum of those demanded to pro-
vide for the basal metabolism (“basal” calories) plus a quotz AfOl'
activity equal to one-half of the basal calories. The conclusion
depends partly on many thousands of observations of intelligent
diabetic patients who were fully mnstructed, weighed their foods
and adhered faithfully to their diets. Partly 1t is based on ml.cu'
latrons of the number of calories derivable from the fat lost during
periods of supervised weight reduction in cases of obesity. The
standard dietary procedure m the Section of Metabolic Therapy
of The Mayo Clinic was planned from this experience. In what
follows in this chapter it will first be described. Other types of
diet planning will be considered later.

STANDARD DIABETIC DIETS, SECTION OF METABOLIC
THERAPY, THE MAYO CLINIC

Idness satis

£ sweetened

re-

Among adult patients with diabetes of proved mi
factory control can be obtained merely by avoidance o

foods, together with enough restriction of starch and fat to P!
* Joshin wrote that few adult paticnts need more than so clones l;;‘er‘ksx‘l;ﬁz“‘ﬂ
of weight m twenty four hours (z1o0 caloes for 154 pounds), but that st &7
allowance 15 inadequate 1n most eases 1s suggested by his Subscq': “hen he G068
namely" “In computing the caloties which are to be given a patient Whev, 10 L
home, one should always have this point in mund that the chances are S eriE 7
that the diet will be enriched, often mnacendy with fat, rather X' a;;: rotinetly
and consequently the calonies of a given duet in the hospital, as 3 rule,

less than the actual calories which such a diet in the home represen’
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provide the calories demanded and adequately supply protemns,
vitamins and salts, This step is sumplified by a series of skeleton
diets (see Appendix). The selection of the appropriate one is
made according to the calories demanded. The amount of butter
or butter equivalent which appears after the number of calones,
when added to the foods in the skeleton, completes the diet. The
skeleton diets differ for men, women and children to meet the
different food habuts of the sexes and to provide the special re-
quirements of childhood. They are all constituted, however, of
specified amounts of vegetables, fruit, cereal, bread, cream, milk,
eggs and meat. The use of graham (whole wheat) bread is advo-
cated because of 1ts content of the vitamin B complex.

The third step is the planning of menus. The three principal
meals usually are made to contain equal proportions of the total
amount of carbohydrate, protein and fat for the day, but some
freedom 1s permutted and in some cases, particularly when
protamine-zinc insulin is used, better control of glycosuria may
be obtainable by dividing the quota for the day into four or five
meals  Finally, to prevent monotony, appropriate subslituuor}s
are permitted for the items of food named in the diet. For this
purpose an extenstve Iist of equivalents is supplied, including 2
considerable number of recipes (see Chapter VIII).

The use of special foodst is discouraged, with one exception.
So-called water-packed or juice-packed fruits are used in prefer-
ence to the ordinary canned products, because the latter contain
a widely variable amount of added sugar—from 2o to 5o per cent
Dried fruits are omitted for the same reason.

¢ A large number of special foods designed for use 1 dicts restricted tn devtroe
formers are on the market The availability of 1nsulin makes them no longer o 1
essary for the treatment of diabetes and, with the exception of water-packed et
Juice-packed frusts, none 13 recommended Usually they are expensive; many of
them, furthermore, although low 1n carhohydrate, contain relatively large amoubm
of protemn and thus provide 1 metabolism an amount of dextrose which 13 but
Lle less than that contained in ordinary bread  Among special products e
by the Council on Toods of the American Medical Association are canned, uater
packed vegetables, canned - s
Juice, gelatin dessert powd
fast cereal and Rour and } .
Inda gum and mmneral ol = o
and carriers of butter and L. : -
spectal purpose foods must state the approximate protein, f2t and a;bohg:; “;b
tent for acceptance by the Counal Detailed information about them Ot many
tained from the Counall office and information regarding the compositio ‘Connecur
other commercial diabetic foods 15 given in Bulletins 220 and 236 of the
cur Agnicultural Experiment Station, New Haven, Connecticut.
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wesghs 120 pounds (545 kg). The standard weight for 2 man of tus age
and hcllght 1s looked for in the “Height, weight, age tables” of the Medico-
Actuarial Investigation (see Appendix). It 1s 152 pounds (691 kg).! The
patient weighs only 120 pounds, but he is of average body build; therefore
the standard weight for him 1s considered ideal and with a et planned to
lgee: the requirements of 152 pounds he ought gradually to gain to this
1deal.

Turnmg to the food the point rep ing 152 pounds
(691 kg.) is located on scale I and the point representing 5 feet 8 mches
(68 inches) on scale II. The two points are connected with a straightedge
{ruler) and the point where this edge crosses scale III is noted. Itisat18
This value, which is not of immediate concern, represents the surface area
of the individual in square meters. Next the point on scale IV whch cor
responds to the pauent’s age and sex s located and connected by means of
the straightedge with the point previously found on scale IIL The edge
now crosses scale V at 2 point representing 1,750 calories Thus is the num-
ber of calories necessary to maintain the basal metabolism of thrs patient
for twenty-four hours It also represents the food energy required by hum
at rest mn bed

The patient is 2 white-collar worker, therefore to provide the extra cal
ories needed for muscular activity these “basal” calones are augmented by
50 per cent (sce p 115) The pownt, + go, 15 spotted on scale VI of the
food nomogram and the straightedge is placed to join the point previously
found on scale V, whereby the total calories of the food to be allowed can
be read on scale VI In this example they are 2,625

Next comes the selection of the standard dict (see Appendx) The cal
ories dearded on were 2,625; therefore diet IV for men, under which this
number appears, 1s chosen. It provides vegetables (of the group containing
3 per cent of carbohydrate), 400 gm ; fruit (of the group contaimmng 10 peF
cent carbohydrate), goo gm ; vegetables or fruits (of the groups of these con
taining 20 per cent carbohydrate), 100 gm; cereal, 20 gm; bread, 120 gm
cream (with 20 per cent butterfat), goo gm; milk, 200 gm; bacon, IS.K“‘}
eggs, 2z, meat, 125 gm, and butter or equivalent, 8o gm. The calorics of
the completed diet number 2,606 The grams of carbohydrate are 167, those
of proten 84 and those of fat 178

From these foods the menus of three or more meals are
planned as follows:

STANDARD DIE1 2,600 CALORIES

Breakfast

Gm.  Approximate measure
Fruit, 10 per cent, orange juice 100 % glass
Cereal, oatmeal, dry . 20 1 serving
Bread . e 2 small shees
Butter . 15 1% squares
Bacon 15 3 strips

K
100 3 cup

Egg
Cream (20 per cent butterfat)
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Dinner
\'tgelzble, 3 per cent, cabbage and green pepper
. 5o % cup
Vegeuble, 3 per cent, tomato 1o % aup
l-'nul. w0 per cent, peaches 100 ap
ead 40 2 small shces
V:gemb]e 20 p:r “cent, poma 100 1 smalt
Butter . . 2 2 squares
Mayonnasse . ....... . 15 1 tablespoon
Cream (20 per cent but 100 1 cup
Mk ., . w00 3 cup
Meat, zoast beef . 75 3 large serving
Supper
Vegetable, 3 per cent, lettuce. 50 % small head
Vegetable, 3 per cent, asparagus 150 ) large serving
Fruit, 10 per cent, strawhernies 00 1 cup
read 10 2 small slices
Butter 15 1% squares
Mayonnaise 15 1 tablespoon
Cream (z0 per cent butterfat) 100 % cup
Milk 100 4 cup
Meat, cold chucken . 50 1 serving

Funally, substucutions are arranged for each of the various items of this standard
diet 1 order to avord monotony (see Chapter VIIT)

REDUCTION DIETS

When a patient 1s grossly overweght, very great advantage
may attend an expeditious reduction of his body weight. There-
after, not infrequently the tolerance will have improved so much
that control will be possible merely by omitting sweets and sweet
ened foods—provided always that the body weight is not permtted
to increase again. In these cases we have used with advantage
the procedure of Evans and Strang  All food must be weighed
Satisfactory reduction of obesity rarely can be accomplished other-
wise. The diet is constructed of lean meats, greens and citrus
fruits 1o provzde only 580 calories and deficiency of vitamns and
calcium is avoided by prescribing dried brewers' yeast, thiamin,
a vitamin A concentrate and calcium phosphate 3

This diet has been followed for months by obese pauents, with
2 total loss of body weight of more than 100 pounds (45.4 Ag).
and whcn the supplementation prescribed has not been neglected

customary prescription calls for the daily addition of 1z tablets of  brewen®
"’“ “Wpled by the Council on Foods of the Amencan Medical Association, 1 Mg
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no ill effects have been observed, A sample menu is appended
Substitutions for the various food items of the diet are permitted
from the list of equivalents provided for the standard diabetic
diets (see Chapter VIII). No substitute is permitted for the
skimmed milk.

SaMPLE MENU For RebuctioN DiET; 585 CALORIES

Breakfast Gm
Fruit, 10 per cent, orange, shiced ., .
Bread, whole wheat . ., . .
One egg, soft boiled . C e e e

Dinner
Vegetable, 3 per cent, string beans. . . .
Vegetable, 5 per cent, lettuce, tomato and cucumber salzd
Fruit, 5 per cent, peaches . . v
Meat, broiled steak, lean, no vistble fat

Supper

Vegetable, 3 per cent, asparagus .
Vegetable, 3 per cent, celery hearts, radishes
Fruit, 5 per cent

Milk, skimmed . .

Meat, lamb chops, lean, no visible fat.

DIETS FOR PATIENTS WITH HYPERLIPEMIA

Abnormal elevation of the values for blood lipoids, not\\'ﬂl}"
standing many statements to the contrary, is not a characteristic
accompaniment of dabetes. The subject will receive ample con-
sideration later. A disturbance of fat metabolism exists, hoxvaCr:
in some cases of diabetes, as well as independently in patients
with no diabetes, and in this disturbance high values f.m' blw(:
lipoids are found. They are associated usuall}t with evidence i‘;
atheromatosis and frequently, but not always, wnh'x.amhomafolsed
For such cases a special diet is indicated which is r.lgxdly restrict X
in animal fat (see p. 339). Two diets illustrat}ve of Whafn‘:d
prescribe for these patients follow. The various items contal -
are susceptible of substitution according to the pn?ccd.ure rccon
mended for the standard diet, but in making su})sutuuons, atlco y
tion must be given to securing foods that contain no cholcstc:he-
lecithin, or other animal lipoid. The calories are ad.Just;d to e
requirement of the individual by adding or sublmcl"’gl m':‘m: "
allowances of vegetable oil. Such diets must be supplem

with a preparation of vitamin A.




DIET THERAPY IN DIABETES 121

Two Diers vor HYPERLIPEMIA

Diet1, Dietz,
gm g
Vegetables, § per cent . . 400 400
© Fru, 10 per cent. - . 200 200
Vegetables or fruits, 20 per cent » 100 200
Cereal {dr¥) o v o oo« . - . . g 0
Bread ... . . ve e e e ) 200
Muk, skimmed . Boo Goo
. . 2 whites 2 whites.
Meat, leant | . Y 100
ey .. .., . . %0 40
Sugar .. AN . S s )
Composiuon
Carbohydrates . . . . . . . ... 15 so1
Fat. . 17 26
Protein 55 79
Calonest 1y 54

* There should be no visible fat in the meat o fish used

1 For extra calories to meet the requirement of the individual, vegetable fat
is added as vegetable ol or products made only from vegetable oils, such as vege
table lards and vegetable margarines ANl provide approxsmately 8 clones per
Bram  These diets raust be supplemented with a preparation of vitamm A carrying
2 minimum of fish ol

DIETS FOR CHILDREN

It is of extraordinary importance to emphasize 1o patents that
the diets of children need readjustment not less frequently than
once each year. In several cases dwarfism has been due to failure
10 increase these diets in proportion to the increasing demands
of advancing age.

The food calories required for children are calculated with the
food nomogram from the 1deal weight, and the height, age and
e, a3 was described before for cases of adults. One exception is
made, When the height of the child is fess than the average
height for the given age and sex 1n the Baldwin-Wood tables (sce
Appendix) the average rather than the actual height is adopted
For example: The range of heights for a boy eight years of age is
given 1n this table as from 42 to 56 inches The mean height,
thus, is 49 inches and, F the patient js a boy eight years of age
and measures less than thus, 49 inches and not his actual height is
used in the calewlation, The weight used in the calculation
(romogramj is that which is given in the Baldwin-Wood tables
for the mean height. In the case of boys eight years old it is 55
pounds,
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The protein in the diet for undersized children is made 20
per cent greater than that shown in the standard diets. The addi
tional protein is given in the form of extra meat; the calories of
the addition are balanced by omitting an isocaloric amount of fat.

Diets for children who are not under average height are
planned on the basis of actual heights and ideal weights for their
heights.

OTHER TYPES OF DIET PLANNING

The amount of carbohydrate in the standard diets of the Sec:
tion on Metabolic Therapy of The Mayo Clinic varies from 121
to 167 gm., that of protein from 57 to 84; the fat—since fat is re
lied on to supply most of the calories—may amount to more than
200 gm. in some cases. In carbohydrate, therefore, these diets arc
neither very low nor very high; their content of fat is relatively
high.
gThe wisdom of including much fat in diabetic diets has been
challenged, and in a number of clinics diets restricted in .fa! are
preferred.  Joslin, whose diets are not appreciably richer in CH;
bohydrate than ours, holds the fat in them down by cantmu;d
adherence to the principle of undernutrition. Others have turrfk
to regimens providing much more carbohydrate. A few, like
Rabinowitch, have advocated diets containing even Iefs'fjat :h"’“
is included in the foods c d by nondiabetic ind S

The introduction of insulin in 1923 opened the way for c;r.l-
tinuous feeding of diets rich in carbohydrate; Sansum andb rl:
associates, independently, Geyelin (1926), Porges and Adlers nc s"{
and later Rabinowitch and others proceeded to take the f;: ;d
advantage of the opportunity. In some mnstances tr:or'e Slﬂcor:m‘
sugar have been ded than are ¢ d in a nor "
diet, and the claim has been made that the we]l:bcmg of P;"C o
was improved, that the incidence of tuberculosis and the ;:Ei&
of acidosis were diminished, and that the progress of 1 e
sclerosis was impeded. The diets advocated by Porges ?"‘d of fat
berg were rich in carbohydrate and in protein. A'ddltmnumb"
was said to affect the metabolism unfavorably even if the
of calories was not increased. ) .

The evidence that the welfare of patients is 1mPf_°V.‘d,bf§:?!
creasing diets in carbohydrate and protein zfn.d resmc:l:gupﬁng
not impressive. Our reasons in The Mayo Clinic for nof
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such diets are as follows: (1) Most patients are well satisfied
with our standard diets and have been less well satisfied when
the allowance of fat has been restricted, as demanded by the ad-
vocates of high carbohydrate diets Diets rigidly restricted in fat
not only are unpalatable; they also are inadequate or borderline
nutritionally. (2) Growth and development of the chuldren who
have followed our instruction have been satisfactory and the re-
sistance of both children and adults to infections and trauma® has
not suggested that our diets have been inadequate nutritionally.
(3) For reasons to be given later we have not been convinced that
higher fat feeding seriously decreases the life expectancy of pa-
tients who are adequately supplied wath insulin, or promotes the
development of arteriosclerosis.  {4) Use of high carbohydrate
diets did not simplify dietetic procedure; indeed, it seemed to us
to compli by itating more precision 1 the
measuring of amounts of food than otherwise was necessary.

Free diets —Other authors, particularly in Europe, have re-
ported impressively satisfactory results from “normal” or what
are designed as “free” diets, 1n which diet therapy 1s replaced
almost wholly by the substitution therapy of insulin. In the
Follow-up records of goo patients under treatment during a period
of ten years Geyelin (1935), who prescribed diets essentially
“free,” reported no serious difficulties with actdosis, no develop-
ment of tub losis and a low 1ncid of cardi ular disease
The pediatrists in Europe generally have adopted the free diet
which Stolte was first to recommend and, among those who have
Teported are Soderling, Erchlentz, Muller and Lichtenstein. The
last named wrote in an American journal. He had treated fifty
children; the diabetes of all of them was considered grave, in-
asmuch as in all of them coma or threat of coma had occurred
once or repeatedly. ‘The free diet had been used for a ume,
sarying from one-half to five years. Results had been excellent,
Intercurrent infections were overcome more easily and exerted
much less jnfluence on the metabolism than formerly when diets
were restricted. As a consequence, children who previously were

*The low mortality rates for diabetic patients subjected to operations in The
Mayo Clinic before 193{ have not been mzplachcd elsewlher:. or since then m The
Mayo Qiinic. " For the period from October, 1921 to October, 1932 indusive, in
Mhich duabete diets contained less catbohydrate and more fat than later, 1028
T2jor and 1058 minor surgcal procedures were performed with a total of sixty nne

€3hs. 2 moraliy rate of 33 per cent (Walters and asociates)
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chronically returning guests at the hospital, often several times
every year, could be cared for almost without exception outside
the hospital,

Is there, in fact, anything in the diabetic state to contrainde
cate 2 normal diet? I can think of three valid objections, but the
first of these, as Boyd has pointed out, is economic and not phys-
ologic. It 15 claimed by the advocates of high carbohydrate and
free diets that increasing the intake of carbohydrate frequently
does not necessitate larger doses of insulin. This, in my experi-
ence, is true in only a small proportion of cases; nevertheless
insulin now is so much less costly than it was that the disadvantage
of having to use more of 1t is disappearing. I agree with Boyd
that while economic conditions may necessitate a compromise,
such compromses should be the exception, not the rule, and that
the aim in nutrition should be, not indispensable minimums but
optimal standards.

My second objection to free diets also is a minor one. Geyelin
(1935) has pointed out that a normal diet is one in which the
proportions of catbohydrate, protein and fat are approximately
4:1:1 respectively, and it has been my experience, although not
his, that excretion of sugar after meals becomes excessive when
as much carbohydrate as this 15 taken. Wider fluctuation of blood
sugar levels results, and of the harmlessness of wide fluctuations
I am not convinced. .

My third objection is important. Free diets and diets in which
the proportions of carbohydrate, protein and fat are 4:171-€m
nent authorties agree that these proportions of the major food
factors are found n the average diets of so-called normal adults
and children in this country and Europe—containing, 2s they do,
Jarge amounts of starches and sugar, are frequently deficient of
borderline in their content of protective foods A completely
free selection of foods, under the unnatural conditions of msd““j‘
society, is hitely not to result in an optimal diet for anyonc, an

v . om hodge podge [0 30mE
i e b e e o te delcrons e o

s Lac 1 o

X of can no longer be
or for the many diseases resulting from dietiry

high inadence of malnutrition,
deficiencies  Yer few medical schools give or Tequire a
sketchy tnformaion 15 picked up incidentally by the medical nud:g:;m o
prehensive grasp of the subject 1s not wsured ” The quotattons arc
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there are good reasons for believing that the requirement for
certain of the vitaminy actually is increased by diabetes. Thus,
2 food mixture on which nondiabetic persons might “get by” may
be inadequate nutritionally for diabetic persons,

Therefore, although I am prepared to admit the desirability
of greater liberality in the dietotherapy of diabetes, as campared
with the practice of several years ago, 1 sull insist on dietary guid-
ance in all cases. The favorable nutritional results we have ob-
uined with our standard diets may be attributable to the large
amounts of protective foods which they have contained and, if
we turn to freer diets, we must continue to provide training of
patients 10 promote optimal as opposed to passable nutrition,
We have found that patients who have received full instruction
in our standard diabetic diet Jater can be allowed a free selection
of food with considerable success, but that untrained pauents do
badly on such free diets, The trained patient acguires satisfactory
food habits by following a planned diet for a year or two, and
these permit him to make wise selections of food when restrictions
fater are withdrawn. The untrained, undisciplined patient on an

" untestricted diet soon gets into trouble
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chronically returning guests at the hospital, often several trmes
every year, could be cared for almost without exception outside
the hospital.

Is there, in fact, anything in the diabetic state to contraind-
cate 2 normal diet? I can think of three valid objections, but the
first of these, as Boyd has pointed out, is economic and not phys-
ologic. It 15 claimed by the advocates of high carbohydrate and
free diets that increasing the intake of carbohydrate frequently
does not necessitate larger doses of insulin, This, in my experi-
ence, is true in only a small proportion of cases; nevertheles,
wmsulin now is so much less costly than it was that the disadvantage
of having to use more of it is disappearing. I agree with B?Yd
that while economic conditions may necessitate a compromise,
such compromises should be the exception, not the rule, and that
the aim 1n nutrition should be, not indispensable minimums but
optimal standards.

My second objection to free diets also is 2 minor one. (.}9)'51"‘
(1935) has pointed out that 2 normal diet is one in wh.l‘.'-h the
proportions of carbohydrate, protein and fat are approximately
4:1:1 respectively, and it has been my experience, a]tthUgh not
his, that excretion of sugar after meals becomes excessive when
as much carbohydrate as ths is taken. Wider fluctuation of blood
sugar levels results, and of the harmlessness of wide fluctuations
I am not convinced. i which

My third objection is important. Free diets and diets in W lci.
the proportions of carbohydrate, protein and fat are 4 ‘.”":"o'd
nent authorities agree that these proportions of the ma.l""dom
factors are found in the average diets of so-called normal a |:10
and children in this country and Europe—containing, as !{ICYL or’
large amounts of starches and sugar, are frequently deﬁc“]"my
borderline in their content of protective foods. . A COmPO:[ .
free selection of foods, under the unnatural condrtions of m’ :nd
society, 15 likely not to result in an optimal diet for anyone,
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there are good reasons for believing that the requirement for
certain of the vitamins actually is increased by diabetes Thus,
a food mixture on which nondiabetic persons might “get by” may
be inadequate nutritionally for diabetic persons.

Therefore, although I am prepared to admit the destrabulity
of greater liberality in the dietotherapy of diabetes, as compared
with the practice of several years ago, I stll insist on dietary gurd-
ance in all cases. The favorable nutritional results we have ob-
tained with our standard diets may be attributable to the Jarge
amounts of protective foods which they have contained and, if
we turn to freer diets, we must continue to provide traiming of
patients to promote optimal as opposed to passable nutntion.
We have found that patients who have received full instrucuon
in our standard diabetic diet later can be allowed a free selection
of food with considerable success, but that untrained pauents do
badly on such free diets. ‘The trained patient acquires satisfactory
food habits by following a planned diet for a year or two, and
these permit him to make wise selecttons of food when restrctions
later are withdrawn, The untrained, undisciplined patient on an
unrestricted diet soon gets into trouble
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chronically returning guests at the hospital, often several times
every year, could be cared for almost without exception outside
the hospital.

Is there, in fact, anything in the diabetic state to contramd:
cate a normal diet? I can think of three valid objections, but the
first of these, as Boyd has pointed out, is economic and not physt
ologic. 1t 15 claimed by the advocates of high carbohydrate and
free diets that increasing the intake of carbohydrate frequently
does not necessitate larger doses of insulin. This, in my experi
ence, is true in only a small proportion of cases; nevertheless
insulin now is so much less costly than it was that the disadvantage
of having to use more of it is disappearing. 1 agree with qud
that while economic conditions may necessitate a compromise,
such compromises should be the exception, not the rule, and that
the aim in nutrition should be, not mdispensable minimums but
optimal standards.

My second objection to free diets also is a minor one. (.;eyehﬂ
(1935) has ponted out that a normal diet is one m which the
proportions of carbohydrate, protein and fat are approxumately
4:1:1 respectively, and it has been my experience, alth?Ugh not
his, that excretion of sugar after meals becomes excessive whcs
as much carbohydrate as this is taken. Wider fluctuation of bI.OO
sugar levels results, and of the harmlessness of wide fluctuations
I am not convinced. i which

My third objection is important. Free diets and diets in wht .
the proportions of carbohydrate, protein and fat are 4: 1‘:1—-;!1‘d
nent authorities agree that these proportions of the major dmlJu
factors are found in the average diets of so-called normal a ‘;0
and children in this country and Europe—containing, as ‘{‘e)’[ u!’
large amounts of starches and sugar, are frequently deﬂcnclnmly
borderline in their content of protective foods. A :omI-’fi M
free selection of foods, under the unnatural cqndiuons of m‘: :;d
society, is likely not to result in an optimal diet for anyone,
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there are good reasons for believing that the requirement for
certain of the vitamins actually 1s increased by diabetes Thus,
2 food mixture on which nondiabetic persons might “get by” may
be inadeqguate nutritionally for diabetic persons.

Therefore, although I am prepared to admit the desirability
of greater liberality in the dietotherapy of diabetes, as compared
with the practice of several years ago, 1 sull insist on dietary guid-
ance in all cases. The favorable nutritional yesults we have ob-
wined with our standard diets may be attributable to the large
amounis of protective foods which they have contained and, if
we turn to freer diets, we must continue to pravide traiming of
patients to promote optimal as opposed to passable nutrition.
We have found that patients who have received full mstruction
in our standard diabetic diet later can be allowed a free selection
of food with considerable success, but that untrained patients do
badly on such free diets. The trained patient acquures satisfactory
food habits by following a planned diet for a year or two, and
these permit him to make wise selections of food when restrictions
later are withg; The ined disciplined patient on an

" unrestricted diet soon gets into trouble.
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chronically returning guests at the hospital, often several times
every year, could be cared for almost without exception outside
the hospital.

Is there, in fact, anything in the diabetic state to contramd:
cate 2 normal diet? I can think of three valid objections, but the
first of these, as Boyd has pointed out, is economic and not physi
ologic. It 1s claimed by the advocates of high carbohydrate and
free diets that increasng the intake of carbohydrate frequently
does not necessitate larger doses of insulin. This, in my experi
ence, is true in only a small proportion of cases; nevertheless,
insulin now is so much less costly than it was that the disadvantage
of having to use more of it is disappearing., I agree with Boyd
that while economic conditions may necessitate a compromise,
such compromises should be the exception, not the rule, and that
the aim in nutrition should be, not indispensable minimums but
optimal standards.

My second objection to free diets also is a minor one. Geyelin
(1935) has pornted out that a normal diet is one in wh.igh the
proportions of carbohydrate, protein and fat are approximately
43111 respectively, and it has been my experience, although not
his, that excretion of sugar after meals becomes excessive when
as much carbohydrate as this is taken. Wider fluctuation of bI.OOd
sugar levels results, and of the harmlessness of wide fluctuations
I am not convinced. L. il

My third objection is important. Free diets and diets in whxcl
the proportions of carbohydrate, protein and fat are 4"'”4111:1
nent authorities agree that these proportions of the major fmIJ
factors are found in the average drets of so-called normal ﬂd“‘i:
and children in this country and Europe—containing, as they or'
large amounts of starches and sugar, are frequently deficient "
borderline in their content of protective foods. A completely
free selection of foods, under the unnatural condittons of m(:dcr:il
society, is likely not to result in an optimal diet for anyone,” &
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there are good reasons for believing that the requi for
certain of the vitamins actually is increased by diabetes. Thus,
a food mixture on which nondiabetic persons might “get by” may
be inadequate nutntionally for diabetic persons.

Therefore, although I am prepared to admit the desirability
of greater liberality in the dietotherapy of diabetes, as compared
with the practice of several years ago, I stll insist on dietary guid-
ance in all cases The favorable nutritional results we have ob-
tamed with our standard diets may be attributable to the large
amounts of protective foods which they have contained and, 1f
we turn to freer diets, we must continue to provide training of
patients to promote optimal as opposed to passable nutrition
We have found that patients who have received full mnstruction
in our standard diabetic diet later can be allowed a free selection
of food with considerable success, but that untramned patients do
badly on such free diets The trained patient acquires satisfactory
food habits by following a planned diet for a year or two, and
these permit him to make wise selections of food when restrictions
later are withdrawn, The untramned, undisaplined pattent on an
unrestricted diet soon gets into trouble.
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Petfection Salad Gm.  Approximate measure
Lettuce ... . .. 20 2 or 3 leaves
Tomato juice P 50 Y, cup

Celery, cubed ., 113 3% cp

Cabbage, chopped . . . y Hoap

Vinegar . . . . . 14 teaspoon
Gelatin . ... . 34 teaspoon
Stuffed olives . . . 3 shees

Sale and pepper to taste,
Soak the gelatin 1 one tablespoon of cold water Add the boiling tomato
juce and allow to cool When it begins to thicken add the vegetables and chll

Frut Satad. Gm,  Approximate measure
Lettuce .. . .. . . 20 zorsgleavs
Fruit, 5 per cenz (any kmd) B . « .« 5o % cup
Pickled Beet Salad. Gm Approximate mezsure
Lettuce . . .. .+ .. 20 2 or 3 leaves
Pickled beets . ..... . 40 Y oup (ant)

Note Sugar must nut be uscd mn plckllng beer.s.
Raw Carrot Salad Gm. Approumate measure
Lettuce ... . . . PN . =0 2 or 3 leaves
Celery, cubed 0 ap
Raw caryot, grated . 30 Iep
Pineapple and Carrot Salad Gm,  Approximate mezsur
Lettuce .. . e R0 2 or g leaves
Pincapple, 3l . 15
Carrot, grated . . N 20 1 cup (seant)
Gelatn 14 teaspoon
Water, cold . .. 2 tablespoons
Water, bouling . . % cup
Shredded Lettuce and Orange Satad Gm.  Approvmale measure
Lettuce ... Ce e e .. = 2 or 3 leaves
Orange, cubed . . . . PR 11 % cup

In place of 100 gm. (Y% cup) of 6 per cent vegetable, one of
the following may be used.

Gm,  Approumate measure
1. Vegetable, gpercent .. . . . . . a0 Teer
2. Fru, g per cent . e dep
3 Fru, 10 per cent .. . i e
4. Vegetable or fruit, 15 per cent . .40 3 cup (scant)
& Vegetable or frut, so pef cent . . . . . g0 Hewp

In place of 100 gm. (% cup) of 5 per cent fruit, one of the

following may be used-

Gm.  Approsimale mesure
1. Vegetable, 3 per cent . . 165 ® P
2 Vegetable, 6 per cent. - .. 8 laup
s Fruit, 10 per cent . . »  Kaop
4 Vegetable or fruit, 15 per cent . 35 14 eup
5 Vegetable or frut, zo pzr cent M 11 ;é; wp
PP

6 Soda crackers .
9 Bread Ce e
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1n place of 100 gm. (% cup) of 10 per cent fruit one of the
following may be used:

Gm  Approximate measure
3. Vegetable, 3 per cent e o - 30 Whaup
1 Vegeeabdle, 6 per cent . 165 % cup
3 Frult, 5 per eent . . . 200 1 cup
4 Vegetahle or frue, 15 per cent ... . 65 1% cp
$ Vegetable or frurt, go per cent 50 Yap
§ Cereal. dry ... . Lo 1 very small serving
7 Soda crackers .- . 13 Y
§ Bread L., ., . © smalt slice

In place of 100 gm. either of 20 per cent fruit or 20 per cent
vegetable ane of the following may be used.

Gm  Approvimate messure
t Fro, 10 per cent . 200 ' cup
* Vegetable or frunt, 15 per cent . 145 %eup
s Soda crackers . Wy
4 Flaur R 16
5 Bread g % small shees
5 Cereal, dry . . . L. 1 serung

Cooked frusts—~When a sesving of fruit 15 to be cooked or
baked, weigh it raw, add water and cook. The juice as well as
the fruit should be served.

Dried fruits.-Dried fruits contain large and inconstant
amounts of sugar and therefore should be averded.

SUBSTITUTIONS FOR BREAD

In place of 20 gm, (» small shice) of bread one of the follaw
ing may be used:

Gm  Approximate meayure
t. Vegetable, g per cent. . . ss0 1Y ap

t Vegeable, 6 per cent w6 T eup

8 Fruit, 5 per cent rie + cup4-

4 Fruft, 1o per cent, . . . b Kap

3 Vegetable or fruit, 15 per cent . <70 15 oup.

6 Vegerable or frunt, 20 per cent . sy Yiap

1 Cetaaldry, . ., , . . . 13

6 Soda crackers . P :

9 Rour . P “ " 3 tablespoons

As all dry cereals have approximately the same composition,
j0u may use cornflahes, puffed rice, shredded wheat, cream ot
wheat and catmeal according to your taste. Oatmeal is recom-
mended because of its content of the vitamin B complex. A
cooked cereal takes up a large amount of water. 1{ cereal 15 to be

9



130 GLINICAL DIABETES MELLITUS

taken from that cooked for the whole family, prepare it according
to the following directions and weigh out seven times the dry
weight. Add 120 gm. of dry cereal to 1 quart of boiling water.
Bring to the boiling point and cook in top part of double botler
for the required length of time. Now 140 gm. of cooked cereal
equals 20 gm. of dry cereal.

SUBSTITUTIONS FOR CREAM

In place of 100 gm. (% glass) of 20 per cent cream? one of the

following combinations may be used:
Gm, Approximate measure

Milk e e e aee aeee 100 14 glass

*| Butter . . - v e e e s 20 2 squares
Frurt, 5 per cent. R L X

2.{ Meat . .10
Butter . . 20 2 squares

In place of 230 gm. (¥ pint) of 2o per cent cream® one of the
following combinations may be used:

Gm.  Approximate measurc

Egg . .. IR '

1 { Bread - .. ... 1w 1 small thin shiee
Buwer . . .. . 45 4% squares
Egg . . '

2 { Orange . . B 120 1 medium-nized
Butter . . . L. a5 4% squares
Mikk . Lo . 230 4 pint

3 | Butter U L0 'E g squares
Cream, 40 per cent . . . vee o - o 100 14 cup
Egg .. . v
Orange P . 100 1 medium-sized

If the butterfat content of the cream which is bought 1s 3
per cent and this 15 to be used in place of 2o per cent crean, the
following directions apply:

1. In place of 230 gm. (¥ pint) of 20 per cent cream, 230 Hm('
of g0 per cent cream (% pint) may be used if 100 gm. of g Pg
cent vegetable is added to the dret and 25 gm. of butter omitie!

2 In place of 230 gm. (1% pnt) of zo per cent cream, xjodgmm'
of 30 per cent cream may be used if 100 gm. of mulk is adde
the diet.

In place of 230 gm (¥ pint) of 40 per
ping cream) one of the following combinations may

* Per cent here refers to content of butterfat

cent cream (whip-
be used’
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Gm Approvumate measure
MK .. . 1o ¥ gass
£{Buter .. 100 10 squares
2§ Cream, 20 per cent. ©o.oge B glas
A Butter L .. . .o Jo 7 squarey

'
C v 0 % medium sfeed
ceeves o109 10 squares

1f the cream which is bought contains 30 per cent butterfat,
230 gm. {34 piny of it may be used 1n place of 230 gm of 40 per
cent cream, if 25 gm. of butter or equivalent 15 added to the diet
and 100 gm. of § per cent vegetable or equivalent is omitted.

In place of 100 gm. of 40 per cent cream 45 gm. of butter or
cquivalent may be used if 100 gm of 3 per cent vegetable or
equiralent is added.

SUBSTITUTIONS FOR MILK

Milk {s so ble a food that sub ion of that amount
of it called for in the Standard Diet rarely is desirable,

In place of 200 gm. of milk (1 glass) one of the following
combinations may be used:

Gm  Approximate mcagure
1{Oronge N 100 1 medinm suzed
“‘\¥es . 1
3 | Bread B B 20 1 small slice

L3 N i
3 ([Jeml. dy ... 15 1 smalt servng

BE ve . 3
4 [Soda erackers . P 71 '

Egm . Chee e e )

o foaco e 50 % medimmesized
UFem .. B NN - 1

Bacon

Bacon may be weighed either raw or cooked. I weighed raw
the fat which sepatates on cooking must be used or substituted
for by an equal amount of butter; if weighed cooked the fat which
separates on cooking is 1o be discarded.

In place of 25 gm, of cooked bacon (3 or y strips) you may
use one egg and 10 gm. (2 square) of butter.
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Eggs
Eggs need not be weighed. An averagesized egg contamns
approximately 6 gm. of protein and 6 gm. of fat.
In place of one egg 25 gm. of meat or equivalent may be used

SUBSTITUTIONS FOR MEAT

Meat should be weighed after it is cooked and in the follow-
ing pages references to meat will be to cooked meat unless other-
wise specified.

Lean meats such as beef, mutton, lamb, veal or fowl are called
for in the Standard Dret. If fat meat such at fat beef or pork is
used:

—deduct 15 gm. of butter for 75 to 100 gm. of meat.

~deduct 10 gm. of butter for 50 to 75 gm. of meat.

—deduct 5 gm. of butter for less than 5o gm. of meat.

In place of 50 gm. of lean meat, such as beef, mutton, lamb or
veal, one of the following may be used:

Gm, Approumate measure
1. Eggs L ) '
o Beefs tongue . P —
3 Comned beet . P . 7o 1 large serving
3 Ham . . : R S 1 serving
baver, .- <o . Y 1 sernng
Dried beet o 1seming
-\ and butter 0 e
7 Sweetbreads 6o 1 serving
8. Checse, Amencan . o = eabic mches
o Sardmes (in o) . . . i

e the same fuel value as

Salmon, tuna fish and mackerel hav
t and therefore

meat, but other fish contain less protemn and fa
are lower in fuel value. If fish such as halibut, white fish, lake
trout and perch, or crab and lobster are to be used:
—~take g5 gm of fish and 5 gm. of butter in place of 25 gm.
of meat.
—take %0 gm. of fish and 10 gm. of butter in place of 50 g
of meat.
—take 105 gm. of fish and 15 gm. of butter in place of 75 gm
of meat.
SUBSTITUTIONS FOR BUTTER
i bably great
Vll:atp :: not Z;f:n with the

5 than
The quantity of butter prescribed er
the patent has been accustomed to. V
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bread may be added to the vegetables or to a broth. Time may
be saved in weighing meals if the entire daily allowance of burter
is weighed before breakfast. The butter is then used as needed
for each meal. A square of butter as usually served in restaurants
weighs approximately 10 gm Ol ine, t nut
margarine, bacon fat, and salad cil contain about the same amount
of fat a5 butter and may be substituted for it. Mayonnaise, French
and other salad dressings on the market usually contain vaniable
amounts of sugar or other carbohydrate and therefore are unsuit-
able for the diet.  Mayonnaise, French and cooked salad dressing.
when prepared according to the followsng recipes, may be substi.
tuted for butter,

Aayonnaise,

Cm  Approxigate measure
Salad oil . . " . ey ps

Vinegar ., . 3 tablespoons

Egg yolks . . . N .. s

Taprka (f desired) . . . . . 1 teaspoon
SMviice v ey e N 34 teaspoon

Have eggs and oil cold. Beat eggs until foamy, add seasonings
Then 3dd a smalt amount of oil and beat well, then a small
amount of vinegar. Continue adding oil and vinegar alternately
until mixture begins to thicken. Then add 1n large quantittes,
beating constantly. Dry or French mustard and cayenne may be
added.

French Dressing:

Cm, Approxmait measure
Sdet,. ... .. ., .. . 0 1 eup
Vinegar . 10 % eup
Salt,. . | . N 14 teaspoon
Vapnka (Fdemredy . . . F- 3 tearpoon

Frencl dressing and mayonnaise have the same food value.

Cooked Salad Dressing. om Approximate measure
Bz oyolks ol L . . . 4
Buter L L L L 43 Alssquars
Vinegar . . . L N s tablepoons
Water e P 5 nablespoons
Mutard S N 1 teaspoon

Salt and pepper to taste
One level tablespoon of conked salad dressing is equal to 5 gm.
of butter (1, square) .
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Other Substitutions for Butter:

1. In place of go gm. of butter 130 gm. of 20 per cent cream
may be used 1f 10 gm. of bread is omitted from the diet.

2. In place of 50 gm. of butter 100 gm. of 4o per cent cream
may be used if 100 gm. of g per cent vegetable or equivalent is
omitted from the diet. '

OTHER SUBSTITUTIONS: REGIPES
Broth and Soup
Broth made from beef, veal, mutton or chicken may be |'xscd
1n reasonable amounts at meal time or when & hot drink is dcs:{ed
between meals Bouillon cubes may be used without deducting
from other food allowed. A part of the vegetable allowance,
cream and butter may be included in a soup.

1. Noodle Soup: Cm.  Approximate measute
Broth, clear . . . e e s cwp
E; . . PP 1
Boter S U e dsgue

s an

Beat the egg until stiff and bake in 10 gm. of butter a -
a

omelet; let cool, cut into strips as noodles. Heat the broth
add the noodles. Season with salt and pepper.
When this recipe is used, omit from the meal:

Gm  Approimate measure

2, Tomato Soup: G, Approximate measure
T’ LT s g e
Omnions, uncooked . . . . e . 10 2 teaspoons

To one cup of clear broth add 8o gm. of tomatoes and 10 gﬂl‘[
of onions cut fine. Cook for fifteen minutes, Season with sa
and pepper.

‘When this soup is used, omit from the meal:

Gm.  Approximate meanrt
. .0 Hap

Vegetable, g per cent. . . . .. o e
g ¢
3. Vegetable Soup: cm Appm,umxl: measu
ar
Broh, dear . .. U 1,2 :‘:P’ P
Vegetatle, g per cent, uncooked . . - 59 U OB

Vegetable, 6 per cent, uncooked . ..
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To the clear broth add 50 gm of tomato, celery, and cabbage,
and 25 gm. of onions and carrots. Cook until the vegetables are
tender. Season with salt and pepper.,

‘When this soup is used, omit from the meal:

Cm.  Approuimate measure
Vegetable, 3 per cent, . . .. . B .« wo  Yheup

4 Cream Soup: Gm  Approvimate measure
Cream ., . . . 150 % cup
Vegenble, 3 per cent purée . . . . o Wop

Add vegetable purée to hot cream. Season with salt and
pepper.
When this soup is used, omt from the meal

Gm  Approvimate measure
Vegetable, g per cent ., . . . 30 % aup
Cream . . . o Y ocup

5. Oyster Stew: Gm  Approuumate measure
Mk ..o, NN 200 o glass
Opters 0 & Lo e e e e s 50 3or4
BUET & .y ths aeeine e el BRI 1 % square

Season with salt and pepper.
‘When this stew is used, omit from the meal:

Gm  Approximate measure
Vegetable, 3 per cent . . . 65  Wewp
Mk o, . 200 1 glass
Meat , . . oar Ysernng
Hot Breads
1. Popovers: Gm  Approximate measure
‘Four ,, , . 20 3% wablespoons (scant)
B ... PN PR x
Whipping crea ) 4 tablespoons
S, e N 14 teaspoon

Beat the eggs thoroughly Add gmdually, while beating, the
flour with which the salt has been sifted. Add the cream slowly
and beat unyl thoroughly mixed. Pour the mixture into hot
buttered muffin tins. This recipe makes six popovers Bake in
2 very hot oven for five to eight minutes; then reduce the oven

temperature, and continue the baking until the popovers are dry
and crisp.
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When one popover is used, omit from the meal:

Gm.

Vegetables, g per cent . o e 100
Butter P . . i
2. Plain Muffins: Gm.
Fgg . . D 1
Milk . 15
Butter . . - [ 1
Flour . . L.

Baking powder
Salt

Approximate measure

Approximate measure
1% medium-sized
1 tablespoon
14 square
414 tablespoons (scant)
14 teaspoon
1 teaspoon

Sift the dry ingredients. Beat egg, add milk and melted but.

Add other ingredients and beat until smooth. Pour into

‘When one muffin is used, omit from

Approuimate measure
1 thin slice

ter,
greased muffin tins and bake in a moderate oven fifteen or twenty
minutes.
This makes two muffins.
the meal,
Gm
Bread . . 20
Meat . . - 10

3. Blueberry Muffins,

To the plain muffin recipe add 15 gm. of fresh blueberries.
When one muffin 1s used, omit from the meal:

Gm.
Bread . .. . . 20
Meat . 10
Frmg, 5 pereent . . . 30
4. Baking Powder Biscuits Gm
Flour .o 40
Butter <. .. 15
Baking powder .
Milk 20
salt . .

Approximate measure
1 thin shee

+ rounding tablespoon

Approximate measare
7 tablespoons (scant)
1 tablespoon

9 teaspoon

5 tablespoons (scant)
4 teaspoon

Sift flour, baking powder and salt. Cut in the butter. Add
the milk gradually. Knead just enough to make the dough smooth

and shape into biscnits. Bake in a hot oven. .
This makes two biscuits. When one biscuit is used, omit from

the meal:
Cm,
. 20

Bread e e s . o

Butter Ce e e

Approximate measure
v stice
1 equare
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Note: This may be used as short cake by cutting in half and
placing the fruit allowance between and also on 1op of the biscuit.
Whipped cream may be used as garnish if the diet permits
5. Corn Bread:

Gm  Approximate measure
Cornmeal . co. . L0 Hawp
our - . 100 3 ey
Baking powder . 13 3 teaspoons
Milk .. 200 1cup
Egg .

1
salt . ce e ¥ teaspoon

Mix dry ingredients. Add slightly beaten egg, then milk.
Pour into buttered pan. Bake in hot oven. For one-twellth of
this recipe omit the following from your meal:

Cm. Approxumate measure
Bread . 20 3 shee
or
Bread . .. 9 thinshee
Fruit, 10 per cent . 50 1 cup

Protein Dishes
1. Roast Pork and Appies

Gm.  Approximate measure
Roast park, lean, cooked. . 50 3 small serving
Apple . . 50 14 medumesized
Butt L s 1k square

Salt and pepper to taste,

Put 50 gm. of roast pork (cooked) into a small dish. Cover
with go gm. of apple slices and 5 gm of butter. Add a small
amount of water; cover and bake in a moderate oven about
twenty minutes.

‘When this recipe 13 used, omit from the meal:

Gm  Approximate measure
Fruit, so per cent . 75 3 aup
Butter .. 5 1 square
Meat . S0 .. ? average serving

2. Beef Stew: Gm.,  Approximate measure

Meat, uncooked .. . 6o 1 average serving
Vegetables, 3 per cent, uncooked, . 100 14 cup
Vegerables, 6 per cent, uncooked 5o Yop

To the uncooked meat add 2% cups of boiling water and %
teaspoon of salt, and let simmer until tender.  Remove meat from
the water and add 100 gm. of cabbage, 25 gm. each of carrots and
onions. Boil until the vegetables are tender. Add meat, heat
again, and season with salt and pepper.
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‘When this recipe is nsed, omit from the meal:
Gm,  Approximate measure

Vegetable, 3 per cent. . 200
. [ 1 eup
Meat, cooked . . . L. L - ev s BO 1 average serving

3. New England Boiled Dinner: Gm.  Approumate measare

Meat, uncooked . . . . ... . . ., . 6o © average servin
Vegetables, 3 per cent, uncoaked. . . . . .. 100 16 cup £ e
Vegetables, & per cent, uncocked.. . . . s Yap
Vegetables, 15 per cent, uncooked . . 20 14 cup (scant}

To 6o gm. of corned beef 2dd g cups of boiling water; simmer
until meat is tender. Remove meat, add 100 gm. of cabbage,
50 gm. of carrots, and t5 gm. of parsuips. Boil until tender,
Add meat, heat again, and season with salt and pepper.

When this recipe is used, omit from the menl:

Gm. Approximate measure

Vegetable, g per cent o e 100 1% cup
Frmit, topercent . . ... . .. . 6s Icup
Meat e e - 50 & average serving

4. Creamed Chicken with Asparagus:
Ca, Approxifaate measure

Clucken, cooked .« . - . .. - g 1 medim serving
Asparagus, cooked T 13 14 cap
Cream s 1eup

Cut the chicken into small pieces. Add the asparagus and to
both add the heated cream. Heat again and season with salt and
pepper. Mushrooms may be added in place of part of the

aspamgus.

When this recipe is used, omit from the meal:

Gm Approximate measure

Vegetable, 3 per cent G e e s ae s WO 1 eup .
Meazr, Yean ... . . e I 3 average terving
Cream . . . 50 %owp

5. Chicken Supreme: Gm.  Approximate measure
Chicken, cOOMed o.v vv + o er s s e e X5 1 small serving
Fgg .. . L. PN )
bﬁ‘i‘k c e e 50 ;gcup
Clery . . . e » wp
o N T e

Beat the egg slightly, add the chicken and celery {cut in sx.nall
pieces) , milk, salt and pepper. Put in a buttered mald, set in a
pan of hat water and bake in a moderate oven until firm.
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When this Tecipe j¢ used, oy from the meyj.

Cm, APProtimare Measyre
Vq;euble, 3 per ceny . © v oo % eup
Mear, jogp 3 . ke ! averyg, seriing
Botter . e, 5 !-pquzre
6. Bagey Fisp, [ APprovimy, measure
Dty uncoogeq 3 ! mall gy
Watey 0% S % cup
o ok . b 7 P (scanyy
Omolu, neoof ap ce . 10 2 feaspogn,
Bacon, 2y, o . 10 1 stnp
e the p in '8 dish, aqq t » tomarg,
Onion, 5, € bacon, Which 1y been Cut ingg all pj, Co
and bage ; Oderate £ tweney o Season with
salt ang S
When this recipe s used, oy, from the mey)
m PPrOXImyy, measuye
Meap | . 25 Werage
yegctatle, Per ceny 0 Ky
Butier . . 5 ¥ square

Note- It dcsm:d, 5gm, of buggey may b used nsteaq of the
of 0}

7. Ba
Tcmzro. Uncoog,
E

- 100 ' mayy
Buter [ R L ' quary
Scuop out the center of , TIW tomar, thar Weighs 100 gm
Dro, the ¢, into g tomag, Corer e the scoq, d ouy ul;
88

dd the buteer, S€ason vy, salt ang Per ang bake fo, aboy
fifteen, Minutes 5, 2 Moderyy, Oien,
hi

Mexp . . 5 L3 Average n,
\'!xvuble. 3 per ceny 00 % cup
Butrey | P 10 1 square
8. l’one/::d Lee and Tomayg. Cm APProximare Measype
'rcnuru. okeq | . .. . oo
Egx P
1t the ¢ k. 2o gn all pan nd heay, hen is
boily & drop 4, nto ¢, ter, Pan 4o 5
T par, he sto * COver apg Stand unty g, RS White
firm and o Ik, 500 14 jy, It ang
sene,
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When this recipe is used, omit from the meal:

Gm.

Vegetable, 3 per cent .. . . 100

Meat . .. .. ... e 25

9. Egg with Tomato Sauce: Cm.
Egg, hard cooked...... e ey

Amencn cheese . , . P

Tomato, cooked Ce e e e s 200
BUMtEr oo v vt b e e v e . §

Approximate measure

% cup
3% average serving

Approximate measure
1
3 inch ewbe

1 eup
1% square

Mash egg yolk and mix with salt and pepper. Chop egg white
fine and put into the bottom of a buttered baking dish. Then add
the yolk. Cover with the cooked tomato and sprinkle the cheese
on top. Bake long enough to melt the cheese.

When this recipe is used, omit from the meal:

Gm.
Meat .. . - 50
Vegetable, 3 per cent . . P -3
Butter ... o ov e 0 cve 4 oan . PP 1
10. Baked Egg with Cheese: Gm,

.
Gream 3
Amernican cheese . . ..., . e 20

Butter .. . . . .
Salt and pepper to taste.

Approumate measute
¢ average serving

3% cup
1% square
Approximate measure

1
1 tablespoon
1 inch eube

1% square

Butter a small baking dish with the 5 gm. of butter. Add
the egg, cream, and the finely grated cheese. Bake in a maoderate

oven until the cheese is melted.

When this recipe is used, omt from the meal:

Gm,

Meat . .. . R

Butter . e e e s

Cream (kind allowed on diety . + . . ... 15

11. Deviled Egg* Gm
Egg bard cookedooes « + 4 e o e eee
VINEGAE v e 4 o eee e e e .

e
Mustard . . .
Paprika . . ee e e 4w oem s s

Salt and PEPPET. « «v o sreauees sacenner o

Approximate measure
1 average serving

14 square
1 tablespoon

Approximate measure

Cut egg in half (lengthwise). Remove yolk and mix it thor-
oughly with seasonings and mayonnaise. Refill the white.



Meae | .

Vegeraty,, .lz’t;‘tr.nt“. T,
13 P egﬂab[e Omelel'
Esz

egerate,” 3 pe
“l( .

Add Water, salt n

and Je, N color,

e
€ ¢l 'Per, ang
e, an o, Omeler,
*omit from he mey
Cm. APProvima,, Dleasure
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When this recipe is used, omit from the meal:

Gm, Approximate measure
Vegetable, 3 per cent . e e . 200 1 cup
Meat . ., . 2) i
. . e e 5 1 average servin,
Butter .. . . [ T 1 squzrg: &
2. Baked Onions: Gm.  Approimate measure
Onlons, uncooked . ., . . ... 88 1 medim size
Ground meat, lean, uncooked. . . 15 1 tablespoon
Mk . . P . . 25 2 tablespoons (scant)
Butter 5 %hsquare

Parboil the onion and scrape out the insides leaving only the
shell. Weigh shell and scrapings to 85 gm. Add meat, butter,
salt and pepper. Return to the shell. Put in a casserole with
milk, and bake until tender,

‘When this recipe is used, omit from the meal:

Gm Approvimate measure
Meat . . P . 25 34 average serving
Vegetable, g per cent 200 1 cup

3. Fried Tomatoes with Bacon:  Gm,  Approumate measure

Bacon, cooked . . . . . ., . P 11 3 10 4 strips
Tomato, uncopked N . 100 3% cup

Fry the sheed tomato until tender in part of the butter allow-
ance. Serve hot with the crisp bacon, after seasoning with salt

and pepper.

‘When this recipe is used, omit from the meal:

Gm Approximate measure

Meat . P 25 1 average serving
Butter . PN . 10 1 square
Vegetable, 3 per cent 10 % cup

4. Squash Souffle: Gm,  Approvimate measure
Squash, cooked . R .13 Hop
Milk . 120 2 tablespoons
Egg. . + o - oe- Do e 1
Batter : 5 % qure

Salt and pepper L. a few grains

sur milk slowly into squash, add beaten egg yolk, salt and
pepper. Fold in beaten egg white. Place in small, buttered
baking dish and bake 1n a moderate oven until firm.
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‘When this recipe is used, omit from the meal:

Gm.  Approximate measure
\'egmble. 3 per cent . 200 1 cup
LT e 15 34 average serving

Buller . G e e 5 13 square .

5 Cabbage au Gratn® Gm  Approvmate measure
Cabhage, cooked .. 6 g cup
Meat (cooked and minced) . R
Whipping cream, sour 30 2 tablespoons
E e e e e e '
Amenan cheese, grated . . . . 1
Sals and pepper . a few grams

Chop cabbage, add meat, cream, beaten egg, salt and pepper.
Place in a buttered balang dish and sprinlle grated cheese on top
Bake in a moderate oven unul firm,

When tlus recipe 15 used, omit from the meal:

Gm  Approvimate measure
\egetable, g per cent . . 100 14 cup
Meat . . 50 1 average serving
Butter . 15 11 squares

6. Tomato Sauce: Gm  Approvimate measure

Tomatoes, cooked . 100 3y cup
Butter 1 1 square
Hour 2 14 teaspoon

Melt butter, add flour and stir in tomatoes (stramned)

Cool

for several minutes, stirring all the time 2nd add salt and papriha

Scrve with meat dishes,

When tlus recipe is used, omut from the meal*

Gm Approuimate measure
Vegetable, 3 per cent 150 ¥ eup
Butter . . . 10 1 square
Salads

1 CGabbage and Nut Salad. m Approvimate measure
Lettnee 20 2 0r g leaes
Walnuts 10 1 habes
Cabbage, ahreddod s teap

When this salad 1s used, omue from the meal:

. Gm  Approumate measure
\epeable, 3 pee cent L, L o Y oep
Rater L .., . . . 5 14 square
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2. Raw Carrot and Nut Salad: G ~
Lettuce m Approximate measure
Raw amo gaea | LT DL e
Walnuts e 10 g halves

. When this salad 1s used, omit from the meal:

Gm  Approuimate measure
Vegetable, . .
Bﬁ g 8 per cent . .. . 100 % cup
e © e e 5 3hsquare
Co,
5. Cottage Chees Salads Gme Appromate mesre
ée::cc o PP 50 3 small head
M‘; oge <heese . . 85 1t heaping tablespoon
yonnaise . . - 5 1 teaspoon

‘When this salad is used omut from the meal:

Gm, Approximate measure

Meat B .z 14 average serving
Vegetable, g per cent . ., . 100 1 cup
4. Pear and Nut Salad: Gm.  Approxmate messure
Lettuce PRI . 20 2 or 3 leaves
Pear . 6o 35 pear
Walnuts R 10 4 halves
When this salad 15 used, omit from the meal
Gm  Approximate measure
Fruit, 10 per cent . . . 100 3% cup
Butter N e e . - 5 14 square
§. Pear and Red Cherry Salad: Gm  Approvimate measare
Lcuuce . . . 20 2 or 3 leaves
4 pear

One red cherry (canned without sugar) for garnish
‘When this safad 1s used, omit from the meal:

Gm.  Approttmate measure
Fruit, 10 per cent . .o 50 % cup
Vegetable, g per cent . . . - - 100 3 cup
6. Tomato and Cottage Cheese Salad:
Gm Approvimate measure
Lettuce . - 20 2 or g leaves
Tomato . - .. 30 % medwmaized
Cottage cheese . 35 1 heaping tablespoon
Mayonnaise . - .- 5 1 level teaspoon
When this salad 15 used, omit from the meal:

Gm  Approimate measure

e, N .. 100 e
Vegetable, 3 per cenl R e servng

Meat . ... . . -
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7. Wilted Lettuce: Gm.  Approximate measure
Lettuce, shredded . .. .« .. - . .. 50 Yeup
Bacon, cut fine . . EE R 3 3 o ¢ stripy
Vinegar . e . 2 teaspoons
Bacon fat O 1 1 teaspoon

Cut crisp bacon into small pieces and a2dd to heated bacon
fat. Then add the vinegar, sait and pepper—cooking fora minute.
Then pour over lettuce and serve at once.

When this salad is used, omit from the meal:

Gm,  Approximate measure
Vegetatte, y per cent . s Yoep
Meat . 35 14 average serving
Butter .. L s i square

8. Tomato Jelly Salad: Gm.  Approximate measure
Tomato, cosked . L. 8 Yap pany
Onions, uncooked Uoae 3 teaspoons
Allepice 14 teaspoon
Cloves 14 teaspoon
Gelatin . 1 tearpoon
Salt and pepper - . . 2 few graims

Cook the tomato, onions and spices for five minutes. Strain
through a cheese cloth. Sozk the gelatin 1n 3 cup of cold water,
and then add the hot tomato juice. Chill and serve.

‘When this salad 15 used, omit from the meal-

Gm.  Approuimate measure
\egruatle, g per cent . . a0 Yeup
0 Pea, Pickle and Peanut: Gm  Approimate measure
Lettuce ) 1 or gleaves
r.me, Aill, cubed . 15 Youp
Peay - . 15 Yhep
Peanuts ©  r
When this salad 1s used, omit from the meal*
Gm.  Approvimate measure
Meat .15 Y nvengeserving
\eprtable, g per eent L . 00 1 aup
10 Tomato Stuffed with Shrimp and Celery.
©m  Appmumate measure
Lettuce .. .. 3 or g leaves
Tomao . . 150 o large
Celary cubed 30 Y ap
Shump . . . 0 T8
Majonnane . . e 2 Jevel teaspoons

10
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‘When this salad is used, omit from the meal;

Gm.  Approximate meas
Vegetable, 3 per cent . .. 200 xP }:“P "
feat , . . . ) 1 average serving
. Chi
. 1. Clicken Salad- Gm.  Approximate measure
Lettuce . . .. 2 2 or 3 leaves
Chicken, cubed .... .. . « e B0 2 heaping tablespoons
Celery, cubed . 20 i cup
Peas . . . .. ... 15 1 tablespoon
‘When this salad is used, omit from the meal:
Gm.  Approxumate measure
Vegetable, 3 per cent . . . . 100 1 cup
Meat . . . . . . 50 3 average serving
12. Salmon Salad: Gm  Approvimate measure
Lettuce . . 20 2 or 3 leaves
Salmon .., ... . . e 50 2 heaping tablespoons
Pickle, dill, cubed .. ... . . . s Yoeup
Celery, cubed . . . . . . . . . s IHop
‘When this salad is used, omit from the meal:
Gm  Approumate measure
Vegetable, g per cent ., . . . .10 Yeup
feat 50 1 average serving
13. Egg and Cucumber Salad: Gm  Approximate measure
Egg hard cooked. - . .o u e 4ee s 1
Cacumber, uncooked . . . . . Yoap
Lettuce {or watercress) PP « . . 20 2 or 3 leaves

Caut egg and cucumber in shces, arrange in a circle, alternating
each and having the slices overlap each other. Fill the center
with shredded lettuce or watercress.

When this salad is used, omit from the meal:

Gm,  Approximate measure
Meat . 25 3 average serving
Vegetable, 3 per cent. . . e e 50 1% cup
14. Waldorf Salad: Gm,  Approwmate measire
Lettuce - . 20 2 or g leaves
Celery, cubed . - . . 30 % cup
Apple - 7o % medumaued
Walnuts . . e e e e 10 4 halves
When this salad 15 used, omit from the meal:
Om  Approximate measure
Frut, 1o per cents « + oo+ oo - oo - 100 ﬁ(up
cent . . . - .. 100 4 cuy
Vegetable, 3 per : o B

Butter .... . . PR
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15. Pincapple and Cheese Salad:  Gm.  Approximase measure

Letuce . . e 20 2 ot 3 leaves
Pmeapple (unncd wnhou ST e v s 15 1% sliee
Chetse .. .o o ..o 20 1 cubic Inch (may he
grated)

When this salad is used, omit from the meal:
Gm.  Approximate meswure

Meat . . .25 35 wverage serving
hgrub!e;pcrm:l.“‘.. - 100 15 up
16. Cabbage and dpple Salad Gm.  Approximate measure
. 20 2 or 3 leaves
(‘.‘\bh:gt, shredded N 3 Heup
Apple, cut Bne .. . . . 0 1§ medium sized
When this salad is used, omit from the meal:
Gm  Approximate measure
Vegerable, § per cent 0 Yep
17, Japanese Salad- Gm  Approsimate measure
Letiuce, shredded ., . 10 1 0r g fenves
Orange . . 49 1% small yzed
Tomato, fresh . £y 1 cup {wany)
l’lneippit freh or canned without sugst .. 40 1 cup seans)
Cream. (ind allowed on dier) . 25 % tblespoons (want)
Mix and chill,
When this salad is used, omit from the meal:
Cm.  Approximate measure
Frust, 1o per cent o . 100 Y cup
Cream 25 2 tablespoons {sant)

Note: Wainuts may be added for variety 10 any of the salads;
when 10 g, is used, omt from the meal.

&m  Approsimate measure
Vegeutle, y per eent | ., . . . 30 14 cup
Buner . e 5 Yoaquare

18, Cranberry Relish
Grind 1 cup of cranberries and % a sectioned orange. Add

the grated rind of %% an orange and let stand one day.  Add sac
charin to taste.

It 20 gm., % teaspoons, of this relish is used, omit from the
meal 20 gm, of 10 per cent fruit.
19. Avocado Salad:

If 50 gm. 1s used, omit 100 g of 3 per cent vegetable and
15 gm of butter.
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Desserts
1. Fruit Gelatin with Whipped Cream:
Gm,  Approvimate meastre
Orange, cubed .. . . - . 5O 14 medivtn-sized
Banana, cubed © e 25 Y, medumsized
Water v . TN cp
Geaun . . . ..., .. 3% teaspoon
Sacchaminn .. . . . el . L L. i gran
Whipped cream . . . 15 t heaping tablespoon

Soak gelatin in one tablespoon of cold water. Add % cup of
boiling water and allow to cool. Then add orange, banana and
saccharin,  When ready to serve place whipped cream on top.

‘When this dessert 15 used, omt from the meal:

Gm  Approxmate measure
Fruit, 10 per cent... ..., . .. - .. 100 15 cup
Butter . . . .. “ + « +« « . B % square .
2. Fruit Cup: Gm,  Approumate measure
Orange, cubed . . . - . 50 % cup
Grapefruit, cubed e e ee e - . B0 ¥ cup

‘When this dessert is used, omit from the meal:

Gm,  Approximate measute
Fruit, 10 percent .. . .. . . . . . ., 10 Ycup
8. Orange and Strawberry Cup with Whipped Cream:
Gm, Approximate measure
Omnge . . ce mever e . B0 % medwmesized
Strawbernies, frsh .. . . . 5o 5 large
15 1 heaping tablespoont

Whipped cream . . .

When this dessert is used, omit from the meal:

Gm.  Approuimate measure
Fruit, 10 per cent .. . . . Lo Yap
- 5 3 square

Butter . . . .

4. Orange and Ajzplt Cocktail:  Gm  Approximate measure
- 50 14 medium sized

Orange, cubed ... - ..
Apple, cubed e S0 7. g0 14 mediumened
Temon quice - -+ . cex o+ <+ o B 3 teaspoon

When this dessert is used, omit from the meal:
Gm.  Approximate measure
ceue. 100 Y cup

ruit, 10 per cent.
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5. Pineapple Bavarian Cream: Gm.  Approximate measure
Pineapple, shredded (canned without sugar) ... 100 1hcu
Gelatlts tvenn sn vrene o as nasnesen 4 oase 14 tearpoon
Water, cold e e 2 tablespoons
Sacchatin . - S S % grain
Whipped cream . . . . 15 1 heaping tablespoon

Soak the gelatin in cold water. If there is some juice on the
pineapple, heat it to boiling and pour over the gelatin to dissolve
it. 1f there is no juice, dissolve the gelatin over hot water. Add
the pineapple and when it is almost salid fold into it the whipped
cream to which the saccharm has been added. Chill before
serving.

When this dessert 13 used, omit from the meal:

Cm.  Approximate measure

Frult, 10 per cent . . 10 3% eup
Rutter .. .. . Lo« 5 Yhequare
6. Plain Bavarian Cream: Gm Approximate measure
Frz . . 1
Mk N 200 1 glass
Gelatin . N 1 1enpoon
Srechanin . 15 grin
Vanla ., - . s drops

Soak the gelatn in 2 tablespoons of cold water. Scald the
milk 1n the top of a double botler. Add it to the beaten egg and
return to the double boiler, cooking the mixture until it coats
the spoon (soft custard). Remove from the flame, add the gelatin
and stir until 1t has completely dissolved. then add the saccharin
and vanilla. When cool set it in refngerator to chill.

This makes two desserts  When one dessert is used, omit from
the meal:

Gm. Approximate measure
Frng, 30 per cent 3 Yep
Mat . e -1 Yoavenpe werang

Tor vanety, 2 level teaspoons of cocoa may be added to the
reape. When this is done and one dessest is used, omit from the
meal, in addition to the abave:

Gm. Approtimate measure

Vegeuable, g per cent ceh 33 Yop
4. Plan Custard: Gm.  Approximate measure
Frx SN e . '
Mk . ..t 1 ghass
Saccharin . . . % grin
Vanilla -

4 drope
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Beat the egg and add the milk which has been scalded. Then
add the saccharin and vanilla. Bake in a moderate oven for about
a half hour. The custard cups should be set in a pan of water.

This makes two custards. ‘When one custard is used, omit

from the meal:
Cm, Approximate measure

Fruu, 10 per cent. . e e e BO 1% cup
N 25 14 average serving
8. Pumiﬂkm Cusmﬂi Gm.  Approximate measure
Egg . . Le . 1

Mk e 1 1 glass
Saccharn - 3 gramn
Pumplan . e . . 100 14 cup
Spices, as desired . . 1 teaspoon

Follow directions for baked custard, adding pumpkin to the
beaten egg.

This makes two custards When one custard is used, omit
from the meal:

Gm, Approx:mate measure
Frutt, 50 per cent . so Y eup
Meat . . 5 34 average serving
9. Orange Mousse: Gm.  Approximate measure
Whipped eream . . o Yeup
range . .. 50 1% medium-sized
Sacchann . . 4 grln
Add saccharin and orange, cut in cubes, to the whipped creamt
and freeze.
‘When this dessert is used, omit from the meal:
Gm, Approumate measure
Fruit, 10 per cent . .. - 50 Y cup
Cream, 40 per cent. . .. 50 1 eup
10. Ice Cream. Gm,  Approumate measure
Egg - 1
Cream, 0 per cent + - . .. 6 YBoap
Vanilla [ T 2 drops
Saccharin Ce Y gran

Prepare as soft custard, cool and freeze.

When this dessert is used, omit from the meal:
Gm. Approumate measure¢
)
wo % ap
. 15 134 squares

Vegembla,5peroeﬂ!. e e
Butter ... R R T T
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11. Orange Ice: Gm  Approximate measure
Orange, lemon juice, :nd crushed pineapple ... 0 ¥ cup
Mashed banana N 5 Heup
Feg . .. 14 of the white
Gelaum - . . 1 wenpoon
Saecharin . . 14 gran

When this dessert is uscd omu (rom the meal:

Gm.  Approximate measure

Frun, 10 per cent. . . P o Yap

MISCELLANEQUS SUBSTITUTIONS

Gm.  Approximate measure

Cottage cheese - 35 1 heaping table-
spoon

Butter . PR 1 Y square

When this 1s used, omet from the meal:

Gm.  Approvimate measure

Meat © .+ . = 3 average serving
Vegetable, g per cent . L. 50 Yap
Oysters . 100 Gtoy

{ Butter . 5 14 square

When this is used, omit from the meal:

€m.  Approximate measure
Meat . . . 15 1 average serving
Vegetable, 3 pcr cent. 135 Hap
8 Pecans . P 10

When this is used, omit from the meal:

Gra,  Approximate measure
Vegetable, § per eent .. .. s Yap
Butter . 10 1 square
4. Almonds 10

When this is used, omit from the meal:

Cm.  Approximate measure
Bacon e ce - pmip
5 Dran! nuts.. [N 10

When this is used, omit from the meal;

Cm.  Approximate meawre
Vegetalle, 3 per cent. . . L1 Yewp

Butter o) e e e e e 5 3 square
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6. Peanuts . 20

‘When this is used, omit from the meal:
Gm.  Approvimate

Vegeable, 3 per cent PPN 11 % cup
Butter ... .. . L L Ll s 16 square
Mear . . B 3 1% average se

7. Walnuts ..., . ... . ...ooiel 30

When this is used, omit from the meal:
Gm. Approximate

s e B Y oup

Vegetable, 3 per cent...
G e 5 14 square

Butter ... ...,

8. Patato chips ... .. ...... ... 20

When this is used, omit one of the following groups |
Gm.  Approximate !

Fruit, o pereent. - v« . . < < ... 100 14 cup
Butter . ... < . . . .. - . 1O 1 square
[Bread . T . 20 1 thin shee
Buiter ... ., . M 0 1 square
Potate . . . . . <« B0 14 averagesite
Buuer ... PR A < 10 1 square
9 Popcorn, popped and unbuttered 13 1 small bo

‘When this is used, omit from the mealk:
Gm. Approximate 1

Bread .. . . . . . ] 1 thin slice
or
Fruit, 10 per cent . ... . . . < 100 % cap

Butter may be subtracted from the diet and added to th

corn,
10. Peanut butter .. .... ... =0 1 tablespoo
When this is used, omit from the meal:
Gm.  Approximate m
PO 1 14 average servir
c.o%5 WHap
FTSN 5 3% square

2 1 teaspoon

Meat ... .
Vegetable, 3 pex cent.
BULLET s.vvevonnaras oo =0 om0

PRVENE of 7~ - - WO
When this is used, omit from the meal:
Gm. Approumate me

Vegerable, 3 PET CERL.woy counear sov one %5 1% cip
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12. Irench Toast:
G Approxumate measure
Rread . 1. 1 shiee
Feg . . 1
Milk 15 1 tablespoon
Buuer , . PR T t square

“To a well-beaten egg, add the milk and a few grains of salt.
Dip bread into the mixture allowing all of it to be absorbed. Fry
in the butter until golden brown.

When this recipe is used, omit from the meal:

Gm.  Approumate measure
Bread S 1 slee
Egg . . f
Buiter 10 t square
Milk .

w5 1 tablespoon
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Peanuts .. ... ... 20

When this is used, omit from the meal:

7.

Gm,

Vegeuable, 3 per cent . e
Baver , . . . PERTEIS 3;
Meat . . NS D 2
Walnuts .. .. .. ... . 10
When this is used, omit from the meal:
Gm,
Vegeuble, s percent .. .. .. ., L. 50
Rutter . .. .o en b oy 5
ceee. . 20

8.

9-

cor!

10.

11.

Potato chips .. ...

Approximate measure
3 cup

1% square

1 average serung

Approximate measure

‘When this is used, omit one of the following groups of food*

Cm

Fruit, 10 per cent ., . .. IR T
Butter . . .~ e e e 10
JBread ., . e e . . )
Butter .. . . L eec s ai o e s 10
Poum,....v.A.so
Butter .. . . .10
Popcorn, popped and unbuttered 13
When this is used, omit from the meal:
Gm,

Bread ... . . c e s e 20

or

Fruit, 10 per cent. . .o.oonnn 100

Approximate measure
¥ eup

1 3quare

3 thin shee

1 square

34 average sized
' squarc

1 small bowl

Approximate meastre
1 thin slice

% cup

Butter may be subtracted from the diet and added to the pop:

n.
Peanut butter ... . . .. . 20
When this is used, omit from the meal:
Gm.

Meat .. C. R *Y
Vegetable, 3 pcx cem... . e e . %5
Butter . . e - 5
COCOA .vv rewe v mens z
‘When this is used, omit from the meal:
Cm,

EETRET 4

Vegetatle, 3 per cent... . ..

1 tablespoon

Approximate meatre
14 average serving

1 cop

14 squate

1 teaspoon

Approximate measure
% cup
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12, French Toast:

Gm  Approumate measure
Bread 30 1 shice

Eeg 1

Mk 15 1 tablespoon

Butter 10 1 square

“Yo a wellbeaten egg, add the mulk and a few grains of salt
Dip bread into the misture allowing all of it to be absorbed Fry
in the butter unt1l golden brown.

When this reaape is used, omit from the meal®

Gm  Approumate measure
Bread 30 1 shee

Egg - 1

Butter 10 1 square

Milk 1 1 tablespoon



CHAPTER IX

OTHER THERAPEUTIC PROGEDURES IN
DIABETES

. In this chapter, measures other than diet and parenteral ad-
ministration of insulin are to be evaluated, with apology for
considering all of them together, since some, such as summer
camps for diabetic children, are highly meritorious, others, such
as hydrotherapy, are at worst innocuous, and still others have
nothing to recommend them or are injurious or fraudulent. The
important measures for the care of the feet of patients with oc-
clusive vascular disease will receive attention, under the discus-
sion of arteriosclerosts in Chapter XXII, and the treatment of
other complications will be given 1n chapters dealing with com-
plications.

CAMPS FOR DIABETIC CHILDREN

Dr. Prisalla White, believing that the diabetic child needs
more frequent and longer periods of medical observation than
usually are obtainable, spread the message of the diabetic sum-
mer camp. She opened the first of these “islands of safety” in
1925 and had such success that, in 1936, 106 girls were cared for
at one camp in Massachusetts, seventy-five girls and boys at an-
other, and still other children in smaller establishments in Ver-
mont and New Hampshire. The example has been followed in
several places. No project of social service could be more praise-
worthy. There is no group of children that will profit more from
attention than these little folk with diabetes.

In Philadelphia special ar made it possible to send
diabetic children from the Metabolic Clinic of the University
of Pennsylvania Hospital to the University Camp of the Christian
Association, there to mingle with other children in all the activi-
ties of camp life. The dabetic children live apart in groups
of ten, each group under the direction of a supervisor familiar
with the special dietary requirements of these children, who
knows how to administer insulin, to relieve reactions and to meet
other emergenctes. All other activities are directed by the regular

154
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camp counselors. In them the diabetic children compete on
equal terms with the other children which, as Richardson has
suggested, is distinctly advantageous They win more than their
share of honors and derive therefrom valuable self-confidence.
Phystcians make regular visits to camps such as these, and are on
call when medical advice is required  Such camps, when properly
organized, also are a boon to parents who otherwise never obtain

relief from the exacung responsibility of caring for a diabetic
child.

HEALTH RESORTS AND MINERAL WATERS

What the summer camp provides for the diabetic child the
health resort could offer the adult. Unfortunately, in America,
health resorts have not been established for those who cannot
afford to pay well, and most of the spas available to the rich are
commercialized to a degree that makes them anything but “islands
of safety” for patients with drabetes, In Europe, where balneol-
ogy is more respected, outstanding authorities on diabetes, al-
though frequently questioning the reputed virtues of the waters
themselves, find that the sojourn of patients at spas, such as Karls-
bad, Neuenahr, Marienbad and others, is often distinctly bene-
ficial. The benefits are for milder cases. Patients with diabetes
difficult to control do better in their homes, and those with
complication: iated with the develop of acidosis, require
hospital care far more than any mineral water.

EXERCISE

Patients with well controlled and uncomplicated diabetes
thrive on exeraise.  With 1t the requirement for msulin 1s di-

* The seientific study of the ¢fects of medianal muds and waters, because of

has not been It 33 to be hoped that the

extensive rescarch, which now 15 under way 1n the Central Insttute for the Science

of Health Resorts in Moscow, will provide more dependable information as to what

cn be accomplished for diabetes and other diseases by these natural methods of

treatment  This mstitute 18 not the only place in Russia where such study has

been undertaken extensively  Sigenst wrote that in Lemingrad the Insutute of

has a special service, and that institutes of hydrology

and thm:uo!ogy have been established tn Kharkoy, Odessa, Tifis, Tashlent, Envan,

Batum, Yala and other places, each of them with laboratories and sanatora de-

voted to tescarch  There can be no doubt, he said, that through its health resorts

the Soviet Union today 18 forgng one of the most powerful weapons for the res-
toration of the health of its people
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minished and, if the dose of insulin is suitably adjusted to avoid
reactions, they feel better. On the other hand, in uncontrolled
diabetes exercise elevates the blood sugar and intensifies the wast-
ing characteristics of the disease. Richardson and Case showed
this most conclusively, finding that a standard form of exercise
markedly lowered the blood sugar in mild cases, in which the
fasting blood sugar level was between a normal value and o.173
gm. per 100 ¢ ¢, but progressively elevated it in cases in which the
fasting values were between 0.176 and a.300 gm. per 106 cc. In
the severe cases a minute dose of insulin given intravenously,
which was without noticeable effect before a period of rest, would
markedly lower the blood sugar level when given before a period
of exercise. The comparison of the effect of exercise, with and
without msulin, in mild and severe diabetes suggested to him
that 1 muld diabetes the chief disturbance in the metabolism
of carbohydrate 1s an nadequate, or inadequately available, re-
serve of glycogen in muscle and liver, while in severe cases there
15 more or less complete mability to convert the dextrose of the
blood to the needs of the tissues.

ORAL INSULIN

Efforts to protect msulin from the action of the enzymes of
the gastro-intestinal tract in order to enable administration by
mouth in the treatment of diabetes heretofore have been unsuc-
cessful. That nsulin 15 able to pass the intestinal barrier has
been d rated, h , by investigators who vsed
isolated loops of bowel. Murhn and associates also have presented
evidence of activity when insulin, in preparations containing
hexylresorcinal, was given perorally to depancreatized dogs. Clin-
ical results with a different preparation have been reported by
Lasch and Schonbrunner. These writers found that acid organic
dyes, such as Congo red, trypan red and others, will protect.insuh'n
from disintegration by pepsin, and that individual basic dyes,
among them malachite green and rhodemine, simllar.Iy will pro-
tect 1t against trypsin. The addition of sapom'n. to insulin had bc.en
found by others to increase absorption in Thiry fistulas and with
tablets contamning saponin, trypan red, malachite green and L?ry
insulin, Lasch and Schonbrunner conducted experiments with
results that are impressive, Clinical trial of this preparation was
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undertaken in several German chinics, among them Eppinger's
in Vienna, Forty diabenc patients were given the tablets for
limited periods in amounts represenung doses of insulin varying
from 6o to goo umits daily, and data regarding eight of these
are included m Lasch and Schonbrunner’s report. The diabetes
of most of the eight was of considerable severity; for its control
45 to 6o umts of msulin injected subcutaneously were necessary.
Doses of oral insulin to be equally effective were from two to four
times as large. The necessary inclusion of saponin limits the
usefulness of the preparation and some doubt as to the safety
of long-continued admnistration of the dyes named may be ex-
pressed. No serious side effects were observed, but nausea, vormt-
ing and drarrhea, referable exclusively to the amount of saponin,
were encountered Some patients proved to be more sensitive to
the disturbing effects of saponin than others. Two patients were
treated for six and one pauent for eleven months without any
disagreeable symptoms. The report 1s conservative. The authors
claimed to have proved conclusively that 1nsulin is absorbed and
active when given by mouth, according to the procedure described,
but they reserved judgment on the clinical usefulness of the prepa-
ration unul 1t had received wider chmcal trral,

DIABETIC NOSTRUMS

The statement from "“Queries and Minor Notes,” the Journal
of the Amerncan Medical Association, which follows should serve
as a warning for those who because of dislike for the hypodermic
injection of 1nsulin turn to preparatons of reputed effectiveness
by mouth:

“No oral nsulin [preparation] has been accepted by the
Council on Pharmacy and Chemistry. . . Over eleven years ago,
The Journal 1n discussing ‘Enterocap Oralsulin’ (Dec. 4, 1926,
P 1935). pointed out the lack of evidence for the efficiency of
orally administered preparations of insulin and pancreas. . . .
No new evidence has been found to necessitate 2 revision of the
statement published at that time. Recently the federal authori-
ties charged with the enforcement of the Food and Drugs Act
seized a shipment of Enterocap Oralsulin and declared the product
adulterated and misbranded. According to the government re-
port, examination showed that the preparation contained wo
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insulin and that the labeling bore false and fraudulent repre-
sentations regarding the curative or therapeutic effects of the
product. (Notice of Judgment 27373, Food and Drug Adminis-
tration, U. S, Department of Agriculture, issued December, 1937) .
No products of Lafayette Pharmacal, Inc., stand accepted by the
Council on Pharmacy and Chemistry.”

The campaign which has been conducted by Federal agencies
and the American Medical Association against diabetic nostrums
has eliminated many of those of the past, but new ones crop up
like weeds. It is to be hoped that adequate appropriations by
Congress will make it possible to enforce the much more satis-
factory acts passed 1 1938 to regulate the advertising and sale of
foods, drugs and cosmetics. A favorite ingredient of so-alled
diabetic cures has been a diuretic drug, such as wild carrot (Queen
Anne’s lace). In other cases the promoter seems to depend on
the effectiveness of the accompanying diet directions. The spec-
tacular testimonials distributed with such nostrums often have
been written by innocent victims whose death notices were pub-
lished before the testimonials appeared.

GUANIDINE DERIVATIVES

Not in the category of nostrums, but of limited value and
possessing injurious properties, are the guanidine derivatives,
synthaline (deca-methylene-diguanidine) and neosynthaline (duo-
deca-methylene-diguanidine) . They never have been accepted
by the Council on Pharmacy and Chemistry of the American
Medical Association, but are used rather widely in Europe. Our
clinical expertence with them (Wilder and Allan, 1928) con-
firmed their reputed hypoglycemic effect, but showed this to !7:
limited in most cases to that obtainable with relatively few units
of insulin, that larger doses could not be given without provoking
symptoms of toxicity, that acidosis was not effectively preven.ted
and that pauents with diabetes of mild intensity were not -
proved even when the amount of the drug given caused lflc con-
centration of blood sugar to fall. In a case of juvenile _dml_)cteh
synthaline provoked severe vomiting and dangerous acidosis?

ich completely invalidates claims for fts use-
betes was reported by Schuler.

A recent study of
fulness in the treatment of dial
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PLANT EXTRACTS

Extracts of a great variety of plants, dispensed usually in the
form of decoctions, have long been used as folk remedies in the
treatment of diabetes. It has been supposed that in many cases
they inhibit glycosuria by inducing nausea or diarrhea. Collip,
and later Best and Scott, however, found sugar-depressing princi-
ples in extracts of 2 number of plants, and myrtilin, 1n which
Allen later took an nterest was unquestionably active when
admimstered to depancreatized dogs. Myrullin was an extract
of blueberry leat Clinical trial of 1t 1n one case of severe dia-
betes at the clinic disclosed some steadying tnfluence on the blood
sugar, In two other cases, in which insulin was being used, the
dosage of insulin could be reduced not more than p units; in
ten other cases, the results were entirely negative.®

OPIUM

A drug which i former days was much used 1n the treatment
of diabetes 15 opium  According to Hogler and Zell opiates 1n
small doses depress blood sugar values but in larger doses raise
them. The same, according to Krause and Marx, applies to the
use of optum 1n cases of diabetes

ALCOHOL

The use of alcohol 1n diabetes 1s ho longer an important prob-
lem That 1t has some anudiabetic effect has been shown, but
this is 100 feeble compared with that of 1nsulin to be of practicat
significance. Dependence on alcohol as a food which cannot be
converted to sugar has been made unnecessary by mnsulin, and the
stomachic and tonic values of alcohol are of no greater importance

For numerous references to substances of this nature the reader may con
sult the monograph on msufm by Hill and Howitt Plants which are reputed to
hme anudibenc properties aho occupy a plice of some mportance with the
Chumess  Among those studied by King Lt Pin, Shih Yuan-Kao and Li-Teng Pang
the most acuve hypoglycemic property was found m Rebminma glutnosa  When
an aleohalic extract of the root of this plant was injected into rabbus 1n a dose of
2 ¢, tepresenting 4 gm of fresh root, the average blood sugar valucs over five
haurs were as follows before injection, 0085 gm per 100 cc, one hour alter
Imjection, 0053, two hours, 0049, three hours, 0046, four hours, ooys, and five
hours, o33 Another reported plant extract with hypoglycemic potency 15 one
from the roots of a shrub called Devil's club (Fatsi2 hornida) which, 1t 1s reported,
{\z; l;!!n used for centuries by the Indians of Britsh Columbsa (Large and Brock-

esby) .



158 CLINIGCAL DIABETES MELLITUS

insulin and that the labeling bore false and fraudulent repre-
sentations regarding the curative or therapeutic effects of the
product. (Notice of Judgment 27373, Food and Drug Adminis-
tration, U. §. Department of Agriculture, issued December, 1987).
No products of Lafayette Pharmacal, Inc., stand accepted by the
Council on Pharmacy and Chemistry.”

The campagn which has been conducted by Federal agencies
and the American Medical Association against diabetic nostrums
has eliminated many of those of the past, but new ones crop up
like weeds. It is to be hoped that adequate appropriations by
Congress will make it possible to enforce the much more satis:
factory acts passed in 1938 to regulate the advertising and sale of
foods, drugs and cosmetics. A favorite ingredient of so-called
diabetic cures has been a diuretic drug, such as wild carrot (Queen
Anne’s lace). In other cases the promoter seems to depend on
the effectiveness of the accompanying diet directions. The spec-
tacular testimonials distributed with such nostrums often have
been written by innocent victims whose death notices were pub-
lished before the testimonials appeared.

GUANIDINE DERIVATIVES

Not in the category of nostrums, but of limited value and
possessing injurious properties, are the guanidmne derivatives,
synthaline (deca-methylene-diguanidine) and neosynthaline (duo-
deca-methylene-diguanidine). They never have been accepted
by the Council on Pharmacy and Chemistry of the American
Medical Association, but are used rather widely in Europe. Our
clinical experience with them (Wilder and Allan, 1928) con-
firmed ther reputed hypoglycemic effect, but showed this to be
limited in most cases to that obtainable with relatively few units
of insulin, that larger doses could not be given without provoking
symptoms of toxicity, that acidosis was not effectively preven.ted
and that patients with diabetes of mild intensity were not im-
proved even when the amount of the drug given caused t{le con-
centration of blood sugar to fall. In a case of juvenile diabetes,
synthaline provoked severe vomiting and dangerous acidosis?

claims for fts use-

A recent study of ich
fulness 1n the treatment of dlabetes was reported by Schuler.
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PLANT EXTRACTS

Extracts of a great variety of plants, dispensed usually in the
form of decoctions, have long been used as folk remedies in the
treatment of diabetes. It has been supposed that in many cases
they inhibit glycosuria by inducing nausea or diarrhea. Collip,
and later Best and Scott, however, found sugar-depressing princi-
ples in extracts of a number of plants, and myrtillin, in which
Allen later took an interest was unquestionably active when
admintstered to depancreatized dogs. Myrullin was an extract
of blueberry leaf. Clinical trial of 1t in one case of severe dia-
betes at the chimie disclosed some dyi on the blood
sugar. In two other cases, mn which insuhin was being used, the
dosage of insulin could be reduced not more than j units; 1n
ten other cases, the results were entirely negative.?

OPIUM

A drug which 1n former days was much used in the treatment
of diabetes is opium. According to Hogler and Zell opiates
small doses depress blood sugar values but m larger doses raise
them. The same, according to Krause and Marx, applies to the
use of opium 1n cases of diabetes.

ALCOHOL

The use of alcohol 1n drabetes 15 no longer an 1mportant prob-
lem, That 1t has some antidiabetic effect has been shown, but
this is too feeble compared with that of insulin to be of practical
significance Dependence on alcohol as a food which cannot be
converted to sugar has been made unnecessary by insulin, and the
stomachic and tomc values of alcohol are of no greater importance

#For numerous references to substances of this nature the reader may con-
sult the monograph on wsulin by Hill and Howut  Planes which are reputed to

. have antdiabetic propertes also occupy a place of some importance with the
hours were as follows before injection 008 gm per 100 cc; one hour after
injection, 0033, two hours, 0o1q. three hours 006, fouc hours, nogs, and five
bours, 004y Another reported plant extract with hypogtycemic potency 1s one
from the roots of a shrub called Devils club (Facsia horndz) which, 1€ 13 reported
,m; |;e:n used for centunies by the Indins of Brish Columbra {Large and Brock
esby) «
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msulin and that the labeling bore false and fraudulent repre-
sentations regarding the curative or therapeutic effects of the
product. (Notice of Judgment 27373, Food and Drug Adminis-
tration, U. S. Department of Agriculture, issued December, 1937) .
No products of Lafayette Pharmacal, Inc., stand accepted by the
Council on Pharmacy and Chemistry.”

The campaign which has been conducted by Federal agencies
and the American Medical Association against diabetic nostrums
has eliminated many of those of the past, but new ones crop up
like weeds. It is to be hoped that adequate appropriations by
Congress will make it possible to enforce the much more satis-
factory acts passed in 1938 to regulate the advertising and sale of
foods, drugs and cosmetics. A favorite ingredient of so<alled
diabetic cures has been a diuretic drug, such as wild carrot (Queen
Anne’s lace). In other cases the promoter seems to depend on
the effectiveness of the accompanying diet directions. The spec-
tacular testimonials distbuted with such nostrums often have
been written by innocent victims whose death notices were pub-
lished before the testimonials appeared.

GUANIDINE DERIVATIVES

Not in the category of nostrums, but of limited value and
possessing injurious properties, are the guanidine derivatives,
synthaline (deca-methylene-diguanidine) and neosynthaline (duo-
deca-methylene-diguanidine). They never have been accel.ated
by the Council on Pharmacy and Chemistry of the American
Medical Association, but are used rather widely in Europe. Our
clinical experience with them (Wilder and Allan, 1928) con
firmed their Teputed hypoglycemic effect, but showed this to f)c
limited in most cases to that obtainable with relatively few units
of insulin, that larger doses could not be given without provoking
symptoms of toxicity, that acidosis was not cffectively preven.ttd
and that patients with diabetes of mild intensity were not im-
proved even when the amount of the drug given caused !!le con-
centration of blood sugar to fall. In a case of juvenile dlﬂ?c:ﬂ-
synthaline provoked severe vomiting and dangerous acidosis

B claims for {ts use

2A recent study of which completely i
fulness in the treatment of diabetes was reported by Schuler.
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to the patient whose diabetes 15 managed properly than to normal
persons. On the other hand there is no contraindication in dia-
betes to the consumption of moderate quantities of alcoholic
beverages. These conclustons are based on a review of the sub-
ject which I prepared in 1932 for Emerson’s “Alcohol and man.”

THE VITAMIN B COMPLEX

It is not impossible that some of the hypoglycemic effects of
decoctions and extracts of vegetable material are due to the pres-
ence 11 such preparations of one or several of the factors of the
vitamin B complex. That vitamin B plays some réle in carbo-
hydrate metabolism was suspected by Funk and von Schonborn,
because their pioncer studies demonstrated that feeding carbd-
hydrate would aggravate the symptoms of beriberi, and that limt-
ng the intake of starches and sugars was beneficial in this avita-
minosis. The observation has been widely confirmed.

Funk’s vitamin B now s known to be a complex of nutritional
factors of which several, mcluding thiamin (vitamin B,) and
riboflavin (vitamin B,) have been 1solated and synthesized Thia-
min has to do with the removal from the blood and tissues of
lactic and pyruvic acids, also probably of methylglyoxal, all three
of these substances beng intermedi in the bol of
dextrose. This naturally suggests that the disturbed metabolism
of diabetes might be affected favorably by administering this vita-
min. Vorhaus and assocrates, Martin and Schroeder, have clatmed
that 1t was; von Drigalski has reported differently. Tislowtz,
gving large doses of thiamin to normal dogs, observed less eleva-
tion of the blood sugar by dextrose and increased sensitivity to
insulin associated with slowing of the pulse. The slow pulse
suggested to him that the effect of the vitamin might be mediated
through the central nervous system and the vagus. Riboflavin
also was found by Schroeder to lower the level of the blood sugar,
in diabetes. R

It is not improbable that the several factors of the vitamin B
complex are synergistic and that the complex as a whole may
have effects greater than those of any of its components taken
separately, Several reports have appeared to ?ndicnte that con-
centrates of the complex, such as rice polishings afxd biewers
yeast, may favorably affect the tolerance of diabetic patients. Also,
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The weakness in these observations, from the standpoint of prac-
tical therapeutics, has been the inconstancy of the preparations
obtainable. Some extracts undoubtedly have hypoglycemic activ-
ity; others, made the same way, apparently are inert.

SALTS OF SODIUM AND POTASSIUM

The existence of a reciprocal relationship between the metab-
olism of sodium chloride and that of dextrose has been suggested
by observations, such as the lower than normal levels of chloride
in the blood of patients with diabetic acidosis. In consequence
Glass and Beiless were led to inject sodium chloride in cases of
diabetes. They observed that the values for blood sugar fell with
regularity. Similar results, although less striking, were obtained
when salt was given by mouth. A vagotonic action was suggested
in explanation.

A more careful study of this subject was made by McQuarrie,
Thompson and i A child with dabetes who was p d
of an inordinate craving for table salt, three other diabetic patients
and one normal child, all in the age group between thirteen and
fifteen years, were given pure sodium choride by mouth, in doses
of from 1 to 2 gm. per kilogram of body weight per day The
degree of a pre-existent glycosuria of the diabetic patients was
diminished markedly and the sugar content of the blood was
brought to considerably lower levels. Also the respiratory quo-
tents, ketonuria and nitrogen balances were improved. Sodium
bicarbonate and sodium citrate, when given in such amounts that
the value for sodium was equivalent to that obtained on adminis-
tration of sodium chloride, had similar although less marked
effects. Potassium salts were found to exert an opposite action.
A diet high in potassium erther prevented or greatly lessened the
effect of the sodium, and potassium chlonde in doses of from 10 to
20 gm. datly, together with a diet Jow in sodium, significantly
increased glycosurta. MacLean added the observation that treat:
ment of a patient presenting a relattve insensitivity to insulin
with sodium chloride was particularly effective. In his case t!le
requirement for insulin steadily declined from 115 to 55 units
a day Subsequently we have treated successfully a numbcr_ of
patients having a relative insensitivity to insulin with s:xlisf'ymg
results, In such cases the diet should be made low in potassium,
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duced. Improved dextrose tol also was d, ble by
means of continuous injections of dextrose at timed rates. In
three of the five animals the increased tolerance to sugar persisted
for several months; in two it receded after a month or two.
Finally, this operation was performed in two carefully selected
cases of juvenile diabetes, with results that were similar to those
obtained 1n animals (de Takats and Wilder). In each case a
gradual increase in dextrose tolerance occurred at approximately
the fourth month; this did not perstst at its highest level but grad-
ually dimnished ®

The princpal reason for the fatlure to produce enduring 1m-
provement of dextrose tolerance by ligation of the pancreas was
thought to be advancing sclerosis, which at first affected only the
acim but Jater interfered with the blood supply to the islands.
The possible presence of some hormonal or nervous inhibition
to pancreatic function, which onginally may have led to the in-
ternal farlure and after the operation produced exhaustion of the
newly formed 1sland tissue was also considered.

These observations suggested another line of attack, and led
de Takats and Cuthbert to study the effect of celiac ganglionec-
tomy. They reported that when the celiac gland of normal dogs
was removed a rise in dextrose tolerance could be demonstrated,
associated with increased sensitivity to insulin, The ddta were
interpreted as indicating that the exclusion of the nerve impulscs
from the celiac ganglion either brings about an increased produc-
tion of insultn, possibly by increasing the blood supply of the
pancreas, or accomplishes a reduction in the requirement for
insulin. Bilateral denervation of the adrenals or bilateral section
of the splanchnic nerves gave identical results, and the last of
these procedures was selected for trial in two cases of diabetes. I.ﬂ
the first case, that of an eighteen-year-old girl with unstable di-
abetes and moderate insensitivity to insulin, an abrupt change
1as obtained in the dextrose-insulin ratio from 2 5:1 to to-
gether with other marked general improvement; both persls!td

*In one of these cases the requirement for insulin immcdiately after operation
wre markedly dymmushed, only 1o Tise again to its previous Jevel in 2 few days
o # Sancreatic vessels, the result

- ' ates, studywng the snfuence

« tervention provoked hyper:

secreton of nsulin
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«cond case, in which the patient was not insensitive to
10 benefit was obtatned.”

wal and other treatment directed at snsulin antagonists —
rerations by which theoretically there is hope of allevi-
: mtensity of diabetes involve resecuon of glands of
secretton with activity opposed to that of the pancreas
adrenalectomy 15 obviously out of the question, although
wn surgeon, Donat, performed adrenal denervations, as
»ne American surgeon also has done, with some unfor-
sults 8

pphysectomy has been performed in one case reported by
:r and co-workers. The patient was a fifteen-year-old boy
ere diabetes of seven years’ duration, complicated by
ry tuberculosis. The operation was carried out success-
| the insulin requirement subsequently fell from 150 or
s to 70 or §o units a day. A tendency to severe hypo
reaction was not corrected, and some months later the
ied of tuberculosis. It 1s of special interest from the
al point of view of those who believe in the etiologic
1ce of the pitwitary in diabetes, that the pituitary 1n this
carefully studied and revealed no abnormalities.
rrthyroidism decreases the sensitvity to mnsulin and hypo-
sm increases 1t This subject is to receive more attentton
ffice 1t here to comment on the effect of total ablatton
tyroid 1n two cases of diabetes in which this operation has
formed. In one case, reported by Foster, Pemberton and
patient, a white man twenty-six years of age, volunteered

Takats, Fenn and Tramp have described two tests for differentiating
abetes By the first the sensumty of the paticnt to an intravenous injec:
o1 units of Insulin per kilogram of body weight 15 determined, by the

AFars

With sensitvity to ergot ate the only ones that offer hope of benefit by
the splanchnic nerves
©ff described the development and fatal outcome of Addison's disease
suprarenal denervation for diabetes mellims A mmilar cse in which
1 denervation had been performed elsewhere later came to our attenuon
)der, and Cragg). At necropsy degeneration of both suptarenal glands
This change scemed to be attnbutable to interference with the blood
the ume of the dencrvation
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to undergo the operation in the hope of securing some improve-
ment of his unusually severe, but uncomplicated diabetes of
eleven years’ duration. A morphologically normal thyroid gland
was removed, and following the aperation the basal metabolic rate
fell to less than —g0 per cent, The tolerance for carbohydrate
rose concurrently 5o that a previous requirement of 45 units of
insulin ultimately was lowered to 8 or 12 units. The diet before
and after operation consisted of 103 gm. of carbohydrate, 59 gm
of protein and 183 gm. of fat. Despite the improved tolerance
the benefits obtained were not sufficient to justify recommenda-
tion of the procedure as a treatment for diabetes. Restricted
dieting and some insulin continued to be necessary, and the pa
tient complained that sensitiveness to cold and lack of endurance
were so disturbing that the advantage of the improvement in
tolerance for carbohydrate was not appreciated. In another case
of total ablation of the thyroid, reported by Rudy, Blumgart and
Berlin, the diabetes was complicated by tuberculosis.

Attempts to suppress the activity of the suprarenal glands by
roentgen treatment of these organs has not been successful. On
the ather hand, Hutton and Merle noted improvement of diabetes
after intensive irradiation of the pituitary. In the case described
by Merle, as well as in one of Rathery and Froment, the patients
before treatment were resistant to insulin. In Merle’s case the
glycosuria was more marked at the time of menstruation and
some endocrine antagonist to insulin was suspected. The pitui-
tary was irradiated from both sides in eight treatments, two each
week. The total dose of rays i to appr 1
one-third the sterilizing dose for the ovary, The output of sugar
was less after the treatment, even though no insulin was used, than
it had been previously with large doses of insulin. Cannavo also
is reported to have irradiated the region of the hypophysis and
thereby to have overcome abmormal resistance to insulin. On
the other hand, Selle, Westra and Johnson failed entirely to con-
firm the observation of Hutton and those of Barnes and associates

(1985), Who reported improvement of the diabetes of depancre-
atized dogs after roentgen irradiation of the pituitary. In five to
seven depancreatized dogs the sugar content of blood drawn be-
fore breakfast was not lowered by irradiation of the pituitary, and
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to undergo the operation in the hope of securing some improve-
ment of his unusually severe, but uncomplicated diabetes of
eleven years’ duration. A morphologically normal thyroid gland
was removed, and following the operation the basal metabolic rate
fell to less than —go per cent. The tolerance for carbohydrate
rose concurrently so that a previous requirement of 45 units of
insulin ultimately was lowered to 8 or 12 units. The diet before
and after operation consisted of 103 gm. of carbohydrate, 55 gm.
of protein and 183 gm. of fat. Despite the improved tolerance
the benefits obtained were not sufficient to justify recommenda-
tion of the procedure as a treatment for diabetes, Restricted
dieting and some insulin continued to be necessary, and the pa-
tient complained that sensitiveness to cold and lack of endurance
were so disturbing that the advantage of the improvement in
tolerance for carbohydrate was not appreciated. In another case
of total ablation of the thyroid, reported by Rudy, Blumgart and
Berlin, the diabetes was complicated by tuberculosis.

Attempts to suppress the activity of the suprarenal glands by
roentgen treatment of these organs has not been successful. On
the other hand, Hutton and Merle noted improvement of diabetes
after intensive irradiation of the pituitary. In the case described
by Merle, as well as 1n one of Rathery and Froment, the patients
before treatment were resistant to insulin. In Merle’s case the
glycosuria was more marked at the time of menstruation and
some endocrine antagonist to insulin was suspected. The pitui-
tary was irradiated from both sides in eight treatments, two each
week. The total dose of roentgen rays amounted to approximately
one-third the sterilizing dose for the ovary. The output of sugar
was less after the treatment, even though no insulin was used, than
it had been previously with large doses of insulin. Cannavo also
is reported to have irradiated the region of the hypophysis and
thereby to have overcome abnormal resistance to insulin. On
the other hand, Selle, Westra and Johnson failed entirely to con-
firm the observation of Hutton and those of Barnes and associates
(1935) » who reported improvement of the diabetes of depancre-
atized dogs after roentgen irradiation of the pituitary. In five to
seven depancreatized dogs the sugar content of blood drawn be-
fore breakfast was not lowered by irradiation of the pituitary, and
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there was no indication that the severity of the symptoms was
diminished. The doses administered were so massive that one
would not dare to employ them in treating 2 patient, and the
degree of damage from such treatment to nerve structures and
other hormones of the hypophysis is conjectural. The opinion
was expressed by Selle, Westra and Johnson that before treatment
of diabetes by irradiatton can be endorsed the rationale for this
treatment must be better.

Another method of dampening the action of the pituttary 13
to administer large doses of the products of the end organs, such
as the ovaries which normally are dependent on the pituitary for
stimulation. Some benefit has been obtained in the acromegalic
symptoms of patients with acromegaly, by giving daily injections
of esmn -in-oil (Kirklin and Wllder) and when large doses of
cor were admni; d to rats, the adrenotropic action
of the pituitary was suppressed (Ingle). Barnes and his assoctates
(1933) found that giving estrogenic substance to normal female
dogs prevented all but mild glycosuria after pancreatectomy.
Soskin and his co-workers, attempting a clnical application of this
principle, obtained similar results on administering estrogenic
substance to diabetic patients. I previously have referred to a case
of insulin resistance in a woman with menopausal symptoms, in
which the dose of insulin was lowered from 100 to 5o units a day
by such treatment  Unfortunately experience has been less favor-
able with other cases.

A blood sugar depressing effect of parathyroid extract has been
reported by Zunz and La Barre  Olmer and Paillas have con-
firmed this The effect, however, does not appear to the latter
wnvestigators as a direct one, for the reason that njection intra-
venously into an isolated extremity caused no change.

‘Woodyatt gave an extract of the anterior lobe of the hypoph-
ysis to diabetic patients, with the purpose of creating resistance to
1ts activity (antihormone effect). The glycosuria increased dur-
i.ng the course of the injection, but after the high dosage was
interrupted, improvement occutred in the tolerance for carbohy-
drate, comparablc to that which follows removal of the pituitary.
This i hy ic suggestion sught to

P
be put to furthcr trial.
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CHAPTER X

ACIDOSIS AND COMA IN DIABETES

Certain complications in diabetes are feared, not for them-
selves alone, but because by them diabetes is intensified and
thereby coma is provoked. Acidosis in diabetes may result from
neglect of treatment but with equal frequency an infection or the
shock of an operation is responsible. Thus, although itself a
dreaded complication, diabetic acidosis and coma can hardly be
constdered apart from those complications which may precipitate
acidosis, especially infection, trauma and operations. These topics
will receive attention in succeeding chapters.

HISTORICAL ACCOUNT

Coma with fatal outcome was so frequent an occurrence in diabetes that
1t early attracted the attention of chnicans  Von Stosch’s description in 1820
1s readily recogmzable, and in 1854 both Marsh and von Dusch commented
on the unusual characteristcs of this type of coma Von Dusch raised the
questton whether 1t could be related to uremia but he deaded that it could
not Then Petters, i 1857, in a fatal case with a strong odor suggestive of
chloroform, 1dentified acetone 1n the blood and urine, and Gerhardt intro-
duced his iron-chlonde test for dracetic acid in urine containing acetone
Finally, 1n 1874, Kussmaul wrote hus classical d:smpuon of the characteristic
hyperpnea since then known as Kussmaul's respiration: “There is nothing to
suggest that the air on 1ts way to or from the !ungs has even the least ob-
struction to overcome. The thorax expands fully in all directions, complete
mspiration 15 followed by just as complete expiration. Stasts of blood in the
vens of the meck is absent, likewise any cyanosis This ‘grosse Atmung’
is usually The contrast of the general weakness
with the strength of the respiratory movements is one of the most impresstve
features of the chnical picture.”
The discovery of the nature of acidosis by Naunyn and s pupxls, in
the chinic m Konigsburg, between 1878 and 1880, represented one of th
most brilliant contributions of climcal mediane to general physiology 'rhc

story is told 1 Naunyn's Liberally but with no
important orssions, the account is as follows.
In 1875 Walthers, in that injection

of inorganic acds stimulated exaretion of ammoma by the kidneys. The sub-
ject of unnary ammoma was one with which Naunyn already was interested,
and Walthers' work p fon m the medical clmic
in Konigsburg to determine whether the output of ammonia in disease would
provide some insight into the processes of intermediary metabolism—2 hope
later brilliantly reahzed in diabetic acidosis.
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mobilizing the various mechanisms possessed by the body for nd-
ding itself of excessive acid The condition then is one of ketosis
with compensated acidosis in which large amounts of ammonia
are found in the urine. It was encountered in the era before
insulin in practically all cases of severe diabetes True acidosis,
in the sense of diminished alkali reserve, may accompany such
ketoss, but when it does it frequently 1s not severe.

A condition more dangerous than the chronic one described
is brought about when the rate of formation of ketonic acids 1s
rapid, as occurs not infrequently at the onset of the diabetes of
childhood, or 1n any case of severe diabetes when treatment with
insulin is interrupted Then time is not allowed for compensa-
tory adjustments, the mechantsms for mamtaining the neutrality
of the body are overwhelmed, and the alkal: reserve of the blood
is quickly depleted. The course, in cases of severe uncompensated
acidosis, unless treatment is instituted, 1s rapidly progressive, with
early fatal termnation  In this condition the respiration is stimu-
lated, urine is passed n large amounts, and by these means, as
well as by vomiting the tissues soon are dehydrated and depleted
of sodium chloride and other salts Soon afterward the vol-
ume of the blood s diminished, the circulation fails, renal ex-
cretion 1s depressed and the body temperature falls The carbon
dioxide combining power of the plasma may reach the extraor-
dinarily low value of 2 volumes per cent, it usually dips below
35 volumes per cent before respiratory symptoms appear. The
blood is concentrated, but the values for the chloride and sodium
in the plasma are depressed. The blood fats increase at umes to
very high values, the value for nonprotein nitrogen rses, and very
high values for sugar are obtained Leulocytosis develaps; counts
of 20,000 are not infrequent and one of more than Go,000 has
been seen unassocrated with evident infection  Consciousness 1s
dulled early and deep coma usually 1s established for some time
before death; however consciousness in some cases 1s no more than
dulled until the end  Not mfrequently death has occurred after
the clinical abnormalities have been corrected by appropriate
treatment.

Experimental evidence (Wilder, 1917) led to considering
acetoacetic (diacetic) aad rather than beta-hydroxybutyric acid
as the mother substance of the ketone bodies. In severe states of
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tained to the end in fatal cases of acidosis, whereas more often it
may be lost when the degree of acidosis, as judged by the carbon
dioxide combining power of the plasma, is less extreme. What
sometimes is implied by the term is an arbitrary value for the
carbon dioxide combining power of the plasma, this serving asa
criterion for classification of cases. Joslin and Root, for example,
adopted the value 20 volumes per 100 c.c. as the upper limit in
cases of “coma,” because in pre-insulin days recovery could be
obtained in most cases of acidosis when the value was above this
figure. In our clinic, as Baker has written, the value 25 volumes
per 100 c.c. has been adopted, because in several cases unconscious:
ness has accompanied values for carbon dioxide combining power
between 20 and 25 volumes per 100 c.c.

ABNORMAL PHYSIOLOGY IN DIABETIC ACIDOSIS

By the fanciful description of Rosenfeld “fats burn in the fire
of the carbohydrates.” Fats in metabolism are hydrolyzed; lhf“
fatty acids thus are separated from combination with glycertt
Other fatty acids arise from protein when amino-acids are d¢
aminized. Bela oxidation then occurs, according to the theory of
Knoop, whereby each fatty acid attacked successively at the carbon
atom next to the carboxyl group and disintegrating, two hinks 2t
a time, is converted into a chain only four carbons in length—~
butyric acid (CH,; CH, CH, COOH). To this point the met-
abolism of fat proceeds with or without the “fire of carbo-
hydrate,” but at this point, when the organism is imdeqmtdy
supplied with carbohydrate or, as in severe diabetes, is unable t0
utilize what it has, the process hesitates. Beta oxidation .agﬂ“
occurs, but instead of again breaking the chain, it gives I 0
ketonic acids also four carbon atoms long. The ketone bodies~
as Woodsatt descriptively has put it—are like soot from a smoki®®
lamp—products of incomplete combustion. Aceto-acetic acid {d+
acetic actd) apparently is the first to form (CH;3 CO CH, CO0H)-
This in turn gives rise, to a small extent, to acetone and © H‘
greater extent 1o betahydroxybutyric acid (CHs GHz CHO
COOH).

The disturbed metabolism of fatty acid, in an organ
properly to utilize carbohydrate, may develop slowly,
cumulation of ketonic acids occurs gradually and time is

ism unable
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mobilizing the various mechamsms possessed by the body for rid-
ding itself of excessive acid. The condition then is one of ketosis
with compensated acidosis in which large amounts of ammonia
are found in the urine. It was encountered in the era before
insulin in practically all cases of severe diabetes. True acidosis,
1 the sense of dimimshed alkali reserve, may accompany such
ketosis, but when it does 1t frequently is not severe.

A condition more dangerous than the chronic one described
15 brought about when the rate of formation of ketonic acids 1s
rapid, as occurs not infrequently at the onset of the diabetes of
childhood, or 1n any case of severe diabetes when treatment with
msulin is interrupted. Then time is not allowed for compensa-
tory adjustments, the t for mai ing the lity
of the body are overwhelmed, and the alkali reserve of the blood
is quickly depleted. The course, in cases of severe uncompensated
acidosis, unless treatment 15 instituted, 1s rapidly progressive, with
early fatal terrmnation In this condition the respiration is sttmu-
lated, urine is passed in large amounts, and by these means, as
well as by vomiting the tissues soon are dehydrated and depleted
of sodium chloride and other salts. Soon afterward the vol-
ume of the blood 1s diminished, the circulation fails, renal ex-
cretion 15 depressed and the body temperature falls. The carbon
dioxide combining power of the plasma may reach the extraor-
dinarily low value of 2 volumes per cent; it usually dips below
35 volumes per cent before respiratory symptoms appear. The
blood is concentrated, but the values for the chlonde and sodium
i the plasma are depressed. The blood fats increase at tumes to
very high values, the value for nonprotein nitrogen rises, and very
high values for sugar are obtained. Leukocytosts develops; counts
of 20,000 are not nfrequent and one of more than 60,000 has
been scen unassoctated with evident nfection. Consctousness is
dulled early and deep coma usually is established for some time
before death, howeser consciousness 1n some cases 1s no more than
dulled until the end Not infrequently death has occurred after
the clinical abnormalities have been corrected by appropriate
treatment,

Expenimental evidence (Wilder, 1917) led to considering
aceto-acetsc (diacetic) acid rather than beta-hydroxybutyric acid
as the mother substance of the Letone bodies. In severe states of
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ketosis four times as much beta-hydroxybutyric acid may be found
in the urine as aceto-acetic acid, and the idea has been entertained
by several investigators that the conversion of aceto-acetic acid to
beta-hydroxybutyric acid represents to some extent a process of
detoxification. Additional evidence of this has been provided by
Schnerder and Droller, who found that a state “resembling di-
abetic coma” could be induced 1n rabbits by long continued intra-
venous infusion of the sodium salt of aceto-acetic acid, but not by
injection of comparable amounts of the sodium salt of beta-
hydroxybutyric acid. Injection of hydrochloric acid produced
coma less readily, and only at lower values for the alkali reserve.
From this it was suggested that the coma of diabetic acidosis is
due less to the acidosis than to a specific intoxication by the aceto-
acetic anion.

An important study of the metabolism of patients with diabetic
acidosis has been reported by Engel, with the suggestion that
failure of the cortex of the adrenal glands has a determining part
in the deaths of patients. As coma threatens, the concentratiot
of chloride and sodium in the plasma falls abruptly; indeed re-
peated determination of the chloride in the urine offers a sure
and convenent method of controlling treatment. In diabetic
acrdosis, as in the crisis of Addison’s disease, a rich supply of hyper-
tonic salt solution and solution of sodium bicarbonate is de-
manded. It also has been emphasized by Engel that the diet of
young and asthenic diabetic patients should never be low 10
sodium chloride.

INCIDENCE OF DIABETIC ACIDOSIS

The percentage of all diabetic deaths from acidosis, in statistics
of Marble, cited by Joslin, for the years 1930 to 1936, was 6 1.
For the pre-insulin, Naunyn pertod, 1898 to 1914, it was 637
The improvement obviously is attributable to the better treat-
ment made possible by the discovery of insulin. Fine as thus is
still better results should be expected, as has been shown in Joslin
and Marble’s comparable statistics of the mortality among phys
icians who have diabetes. In the period 1922 to 1936, only 3.3
per cent of deaths of diabetic physicians came from coma. The
doctors, as Joshin has implied, take better care of themselves than
they are able to take of their patients.
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accel d but also deepened (K I's breathing), the situa
tion 1s criical.

The early treatment of diabetic acidosis is lifesaving, but care
must be exercised, since a hasty decision to inject insulin may
have serious consequences in coma of other than diabetic origin
or when coma 1s due to hypoglycemia. The differential diagnosis,
of diabetic coma and insulin coma is considered elsewhere {p
102). The hyperpnea of the former, the strong fruity odor of
acetone of the breath, the red lips and cheeks, the dehydrated
skin and tongue and the soft, sunken eyeballs, constitute a picture
which 1s not difficult to recognize. However, sometimes the phys
ician is called to treat a patient who has been overtreated with
insulin for diabetic acidosis and has passed out of this state,
through a short period of consciousness, into the coma of hypo-
glycemia and, under such crcumstances, certain of the signs of
diabetic coma, such as a dry skin, soft eyeballs and acetone breath,
persist.

PROGNOSIS

The immediate prognosis in severe diabetic acidosis s affected
by: (1) the age of the patient, (z) the degree of unconsciousness
~this, as well as the duration of unconsciousness before the instt
tution of treatment 15 of more significance prognostically than
the value for blood sugar or the degree of depletion of the athali
reserve, (3) the presence or absence of infection, and {4) th
normality of the heart and kidneys.

The mortahty at The Mayo Clinic from coma among patients
in the first four decades of life, was 4 per cent; among those in l{“
next four decades it was 4o per cent. This experience is much i
accord with that reparted by Marble and Jostin. Long duratio®
of severe acidosis and the degree of unconsciousness are indexes
of gravity Ten patients in the series of Mayo Clinic cases ©
ported by Baker had been completely unconscious for more than
twelve hours. OF this group only three survived. He found lest
correlation between mortality and the degree of depression of the
carbon dioxide combining power of the plasma or the degree @
hyperglycemia. However, Dillon and Dyer, who reposted twent?
five cases in which the values for the blood sugar were moré than
1,000 §m. per 100 €., observed that the mortality was more th
twice as high in cases in which values exceeded 0.700 gm- PE¥ 10
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.. as it was in cases in which they were Jess than o.400 gm. per
100 ¢ 'That the outcame will be unfavorably affected by ac-

panying infection or ca 1 disease is salf evident. In
five of the seventcen tases seposted by Baker an which death
ocecurred, ful infection precipitated the acidosis and ac-
counted for the deaths; 1n four of the Fatal cases cardiorenal disease
Was P istent. A grave compli 13 i ular collapse,
with attending anuria and uremia. A tubular nephntis cuused by
taxic injury of the epithelial cells is a frequent finding in dabetic
acrdosis, and it may fusther smpaic repal function.  This iy re-
sponsible for the showers of casts {“coma casty”) frequently found
in the urine i acidosis.

Rabinowitch, Fowler and Bensley (1939), nvestigating the
mortalities for diabetic “coma”™ from four large clinics, found
them not 1o be comparable because of the many variables which
influence momhty (mm coma. They lh:rciorc proposed, for
future use in g different hods of grading
coma on the basis of a “severity index.” In the calculation of
this a numerical value was asagned ta each of the various factors
for which, in their experience, a positive correlation existed
These data showed that exception could be taken to any of the
variables when used alone, but that the combined use of all of
those shown in Table § provided information of supenior prog-
nostic value,

The ultimate prognosss in cases of diabetic coma would be
satisfactory, in our experience, were it not for “repeaters” Pa
tients who because of carelessness have suffered one auack are
likely to have others for the same teason  The patients i o pes
cent of mnety-nine cases an the senes reported by Baler had other
attacks either before or after their imtial visit ¢o the chnic, and
in many instances death resulted 1n one of the later attacks  We
have nat observed that patients who have undergone an attack of
coma are unwwally susceprible to tuberculosis, as reported by
Reot,

Unexplained deaths~In a nuraber of cases of disbetic coma
control of the chemical abnormalities of the blood has beens obr
ufned but the patients have died. In some of these cases con-
3tiousness was restored and the patient has seemed to be on the
7o3d to recoverys then he collapsed. The cause of such deaths ™
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alterations consisted of lengtheming of the Q-T interval, depres-
sion of the S§-T interval and 1nversion of T waves. In all but
three cases the ly disapf d; however,
the greatest alteration was observed not during coma but about
twenty-four hours later when the patient was recovering, and in
one case the final return to normal was delayed for 2 month.
The transient nature of these electrocardiographic abnormal-
ities led to the suggestion of functional rather than structural
damage to the myocardium, the change being slowly reversible.
Any one or several factors may be responstble: the acidosts per se,
the loss from the blood of ions of sodium and chloride, the loss
of blood volume, the dehydration or the breakdown of tissue
(muscle) protein.t That the measures resorted to in the treat-
ment of acidosis are not ponsible for lities 13
worthy of consideration Insulin itself is probably blameless,
unless enough 1s given to provoke hypoglycemia, but too sudden
a restoratron of the blood volume may have unfavorable effects
and abrupt changes 1n osmotic relationships resulting from rapid
corrections of severe hyperglycemia may not be harmless.

b itie:

PREVENTION OF COMA

Diabetic acidosis is avoidable and for coma to develop 1s
usually inexcusable Deaths from coma would be almost elim-
nated 1f all diabetic pattents would adhere to the following rules

*That tissue protein is depleted i diabetie 2dosis 1 evidenced by accompany-
ing azotuna and arotemia  Diflon and Dyer found 2 better corrclation of mor-
tality in diabetic coma with degree of azotem:a than with degree of hyperglycemia
or degree of depression of carbon dioxide combimng power In their 268 cases of
coma the mortality 1n cases in which the value for blood urca nitrogen was 0.020
BI PET 100 c . or less was 22 per cent, whereas i those casea In which the value
OXCrrdrd mnan tha —mn o T e = .. value for blood urea

ws .. .

o1 gm per 100 ce.,
- . - .

. . tion between the de
. PRI * iy dinded ther pa-
tients into ‘conscious” and “unconsciows’ groups, according to whether 1t way
possible 10 2rouse the patent enough to answer "yes™ or “no” to some nmple ques.
don, and found the mortahty among the conscious group to be 28 per cent and
that among the unconscious group 81 per eent  In their nncomplicated cases only
54 Per cent of the “conscious™ patieats died

Owens and Rochwern of the University of Cinannati Iikewise placed great
emphasis on the degree of unconsciousness of the pavent  They found the carbon
dioxide combining capacity of the plasma to be of no pracuicat prognostic ngmifi-
€ance. Thew mortality in cases in which young patients were conscious of sem
frawciaus wis 182 per cent, whereas for unconsaious panients the mortality ranged
rom 47 3 for patients under twenty years of age to 857 per cent for older patienty.
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Standing orders for treatment of coma.*—These are as follows:

1. Place the patient in a single room in bed between blanlets.
Place hot water bottles close to the body and thighs, avoiding the
legs and feet. Call a special nurse and a special laboratory tech-
nician; if possible have them on hand when the patient artives
Call she consultant.

2. Inject insulin. For an adult give from 50 to 100 units

of protamine-zinc insulin in one hypodermic site and from =0
to 40 units of unmodified insulin in another; for a child give
relatively smaller doses. The size and frequency of subsequent
doses will depend on clinical discriminations and the results of
examination of blood and urine. Usually, additional doses of
unmedified insulin are to be given at intervals of three hours;
see paragraph 10.
Collect blood from vein. Fill a 20 c.c. centrifuge tube con-
taining sodinm oxalate for determination of the values for sugar,
chloride, urea and carbon dicxide combining power. Repeat the
examination of the blood for sugar and carbon diovuide combining
power nat less frequently than once every three hours until the
patient 1s out of danger. Secure additional blood for grouping
in case transfusion of blood is required later.

4. Start intravenous injection of physiologic salt solution at
a rate not exceeding 20 c.c. per minute. The same needle in-
serted for collectng blood should be used without withdrawal
for this injection. Give not less than 30 c.c. per kilogram of body
weight (14 cc. per pound) in the first six hours, 15 cc. per kilo-

*The procedure outhined by these standing orders Is based on an experience
represented by nerly 40 cases 1n which patlents either were unconscous on admly
100 to the hopital or the crbon dioude combining power of the blood plasma
was 15 volumes per cont, or lews. Observations based on 108 of these Qscs were
teported in 1036 by mv auistant Dr Baker In three Instances in this senes pa-
Gients were admutied unconscious vet with values for carbon dioxide combining
power of 13 volumes per cent. In wix of the seventeen hil Qws the value was
more than sa. Had the patients 1n these cues been omibited the mornlity rate
for the senies would have been 149 per cet snstead of 137

Aadnsha of the degree mennoned has been found la only v6 per crat of all
Favents with diabetes admatted to The Mavo Chimc. This {nadence is low when
fompared to that encountered by Josln n Doston (2£) and John 1 Cloveland
{40}, The explananen prosumadbly 1 our sunaton In a small town. In the year
1957, 74 Per cont of 855 of 118y dubetic fatienn fegitered from sures other
than Mmaniots, and only § per ceot were from the ooy of Rochester  Patents
wlth scvere acidoms cbnowily cannat apply for treatment in a d sunt aty, bat by
the same tolen those who do stempt to reach the ehinic frequenily arrive after
many bouns in conditions of extreme severtty
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1. Never neglect daily testing of urine and step up the doses
of msulin to prevent gross glycosuria (see p. 93) .

2. Never omit insulin because of inability to take food, unless
the urine is sugar free.

3 Always nform surgeon, dentist and chiropodist of the
presence of diabetes before operations, extractions of teeth and
chiropody.

4. Keep up resistance 1o infection by avoiding severe fatigue,
either physical or mental, and securing recreation and regular
sleep.

5. Avoid close contact with persons who have colds or other
contagious diseases. Keep away from theaters and other assem-
blies in times of epidemics.

6. Consult your physician early for the treatment of any 1n-
fection you may acquire, with or without fever; with or without
any infection call him urgently if any two of the following group
of symptoms develop:

(a) Unexplained weakness and drowsiness.

(b) Loss of appetite and nausea, with or without vomiting.

(¢) Unusual pain in abdomen, legs or back.

(d) Dry skin and tongue with ncreased thirst.

(¢) Increased resprration with fruity acetone breath.

(f) Persistent gross glycosuria with positive urine tests for
diacetic acid.

TREATMENT OF DIABETIC COMA

In order of relative immediate importance, the measures em-
ployed in treating diabetic acidosis are:
. Rest and heat.

Insulin,

‘Water and salt,

Alkali.

Gastric lavage (rectal lavage) .
. Cardiac stimulation.

Urinary catheterization

. Dextrose.

Continued treatment.

The rationale of each of these will be considered in order, but
first will be given the standing orders by which we are guided
when 2 patient with severe acidosis is admitted to the hospital.

T D o B

©
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Standing orders for treatment of coma.*~These are as follows

1. Place the patient in a single room in bed between blankets
Place hot water bottles close to the bady and thighs, avoiding the
legs and feet, Call a special nurse and a special laboratory tech-
nician; if possible have them on hand when the patient arrives
Call the consultant.

2. Inject msulin, For an adult give from 5o to 100 units
of protaminezinc msulin in one hypodermic site and from 20
to 40 units of unmodified nsulin 1n another; for a chuld give
relatively smaller doses. The size and frequency of subsequent
doses will depend on clinical disciminations and the results of
examination of blood and urine. Usually, additional doses of
unmodified nsulin are to be given at intervals of three hours,
see paragraph 10

3. Collect blood from vein. Fill a 20 c.c. centrifuge tube con-
taining sodium oxalate for determination of the values for sugar,
chlonide, urea and carbon dioxide combining power Repeat the
examination of the blood for sugar and carbon dioxide combining
power not less frequently than once every three hours until the
patient 15 out of danger. Secure additional blood for grouping
in case transfusion of blood 1s required later.

4. Start ine injection of physiologic salt solution at
a rate not exceeding 20 cc per minute. The same needle in-
serted for collecting blood should be used without withdrawal
for this injection. Give not less than 30 c ¢, per kilogram of body
weight (14 cc. per pound) 1n the first six hours, 15 cc per Lilo-

*The procedure outlined by these standing orders is based on an experience
represented by nearly 10 cases 1n which patlents efther were unconscious on admis-
sion to the hospital or the carbon dioxide combimng power of the blood plasma
was 25 volumes per cent, or less Observations based on 108 of these cases were
reported In 1936 by my asustant, Dr, Baker In three instances in this series pa-
uents were admitted unconscious. yet with values for catbon choxide combining
power of 25 volumes per cent In six of the seventeen fatal cases the value was
more than 20 Had the paticnts in these cases been omitted the mortahity rate
for the series would have been 149 per cent instead of 1

Acdosis of the degree mentioned has been found 1n only 16 per cent of alt
patients with diabetes admitted to The Mayo Climic ‘This incidence 13 Jow when
compared to that encountered by Josln mn Boston (2B) and John i Cleveland
(40) The explanation presumably 13 our sitaation m a small town In the year
1937, 74 per cent, or 876, of 1184 dubetlc pauents registered from states other
than Minnesota, and only § per cent were from the aty of Rochester Pauents
with severe adosis obviously cannot apply for treatment 1n a distant city, but by
the same token those who do attempt 1o reach the clime frequently arrive after
many hours 1n conditions of extreme seventy,
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1. Never neglect daily testing of urine and step up the doses
of nsulin to prevent gross glycosuria (see p. 93).

2. Never omit insulin because of inability to take food, unles
the urine is sugar free.

§ Always inform surgeon, dentist and chiropodist of the
presence of diabetes before operations, extractions of teeth and
chiropody.

4. Keep up resistance to infection by avoiding severe fatigue,
either physical or mental, and securing recreation and regular
sleep.
5. Avoid close contact with persons who have colds or othet
contagious diseases. Keep away from theaters and other asem
blies in times of epidemics.

6. Consult your physician early for the treatment of any 1
fection you may acquire, with or without fever; with or without
any infection call him urgently if any two of the following group
of symptoms develop*

(a) Unexplained weakness and drowsiness.

(b) Loss of appetite and nausea, with or without vomiting.

() Unusual pain in abdomen, legs or back.

(d) Dry skin and tongue with increased thirst.

(¢) Increased respiration with fruity acetone breath.

(f) Persistent gross glycosuria with positive urine fests for
dracetic acid.

TREATMENT OF DIABETIC COMA

In order of relative immediate jmportance, the measures em
ployed in treating diabetic acidosis are:

1. Rest and heat.

2. Insulin,

3. Water and salt.

4. Alkali,

5. Gastric lavage (rectal lavage).

6. Cardiac stimulation.

9. Usinary catheterization,

8. Dextrose,

g. Continued treatment.

The rationale of each of these will be considered in ord:r,‘but
first will be given the standing orders by which we are gu\ded
when a patient with severe acidosis is admitted to the hospital.
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Standing orders for treatment of coma*~These are as follows:

1. Place the patient in a single room in bed between blankets
Place hot water bottles close to the body and thighs, avoiding the
legs and fect. Call a special nurse and a special laboratory tech-
nician; if possible have them on hand when the patient arrives.
Call the consultant,

2. Inject insulin  For an adult give from 5o to 100 units
of protammnezinc msulin 1n one hypodermic site and from 20
to 40 units of unmodified insulin in another; for a child give
relatively smaller doses. The size and frequency of subsequent
doses will depend on clinical discrimmations and the results of
examunation of blood and urine. Usually, addittonal doses of
unmodtfied 1nsulin are to be given at ntervals of three hours;
see paragraph 10

4. Collect blood from vemn. Fill a zo cc centrifuge tube con-
taining sodium oxalate for determination of the values for sugar,
chloride, urea and carbon dioxide combining power Repeat the
examination of the blood for sugar and carbon diovide combining
power not less frequently than once every three hours until the
patient 1s out of danger. Secure additional blood for grouping
in case transfuston of blood is required later

4. Start i injection of physiologic salt solution at
a rate not exceeding 20 cc¢ per mmute. The same needle in-
serted for collecung blood should be used without withdrawal
for this wnjection. Give not less than 30 c c. per kilogram of body
weight (14 cc. per pound) in the first six hours, 15 c.c. per kilo-

*The procedure outlined by these standing orders fs based on an experience
represented by nearly 150 cases 1n which panents elther were unconsaious on adms-
s10n (0 the hospital or the carbon dioxide combining power of the Blood plasma
was 25 volumes per cent, or less _Observations based on 108 of these cases were
seported In 1936 by my asastant, Dr Baker In three instances in this senies pa-
uients were admutted unconscious, yet with values for carbon dioxide combimng
power of 25 volumes per cent In six of the seventeen fatal cases the value was
more than 20 Had the patients 1n these cases been omitted the mortality rate
for the series would have been 149 per cenc instead of 157

Aadoss of the degree menuoned has been found 1n only 16 per cent of all
patients with diabetes admitted to The Mayo Climc Thus madence 1s Jow when
compared o that encountered by Joshn i Boston (28) and John i Cleveland
(40) The explanation presumably 1s our s1uation 1n 2 small town In the year
1937, 74 Per cent, or 876, of 1184 drabetic patients registered from states other
than Minnesota, and only § per cent were from the aty of Rochester Pauents
with severe acidosis obviously cannot apply for treatment in a distant cuty, but by
the same token those who do attempt to reach the chnic frequenily armive after
many hours 1 conditions of extreme seventy
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1. Never neglect daily testing of urine and step up the dose
of insulin to prevent gross glycosuria (see p. 98)-

2. Never omit insulin because of inability to take food, unles
the urine is sugar free.

3. Always inform surgeon, dentist and chiropodist of th
presence of diabetes before operations, extractions of teeth anc
chiropody.

4. Keep up resistance to infection by avoiding severe fatigue
either physical or mental, and securing vecreation and regula
sleep.

5. Avoid close contact with persons who have colds or other
contagious diseases. Keep away from theaters and other assem
blies in times of epidemics.

6. Consult your physician early for the treatment of any in-
fection you may acquire, with or without fever; with or without
any infection call him urgently if any two of the following group
of symptoms develop:

(a) Unexplained weakness and drowsiness.

(b) Loss of appetite and nausea, with or without vomiting.

(¢) Unusual pain n abdomen, legs or back.

(d) Dry skin and tongue with increased thirst.

(¢) Increased respiration with fruity acetone breath.

(f) Persistent gross glycosuria with positive urine tests for
diacetie acid.

TREATMENT OF DIABETIC COMA

In order of relative immediate importance, the measures ¢m
ployed in treating diabetic acidosis are:

1. Rest and heat.

2. Insulin.

Water and salt.

Alkali.

Gastric lavage (rectal lavage)
Cardiac stimulation.

%. Urinary catheterization.

8, Dextrose.

9. Continued treatment.

The rationale of each of these will be considered i order, but
first will be given the standing orders by which we are F“ldﬂ
when 2 patient with severe acidosis is admitted to the hospital.

Do e
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should be administered intravenously at three-hour intervals. The
solution of dextrose may be added to what physiologic salt solu-
tion is being administered by vein, but not to a solution contain-
ing either sodium bicarbonate or compound solution of iodine
(Lugol’s solution).

9. Determine and record the blood pressure hourly. If the
systolic pressure falls below 8o mm of mercury, give the hyper-
tonic salt solution mentioned 1n paragraph 7 and arrange for an
immedrate infusion of blood or acacia.

1o Continue pentedic examinations of blood and urine and
administration of insulin at intervals of two or three hours.
Unul the consultant orders otherwsse, give 15 units of regular
msulin for a2 grade 4 reaction to Benedict's test for sugar in the
urine, 10 units for a grade § reacuion, 5 umts for a grade 2 reac-
tion, and 1f there is no reaction admtmaster 10 gm of dextrose.

11. When the patient 1s seen in his home he should be trans-
ported to a hospital, but the first administration of insulin
should be given before starting, and if the journey will take more
than two hours the physician should accompany the patient and
give what other treatment 1s possible 1n transit. Telephone the
hospital so that arrangements can be made for immediate atten
tion on arrival,

12 Record all laboratory reports and clinical observations
on the “Diabetic coma chart” (Fig. 12).

R 1

of therap ~The rationale of the
measures named for the treatment of severe diabetic acidosis 15
as follows

1. Rest and heat.—The patient with severe acidosis is utilizing
no carbohydrate and drawing on endogenous supplies of fat and
proten for his energy requirement. By rest in bed the require-
ment for calories is reduced, and thereby the catalysis of keto-
genic precursors 1s diminished. The continuous attention of a
nurse 1s desirable, not only for the assistance she can be to the
physician, but also to keep the patient quiet.

The fall 1n body temperature that accompanies other shock-
hike states also is encountered m diabetic acdosis, and s to be
combated with warm, not heavy, blankets, and hot water bottles
Heat also may help to lower the rate of energy production, and
thereby contribute beneficially, In using the hot water bottles the
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gram (7 c.c. per pound) in the second six hours, and 15 cc. per
kilogram (7 c.c. per pound) in the next twelve hours. For 6o kg.
(132 pounds) the volumes will be 1800 cc., goo c.c. and goo ¢c.
When consciousness is not seriously impaired and the patient is
not vomiting, the administration can be by mouth or by duodenal
tube.

5. Prepare, or order prepared by the following directions, 2
5 per cent solution of sodium bicarbonate. Boil 1000 c.c. of
freshly distilled water three minutes; remove from flame and dis-
solve in it 50 gm. of clean sodium bicarbonate. The solution
must not be boiled. When it is ready aspirate the gastric con-
tents, wash the stomach, using 500 cc. of the bicarbonate solu-
tion for the purpose, and leave about 100 cc. of the solution in
the stomach. By this time the report, from the laboratory, of the
carbon dioxide combining power of the plasma will have arrived.
If the value is less than 2o volumes per 100 c.c., add the remain-
ing 500 c.c. of the 5 per cent solution of sodium bicarbonate to
the salt solution running into the vein.

6. Look for complications which may be responsible for the
patient’s acidosis—infection, hyperthyroidism. If infection is
found, consider measures for its removal or treatment; if any
suspicion of hyperthyroidism exists, give compound solution of
iodme (Lugol’s solution) (1 c.c. added to what fluid is being
given by vein or duodenal tube each six hours).

7. Collect separately for analysis every specimen of urine
voided. If micturition is impeded, catheterize the bladder once
every three hours, exercising special precautions to avoid infec-
tion. Examine each specimen for sugar and aceto-acetic agld-
1t is to be remembered that the effect of frequently repeated in-
jections of insulin may be cumulative, and that it js safer, until
the patient has regained consciousness, not to give enough insull.ﬂ
to suppress glycosuria completely. In cases in which anurid
results from circulatory collapse, stowly inject intravenously focc
of 10 per cent solution of sodium chloride.

8. After two or three hours start administering small doses
of sugar. If the patient is not nauseated, this can be given by
mouth or duodenal tube with orange juice or as 10 per cent solu-
tion of dextrose in amounts of 150 ¢c. every two or three hours;
otherwise 150 cc. of a sterile 10 per cent solution of dextrose
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1931, Oceasionally, heroic doses have been given. Before con-
trol was obtained and consciousness was restored in one case in
which there was circulatory collapse 80 units were required.
In two cases reported by Root and Riseman more than 1300 units
were used?

Kepler and Wilbur and I expressed the opinion, based on
observation of patients with diabetic coma treated since 1936, that
considerable benefit attends the use of some protaminezine in-
sulin at the beginning of treatment. The dose has not exceeded
100 units, and obviously in a case of severe coma this amount
will not meet all requirements. Furthermore, in an emergency
where every moment counts, the retarded action of protamine-
zin¢ insulin is a disadvantage. However, when used as we use it
at the clinic, to supplement more vigorous treatment with un-

dified 1nsulin, inc insulin has dimimshed the size
of the doses of unmodified insulin necessary and has permitted
lengthening the intervals between injections of unmodified
msulin

Injection of insulin intr ly usually 15 re-
stricted to cases 1n which coma is complicated by circulatory
collapse, when absorption from subcutaneous deposits may be
retarded. A more rapid insulin effect may be obtained by this
means, but I am not convinced of the wisdom of rapid lowering
of the concentration of blood sugar, thereby provoking abrupt
changes in osmotic relationships It has seemed to me that some
deaths may be laid to this cause# Furthermore, the principal
damage n diabetic acidosss is done, not by hyperglycemia, but
by dehydration and acidosss, and quicker control of these can be
obtained by administering water, salt and alkali than by insulin

3. Water and salt.—The dehydration mduced by lhe forma-

2 B

15 disadvantageous
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danger of burning the skin and the special sensitiveness of the
extremities of patients with arteriosclerosis should be held in
mind,

2. Insulin.~Everyone with experience in the treatment of
acidosis agrees that insulin must be given as early as possible in
all cases of diabetic acidosis and that the dose required is increased
byacidosis.  On the other hand, in early cases of diabetes in which
the patients are children, in all cases in which the patients are
undernourished and when the attack of coma is a first attack,
care must be exercised to avoid overdosage. In a completely

Fig 12—Form of the duabetic coma chart Summarize data every twelve
hours  total volumes of flud given, total excretions Doses of insulin given
intravenously are to be indicated with Jetters IV after the numbers of units
In column for “Remarks” record 2l other atems of treatment, such as gastnc
lavage, enemas, and so forth, also type of fluid given, and all other medica

uon

unconscious seven-year-old child with a carbon dioxide combining
power of the plasma of only g volumes per 100 ¢c., conscigu}ne!s
was restored and other symptoms were relieved by the administra-
tion of a total amount of only 28 units, and in another child,
aged eleven years with a carbon dioxide combining power of
only z (I} volumes per 106 €¢., yo units of insulin sufficed. Jg
1931 our average dose for the first twenty-four ho‘urs was 114

units, but in 1923 it was only 67 umts. The relatively smaller
requirement in 1923 probably is explained by the fact that diz-
betic patients on admission in that year usually were un.clel'nolfl'~
ished. Our average dose today probably exceeds what it was it
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of alkali as he believes, and furthermore, others have done as well
using alkali, although admittedly with fewer cases. Bowen and
Hekimian for instance, gave alkali in 76 per cent of eighty-one
cases in which the carbon dioxide combining power did not ex-
ceed 15 volumes per 100 c.c. of plasma, and the moruality was
12 4 per cent. Baker, reporting from The Mayo Clinic, found
that we had given alkali 1n g1 per cent of 108 cases, in doses of
from 25 to 50 gm, and that our mortality was little greater than
that at the Deaconess Hospital. Furthermore, patients reaching
Rochester m coma have had to come from a distance, and there-
fore frequently arrive after having been i acidosis for prognosti-
cally unfavorable lengths of time.

In the preansulin era treatment of acidosts depended almost
enurely on the use of alkali, with results that were very poor.
The disrepute of alkali, therefore, dates from that era The doses
then given frequently exceeded 100 gm.® In cases in which pa-
tients have been treated with insulin, water and salt alone, I have
seen deaths occur from respratory paralysis, which I believe
could have been avoided by earhier control of acidosis. The
terrific overstimulation of the respiratory centers in severe acid-
osis is manifest 1n the hyperpnea observed A little alkali—the in-
jection slowly of 25 gm of sodium bicarbonate in 5 per cent solu-
tion—usually corrects hyperpnea almost stantly. Insulin takes
more tume to do 50, and time is precious.

Furthermore, as Starr and Fitz were first to observe, an amount
of organic acid, not ketonic, and later shown by Himwich to be

*The observation of Mosenthal, that temoving acids from the blood by the
use of alkal: could injure vulnerable kidneys, was based on pre msulin therapy
when large doses of alkalt were given The obsenvation that administering alkali
1 followed by ncreased excretion of ketone, and that ketosis can be demonstrated
in the unnc of normal persons recewing sodium bicarbonate led Haldane and his
coworkers to conclude that alkali interfered with combustion of carbohydrate
With this T disagree, as I have repeatedly demonstrated, in the case of nonacidotic
pauents recerving insulin that the requirement for msulin 15 lowered slighly by
admmistenng small doses of sodum bicarbonate  On the evening of January 31,
1937 a patient was admitted stuporous and vomstng o one of our wards A
physician, still Lving 1 the Naunyn age and apparently without knowledge of

imsulin, had uemzd the diabetic acudosts with soda, gwing 10 or 15 gm homly
for zbout twenty hours  Hyperpnca had been relieved, but not the mavsca or
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tion in the body of organic acids is accompanied by an enormous
Toss of electrolytes. In consequence the volume of the circulating
blood is diminished, and the effectiveness of the heart is impaired.
These abnormalities demand early correction, which usually is
provided by giving in the first six hours from g0 to 40 cc. of
physiologic salt solution per kilogram of body weight (13 to 18
c.c. per pound), followed by an equal amount administered in
the next eighteen hours. The fluid usually is first administered
by vein, later by mouth, if consciousness returns and nausea and
vomiting have ceased ‘This amount of fluid may not compensate
entirely for what has been lost, but the wisdom of more rapid
rehydration is doubtful.s

4. Allal—Joslin’s insistence that alkali is disadvantageous in
drabetic coma is known to everyone. Pointing with just pride
to his very low mortality figures, he demanded that others must
do as well, giving alkali, to establish the validity of such usage.
His excellent results, however, are in large part explained by the
prompt and energetic treatment and by the meticulous care that
patients receive from him and his assistants in the New England
Deaconess Hospital, expert as they have become as a result of an
enormous experience with diabetic acidosis. Joslin’s results,
therefore, may not be as acceptable as evidence against the usc

*Much discussion was aroused by Root and Rusepran, who reported giving
12,000 cc of Lquid in one case of coma i the first cleven hours of treatment, and

11,660 cc. in another Among the questions rased was the amount of fluid that
needs replacement The authors named found 5000 cc of salt solution ample
most of their cases but emphasized that these two cases constituted exceptions and
required vastly more treatment study of dehyd 5
that of Coller, whose estimates of posstble water loss 1n acidosis were as follows
1. For loss in twenty four hours by vaporizasion from skin and lungy, 1000 to 1500
ce; af there 1s fever or hyperthyroidism, this would be increased to 2500 cc. 2
For loss throngh urine, 1500 cc, making 2 total dady requirement for replacement
of from 2500 10 4000 ¢€ A patient who has been in diabetic aadoss for twenty:
four hours probably has lost 2 maxumum through the lungs, more than 1500 cC.
through the urine, and frequendy more by vomiong Signs ai;edvem :f:h,d:m;::
eyes, did no :

quch 30 seanty urine, e i, dy tonge 309 T coed " heetore

ms,
. ter

' e,
on the basis of observations on dogs dehydrated by means of hypertomse solution
of dextrose, concluded that full rehydration in diabetic actdosis requred rep! a'cn 9
ment of not more than 5 per cent of the body weight and stated that ‘ymlﬁ':nb‘j
disappear before this amount 15 gen His advice was 10 give fud i eom T
mouth, 3£ possible, otherwise a1 p salt solution
not in excess of 15 cc per kilogram per hour.
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the way for administering fluid by mouth. I also have supposed
that removing the gastric contents contributed in a small way
to the removal of acid—both hydrochloric and organic. ‘The use
of a 5 per cent solution of sodium bicarbonate for the subsequent
lavage, and leaving 100 or 200 cc. of this in the stomach, has
seemed to have a soothing effect.

The cleansing enema 15 not an immediate necessity, although
by this means the bowel is prepared for later administration of
fluid by proctoclysis

6. Cardiac stimulation —The utility of cardiac stimulation 15
debatable. However, I shall continue to give digitalis early in a
form suitable for subcutaneous or intramuscular injection, and in
a dose, for adults, of 2 cat units each four hours for three or four
doses. This use of relatively small doses of digitalis to increase
cardiac tone, 1 conditions 1 which there 1s danger of acute
dilatation, was recommended by my former chief, Dr Frank
Billings. On the other hand, large, socalled digitalinng doses
of digitalis, in acute toxic states, are generally out of favor.

For circulatory collapse the continuous injection of physio-
logic salt solution 15 probably as effective as anything short of
transfusion of blood. T of blood certarnly is mdicated,
as has been emphasized by Peters, Kydd and Eisenman, but is
not always immediately avalable The addion of 1 mg ot
epinephrine to 1500 c ¢. of physiologic salt solution for mjecnon
tr: ly has been ded by Labbé and Boulin, I
have used ephedrine subcutaneously, camphor 1n o1l and cafferne
sodium benzoate. In cases of anuna I have resorted to the intra-
venous injection of 6o cc. of 10 per cent solution of sodium
chloride as recommended by Josn The danger of injury to
the kidneys from this dose of such hypertonic solutions of salt 1s
minimal, if we may judge from pathologic matenal obtained
from human beings 1n whom such injections have been made
before death.?

7 Unnary catheterization —Unless forced to do so, Joshn
prefers not to catheterize patients for fear of mtroducing infec-

*See also the experiments on dogs of Lindberg, Wald and Barker who injected
59 £¢ 0f 2 10 per cent soluuon of sodium chlonde Do 224 recesved ten such
16CHONS 6 svvrioms wm A - o8 . v g
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lactic acid, at least in part, is excreted in some cases of coma in
amounts exceeding the ketone acids. The administration of in-
sulin cannot accomplish the removal of this. In a few of our
cases reported by Baker ketonuria was absent or minimal and in
several others, although ketone formation was controlled after
giving insulin, the carbon dioxide combining power of the plasma
remained at low levels until it was later corrected by administer-
ing alkali.

The patient in the following case (case 79 in Baker's series)
recovered, I am convinced he would not have done so without
alkali. The unconscious patient, a boy aged eleven years, was ad-
mitted to the hospital at 5:00 am. The value for sugar was 0,480
gm. per 100 e.c. of blood, and that for carbon dioxide combining
power of the plasma was only 2z volumes per cent. The urine
reacted only faintly with the nitroprusside reagent, and the odor
of acetone was minimal, Six hours later, although sufficient in-
sulin had been adminstered to lower the value for blood sugat
to normal, that far the carbon dioxide combining power of the
plasma had increased only to 12 volumes per cent. Withm the
next few hours more insulin was given, together with a 5 per cent
solution of dextrose. This also failed to increase the alkal re-
serve, to suppress hyperpnea or to restore consciousness, although
the level of blood sugar by then had been practically nmmal. for
ten hours. Finally, 00 c.c. of a 5 per cent solution of sodium
bicarbonate was given intravenously, and within an hour the
hyperpnea was relieved and consciousness was returning. .

Another reason for giving alkals is based on the observation of
Atchley and athers that in acidosis more base is lost than inor
ganic acid  In this respect the condition resembles that encour-
tered 10 the crisis of Addison's disease, where the use of alkaling
salts of sodium, in addition to sodium chloride, is highly bene
ficial, 3
5. Gastric and rectal lavage.—Dilatation of the stomach is 3
frequent accompaniment of diabetic coma, and of jtself consti
tutes a menace. It causes embarrassment to cardiac and respir-
tory function as well as pair, nausea and vomiting.. Burgess,
Scott and Ivy found in dogs that prolonged distention of lh;
stomach by means of a balloon filled with water caused deat}
within periods of from twentysix to seventy hours, Lavage ©
the stomach frequently will terminate pre-existing nausea and pave
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plamned of fatigue and generalized aching In the evening nausea and vomit-
ing began and soon she was unable to retain anything by mouth. About 28
units of insulin were given on that day in divided doses. March 30, a large
amount of sugar was found 1n her unne, she received an unknown amount
of msuln and was sent to the hospital

‘The patient was stuporous but could be aroused There was an acetone
odor to the breath and evidence of dehydration Respirattons were of the
Kussmaul type. The pulse rate was rapid, the blood pressure measured
millimeters of mercury was 108 systolic and 70 dastolic. On the palmat sur-
face of the up of the nght fifth finger was a pustular lesion about 05 ¢m in
dumeter. The urme contamed sugar and diacetic acid, each of grade 4
The value for blood sugar was 0 408 gm per 100 c.c, and that for the carbon
dioxide combining power of the plasma 305 volumes per cent Regular
1nsulin was and mt injection of physiologic saline solu-
tion was begun  After this and further treatment the value for blood sugar
dropped to 0043 gm per 100 c¢. and the carbon dioxide combining power
of the plasma was 32 4 volumes per cent The urine contained only a trace
P SuIr R AN S ST S B

Somenme during the early hours of the following morning a sudden
violent change for the worse took place, so that by 800 am the patent
presented the climical picture of marked diabetc coma  She was not com-
pletely unconscious, but could be aroused only partially and then with great
difficulty The value for blood sugar was 0526 gm per 100 cc., and the
carbon dioxide combining power of the plasma had fallen to g3 volumes
per cent  With mtensive treatment the status again was smproved so that
by 5 00 pm of the second day 1t was essentially the same as 1t had been at
the same hour on the previous day, namely, the unne contained no sugar,
the blood sugar was almost at a hypoglycemic level and the carbon dicade
combining power was 324 volumes per 100 cc. Because of the low level
of the blood sugar, no further msulin was mdicated then, yet the expenence
of the first day had tavght that 1t would not be safe to permut the patient
to go through the nught without wmsulin  She was sull unable to retan any-
thung by mouth so that 1t was considered inexpedient to give her regular
insulin followed by carbohydrate To get around this difficulty 4o umts of
protamine insulin and 850 ¢¢ of a g per cent solution of dextrose were
adnumistered subcutaneously ‘The level of blood sugar rose durng the
mght 10 0380 gm per 100 cc, and the carbon diowide combinng power
fell to 24 4 volumes per cent, nevertheless, the clinical condition the follaw-
ing morning was improved greatly m companson with that of the previous
morning  Throughout this third day ordinaty insulin was used cautiously
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tion, depending instead, if spectmens of urine are not obtainable
for analysis, on frequent estimations of the value for the blood
sugar.  Usually catheterization is unnecessary, but when urine is
not voided ‘close watch must be kept for distention of the bladder.
I have encountered cases in which relieving distention of the
bladder was followed promptly by better response to treatment.
The danger of a distended bladder is greatest with male patients
advanced in age.

8. Dextrose.—Whether it helps to administer large amounts
of dextrose in cases of acidosis is disputed. Himsworth (1932).
Bertram (1932) and Rabinowitch and others (1937), have at-
tached importance to it. Joshn, Woodyatt, Campbell and others
have opposed it on the ground that the blood, and presumably
the other fluids and tissues of the body, already are burdened with
more sugar than can be utilized. Another objection is that when
dextrose s administered intravenously, the value of the blood
sugar and the tests of the urine for sugar no longer serve as guides
to insulin dosage. On the other hand, after the first two or three
hours, when the effect of what insulin has been administered is
obtained, small doses of dextrose, preferably given by mouth,
serve the purpose of buffering the action of the insulin and pro-
tecting the patient in case the dose chosen has been excessive.

g. Continued treatment.—When the treatment of coma is in-
terrupted too early, the danger avises of return to a condition of
coma after apparent recovery This especially is to be guarded
against in the presence of infection, The following report of 2
case complicated by infection and illustrating “escape from con
trol,” was presented by Kepler, Ingham and Crisler to emphasize
both the treacherous character of diabetic coma and the advantage
whch is obtained when protamine-zinc insulin 1s given, together
with unmodified insulin It also illustrates the advantage which
appears to attend the judicious use of alkali:

The patrent, 2 white woman aged forty-two years in 1936, was found t0
have diabetes mellitus m 1928 Unul February, 1934, the disease was con-
trolled with small doses of msulin and a diet restricted quahtatively in carbo-
hydrate. At that time she contracted the “flu” and diabetic comz developed

After this episode she continued the former program, execpt that the dost
of mnsulin had to be increased to 38 units daily. On this regimen her vnné
was usually sugar free, .

Mard{ u.g 1g36. while washing duhes, she fncurred a slight puncture
wound at the tip of the little finger of her nght hand 2nd the following day 3
small amount of pus appeared at the site of puncture  March 28 she conr
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also were involved in this seasonal distribution. Mare than half
of the patients coming to The Mayo Clinic, in the years of Adams’
study, lived in rural areas and consequently led more sedentary
lives in the winter than 1n the summer. It is probable also that
their eating was not proportionately less in the winter. The sug-
gested sequence of events was that persons susceptible to diabetes
by heredity or for other reasons exercise less in winter, eat rela-
tively too much and suffer more infections of the upper respira-
tory tract, and that dizbetes develops m consequence not of any
one, but of several of these factors. ,

DIABETES INTENSIFIED BY INFECTION

The absence of better d that 1nfe
diabetes is all the more surprising because of the demonstrauon
by several clinicians of glycosuria, hyperglycemia and elevated
blood sugar time curves in a great variety of infectious conditions
n nondrabetic patients  The subject has been well reviewed by
‘Williams and Dick, who th found dep for
carbohydrate mn 41 per cent of 108 nondiabetic patients with
acute infectious diseases. Likewise, transient glycosuria was pro-
duced in animals by experimental infections. The decreased
tolerance could be improved by injecting msulin, evidence that
the toxemia of the mfection nterfered with the production of
insulin, or with 1ts action, or with both.? Necrouis of pancreattc
tissue, including that of the islands of Langerhans, 1 a recognized

of jas (Root and Warren), and one
must presume that a pancreas which has sustamned such an injury
is faced with a considerable handicap When infection ntervenes
in the course of established diabetes of severity, the dose of 1nsulin
required may be quadrupled Does the damaged pancreas of the
nondiabette patient with scarlet fever or pneumonia rise to meet
an equal demand and supply four times as much insulin as nor-

* Lawrence and Buckley noted inhubiion of insulin actvity by diphtheria toxin
m rabbis Tt was attributable they thought to overactvity of thyroid adrenal
mechanisms, but Sweeney, upon observing that injected msulin produced essen-
ually the same effect on the blood sugat of rabbus despite a gradually mising
toxemua from dlph!h:nz toun, concluded that the privapat cffet of the tosemia
was 0 suppress suhn d Noel's
stadies of the uxhohydr::e metabolisra of chlldmn otk dihthen T f e




CHAPTER XI

INFECTION COMPLICATING DIABETES
DIABETES PRECIPITATED BY INFECTION

Sepsis, as Warren wrote, is the greatest foe of the poorly
treated diabetic. “Just as arteriosclerosis is the bugbear of the
diabetic who is doing well, so infection is the fear of the diabetic
doing poorly. The more severe his diabetes the more susceptible
he is to infection, and once infected his diabetes becomes far
more severe.” In spite of this obvious bearing of infection on
pre-existent diabetes, the evidence that bacteria play a large or
important part in precipitating diabetes is inconclusive. Ninety
of 100 diabetic children observed by Marble had had no infection
within a year of the onset of diabetic symptoms, and Lande is
quoted by him as recording a similar experience from Umber's
Clinic in Berlin. On the other hand, F. M. Allen’s opinion,
which was referred to before (see p. 44), was that acute blood-
borne infection is the most common cause of subacute chronic
pancreatitis and may lead to diabetes months or years later. The
observations of Bertram, John, Barach and others were cited by
Marble as supporting some relationship between diabetes and 2
preceding infectious episode.! Adams in our clinic analyzed 3 17
consecutive cases in which diabetes could be classified as acute 1n
the sense that an abrupt appearance of symptoms served as an
indication of the date of onset, and 1n the cases thus selected a
history of preceding infection usually had been recorded; how-
ever, it frequently was too trivial to require a physician. The
date of onset in these cases fell predominantly in the autumn,
winter and spring, seasons when colds, acute bronchitis and the
like are prevalent. However, it was pointed out that other factors

In the spring of 1918, i France, an epidemic of mumps affected a company
of soldiers, for whase general medical care I was responsible, There were about
fifty cases n all, as I remember, and in about five of these glycosunia wat as0-
cated with epigastric pain which was attubuted to pancreautis  Such glyt;su:lu
1n mumps usually 1s  transitory disturbance, but Gundersen wroie that epider &
of mumps bave been followed by 2 rise in the death rate from duabetes i the
young Jones Likewise has commented on an increasng nadence of dibetes al

epdemucs of influenza
196
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duced by several of the volatile anesthetics, and since loss of the
activity of insulin accompanies this effect of chloroform and ether,
the same probably occurs as a result of glycogen depletion by
bacterial toxins. Similar loss of insulin activity is observable in
most cases in which patients are recovering from attacks of di-
abetic acidosis  The necessity for unusually large doses of insulin
in these cases continues for many days after the acidosis has been
fully controlled, and glycogen depletuon seems to be responsible
for it The fundamental difficulty in all such conditions may be
cellular damage, of which a loss of ability to store glycogen consti-
tates only one of several evidences of abnormality. It 1s well
known that admimstering dextrose or diets high in carbohydrate
helps to protect the liver from the necrosis produced by chloro-
form and toxins; diets of this type are stmilarly beneficial
1nfections.

Finally, in many cases of infection a part is played by electro-
Iytes. Kendall and Ingle showed that corun administered to
partially depancreatized rats provoked large excretions of potas-
stum and water, as well as the intenstfication of the diabetic state
previously demonstrated by Long, Fry and Thompson. No such
effect on excretton of potassium was observed when normal rats
were given cortin, An effect of insulin, as was shown by Harrop
and Benedct, 15 to retard excretion of potassium, which explains
why the massive doses of cortin given to therr normal rats by
Kendall and Ingle caused only a shght transient increase in the
rate of excrenon of potassium. Presumably the toxac effect of
cortin is held in check by insulin, and Kendall suggested that the
influence of insulin on the potassium 10n may be of sigmficance
equal to its better known action on the concentration of blood
sugar, that the two effects, indeed, may be inseparable. Sigmtfi-
cant in this conunection is the clinical observation made by Wilbur
and me, namely, that insensitivity to insulin resulting from in-
fection, can be modified favorably by ing large doses of
sodium chloride and restricting the intake of potassium

<

RESISTANCE TO INFECTION IN CASES OF DIABETES

Clincal experience does not indicate that the diabetic patient,
when his diabetes 15 controlled and his nutrition 15 adequate, s
any less resistant to infection than normal. On the other hand,
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mally?  Apparently it does; otherwise, intense diabetes woul
develop 1 the course of most infectious diseases, whereas Wil
liams and Dick found mild and transient glycosuria in less tha
half of the infected patients in their study. Here again is a
illustration of the truth of the comment made by Umber {se
Chapter III), namely, that the pancreas of an indwidual no
predisposed to diabetes possesses a capacity to meet any dcmanfl
for insulin that may be created by insulin antagonists and that i
even can withstand extensive damage without losing its ability tc
meet such increased demands.

On the other hand, the fact that the patient with pre-estab
lished diabetes requires from two to four or more times as much
wnsulin when infection intervenes is of itself evidence of imef-
ference with the action of insulin. Just how the interference is
brought about is not known; probably seve.ral factors are con-
cetned  Rabinowitch assumed that an insulin destroying enzyme
was involved. Pus cells destroy insulin in vitro; trypsin is pro-
duced by leukocytes, and the effect may be from it It was
Rabinowitch’s conclusion that the infection, not the fever, caused
the 1mpairment of tolerance, but other studies have demonstrated
that elevating the rate of metabolism in diabetes increases the
requirement for mnsulin (see p. 46), and it js difficult not to
believe that the elevation of the basal metabolic rate that accom-
panies fever (DuBois) 1s not a factor of importance in cases i
which fever 1s present.  Also, glycogen depletion probably plays
a part. That the toxins of various bacteria deplete the li.vct of
glycogen has been shown by Fewer. A similar depletion is pro-

1t was demonstrated by Biirger and Kohl that insulin when injected irﬂ:
o gpal after cdamping off the arteries ta fhe nenginel maces of musdes nad
hoar '
no Ic . .
this . . L
obser

12 B wiid wnsulin was added to blood s viro and mcubated at s
(986° T') for from nma s com—on 1 - -,
oc

i
-7

serulu. anc biood of patients with lymphaue or mydlowd Jeulemia posessed
§reater neutralnog effect than did the blood of patients with no lcukammi“
blood of the same Jeukemic patienes after the Jeukoeyte count had bmr oormal
by rocntgen imadiaton behaved no ifferently than did the blood °f drabetic
persons  The bearing of this on the relauve nsensitivity to insuln ol
patients with leukocyros:s is apparent,
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ing tmely attention to bruises, scratches and cuts of the skin,
no matter how trivial (see p. 218), are considered elsewhere If
infection is local it should receive the earliest possible surgical
attention; if general, energetic measures to combat acidosis are
demanded. The danger of acidosis from infection often 1s greater
if the diabetes is mild, because the patient then is likely to be
unacquainted with the use of insulin and delay will occur before
a suitable dose will be secured. In the presence of infection a
patient usually needs insulin, even 1f he did not need it before.
A grave mistake that patients must be taught to avord is the omis-
sion of insulin because of nausea and their inability to eat. If
the urine contains sugar and diacetic acid insulin must be ad-
ministered, food or no food. It has been difficule to impress
physicians sufficiently with the necessity for unusually large doses
of msulin in emergencies, such as those created by complicating
acute infections, operations and hyperthyroidism.

EMERGENCY INSULIN REQUIREMENT

When fever occurs with any acute disease, as well as after
injuries and operations, the severity of diabetes may change from
hour to hour. Therefore, 1n emergencies unmodified insulin
must be given more frequently than otherwise is necessary and
1 doses which are adjusted to meet the changing tolerance A
workable plan 1s as follows:

The urine 15 tested for sugar every three hours. At might the interval
may be increased to six hours, but no Jonger period should elapse between
tests  Unmodified mnsulin 1s used according to the results of the tests as
follows

If the grade of reaction 1s 4 (see frontsprece, colored plate), give 10 umts

w Lef ins\'xlm Larger doses may be needed

with 6 units for a grade 4 reacuon, § unus for a grade g reaction, and 3
unuts for a grade z reaction

1f the patient has been using protaminczine msulin and an acute illness
develops which necessttates admimistration of more insulin, it is better not
to change the dose of protamine zinc msulin but to supplement this dose
vath unmodified insulin to prowide the extra insulin that iy necessary One
should give the supplementary wnsulin every three to six hours, accotding
to the foregoing schedule
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as the number of deaths from uncomplicated coma decreased with
the advent of insulin, the relative frequency of deaths from vari-
ous infections and acidosis precipitated by infection increased.
Among 375 fatal cases of diabetes in Minnesota in the year 1951,
Stafne found fifry-seven to be attributable to infectious complica-
tions, and in the oo fatal cases studied by Warren acute infection
was the cause of death in 126. Pneumonia was the most frequent
fatal infection in Warren’s series; it accounted for forty deaths
Next in importance were the pyogenic infections, causing thirty-
three deaths of which five were secondary to gangrene. Foal
1nfections of the teeth, tonsils, gallbladder and prostate gland are
of importance in depressing the tolerance for sugar. They occur
more frequently among malnourished, poorly treated patients.
That the nutritional state of the diabetic patient is a deciding
factor in Jowering his resistance to infection has been suggested
by Richardson, who provoked hyperglycemia in rabbits, by 11
Jecting adrenalin, and lowered the state of nutrition by starvation,
Antibody response was little affected by the former, but much

. more 5o by the latter. §{ Moen and Reimann found, after vacgina

tion of dixbetic patients and normal controls, that agglutinins in
the diabetics, when diabetes was controlled, developed in titers
similar to those obtained in normal persons, but that among Pa
tients with uncontrolled diabetes the response was poor and in
some cases absent./ Complement was not abnormal in the cases
of uncontrolled drabetes studied by Rockwood and Beeler but
the opsonic index, tested with a variety of bacteria, was found to
be 30 per cent lower among diabetics by Da Costa.

THE DIAGNOSIS OF INFECTION IN DIABETES

The diagnosis of infection offers some difficulty in cascs of
dhabetes. The recognition of appendicitis is considered clscwhfrc
(sce p. 212). Acidoss 15 precipitated in diabetes by acute It
fections of many kinds, and the leukocytosis found and the pait®
complained of may be attributed incorrectly to it, of incorrectly
to the infection,

TREATMENT OF DIABETES COMPLICATED BY INFECTION
. "The avoidance of infectious diseases as a means of preventis
diabetic acidosts (see p. 181) and avoidance of septicemi2 by g1
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Soft diet—sugar value, 130 gm

Grams
Breakfast Front guice, 10 per cent . . 100
Cereal, dry . . Lo .. .m0
Toast . - 20
Butter . 10
Cream (20 per cent butter fat) .o

Soft cooked egg . Vegg
10 2m  Fruit juice, 10 per cent 70
Noon  Raked potato or rice . 100
Toast , . . 20
Butter . ... . 10
Cream (20 per cent butter fat) 25
Fruit juice, 10 per cent - 100
s pm, Fruit juice, 10 per cent 200
Supper 'Toast 20
Butter . B 10

Soft cooked egg . 1egg
Fruit (10 per cent) . . + 100
8pm Frait juce, 16 per cent 200
This diet contamms approximately Grams
Carbohydrate 160
Protem . . . :4

Fat ...

Calonies . 1267

TUBERCULOSIS COMPLICATING DIABETES

Excellent reviews of this subject have been written by Root
(1934) and by Himsworth. The imcidence of association of pul-
monary tuberculosis and diabetes is much less than in former
days, when Naunyn found pulmonary tuberculosis in 41 per cent
of necropstes on diabetic patients, nevertheless, 1t still 15 hugh.
Pulmonary tuberculosis was the cause of 5 2 per cent of the deaths
of the diabetic patients of the George F. Baker Clinic between
August 7, 1922 and March 13, 1935, and 1n the same institution
among 1121 necropsies on diabetic patients active tuberculosis
was discovered in 28.4 per cent. Himsworth, carefully examinmng
the patients in 230 consecutive cases of diabetes, found fifteen
(65 per cent) with tnberculous lesions of the lungs Root, 1n
1126 cases in which diabetes developed before the patients were
fifteen years of age, subsequently found seventeen cases of tuber-
culosis and compared this incidence of 1.5 per cent with that for
tuberculosis in the school population of Massachusetts, which
Pope in 1934 estimated to be 0.12 per cent. In cases in which
adults who had diabetes were examined by roentgenograms of the
thorax at the George F. Baker Clinic, tuberculosts was discovered
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Soft diet—sugar value, 180 gm

Time Crams
Breakfast Frast jues, 1o per cent .. . . 100
Cereal, dry ... . . . 20
Toast ... . cee e . 10
Batter . . .. . . . N1
Cream (20 per cent butser fat) 1Y

Satt cooked egg . . e
10 am  Fruit juiee, 10 per cent . 10
Noon  Eaked potato of rice 100
Toast .. . . . 20
Butter . e e N . .
Cream (20 per cent buteer fa) . . . 25
Fruit quice, 10 per cent . . N ]
3pm Fruie juice, 10 per cent . . %00
Supper Toast . . . 20
Butter . . . . PRI

Soft caoked egg . 1 ogg
Fruit (10 per cent) LR
$pm  Fruit juics, 50 per cent 200
Ths diet contains approximately Gramt
Carbohydrate 160
Protein .oxg
Fat ... . . . m
Calones . 136y

TUBERCULOSIS COMPLICATING DIABETES

Excellent reviews of this subject have been written by Root
(1934) and by Himsworth The madence of assoctation of pul-
monary tuberculosis and diabetes is much less than in former
days, when Naunyn found pulmonary tuberculoss in 41 per cent
of psies on diabetic patients; heless, 1t still is hagh
Pulmonary tuberculosis was the cause of 5.2 per cent of the deaths
of the diabetic patients of the George F. Baker Climic between
August 7, 1922 and March 13, 1935, and in the same mstitution
among 1121 necropsies on diabetic patients active tuberculosis
was discovered in 28.4 per cent.  Himsworth, carefully examining
the patients in 230 consecutive cases of diabetes, found fifteen
(65 per cent) with tuberculous lesions of the lungs. Root, in
1126 cases in which diabetes developed before the patienss were
fifteen years of age, subsequently found seventeen cases of tuber-
culosis and compared this incidence of 1 5 per cent with that for
wubercnlosts in the school population of Massachusetts, wlich
Pope in 1934 esumated to be 012 per cent. In cases in which
adults who had diabetes were examined by roentgenograms of the
thorax at the George F. Baker Clinic, tuberenlosis was discovered
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When the gency has passed and beginy, the toleranee
may nise rather guickly, and reactions will be encountered unless the doses
of mmsulin are dimmished, S$afety is assured by testing the unpe not less e
quently than four times a day and decreasing the doses as the results of the
tests umprove.  When recavery is complete, the maintenance diet may be
resumed, usually the dose of insulin that was effective before the emergenty
will agam suffice

EMERGENCY DIETS

A complicating illness of any kind frequently makes it necessary to alir
the diet by restricung the total amount of nourishment and omitung foods
which are digested less readily. ‘The diets shown are designed for this pur
pose  The hquid diers are for patients who are very sick or recently hne
undesgone operations  The soft diet is intended for less setious conditions
These diets provide from 120 to 180 gm of carbohydrate, an amount whict
such patients ought always to receive. If the food is not eaten, or if it
vomued 150 gm of destrose should be injected nto the rectum m the counse
of the day or gnen by vetn, For the receal injection the dextrose may be
dissolved 1 2 quarts of tap water, and 1 pint of the solution, wamtd ©
body temperature, gnen every six hours, The "Murphy drip” method B

For 1t dmini! ion nothing but the purest &%
trose sall do It should be made into a 10 per cent solution with tnple
distilled water and stershzed before njection

Orange juice diet—sugar value, 130 gm.

Toua!
a

Time e
am Grams “::ﬂ

8 Orange . 5o, .. LSugan.. Bt
10 Orange juice 150 - L »
12 noon Orange Juee B0 SURAT e Be
pm.

2 Orange juice .,

4 Orange juice

6 Orange juice

3 Orange juice .

Milk diet~sugar value, 120 gm

Time

am,

8 Skimmed milk | . .

w0 Skunmed gl e

12 noon Skimmed itk e e s

pm Slimmed milk | R PR T I ﬁ:

2 Skimmed mik <, R

H :l;nmmcd mutk | e oL

; oo
s mmed myh . s e - .5

Skimmed muk |,
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Soft diet~sugar value, 180 gm

Time Grams
Breakfast Fruit juice, 10 per cent .+ . . 100
Ceteal, dry . s . 20
Toast . . [
Buuter 1
Cream (20 per cent butter fat) s

Soft cooked egg . R Lotegg
s0am Frust juice, 1o per cent 10
Noon  Baked potato or rice . - 100
Toast . . IR
Buuter . . f e . . 10
Cream (20 per cent butter fat) o5
Fruit Juice, 10 per cent . 100
spm Frult juce, 10 per cent . 200
supper  Toast o 20
Butter . . 10

Saft cooked egg 1egg
Frut (10 per cent) . . 100
8pm Frmt juice, 10 per cent . 20
This diet contains approximately: Grams
Carbobydrate . 160
Proten . . 2
Fat ... 59
Calones . 1267

TUBERCULOSIS COMPLICATING DIABETES

Excellent reviews of this subject have been written by Root
(1934) and by Himsworth, The incidence of association of pul-
monary tuberculosis and diabetes 1s much less than in former
days, when Naunyn found pulmonary tuberculosts in 41 per cent
of necropsies on diabetic patients; nevertheless, it still is high.
Pulmonary tuberculosis was the cause of § 2 per cent of the deaths
of the diabetic patients of the George F. Baker Clinic between
August 7, 1922 and March 13, 1935, and in the same institution
among 1121 necropsies on diabetic patients active tuberculosis
was discovered in 28.4 per cent. Himsworth, carefully examining
the patients 1n 230 consecutive cases of diabetes, found fifteen
(6.5 per cent) with tuberculous lesions of the lungs. Root, 1n
1126 cases in which diabetes developed before the patients were
fifteen years of age, subsequently found seventeen cases of tuber-
culosis and compared this incidence of 1 5 per cent with that for
tuberculosis in the school population of Massachusetts, winch
Yope in 1934 estimated to be 0.tz per cent. In cases in which
adults who had diabetes were examined by roentgenograms of the
thorax at the George F Baker Clinic, tuberculosis was discovered
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When the emergency has passed and convalescence begins, the tolerance
may nse rather quickly, and reactsons will be encountered unless the doss
of msulin are dimmished. Safety is assured by testing the usne not less fe
quently than four umes a day and decreasing the doses as the results of the
tests improve When recovery is complete, the maintenance diet may be
resumed, wsually the dose of insulin that was effective before the emergenry
will agamn suffice

EMERGENCY DIETS

A comphicatng lness of any kind frequently makes it necessary to alter
the diet by restricting the total amount of nourishment and omtting fools
which are digested less readily The diets shown are designed for this pur
pose  The liquid daets are for patients wlo are very sick or recently bave
undergone operatons. The soft diet is intended for less serious conditions
These diets provide from 120 ta 180 gm. of catbohydrate, an amount bk
such patients ought always o receive, If the food is not eaten, or f s
vouuted, 150 gm of dextrose should be injected into the recturs m the R
of the day, or given by vemn, For the rectal injection the dextrose m3y bt
dissolved 1n 2 quarts of ap water, and 1 pint of the solution, warmed to
body temperature, given every six hours, The “Murphy drip” method ¥

ded For inistration nothing but the pures &
trose will do It should be made into a 10 per cent solunon with tple
distilled water and stenlized before injection

Orange juice diet—sugar value, 230 gm.

Tonl
arbe-
Time hydrate
am Grams Grams i
8 o . - 2
range . 150, . ..Sugar.. e 5o i
to Orange juice 150, - . .. 0
12 noon Orange juice 150 SURAT..cecee oo b0
pm, "
2 Orange juice , , 150 ., P
14 Orange juice e ... L
6 Orange juice e .. . ey
8 Orange Juice 150. . . .Suml. . .10 -t
Milk diet—sugar value, 120 gt
Time
am
8 Skimmed milk ..
0 Skimmed sk

12 noon Skimmed mylk

pm Skimmed mufk .
2 Skimmed mupy |, .
4 Skimmed mux .
g Stimmed mux . .

Skimmed mu) |
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Soft dict~sugar value, 180 gm

Time Grams
Breakfast Frost wce, 10 per cent R
Ceseal, dry . .. . . 20
Toast . . . s . 20
Butter . . 10
Cream (s0 per cent butter fag) A

Soft cooked egg .. 1egg
10 am Fruit juice, 10 per cent . 170
Noon  Baked potato or rice 100
“Toast . L. L.
Butter . . L0 L
Cream (zo per cent butier fat) .=
Fruit juice, 10 per cent T
3 pm. Font guice, 10 per cont 200
Supper  Toast . 20
Burter . 10

Soft cooked egg L tegg
Fruit (10 per cent) Lo 100
8 pm, Fruit juice, 10 per cent 200
Tlus diet contains approvimately Grams
Carbohydrate 160
Protein . .24
Fat . 59
Calorses . 1267

TUBERCULOSIS COMPLICATING DIABETES

Excellent reviews of this subject have been written by Root
{1934) and by Himsworth. The inadence of assoaation of pul-
monary tuberculosis and diabetes is much less than in former
days, when Naunyn found pulmonary tuberculosis in 41 per cent
of necropsies on diabetic patients; nevertheless, it still is high.
Pulmonary tuberculosis was the cause of 5.2 per cent of the deaths
of the diabetic patients of the George F. Baker Clinic between
August 4, 1922 and March 13, 1935, and 1n the same nstitution
among 1121 necropstes on diabetic patients active tuberculosis
was discovered in 28 4 per cent. Himsworth, carefully examining
the patients 1n 230 consecutive cases of diabetes, found fifteen
{65 per cent) with tuberculous lesions of the lungs Root,
1126 cases in which diabetes developed before the patients were
fifteen years of age, subsequently found seventeen cases of tuber-
culosis and compared this mcidence of 1 5 per cent with that for
tuberculosis in the school population of Massachusetts, which
Pope 1 1934 estimated to be 012 per cent. In cases in which
adults who had diabetes were examined by roentgenograms of the
thorax at the George F. Baker Clinic, tuberculosis was discovered
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in 2.8 per cent. These patients were not bed patients but had
been admitted for dietary treatment and instruction. The ob-
servation, therefore, may be compared with community surveys
and examinations for draft boards, in which the usual incidence
of tuberculosis is 1 per cent.

Possibly because the proportion of young persons coming to
The Mayo Clinic is relatively small, the incidence of tuberculosis
among our patients has been comparatively low. Roentgeno-
grams of the thorax have been obtained in at least three of every
four cases in which the diagnosis of diabetes mellitus has beent
established, yet for the years 1935 to 1937, inclusive, among 2584
diabetic patients examined the diagnosis of active pulmonary
tuberculosis was established in only fourteen (0.54 per cent).
For comparisor, the incidence of pulmonary tuberculosis among
all new patients coming to The Mayo Clinic in 1937 was 0.78 per
cent, but the average age of the diabetic patients was 52.8 years.
whereas that for all new patients in 1937 was 41.6 years.*

Both Himsworth and Root (1934 and 1937) have emphasized
that early pulmonary tuberculosis among diabetic patients is
difficult to recognize, and that roentgenologic examination of the
thorax is necessary in all cases and ideally should be obtained
every year. The early lesions tend to be deep-seated and those
situated further out in the lung tend to spread more rapidly
toward the hilum than to the periphery of the lung. The type of
lesion usually is pneumonic with little fibrosis and inconspicuous
physical signs. Pleuritis and adhesion of the lung to the wall of
the thorax are uncommon. Himsworth commented that the
pneumonic type of lesion spreading to the hilum has been noted
so frequently in diabetes that Sosman and Steidl considered it 2
characteristic of diabetes, “drabetic tuberculosis.”” This type of
fesion was found in twenty-one of their twenty-nine cases.

The effect of tuberculosis on diabetes varies. It is likely to
be unfavorable if secondary infection occurs. On the other hand,
with rapidly advancing tuberculosis associated with much c-
chexia, sensitivity to insulin may increase so that a small dose will

4 Prevalence of pulmonary tubesculosis in European aties is much greates in
general than that encountered m America, and in Paris, among paticnts with
chabetes, Roy found that it was 16 per cent! The disease was much more fre
quent among uncontrolled  ° ‘The course of the combined disease
was very unfavorable, rarely 1 yeass i duration, with tuberculosis the

cause of dez- 7 per
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provoke reactions. The fact that tolerance for carbohydrate by
diabetic patients increased if the patients became cachectic from
tuberculosis or other causes prompted F. M. Allen to undertake
his classical investigation of the effect of starvation in diabetes.
The outlook for patients with diabetes complicated by tuber-
culosis is by no means as hopeless as has been supposed. Although
the evidence clearly indicates that lack of control of the metabolic
condition of the patient predisposes to the development and ex-
tension of tuberculous lesions of the lungs, 1t also shows that good
therapeutic results are possible 1f good management 1s obtainable.
Unfortunately the staff physicians of many hospitals for tubercu-
losts patients have not been prepared to treat diabetes. Excellent
results have been obtained by Callahan 1n the Pokegama Sana-
torium with patients we have referred to him. Also Myers and
McKean, in a series of eighty cases of diabetes, obtained arrest,
or apparent arrest, of pulmonary tuberculosis in 21 per cent of
the cases 1n which 1t was moderately advanced (class 2}, in 25 per
cent of those in which 1t was more advanced (class 3B), and 1n
10 per cent of those in which it was advanced (class 3C). Even-
tual arrest was anticipated 1n an additional 43 per cent of the
cases in class 2 and 1n another 16 per cent of those in class 3B.
The results compared favorably with those for nondiabetic pa-
tients with tuberculosis of less severity 1n the same hospital. The
average amount of insulin needed to bring the diabetes under
control was 46 units daily. The average dose at the time of dis-
missal was 42 units daily. The average diet contained 108 gm.
of carbohydrate, 62 gm of protemn and 162 gm. of fat. In its
relatively low content of protein and its relatively high fat-carbo-
hydrate ratio it was similar to that which McC:mn and Barr found

best adapted 1n cases of d y tubercul
The use of insulin to the pomt of hypoglycemla to improve
tuberculosis is not The Itterature on

the subject was reviewed by Allen (1936). The value of arttficial
prenmothorax and phrenectomy 1n the treatment of the tubercu-
losis of diabetic patients also has been emphasized by Myers and
McKean,

“In some way the resistance to tuberculosis is Jowered during
emaciation” (Root, 1937). It 1s for this reason that I deplore
the survival of the theory of undernutntion in present day man-
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agement of patients who have diabetes mellitus. If diabetes pre
disposes to tuberculosts, it seems to me to be essential to keep
these patients not 10 per cent or more under the average weight
for persons of their height and age, but, if possible, at average
weight. On stmilar grounds a good case can also be made for not
ngdly restricting the proportion of fats in diabetic diets. Low
values for blood lipords are commonly found in patients widh
tuberculosis, and the highest death rates from tuberculosis, as is
well known, are encountered today in the tropics among persons
whose diets are notoriously high in carbohydrate and lacking 1
animal fats (Wilder, 1935). Prevention of tuberculosis can never
effectively be accomplished without preliminary attention to the
adequacy of nutrition.

OTHER PULMONARY INFECTIONS; PNEUMONIA

The low resistance of diabetic patients may not apply to other
infections of the lungs. At the New England Deaconess Hospia!
the clinical diagnosis of pneumonia was made in only seventy
three (0.5 per cent) of 13,188 cases of diabetes. Likewise Delijan-
s found both lobular and lobar pneumonia to be conSPiC“O“s”
less frequent mn necropsies on diabetic patients than in other
necropsies. The diagnosis of pneumonia, as Marble has wnitte>
must often be faulty in cases of diabetes; coma is often blamed for
deaths which pneumonia has caused, and the reverse also 0%t
Pam in the thorax at the beginning of coma may be due cither
to acidosis or to associated pneumonia.

Pulmonary abscess and gangrene, other than what may
from secondary infection in tuberculosis, have not bect Ly
countered among the cases of diabetes that have come 0 my
attention. In the text of von Noorden and Iszac is the statemer!
that pulmonary gangrene is seen on occasion in diabetic P:l."cnﬁ
following lobar | bronchop ia, traumatic 7
juries of the thorax and bronchitis, and that apparently of e
occasions it may develop spontaneously,

result
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agement of patients who have diabetes mellitus. IF diabetes pre-
disposes to tuberculosis, it seems to me to be essential to keep
these patients not 10 per cent or more under the average weight
for persons of their height and age, but, if possible, at averagt
weight. On similar grounds a good case can also be made for not
rigidly restricting the proportion of fats in diabetic diets. Low
values for blood hpoids are commonly found in patients with
tuberculosis, and the highest death rates from tuberculosis, as 1§
well known, are encountered today in the tropics among persons
whose diets are notoriously high in carbohydrate and lacking in
ammal fats (Wilder, 1935). Prevention of tuberculosis can never
effectively be accomplished without preliminary attention to the
adequacy of nutrition

OTHER PULMONARY INFECTIONS; PNEUMONIA

The low resistance of diabetic patients may not apply to othet
infections of the Jungs. At the New England Deaconess Hospital
the climcal diagnosis of pneumonia was made in only seveaty
three (0.5 per cent) of 13,188 cases of diabetes. Likewise Dehjan
nis found both lobular and Jobar pneumonia to be conspicuousy
less frequent in necropsies on diabetic patients than in other
necropsies. The diagnosis of pneumonia, as Marble has written,
must often be faulty in cases of diabetes; coma is often Dlamed for
deaths which pneumonia has caused, and the reverse also occur™
Pain in the thorax at the beginning of coma may be due atthet
to acidosis or to associated pneumonia.

Pulmonary abscess and gangrene, other than what m2y result
from secondary infection in tuberculosis, have not been €&
countered among the cases of diabetes that have come 10 oy
attention. In the text of von Noorden and Isaac is the 5““{”““
that pulmonary gangrene is seen on occasion in diabetic P“_"H.m
following lobar p ia, bronct ja, trausmatic
juries of the thorax and bronchitis, and that apparcml)' on rrt
occasions it may develop spontaneously.
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agement of patients who have diabetes mellitus. If diabetes pre
disposes to tuberculosis, it seems to me to be essential to keep
these patients not 10 per cent or more under the average weight
for persons of their height and age, but, 1f possible, at average
weight. On similar grounds a good case can also be made for not
rigidly restricting the proportion of fats in diabeuc diets Low
values for blood lipoids are commonly found in patients with
tuberculosis, and the highest death rates from tuberculosis, as i
well known, are encountered today in the tropics among persons
whose diets are notoriously high in carbohydrate and lacking 1
amimal fats (Wilder, 1935) . Prevention of tuberculosis can never
effectively be accomplished without preliminary attention to the
adequacy of nutrition

OTHER PULMONARY INFECTIONS; PNEUMONIA

"The low Tesistance of diabetic patients may not apply to other
infections of the lungs, At the New England Deaconess Hospital
the clinical diagnosis of pneumonia was made in only seventy
three (o 5 per cent) of 13,188 cases of diabetcs. Likewise Delit-
s found both lobular and lobar pneumonia to be consPiC“"me
less frequent in necropsies on diabetic patients than in other
necropsies. The diagnosis of pneumonia, as Marble has wnilte®:
must often be faulty in cases of diabetes; coma is often blamed for
deaths which pneumonia has caused, and the reverse also occurs
Pamn in the thorax at the beginning of coma may be due ather
to acidosis or to associated pneumonia.

Pulmonary abscess and gangrene, other than what may restlt
from secondary infection in tuberculosis, have not been €
countered among the cases of diabetes that have come t© my
attention In the text of von Noorden and Isaac is the Smm,ncm
that pulmonary gangrene is seen on occasion in diabetic pie
following lobar | ia, bronchof ia, traumatic 1
juries of the thorax and bronchitis, and that apparemly on 1
occasions it may develop spontaneously.
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CHAPTER XII

SURGICAL OPERATIONS IN DIABETES!

In the era before insuln, as Joslin has said, “there were few
diabetic patients and their hife was short and firmly bound with
chains of acidosis and undernutrition. Today there are many
diabetics because they hive longer and insulin has set them free.”
He esumated that every third person who had diabetes and prob-
ably “every other diabetic at some tume during the course of his
disease needs the surgeon and will seek him not in vain, provided
he secures the co-operation of and i d technici:
faithful nurses, and doctors conversant with drabetes.”

Operating on patients with this disease formerly nvolved a
hazard which few surgeons were willing to accept. The rates of
mortality encountered varied from 18 to 46 per cent, and although
this was due 1n some degree to operating mostly for emergencies.
as a2 measure of last resort, 1t was largely attributable to the lack
of effecttve means for preventing the development of acidosis
The hazard in these cases 1s sttll serious, but may be overcome by
employing skillful surgery, the best possible anesthesta and mod-
ern methods of controlling acidosts Trauma to tissue, shock
from loss of blood and prolonged anesthesia are poorly borne 1n
diabetes and neglect of these patients before and after operation
often leads to dangerous acidosis. The attendance of physicians
and nurses who possess special experience 1n diabetes 1s desirable,
and closest co-operation between surgeon and physician 1s imper-
ative. Every case m which operation must be performed 1n the
presence of diabetes 15 a potential case of coma and should be
treated accordingly, The statement applies whether the diabetes
15 severe or muld, and whether the operation contemplated is
major or minor. Mild diabetes may be made severe by anesthesia
and operative trauma, and the tendency of some surgeons to
belittle the significance of a trace of sugar has led to fatalities.

*This chapter, with some alterations, 15 reprinted from an arude by Walters,
Meyerding, Judd and Wilder, and sath many of these alterations, was presented
by Walters and Kepler before the Sumsmer School of the Vancouver Medical Asso-
ciation, Vanconver, Briish Columbia, Canada, June 21-24, 1938
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The importance of preoperative attention to the diabetes of
diabetic pattents requiring surgery has been emphasized by Stand-
ard, Brandaleone and Rally, writing from the Third (New York
University) Surgical and Medical Divisions of the Bellevue Hos-
pital. In a group of 474 surgical diabetic patients, 172 were
treated preoperatively in the diabetic clinic of the medical service
The mortality for the patients treated in the clinic was 69 per
cent, while mn the group not so treated it was 20.8 per cent, The
lower mortality in the group treated in the clinic was noticcable
following all surgical procedures, but was most striking in the
cases requiring major amputations.

SURGICAL RISK

From 1921 to 1932, inclusive, 1,028 major and 1,058 minor
surgical procedures were performed on diabetic patients at The
Mayo Clinic.2 The selection of patients for operation was made
on the same indications as those obtaining for nondiabetic pa-
tients, and no patient was declined for operation on the basis of
diabetes of greater or lesser severity. The deaths numbered sixty-
nine, a mortality rate, based on number of operations, of 3.3 per
cent. In later years the mortality rate increased to 4.5 per cent
in 1935, to 5.2 per cent mn 1936, 7.5 per cent in 1937, and 6 2 per
cent in 1938. The reasons were a greater proportion of opera:
tions for carcinoma of the stomach and large intestine and the
advancing age of the patients as their life span was lengthened
by insulin. The increase has not resulied from inability to con-

2The clasufication of the operations of this and later series into major and
munor groups has been as follows™ Multiple procedures on separate dates are
counted as separate operations, multiple procedures on the same date are counted

as one operation and listed under the prinapal procedure The major operations
include. the procedures 1 which a body @wty (pleura, pentoneum, jomt, €fe-

counted as one mmor operation
mu“Re»zpplxmlmn of nX:s, yemoval of dramage tubcs, removal of sutures, other
surgical dressings, and intravenous 1njection of floids other than blood and drugs
are not counted as operations
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preoperative and postoperatve care, the younger patient with
severe diabetes tolerates surgical procedures with little additional
risk because of his diabetes,

DIAGNOSIS OF SURGICAL LESIONS OF ABDOMEN IN
PRESENCE OF DIABETES

. 'The diagnosis of acute abdominal lesions, especially appendi-
citis, presents some difficulty when the patient has diabetes. This
is because many of the signs and symptoms of diabetic acidoss
are in many respects the same as, or like, those resulting from
lesions requiring surgery. Thus, nausea and vomiting, abdominal
pain and tenderness, rapid pulse, and leukocytosis, all are symp-
toms of diabetic acidosis and of themselves are not 1ndicative
of abdominal disease. We once encountered a case of pure di-
abetic coma in which the leukocytes in the blood exceeded 60,000
per cubic millimeter, and counts of from 15,000 to 20,000 are not
at all uncommon. Fever, if present, is attributable to some in-
fection, but this may be 1n the respiratory tract and not in the
abdomen. On the other hand, an acute inflammatory lesion in
the abdomen may underlie and be responsible for the existing
acidosis.

A careful history should be taken in these cases, Abdominal
pain preceding the onset of the other symptoms speaks for a
surgical emergency, particularly if the onset of the pain is acute,
whereas a gradual onset with polyurra and polydipsia preceding
the abdominal pain probably means acidosis  Oue is guided also
by the presence or absence of localized rigidity of the abdominal
wall and by localized tenderness. The rigidity encountered in
diabetic acidosis is diffuse, as 1s the tenderness. If doubt remains.
an operation usually should be performed.

TIMING THE OPERATION

In the presence of surgical emergencies nothing is to be gained
by delaying operation; indeed, when a curable infection exists,
delay may be harmful, This applies especially to amputations of
extremities for rapidly spreading gangrene with infection and to
acute appendicitis, pelvic abscesses, mastoiditis and other inflam-
matory processes. In such conditions the infection is the primary
consideration, and the operation should not be delayed even to
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control intense glycosurta and acidosis. Such a patient at The
Mayo Clinic is given 1000 cc of physiologic salt sotution intra-
venously and a preliminary dose of insulin (the exact amount
depends on the severity of the diabetes, the age of the patient
and other factors). The operation 1s then performed without
further delay. On the other hand, when a surgrcal lesion is not
infected, or when an existing infection is chronic and has little
or no influence on metabolism, there is not such excuse for haste,
and time should be taken to secure the most favorable conditions
before operating. The aims are complete freedom from acidosis,
a sugar-free or nearly sugar-free urine, and adequate reserves of
glycogen, fluids and salts.

ATTENTION BEFORE OPERATION

The routine preoperative procedure at The Mayo Clintc has
been as follows The pattent 1s observed in the hospital for two
or more days while a measured diet is prescribed and sufficient
nsulin is used to clear the urine of sugar and to free it of ketone
bodies The diet for these patents is made liberal enough in
carbohydrate to provide adequate dextrose for storage as glycogen
but we have not found 1t necessary or desirable, except m opera
tions on the biliary tract and 1n cases of hyperthyroidism, to resort
to high allowances of carbohydrate such as have been recom
mended in some other clinics. Our preoperative diets usually
have contained about 200 gm. of carbohydrate. If dehydration
is apparent, fluds are given by rectum or by vein In cases of
mild diabetes, on the morning of operation, both breakfast and
insulin are withheld, Patients with very severe diabetes under
control with regular insulin are given a half to two-thirds of the
usual dose of 1nsulin even though breakfast is withheld Patients
who are wling protaminezinc insuhn are given a half to two-
thirds of the usual dose of the protamme preparation but sup
plementary regular msulin 15 usually not given immediately prior
to the operation. The intravenous injection of solutions of dex
trose is valuable as a preoperative and postoperative measure in
cases of jaundice and in other cases in which there is reason to
suspect some degree of hepatic insufficiency. Insulin is added to
the solution in the amount of 1 unit for each 5 gm of the sugar.

In the preoperative and postoperative treatment of drabetic
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patients who have surgical complications and in the treatment of
diabetic acidosis, protamine-zine insulin has proved to be of value.
Situations not infrequently arise in which, although the preop-
erative use of short-acting insulin will be contraindicated, the
status of the patient will be such that several hours later insulin
will be needed. Protamine-zinc insulin can be given with com-
parative safety prior to the operation, for by the time its peak
cffect is reached the operation is over. The daily use of pro-
tamine-zine insulin, supplemented as necessary with regular in-
sulin, is continued throughout the postoperative period until the
patient is back on his usual diet and doses of insulin. When this
program is followed, there 1s very little danger that the disease
will get out of hand during the immediate postoperative period,
although, following tonsillectomy in two of our cases of severe
diabetes in which treatment included the foregoing preoperative
and postoperative program, severe acidosis and incipient coma
developed and necessitated the use of large doses of unmodtfied
insulin,
THE ANESTHESIA *

The choice of anesthetic depends on the surgical indications
General anesthetics are poorly borne in diabetes ‘They may
produce some degree of hyperglycemia and acidosis in normal
persons, and postoperative vomiting and unavoidable starvation
intensify this condition Anesthetrc methods and agents in the
order of preference are: (1) local, regional and spinal anesthesia,
(2) ethylene, cyclopropane, nitrous oxide, and the intravenous
anesthetics (pentothal sodiam) , and (g) ether. However, when
ether can be expected to provide better relaxation and therefore
to expedite and shorten time of operation ot reduce the degree
of surgreal trauma, it may be preferred. In some clinics an intra-
venous injection of insulin and dextrose is given during the course
of operation We have not found this necessary or desirable
The most 1mportant single factor is that the surgical procedure
should be carried to completion with accuracy and celertty. A
minimum of trauma and a minimum of anesthetic time are
crucial
ATTENTION AFTER OPERATION

As soon as the patient has returned to his bed, he is treated

with insulin and injections of fluid. Saline solutions are preferred
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to solutions of dextrose, because dextrose, given parenterally,
escapes the glycogen barrier of the liver and 1s in part excreted
in the urine, even 1 individuals who are adequately supplied
with insulin, Thas vitiates urinalysis as the gauge to the amount
of insulin needed ® Sugar is usually in ingh concentration in the
blood after operation, and for a time at least it seems unnecessary
to provide addittonal sugar The dose of insulin must be judged
at first from periodic determinations of the concentration of blood
sugar, Later, when excretion of urine begins, each specimen of
urine, as it is vorded, 15 immediately analyzed for sugar, and these
analyses, as has been described under “Emergency insuhn require-
ments” {p 201), enable a reasonably accurate appraisal of the
demand for mnsulin It must be remembered that the time of
action of regular insulin 1s shortened by anesthesta, infection and
trauma, and that the ntervals between injections must be short-
ened One injection every six hours is required, but no absolute
rule about this 15 safe. The dose must be determined largely by
previous expertence with the parucular patient and by frequent
analyses of the blood and urine for sugar.

The danger of overdosing with nsulin should be constantly
m mind. We attribute one of our fatalities to insulin shock.
The patient went into shock four hours after operation and, al-
though he was restored to fatal b gt i
developed It may have been precipitated by the period of apnea
that accompanied the severe insulin reaction. The physician in
charge of these patients must be tramned to recognize quickly any
evidence of metabolic abnormality. Acidosis threatens on the
one hand, hypoglycemia from overuse of insulin on the other. It
15 probably safer to err on the side of too hittle control than too
much, at least for the first day or two after operation, and until
the patient can begin to co-operate effectively. Shght glycosuria
will do little harm; an attack of mnsulin coma has much more
Serious conscquences.

Duets for surgical patients.—Diets after operations must be ad-
justed to meet various special indications. In other words, the
treatment of the diabetes of surgical patients is to be subordinated

*When arcumstances anse n cases of diabetes which make intravepous in-
jection of dextrose desirable, we have found it satisfactory to add unmodified 1n-

sulin to the solution for imjection 1n amounts represenung one unit for each § gm
of dextrose
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to the treatment of the patient. This can usually be effected
without difficulty by examining the urine three or four times
daily, testing the blood at intervals and adjustng the doses of
insulin to the changing requirements. When not otherwise ob-
jectionable we like to start oral feedings after the first twenty-four
hours, giving at first only fruit juice, ginger ale, or a 10 per cent
solution of dextrose, then mlk, cereals, custards and other bland
faods, and gradually other foods until a satisfactory maintenance
regimen has been established

It is important in most cases to keep the patient under very
close supervision, if not actually in the hospital, until the diet he
is expected to follow at home has been demonstrated, and he has
been taught what he nceeds to know to control his diabetes at

home.

HEALING OF WOUNDS

The heahing of surgical incisions is delayed when treatment
of diabetes is inadequate—not otherwise. Bennett, a former fel-
low in The Mayo Foundation, studied surgical wounds in dogs
which had been made diabetic by pancreatectomy. The pancreas
was removed under ether anesthesia. ‘The animals were sup-
ported with insulin and a suitable regimen until they had recov-
ered completely. Then insulin was withheld, and when the
ensuing diabetic state had developed, abdominal incisions were
made under local anesthesia. As compared to the behavior in
identical wounds in healthy animals used as controls, the healing
of these wounds was abnormal. The tissues were edematous,
deposit of fibrin was delayed and the amount of fibrin was re-
stricted, The cellular reaction was excessive and the exuded cells
appeared to be of the so-called toxic type. New blood vessels were
slow to form, and more thrombosis than normal was noted in
preformed vessels. On the other hand, healing proceeded per-
fectly normally when the diabetes was well controlled.

The presence of an excess of sugar in tissues was fcrm_cﬂ)’
thought to favor infection but probably is harmless, ?rowdEd
insulin is acting and the metabolism of the cells is undisturbed
n two cases of clean abdominal wounds, I deliberately gave only
enough insulin to control acidosis, and in z.hese cases the wounds
closed in normal time by primary intention, even though the
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to the treatment of the patient. This can usually be effected
without difficulty by examining the urine three or four times
daily, testing the blood at intervals and adjusting the doses of
insulin to the changing requirements. When not otherwise ob-
jectionable we like to start oral feedings after the first twenty-four
hours, giving at first only fruit juice, ginger ale, or a 10 per cent
solution of dextrose, then milk, cereals, custards and other bland
foods, and gradually other foods until a satisfactory maintenance
regimen has been established.

1t is important in most cases to keep the patient under very
close supervision, if not actually in the hospital, until the diet he
is expected to follow at home has been demonstrated, and he has
been taught what he needs to know to control his diabetes at

home

HEALING OF WOUNDS

The healing of surgical incisions is delayed when treatment
of diabetes is inadequate~not otherwise. Bennett, a former fel-
low in The Mayo Foundation, studied surgical wounds in dogs
which had been made diabetic by pancreatectomy. The pancreas
was removed under ether anesthesia. The animals were sup-
ported with insulin and a suitable regimen until they had recov-
ered completely. Then insulin was withheld, and when the
ensuing diabetic state had developed, abdominal incisions. \V!_rt
made under local anesthesia. As compared to the hehavior in
identical wounds in healthy animals used as controls, the healing
of these wounds was abnormal. The tissues were edematous.
deposit of fibrin was delayed and the amount of fibnn was ¢
stricted. The cellular reaction was excessive and the exuded cells
appeared to be of the so-called toxic type. New blood vessels were
slow to form, and more thrombosis than normal was noted if
pre-formed vessels. On the other hand, healing proceeded per
fectly normally when the diabetes was well controlled.

The presence of an excess of sugar in tissues was
thought to favor infection but probably is barmless,
insulin is acting and the metabolism of the cells is un
In two cases of clean abdominal wounds, I deliberately .
enough insulin to control acidosis, and in these cases the wour{l}l .
closed in normal time by primary intention, even though

formerly
pmvidcd
disturbed.
gave onlf
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range of the blood sugar in one case was as high as 0 4 gm. per
100 c.c.t On the other hand, when the supply of blood is im
peded, as in the stump left after amputation of an extremity for
occlusive vascular disease and gangrene, the presence of sugar in
the ussues may predispose to infection and thus interfere with
healing.

SURGICAL TREATMENT OF GANGRENE

The old rule either to operate early and operate high or treat
the lesion medically and avoid all surgical treatment has guided
us to a mortality rate in diabetic gangrene that is comparatively
very low. When we deviate from 1t, we usually regret doing so.
Primary amputation through the foot for removal of gangrenous
toes was performed in fifteen such cases, reviewed by Allan and
Kintner, and higher amputation became necessary mn a third of
them The ultimate outcome was fatal in 20 per cent. By con-
trast, in seventy-one cases of gangrene of the toes or foot, 1n which
primary amputation was through the leg, a secondary operation
was required in only four, and the mortality was only 7 per cent
The cases chosen for amputation of toes, reviewed by Allan and
Kintner, were suitable by all ordinary criteria; the gangrene was
limited to the toes, pulsation of the dorsalis pedis and posterior
tibal arteries was far, the extremity was not cold, and there was
no great difference in blanching or reddening on elevating or
lowering the leg  Yet the mortality rate m ths group almost
equaled that observed in an additional sixty-seven cases m which
medical treatment alone was provided. Once amputation is de-
cided on, it should be done below the knee, provided pulsation
is good in the popliteal artery; above the knee if the pulsation in
this artery is inadequate. A well-fitung artificial leg, or even a
wooden peg, is to be considered an asset in the hight of the danger
of imperfect healing of wounds after amputation of toes for
diabetic gangrene.

These observations do not apply to perforating ulcers, other
sores, and other chronic infections of the feet which are not ac-
companied by massive necrosis of tissue or gross impairment of

“ Bayne Jones hay expressed the opimon that the concentration of sugar fn
the blood has httle or nottung to do with suscepbility to mfection n diabetes,
since blood in vitro to which enough dextrose has been added so that st contains

from o1 5 Per cent dextrose 15 no more suitable as a culture medium for
staphylococes than blood without added sugar.
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circulation. In such cases the leg usually can be saved by medical
measures, but if cellulitis develops in a case in which there is
much arteriosclerosis, and if it is clearly advancing and reaches
the ankle, high amputation is desirable and should be done with-
out delay.

TREATMENT OF ULCERS AND OTHER SORES

Lesions of the feet that are not accompanied by gross occlusion
of the circulation usually are precipitated by infection. They in-
clude infected corns and calluses, perforating ulcers, osteomyelitis,
burns, frost-bite, varicose ulcers and septic abrasions. Osteo-
myelitis of a phalanx should be suspected in every localized in-
fection of more than two weeks' duration in any part of a toe or
foot (McKiurick and Root). The diagnosis is made roentgen-
ologically or by encountering rough bone with the probe. The
perforating ulcer, and indeed many of the indolent, infectious
conditions of the feet in diabetes, may in part be dependent on
the presence of peripheral neuritis. The feet in such cases are
abnormally insensitive, and complaints of numbness and of ach-
ing pains at night are common. Much needless suffering results
from unnecessary delay 1n the treatment of infections of the feet.
Diabetic patients should learn to treat all abrasions seriously, and
immediately to apply a nonirritating antiseptic, such as the mix-
ture of boric acid and alcohol. Prophylactic measures also are
important, especially clean socks and well-fitting shoes (see p
340) -
The medical care of ulcerated or infected extremities, with or
without gangrene, is to enforce absolute Test in bed with the foot
very slightly elevated above the horizontal plane, and rigidly to
control glycosuria® If the gangrene is dry and not grossly in-
fected, a dry dressing is best, but if infection is present, the old
Ochsner dressings of gauze and cotton are recommended. Thfsc
are made 1 1nch (2.5 cm.) thick and kept saturated with a mix-
ture of equal parts of 5o per cent alcohol and saturated solution
of boric acid. They should be large enough not only to cover
the lesion, but also a large part of adjacent skin. If the lesion
renal threshold for dextrose develops sn many cases of diabetes of
and under these circumstances the Lssues may require a concentra-

er than normal. Comsequently, 1t is not desirable
d sugar lower than 1s necessary to avoid glycosuna

A high
Tong duration,
uon of blood sugar that 1s high
to force the concentration of bloo
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is on the foot, the entire foot and the lower third of the leg should
be covered. The infection either starts to subside within twenty-
four hours after applying the d, or by this
time gives clear evid of ad g. If it subsides, the treat-
ment is continued until the infection is fully controlled, and then
the decision 1s made whether the degree of accompanying gan-
grene or the degree of airculatory impairment justifies amputa-
tion. If it fails to subside, after twenty-four hours of treatment
with alcohol and boric acid, amputation is usually recommended.
1f the redness and swelling extend beyond the ankle, immediate
amputation is urged. The possibility of a superimposed infection
with gas-producing organisms should always be kept in mind and
treatment with suitable antitoxin mnstituted 1f there 1s the slightest
doubt ing its p In the p of nfecuion with
gas-producing orgamisms treatment with roentgen rays also is
beneficial. Maes has called attention to the frequency with which
bandages and blankets of wool are infected with the spores of gas
bacilli. By avoiding the use of wool wrappings for the legs of
patients with gangrene before and after operation, he materially
diminished the occurrence of this complication.

In some cases 1t may be possible to improve the peripheral
blood flow by vasodilating drugs and thereby to hasten healing
Among such drugs, theobromne 1n doses of 10 to 15 grains (0.65
to 1 gm.) three or four times daily 1s sometimes effective, as is also
alcohol.  An ounce of alcohol, prepared as a lughball is given
two or three times a day. Horton found alcohol to be more
effective if the room temperature 1s between 80° and 83° F. Pan-
creatic tissue extract is not a vasodilating agent but has been
found helpful 1n the treatment of intermittent claudication.
Barker, Brown and Roth recommended 2 dose of from 1 to 3 c.c.
daily, injected sub ly Theu of circulatory im-
pairment 1ncludes the use of therapeutic measures such as the
daily massage, contrast baths and postural exercises used n
thrombo-angiitis obliterans (Buerger's disease). On the whole,
the results of treatment with the pavex or intermittent suction
and pressure mactune have not been up to expectation. An oc-
castonal patient may be benefited; some have been made worse.

It is important always to remember that the shin of dubetic
patients with arteriosclerosis will burn and blister at temperatures
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well below those which would not be injurious otherwise, and
that any application of heat demands exercise of extreme caution
The same caution is important in applying roentgen treatment
to extremities of drabetic patients. We have seen two cases of di-
abetes in which necrosis of tissue followed treatment elsewhere
with doses of roentgen rays that were of average therapeutic mag-
mtude. Exposures to sunlight or ultraviolet light also are bene-
ficial, but caution to avoid burning is again necessary. A general
rule that seems to have helped in our hospitals is that no hot
water bags or other applications of heat are to be made below the
knees of diabetic patients without the written order of the physi-
cian or surgeon who is responsible.

TREATMENT OF CARBUNCLES

Carbuncle is a deadly complication in diabetes. The mortal-
ity rate is reported to be from 25 to 6o per cent. Fortunately
carbuncle occurs infrequently and is nearly always preventable
by cleanliness and proper attention to the control of glycosuria.
We had only twenty-six cases of carbuncle in a period of sixteen
years, and not more than twice this number of cases of furuncu-
losis. The patients for the most part were obese and uncleanly,
and had paid little or no attention to the treatment of their
diabetes.

The most important measure for the prevention of carbuncle
is the admonition of Price on the subject of pimples and boils*
“Don’t squeeze, don’t prick, don’t cut.” To this McKittrick afld
Root properly added: “Don’t show sugar, and do respect an in-
fection no matter how small it may be.” A further wise admoni-
tion is to avoid the customary shaving of the neck at the barber
shop. Boils are frequently due to infection from barbers’ razors,
and carbuncles may follow boils. It is wise for the diabetic pa-
tient to use his own razor

Leddy and Morton have teported that roemtgen rays may
hasten localization in cases of carbuncle and may lessen pain. The
wide crucial incision of a carbuncle, extending throughout the
sone of induration, seems a particularly bad form of treatment.

It must lead to extension of infection and septicemia in many

cases. . . o
At present in cases of carbuncle with diabetes, operation 15
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avoided entirely at The Mayo Clinic. The essential items in the
treatment are: (1) absolute rest 1n bed, (2) rigid control of gly-
cosuria, (3) thick gauze and cotton dressings saturated with equal
parts of boric acid and 5o per cent alcohol, kept warm (not hot)
and (4) daily intravenous njection of 10 c.c. of 40 per cent solu-
tion of methenamine for a week. After central necrosis of the
carbuncle has occurred and natural dratnage has established itself,
but not until then, a pair of stenile artery forceps is mtroduced
and gently opened to hasten drainage Occasionally the destruc-
tion of skin necessitates skin grafting, but this is not the rule

A discussion of the rationale of treatment with methenamine
has been given by von Takdts The dose used 15 large enough so
that traces of formaldehyde have been demonstrated in pus taken
from the center of the carbuncle. The growth of bacteria 1s prob-
ably inhibited by this trace of formaldehyde, and possibly also the
natural defenses of the orgamism are sumulated by the drug.

The value of sulfamlarmde and related compounds in the
treatment of carbuncle, 1n which the infecung orgamsm usually
is the staphylococcus, at present is under consideration. In the
few cases of diabetes m which these drugs have been used, no
unusual toxicity has been encountered.

DEXTROSE AND INSULIN IN NONDIABETIC SURGICAL
CASES®
RANDALL G SPRACUE, M D

There is much of theoretic nterest and practical importance
in the clinical study of the metabolism of dextrose by nondrabettc
individuals who are und surgical f es. The m-
ternist frequently is confronted with the question of the mter-
pretation of glycosuria occurning after infusion of dextrose in
treatment of surgical patients. The surgeon is interested m ques-
tions of the value of insulin and of dextrose in the treatment of
certain postoperative complications, such as shock, acidosis and
poor healing of wounds Aid 1n answering these questions is
found in an analysis of certain known facts concerning the toler-
ance of the organism for dextrose and the action of insulin 1n the
nondiabetic organism.

According to data obtained from experiments on dogs and

*Eduorlal prepared for Minnesota Medicne (22 649-650 [Sept] 1039) s re-
printed with perrssion PeT s
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nofmal men, the individual having a normal ability to store and
oxidize carbohydrate can receive dextrose by the intravenous
route at the rate of about 0.85 gm. per kilogram of body weight
per hour without excreting abnormal amounts in the urine.
Thus, a normal man weighing 7o kg. should have no glycosuria
if a liter of 10 per cent solution of dextrose was infused at 2 uni-
form rate during approximately two hours. The postoperative
surgical patient, however, may exhibit for a variable period 2
diminished ability to utilize dextrose, for at least two reasons:
(1) starvation, and (2) the surgical procedure itself, including
the anesthesia. Obviously, there is no easy way of estimating the
extent of this diminution in tolerance in any given case. Hence,
the interpretation of glycosuria after infusion of glucose may be
difficult and further investigation may be necessary before previ-
ously unsuspected diabetes can be definitely excluded. ‘This in-
vestigation should consist, first, of determination of blood sugar
after a night’s fast. In cases in which doubt still remains, a dex-
trose tolerance test may be necessary. ‘The patient on whom such
a test is made should have fully recovered from the operation and,
for several days before the test, he should have been supplied with
Iiberal amounts of carbohydrate food. In the routine manage-
ment of patients after operation, however, it is possible to avoid
raising a suspicion of diabetes unnecessarily if dextrose is infused
at a rate well under the normal limit of utilization; that is, if a
man is of average body weight it is well to take three to four
hours for the infusion of a solution containing 100 gm. of dex-
trose. If glycosuria occurs repeatedly with such a rate of infusion,
then diabetes must be strongly suspected.

In the four or five years following the discovery of insulin, in
1922, a large number of publications were concerned with the
usefulness of insulin in surgical operations on nondiabetic pa-
tients. Treatment with insulin and dextrose was heralded by
some as a specific in the treatment of surgical shock :u:td FDS"
operative acidosis. Early work which was thought to indicate
diminished amounts of insulin in the tissues of dogs that had
been subjected to ether anesthesia apparently provided a sound
basis for the belief that insulin might be a valuable agent in post-
treatment. Now, however, it is known that early assays

operative
in animal tissues other than the pancreas were errone-

of insulin
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CHAPTER XIII

GENITO-URINARY AND GYNECOLOGIC COMPLICA-
TIONS OF DIABETES

DISEASES OF THE BLADDER, URETERS AND KIDNEY

In severe diabetes with ineffective control, lowered resistance
to infection favors development of infection of the urinary tract.
Cystitis and pyelonephritis were much more common in the
Naunyn era than, to Jjudge from our experience, 1s now the case.
Also, as Naunyn emphasized, the saccharine urine provided a
favorable medium for the growth of yeasts and resulted in much
balanitis, vagimutts and cystitis, In such cases the urine in the
bladder might undergo fermentation leading to preumaturia A
number of references to pneumaturia were ated by Naunyn. In
one such case the gas was inflammable and contained not only
carbon dioxide but methane and hydrogen. In another the prod-
ucts were alcohol and carbon dioxide. Naunyn also was impressed
with the frequent occurrence of impotence in diabetic men. The
evidence indicated that 1t was not dependent on destruction of
spermatozoa

‘The occurrence of cord bladder among patients with diabetes
recewves consideration in Chapter XVIIL. Postmortem examina-
tion in one of two cases of cord bladder reported by Gill in which
syphilis was excluded revealed degeneration in the posterior col-
umns of the spinal cord.

Armani described a hyaline vacuolization of the epithelium
of Henle's loops m the kidneys, which Ehslich in 1883 found to
be due to deposits of glycogen. This lesion is unassociated with
symptoms, but 1s regarded by pathologists as almost path i
of diabetes! Treaument with insulin, as was pomted out by

* Warren eited Gaerke's finding of glycogensc infiltration of the epithelium of
Henles Toops nat only in clinical and pancreatic diabetes, but also after exurpa-
t1on of the celiac plexus and in phlorhine posomng  In the first three instances
"t ' 1A Wiood sugar was inereased, m fhe last it was normal or Tow The pomnt
in comnion was the presence of dexirose in the urine

In the presence of diabetes glycogen orcurs with less regulanity in the glomerul
and convoluted tubules Other less constant abnormal glyeogen deposits assocrated
with diabetes are 1n fibers of the heart muscle and in the leukocytes

15 225
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Warren and Root, reduces the amount of hyaline vacuolization,
and in many cases in which treatment has been effective none can
be found. Tubular degeneration of the kidneys from acidosis
is referred to elsewhere (sce Chapter X). It is responsible for
the albuminuria and cyhndruria (coma casts) encountered in the
presence of acidosis.

An unusual and little recognized syndrome of diabetes, hyper-
tension and albuminuria has been described by Kimmelstiel and
Wilson and by Anson. The diabetes is usually mild. The hyper-
tension is associated with retinal hemorrhage and edema. The
nephrotic syndrome depends on the extent and duration of the
albuminuria, The pathogenesis is said to depend on severe and
extensive arteriolar degeneration associated with and perhaps re-
sulting in diabetes mellitus, hypertension and renal damage. The
condition has been named “intercapillary glomerulosclerosis” A
group of four cases in which the lesions of intercapillary glomeru-
losclerosis were observed at necropsy is reported in detail by
Newburger and Peters. Reasons for regarding the condition as
a disease entity are given.

Arteriosclerotic disease of the kidneys occurs with no greater
frequency in diabetic patients than in others (sce Chapter XXII}.

The urologic complications encountered ameng about 4500
diabetic patients seen in The Mayo Clinic between January 1,
1934 and December 31, 1938 have heen reviewed by Pool. Minor
disturbances such as prostatitis accounted for 125 cases; balanttis,
phimosis and pruritus were not encountered among male p¥
tients. Pruritus or vaginitss in females is to be considered later.
Two hundred and seventeen patients, representing only about
4 per cent of all diabetic patients seen during these years rcqui_rfd
special treatment from the Section on Urology. Some surgical
procedure was resorted to in 153 of these 217 cases The type of
operation and the attendant mortality are shown in Table 4.

Sixty-four of the nonsurgical patients with diabetes suﬂ'e.rfd
from infection of the urinary tract In sixteen cases the infection
was acute, 1 forty eight chronic. In addition there were (w0

cases of acute gonorrheal infection, and three of acute and one
of chronic nonspecific epididymitis.

Of the sixteen cases of acute infection, acute pyel b
was the diagnosis in eleven and infection lower in the urinary

lonephritis
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TABLE 4
Usosoarc Orerstions v Cases or Dusztes (1934-1038)
Number Deaths

Transurethre] prostatic resection 7 5

Nephrectomy 1 1

AP H B
2
1

1 1§
. 1
1
4
coeor e P 2
[] .. o . . . 4
P 1
L ' 1
1 - - - et v 1
1 . 1
I 1
[ . 1
[V 2
Operation Tor vesial overdistention 1
Plastic operation o pems 1
umple amputation of 1
ocinon and exciton of bydrocele 2
Orchidectom: 8
Exploration for bilateral spermatocele 1

‘otal 153 7

* The average age of the patients subjected to transurethra! prostatectomy was sixty-
seven years, the oldest patieut wis ety yoars old, and thmy~three of the minety-seven
were more than seventy One of the fou eaths was from
oma, one from pu]munar{ ermboliom, one Hrom amria md ‘uremia, cause undetermined,
ond one from tnfection by hemolytic streptococcus

YThe patient was Shy-Tous yeacs of age  The cause of death in Lus case was preus
moma

$ The death follomed a ureterohthotomy The patient was fifty-one years of age
A pmlyuc lens ultimately leading to peritomtis was responsible

e patient in the case of bilateral urcterosgmodostomy suffered from extensive
carcimoma of the bladder
tract m five. The infecting orgamism in ten of these cases was
the Escherichia coli, in two it was Staphylococcus aureus, in two
Proteus ammonz, and 1 one both Escherichia coli and a gram-
positive coccus  In one the organism was not determined.

The treatment of these cases was varited Three patients were
gven some form of mandelic acid, six recerved sulfanilamide,
three recetved a ketogenic diet. ‘The results wese good in thirteen
of the stxteen cases, poor in three. Those pauents who secovered
seemed to respond to the treatment given as well as would have
been expected of symilarly infected patients without diabetes Of
the three patients who failed to respond two died, infection was
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Warren and Root, reduces the amount of hyaline vacuolization,
and in many cases in which treatment has been effective none can
be found. Tubular degeneration of the kidneys from acidosis
is referred to elsewhere (see Chapter X). It is responsible for
the albuminuria and cylindruria (coma casts) encountered in the
presence of acidosis.

An unusual and little recognized syndrome of diabetes, hyper-
tension and albuminuria has been described by Kimmelstiel and
Wilson and by Anson  The diabetes is usually mild. ‘The hyper-
tension is associated with retinal hemorrhage and edema. The
nephrotic syndrome depends on the extent and duration of the
albuminuria. The pathogenests is said to depend on severe and
extensive arteriolar degeneration associated with and perhaps re-
sulting in diabetes mellitus, hypertension and renal damage. The
condition has been named “mntercapillary glomerulosclerosis” A
group of four cases 1n which the lesions of intercapillary glomeru-
losclerosis were observed at necropsy is reported in detail by
Newburger and Peters. Reasons for regarding the condution as
a disease entity are given.

Arteriosclerotic disease of the kidneys occurs with no greater
frequency in diabetic patients than in others (see Chapter XXII).

The urologic complications encountered among about 4500
diabetic patients seen 1n The Mayo Clinic between January !
1934 and December 31, 1938 have been reviewed by Pool. Mi.n?r
disturbances such as prostatitis accounted for 125 cases; balanitis,
phimosis and pruritus were not encountered among male pa-
tients. Pruritus or vaginitis in females is to be considered later
Two hundred and seventeen patients, representing only ab'ﬂul
4 per cent of all diabetic patients seen during these years reqm.l’Cd
special treatment from the Section on Urology. Some surglm;
procedure was resorted to in 153 of these 217 cases The type of
operation and the attendant mortality are shown in Table 4.

Sixtyfour of the nonsurgtcal patients with diabetes suﬂ'effd'
from infection of the urinary tract In sixteen cases the nfection
was acute, m forty eight chronic. In adduion there were two

cases of acute gonorrheal nfection, and three of acute and on¢
of chronic nonspecific eptdrdymitis

OF the sixteen cases of acute infection, acute pyelonephrits
was the diagnosts in eleven and infection lower in the urmarfy
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TABLE 4
Unotoare Orssations 1v Cases or Disnpres (1994-1035)

Number Deaths

Transurethral prostatic resectson a7 Ead
Nephrectomy . 4 1t
Operstions on ureter and kidney other than nephrectomy 9 11
“Transurethral manipulation of ureteral caleulus
Nephrostomy for apuriy

Bilateral ureterosigmoidostomy

Rovsing operation for polycystic disease
Esploration of ladney for calculus

Urethral caruncle,
Dirgont o Fom ehelan of

1§

PR

1

[ F—

[ora———

peration for vesical overdistention

lastic operation on penss

smple amputation of peois

ncision and excision of hydrocele

Orchudectom,

Exploration for bilatersl spermatocele
‘otal

£ €010 1 e 10 10 2t it i £ 20

15 7

* The average age of the patients subjected to transurethral prostatectomy was sixty-
seven years, the oldest patient was ninety years old, and thirty-three of the nimety-seven
were more than seventy ur deaths was from bronchs
mopua, one from pulmonsty embolism, one from amura and uremis, cause undetermuned,
and ore (rom wmfection by hemoly ic streptococcus

1 The patient was Sity-four years of age The cause of desth 1n hus case was poeu-

onia
§The death folloned a ureterolithotomy The patient %as fifty-ove years of age
4 paralytic tleus utmately leading to pentonitis was responmble
@ patient in the case of bulsteral ureterongmatdostomy suffered from extensive

cnmemmn of the bladder

tract in five The infecting organism in ten of these cases was
the Escherichia coly, in two 1t was Staphylococcus aureus, in two
Proteus ammeni, and 1 one both Escherichia coli and a gram-
positive coccus  In one the organism was not determined.

‘The treatment of these cases was varied ‘Three patients were
gven some form of mandelic acid, six received sulfamilamide,
three received a hetogemc diet. The results were good 1n thirteen
af the sixteen cases, poor mn three  Those patients who recovered
seemed to respond to the treatment given as well as would have
been expected of similarly infected patients without diabetes. Of
the three patients who failed to respond two died; infection was
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Warren and Root, reduces the amount of hyaline vacuchzation,
and in many cases in which treatment has been effective none can
be found. Tubular degeneration of the kidneys from acidosts
is referred to elsewhere (sce Chapter X). It is responsible for
the albuminuria and cylindruria (coma casts) encountered in the
presence of acidosis.

An unusual and little recognized syndrome of diabetes, hyper-
tension and albuminuria has been described by Kimmelstiel and
Wilson and by Anson. The diabetes is usually mild ‘The hyper-
tension is associated with retinal hemorrhage and edema. The
nephrotic syndrome depends on the extent and duration of the
albuminuria The pathogenesis is said to depend on severe and
extensive arteriolar degeneration associated with and perhaps re-
sulting in diabetes melhitus, hypertension and renal damage. The
condition has been named “intercapillary glomerulosclerosis” A
group of four cases 1n which the lesions of intercapallary glomeru-
losclerosis were observed at necropsy is reported in detail by
Newburger and Peters, Reasons for regarding the condition as
a disease entity are given.

Arteriosclerotic disease of the kidneys occurs with no greater
frequency in diabetic patients than in others (see Chapter XXII).

The urologic complications encountered among about 4500
diabetic patients seen in The Mayo Clinic between January 1,
1934 and December 31, 1938 have been reviewed by Pool. Mmf)r
disturbances such as prostatitis accounted for 125 cases; balanitis,
phimosis and pruritus were not encountered among male pa-
tients. Pruritus or vaginitis in females is to be considered later.
Two hundred and seventeen patients, representing only alzaul
4 per cent of all diabetic patients seen during these years requl‘red
specal treatment from the Section on Urolagy. Some surgw‘fl
procedure was resorted to 1 153 of these 217 cases. The type o
operation and the attendant mortality are shown in Table 4 s

Sixty-four of the nonsurgical patients with diabetes suftere
from infection of the nrinary tract In sixteen cases the infectton
was acute, in forty eight chronic. In addition there were two
cases of acute gonorrheal infection, and three of acute and one
of chronic nonspecific epididymutis.

Of the sixteen cases of acute infection, acute pyel
was the diagnosis in eleven and infection lawer 1n th

Jonephritis
e urmary
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TABLE 4
Unotogic OpgriTions iy Cases or Diaseres (1934-1938)

Number Deaths

‘Transurethral prostatic resection 97 4

Nephrectomy 14 1t

a ot PRI 9 11
L I M P . 2
¥ - . 1

Mo . i 1§
[ , . 1
It ‘ . 1
- 4
peration for abscess of prostatic duct 2
Teansurethral removal and fulguration of vesical tumor 1
nternal urethrotomy 1
gmental resection of bladder tumor 1
Transurethral removal of scar tissue from bladder neck 1
nctsion of periurethral abscess 1
Exasion perineal fistula 1
Lanear fulguration of urethra, female 1
Curcumesion 2
Operation for vesical overdsstention 1
DPlastic aperation on penis 1
Sunple amputation of pents 1
Ineision and excision of hydrocele 2
Orchidectomy 3
Esploration for bilateral spermatocele 1

‘otal 133 7

1o Qrmstjxnlhrnl Prostatectomy was sisty-

moma
‘The death folloned a ureterolithotomy The patient was fifty-one years of age
A paralytic deus ultinately leading to penitomtis was resribo sible
be patient 1n the case of bilateral ureterosigmoidostomy suffered from extensive
carcinoma of the bladder

tract 1n five. The nfecting orgamsm 1n ten of these cases was
the Escherichia cols, 1n two 1t was Staphylococcus zureus, in two
Proteus ammonrx, and 1n one both Escherichia coli and a gram-
positive coccus. In one the orgamsm was not determmed

The treatment of these cases was varied  Three patients were
given some form of mandelic acid, six received sulfanilamide,
three received a Letogenic diet. The tesults were good in tharteen
o the sixteen cases, poor 1 three. Those patients who recovered
seemed to respond to the treatment given as well as would have
been expected of similarly infected patients without diabetes. OF
the three patients who failed to respond two died, infection was
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responsible for the death of both. In the third case Ppyuria per-
sisted despite intensive treatment with both elixir of ammonium
delate and sulfanilamid

In the group of forty-eight cases of chronic urinary infection
the Escherichia coli also predominated as the infective organism,
streptococei were present in only two cases and staphylococei in
only one. Forty of these patients responded well to the treatment
given.

So far as could be determined acid and sull
were as well tolerated by these diabetic patients as by other pa-
tients. Neither drug scemed to affect either tolerance for carbo-
hydrate or sensitivity to insulin, In two cases a ketogenic diet
was given with satisfactory results and without ill-effect, and in
three others combined treatment with this diet and mandeltc acid
was effective and harmless. In cases with gonorrheal infection
fever therapy has been used, also without harm.

This clinical experience differs, as would be expected, from
that based on findings at necropsy, such as has been reported by
Sharkey and Root. Evidence of infection of the urinary tract
with virulent organisms of the staphylococcic and streptococac
groups was obtained by them in 18 per cent of 196 diabetic
necropsies. In twenty-five or about 70 per cent of these cases the
infection of the urinary tract was hematogenous and secondary
to infections elsewhere. Ascending infection secondary to ureteral
obstruction had occurred in five cases, and in five more no et
ologic factor could be d rated. They emphasized the strik-
ing paucity of symptoms referable to the urinary tract in many
of these cases, and advised that the occurrence of uncxplaintd
fever among diabetic patients should prompt investigation of the
possibility of such infection.

GYNECOLOGIC COMPLICATIONS

There is nothing to prevent any of the diseases of the female
organs of generation from occurning among drabetic women, but
certain gynecologic conditions may be regarded as s:'condar)’ to,
or resulting from, the metabolic abn?nnalit'ies of diabetes. Xl:

particular, they are pruritus with.ar without inflammatory l:swr:-
of the perineum, vulva and vagina, dysmenorrhea and ameno

Aels PN

rhea.
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Personal experience indicates that satisfactory treatment of the
diabetes usually is all that is necessary; this leads to the conclusion
that whatever organisms are usually concerned must be relatively
harmless except as their growth is facilitated by glycosuria. Von
Noorden and Isaac warned against roentgen irradiation.

Menstrual irregularity.~With untreated or poorly treated dia-
betes, amenorrhea and menstrual irregularity are common. The
premature cessation of the menses was given as a complaint in
124 of 746 new cases of diabetes among women who were observed
at The Mayo Clinic in the four-year period, 1923 to 1926 inclu-
sive, and irregularity was reported in fifty-seven other cases. In
the next four years the figures for these complaints fell to thirty-
five and eighteen, respectively, although the number of new pa-
tients remained approximately the same. In the first period
only g 3 per cent of the new patients had had insulin, whereas
in the second period 26 per cent had been treated with it. The
general care, presumably, had been improved correspundingly.
‘When insulin 1s used correctly and the diet is arranged to supply
all the requirements of adequate nutrition, the menses of other-
wise normal drabetic women are perfectly normal. We have had
almost no cases of fatlure to establish regular menstruation
girls under treatment at puberty, and with older girls and women
whose menses have ceased prematurely with the development of
diabetes, the prompt re-establishment of the normal menstrual
cycle has been the rule. The diabetes must be comro]lc.d and
particular attention must be paid to the provision in' the diet for
adequate allowances of protein, all necessary vitamins, calcium,
1ron and calories. i

It was the opinion of Lecorché that the food tol?rancc in d:i‘
betes 15 tmproved by menstruation. Naunyn's experience point
otherwise, and von Noorden and Isaac noted increased glycosura
in 20 per cent of their cases. Harrop and Mosenthal re}?oxted acase
in which coma developed, followed by improvement m. the mte‘r-
val, and then by fatal coma at the next menstrual pe.nod. Thx;
menstrual effect was attributed by Rosenbloom to thc~ influence 05
the heightened emotional status of the menstrual periods, ‘Vh;r::r
Kastner attributed it to a depression of the renal .threshol
sugar in menstruation, analogous to that observed.m pregnancy-

- ot whatever

The matter scems to be of minor significance, since
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CHAPTER XIV

PREGNANCY COMPLICATING DIABETES

Pregnancy among patients with diabetes is a subject demand-
ing the closest attention of internist and obstetrician. It was es-
timated by Joslin in 1928 that there then were more than 100,000
diabetic women of childbearing age in the United States. This
number has been steadily aug d by diabetc children who
have reached the age of maturity, ‘The fertility of these women
also is enhanced by mmproved methods of dabetic management.

According to Williams the maternal mortality of dabetic
women 1n the Johns Hopkins Hospital during pregnancy or at
delivery, prior to the discovery of insulin, was from 25 to g0 per
cent, The risk is much less now. However, White reported the
maternal death rate in cases of diabetes in the Deaconess Hospital
to be 38 per cent, or six times greater than that for nondiabetic
patients, and 1 118 cases collected by Skipper it was g 3 per cent
In hus own seres of thirty-three cases none of the patients died
These statistics apply to patients receiving supertor care. Still
more serious has been the fetal mortality. Prepartum, intra-
partum and postpartum deaths of the mfants born of diabetic
women continued at from 25 to 40 per cent of all pregmancies,
that is, with almost as great a frequency as in the era before in-
sulin, until in The Mayo Clinic and in the Deaconess Hospital
appreciation came that these pregnancies must be terminated
early by cesarean section, and that the infants after delivery must
recewve special attention to prevent thesr deaths from hypogly-
cemic convulsions and asphyxia.

DIAGNOSIS OF DIABETES IN PREGNANCY
In most cases of pregnancy complicating diabetes, the diabetes
has existed before the pregnancy; in some cases, however, gly-
cosuria is first discovered in the course of gestation and a problem
of diagnosis then arises. Glycosuria alone does not establish the
presence of diabetes, especialfy during pregnancy, and even the
presence of acetone bodies 1n the urine may have little significance
if the patient is stanved or vomiting. Yet proper evaluation of
233
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glycosuria, with or without accompanying ketoss, is of major im-
portance, since diabetes is a complication of extreme gravity,
whereas the simple glycosuria of pregnancy js relatively harmless
The different sigmficance of these two conditions has been ap-
parent since it was recognized by Lecorché in 1885, but the devel-
opment of clinical methods for measuring the concentration of
blood sugar was necessary before reliable distinction became pos-
sible. If the value for the blood sugar exceeds o.120 gm. per
100 c.¢ when the patient is fasting, the diagnosis of diabetes is
established. If the value 1s less than this, further examination
is indicated; namely, a sugar tolerance test (see Chapter IT). The
simple glycosuria of pregnancy occurs with 2 normal concentra-
tion of blood sugar and differs from renal glycosuria only in its
impermanence. It appears after the first month of gestation and
leaves soon after term. The phenomenon was first described
by Maase m 1g11. It could be demonstrated so codsistently
among pregnant women by Mann that Frank and Nothmann
proposed a test for early pregnancy based on it The depression
of the tenal threshold is usually of a moderate degree so that
the urine only contains sugar after the ingestion of sugar and
irregularly after meals rich in carbohydrate.

The harmlessness of the normoglycemic glycosuria of preg-
nancy is questioned by several authorities. In 2 case o.f ours the
patient had glycosuria with a normal flat blood sugar time cutve
in one pregnancy, but true diabetes developed and insulin was
required for its control in the following pregnancy. Furthermore,
many cases of true severe diabetes have been encountered ift
which the disease began in the course of pregnancy and v.vaS neg-
lected because the significance of the sugar in the urine was
underestimated. This is bad practice. It should be maqc a rule
by every obstetrician to hold patients who have glycosuria un‘;k;
supervision until the possibility of diabetes has been CXCI‘“ e
by a sugar tolerance test performed three months after delivery

Lactosuria also may lead to diagnostic confusion. It occurs
Jate in pregnancy and usually not until after delivery: (1) btfo{:
the infant is taking much, if any, milk from the breasts, (2) ‘{
mothers are not permitted to nurse, and (3) if the 5“}’}")'":’c
milk is larger than is required. Lactose, rcabsor_b.ed fmmd 5
breasts under the conditions mentioned, is not utilizable an
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excreted in the urine. Lactose gives 2 positive result on test for
sugar with Benedict's solution but is not fermented by yeast. Its
contribution to the reducing power of urine can be determined
by analyzing the urine for sugar before and after subjecting it to
fer i A 100 <& speci with which a2 cake of fresh
balers’ yeast has been mixed will lose all reducing power owing
1o dextrose after standing in a warm room overnight.

MATERNAL ACCIDENTS

Acidosis is the complication most to be feared in pregnancies
of diabetic women. In the eta before wmsulin it was the principat
eanse of maternal mortality, although infection also took many
Yives, The total metabolism is elevated by the growth of the
fetus, glycogen stores are likely to be depleted if any toxemia
develaps and diabetic contral with insutin 15 made more difficult
by Suctuations in tolerance and the changing requirements for
msulin whick will be described  In the White-Joshn series the
carbon dioxide combining power of the plasma was low in seven-
teen cases, in seven of these the patients had clinieal signs of
coma The value for the blood sugar was not proportionately
elevated.

Toxerma was recognized n 12 per cent of the cases in the
White-Joslin series and the icidence of eclampsia was 5 per cent,
compared with an average of o g per cent for noudiabetics. An
endocrine imbalance was idered responsible.  Manthly de-

i of the o ion of prolan and estrin in the
urine revealed elevation of placental prolan in nine of fifteen
cases, Tovemia develaped in six of these in which the concentra-
t1on of prolan was high. A P y rise in the i
of estrin occurred in two cates in which the wtue for te prolan
was high. A rise in the value for the profan and a falt in the
coneentration of estrin from the sixth month on preceded toxemia
without fail. The determinations were made by Smith and
Smith, who previousty had demonstrated that an excess of pla-
Tcmal prolan occurred prior 1o the onset of tovemia in nondia
berest

*In thyy convechion Whate called s1tention 10 work by Spyder and Voopss
whidhi demonstrated e Injecddon of prolan o pregnant rars and rabbuty had
effects smilar (o these in dabene namely
otent, drath and maceration of giant fenues

P
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A factor of primary importance in the production of a condi-
tion simulating what is called toxemia of pregnancy is nutritional
deficiency. ‘The experimentalists have shown that the require-
ment for vitamin B, 1s increased from three to five times in
normal pregnant animals, and if diabetes still further augments
the requirement for this vitamin, as is supposed, another expla-
nation is suggested for the high incidence of conditions resembling
toxemia in pregnant diabetic women. According to Strauss and
McDonald hyperemesis in some cases of pregnancy has been cured
by giving generous doses of yeast or by administration of crystal-
line thiamin chloride. In a case reported from The Mayo Clinic
by Randall and Wagener, glycosuria, albuminuria, hemorrhagic
retimitis with edema of the optic disks, subjective disturbances of
vision and mental cloudiness were corrected by such treatment,
and since then equally dramatic results have been cbtained in
many other cases. When one sees those results, one wonders how
many women have died for lack of an adequate diet.

Precocious vomiting was encountered only once in the White-
Joslin series and extra-uterine pregnancy once. Premature sepa-
ration of the placenta did not occur. There were two cases of
abscess of the breast and three cases of puerperal sepsis. Hyn.imm-
nion was met with in only four cases, although by others .n has
been said to be of frequent occurrence in the pregnancies of
diabetic women. It has been attributed to fetal diuresis provck.cd
by hyperglycemia. In a case reported by IAbPé and Couvelaire
hydr. would develop wh the patient neglected the
diet and disappear again on return to the strict regimen.

Changing imsulin requirements in pngnam‘y..-—The tolcrancf
for sugar is hikely to be decreased in the first trimester of pl’cgl
nancy, so that patients who are under satisfactory managem: )
require larger doses of insulin than were needed before conc 1;
tion. This observation was made in three of the cases rcpurtc‘
by Parsons and me and has been evident in later cases. It P“s‘;:a)l'
may be explained in the early months on the basis of unuma
metabolic conditions. In the later months the tolerance a{so re}r]
continue to be depressed, although usually in the last mmf’e "
it increases, sometimes to the point where no insulin is fcqu"nd
Several of the cases in the 1928 Mayo Clinic X:CP"" (‘:‘Ig;‘; aim

Parsons) and six of White and Joshn’s cases illustrated s!
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proving tolerance. The observation is in accordance with the
results of experiments of Carlson and Ginsburg, which were fully
confirmed later by Cuthbert, Ivy, Isaacs and Gray. When preg-
nant diabetic dogs were depancreatized, diabetes either was mild
or failed to develop until after the birth of the puppies, and the
supposition is that the fetal pancreas is able to supply the mother
with insulin? The subject 15 not without pracucal significance.
Unless the patient is warned aganst the possible necessity at
this time of lowering her doses of insulin, severe reactions may
occur and threaten both her life and that of her child.

The depression of the renal threshold by pregnancy (see p.
234) 1n patients with established diabetes adds to the dsfficulty of

With a low threshold it is hazardous to give enough
insulin to suppress glycosuria, because a sugarfree unne under
such arcumstances is likely to represent a level of blood sugar
which is below normal and passibly dangerously sa. Therefare,
in pregnant dibetic women, unless facilities are at hand for
frequent d of the conc ion of blood sugar, 1t
is safer to regulate management so that the urine at all times will
contain a trace of sugar.

Lactation.—Lactose in the urine, by being mistaken for dex-
trose (see p. 234) , may prompt excessive admunistration of tnsulin,
especially during the first few days of the puerperium At this
time the patient’s requirement for insulin is likely to be dimin-
ished, as was found by Allan in observations on depancreatized
dogs treated with insulin (Macleod). The improved tolerance
is then explained by the transference of sugar from the blood to
the breasts for conversion into galactose and lactose. There is
no objection to having the diabetic mother nurse her child. The
majority of our pauents, like those reported from the Johns
Hopluns Hospital by Peckham, have done so 1 whole or n
part.t .

® Pack and Barber answered those erities who doubted the permesbility of the
placenta to insulin by injecting Insulin into the fetuses of goats and observing a
decrease {1 the coneentration of maternal blood sugar  Buitton, reversing the pro-
cedure, injecied wsubin mto 3 pregnant cat and obuined a decrease in the value

) . .

(N tow
. .. -
s I .. -

ot #ince lactation depends on preparation of the mammary glands by estrin and
sumulation after deliery by a fpefic lactogenic bormone. . Amather anlublc -
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FETAL ACCIDENTS

Congenital defects are said to occur with greater frequency
among children of diabetic mothers. In the 208 cases of preg-
nancy complicating diabetes in the Joslin clinic, White found
seven abnormal babies. The incidence of defects among stillbirths
was one in seven, compared to one in sixty-one for the consecu-
twe pregnancies of nondiabetic women at the Johns Hopkins
Hospatal, as reported by Dippel.

The large size of babies of diabetic mothers frequently is
commented on. “Riesenkinder,” the Germans called them. We
have not encountered the abrormality, possibly because in an
earlier series of cases the diets used were low in carbohydrate
and 1n recent years we have delivered the child by cesarean section
between the thirty-sixth and thirty-seventh week. Another pos-
sible explanation has been our insistence on a diet richly supplied
with vitamins and calaum. A large, flabby (edematous) fetus
possibly 15 an effect of nutritional deficiency of the mother. It
1s not improbable that a relative lack of vitamin By is responsible-

Stillbixths, prematurely and at term, occur more frequently
with diabetic patients, These we also have largely avoided re-
cently, in part because we have delivered the babies early by
cesarean section.

The principal difficulty that we formerly encountered was the
death of the infant soon after birth. The usual cause in my
opinion frequently was hypoglycemia. I have referred to the
evidence that the pancreas of the fetus in diabetes meets the
maternal demand for insulin during the later months of preg-
nancy. If this occurs the child when born possesses an islet mech-
anism tuned up to an activity exceeding that required by the
infant alone. At times the manifestation of this can be found at
necropsy, in the form of hyperplasia of the islands of Langerhans,
as was demonstrated first by Dubreuil and Anderodias. Parsons,
Randall and I called attention to the subject in 1926 and 192?? zﬂff
recommended early feeding of the infant. My interest it i
became acute in 1933 as a result of expetience with a case later
reported by Randall and Rynearson.
planation in some cases may be 2 requirément for a larger intake of xhpn:m; :;

i tk m 11
other vitamins than the diet has provided Production of mil .
Tactation 15 reported by Tarr and McNeile to have been mreased by abundan

of vitamin
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Briefly, the child was delivered by cesarean section and, antiapating
poglycemia, 1 made prep to observe it ly myself, to ob-
tain repeated analyses of capillary blood and to gue dextrose parenterally
if hypoglycemua was encountered. The mother, aged twenty fre years, had
been under our care for several years after the onset of her diabetes eight
years before  She had been pregnant three umes before. Once 2 muscar-
riage had occurred after thirty weeks of gestation, and twice she had been
delivered at about the thirty fourth week of pregnancy Qne of the infants
had been dead at birth, but two had been born alive and had died of some
unknown cause The baby born from the fourth gestation had comvulsive
movements sixty-eight minutes after 1ts delivery and the value for the blood
sugar then was 0043 gM per 100 c.. A subcutancous injection of dextrose
was given and the convulsive movements stopped  Later, repeated oral feed-
1ngy sufficient to prevent 2 of hyp T were given
and the baby Ined. He 15 a six-yearold healthy boy at this writing

Our experience with the surviving children of diabetic women
has been entirely satisfactory.  So far as we are 1nformed not one
of them has yet developed diabetes

TREATMENT OF THE MOTHER DURING PREGNANCY

Mention already has been made of the importance of obtain-
ing optimal nutriton. In these days of vitamin concentrates
adequacy of vitamins should be insured by supplementing the
diet with cod hver o1l or equivalents, brewers’ yeast and thiamin
chloride. It also is well to prescnibe calcium phosphate unless
the consumption of mlk is not less than 1 hter daily. Specimens
of urine are to be tested for sugar before each meal and at bed
time, and with due deration to the possibility of a low
renal threshold, unmodified insuhin or solution of zinc mnsulin
crystals should be given frequently 1n small doses It is not unde-
sirable to use protamine-zinc insulin in these cases, but the dose
of 1t, given once dmly before breakfast, should be small enough
so that the specimen of unine obtuned before breakfast will con-
tain a trace of sugar.  Hypoglycema is to be avorded at all costs,

and the possibility of fluctuation 1 insulin requirement is to be
licld i mind.

THI DELIVERY AND CARE OI THL INFANT

By adopting the procedure mentioned in conuection with
the case I referred 10 previously (sce above), since 1933 we have
had successful deliveries in many successive cases  The first
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eight of these were reported by Randall and Rynearson. Cesarean
section is performed in the thirtysixth or thirty-seventh week of
pregnancy, at which time sterilization by ligation of the fallopian
tubes can be effected if permitted.t Following the delivery of the
child, efforts are directed immediately to prevent hypoglycemia
and to combat asphyxia. Care is taken to be certain that the
pharynx and trachea are free of mucus and amniotic fluid, by
keeping the head dependent, and if necessary, by aspirating with
a tracheal catheter. Occasionally inhalation of carbon dioxide and
oxygen is needed to establish respiration. When the baby is
breathing, it is placed in 2 Hess incubator equipped with 2 cover
and connected with an oxygen tank. Flow of oxygen is regulated
in order to maintain an oxygen concentration of 40 to 5o per cent
for the first few hours. The temperature of the incubator is
maintained at 85° F. Five cubic centimeters of a 10 per cent
solution of dextrose is administered into each buttock. Further
injections of 10 c.c. of a 10 per cent solution of dextrose are given
at intervals of two to three hours; the interval is regulated by
the value for the blood sugar as determined by the micromethod,
by the behavior of the infant and by the ability of the infant to
take feedings by mouth. .
Feeding is attempted within four hours. Ten cubic centl
meters of a 10 per cent solution of dextrose or 7 ¢.c. of Marriott’s
lactic acid-karo mixture is given every two hours for the first

By cesarean section the child can be spared not only these dangers m‘::?lt:
it 15 exposed 1n the uterus during the last weeks of pregnancy, but =ls<}x1 the g %::
of labor and the possibilty of myury duning labor from travwma, asphyua of OF
hypoglycemia mduced by the exertion of labor White also advocated coareis
section 1n duabetic pregnancies. She wrote' “Prolonged, difficult Jabor, m’nce e
induced, has disadvantages for the diabetic These of mmediate lmpo;u i
the early exhaustion of the glycogen reserve and the danger of sepss, the dafgd
of hyper-i an and the danger of acdoss The
secondary considerations are the added handicap Of & torn perneam of Eerve: 30
consequent Indication for later surgery. These patients are not pha{smf [Z: o on
numerous pregnances ‘The baby has not the witahty of the chik of the e,
dabetic, and consequently the risk is great of injury from long la::gr 1o auenon of
overdeveloped, but at the same time, Aabby cild Furthermore, zu“ S acton
labor does not answer the problem as well as cesarean section beca T soft untl
of 1abor is not safe unul the cervix 1s soft, and the cervix may ot

x the baby has died ... e
e "Pm]ongzd naxcosss m the presence of low alkeh reserve and glycogen ;1!4:‘ -
tion is a perfect setting for the onset of true diabetc coma mEu“ryn‘; e ary pain:
dent that ‘the modern woman demands safe labor, freedom A m o opimen 1he
2 reasonable length of labor, and a complete resutution. . . ." In o
diabetic deserves not less.”
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forty-cight hours if it can be tolerated® Then go cc. of Tactic
acid-\aro mixture 1s given every three hours. Sufficient nursing
assistance is secured to permit uninterrupted observation of the
infant for the first forty-eight to seventy-two hours. Whenever
the feeding is poorly taken or wh twitchings, convul:
movements or eyanosis suggests the development of hypoglycemia,
10 ¢ of 2 10 per cent solution of dextrose iy given orally if pos-
sible, or intramuscularly,

The length of the period of danger from the complications of
hypoglycerma cannot be predicted with atcuracy. In one case it
was necessary to administer dextrose parenterally every two hours
for three days because of regurgitation of the formula. The con-
centration of oxygen in the incubator gradually 13 diminished,
and when the color of the infant remains normal 1n the ordinary
atmosphere, admintstration of oxygen it discontinued.  Great
difficulties were ed 1n the foll g case, one of those
reported from The Mayo Chinic 1 1936 by Randall and Ry-
nearson.

The mother was thirty years of age, having had diabetes for seven yeary
Delivery was by cesarean secion.  The snfant, 2 girt weighing 1,990 gm
was born at g am, February 12, 1936. The values for the mother's blood
sugar before and after the operation were 0142 and o284 gMm. Per 100 cc.
Blood from fem s b b md amcd  may w% s 1y ER -

the value . [ T -
oogy gm . = e . P, N
tepiraic .« .

10 per cent solution of dextrose was inyected 1010 each buttock and the baby
was placed in an sncubator 1n which the oxygen tension was kept at 50 per
cent At noon, 10 e.c. of 2 10 per cent salution of dextrote was myected inta
the buttocks and the child was given some water by mouth. Just befare the
feeding at 3 pum. the value lor the wnfants blood sugar, a3 determined by
1 e T - .

the maemmeihad < aq SN

nnproved and the teeding was finshed. A 10 per cent solution of dextrose
wan admimatered intramuscilarly at 5 and 7 pm At g o'ddock the value lor
blood sugar was found 1o be posg gm per 100 ce. At g 30 pm. the chld
teceived amother ineramuscular injection of the solution of dextrose and an-

*'The formula for this mizture calls for 70 gm of Ksro syrup and gyo ce. of
ahofe milt  These are mixed and boiled for fliten minutes. The mutare fu

: " soluvon of Lacuc and

e . e e Lo *. = thould be taken not to

A “ - . . All the paraphernalia
. P - W
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other feeding of the formula. Dunng the first night efforts were made to
feed the chuld by mouth with the formula and 10 per cent solution of dex-
trose, but both were regurgitated and 1t was necessary to administer 2 10 per
cent solution of dextrose ntramuscularly every two hours

Lack of space prevents the detailed report of the clulds condition and
the treatment, but at noon of the second day of life, muscular twitchungs
occurred.  These were followed in an hour by 2 mild convulsive serzure and
cyanosis  Five cubic centrmeters of a 10 per cent solution of dextrose was
injected into the peritoneal cavity and the condition improved. After this
treatment the value for the blood sugar was found to be 0.187 gm. per 100
cc. Dunng the second night and the third day the muscular twitchings were
prominent and because of the continued regurgitation of feedings by mouth
the chuld was given intramuscular 1njections of a 10 per cent solution of
dextrose At 5 pm on the third day the value for the blood sugar was still
low, 0066 gm per 100 c.c. During the third night and the fourth day she
retuned the feedings and the muscular twitchings were much less frequent
than they had been Intramuscular injections were no longer necessary and
tha alia fov sha hland o mov spne = aQn e npr can =~ Afess sha fourth day

mally On
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CHAPTER XV

DISEASES OF THE THYROID GLAND
COMPLICATING DIABETES

Hyperthyroidism was primarily tesponsible for prcipitat
acidosis in six of the 108 instances of diabetic coma review
in the clinic by Baker. In many more cases of diabetes with ]
severe acidosis it has given us serious concern. In the pre-insul
era it usually consuituted a fatal complication. Sateler, in !
monograph published in 1909, collected fiftysix reports of cas
in which diabetes was associated with toxic goiter. In thirty-seve
cases sufficient time had elapsed to afford information on pro
nosis and in twenty-five of these cases the disease ended fatal
in a comparatively short time. Fitz in 1921, in the records ¢
the Massachusetts General Hospital and in those of The May
Clinie, found thirty-nine cases of diabetes complicated by thyroi
disease. In many the goiter was nontoxic, a condition which h
found to be without influence on the course of diabetes. In th
others it was toxic and in twelve of these cases follow-up dat
were obtained. Two of the three patients who were not operatec
on died of diabetes, one in ten days and another in less thar
three months The third was failing rapidly after ten months
Only four of the nine patients subjected to one or another of the
various operative procedures then employed—injection of hot
water, ligation of thyroid vessels, and so forth—survived longer
than a few months.

THE THYROID GLAND AND CARBOHYDRATE
METABOLISM

When urines are examined daily in a large goiter service muld
degrees of glycosuria are frequently encountered, and if patients
with hyperthyroidism are given a test meal of go to oo gt of
dextrose abnormal blood sugar time curves frequently are ob-
tained, These curves seem to be characterized by high normal
blood sugar values for the zero hour (0120 to 0.140 g fo;:::h
n in 386 per cent of cases of “prisary hypertht

it et oi-«mau, Foerhyrom®

2
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100 c.c. of blood), abnormally high values at thirty minutes after
the dextrose is ingested (often exceeding o 200 gm.) and normal
values later. Also the injection of dextrose by vein in cases of
hyperthyroidism reveals abnormalities (Wilder and Sansum).
Healthy normal human subjects will accept continuous injections
of dextrose at a rate of 0.8 gm. per kilogram of body weight per
hour withaut passing sugar 1n the urine: patients with hyper-
thyroidism excrete sugar when the rate of injection is only o6
gm. or less per kilogram per hour.

These several observations show that the utilization of dex-
trose frequently is disturbed 1n cases of hyperthyroidism; they do
not prove either that the capacity of the pancreas to supply insulin
is at fault or that oxidation is disturbed Therefore, to my mind,
they do not establish the existence of a state of diabetes. The

glycosuna d is not severe. Alter the
hypexlhymldxsm has been corrected by thyroidectomy or other-
wise, normal blood sugar time curves are obtained, and so far as
has been determined, persistent glycosuria (diabetes) seldom
develaps at a later date.

Evidence from respi: i ind that oxidati
of glucose proceeds as well as, or even better, than normally in
cases of hyperthyroidism. In cases of exophthalmic goiter the
Tespiratory quotient was found by Du Bois to rise more abruptly
than normal after the ingestion of test meals of dextrose, an
obsenatan that has been repeated! firmed in our lab ies
and elsewhere? The glycosuria encoumercd in these cases 13
definitely set apart from that of diabetes mellitus by this response
of the respiratory quotient, because in true diabetes the rise of
the quotient after ingestion of dextrose is usually sluggish, and in
cases of sesere diabetes no response at all is obtained

Thyrowd entract when fed to normal persons occasionally, but
by no means always, pro\ohs an alimentary type of glycosuria
comparable to that observed in some cases of spontancous hyper-
thyroidism® On the other hand, when thyroid extract is given
* Mirky and Broh Kahn in t\hfcraud and nephrectomized Tabbity previously

—_a
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to patients with diabetes a marked intensification of glycosuria
occurs and persists for some time after the administration of the
drug is discontinued. Grawitz reported such an experiment
with results that I have confirmed. In a case of mild diabetes
in which good control was obtained by diet without the use of
insulin, I gave 3 gm. of desiccated thyroid glands in a period of
nine days. This elevated the basal metabolic rate from an
average level of —4 per cent to a maximal level of }-z0 per cent,
and although the food ingested remained the same, sugar appeared
in the unne 1n large . When the administration of the
drug was discontinued, glycosuriz persisted to such an extent
that restriction of the diet and administration of insulin were
necessary to control it, and only later, after the basal metabolism
had again fallen to normal, was the previous good tolerance
regained. This experiment has been reported before (Wilder,
December, 1926).

These and other experimental as well as clinical observations
support the opinion that the effect of hyperthyroidism on carbo-
hydrate metabolism is dual. On the one hand there is an adrener-
gic-hike action which interferes with the storage of glycogen or
releases glycogen previously stored by the liver; on the other
hand, there is an antagonism to the action of insulin. When
severe clinical drabetes is complicated by hyperthyroidism the
requirement for exogenous (injected) insulin usually is very
greatly increased, and from thus it is reasonable to supposc.lhﬂt
the pancreas of the nondiabetic patient must indirectly be stimu-
lated by hyperthyroidism to provide a2 comparably large SUPPIY of
msulin® In the nondiabetic patient who has hyperth)’mldl!m-
10 judge from the behavior of respiratory quotients, the supply
atrophy in the pancreatic slands of

¢ Glaser noted hydropic degeneration and
mice after contnued intections of thyroxn, which is endence of “*i‘“f,f“ff,bY

of exophthalmic goiter - . ;
sologsc changes m the . T o e :
e the other hand, hyperplasa o

’ : amy wn anmals by Tatom, as
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from the pancreas is increased enough to maintain normal rates
of oxidation of dextrose, but even with adequate insulin complete
stabilization of hepatic glycogen, in the face of an hyperirritable
sympathetic nervous system, may be impossible. This, to my
mind, is the only satssfactory explanation for the frequency of
transient alimentary gljcosuria in cases of hyperthyroidism and
for the relative infrequency of true dibetes.

DIAGNOSIS OF ASSOCIATED DIABETES AND
HYPERTHYROIDISM

The diagnosis of hyperthyroidism today is based on the pres
ence of a basal metabolic rate which 1s zo per cent or more above
normal and not otherwise explained, or, 1n exceptional cases with
lower basal metabolic rates, on the presence of other characteris-
tic symptoms  Adenomatous goiter with hyperthyroidism 15 dis-
tinguished from exophthalmic goiter by the criteria established
by H. S. Plummer. ‘The recognition of mld grades of hyperthy-
roidism is often a difficult matter, and in the presence of uncon-
trolled diabetes it becomes doubly difficult owing to the fact that
certain symptoms, notably bulimia, loss of weight and weakness,
are common to both diseases, It should be remembered that the
normal metabolism of undernourished panents with controlled
diabetes tends to be somewhat below the level called normal
for fully nourished persons, and that the greater the degree of
snbnutrition the greater will be the discrepancy  Consequently
a basal metabolic rate of 4-10 or 415 per cent, which would be
considered as within the normal range for wellnourished per-
sons, may represent in the case of an undernourished person a
definite lation from hyper dism, On the ather hand,
in the presence of severe chabetic acidosis the symptoms of grave
hyperthyroidism may be so masked by those attributable to aci
d.osis as casily to escape detection. The following case is illustra.
tive:

A woman, aged forty years, was admitted to the hospital October 21,
1934, in deep diabetic coma with a carbon dioxide combining pOWer 21 per
cent by volume and blood sugar 0 400 gm per 100 . Thyroidectomy had
been performed in 1607 for exophthalmic gouer, but the geoeral health had
been good unl recently  The patient had had two children in the interval
and in 1921 had passed through a febrile condition thought to be enceph
alitis. Symp ing drabetes had developed abruptly in August, 1g14.
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During the year prior to this the body weight had increased 5o pounds
(227 kg ). In the next two months it declined 30 pounds (136 kg).

The thyroid gland was barely palpable and no thnll or bruit was de-
tectable. Qcular symptoms were not pronounced; however, a faint tremor,
the warmth and sweatiness of the skin, and tachycardia suggested the possi-
bality of recurrent exop goiter. Consequent! pound solution
of jodme (Lugol's solution) was adminstered in addition to the more usual

‘The basal ic rate ed two days later was

+38 per cent.

This patient was readmitted March 19, 1925, again with severe acidosis,
the carbon dioxide combining power of the plasma bemng 10 per cent by
talima  €ha had £allasrad Inermonrinme samasdnm 2 ot and fn s fully hot

was not retamed when given by mouth or by enema. After twenty-four
hours, vomiting ceased and iodine again could be administered by mouth
The basal bolic rate was not d ined untul March 25. It was then

447 per cent,

basal metabolic rate was determined on January g, it was then .45 per cent.
Thyroidectomy was performed January 12. The weight of the tissue ren?ovtd
was 22 gm. It showed hypertrophic parenchyma with regions of 1hym{dms
‘The subsequent course was uneventful At a later examnation, April 18,
1926, the basal metabolic rate was --16 per cent, the diet bad 2 glucose
equivalent of 140 gm, and the msulin requirement was 4o unts.

In a fatal case previously reported (Wilder, April, 1926) Atht
patient was admitted in diabetic coma, and exophthalm.ic goiter
was not suspected until the pathologist found hypertrophic paren-
chymatous tissue in the thyroid gland. The possibility of hyper:
thyroidism should therefore be borne in mind in every case ©
diabetic acidosis and, if suggestive symptoms, particularly tremor
and marked tachycardia, are present, treatment should nclude the
administration of iodme.®

- t 3 e e ~e e humerthvioidisn
.

e conscientious. Yet she dicd at ber hote il v
nanagement of diabetes and very consc 2 per e 0

without having altered her regimen and.wl'zgioul“h_a_\!lig_ acquired 2 Y bercs  She
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Because of the frequency with which transient alimentary
glycosuria and modcrately elevazed fasting blood sugar values are
4 nyyc\ hyroidism and because of

the improt L)lny that these at d true diabetes
melhitus, the diagnosis of diabetes, when hypcnh)m:dum is pres-
ent, d ds more rigid dards than otherwise, Postab-
sorptive values for venous blood sugar higher than 03zo gm
pet 100 ce. (by the Folin'Wu procedure) ordinatily can be ac-
cepted as diagnostic, but when hyperthyroidism is introduced this
standard will be deceptive. Therefore, with Joslin, my eolleagues
and 1 have demanded, for 2 diagnosis of diabetes in cases of hyper-
thyroidism, 2 fasting value for blood sugar of 0,150 gru. pev 100 €c.

INGIDENCE OF ASSOCIATED DIABETES AND
HYPERTHYROIDISM

Experience in this matter at The Mayo Clinic has twice been
reviewed ‘The first study, made by me (December, 1926) cov-
ered the three years 1923, 1924 and 1925; the second, made with
Regan, was for another three years, 1935 10 1937, inclusive. Com-
patison, of the two periods provided information of some im-
portance. Itshowed in the first place that the incidence of hyper-
thyroidism as a complication of diabetes declined from 3. per
cene in the first period to 2.4 per cent in the second period.
Nine years separted the two periods. In this interval the use
of lodized salt became popularized for the prophylaxis of goster
and jodine was introduced in the treatment of exophthalmic
goiter,

Other comparative data (Table 5) show further tha! thc mc»
dence of diabetesasa plication in all cases of 1
increased from 3.1 per cent in the years 1923 to lng to 8.3 in
the years 1935 10 1938, This was to be anticipated becanse in the
tuelve years that intervened the incidence of diabetic morbidity
in the population as a whole had been mounting. The increase
of diabetes as a complication of hyperthyroidism was noticeable,
howerer, only in the cases of adenamatous gawter with hyperthy-
roudism,  In them the figure for incidence of diabetes increased
from 2 0 to 56 per cent, whereas for cases of exophthalmic goiter
the highest incidence reached was only t.7 per cent, and the
Iatter figure is no greater than that for the frequency of diabetes
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among all new registrations at The Mayo Clinic in 1937 (1.8
per cent).

Tattribute the predilection of diabetes to cases of adenomatons
goiter with hyperthyroidism to the fact that adenomatous goiter
with hyperthyroidism is a disease usually of long duration. In
contrast to exophthalmic goiter, the onset is insidious, severe
nervous symptoms are absent and the recognition of disability
by the patient is long postponed. In consequence, the pancreas
is exposed for a longer period to excessive demands for insulin
and greater opportunity is given for exhausting its insular reserve
(see Chapter III).

TABLE &

Incoence or ComBived DuaBrres axp HYPERTRYRODISM JANUARY 1, 1928 T
Janvary 1, 1926 anD Janvary 1, 1935 70 Janvary I, 1938°

Percent Per cent
Caaes. Casea. { of total. | Cases [ of total
Disease Compheating
disesse
1923-28 | 1935-38 192820 1935-38
Adenomatous gorter with
byperthyroidism Lis1 750 Diabetes o 20 I 56
Frophthalmic goiter 2,340 1,192 Diabetes 13 os 19 17
Adenomatous “goiter with
Eyperthysodim ‘and " ex:
ophthalune gotter
Total 3ATL | Vg8 | Dubetes | 38 | 11 | o | 33
‘Adenomatous gotter mithout
tbyrodam 2277 | Dusbetes 8 ter

ndiscr within the threeyeat m

“The patients enterung the ehnic because of
by 3 these patie oo wmal to afect the g

o Eypertiyre
were counted mare than once.  The Bumaber of these paticnts, HOmever, 15
of the data.

The question whether hyperthyroidism provokes the develv.}*
ment of diabetes in predisposed patients may thus be answered in
the affirmative by these statistics on diabetes with hyperthyroidism,
at least in cases of adenomatous goiter with hyperthyroidism; the
figures for exophthalmic gorter are inconclusive. Other informa
tion bearing on this question might be secured from slu_d)'
of the priority in appearance of hyperthyroidism in cases in which
hyperthyroid and diab: are d, but unfortunately
the date of onset is difficult to determine for both diseases and
conclusions based on such estimates appear valueless. In nincteeh
cases of diabetes and exophthalmic goiter in the series reported
by Regan and me the hyperthyroidism apparently prcccd.td l:::
diabetes in ten, or 52 per cent, and in forty-two cases of diabe




DISEASES OF THE THYROID GLAND 251

and adenomatous goiter with hyperthyroidism in this series the
hyperthyroidism apparemly came first in twentysix, or 62 per
cent (Table 6).

TABLE 6
Prscarry s o8 152 TaTaoto Dissrmics®
Hypertbyroidum
Emdms
Condition, Cases, abetes.
Cases. | Per ceat.
Prunary byperthyroids hthalmic gorter)
e . e e 4o 21 913
Wilder . 12 T30
Joshin-Labey 23 23 821
Total 6 5 855
Regas-tVider it 10 526
A '
Willter = 10 ° wa
Josho-Labey 8 5 825
Tt 27 i 519
Regan-Wilder £ [ €20

* Modified from Joslin, Treatmest of Duabetes Mellitus, €1k ed., p, $74

The inadence of diabetes as 2 complication of adenomatons
goiter without hyperthyroidism was studied only for the period
1935 to 1937, In these years it was 1.67 per cent (among 2,277
cases of adenomatous goiter without hyperthyroidism, diabetes
was a complicacion tn thirty-esght cases)  This frequency is slightly
fess than that for diabetes in all new pauents who regustered at
The Majo Clintc for the year 1937, therefore, it probably is with-
owt significance.  So far ay bas been derermined, the presence of
a nontoxic goiter is without influence on the course of diabetes
or the effectiveness of insulin. However, at the dlimc ne have

porary resi 1o the action of insulin n such
cases immediately after thyrodectomy, as is illustrated by the
following teport of a case:

A man Elty [our years of age presented himself for examination with no
ether complajnt than that of fatigue, which had been present for about 1wo.
years  Folyuriz and polydipeia had been noted for seversl weeks but the
unne had not been examined for sugar, The masimal weight of 230 pounds
(1334 5} had been reached eleven years previously, and pantly beeause of
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quent experience has fully confirmed the validity of these con-
clusions.

A number of cases could be cited to illustrate how pre-existing
diabetes is intensified by the occurrence of hyperthyroidism. The
date of onset in hyperthyroidism is often difficult to determine.
The same is true of diabetes. In the following case, previously
reported (Wilder, December, 1926) it 15 reasonably certain that
diabetes had existed for at least tno years while hyperthyroidism
had not been present for more than six months.

The patient was a woman, aged fifty nine years Marked polyuria and
polydipsia developed in February, 192e  Sugar was found m the vnne, but
this was readily controlled by a dict until, in August, 1924, symptoms sugges-
tive of hyperthyrodism were noted for the fist ume These werc nervous-
niess, intolerance to heat, increased perspiration and tachycardia  Thereafter
dicting proved incfleciual, and at the time of her admision to the hos-
pital, February 16, 1g24, the urine contaned an abundance of sugar and
the blood contained o252 gm of sugar for each 100 cc. On a diet with 2
dextrose equivalent of 140 gm., an average of 5o gm. of sugar appeared in
the urine daily. The basal metabolic rates ranged from +52 to +66 per cent.
Later, glycosuria was controlled with 4o units of imsulin daly, and on
March 5 thyroidectomy was performed  Thyroid ussue weighing 87¢ gm.
was removed; this showed muluple adenomas The convalescence was un-
eventlul; the basal metabolic rate fell, and by March 26 the same diet which
previously required 4o units of insulin could be taken without insulin,

In this case a mild diabetes was made rather severe by the
development of hyperthyroidism and resumed 1ts mild state after
the control of the latier by thyroidectomy.

Hyperthyroidism, as is well known, is wont to show alternat-
g peniods of exacerbation and remission. This s true both 1n
that accompanying adenomatous goiter and in cases of exoph-
thalmic goiter, although it is much more common in the latter.
Exacerbations may occur spontancously and these at times assume
the intense form of the hyperthyroid crisis  When diabetes co-
exists, any exacerbation is associated with intensified glycosuria
and this may be so extreme that not enough sugar is burned
to prevent hetosis.  Under such es acetone
gocs on apace, and serious acidosis and coma may result. Ina
case already teported in detal (see p. 247). there is good reason
to believe that the three attacks of diabetic acidosis were precipi-
tated in this manner.

The decreased efficiency of insulin in diabetes complicated




B2 CLINICAL DIABETES AIELLITUS

diee hag been reduceg 0 205 Poungy (o3 kg In tpe lase Year ap addiiop,
e Poungy “ %) hag been lost,

AMinatgn howeg 2 my, hing Poung, ) with 2 bl
pres 154 mm, of mcn:ury $¥stolic 5 d diastol, nd 2 pyge
e of 9 The thyrojgq &lang, ich ilage, 1y, Measureq
G b an w: Very . Xaming; N of 4, caled gp,
Presence cduqng Substap, e, val, (:uung bl suga,

of a J C e va OF the

S 0226 &m. pep 100 ¢, The basay Metaboig Tate yay +4 per cent (twy
A diey ontain, 238 gm. op carbohydralc Was Preseripeg "Mpoung
Solutioy, Of todip, (Lugopy solunon) alio W28 given. ¢t wag found p, Ty
se 2, ing ily to glycosuri.z. After fen dayy the
Value fo, h, {asu’ng bl SUgar vy 0161 o Per 109 CC ang opcr:uafn
Wasg Perfory, Intenge glycown'a Iollowcd and for the ney, men.da it
Was con, roled with diliicuny. The d.n'l,v doses of lmuIin Wwere 95 bnigs, us

ni its, ngy i its g 0 unj i

Of diaberes
nd poinge, UL thay Iy reduceq the abil.
ity of the diabetic DPatien, to Utilize carbchydra(c bu,
it of ; in
d:mgcr of Suddey, Onset of diabegje . Wea .
g i iter Y the admin.

EXophih,, c min
hich diabegeg tvas complicat,
0 arkedly ; the tolerance for
duceq the rcquircmcnt for insulip, Subse.



DISEASES OF THE THYROID GLAND 253

quent experience has fully confirmed the validity of these con-
clusions. m

A number of cases conld be cited to illustrate how pre-existing
diabetes is intensified by the occurrence of hyperthyroidism. The
date of onset in hyperthyroidism is often difficult to determine
The same is true of diabetes. In the following case, previously
reported (Wilder, December, 1926) it is reasonably certain that
diabetes had existed for at least two years while hyperthyroidism
had not been present for more than s1x months,

The patient was 2 woman, aged fifty nine
s PRI IR AN NS

dieung proved ineffectual, and at the time of her admission to the hos-
pital, February 16, 1924, the urine contamed an abundance of sugar and
the blood contained o 252 gm of sugar for each 100 c¢. On a diet with a
dextrose equivalent of 140 gm, an average of 50 gm of sugar appeared in
the unne daily The basal metabolic rates ranged from gz to +66 per cent.
Later, glycosuria was controlled with 40 units of insulin daly, and on
March 5 thyrodectomy was performed Thyroid tisue weighing 372 gm.
was removed, this showed muluple adenomas The convalescence was un-
eventful, the basal metabolic rate fell, and by March 26 the same diet which
previously required 4o umets of ansulin could be taken wWithout insulin

In this case a mild diabetes was made rather severe by the
development of hyperthyroidism and resumed 1ts mld state after
the control of the latter by thyroidectomy.

Hyperthyroidism, as 15 well known, is wont to show alternat-
tng periods of exacerbation and remission. This is true both in
that accomtpanymg adenomatous gotter and in cases of exoph-
thalmic gotter, although it is much more common in the latter.
Exacerbations may occur spontaneously and these at times assume
the mtense form of the hyperthyrmd cnsts. When dxabetes co-
exists, any with i ifi glycosurm
and this may be so ettreme that not enough sugar is burned
to prevent ketosis. Under such circumstances acetone formation
goes on apace, and setious acidosis and coma may result In a
case already reported n detail (see p. 247), there is good reason
to believe that the three attacks of diabetic acidosis were prectpi-
tated in this manner,

The decreased efficiency of insulm in diabetes complicated
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diet had been reduced to 205 pounds {93 kg ). In the Jast year an addional
nine pounds (4.1 kg ) had been lost,

Examinauon showed a man weighing 196 pounds (8g kg) with a blood
pressure of 354 mm of mercury systolic and 100 mm duastolic, and 2 pulse
tate of ¢6. The thyroid gland, which was enlarged bilaterally, measured
6 by 10 om. and was very hard. Examination of the urine revealed the
presence of a reducing substance, and the value for the fasting blood sugar
was 0226 gm. per 100 cc. The basal metabolic rate was +4 per cent (two
tests).

A diet ing 238 gm. of hydrate was d. Compound
solution of 1odine (Lugol's solution) also was given. It was found necessary
to use 25 units of msulin datly to control glycosuria. After ten days, the
value for the fasting blood sugar was 0161 gm. per 100 cc. and aperation
was performed. Intense glycosuna followed and for the next seven days it
was controlled with difficulty, The daily doses of insulin were 95 units, 115
units, 6o units, 70 units, 55 units, 55 units and Bo units sespectrvely, and
the amounts of sugar in the urine for the first four of these days were 17, 29,
12 and g0 gm respectively. The specimens of unne also all contsined
acetone and diacetrc acid  The degree of postoperative reaction otherwise
seemed not abnormal The maximal temperature, which was reached on the
third day, was 102" F, and alter the fourth day the patient was free from
fever. Subsequently the doses of insulin could be decreased rapidly, so that
by the end of the second week 12 units of protamine-zinc insulin in one
dose daily was sufficient to prevent glycosuria.

The postoperative behavior of this patient was cause for some
apprehension. There was little clinical evidence of hype‘rlhy‘m‘ld
ism preoperatively, and examinaton of the tissue revealed nothing
to suggest it; nevertheless, the reaction postoperatively was ike
that of a mild thyroid storm, and as a Tesult, the intensity of the
accompanying diabetes was greatly augmented.

EFFECT OF HYPERTHYROIDISM ON DIABETES

In a preliminary report based on a detailed study of !hc mﬂ'ﬂb:
olism in four cases, Boothby and I emphasized the clml{nL l:s
portance of recognizing exophthalmic goiter in cases of dia ; o
and pointed out that hyperthyroidism not only reduced lhE:
ity of the diabetic patient to utilize carbohydrate but dtff; ol
the efficiency of the unit of wsuln and thereby 1r1crcasfi o
danger of sudden onset of diabetic coma. ‘Ve. also showcd -
the control of the syndrome of exophthalmic goiter by the ?’ ﬂ::d
istration of jodine, m cases in which diabetes was comp! ‘:’{M
by exophthalmic goiter, markedly improved zh_e m!emn;uw.
carbohydrate and reduced the requirement for insulin.
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quent experience has fully confirmed the validity of these con-
clusions.

A number of cases could be aited to illustrate how pre-existing
diabetes is intensified by the occurrence of hyperthyroidism. The
date of onset in hyperthyroidism is often difficult to determine.
The same is true of diabetes. In the following case, previously
teported (Wilder, December, 1926) it is bly certain that
diabetes had existed for at least two years while hyperthyroidism
had not been present for more than six months.

The patient was a woman, aged Efty-nine years Marked polyuria and
polydipsiz developed in February, 1922 Sugar was found 1n the unne, but
this was readsly controlled by a diet unl, in August, 1924, symptoms sugges-
uve of hyperthyrotdism were noted for the fist tme  These were nervous-
ness, intolerance to heat, increased perspiration and tachyrardia  Thereafter
heting proved ineffectual, and at the time of her admission to the hos-
putal, February 16, 1924, the unine contamed 2n sbundance of sugar and
the blood contained o 25¢ gm of sugar for tach 100 cc  On a diet with a
dexwrose equivalent of 140 gm , an average of 50 gm. of sugar appeared m
the unine daly  The basal metabolic rates ranged from -+52 to 466 per cent.
Later, glycosuria was controlled with go umits of insulin daily, and on
March 5 thyrodectomy was performed Thyroid nssue weighing 372 gm
was semoved, this showed multiple adenomas  The convalescente was vne
eventful, the basal metabolic rate fell, and by March 26 the same diet which
previously required 40 umts of nsulin could be taken without jnsubn

In this case 2 mild diabetes was made rather severe by the
development of hyperthyroadism and resumed its mild state after
the control of the latter by thyroidectomy.

Hyperthyroidism, as is well known, is wont to show alternat-
1ng periods of exacerbation and remission, This 1s true both 1n
that accompanying adenomatous goiter and in cases of exoph-
thalmic goiter, although it 15 much more common 1n the latter.
Exacerbations may occur spontaneously and these at times assume
the intense form of the hyperthyroid erisis. When diabetes co-
exists, any exacerbatian is associated with intensified glycosuria
and this may be so extreme that not enough sugar is burned
to prevent ketosis, Under such circumstances acetone formation
goes on apace, and serious acidosis and coma may result. In a
case already reported in detail (see p 247), there is good reason
to believe that the three attacks of diabetic acidosis were precipr-
tated in this manner.

The decreased efficiency of insulin 1n diabetes complicated
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by hyperthyroidism has also been demonstrated by clinical experi-
ments. In the case reported on page 247 twelve days after the sec-
ond admussion of the patient with diabetes and exophthalmic goiter
the administration of jodine was discontinued. In the meantime,
the basal metabolic rate had decreased from 447 to 20 per cent.
The diet was constant at 2100 calories; its glucose equivalent was
140 gm., and on this regimen, with a daily dose of go units of
insulin, the urine was free from sugar and acetone. The dose
of insulin was held at go units daily, but after no more iodine
was given the basal metabolic rate rose gradually and fourteen
days later reached 448 per cent; simul 1y, sugar reappeared
in the urine and increased in amount from day to day. The con-
dition of the patient became distinctly worse, acetone appeared,
together with symptoms of acidosis, and the carbon dioxide com-
bining power of the plasma fell to go volumes per cent. The
daily doses of jodine then were resumed; the basal metabolic rate
declined and ultimately the daily requirement for insulin was
lowered to 40 units. .

Another influence of hyperthyroidism in many patients, with
or without diabetes, is to deplete the liver of its glycogen The
effect of this is twofold. first, it increases the sensitiveness of the
organ to poisoning; second, it deprives the patient of the .mosl
important part of the mechanism whereby the body protects itself
from hypoglycemia. In consequence, insulin reactions Fncoun-
tered in patients with diabetes and hyperthyroidism are likely to
be severe. However, the sensitivity of these patients is to over
dosage with insulin rather than to insulin per se. T] hey.suﬂ'cr ;
lack of abulity to correct hypoglycemia, not as has bccl'l l{lffﬂfd
from the animal experiments of Burn and Marks, any dlm‘f‘"he
requrement for insulin. On the contrary, the CI.mmaI evidence
is clear that hyperthyroidism increases insulin requirement.

TREATMENT OF HYPERTHYROIDISM COMPLICATING

DIABETES
. ihalmic
In cases in which diab is complicat d by exop! P
goiter, the benefit derived from the administration of fodt .



DISEASES OF THE THYROID GLAND 255

strking. The basal metabolic rate is lowered, and as it falls toler-
ance for carbohydrate improves and the requirement for insulin
15 ished.” When the plicatng hypertt dism 1s that
of adenomatous goiter, the effect of jodine is less pronounced or
may be absent, but since 1t 1s not always possible preoperatively
to exclude exophthalmic goiter i cases of hyperthyroidism, and
since 10dipe can do no harm in such a case during the short period
while the patient is being prepared for operation, it has seemed
best to use jodine routinely, as a preoperative measure, when the
basal metabolic rate is elevated.

Compound solution of 1odine (Lugol’s solution) 1s the prepa-
ration of iodne commonly employed The customary dose 1s
10 mimms (0.6 cc. three umes daily). If the patient 15 in ac1-
dosis, or for other reasons 1s unable to recerve medicines by
mouth, sodium 1odide or even compound solution of jodine (Lu-
gol's solution) may safely be injected intravenousty with solutions
of sodium chloride.

Thyroidectomy is clearly indicated in the large majority of
cases of diabetes with hyperthyrordism. This 1s shown clearly by
2 complete follow-up study made mn 1939 of all the thirty-eight
cases of diabetes with hyperthyroidism reported by me m 1926
Twelve of the fifteen patients with exophthalmic goiter and dr-
abetes were operated on. Seven of these had survived thyroid-
ectomy an average of 13.8 years. The average duration of Iife in
the five fatal cases was 81 years after thyroidectomy Death tn
these cases was attributed to coma, diabetes, lobar pneumonta,
coronary thrombosis and heat stroke Two of the three patients
who were not operated on died of coma and the other of diabetes
seven months after dismussal. Twenty-one of the twenty-three
patients with adenomatous goxter with hyperthyroidism and dr-
abetes were operated on  Five of these had survived thyroidec-
tomy an average of 136 years The average duration of life 1n
the sixteen fatal cases was 7 4 years after thyroidectomy. The
causes of death were heart disease, seven; pneumonia, three, and

THahhe frer mnind e ba e
way o

of sug
and .

their wiautt 101 Larbohyarate



254 GLINICAL DIABETES MELLITUS

by hyperthyroidism has also been demonstrated by clinical experi-
ments. In the case reported on page 247 twelve days after the sec-
ond admission of the patient with diabetes and exophthalmic goiter
the administration of jodine was discontinued. In the i
the basal metabolic rate had decreased from 47 to 420 per cent.
The diet was constant at 2100 calories; its glucose equivalent was
140 gm, and on this regimen, with a daily dose of go units of
insulin, the urine was free from sugar and acetone. The dose
of insulin was held at go units daily, but after no more iodine
was given the basal metabolic rate rose gradually and fourteen
days later reached 48 per cent; simul 1y, sugar reappeared
in the urine and increased in amount from day to day. The con
dition of the patient became distinctly worse, acetone appeared,
together with symptoms of acidosis, and the carbon dioxide com-
bining power of the plasma fell to 3o volumes per cent. The
daily doses of iodine then were resumed; the basal metabolic rate
declined and ultimately the daily reguirement for insulin was
lowered to 40 umts.

Another mfluence of hyperthyroidism in many pauents, with
or without diabetes, is to deplete the liver of its glycogen. The
effect of this is twofold: first, it increases the sensitiveness of the
organ to poisoning; second, it deprives the patient of the .mDS!
important part of the mechanism whereby the body protects itself
from hypoglycemia. In consequence, insulin reactions encoun-
tered in patients with diabetes and hyperthyroidism are Tikely to
be severe. However, the sensitivity of these patients is to over-
dosage with insulin rather than to insulin per se. They suffera
lack of ability to correct hypoglycemia, not as has be:r'x 1{1{61'"4
from the animal experiments of Burn and Marks,® any dlmlP‘Sth
requirement for insulin. On the contrary, the c{nmml evidence
is clear that hyperthyroidism increases insulin requirement.

TREATMENT OF HYPERTHYROIDISM COMPLIGATING
DIABETES

In cases in which diabetes is complicated by exophthalotc

i ini 1 iodine is
goiter, the bencfit derived from the administration of iodin
ks showed by ammal expenments
eted the hver of glio
hich had recetved 5

¢ Bodansky (1922-1923), and Burn and Ma;
that admimstening preparations of the thyroid gland depl
gen. Accarding to the last two authors, amumals (rabbsts) Wl
preparations became hypensensittve to mnsulin,
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striking. The basal metabolic rate is lowered, and as 1t falls toler-
ance for carbohydrate improves and the requirement for insulin
is diminished” When the complicating hyperthyrodism is that
of adenomatous goiter, the effect of iodine is less pronounced or
may be absent, but since 1t is not always possible preoperatively
to exclude exophthalmic goiter in cases of hyperthyroidism, and
since iodine can do no harm in such a case during the short period
while the patient is being prepared for operation, it has seemed
best to use jodine routinely, as a preoperatise measure, when the
basal metabolic rate 1s elevated

Compound solution of iodine (Lugol’s solution) 1s the prepa
ration of iodine 1 ployed.  The y dose 1s
10 minims {06 cc. three times daily). If the patient is in aci-
dosis, or for other reasons 1s unable to receive medicines by
mouth, sodium iodide or even compound solution of todine (Lu-
gol's solution) may safely be injected intravenously with solutions
of sodium chloride.

Thyroidectomy 1s clearly indicated in the large majorsty of
cases of diabetes with hyperthyroidism  This is shown clearly by
2 complete follow-up study made in 1939 of all the thirty-eight
cases of diabetes with hyperthyroidism reported by me in 1926,
Twelve of the fifteen patients with exophthalmec gorter and di-
abetes were operated on.  Seven of these had survived thyroid-
ectomy an average of 13 8 years The average duration of hfe 1n
the five fatal cases was 8 1 years after thyrordectomy. Death in
these cases was attributed to coma, diabetes, lobar pneumonia,
coronary thrombosis and heat stroke. Two of the three patients
who were not operated on died of coma and the other of diabetes
seven months after dismissal. Twenty-one of the twenty-three
patients with adenomatous goiter with hyperthyroidism and di-
abetes were operated on  Five of these had survived thyroidec-
tomy an average of 186 years. The average duration of life in
the sixteen fatal cases was 74 years after thyroidectomy The
causes of death were heart disease, seven, pneumonia, three, and

*Labbé first noted the beneficial effect of todme 1 cases 1 which diabetes
was comphicated by hyperthyroldism In a case in which he used 1t, the amount

their tolerance for carbohydrate
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by hyperthyroidism has also been demonstrated by clinical experi-
ments. In the case reported on page 247 twelve days after the sec-
ond admission of the patient with diabetes and exophthalmic goiter
the admimstration of iodine was discontinued. In the meantime,
the basal metabolic rate had decreased from +47 to 20 per cent,
The diet was constant at 2100 calories; its glucose equivalent was
140 gm., and on this regimen, with a daily dose of go units of
insulin, the urine was free from sugar and acetone. The dose
of insulin was held at go units daily, but after no more iodine
was given the basal metabolic rate rose gradually and fourteen
days later reached +-48 per cent; simul 1y, sugar reappeared
in the urine and increased in amount from day to day. The con-
dition of the patient became distinctly worse, acetone appeared,
together with symptoms of acidosis, and the carbon dioxide com-
bining power of the plasma fell to go volumes per cent. The
daily doses of rodine then were resumed; the basal metabolic rate
declined and ultimately the daily requirement for insulin was
lowered to 4o units.

Another influence of hyperthyroidism in many patients, with
or without diabetes, is to deplete the hver of its glycogen. The
effect of this 1s twofold: first, it increases the sensitiveness of the
organ to porsoning; second, it deprives the patient of the most
important part of the mechanism whereby the body protects itself
from hypoglycemia. In consequence, insulin reactions encoun-
tered in patients with diabetes and hyperthyroidism are likely to
be severe. However, the sensitivity of these patients is to over-
dosage with insulin rather than to insulin per se. Thcy'suﬁﬂ' a
Iack of abulity to correct hypoglycemia, not as has been l{lfff“d
from the animal experiments of Burn and Marks,® any dimlfllShed
requirement for insulin. On the contrary, the clinical evidence
is clear that hyperthyroidism increases insulin requirement.

TREATMENT OF HYPERTHYROIDISM COMPLIGATIN G
DIABETES

In cases in which diabetes is complicated b_y cxop!lthflml':
goiter, the benefit derived from the administration of iodine ¥
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required insulin postoperatively in doses much larger than those
required by any of them preoperatively. The doses given post-
operatively ranged from 15 to 120 units. The reactions also have
been encountered postoperatively in cases of colloid goiter.
Operation in all cases of hyperthyrotdism should be dcferred
unt1l a maximal effect has been ot d from the adi on
of jodine and unul the diabetes is under good control. The
hepatic function should be studied, and if found dimunished,
the patient should be given a diet nich in carbohydrate and sup-
plemented with vitamin A and a concentrate of the vitamin B
complex for two or three weeks. In general, the diet of diabettc
pauents with hyperthyroidism should be higher 1n carbohydrate
than otherwise 1s necessary, with due attention paid to the in-
creased requirement for calortes and vitamins To check glyco-
suria 1t sometimes 1s necessary to give insulmn at short intervals—
every two or three houts This particularly will be necessaty
1f a thyroid storm follows the operation Protamine-zinc msulin
may be used, but the rapidly changing requirement for msulin
an these cases makes 1t impossible to depend on an msulin with
retarded activity for more than a small fraction of the total mnsulin
requxrcmem In severe cases a close watch must be maintained
ely, and always | peratively, to avoid actdosts on
the one hand and hypoglycemla on the other. The peculiar
sensitivity to the latter of patents with diabetes complicated by
hyperthyroidism has been mentioned (see p. 254) Because of
this sensitivity complete suppression of glycosuria should be
avoided. In severe cases, if a thyroid reaction occurs preopera-
tively or after operation, large doses of compound solutton of
1odine (Lugol's solution) are indicated—up to 1 cc. every six
hours—and when food 15 not retmned dextrose and sodium
chloride must be given intravenously. In such cases it also is
advisable to add thiamin chloride to the solutton for injection

PROGNOSIS IN DIABLTES COMPLICATED BY
THYROIDECTOMY
In adenoma with hyperthyroidism recurrence after thyroid-
ectomy is very unusual, in hthalmic goiter the incid of
recurrence is relatively high. In forty-two cases of adenomatous

goiter with hyperthyraidism, no recurrence of hypertliyroidtsm
17
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coma, gangrene—right leg, carbuncle on back of neck, cerebral
hemorrhage, recurrent carcinoma, and acute cholecystitis, one
each. One of the two patients not operated on died of cardiac
decompensation three months after admission. The other died
ten years later of cardiac and renal disease.

Joslin has reported the average duration of hife subsequent to
the onset of diabetes among deceased ex-patients in the early
Banting (1922-1926), middle Banting (1926-1930) and later
Banung (1930-1935) periods for all ages as 7.6, 8.4 and 11.0 years
respectively. Considering all the patients in my series of 1926,
except the five who did not have thyroidectomy, the average dura
tion of life subsequent to the onset of diabetes was 12.4 years
Considering only those patients who now are dead and agam ex-
cluding the five who did not have thyroidectomy, the average
duration of life subsequent to the onset of diabetes was 10 § years
The numbers m both of these groups are too small to justify
comparison with the large groups (514, 8g7 and g81 cases Tespec-
tively) of Joslin's deceased patients with diabetes studied by the
Statistrcal Bureau of the Metropolitan Life Insurance Compa{x)h
They, nevertheless, support the assumption that patients “.'llh
hyperthyroidism and diabetes who receive sa&is(acmx:/ surgical
treatment for their hyperthyrotdism do as well as patients with
diabetes free of this complication. The fact that four of the five
who were not operated on died within a few mu.mhs of the ime
they were dismissed from the chinic also carries sngmﬁcaf:cc. "

Thyrowd y is rece ded for ad tous golter with-
out hyperthyroidism as well as for hyperthyroidism, if adcnomfl:
are palpable and a centimeter or more in diameter, for the rfasﬁe
that such gorters frequently become toxic later and by their .
moval the patient is protected from danger of subsequent hyp ¥
thyroidism. The operation may provoke a temporary th)]’:cm
storm, nat only if the goiter is already toxic, but even as hfls. C”
illustrated (see p. 251) in cases in which the goiters Chn‘lmn o};
have been regarded as nontoxic, probably becausef of Ilbera.m;mm
thyroglobulin by the operation and the absorptmr.x of lh;ls g
the operative incision The fourth day after Opﬁratw{l 1s the .
of greatest reaction. In seven cases in which operation was Pn]y
formed for adenomatous goiter without hypenhyroxr:hsm, 'onu
four patients needed insulin before operation, yet six patre
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ool

was seen. Of eigh cases of exop Imic goiter with dia
betes seen 1n 1935, 1936 and 1937, seven were cases of recurrence
operations having been performed at the clinic or elsewhere fron
one to ten years previously. Therefore, when the histologic exami
nation of the tissue removed at operation shows the presence of
regions of cellular hypertrophy and hyperplasia (indicative ol
exophthalmic goiter), the patient should be cautioned to watch
for symptoms of recurrence, and upon their appearance, o if an
otherwise unexplained increase occurs in his requirement for
msulm, to resume the use of compound solutton of iodine at
once and report to his physician. Recurrence frequently an
be controlled with iodine; if it fails, further resection of the
thyroid gland is indicated.

Diabetes occasionally is arrested by thyroidectomy; in most
cases i which 1t has been licated by hyperthyroidism 1ts
tensity has been decreased. This is illustrated in a number ?f
case reports by Buchanan, Holst, O'Day and Rohdenburg, but in
none of these reports, so far as I can find, was the blood sugar
determined after dextrose test meals, and without such examma-
tions it is scarcely legttimate to claim, as some authors have dane,
that an actual cure has followed the removal of the thyrod
gland. Holst reported observations on several instances of per-
sistent glycosuria, in two of which dextrose test meals faled to
cause glycosuria after recovery from thyroidectomy.

MYXEDEMA AND DIABETES

Some of the reputed recovertes of normal tolerance aftvﬂ
thyroidectomy may be due to the development of a st:}tc oi' myxX-
edema, such as occurs lly when exophthal. gt?“ﬂ' 1
complicated by thyroiditts. In a case reported by Holst, diabetes
was manifested six months after thyroidectomy had been pﬂg
formed for exophthalmc goiter, during a recurrence. Two ana
a half years later myxedema appeared spontanem’xsly and then
test meal of 100 gm of dextrose provoked no alimentary gly_ﬂ:
suria. Several instances of spontaneous myxedema devclupmz
in the course of diabetes and resulting, as in Holst’s case, n grea
amelioration of the tolerance, are to be found in the htera;l"fc
A most interesting example previously reported from our chn
was the following:
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A male dild, aged seven years, bad heen a fullterm infant with normal
health and normal growth up to the age of flteen monihs  He then had
manifested polydipsia and polyura, and sugar had been Jound in the unpe.
He had been placed on & very strict duict, which, after s1x months, could be
somewbat relaxed without causng a return of glycosuria, Delayed growdh
and iezeasing coavseness of she hair had led to the diagnosis of hypothyrosd-
ssm when he was three years of age  Thyrord treatment had bzen begun, but
hed been discontinued betause of the retvm of intense glycosuria and the
accurrence of acidosis Durng the perrod of thyroid treatment growth had
been resumed: after wts disconttnuance growth agam had stopped and the
tolerance had impraved so much that the child “could eat anything without
extreting sugar.”

At our examinaton ac the clinic this paueat presented 2 fully developed
pleture of yuvenile myxedema—the face was dull and expressionless, the shn
was dry and thick and the hair was coarse and scanty  Rfentaliy and phys-
Tead taral wwemmn s mmn e 1 mee %3 4N et bt e 4

olism was rased very gradually  The basal metabolic rate finally reached
~~10 per ceat and at this pme sugar appeared in the vrine, Sugar continued
to be excreted ta amounts as logh as 20 g a day, and the value for the fast-
wg blood Yugar tewet yeached 045 g, per 300 ce A Jaler repost stated
that the child was gaining ih weight and strength, but showing sugar despite
a rigid deet 2ud administration of insulind

Sreateeatad Bt Mhrenw = av Tewe & = ooy .- .

okidation is proceeding at 3 relatively rapid rate 2 catalyst, wuch as insulin, updes
goe1 & more 12pid decay, whereas fts hife 1 longer a0d I effciency consequently
greater when all vxidations are taking place wore slowly,

Meotion kas boen made of an atiempt o treat uncomplicated iabetss b

ceason thot the patient was displeasnd 8t Sinding mysedema to be a more dsagree-
able disease than dubetes 1 should Iike (o emphasise, especially to colleagues an
physialogy, that the efieet of thyrowdectomy 1n ths case, on disbetes which previously
$iad been as severe as that which follows otal pancreatectomy 1 dogs, Was every
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bit as effective 1n curing the diabetes, as hypophysectomy 1s reputed to be e:in::i

pancreatized dogs I even suggest that if a Houssay dog (hypophyu.cwml;h and

pancreatectomized 2nd not requuring nsulin) could compare notes with a : :ﬁedu

dog (pancreatectomized and receiving insulin) he 100 probably would be diarsy :
The esults of on thirty 4 anials (mosdly dog)

and Lukens were varable In almost

nal authors as ndicating

tollected from the Lterature by Dohan
>f these ammals the results were mnterpreted by the origi e
10 effect, while 1n the remaining ammals a decrezse 1n the severty of the oo
namfestations occurred. Dohan and Lukens, with six cats thyroidectomis:
o thrty-four days before p found, as compared to srvieen depaC0
‘reatized cats, diminution of dextrése and nirogen exereuon of more than 20 pe
ent; with thirteen cats, d anc
‘ound 2 less significant decrease 1n dextrose, mitrogen and acetone !;of‘nvc:‘y ;1::‘1;
‘oncluded, as Houssay had done, that the thyrod gland plays a ;u ey be
sart d pop mn p diabetes  The k h’sc:h};m Y de-
aveen these oll)!ervan_o_ns‘ on a)n}ntli a‘nd :J‘m::’l' ::j:’exll\:n;em:;: B e species
’ ' ' » man, of complete
smalt fragment of
abolic rate
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CHAPTER XVI

DISEASES OF OTHER ENDOCRINE GLANDS
COMPLICATING DIABETES

ACROMEGALY

The most striking manifestation of acromegaly, namely, the
overgrowth of the acral parts of the skeleton, the flat bones of the
head, pelvis and chest, and the soft parts of the hands, feet and
face, is attributed to an excessive activity of the anterjor lobe of
the hypophysis. When the disease affects children it usually is
spoken of as “gigantism,” because in children union of the epiph-
ysis 35 retarded {by suppression of development of sex her
mones) and the peried of sagittal growth is extended The
characteristic abnormality of the acromegalic hypophysis con-
sists of diffuse hyperplasta or adenoma of its anterior lobe, with
unusual predominance of acidophilic cells

In¢idence of diabetes in cases of acromegaly.~A relatively high
frequency of association of glycosuria and acromegaly was com-
mented on as early as 1884 by Loeb. It has been the subject of
many subsequent reports but the published figures vary widely.
The ncrdence of frank diabetes in cases of acromegaly observed
at the clinic has not been as high as might be expected from
many of the reports. Yater, who reviewed the records up to 1928,
found only six instances of diabetes in seventy-nine cases of acro-
megaly. Subsequently, and up to September 14, 1938, among
139 additional cases of acromegaly, diabetes had been diagnosed
n only fourteen. Adding the two series makes twenty nstances
of diabetes in 218 cases of actomegaly, an incidence of g.2 per cent-
Even this figure may be too lugh, because in case 4 Aof Yater's
report, and in two cases of the later series, the diagnosis _af acro-
megaly was doubtful, and in case 1 of Yater's report and in d“?C
cases of the later series, the diabetes amounted QHIY to an -
mentary glycosuria, which the high basal n_xetabuhc rates (fmimn
430 to 463 per cent) alone might explain. If 'thcsc mscsnl
which the diagnosis was doubtful are excluded, it leaves (:iny
thirteen cases of frank diabetes for the entire series, representing

262
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an incidence of only 6 o per cent. In view of two other circum-
stances, namely that the thyroid glands i about half of the cases
of acromegaly were adenomatous, and that in an indeterminable
number of the cases of acromegaly associated with drabetes the
diabetes clearly antedated the acromegaly, this incidence certainly
is not impressive. It is very little higher, indeed, than that for
adenomatous goiter with hyperthyroidism associated only with
diabetes (see Chapter XV).

In many of these 218 cases of acromegaly the hyperpituitarism
undoubtedly was burned out before the patient came to the clinic
for examination, and glycosuria of sufficient intensity to be called
diabetes might have existed in 2 previous more active stage of
hyperpitwitarism It is questionable, however, whether a diabetes
characterized by such impermanence deserves to be called diabetes
mellitus  In other cases diabetes may have developed since exam-
inations were made at the clinic, but the same could be expected
1n any group of nondiabetic patients, and particularly in a group
of cases such as this, containing many cases in which the basal
metabolic rate 15 elevated. In this connection it is important
also to note that nonacromegalic tumors of the hypophysis may
provoke glycosuria by pressure on or by invasion of the subthala-
mc region of the brain, Colwell and Logan, after only an incom-
plete survey, found thurty-eight cases i which nonactomegalic
lesions of or near the hypophysis were accompanied by glycosuria
or diabetes, and he suggested that this number compared favor-
ably with the inadence of glycosuria and drabetes in cases of
acromegaly,

Looked at the other way, namely, considenng the madence
of acromegaly 1n cases of diabetes, the figures are as follows: For
the period studied by Yater (to 1928) there were 4,160 individ-
uals with diabetes, and of these only six had acromegaly, and
the later period (1928-1937 inclusive) there were 5,219 indi-
viduals with diabetes, and of these, only fourteen had acromegaly
1f one accepts the diagnosts of diabetes 1n all of the twenty cases
m which 1t was made, the inaidence of acromegaly in cases of
diabetes was 0 21 per cent, or about one case of acromegaly 1n 5oo
cases of diabetes? The data imply that far too much emphasis

*This modence 35 the same 3 that given by Davidof for admissions of a1l
patlents with acromegaly to the Peter Bont Brigham Hosputal, dunog the penod
when Custung was chief of the surgical staff In Josh's series, according to Cog-
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has been placed on the occurrence of diabetes in association with
acromegaly, and constitute evidence that the hypophysis is not of
such great importance in the production of clinical diabetes as
has been supposed.

Effect of acromegaly on diabetes ~It is often stated that the
diabetes of acromegaly runs an irregular course. However, Col-
well and Logan studied the literature with this point in mind and
collected reports of only seventeen cases in which an atypscal
course was claimed. In some of them dietetic control had not
been marntained. Mild diabetes, whether associated with acro-
megaly or not, 1s likely to fluctuate widely in intensity, and in
the cases of severe acromegalic diabetes that have come to our
attention the symptoms and glycosuria have not responded to
dietetic management in an unusual manner. Cushing’s statement
that the diabetes of acromegaly proves to be notably resistant to
treatment with insulin also would not be justified by our expert
ence. Notable insulin resistance has been conspicuously ab-
sent; for the most part the response to insulin has been rather
normal and the insulin requirement not excessive. It is true, &
1s to be expected that more insulin is required in cases in which
the basal metabolic rates are elevated than is required in other
cases, and in such cases, as was illustrated by Yater, less insulin
will be required if the basal metabohic rate can be d.epress:d .Iﬂ
general, acromegaly is regarded as increasing the .r1§k anendmg,:
operations of all kinds, but the explanation for this is mde‘pcﬂdﬂ1
of any difficulty i handling the diabetes in cases 1n ‘thc‘h ﬂﬂi“:
megaly is complicated by diabetes. Yater, after reviewing ¢
literature, concluded that the results of hypophysectom)f in maf1
had not sansfactorily demonstrated amelioration of coexisung d]‘l
abetes by the operation. It is extremely dufficult to r:'moveh:d
of the hypophysis, and in most reported cases the patients i
not been observed with sufficient care after operation to permt
conclustons,

PITUITARY BASOPHILISM AND DIABETES

Glycosuria was encountered in five of twelve cases of. l};lﬂ:‘z‘;)'
basophilism studied by Cushing. It apparently was mild 1

- ases of
geshall and Root the incidence of acromegaly is about 1 1 every 3000 3 0
uabetes This . ;
at the nexghborin .

patients referred
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gree, except in his case 11, In this case the patient previously
had been exarmned by Woodyatt and Colwell, who reported to
Cushing “a variable glycosuria and hyperglycemia, together with
increased nitrogen excretion. On a diet with a daily glucose value
of 201 gm , there was a daily excretion of 5 7 (?) gm of sugar (glu-
cose}, which was controlled by go untts of insulin daily.” Later,
in Boston, when the diet was restricted but no insulin was given,
the value for the fasting blood sugar was 0214 gm. per 100 c.C.
and a twenty-four hour specimen of urine contained 24.4 gm. of
sugar and 2g 2 gm of mitrogen. However, at a sull later time,
after roentgen therapy had been directed at the hypophysis and
after the other p had disappeared, the urne r

sugar free with an ordinary diet It would appear from this ex-
perience that glycosuria is more frequently an accompaniment of
prtntary basophihism than of acromegaly, but that usually it is
mild and, even when severe, 1t 15 transient, in the sense that the
sugar disappears 1f and when the overfunction of the hypophysis
can be corrected

HYPOPITUITARISM

Goetsch, Cushing and Jacobson called attention to an in-
creased tolerance for carbohydrate (oral administration) in cases
of climcal hypopituitarism  Sansum and I, by giving dextrose
mtravenously at a constant rate in two cases of “Frohlich’s syn-
drome,” tm which the patients had symptoms of hypopituitarism,
found essentially the same Jimt of assirmlation as in four normal
controls. This suggested that the mcreased tolerance observed
by those who used the oral method of administration might have
been due to delayed absorption However, Goetsch, Cushing
and Jacobson, in 1911, were able to demonstrate as Houssay later
showed, that the intensity of pancreatic diabetes can be dimin-
ished sigmficantly by hypophysectomy

In view of the animal experiments of Cushing, Houssay and
others, the occurrence of clinical diabetes in cases of hypopitu-
itarism should present something of 2 paradox, yet the association
15 by no means unusual. Gibson ated a typical case of hypo-
preuttarism in which diabetes existed, and John reported on five
cases with glycosuria, which represented 12 per cent of the cases
of hypopituttarism observed at the Cleveland Chinic. Joslin also
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cited an example. In his case the patient was twice in extreme
acidosis

. Infantthsm~In eight patients, four boys and four girls, from
siXteen to twenty years of age reported by Gibson and Fowler, a
syndrome of infantilism was encountered with proportionate
dwarfism and severe diabetes. The authors presented evidence
that hypofunction of the anterior lobe of the pituitary body was
primarily responsible for the infantilism in these children, and
commented on the disharmony between the association of this
condition with diabetes mellitus. In their cases rather efficient
management had been assured from the time the diabetes had
first been recognized, but 1n other cases similar in all 1espects to
therrs malnutrition undoubtedly has been primarily to blame.
In some of the latter the malnutrition has been due to failure to
use mnsulin; in others it has resulted from the prescribing of
inadequate diets. In one tragic case the parents of a child, who
was about six years old when he first was given a diet, failed to
change the diet or again to consult a physician for ten years. In
some of these cases normal physical and sexual maturity can be
restored by effective treatment with adequate diets and properly
adjusted doses of msulin; in others the resulting damage may be
so serious (rncluding probably secondary damage to the hyPOP}}'
ysis and other glands of internal secretion) that restoration is
impossible.?

HYPERADRENALISM
Paragangl —P: ghi of the adrenal medvlla gives
rise to a syndrome characterized by paroxysmal attacks of hyper-
tension. In these attacks the patient complains of nausea, cold
extremuties, headache, precordal constriction and faintness. The
blood pressure in a case reported by Dr. Charles H. Mayo, ak
though normal in the intervals, rose in attacks to z80 mm. of m;‘;
cury systolic and 110 dastolic, and the capillaries of the nail fOIb
would be completely obliterated. An excellent review of the s“cd
ject is one by Donzelot, who in 1934 reviewed the eleven repal’;’
1 fecuve pituitary scaeuon

e oy s g, e pobly S e B v 7
ducing the former and lack of pancreatotropic hormene the laster, A foffman’
to me like beggng the question both ways, furthermore, Anselmino an o con
observations on pancreatotropic hormone, to which Houssay referred in
nection, have not been accepted by critieal investigators
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instances of the disease then in the literature. In a case which
came to my attention two years later, Dr. Walters removed a tumor
10 5 cm. 1n diameter, and from half of this mass Dr. Kendall was
able to isolate, in crystalline form, 120 mg of adrenalin. The
well-known glycogenolytic action of adrenalin might lead one to
expect glycosuria 1n this disease, but so far as I know this has not
been observed. In the case reported by Kelly, Piper, Walters
and me, the concentration of the blood sugar at the end of one
attack was only 0.118 gm. per 100 c.c.; at another tme, during
an 1nterval between attacks, it was 0 0go gm. per 100 c.c.

Lestons of the adrenal cortex.—In contrast to the apparent in-
frequency of glycosuria m cases of tumor of the adrenal medulla,
glycosuria occurs not uncommonly 1n association with tumors and
hyperplasia of the adrenal cortex. A review of the luterature by
Duncan and Fetter revealed eight proved cases of adrenocortical
tumor with so-called diabetes, and Long made the statement that
he and Lukens found evidence of “tmpairment of carbohydrate
metabolism” in a half of fifty-five reported cases The experience
at the climic (1938) was studied with Kepler. It comprises eight
cases of tumor (Table 10) and two of hyperplasia of the supra-
renal cortex 1n which the dragnosis was proved by operation or
necropsy.

Two of the patients with tumor in the report made with
Kepler were girls. Their ages were twenty-three months and nine
years respectively. The patients in the remainder of the cases
were women. Frank diabetes was present in onc of these cases
and glycosuria assoctated with a value for blood sugar of 0140
gm. per 100 cc. (three hours after breakfast) was present in an-
other. Dextrose tolerance tests were made in four other cases
and m two of them the responses were abnormal (Table 7).
Unine containing from 4 to 6.5 per cent of sugar was excreted by
the patient with frank diabetes and the fasting blood sugar value
was © 143 gm. per 100 c.c. Insulin, however, was not required
for control  The patient died shortly after the operative removal
of the adrenocortical tumor and there were no other findings of
significance at necropsy.

In all exght of these cases the adrenal tumors were removed
One of the patients succumbed after operation, three died within
a year as a result of recurrence or metastasts  The remaining four
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TABLE 7
C. A 0 Cases oF A Trwor
Fast al blﬂmw tolerance test,
"asting value augar, gm per 100 ce,
Ageol | Glyco- | for'blogd sugar, Comment,
pauent. Huria. [ gm, per 10 ¢ e
Fastng 1§br 2hr, Shr,
23 mo o 0 081 No dextrose tolecance
test performed
9 years o 0 068 0 068 o nus 0119 0118
18 years 1 [ 1Y 0 088 0 205 0133 0 085
25 years - 0 0se  140°
33 yearst - 0 076 0076 155 0 03¢ 0 052
83 yes 0 0ers No dextrose tolerace
yeurs et pertormed
87 years - 0 148 Cliical duabetes (see
text)
39 years 0 078 0078 0 205 D 242 0 083

* Blood sugar deteruned threc hours after breaklast.
+ Glycosuria had been present prior to esamnation at chanc,
augar was 0 120 gm. per I

and at that time the fastung value for blood

were alive one to five years after operation, all sigma of virilism
having disappeared and complete health apparently being e
stored None of these patients, when Iast heard from, had dr-
abetes, and although dextrose tolerance tests were not made the
values for the fasting blood sugar, which were obtained elsewhere
in two cases, were normal.

One of the patients m the two cases of adrenocortical hyperplasia v]las 2
woman, aged forty-six years, who presented frank evidence of adrenal virt 'Sm:
She had, 1n 2ddition, an tntense alkalosts assocrated with hypochlcrcmlzl (‘:"
bon dioxide combining power of the plasma 112 volures per 100 €C, P! ;sour
chlonide 425 to 520 mg. per 100 ¢ c), and frank diabetes A twe{u)'-ﬁl’ o
speamen of urine contained 47 0 gm. of dextrose and the fasting e p
blood sugar was 0236 gm per 100 cc. Sixty-five nmts of insulin Wlﬂ'; -
quired to mamntain the unne free of sugar, although thg diet was ?dmu!
carbohydrate. Roentgen therapy was applied to the pituitary body wi -
benehit, and death occurred two months later. The terminal ,nn:s; P
characterized by periods of tetany, which could be controlled in part aik o
jecuions of sodium chlonde, also by a progressive anemia with 2 very IS
reduction in the blood volume At necropsy both adrenal glands w"}fdrgm
to be markedly enlarged (combined weight 49 gm ) as a vesult of 2 gl ol
of cortical hyperplasia. A thymic tumor, 5 cm m diameter, was Prmm;;mi
there was a small abscess at the head of the pancreas which commuw s
through several tracts with the duodenum The tail of the panhC:m il
normal The changes described by Crooke were present m mcd jer
cells of the pituitary body, but no basophihic adenomas were found,

serial sections were made



to contral glycosuna The left adrenal gland was explored surgically and
a tumor, which was thought to be a carcinoma (measuning 2 5 by 5 by 1 em)
+ was removed without benefic  Glycosuna in thus case later became exceed
ingly difficult to control because of msulin reactions, and the dally dose of
wnsulin eventually was reduced to 10 umts The patient died at home about
stx weeks after the operation, and necropsy (performed there) showed the
Iver to be almost completely replaced by tumor tssue and the portal vein
to be almost completely obstructed The lesser omental cavity was filled
with mvolved lymph nodes The head of the pancreas was replaced by
tumor tissie, but the last 5 to 8 cm of the tail of the pancress was not
wmvolved The adrenal gland on the right side was almost identical 1n size,
color and lustologic appearance 10 that on the left, which had been semoved
at operauon  Sections were exsmined by several pathologists; the reports
were mnﬂ:cung, howcvcr, both adrenal cortices were extensively hyperplastc,
and app argse dently from the head of the pan.
creas  There is no reasonable doubt that the symptoms of vinhsm in this
case were the result of the hyperplasia of the adrenal glands Because of
the normal appearance of the tail of the pancreas it is unlikely that the car.
anomatous involvement of the head of the pancreas in itself was responsible
for the diabetes The termmal hypoglycemia may have been the result of
hepatic msufficiency.

ADDISON’S DISEASE

That the value for the blood sugar s low 1n Addison’s disease
has long been known. It was commented on by Parges i 1910
Duabetes thus would not be expected in this disease, and so far
as I am informed it has not been observed.
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CHAPTER XVII

COMPLICATING DISORDERS OF THE EYES IN
DIABETES

‘The ocular complications of diabetes are a cause of increasing
concern. In more than 2000 cases of diabetes observed by Waite
and Beetham the incidence of the more important ocular comph-
cations was as follows: wrinkles of the postertor cornea, 26 per
cent; weakness of accommedation, 21 per cent; retinitis, 18 per
cent; cataracts (all), 6 5 per cent, and “floccult cataract” of juve-
nile diabetes, o5 per cent.

WRINKLES OF THE CORNEA

The frequency of arcus of the cornea was no greater in the
dhabetic than in the nondiabetic eyes studied by Waite and
Beetham, but a striling difference was found in the occurrence
of wninkling of Descemet’s membrane as determined by examina-
tron with the shit-lamp and corneal microscope  This abnormality
was present 1 26 per cent of the diabetics and 1n only 105 per
cent of 914 eyes of nondiabetics It seemed not to be correlated
with the blood sugar level, the dose of msulin or the intra-orbital
pressure, but frequently was associated with arteriosclerosis and
retinitis. It occurred in 60 per cent of pattents with gangrene
and 1n 51 per cent of those with deep retinal hemorrhages The

lesion 15 of relatively minor sigmficance, causing little 1f any
disturbance of vision,

WEAKNESS OF ACCOMMODATION AND TRANSITORY
REFRACTIVE CHANGES

The transitory visual disturbances so frequently encountered
when patients with uncontrolled diabetes are first treated have
been considered under “Insulin presbyopia” (see p. g8). Sum-
tlar Joss of power of accommodation 15 observed by patients at
the onset of their disease, 1f the onset 1s acute The degree of
the disturbance depends on the age of the patient; it 1s shght in
youth and greater as the age of normal presbyopia 1s approached

211
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CHAPTER XVIL

COMPLICATING DISORDERS OF THE EYES IN
DIABETES

‘The ocular complications of diabetes are a cause of increasing
concern. In more than 2000 cases of drabetes observed by Waite
and Beetham the incidence of the more important ocular complt-
cations was as follows: wrinkles of the posterior cornea, 26 per
cent; weakness of accommodation, 21 per cent, retimus, 18 per
cent; cataracts (all), 6.5 per cent, and "“flocculi cataract” of juve-
nile diabetes, o per cent.

WRINKLES OF THE CORNEA

The frequency of arcus of the cornea was no greater 1n the
diabetic than in the nondiabetic eyes studied by Waite and
Beetham, but a striking difference was found mn the occurrence
of wrinkling of Descemet’s membrane as determined by examina-
tron with the shit-lamp and corneal microscope. This abnormality
was present 1n 26 per cent of the diabetics and in only 10.5 per
cent of g14 eyes of nondiabetics It seemed not to be correlated
with the blood sugar level, the dose of msulin or the intra-orbtal
pressure, but frequently was associated with arteriosclerosts and
retmitts, It occurred in 6o per cent of patients with gangrene
and in 51 per cent of those with deep retinal hemorrhages The
leston 15 of relatively minor significance, causing little 1f any
disturbance of vision.

‘WEAKNESS OF ACCOMMODATION AND TRANSITORY
REFRACTIVE CHANGES

The transitory visual disturbances so frequently encountered
when patients with uncontrolled diabetes are first treated have
been considered under “Insulin presbyopia” (see p 98) Sim-
ilar loss of power of accommeodation 1s observed by patients at
the onset of their disease, 1f the onset is acute. The degree of
the disturbance depends on the age of the patient; it 1s shight in
youth and greater as the age of normal presbyopia is approached
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The difficulty, as ¥ previously mentioned, seems to reside inaks
of elasticity of the lens, which in turn probably is dependente
shifts of osmouc conditions, Anoather explanation, suggested s
Waite and Beetham, is that excessive deposits of glycogen intie
pigment epithelium of the ciliary badies hampers the movents
of the intrinsic muscles, The Frequency of occurrence 1 b
ably greater than that indicated by the figure 21 per cent gna
by Waite and Beetham, 1 suggest that the disturbance depend
entirely on rapidly developing or rapidly receding imcnsxlf‘f{
diabetic abnormalities, and that if looked for at the right umei
would be found in some degree in 100 per cent of alt casesdl
intense diabetes,

RETINAL LESIONS

Occasional medical writers have objected to the term ‘Tt
Imitis” as used to designate the lesions of the fundus Of ‘he--“:
characteristic of diabetes, preferring to call the condition "t
inosis or Tetinomalacia,” on the score of its not being inflamms
tory. 1 am inclined, howes er, to agree with Barkan .and Gn!!
that there is ng goed reason, since the pathogenesis is not ‘]f[
setiled, for discontinuing to use the Iamilar term "dished
retinitis.” i1l diabeies

Diabetic vetinites,The retinitis of some patients witl dﬂbm:
who suffer also from hypertension may depend entirely ot Ed}
latter disease, Constriction and sclerosis of the arteriols }‘nﬂm
superficial cotton-wop] patches and hemorrhages with or Wit :ﬁ
edema are seen. This picture differs in no way from m:; &
countered in severa hypertensive disease not associated W et
abetes? Wagener, Dry and 1 found such a lesion in 1.1 Pfr6 T
9k 1,052 consecutive cases of diabetes In an additional 16/ ‘P(:s
cent of these cases, however, in which hypertension 4as Ormch
Nt present, the reting] Iesions encountered were of a type ™ £
is 50 characteristic of diabetes that experienced observess e
quently are able (g recogruze the existence of diabetes fro;ﬂ ioft
appearance of the eye grounds alone, In many cases the I

srom ¥
Much o8 what follows tn thus duseussion of retinlus 19 xeproduced s
PAaper published Jjomtly by Wapena- nee 3 T e et em e 20
TOnsecutne cases of izbetes PR . ' b

opithalmologistain almos a1t T
lesion extends back 1o 5 Study



haracteristic of diabetes is superimposed on that atiributable to
1ypertension.

The lesion of the retina characteristic of diabetes seems to
yrogress through successive phases in the development of some
ommon underlying disturbance. ‘The earliest and mildest phase
s attended with the appearance of tiny punctate hemorrhages
ituated usually in the vicinity of dilated terminal vessels in the
region of the macula. These hemorrhages are deep in the retina;
herefore, they are almost always round. At a later but still early
tage 1n the development of the retinal disease a few shiny punc-
ate exudates are seen, which also apparently e in the deeper
layers of the retina, above or below the macula, These exudates
almost always are 1n association with the round hemorrhages
described 2 At this stage the picture is typical of what Hirschberg
called “central punctate reumnitis,” However, as the lesion
progresses similar exudates and hemorrhages appear in any part
of the retina; the exudates coalesce and m the macular region
may fuse into large necrotic-looking plaques that seriously inter-
fere with vision; larger hemorrhages of irregular form also are
seen.

In some cases, in which the general picture 15 the same as that
described, more edematous and superficrally situated exudates
are seen. At trmes these are rdentscal in appearance with the
cotton-wool patches of hypertensive retnitis, and like them lie in
the nerve fiber layer of the retina; in many cases they probably
are dependent on a complicating hypertension with angiospasm,
but in others, in which they are more deeply situated, more yel-
lowtsh in color and more chronic in appearance than the cotton-
wool patch typical of hypertension, they may be independent of
hypertensive disease.

In these vareties of retinal lesions (the punctate hemorrhagic
lesion, the leston consisting of hemorrhages with punctate exu-
dates, and the lesion consisting of hemmorrhages with both punctate
and cotton-wool like exudates) the arteries usually appear normal
or at most give evidence of a moderate degree of sclerosis. On
the other hand, the veins usually are smldly dilated. In a certain
number of cases marked abnormality is observed in the veins;

*Waste and Beethans described waxy exudates as occurming independently In
our expenence hemorrhages almost always accompany these, and m the smuldest
Torm of the lesion occur without them

18
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this is different apparently from that seen in any other disease,
although resembling somewhat the lesion of the retina produced
by tuberculosis and syphilis, The veins are dilated; in some the
dilatation is nodular with-intervening constrictions suggestive of
the presence of thrombi. Segments of a vein may be ensheathed
in a layer of heavy grayish-yellow exudate and other segments may
be obliterated  Unusually farge hemorrhages are also found with
this marked disease of the veins and rather commonly hemot-
rhages occur into the vitreous. As a result of, or as 2 sequel to,
the latter, bands of scar tissue form and new vessels proliferate
into the vitreons, giving nise to a picture of retinitis proliferans
which resembles that described in tuberculosis and syphilis. Con-
wraction of the bands of scar tissue may cause detachment of the
retina, This is the most serions type of retinitis found with
diabetes. It always arouses a suspicion of retnal tuberculosis
but since all transitional stages can be observed from the typical
retinitis described by Hirschberg, throngh the stage of mild ab-
normalities of the veins to the terminal picture of retinitis pro-
Iiferans, among patients who give no other evidence of syphilis
or tuberculosis, the severe lesion in question seems to be e
terminal stage of a pathologic condition primarily of diabetic
origin.

In the study made with Wagener and Dry hemorrhagic lesions
of the retina, charactenstic of so-calied diabetic retinitis, were
found, as stated, 1 175, or 16.6 per cent, of the 1,052 conseCULIve
cases of diabetes. In fifty-eight of these 175 cases the Jesion cor
sisted of deep hemorrhages alone, in another eighty-eight cases exie
dates were present, and in the remaining tenty-nine gross disease
of the veins exsted with or without proliferation. The lesions o
curred predominantly among patients who were move than forty
years of age and 1n cases 1n which the diabetes was comp]imlcd
by hypertension, arteriosclerosis or nephritis, but in twcm)'-dll“‘
cases no other evidence of vascular disease except the retinal
hemorrhages could be found. In the absence of other vasculat
disease, the retinitis usually was mild and consisted of deep yound
hemorrhages alone or of hemorrhages with small deep exudates,
but the existence of such cases suggests the primary dcpcndt‘““
of diabetic retmitis on some diabetic abnormality of raetabotism

However, there was no corrclation between the occurrence ot
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intensity of retinitis and the severity of the diabetes or the effec-
tiveness of its control, either in the series of cases studied by
Waite and Beetham or 1n our series The only evident correla-
tion was with the duration of the diabetes In our series, sixty-six
of thespatients who had retimtis were examined two or more
times over successive years, and progression of the lesion was noted
1n thirty-seven.

Sausfactory treatment for diabetic retimtis is yet to be found.
The lesions in question seem not to be affected favorably or un-
favorably by the use of insulin or by the degtree of control of the
concentration of the blood sugar  However, I recently have enter-
tained the suspicron that attacks of hypoglycemia from overdoses
of insulin may provoke hemorrhage of retrnal vessels, just as they
are known to be followed by multiple hemorrhages of the bramn.
The coagulatron factors of the blood and the fragility of the cap-
illaries of the skin have not been abnormal; nevertheless, the
pature of the lesion 1s suggestive of some type of hemorrhagic
disturbance, possibly dependent on a structural abnormality of
the retinal veins  In consequence, we have resorted to treatment
with moccasin venom, as described by Watkins, which has been
shown to be of benefit in other hemorrhagic conditions. The
results of this treatment have been encouraging In other cases
we have given large (200 mg.) daily doses of ascorbic acid, to-
gether with several ounces of lemon juice. In cases 3n which there
was much exudation we also have administered potassium iodide

Lipema retinalis —In dabetic acidosts of long duration, and
rarely otherwise, the fat content of the blood may rise to very
high values—from 4 to 12 per cent, or more Under such cr-
cumstances the retina pales and the vetns and arteries are salmon

*Myhus found normal blood pressure in fifteen of his fifty-nme cases of
diabetic retrutis  He also expressed the opimon that the essenual abnormality 1

the production of hemorrhage and evudation 55 primanly a disease of the retinal
vens  Barkan and Gray suggested that the early pin-pomnt, deep-seated hemor-
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colored instead of red. They may even appear white. There is
no close correlation between the appearance of the retina and the
amount of fat in the blood; the former depends to some extent
on the degree of dispersion of the fat. The explanation for the
appearance of the vessels of the retina, according to Heinegis that
the droplets of fat in the blood tend to accumulate close to the
walls of the arteries and veins, leaving the erythrocytes in the
axial stream. Diabetic xanthomatosis frequently is associated.
The hopeless prognosis formerly attached to lipemia retinalis is
no longer justified. Among the 108 cases of diabetic coma re-
ported from my service by Baker, the condition was present in
seven and in six of the seven cases the patients recovered. Inten
cases reported by Root six of the patients were living or had
survived the occurrence of the abnormality for many years. The
prognosis from the standpoint of the eyes is good; with control
of the acidosss the lipemia usually subsides within 2 few days,
and the retina resumes a normal appearance.

CATARACT

The inadence of the common variety of senile cataract found
by Waite and Beetham in their series of diabetic patients was
6 per cent; it was somewhat less than that for the nondiabetic
patients examined. The experience in The Mayo Clinic, I bC.'
lieve, is similar. The diagnosis of cataract depends on an arbi-
trary decision as to what degree of lenticular opacity constitutes
a cataract  Consequently, comparison of statistics obtained b'Y
different observers is impossible. In the year 1937 the diagnosis
of cataract was made in only twentysix (2.2 per cent) of the
1,184 cases of diabetes encountered at the clinic. Operation W&
performed in only fifteen of these. The senile cataract of drabetic
patients differs in no way from that encountered among non:
diabetic persons.

®Carey and Hunt, analyzing thirteen cataractous lenses from
normal lenses, and thirty lenses from ds
phosphorus content of the cataractous lenses of the diabetics to be much “?’,f:
than that of the normal lenses or cataractous lenses of nondiabetic persons um
average values were 62, 165 and 197 mg per cent respectvely. The ﬂlﬂm
content of the dibetic and nondiabetic cataractous lenses was about the ST
although about three tmes that of the normal lenses from normal
Whether the difference 1n phosphorus content and the correspondingly

)! 10 15

of the cataract in the diabetic lcm.S e

drabetics, te
s found the

the lens as such, 18 not clear, since normal lenses from diabetc indundusl
not examined
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Another rare form of cataract which is peculiar to diabetes,
which Duke-Elder has ealled “true drabetic cataract” and which
Waite and Beetham referred to as “Roccull cataract,” is charac-
tertzed by rapidly developing sub vacuolar d
of the lens It occurs among young people with severe diabetes
and often 1s reversible with control of the diabetes. This true
diabetic cataract 1s rare, even more so than is suggested by the
figure o 5 per cent given by Waite and Beetham. Using the slit-
lamp and corneal microscope in their study, they presumably
found many cases in which interference with vision was too little
to attract attention otherwise, This type of lesion was encoun-
tered only six imes by von Noorden in his enormous experience
with diabetes (von Noorden and Isaac), and I can recall only a
very few mstances of 1t, 211 of them occurring in children or young
adults. The case of a child eleven months of age reported by
Major and Curran is that of the youngest pattent on record,

If the occurrence of hypoglycerma (tnsulin reaction) is
avoided during the period of postoperative convalescence, the
operative treatment of cataract carries no greater risk in the pres-
ence of diabetes than usual. An insulin reaction, occurning before
the wound of the irs has healed, may provoke bleeding into the
anterior chamber or extrusion of the vitreous humor and detach-
ment of the retina. Because of this danger, 1t 15 safer to treat
these patients for 2 week after operation, without nsulin, if this
can be done, otherwise with only enough msulin to prevent gross
glycosuria and acidosis. Hyperglycemia or moderate glycosuria
does not delay the healing of the irs and sclera.

1 ion

DEPIGMENTATION OF THE IRIS

Waite and Beetham, examimng routinely without selection
4,001 eyes of diabetic patients in the New England Deaconess
Hospital, found 258 or about 6 per cent with evidence of depig-
mentation of the 1ris In a series of 914 eyes of nondiabetics only
2 per cent were similarly affected. The abnormality has not been

The conclusion of Waite and Beetham that serule cataract 1s no more common
10 diabetic than in nondiabetic persons is opposed to cortan other reports. Mach
o
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observed in patients treated at The Mayo Clinic with relatively
high fat diets. That it may depend on a deficient intake of car
riers of vitamin A (butter and cream) is suggested by the work
of Ralli, Gresser and Flaum, who found that changes of this type
developed 1n depancreatectomized dogs when the diet was low
1 vitamin A, but not otherwise.

AMBLYOPIA AND OPTIC ATROPHY

De Schweinitz and Fewell called attention to an unusual sus:
ceptibihty of diabetics to tobacco amblyopia and Waite and
Beetham, using tangent screen measurements, discovered such
amblyopia in fourteen of their series of cases of diabetes. The
defect starts as an enlargement of the normal blind spot, espe
cally for green and red. As it progresses, it extends to the macult
so that reading viston, which at first is unaffected, later is involved
It is thought that the toxic agents responsible “poison the retinal
ganglion cells, rather than the fibers of the optic nerve jtself”
Carroll in particular has emphasized the importance of nutritconal
deficiency 1n producing tobacco and alcohol amblyapia. In seved
of a senes of eight cases improvement in vision was obtained by
giving yeast and an adequate diet, although the patients continued
to consume their customary amounts of alcohol and tobaceo
"The prognosis in amblyopia of this type is good if the patent
will omit tobacco and alcohol, provided optic atrophy has 2
already set . Free elimination by bowel, bladder and sweat
glands, and the use of thiamin chloride as well as yeast ar¢ mde
cated  Sedatives may be given at first to tide the paticnt ovﬂ';
very difficult period. Unusually rapid recovery has been observe
after administration of the pancreanc tissue extract, padut”
(B. P. C).

Wolfram and Wagener described the occurrence 0
optic atrophy in four diabetic siblings on our service.
tients were children, two boys and two girls with ages ! g
from seven to fifteen years. There was no other famll)"h““fry
poor vision and, except for one paternal aunt, no family };’““:z
of diabetes. The diabetes preceded the onset of noticeable @
of vision in three of the four children, but in the fourth l“'C op
atrophy came first. The diets had been grossly deficent 10 v;]t]ﬂ
mins, but four other children of the same family, presu™® d
receiving similar food, had remained passably healthy-

£ simple
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The abnormalities of thc nervous system which occur with
freq to be ‘considered true complications of di-
abetes are affective disorders, encountered 1n cases of severe or
moderately severe diabetes in which the patients are not under
treatment, lesions of the peripheral nerves (nerve trunks and
spinal cord) , which give rise to the symptoms and signs commonly
diagnosed as diabetic neuritis, and cerebrovascular acadents re-
sulting from hemorrhage or thrombosis of sclerotic arterzes.

AFFECTIVE DISORDERS

The mentality and emotional tone of patients with severe,
uncontrolled diabetes frequently are disturbed In 1ts mulder
form this complication manufests itself in psychic languor, loss of
memory and will, depression and resistance to the suggestion that
treatment will be helpful When present, it mtensifies the ob-
jection to the use of insulin, which so frequently 1s encountered
with new patients even when they possess thetrr normal mental
faculties. The disturbance adds greatly to the difficulty of im-
parting instruction; indeed, because of 1t instruction of the patient
is best postponed until treatment has been instituted and the
mentahty has improved One then is frequently surprised to
find that a man or woman who seemed to be stupid and stubborn
has turned into an alert optimust, eager to learn and full of
courage.

The usually rapid response of this disorder to the treatment
of the diabetes establishes its dependence on the abnormal metab-
olism and disturbed osmotic relationships of the untreated disease
Once they are corrected the normal psyche is restored, just as the
removal of the responsible etiologic factor 1s followed by relief
1n toxic psychosis of other ongin.

Much less common is a more severe psychosis characterized
by intense melancholia and leading possibly to suicide, The older
French writers on_ diabetes regarded the “délire de ruine™ as
charactenstic of this diabetic msanity, “vésanie diabétique.” The
patients believe they have lost their fortunes and are faced with
financial ruin. The condition certainly is extremely rare. Its
occurrence usually is limited to middle-aged patients and its 1n-
frequency prompted von Noorden and Isaac to regard it as an
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involutional psychosis and to consider its association with diabetes
as coincidence.

DIABETIC NEURITIS

The frequency with which peripheral pain, disturbance of
reflexes and loss of the motor power of muscles are encountered
in cases of diabetes at once establishes a relationship to diabetes
of the disorders responsible for these disturbances. Woltman and
I found peripheral pain recorded in the routine histories of 10
per cent of 2000 consecutive cases of diabetes In thirty-three
cases anesthesta was recorded, in ninety-two paresthesia was pres-
ent, and n an additional sixtysix the patients complained of
numbness of the feet  There also were ten trophic nlcers typical
of the so-called mal perforant. Jordan (1936), in 2 much more
intensive study of the neurologic symptoms of 461 patients ex-
amuined in the Joslin umt of the New England Deaconess Hos-
pital found that 45.§ per cent had diminished or absent patellar
reflexes. He quoted Bouchard, who, in the year 1884, found the
knee jerks absent in 28.5 per cent of cases of diabetes, as well as
Severinghaus, who in 1931 recorded pain in 49 per cent and re-
duced reflexes in 573 per cent of diabetic patients especially
examined for these abnormalities.

In addition to pain, changes in reflexes, anesthesia and par-
esthesia, the symptoms and signs encountered in diabetic neuritis
are tenderness of nerves, paralysis of individual muscles, including
the extrinsic and 1ntrinsic muscles of the eyes and the muscles of
the bladder and rectum. However, in contrast to many other
forms of neuritis, the sensory disturbances predominate and
paresis and paralysts are complained of infrequently. At least
Woltman and I found the complaint of motor weakness recorded
in only twentynine of the 2,000 diabetic histories we reviewed,
and in this group of cases the muscles innervated by the peroneal

£ Von Noorden and Isiac commenced thac the patients aifected with this du-
order are usually Tich men, and cited three examples of the condition n exch of
which the patient, believing himself to be faced with ﬁn]an‘ual ruln: had x:xb-
sected hus famuly to unaccusto R
cases that might be classifiec . . .
physician with relatively mild L
aal reverse n connection wi .
Jucrauve practice, the affecty .. . .
Controlling his diabetes was . -
prevent his death by surade.
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nerve were most frequently involved, leading to the foot drop of
so-called crossed-leg paralysis described by Woltman.*

‘What constitutes diabetic neuritiss Woltman and I empha-
sized the importance of distinguishing between the pain fre-
quently complained of by dehydrated patients of all ages 1n
diabetrc acidosts and the neurologic abnormalities encountered 1n
cases in which the diabetes was under control. The former type
of pain rapidly disappears on restoration of the balance of water
and salt, the latter is affected only slowly, if at all, by the treat-
ment of the diabetes. We also distinguished between the chronic
neurits, typical of treated drabetes, and the areflexia which was
observed with great frequency among patients of all ages in the
era before the discovery of msulm. Diabetic patients in those
days often were cachectic and the areflexia of those who survived
to benefit from insulin disappeared in many cases as the nutrition
of the patents improved. The diabetic neuritis encountered to-
day occurs for the most part among patients past fifty years of
age and very rarely mndeed among the very young who have re-
cewved adequate treatment It 15 not related i severity to the
ntensity of the diabetes or the dose of insulin required for con-
trol, and 1t almost always 1s associated with extensive vascular
disease.®

“Muscular paralysis or paresis was found in z larger percentage of the cases
studied by Jordan (1936) and the group of muscles inervated by the peroneal
nerve was mvolved in not more than half of them The quadriceps feraons muscle
was affected in twenty-one cases, and 1n three there was weakness of some growp of
muscles of the arm  Paresis of the external ocular muscles, not attnbutable to
apoplexy, was noted 1n thiec cases reported by Root (1gz2, January, 1938) and
one reported by Jordan (1936), who quoted Collier as commentsng on the frequency
of this association
* For reasons that are not explaned to my sausfaction, Jordan (1936) divided

it BUSULE Wete controlleu  OF the thirty-tour cases placed by Jordan i this
category, debydration was present in ten and acidoss 1 nine. The remamder [
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) Diabetc pseudotabes.—Oceasionally various sensory and motor
disturbances are so associated in the same case that the clinical
prcture bears some resemblance to tabes dorsalis.® A true Argylt
Robertson pupil (fixed to light, reacting to distance, dilating only
partiall}: and tn some cases even contracting on administration of
mydriatics) was noted in five of Jordan's (1936) cases; more
frequently the reaction is sluggish both to light and distance.
Weakness of the bladder with urinary incontinence or retention
or both also may occur and at least moderate trabeculation of the
bladder was found i two of seven such cases studied by Jordan
and Crabtree. Various names have been ‘applied to this conds-
tion: polyneuritis diabetica, tabes diabetica and pseudotabes di-
abetica. Four cases with sufficiently disseminated abnormalities
to justify the diagnosis were included in the 2,000 cases of diabetes
I reviewed with Woltman. The essential features in one of these
were as follows:

The patent, a farmer aged fifty-five years, had suffered from diabetes
for fifteen years without adequate treatment. For one year he had bad pain
1n hus legs, numbness of the feet and epigastric pdin associated with a feeling
of fullness (distenton pain). The pamn in his legs was sharp and darting:
usually it was most severe between 5 and g am. It was relieved rather than
exacerbated by exerase and was aggravated by changes in the weather. The
mner side of the thighs and the knees were hypersensitive, as was also the
skin of the upper part of the abdomen. There was no history of venereal
infection, the Wassermann test was performed several times with negative
response, and the data obtaned by spinal puncture were negative, except
for a posiive Nonne test The blood pressure was 150 mm of mercury sys-
toltc and go diastolic. Mild diabetic reunitis of the central punctate type
was found and the T wave in lead I of the electrocardiogram was inverted.
The unne contained 4 2 per cent of sugar, but no acetone. A value for the
blood sugar was o.280 gm. per 100 c¢. The pupillary reflexes were normal,
but the tendon reflexes of the left upper extremity were dimmshed, the
patellar reflexes were obrained only on reinforcement and those of the
Achilles tendons were absent The calves of the legs were tender to pres-
sure, senstility for touch, pamn and temperature was slightly decreased over
the feet, and sensibility to pain was delayed, also the vibratory sensibility at
the malleolt was reduced The nervous signs and symptoms were not affected
by ling the hyp although later porary relief
from the pain followed resort to an exclusive milk diet ehiewhere, A year
later the patient contracted erysipelas of the face and died .

Necropsy included examunation of the spimal cord and peripheral nerves.
The cord and nerve roots showed nothing that migfft be regarded as abnor
mal, considering the age of the pauent. In the peripheral nerves, however,
rather marked degeneration was found, associated with thickening of the

walls of the nutrent artenes
+ An artile by Major provides a complete discussion of this aubyect
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Pathologic anatomy—~The pathologic examination of the
nerves in this and nine other cases of diabetes led Woltman and
me to conclude that the most significant Jesions in diabetic neu-
ritis are in the nerve trunks, that these consist of patchy areas of
degeneration, more marked distally and associated with thicken-
ing of the walls of the nutrrent vessels, and therefore, that arterio-
sclerosts of the nutrient vessels of the nerves, and the ischemta
resulting therefrom, probably play a leading part in the produc-
tion of diabetic neuritis.

Pryce and Rimbaud also have been impressed by the im-
portance of arteriosclerosts in diabetic neuritis, and Jordan, Ran-
dall and Bloor were led to support this view. The chemical
studies by the latrer of the hipid constituents of nerves yielded
information of great mterest. The findings in brief were that
the phospholipid, cholesterol and cerebroside values in the nerves
of diabetics were significantly smaller than the average values
obtained in nerves of normal persons, that the values were lower
among diabetic pautents with areflexia than for those with normal
reflexes, lower in distal nerves than m proximal nerves and
progressively lIower the more marked the associated vascular dis
ease  The effect of the severtty, duration and control of the
diabetes was slight or vitiated by other factors

At present I am not entirely satisfied with the answer that
arteriosclerosis is the principal cause of diabetic neuritis. There
is good reason to believe that neither glycosuria nor acidosis plays
a primary rile, and in most cases none of the usual causes of
neuritis can be discovered Hovwever, the extent of the degenera-
tton seen in the nerves is by no means proportional to the degree
of thickening of the walls of the nutrient artertes, and Jordan,
Randall and Bloor found occasionally marked variatton in the
lipid content of the nerves which was unexplainable on the basis
of the vascular or other known features of the diabetes. Also, 1f
arteriosclerosis per se were the principal cause, why is this type of
neurtis, with its characteristic darting pains occurring at night
and relieved by exercise, not encountered more frequently in

d ic patients with obliterating arteriosclerosis in which
the crreulation is equally or more impaired?” An mteresung cor-

Do eita -
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relation has been noted in the cases of neuritis, in the clinic,
namely, that nearly always neuritis was associated with retinitis
Also in the study of retinitis referred to elsewhere clear evidence
of neuropathy was found in 25 per cent of cases of diabetes with
hemorrhagic lesions of the retina. It existed in only 8 per cent
of a contyol series of diabetics withont retinizis. The primary
disturbance in retinitss seems to be one of the terminal veins
and possibly lesions like those observed in the retina of diabetics
also occur in the veins of the nerves. The subject of diabetic
neuritis demands examination of more histologic material from
cases intensively studied during life before a final conclusion can
be made as to its pathogenesis.

Diagnosis ~The differential diagnosis of diabetic neuritis must
include the ruling out of the combined sclerosis of pernicious
anemua, tumor of the spinal cord and pressure on the cord from
protruded ntervertebral disk. In The Mayo Clinic pernicious
anentia in 1937 was encountered six times among 1,184 diabetic
patients and Root (Apnl, 1933) has reported seventy-nine cases
of it in the diabetic material of the Deaconess Hospital. Wole-
man and I from our study of three spinal cords of patients with
diabetic neuritis were unable to agree with Sandmeyer and others,
who stated that the degeneration of the spinal cord in diabetic
neuritis 1 of the type seen in pernicious anemia. We found such
lesions in five cases m which the two diseases, pernicious anemia
and duabetes, were combined, but not in the spinal cords of pa-
tients with diabetic neuritis. The classical feature in diabetic
neuritis, except for the paresthesia, is quite unlike that of the
subacate combined degeneration of pernicious anemia, Ataxia
is uncommon in dizbetic neuritis, and if it exists, multiple other
signs and symptoms, unusual for pernicions anemia, also will
have developed. .

A diabetic patient with a cord tumor, in a case desmbed‘ by
Root (19g7) . seemed to have severe neuritis; however, typical
Waltmatt and me or by Priestley There also swas .’fﬁ?i‘: ﬁf:e}ﬁ:;o{;l eb;t;::n
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Ol.her therapeutic measures that have scemed beneficial in our
experience include the administration of theobromine or its de-
rivatives in large doses. and treatment with sodium chioride. We
have given 10 to 15 grains (0.65 to 1 gm.) of theobromine with
equal amounts of sodium bicarbonate four times a day. In some
cases the oral administration of go gm. or more of sodium chloride,
as proposed by Sandstead and Beams has provided dramatic re-
sults; in other cases this much salt has provoked such diarrhea
that we could not continue using it. The procedure is sull sub
judice, and for its description the reader is referred to the article
of the authors responstble for the suggestion.

Prophylaxis of diabetic neuritis demands the prescription of
diets adequate int all respects and especially in the antineuritic
vitamin, as well as the advice to avoid exposure to lead and other
neuritis provoking substances, also moderation in the use of
alcohol and tobacco. The nerves should be protected from
injury. Paralysis from bed pressure may occur among patients
long confined to bed, crutch paralysis must be guarded against
after amputation of a leg, and all patients with diabetes should
be warned against sitting with the legs crossed, to avoid injury
1o the p 1 nerves and conseq foot drop.

CEREBROVASCULAR ACCIDENT
The incidence of hemorrhage and thrombosis of the cerebral
vessels seems to be no higher among diabetic patients than would
be expected in corresponding age groups of the nondrabetic popu-
lation. ‘This is contrary to experience with arteriosclerotic
gangrene and coronary occlusion. The age of diabetic individuals

4 Tatar kv Seclounoff and Broccard, has not been apparent
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similar capillaries in the skin affected with rubeosis, combined
with an abnormal transparency of the epidermis account for the
color. Under treatment the tone of the capillaries increases and
the coloration of the skin disappears (von Noorden and Isaac).
Association of rubeosis with the xanthosis, to be described later,
imparts the “peaches and cream” complexion which so frequently
is seen in the presence of neglected diabetes among young per-
sons, and sometimes is mistaken for a bloom of health.

XANTHOSIS

Von Noorden likewise was first to call attention to a yellowish
dermal discoloration of the skin frequent in diabetes (von Neor-
den and Isaac). He thought that it was a manifestation of dia-
betes and therefore called 1t diabetic xanthosis However, Salo-
mon, in 1919, recognized the depend of the pig ion
on the intake of pigmented foods, such as vegetables, fruits, butter
and eggs, and that the condition in diabetic patients was not
dissimilar to the pseudo-icterus which Moro in 1908 had described
as developing in nondiabetic children when carrats were added
to their diets Furthermore, Salomon demonstrated that the
pigments, found by van den Bergh and Snapper in the blood of
diabetic patients with yellow skin and spectroscopically identified
by them as plant pigment, also could be found in the skin of
nondiabetics, both with and without accompanying discoloration
of the skin. He applied the term “xanthemia” to the circulaiion
of pigments in the blood and the term "xanthosis™ to their
deposition 1n the skin, and recognized that xanthemia could
occur in the absence of apparent xanthosis but that xanthosis

always is accompanied by xanthemra.!
The yellow pigmentation of the skin known as xanthosis, or

 Bibliographuc references and excellent reviews on the subject of santhemta
and xanthos:s are to be found n papers by van den Bergh 2nd Muller (1920), Palmer
(1920), Greene and Blackford (1g20), Stoner (1928) and Stannus (192g), alt of

them cited by Boeck and Yater .

The terms “carotenemua® (carottnosis) of Hess and Myers (1g19) and “caro-
tenons” (carotinosis) of Moro (1908) and Miura (1917) are unsamsfaciory.
Althoueh the chief yellow lipochromme present 1 the blood serum bas been xg‘z‘nd

pigments.
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has there been any clear correlation between the presence or de-
gree of xanthemia and the lipoid content of the blood except in
cases of acidosis with marked lipemia.

That xanthemia and xanthosis, in patients with diabetes, are
not strictly related to diabetic abnormalities of metabolism was
shown by Boeck and Yater, who found xanthemia in all of twenty-
two patients with renal disease, in thirteen of nineteen patients
witfx hepatic disease, and in sixteen of twenty-three other hospital
patients selected at random. As was stated, xanthosis was present
in nine of the 100 patients with diabetes. It was also found in
two of the patients with renal disease and in one of the other
nondizbetic patients.

The presence of xanthosis, although it does not affect the
course of diabetes or the health of patients, is sometimes of suffi-
cient intensity to cause embarrassment. The treatment of the
condition depends on restricting the intake of pigmented fruits
and vegetables. It rarely is y to limit the intake of eggs
and butter. These restrictions necessitate provision of vitamins
in the form of concentrates—brewers’ yeast, thiamin chloride,
a vitamin A concentrate—and separate administration of calcium

and iron.
XANTHOMATOSIS

It is somewhat questionable to my mind whether there is
justification for disnguishing a diabetic type of xanthoma. This
lesion, as scen in cases of diabetes, is a symptom of hyperlipoid-
emia and, in addition to occutring with diabetic hyperlipoidemia,
is encountered with hyperlipoidemia in biliary cirrhosis and in
cases of so-called essential hyperlipoidemia, It is a tuberous
xanthoma predominantly situated on extensor surfaces, as dis-
tinguished from the di i variety usually found on flexural
surfaces,® 2 yellow or salmon-colored, shotty nodule, from one to

4 return of the readings to near normal After the dose of vitamin was discon-
unued rapid regression occurred The findings substantiated the previous condu-
stons of others that diabetics are less able than normal persons to convert carotene

o vitamin A . e b
*For excellent discussions of this subject the reader is referred to articles by

e and and and ou«berg.'hs!

than the tuberous form of is the so-called form

This 1« ular lesions of the skin which predomi-

is is characterized by muluple fine pap
::;‘: on fexural .!urfacycs, but also, in contrast to xanthoma tubesosgm involve
roucaus membraney and at tumes bone, with encroachment on the pitustary body
nd the brain (HandSchilller-Chinstian syndrome). In eontrast 1o the tuberous
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but without diabetes, is in the greater rapidity with which the
lesions sometimes develop and under treatment disappear. Cuta-
neous xanthomatosis probably is no more common among diabetic
than among nondiabetic patients. It was recorded in only eleven
of Joslin’s many diabetic patients, and I think this number would
about represent the frequency of the condition in our experience.
Only five instances of xanthoma diabeticorum were found by von
Noorden in his enormous number of cases of diabetes (von
Noorden and Isaac), and Major noted only eighty genuine cases
1n the literature,

In diabetic xanthomatosis the diabetes usually is severe, with
recurring episodes of acidosis; 1n my experience it always has been
assoctated with hyperlipoidemia. In Joslin's cases in which values
for plasma cholesterol were obtained the values were grossly ab-
normal in all but one case, varymng from 0.344 to 1.600 gm. per
100 cc. Treatment with insulin in cases in which the hyper-
lipordemia depends an uncontrolled diabetes and acidosis may
effect involution and disappearance of the xanthomas in a few
weeks. The patient, however, should be watched for recurrence
and should be given a diet low in animal fat (sce p. 120). The
low fat diet is recommended less because of any harm from
recurrence of the lesions of the skin than because of the frequency
with which severe grades of atherosclerosis have been encountered
in other forms of severe hyperlipoidemia.

NECROBIOSIS LIPOIDICA DIABETICORUM

A cutancous leston which promises to appear among diabetic
patients more frequently than santhoma is necrobiosis lipoidica
diabeticorum. This condition develops predominantly in cases
of diabetes, It was first described in 1929 by Oppenheim and
received this name in 1932 from Urbach. My associates, Hilde-
brand, Montgomery and Rynearson studied eight cases; the first
seven were seen in a pertod of two and a half years, among ap-
proximately gooo diabetic patients A complete bibliography of
the subject is given n their paper. .

The lestons of necrobiosis lipoidica diabeticorum traverse
several phases. Initially, 2 reddish papule appears,  to § mm. In
diameter. This very slowly increases in size, becoming vmlacfcus
and later is transformed into a raised, firm, yellowish or applejelly

P
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colored plaque with a waxy surface several millimeters or 1 or 2
cm. in diameter. The plaque softens in the center and may ulcer-
ate. It ultlmately gives way to a flattened atrophic lesion several
centi ind ur ded by a red or viol region
of infiltration. Such lesions are single or multsple and are seen
in various stages of development, The common sites are on the
legs below the knees, although cases have been reported in which
they have been situated on the arms, hands, trunk and face. New
lesions appear, grow very slowly and ultimately seem to reach a
quiescent stage; they do not progress indefinitely but do not heal,
despite rigtd diabetic control, They differ from xanthomas in
this respect, and also by the fact that they are not associated with
any gross elevation of values for the lrpoids of the blood. They
can be clearly dust hed from tut losis and other ¢
abnormalities by histologic examinanion. The lesion of diabetic
necrobiosts 1s one of the corium, with swelling of collagen fibers
and proliferation of the cells of the blood vessels. Lipoid de-
posits are seen, but these are mostly extracellular and fail to show
double refraction. They stain reddish brown with sudan IIL
Foam cells and gant cells are absent. The dermatologists who
have described the condition have assumed for the most part that
the primary lesion was m the vessels of the corium, but 1n the
cases coming to our attention 21l palpable peripheral vessels have
been patent and the arterioles and vessels of the fundus of the
eye appeared normal.

Diabetic necrobiosis is much more common among women
than among men  The ratio 1n about eighty-seven cases hereto-
fore reported has been about 4'1  The commonest age at which
the skin lesions first appeared seems to hie between ten and forty
years ‘Trauma may play a part. In at least one of our cases and
in many reported cases the first lesion was thought to have ap-
peared at the site of a previous scratch or brmse, and 1n two of our
cases 2 lesion n the papular stage progressed rapidly to the
stage of ulceration following trauma.

No effective treatment has been found for necrobiosis hpm:hm
diabeticorum, but good control of the associated diabetes is 1m-
portant as is evidenced by the fact that the diabetes in many
cases has been poorly controlled throughout its course.
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PRURITUS

The pruritus of the external female genitalia has been con-
sidered in Chapter XIIL It is a frequent complaint of women
with uncontrolled diabetes, and represents a serious complica-
tion. Otherwise pruritus in cases of diabetes is today uncommon.
Lacalized itching, similar to the pudendal pruritus of the female,
and like 1t dependent usually on local trichophytosis, is sometimes
seen in men and causes balanitis and phimosis. Pruritus from a
similar cause sometimes involves the scrotum and anus. Control
of glycosuria and cleanliness in almost all cases are all the treat-
ment necessary  Exposure to roentgen rays is to be avoided.

General pruritus is very rarely encountered other than in
cases of uncontrolled severe diabetes and dehydration, It may,
however, be the first symptom of diabetes to attract attention. If
it persists when the diabetes 1s under control, as it very rarely
does among older patients, 1t may represent a symptom of arterio-
sclerosis. In such cases the use of insulin may aggravate the itch-
ing and make it desirable to depend only on the diet. Sodium or
acetyl salicylate adminstered orally often is beneficial. This treat-
ment was recommended by von Noorden, who also made use of
a salve contaimng § per cent of calcium chloride. He warned
repeatedly against Pts at tr with gen rays {von
Noorden and Isaac).

INFECTION

“Athlete’s foot.”--The importance of guarding against fungus
infection of the feet is emphasized mn Chapter XXII. The pe-
culiar susceptibility of diabetic patients was pointed out by
Greenwood, A safe treatment is to soak the feet for thirty min-
utes, twice daily, 1n a freshly made 1:8000 solution of potassium
permanganate

Pyogenic infections of the skin.—Diabetic patients are more
susceptible than others to infections and must be cautioned to
keep the skin and clothing clean. Dirty collar bands and the use
of dirty towels and dirty razors are the more common causes of
furunculosis. At Dr. William J. Mayo’s suggestion, we long have
advised our diabetic patients to shave themselves and when the
hair is cut to instruct the barber to omit the customary shaving of

the neck.
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The application of strong antiseptics to the skin should be
avoided. Tincture of iodine, solution of bichloride of mercury,
carbolic acid and medicated salves are considered especially

g Localized infecti such as furuncles are treated
best by i ilizing the part and applying large, wet
saturated with equal parts of 50 per cent grain alcohol and satu-
rated solution of boric acid (see Chapter XII).

DUPUYTREN'S CONTRACTURE

Contraction of the palmar fascia, encountered usually only
among older persons, seems to occur more frequently than usual
among patients with diabetes. Only two instances of this con-
dition had been recorded on the dragnostic sheets of the 1183
diabetic patients seen in the clinic 1n 1937, but the ncidence of
the abnormality 15 much higher than this I am sure. It causes
Iittle inconvenience and in most cases escapes formal recording.
Teschemacher observed 1t in thirty-three of 1goo cases of diabetes
Its cause is uncertain, but 1f it represents an mflammatory reaction
of the palmar fascia, as 1s supposed, it apparently 15 the only type
of fibrositic or theumauc affection which ecccurs with unusual
frequency with diabetes. Treatment is surgical, as described by
Kanavel and his associates.
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hberal allowances of vitamins, calcium and all other nutritional
factors in the drets planned for human beings.

Oral hygiene also must be emphasized, especially the regular
brushing of teeth and massaging of the gums. It is astonishing
how many people, clean otherwise, are shameless about dirty
mouths  Likewise, regular visits to a dentist must be demanded,
at least twice each year, for attention to accumulations of tartar,
to which diabetes predisposes and for early filling of cavities

‘When teeth die their removal should be recommended, with
replacement by bridges which will not injure the living teeth
that serve as abutments. If periapical regions of resorbed bone
are detected, extraction is imperative, but as in all operations, pre-
caution must be taken before and after operation to avoid aci-
dosis. If this is done, the risk is negligible. e never have
had a death from extraction of teeth, in all the years since insulin
becaine available.

Tonstllectomy 1s advised if the patient gives a history of fre-
quent sore throat or, 1 the absence of such a history, when the
tonsils are grossly abnormal, with deep crypts from which pus
can be expressed. This operation also can be done with minimal
risk provided, as always, precautions are observed to avoid aci-
dosis and also if the patient is confined to the hospital until the
throat is well on the way to complete healing. In 153 cases of
diabetes in which tonsillectomy has been performed in recent
years three deaths occurred. In two cases, however, the deaths
were due to other associated diseases. 'The third patient left the
hospital the day after operation and took no care of hlmself,

b helmi

quently an over nfection developed.

THE ESOPHAGUS

Simple diffuse ulceration of the esophagus js seen not infre-
quently at necropsy; in all probability postmortem digestion is
responsible, It rarely, if ever, is encountered in life without
some accompanying evident provocative disease. Such a lesion
discovered on esophagoscopic examination of a diabetic patient,
who complained of esophageal symptoms, was described by Vin-
son and me. It consisted of extensive annular ulceration with
little, if any, reduction of the lumen of the esophagus, The
lesion was covered with necrotic membrane and bled easily The
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patient had had severe and badly neglected dubetes for five
years, but no other disease. Repeated serologic tests for syphilis
gave negative results, Local t with silver nitrate relteved
the symptoms, but did not effect a cure of the lesion. At necropsy,
two years later, no evidence of syphilis could be found and the
esophagus still showed thickemng and numerous regions of super-
ficial ulceration. A similar ulcerative lesion was found by Dr
Vinson in another of our diabetic pattents, but in this case, with
local treatment and diabetic control healing was obtained. The
patient had complained of hoarseness for seven months Dia-
betes, potentially mild but uncontrolled, probably had been pres-
ent for three years. A serologic test for syphilis gave negative
results.

THE STOMACH AND DUODENUM

Peptic ulcer was diagnosed in sixty-one (2.3 per cent) of the
2,584 separate cases of diabetes scen in a three-year period (1935
to 1937 inclusive) and carcinoma of the stomach was recognized
wn an additional twenty-three (o g per cent). That this incidence
of ulcer represents any unusual predilection in diabetes for gastric
or duodenal ulcer appears unhikely. The incidence actually seems
to be much lower than that among the nondiabetic population,
because among all patients who were exammed at The Mayo
Clinic 1n 1937 the incidence of duodenal ulcer was 3 5 per cent.
In former years peptic ulcer was even less common 1n diabetes
than now In Joslin’s first 2,700 diabetic patients—seen before
1922--also in Falta’s experience, not a single case of ulcer was en-
countered. The explanation may lie in the frequency of anacidity
1 uncontrolled diabetes Marble, adding the data of several in-
vestigators, found that g2 8 per cent of 399 diabetic patients ex-
amined had complete anacidity. Eusterman and Balfour found
the inadence of anacidity in general to be from 10 to 15 per cent
of all persons examined

1f the base of a chronic penetraung ulcer becomes adherent
to the pancreas, 1t may provoke an inflammatory pancreatitis and
severely aggravate an existing diabetes  Although I cannot recover
the record, I dustinctly remember a case in which 2 middle-aged
diabetic patient periodically had episodes of severe epigastric
pain. This extended to the back A penetrating duodenal ulcer
was clearly revealed by roentgenologic examination, The patient
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%atributable Yess to the presence of diabetes, whndx always has bccn
well ed, than to
In all other operations except ampummn of (he leg for gangrene
'and resection of the stomach for carcinoma, the presence of con-
trolled diabetes seems not to have affected the operative mormal-
ity, but arteriosclerosts means a poorer than normal supply of
blood and relative ischemia. Thus, 1t delays healing and in cases
i which the bowel is incised 1t increases the danger of leak-
age. Possibly postoperative administration of oxvgen with the
B LB mask devised by Boothby, Lovelace, and Bulbulian, which
we now are nemg, will help to save the lives of some of these
patients

THE PANCREAS

A chnical diagnosis of functional disorder of the insular tissue
of the pancreas is made by infetence in alt true cases of diahetes,
otherwise, the diagnoss of pancreatic disease was made in only
10 per cent of the 2,548 separate cases of diabetes in which the
patient was examined in the years 1935, 1936 and 1937. That
this figure fails to represent the actual facts and that orgamc
lestans of the 1slands of Langerhans occur with much greater fre-
quency 1n association with diabetes than otherwise is seen at the
postmortem examination, Dry and Tessmer at The Mayo Clime
found fibrosis of the istands of Langerhans 1n ninety-eight {48 per
cent) of 201 cases of diabetes in which necropsy was performed
2nd hyaline degeneration in seventy-three (36 per cent), whereas
in fifey necrapsies on filty nondiabetic persons fibross was discav-
ered 1 only four cases (B per cent) and hyahine degeneration in
only one (2 per cent). The data of several authors for fibrosis
and hyaline degeneration of the islands of Langerhans is com-
prled in Table 8,

The most common type of pancreatitis is that which accom-
panies cholecystitig; it 1s explained probably by reflux of infected
bile. Ophuls found pancreatic lesions associated with gallstones
at necropsy in only fourteen of 234 cases 1n which galistones were
present, but it has been my experience that evidence of pancre-
atitis accompanies a much higher percentage of cases of diabetes
and cholecystitis, On the other hand acute pancreatitis has been
abserr ‘wqe\(’n\y in cases of diabetes. Warren found only

of it and in only five of them did the pan-
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attributable less to the presence of diabetes, which always has been
well controlled, than to accompanying occlusive arteriosclerosis.
In all other operations except amputation of the leg for gangrene
and resection of the stomach for carcinoma, the presence of con-
trolled diabetes seems not to have affected the operative mortal-
ity, but arteriosclerosis means a poorer than normal supply of
blood and relative ischersa.  Thus, 1t delays healing and 1n cases
in which the bowel is incised it increases the danger of leak-
age. Possibly postoperative admimustration of oxygen with the
B.L B. mask devised by Boothby, Lovelace, and Bulbulian, which
we now ate using, will help to save the lives of some of these
patients.
THE PANCREAS

A dlinical diagnosis of functional disorder of the insular tissue
of the pancreas is made by inference 1n all true cases of diabetes;
otherwise, the diagnosis of pancreatic disease was made 1 only
1.0 per cent of the 2,548 separate cases of diabetes in which the
patient was examined 1n the years 19335, 1936 and 1937. That
this figure fails to represent the actual facts and that orgame
lesions of the islands of Langerhans occur with much greater fre-
quency in association with diabetes than otherwise 1s seen at the
postmortem examination, Dry and Tessmer at The Mayo Climie
found fibrosis of the 1slands of Langerhans in ninety-eight (48 per
cent) of 201 cases of diabetes 1n which necropsy was performed
and hyaline degeneration in seventy-three (36 per cent), whereas
1n fifty necropsies on fifty nongdiabetic persons fibrosis was discov-
ered in only four cases (8 per cent) and hyaline degeneranion in
only one (2 per cent). The data of several authors for fibrosis
and hyaline degencration of the islands of Langerhans is com-
piled in Table 8

The most common type of pancreatitis is that which accom-
panies cholecystitis; 1t is explained probably by reflux of infected
bile.  Ophiils found pancreatic lesions associated with gallstones
at necropsy in only fourteen of 214 cases 1n which gallstones wetre
present, but it has been my experience that evidence of pancre-
atitis accompanies a much higher percentage of cases of diabetes
and cholecystitis. On the other hand acute pancreatitis has been
observed infrequently in cases of diabetes Warren found only
seventeen instances of it and in only five of them did the pan
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attributable less to the presence of diabetes, which always has been
well controlled, than to accompanying occlusive arteriosclerosis.
In all other operations except amputation of the leg for gangrene
and resection of the stomach for carcinoma, the presence of con-
trolled diabetes seems not to have affected the operative mortal-
ity, but arteriosclerosis means a poorer than normal supply of
blood and relative ischemia. Thus, 1t delays healing and 1n cases
n which the bowel is incised 1t sncreases the danger of leak-
age. Possibly postoperative admumstration of oxygen with the
B L.B. mask devised by Boothby, Lovelace, and Bulbulian, which
we now are using, will help to save the lives of some of these
patients.

THE PANCREAS

A clinical diagnosis of functional disorder of the insular tssue
of the pancreas is made by mnference in all true cases of diabetes;
otherwise, the dragnosis of pancreatic disease was made i only
1 o per cent of the 2,548 separate cases of diabetes in which the
patient was examned 1n the years 1935, 1936 and 1937 That
this figure fails to represent the actual facts and that orgamc
lestons of the islands of Langerhans occur with much greater fre-
quency 1n association with diabetes than otherwise 1s seen at the
postmortem examination. Dry and Tessmer at The Mayo Clinic
found fibrosis of the 1slands of Langerhans in ninety-eight (48 per
cent) of 201 cases of diabetes in which necropsy was performed
and hyaline degeneration 1n seventy-three (36 per cent), whereas
in fifty necropstes on fifty nondiabetic persons fibrosis was discov-
ered 1 only four cases (8 per cent) and hyaline degeneration in
only one (2 per cent). The data of several authors for fibrosis
and hyaline degeneration of the islands of Langerhans 1s com-
piled in Table 8

‘The most comman type of pancreatitis is that which accom-
panies cholecystitis, 1t is explained probably by reflux of infected
bile. Ophils found pancreatic lesions associated with galistones
at necropsy in only fourteen of 214 cases 1n which gallstones were
present, but it has been my experience that evidence of pancre-
atitis accompanies a much higher percentage of cases of diabetes
and cholecystitis  On the other hand acute pancreatitis has been
observed infrequently 1n cases of diabetes Warren found only
seventeen instances of it and in only five of them did the pan-
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attributable less to the presence of diabetes, which always has been
well ¢ lled, than to accomp g occlusive arteriosclerosi:
In all other operations except amputation of the leg for gangrene
and resection of the stomach for carcinoma, the presence of con-
trolled diabetes seems not to have affected the operative mortal-
1y, but arteriosclerosis means a poorer than normal supply of
blood and relative ischemia. Thus, it delays healing and in cases
in which the bowel is incised it increases the danger of leak-
age. Possibly postoperative admnustration of oxygen with the
B.L.B mask devised by Boothby, Lovelace, and Bulbulian, which
we now are using, will help to save the lives of some of these
pauents,

THE PANCREAS

A chnical diagnosis of functional disorder of the insular tissue
of the pancreas 1s made by inference in all true cases of diabetes;
otherwise, the diagnosis of pancreatic disease was made in only
10 per cent of the 2,548 separate cases of drabetes in which the
patient was exammed 1n the years 1935, 1936 and 1937, That
this figure falls to represent the actual facts and that organic
lesions of the 1slands of Langerhans occur with much greater fre-
quency 1n association with diabetes than otherwise is seen at the
postmortem examination. Dry and Tessmer at The Mayo Clinic
found fibrosis of the 1slands of Langerhans 1n ninety-eight (48 per
cent) of 201 cases of diabetes mn which necropsy was performed
and hyaline degeneration 1n seventy-three (36 per cent), whereas
in fifty necropsies on fifty nondiabetic persons fibrosis was discov-
ered 1n only four cases (8 per cent) and hyaline degeneration in
only one (2 per cent), The data of several authors for fibrosis
and hyaline degeneratson of the 1slands of Langerhans 1s com-
piled in Table 8.

‘The most common type of pancreatiuss is that which accom-
panies cholecystitis: 1t is explained probably by reflux of infected
bile  Ophuls found pancreatic lesions associated with gallstones
at necropsy in only fourteen of 214 cases in which gallstones were
present, but it has been my expenience that evidence of pancre-
atitis accompanies 2 much higher percentage of cases of diabetes
and cholecystitis. On the other hand acute pancreatitis has been
observed infrequently 1n cases of diabetes Warren found only
seventeen instances of 1t and 1n only five of them did the pan-
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attributable less to the presence of diabetes, which always has been
well ¢ lled, than to accompanying occlusive arteriosclerosts.
In all other operations except amputation of the leg for gangrene
and resection of the stomach for carcinoma, the presence of con-
trolled diabetes seems not to have affected the operative mortal-
ity, but arteriosclerosts means a poorer than normal supply of
blood and relative 1schema. Thus, 1t delays healing and in cases
m which the bowel 1s incised 1t increases the danger of leak-
age. Possibly postoperative admimstrauon of oaygen with the
B.L.B. mask devised by Boothby, Lovelace, and Bulbulian, which
we now are using, will help to save the lives of some of these
patients,

THE PANCREAS

A chinical dragnosis of functional disorder of the insular ussue
of the pancreas 1s made by inference in all true cases of drabetes;
otherwise, the diagnosis of pancreatic disease was made 1n only
10 per cent of the 2,548 separate cases of diabetes 1 which the
patient was examined 1n the years 1935, 1936 and 1937. That
this figure fails to represent the actual facts and that organic
lesions of the 1stands of Langerhans occur with much greater fre-
quency in assoctation with drabetes than otherwise 1s seen at the
postmortem examinatton. Dry and Tessmer at The Mayo Clintc
found fibrosis of the 1slands of Langerhans tn ninety-eight (48 per
cent) of 201 cases of diabetes 1n which necropsy was performed
and hyaline degeneration in seventy-three (36 per cent), whereas
in fifty necropstes on fifty nondiabetic persons fibrosis was discov-
ered n only four cases (8 per cent) and hyaline degeneration in
only one (2 per cent) The data of several authors for fibrosis
and hyaline degencration of the 1slands of Langerhans is com-
piled in Table 8.

The most common type of pancreatitis 1s that which accom-
pantes cholecystius; 1t 1s explained probably by reflux of infected
bile. Ophuls found pancreatic lesions assoctated with gallstones
at necropsy in only fourteen of 214 cases n which gallstones were
present, but it has been my expertence that evidence of pancre-
atitis accompanies a much higher percentage of cases of diabetes
and cholecystitis. On the other hand acute pancreatitis has been
observed infrequently in cases of diabetes Warren found only
seventeen instances of it and n only five of them did the pan-
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attributable less to the presence of diabetes, which always has been
well controlled, than to accompanying occlusive arteriosclerosis
In all other operattons except amputation of the leg for gangrene
and resection of the stomach for carcinoma, the presence of con-
trolled diabetes seems not to have affected the operative mortal-
ity, but arteniosclerosis means a2 poorer than normal supply of
blood and relative ischemia. Thus, 1t delays healing and 1n cases
in which the bowel is incised it increases the danger of leak-
age. Possibly postoperative admunistrauon of oxygen with the
B.L B. mask devised by Boothby, Lovelace, and Bulbulian, which
we now are using, will help 10 save the lives of some of these
patients.
THE PANCREAS

A cltnical diagnosis of functional disorder of the msular ussue
of the pancreas is made by inference 1n all true cases of diabetes;
otherwise, the diagnosis of pancreatic disease was made in only
1.0 per cent of the 2,548 separate cases of diabetes in which the
patient was examtned 1n the years 1935, 1936 and 1937. That
this figure fails to represent the actual facts and that organic
lesions of the 1slands of Langerhans occur with much greater fre-
quency 1n association with diabetes than otherwise 1s seen at the
postmortem examination Dry and Tessmer at The Mayo Clintc
found fibrosis of the 1slands of Langerhans 1n ninety-eight (48 per
cent) of 201 cases of drabetes 1n which necropsy was performed
and hyaltne degeneration in seventy-three (36 per cent), whereas
in fifty necropsies on fifty nondiabetc persons fibrosis was discov-
ered in only four cases (8 per cent) and hyaline degeneration in
only one (2 per cent). The data of several authors for fibrosis
and hyaline degenerauion of the 1slands of Langerhans 1s com-
piled in Table 8.

The most common type of pancreatutis is that which accom-
panies cholecystitis; it is explained probably by reflux of infected
bile, Ophuls found pancreatic lesions associated wath gallstones
at necropsy in only fourteen of 214 cases in which gallstones were
present, but it has been my experience that evidence of pancre-
atitts accompames a much higher percentage of cases of diabetes
and cholecysutis.  On the other hand acute pancreauis has been
observed infrequently in cases of diabetes Warren found only
seventeen instances of it and in only five of them did the pan-
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attri; ble less to the | of diab which always has been
well controlled, than to accompanying occlusive arteriosclerosis
In all other operations except amputation of the leg for gangrene
and resection of the stomach for carcinoma, the presence of con-
trolled diabetes seems not to have affected the operative mortal-
ity, but arteriosclerosis means 2 poorer than normal supply of
blood and relative ischemia, Thus, it delays healing and 1n cases
in which the bowel is incased it increases the danger of leak-
age. Possibly postoperative admrnistration of oxygen with the
B.L.B. mask devised by Boothby, Lovelace, and Bulbulian, which
we now are using, will help to save the hives of some of these
patients.
THE PANCREAS

A clinical diagnosis of functional disorder of the mnsular ussuc
of the pancreas is made by inference n all true cases of diabetes,
otherwise, the diagnosis of pancreatic disease was made in only
10 per cent of the 2,548 separate cases of diabetes in which the
patient was examined 1n the years 1935, 1936 and 1937. That
this figure fails 10 represent the actual facts and that orgamc
lesions of the 1slands of Langerhans occur with much greater fre-
quency tn association with diabetes than otherwise 1s seen at the
postmortem examination Dry and Tessmer at The Mayo Clinte
found fibrosis of the 1slands of Langerhans in ninety-esght (48 per
cent) of 201 cases of diabetes in which necropsy was performed
and hyaltne degeneration in seventy-three (36 per cent), whereas
in fifty necropsies on fifty nondiabetic persons fibrosis was discov-
ered in only four cases (8 per cent) and hyaline degeneration 1n
only one (2 per cent). The data of several authors for fibrosis
and hyaline degeneration of the 1slands of Langerhans 1s com-
piled in Table 8.

The most common type of pancreauus is that which accom-
panies chol ins; it is expl P y by reflux of infected
bile. Ophuls found pancreauc lestons assoc:a!td with gallstones
at necropsy in only fourteen of 214 cases in which gallstones were
present, but 1t has been my experience that evidence of pancre-
atitis accompantes a much higher percentage of cases of diabetes
and cholecystitis.  On the other hand acute pancreatius has been
observed infrequently in cases of diabetes Warren found only
seventeen 1nstances of it and in only five of them did the pan.

20




Was seen on seya, sions during ex: 'S of the Pain,
and z; Such s Ia doses of i sulin ired ¢ control
his diabct s, i tervag of Cmiss;, , whi, ig last for
Severy} Mongps, di ON€ Suffice, fo pr, <ne gy, 5
€ tre, of peptic Ulcer ; €ECS offers g
Unusyyy diffy ultses, he A2ilabit, f ingyy; €S 1t possiple
0 use cop ©tiony) cer dj, d the Tes; Obtaineq Te as
8ood 5 Sener, Iy SXpecteq, he ¢ 'm Cinomy of
the Stomagy, Y exesion 15 one Procedy, in which OUT diabeyj,
Perarj, ity b, 1 Ceedeq beai, With nop,
abetjc Patiep,
N AN, RECI‘UM
Seases o integy;, Untereq , 8 diabetje pa
Uengs Ual in g, €] f OCCurren,, in chy, ter.
Peculiy, 05t pr m presemed by Dpe; dicitig has
be Teferreg aptey XIr, Ia imprcs ) howeyer, by
Whae be a5 m easing incig ce of cinoma of e
colon Tecy, e 4 caseg of diap, S obseryeq n
per; 1937 incpy: : Were tvengy. instances of
Carcing, £ the testin nd gy, y-0ne jng, C€s of car.
cn - In FPProximy, ly an Y3l nympey of
€ases of g;. by “OUntereq fro 1924 1o 1928 ; Clusive, carci
nomg € Clrred v, only abo, 2 thirq ehjs g,
Gueng, g th, ieng 2y accoyp, for NCreased jne.
dence; th, '8€ at agq, iSsion of , diabeyje Patients iy e
More e, eriod Cater p, 6 years, by Sures for 411
Carcing, € in o, two Series op Cases ;, dicay t between
€ peri, iy ® genery; ingj of ancy rose
£ 8 Per cep Wiep Very fey CePtions the growtljJ
Were ea, 2toys, he mos, mim, ites of th, 02 carci.
fomag o, Tved 5 ore recen Period y0 . 8 follows: gpe
Stomacpy ‘nty., €, colop tweng * Pancreyg in thir.
teen, and um j, Nty.on, Ses, “ptio, ally hugh
incidencc Qrcingy, f the Creas j, rth
A diy, Thing f, atur, £ care; th, and receyy, ;o
thap Operatjy, fo, lesi, g diy € Patienes has peey,
attendeq b Orta};, ameg, th i) €2t as thar €ncoun
r dgmong Patje, 0 Ty, diapey;, 5, I thing is



COMPLICATING DISORDERS OF DIGESTIVE ORGANS 305

attributable less to the presence of diabetes, which always has been
well controlled, than to accompanying occlusive arteriosclerosis.
In all other operations except amputation of the leg for gangrene
and resectron of the stomach for carcinoma, the presence of con-
trolled diabetes seems not to have affected the operative mortal-
ity, but arteriosclerosts means a poorer than normal supply of
blood and relative ischerma. Thus, it delays healing and in cases
in which the bowel is incised it increases the danger of leak-
age. Possibly postoperative administration of oxygen with the
B.L B. mask devised by Boothby, Lovelace, and Bulbulian, which
we now are using, will help to save the hives of some of these
patients
THE PANCREAS

A clinical diagnosts of functional disorder of the insular tssue
of the pancreas is made by mference n all true cases of diabetes;
otherwise, the diagnosis of pancreatic disease was made in only
10 per cent of the 2,548 separate cases of diabetes in which the
patient was examined 1n the years 1935, 1936 and 1937, That
this figure fails to represent the actual facts and that orgamc
lesions of the 1slands of Langerhans occur with much greater fre-
quency mn association with diabetes than otherwise 1s seen at the
Ppostmortem examunation Dry and Tessmer at The Mayo Clinc
found fibrosis of the 1slands of Langerhans in ninety-eight (48 per
cent) of 201 cases of drabetes 1n which necropsy was performed
and hyaline degeneration in seventy-three (36 per cent), whereas
in fifty necropsies on fifty nondiabetic persons fibrosis was discov-
ered 1n only four cases (8 per cent) and hyaline degeneration in
only one (2 per cent). The data of several authors for fibrosis
and hyaline degeneration of the islands of Langerhans 1s com-
piled in Table 8.

The most common type of pancreats is that which accom-
panies cholecystutis, 1t is explained probably by reflux of infected
bile. Ophiils found f lestons d with gall
at necropsy in only fourteen of 214 cases 1n which gallstones were
pr.es:nt, but it has been my experience that evidence of pancre-
atitis accompanies 2 much higher percentage of cases of diabetes
and cholecystitis  On the other hand acute pancreatius has been
observed infrequently 1n cases of diabetes Warren found only
seventeen instances of it and 1n only fise of them did the pan-
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incidence of 1.3 per cent of cases of carcinoma of the pancreas
among 52,509 deaths from cancer among policyholders of the

T Life I C y- Possibly some relation-
ship exists between the rel:mvcly high 1ncidence of carcinoma
and the greater frequency of fibrosis in the diabetic pancreas
The fibrosis, as Warren has suggested, presents a rather striking
analogy to the process of crrrhosis of the liver, which not infre-
quently leads to primary malignancy of the liver.

Syphilis.—Syphilis of the pancreas was not once encountered
1n the 484 diabetic necropsies reported by Warren, nor in the 201
postmortem examnations of diabetic patients made at The Mayo
Clinic. Citations of reports of both interstinal and gummatous
pancreattis have been given by Falta and by Warren.

Instances of recovery from syphilitic diabetes have been re-
ported by Umber, and Paullin and Bowcock. Von Noorden
and Isaac, in about 100 cases of diabetes in which antisyphilitic
measures were employed, could recall only three in which “per-
haps” something more was effected than the dietetic treatment
which the patients were receiving could accomplish. The pres-
ence of positive serologic reactions in cases of diabetes has been
extremely unusnal in our experience (an incidence of less than
1 per cent}, and I can recall very few cases in which the patient
has fested any of the quelac of syphilts such as
tabes dorsalis or paresis

Calaification and cysts ~Three instances of pancreatic lithiasis
were mentioned by Warren and three instances appeared in the
report of fifty-eight diabetic necropsies which I reviewed. J G
Mayo found twenty-five proved cases of pancreatic hithiasis in the
records of The Mayo Climc. Diabetes was frequently associated
with lithiasis 1n these cases The condition had been diagnosed
during life in only a few No treatment is available for stones
1n the ducts or calcification of the substance of the pancreas. Some
cysts of the pancreas attarn enormous size and compress the pan-
creatic tissue enough to provoke insular insufficiency tn persons
with otherwise normal insular reserves  In such cases the diabetes
sometimes can be cured by operative attention.

Diarrhea.—Chronic diarrhea, 1n cases of diabetes, may depend
on any of the ordinary causes of diarrhea  In the past much of it
resulted from the bulkiness of dicts and the popularity of bran
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creatitis precede the onset of the diabetes. Other lesions of the
pancreas in cases of diabetes include carcinoma, syphilis, calculi
and cysts, all rare with the exception of the first.
Carcinoma.—Carcinoma in the diabetic population seems to be
on the increase, with carcinoma of the pancreas assuming a posi-
tion almost as important as carcinoma of the stomach. At The
Mayo Clinic pancreatic carcinoma was found in six of 13g cases
of diabetes which came to necropsy between October 1, 1925, and
December g1, 1936 inclusive, whereas in fifty-eight necropsies in
TABLE 8

CrangzEs Founp v ToE Istanps oF LANGEREANS A7 NECROPST Iv Caszs oF DIaBeTes
AND v Cases iv WaiCE Duaneres Was Nor Present

Authors Cases [ Fibrous, G
Cases of duabetes

Ceerd P . 00 49 27
Gibb and Logan . . 142 79 80
Herxheimer . o7 13 28
Warren . 484 129 200
Dry and Tessmer 201 98 kel
Total 1014 863 368
Per cent of total . . 36 36

Cases 1n which diabetes was ot present
‘Warren . 200 15 4
Dry and Tessmer . ., . . 50 4 1
Total o 250 19 5
Per cent of total 75 £

the preceding six years only one carcinoma of the pancreas was
found. Also, as was stated before, thirteen carcinomas of the
pancreas were diagnosed climically in the three-year period, 1935
1936 and 1937, representing nearly % per cent of all cases of dia-
+betes with carcinoma.! At the George F. Baker Clinic the figures
“ven by Marble for carcinoma of the pancreas represented 13
cent of all cases of carcinoma. This he contrasted to the

* Cases of carcinoma of the pancreas represented only 17 per cent of alt cases
of carcinoma encountered in The Mayo Climic 1 the year 1957,
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every wo to three hours day and night, the stools being hight brown, soft to
liquid, frothy, fatty and uncommonly offensive Treatment was begun with
the preparation of pancreauc jurce. Within twenty-four hours the number
of stools had been reduced to four a day and in a few days they were quite
normal. It was later found that normal intestinal function could be main.
tained only by the continued admimstration of a mummal amount of the
dried juice.

THE LIVER AND GALLBLADDER

In view of the important part played by the liver in carbo-
hydrate metabolism, it is surprising that so little clinical evidence
of hepatic disease is encountered 1n most cases of diabetes mellitus.
Currhosis 1s very uncommon. Evidence of 1t or of hepatitis was
encountered at The Mayo Clinic 1n only seventeen (o 7 per cent)
of our 2,584 separate cases of diabetes in the years 1935, 1936
and 1937, and when hepatic disease was found 1t seemed rarely
to be related to the diabetes or to affect it seriously.? I have
not met with catarrhal icterus, although Falta cited Dibold as
observing it 1n eleven of 224 cascs of diabetes in which the pa-
tients were mmales but not in 200 cases in which the pauents were
ferales. Falta had seen 1t not infrequently among both sexes.

Hepatomegaly—In untreated or poorly controlled diabetes,
particularly of children, enlargement and tenderness of the liver
from infiltration with fat often has been encountered at the clinic.
Possibly, as Warren has suggested, there also may be an mncrease
1n the intercellular water of the liver n such cases, and the tender-
ness in part may be caused by stretching of the capsule. In them,
however, there seldom 1s impairment of any measurable function
of the liver; furthermore, the disturbance soon 1s corrected when
satisfactory diabetic control has been obtained. Large fatty livers
develop with regulanty in depancreattzed dogs, unless the animals
are given raw pancreas with their food (Allan) or lectthun (Her-
shey), choline or betaine (Best) or lipocatc (Dragstedt). The
analogy naturally has led to the suggestion that the overlarge liver
found in cases of uncontrolled diabetes may be autributed to the

*1 have referred clsewhere to the cases of Lande and Pollock 1n which corre
lation was observed between the degree of glycosuna #nd that of impairment of
hepatc function  Six somewhat smilar cases were later reported by Conn, New-
burgh. Johnston and Sheldon ‘The disturbance of carbohydrate metabohism waa
¢haractenzed by low values for blood sugar during fastng—often extremely Tow—
but by hypergiycemia and glycosunia after ingestion of carbohydrate. Studies of
the resplaatary quotient provided no reason (o belicve that combustion of wgat

w1 distutbed. Such cases dn ther opinion have been wrongly snterpreted as ex-
ampler of diabetes mellitus, hyperinsulinsm and dysimsulinisma,
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as a substitute for food. Those days fortunately are behind us;
nevertheless, occasionally an intractable diarthea is encountered
for which no satisfactory cause can be ascertained. Bargen, Boll-
man and Kepler have ventured to call this the “diarrhea of dia-
betes.” It may have no relation to diabetes, as they admitted,
but it is unusual and resistant to treatment. In searching for a
cause the pancreas naturally has been under suspicion, even
though evidence suggestive of failure of its external secretion
could not be obtained. Administration of pancreatic preparations
or even of a very active pancreatic juice, however, has not been of
any benefit. It is a serious complication, not only because of the
malnutrition 1t produces, but also because irregular absorption
of food adds greatly to the difficulty of estimating the necessary
doses of insulin.

Steatorrhea, as evidence of failure of external pancreatic func-
tion, 15 not as common 1n cases of diabetes as might be supposed.
Indeed it occurs infrequently. When it is encountered its treat-
ment is difficult. Commercial preparations of pancreas for the
most part have been ineffective 2 The following typical example
of pancreatic failure in which treatment with a desiccated prepa-
ration of pancreatic juice obtained from dogs with pancreatic
fistula proved beneficial was cited in a report from the clinic by
Bargen and his associates:

The patent, an unmarned man thirtysix years old, had had upper 2b-
dominal pain for eight years ‘This came in attacks which lasted four or five
days, and left interval soreness It extended to the back, was associated with
distention of the abdomen, chills and fever, and sometimes with vomiting
Morphine was required to relieve 1. The feces for a long time had been
green and foamy and floated on water They were numerous and bulky.
Diabetes had been discovered six weeks before the patient came for consul-
tation to The Mayo Climic and insulin in a daily dosage of 40 units was used.

On examinanon at the chinic the urine contained sugar, the concentration
of blood sugar was elevated and roentgenograms revealed extensive pancre
atic hthuasis.  Results of tests of liver function and filing of the gallbladder
were negative, as also were those of the serologic tests for syphilis Ac op-
eration a Jarge indurated pancreas with calcification was found Four months

) later the patient had much less pain but continued to have bowel moverents
3Tee A e e tha vamare nf thie and nther cases of steatorrhea by Bargen,
- v ave

.o - . v oat many
. . . R . . that ade-
. . e 1 was re-

" n gven

daily with, or, afier meals provided reliable ewdence of ettecteness
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of lwver function. These conditions were not improved by better
control of the diabetes, but did respond to treatment with lipo-
cuc. Specimens of the liver secured at operations before and after
treatment with lipocaic also revealed disappearance of fat.*
Gallstones —Cholecystitts, with or without, but meostly with,
gallstones, was diagnosed in 139 (5.4 per cent) of the 2,584 sepa-
rate diabetic patients observed in the clinic in the years 1935,
1936, and 1937, This figure, with rare exceptions, represents
only cases in which the disturbance had given rise to symptoms,
because 1n sixty-six (335 per cent) of 197 cases of diabetes in
which necropsy was performed at the climc from October 1, 1919
to December $1, 1956 inclusive (139 reported by Dry and Tessmer
and fifty-eight previously by me), gallstones ether were present
or had been removed by an operation. The figures reveal that
a great many gal are carried i pi ly to the grave
Comparatve staustics for psies on diabetic patients vary
widely At one extreme is a report by White (White, Robson and
oollaborators) that gallstones were found 1n only 3 per cent of
11,031 necropsies at Guy’s Hospital and at the other 1s Mentzer's
report that gallstones occurted in 21 per cent of 6oo necropsies at
The Mayo Clinic. Warren's figure for the incidence of gallstones
1 453 cases of diabetes 1n which necropsy was performed on pa-
tients who were more than thirty years of age was 31 per cent, and
that for goo consecutive necropsies on nondiabetic patients 1 the
same age group was 21 per cent. Thus cholecystic disease, or at

“In this connection certain. tecent observations beanng on the 1éle of the
alpha cell of the islands of Langerhans are of great iterest.  They were made by
dusaples of that grand old student of the pancreas, who for forty years has headed
the department of anatomy at the Univernity of Chicago, Rabert Bensley  Woerner,
i the 1ast of 2 srriae af nansr ta anmma cn ey girems e

central vein
1B previous studies by Bensley and Woerner, the suggestion was made that the
BRSSOt Suvput Aariasii - A Te

Uragitedt and his co-woskers
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absence of something other than insulin, which normally is sup-
plied by the pancreas. However, that this is not true in most
cases was shown by White, Marble, Bogan and Smith, who gave
1aw pancreas to two diabetic children and betaine to twelve
children who had hepatomegaly. No significant change in the
size of the liver was observed with feeding of raw pancreas, and
more or less diminution occurred in only six (50 per cent) of the
patients receiving betaine. On the other hand hepatomegaly
was corrected m fifteen (nearly 8o per cent) of nineteen chil
dren who received nothing except protamine insulin, which con-
trolled their diabetes. In our own experience I cannot recall a
single case of hepatomegaly of the type described in which the
patient failed to respond to satisfactory control of the diabetes
with diminution of the size of the liver.

This clinical experience provides little reason to believe that
deficiency of lipocaic or other secretion of the pancreas involved
in fat metabolism is a practical problem in diabetes, except per-
haps in those rare cases of diabetes in which the pancreas as a
whole is destroyed by gross disease. However, Dragstedt and his
associates recently emphasized that two types of fatty infiltration
are encountered 1t experimental pancreatic diabetes, and possibly
also in clintcal diabetes. One type is due to poor control of the
diabetes because of inadequate administration of insulin. This
1s characterized by a normal or high concentration of the lipoids
of the blood and by acidosis. The second type is due to lipocaic

fhici . It is accompanied by a low concentration of the
blood lipoids, impaired hepatic function, increased sensitivity to
1nsulin and decreasing requirements for insulin. The first type
s relieved by insulin, but not the second. That fatty infiltration

:nd enlargement of the liver of the second type also occurs in
\uman diabetes, is suggested by three cases reported by Grayzel
nd Radwin, and one reported by Rosenberg. The patients of
srayzel and Radwin were young diabetics with hepatomegaly.
Cheir diabetes was well controlled with diet and insulin. The
arge livers diminished in size when lipocaic was adminin'erfd.
ncreased in size when lipocaic was withheld, and again dimin-
shed in size when treatment with lipocaic was resumed. The
atient in Rosenberg's case was an adult with mild diabetes.
fepatomegaly was marked and was associated with impairment
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also because of the danger of the development of diabetes. To
diabetic patients our advice is to have the gallstones removed
when the conditions of tume, place, surgeon and physician are
propitious.”®
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CHAPTER XXI

HEMOCHROMATOSIS

In hemochromatosis we have to deal not with a complicanon
of diabetes mellitus, but with a cause of it. Hemochromatosis 15
a disorder of pigment metabolism, probably inborn. It 1s char-
acterized by large accumulations of the ferrous compound, hemo-
siderin, and the nonferrous compound, hemofuchsin, in the liver,
pancreas, spleen and other organs and tissues, by bronzing of the
skin, cirrhosis of the liver and pancreas, and frequently, but not
always, by diabetes mellitus The relationship of the diabetes 15
clearly dependent on the degree of affection of the pancreas. In
cases with hittle or no arrhosis of the pancreas, diabetes is not en-
countered, whereas with severe pancreatic involvement it invari-
ably appears !

INCIDENCE

Sheldon's excellent monograph, published 1n 1935, 1s based
on an intensive search of the literature. References, many of
them to provincial journals of various countries, provided n-
formation relative to a total of 345 ostensible cases. OF them
311 were accepted as genuine. The disease, therefore, 15 rare,
although not so rare as formerly was assumed. Butt and I reported

*"The first undoubted case [of hemochromatosis) i the hiterature appears 1@
be that described by Trousseau 1n 1865 1 the counse of a chinscal lecture on glyeo-
suriz, but na special name was then attached to the syndrome The next case was
described by Trowier in 1871 under the tde of ‘La Cirrhose pigmentaire dana le

wan o | AT Plgme i

LR
and Sc . . R

“Of the three cluef synonyms, two denve from France (bronze drabetes and
Pigment arthosis) and one from Germany (hemochromatoss) . . .

“The discussion on the exact relations of the conditions described by thes
terms has been mainly conducted in Fraoce and Germany A comparison of the
titles of papers with their subyect matter leaves no doubt that for many years
o duthors in Englind and Amencs bave regarded the (crms a3 syoonvmon”

eldon) .
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CHAPTER XXI

HEMOCHROMATOSIS

In hemochromatosis we have to deal not with a complication
of diabetes mellitus, but with a cause of it. Hemochromatosis 1s
a disorder of pigment metabolism, probably inborn. It is char-
acterized by large accumulations of the ferrous compound, hemo-
siderin, and the nonferrous compound, hemofuchsin, 1n the hver,
pancreas, spleen and other organs and tissues, by bronzing of the
skin, cirrhosis of the liver and pancreas, and frequently, but not
always, by diabetes mellitus. The relationship of the diabetes is
clearly dependent on the degree of affection of the pancreas. In
cases with little or no cirrhosis of the pancreas, diabetes is not en-
countered, whereas with severe pancreatic involvement 1t invari-
ably appears !

INCIDENCE

Sheldon's excellent monograph, published in 1933, is based
on an intensive search of the literature. References, many of
them to provinaial journals of varous countries, provided -
formation relative to a total of 345 ostensible cases. Of them
311 were accepted as genuine, The disease, therefore, 1s rare,
although not so rare as formerly was assumed  Butt and I reported
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pigment cmhous) and oné from Germany (hemochromatoss) -

“The discussion on the exact relations of the tonditions described by these
terms has been mamnly conducted i France and Germany A comparson of the
tiles of paprs with their subject Tatter leaves no doubt thar for many years
most authors m England and America have regarded the terms a8 synonymous”
{Sheldon) .
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CHAPTER XXI

HEMOCHROMATOSIS

In hemochromatosis we have to deal not with a complication
of diabetes mellitus, but with a cause of it. Hemochromatosis 15
a disorder of pigment metabolism, probably inborn. It is char
acterized by large accumulations of the ferrous compound, hemo-
siderin, and the nonterrous compound, hemotnchsin, in the Yiver,
pancreas, spleen and other organs and tissues, by bronzing of the
skin, cirrhosis of the liver and pancreas, and frequently, but not
always, by diabetes mellitus, The relationship of the diabetes 15
clearly dependent on the degree of affection of the pancreas. In
cases with Iittle or no currhos:s of the pancreas, diabetes is not en-
countered, whereas with severe pancreatic involvement 1t invari-
ably appears !

INCIDENCE

Sheldon’s excellent monograph, published in 1935, 1s based
on an intensive search of the literature. References, many of
them to provinaal journals of various countries, provided in-
formation relative to a total of 345 ostensible cases. Of them
311 were accepted as genune The disease, therefore, 1s rare,
although not so rare as formerly was assumed. Butt and I reported

S“The first undoubted case {of hemochromatosis] fn the Literature appears to
be that described by Trousseau 1n 1865 1n the course of a clinical lecture on glyco-
sunz, but no special name was then attached to the syndrome. The next case was
deteribed by Trowier i 1871 under the e of “La Ginthose pigmentane dant le
fabite ames v oo ot INOCT G BEL O 2 Bihose pmenthne fant

Pigment cirrhesis) and one from Germany (hamochromatess) .

“The discussion on the exact telations of the conditrons devcribed by these
terms has been mainly conducted m France and Germany A companson of the
tiles of papers with thelr subjcct-matter leaves no doubt that for many years
most authors in England snd Amenca have regarded the terms as ayvonymous”
(Sheldony,
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uion of inborn constitutional abnormality the cause of the disease
15 obscure. It does not rest on an abnormal degree of destruction
of blood. Nor can it depend on a primary cirrhosis of the liver
which would not explain the difference in incidence of age or
the extent of the deposits of iron in the liver® The theory of
Mallory that hemoct is is attributable to chronic p ing
with copper is now generally regarded as ble, although it is
recognized that the copper of the liver 1s increased 1n hemocroma-
tosis as well as 1n portal arcthosts. Nor does the evidence hold
that alcohol plays a sigmficant rle  Sheldon found a hstory of
alcoholism 1n only 25 per cent of hus collected cases, and in Butt’s
and my series sixteen of the patients were total abstainers, ten
rarely took an alcoholic drink and four took only moderate
amounts.

Abnormal retention of 1ron must occur in hemochromatosis,
but it is not assocrated with any demonstrable failure of excretion
by the bowel or kidneys Balance experiments by Dry and others
have revealed scarcely any deviation from values for intake and
output found 1n normal persons, and thus any retentson 1n excess
of the normal must be very small4 The total amount of iron in

the body of patients with h h has been ye by
Sheldon as frequently exceeding 40 gm  Spread this over a period
of five years, a relatively long d for those i

of the disease that have been recogmzable clinically 1 the past,
and we arnive at a figure for daily retention of 20 mg A much
smaller amount would have been readily detected 1n the balance

“Sheldon has wnsisted on a sharp distinction between hemachromatosis and
h:mosxdemsxs, he used the latter term to denote the deposition of 1on pigments

The view that hemochromatosis 1s merely an extension of changes always found n
portal curhosss 18 untenable 1t does not explam the difierence 1n sex madence
between the two conditions, nor the extent of the deposits of wron in the liver n
hemochromatesis It 1s truc that the lver m portal cirrhosis contains more iron
than normal, but “sf hemochromatosis were merely an extreme development of this
process, one ought 1o find termediate cases, whereas these appear to be con
spicuously absent The dufference i degree 13 50 profound and so sharp that 1t
constitutes a difference m kind" (Sheldon)

“Marble and Smuth confirmed the findings of the other mvestigators named,
of very small_(normal) retention of 1on, and agreed wath the conclusion that this
supports an “inborn error of - by slow of
1won
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experiments referred to. Furthermore, a daily retention of such
an amount is an impossibility, since the daily supply of iron in
food rarely exceeds so0 mg. Therefore, the onset of the discase
must be dated back not five but forty or fifty years from the time
a diagnosis is made; such a deduction is consistent with the age
incidence of patients with hemochromatesis and gives further
support to the suggestion made by Sheldon and Dry—that hemo-
chromatosis represents an inborn error of metabolism expressing
itself in an inability of cells to rid themselves of ferrous com-
pounds no longer useful.

PATHOLOGY

In the presence of hemochromatosis, hemosiderin and hemo-
fuchsin, the former predominating, are widely distributed
throughout the organs and tissues of the body, with the exception
of the brain and nervous system, Very little is found in netvous
tissue. The lver usually is enlarged to more than 2,000 gm. It
is rusty red and has a hobnail surface. Microscopically the appear-
ance is like that of Laénnec’s cirrhosis, except for massive ac-
cumulation of the pi| H iderin occurs predominantly
within the cells of the liver; less is present in young cells or in
areas of regeneration, It is found in the fibrous tissue in areas
where hepatic cells have been destroyed. It also is contained in
the Kupffer cells, the connective tissue cells, and to a lesser extent,
in the walls of blood vessels and bile ducts and in the capsule of
the liver. Hemofuchsin, in much smaller amounts, is distributed
more diffusely.

The pancreas usually is larger than normal, firmer and of 2
color stmilar to that of the liver, Microscopic examination reveals
a great increase of fibrous tissue and provides evidence of both
degeneration and regeneration of both acimar and insular cE.Hs,
Pigmentation affects the entire organ in all degrees of severity,
but the islands appear to be injured as much by the cirrthosis
as by the pigmentation, for in many cases islands surrounded by
fibrous tissue are grossly degenerated with only a minimal degree

of pigmentation.

The changes in the skin are of special importance from the
standpoint of diagnosis, because skin can be obtained for biopsy
The finding of iron in the propria of the sweat gland:s and
about the capillaries of the upper part of the cutis is considered



HEMOCHROMATOSIS 319

to be nearly diagnostic of h 3 is (Mo y and
O'Leary). Also the normal deposits of melanin in the deeper
layers .of the epidermis usually are greatly increased. This in-
crease of melanin Hellier attributed to disturbance of adrenal
function, the result of dep of iron and ¢ q cirthosis
of the adrenal cortices. Sheldon, however, disagreed.®

CLINICAL CHARACTERISTICS

The symp of ¥ is are referable for the most
part to bronzing of the skin, associated diabetes mellitus and cur-
rhosts of the liver When this triad of abnormalities is well
developed, the syndrome is definite and nearly unmistakable.

Pigmentation.~A change 1n the color of the skin s not always
present; cases have been reported by Telling in 1921 and by Orr
m 1930, in which there was no change. In the sertes of cases
reported by Butt and me from The Mayo Chinic pigmentation was
absent 1n only one case. Although pigmentation itself is rarely
cause enough for the patient to consult a physician, usually 1t is
the first symptom to attract attention. It was the first symptom
noted in twelve cases in our series; in five cases it was the second

The color of the skin often 15 described as being between the
shade typreal of the melanosis of Addison's disease and the slate
gray of argyria  The pigmentation may appear early or late. In
one case in our series it had existed for sixteen years, in ten cases
for from one to five years and in one case for less than six months
Its distribution usually is general, although exposed portions of
the skin are affected most and they alone may reveal the charac-
teristic color. Mucous membranes may be affected In one of
our cases the hard palate was pigmented, and 1n another the gums
were involved. Thus 1 of mucous by and in
some cases some of the general pigmentation may be attributable
to deposits of melanin secondary to involvement of the adrenal
glands by hemosiderin, but no direct cotrelation has ever been
demonstrated between the intensity of the pigmentation of the
skin and the degree of involvement of the adrenal glands

* duscher and Lapicque considered the nonferrous pigment, hemofuchan, as
dlosely related to melanin Tts hagh sulfur content 1s 1n favor of this view, and its
distinction microscopically from melanin certamly 58 mposuble It appears Likely,
according 10 Sheldon, that the bronze color of the skin 1n some €ases iy mamnly
attibutable to an increase of hemofuchsin, while hemondern imparts the bluuh
metallic nuance frequenty seen
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Instances have been reported in which after insulin therapy,
the pigmentation decreased. This was noted in two of our thirty
cases. Sheldon cited Lawrence as suggesting that the fluctuation
may depend on 2 varying amount of glycogen and water in the
epidermal cells through which the pigment grains are seen.

Dubetes mellitus.—The diabetes may be mild and readily
controlled by dietary measures; in the later stages of the disease,
however, 1t often is severe and in some cases has been unusually

TABLE 9
Lanorarort Dara ov Cases or HevocaroMaToss*
Results,
Cases
Average Highest Lowest
value, value value.
Hemoglobin, per cent S0 7 94 46
Erythrocytes, per cu mm of
blood 30 | 3,990,000 4,840,000 2,960,000
Leukocytes, percu mm ofblood| 30 6,600 10,200 4,200
Blood sugar, gm per100ce | 28 0230 0430 0085
Blood urea, mg per 100 cc 12 412 76 24
Carbon  diwoxide combing
power of plasma, volume
perld0ce n 54 67 59
Serum bilrubin, mg per 100
16 16 52 05
Blood cholesterol, mg per 100
ce 3 207 264 1”7
Serum protemn, gm per100ec | 3 68 78 59
Basal metabobe rate, percent { 3 —10 +12 -5
Blood 1ron (total), mg per 100
ce 1 4ot -~ -
Blood 1ron (total), mg per 100
ce 1 st - -
Blood 1ron (total), mg per 160
ce. .. . 1 43¢ - -

* From Butt and Wilder

Swgle determination
J B rtaation made by Sacks and s sssocutes (Sachs, Adolo, Tevne, V. G, and

Gnfith, W O : Blood 1ron and copper in bemochromatosis  Proc. Soc. Exper Biol i
Med., 35 332-835 (Nov ), 1936 ) .
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TABLE 9—(Continued)

Fragihty of erytbrocytes . | 2 Normal.
Erythrocyte smears and dif- .
ferential count . . | 18 Narmal, 15 cases, shght macrocytosis, 3 cases
Van den Bergh reaction 16 Indirect, 14 cases, direct, 2 cases
Dye retention test of hepatic
function . 8 Retention, grade 1, 6 cases, grade 2, 1 case, grade 4,
1case
Gastric apalyss 6 Normal
Dextrose tolerance 5 Normal, 2 cases, dubetic, 3 cases (oot previously
considered diabetic)
Phenolsulfonphthalem test of
renal function 4 Normal
Urtne
Snogar 30 Present, 23 cases, absent, & cases
Hetmosiderm 7 Positive, £ ceses, negative, 5 cases,
Arsemue 2 Postive, 1 case {6 mg m 1,800 ¢ c), negative, 1
case
Tyrosme 1 Fositive
Methemoglohm $ Negatwve
Sulfmethemoglobut 2 Negative
Copper, ron and lead 8§ Negatve
Urobil, bale and wrobilmo-
gen 1 Positive.

§One case each

refractory to therapy. Eleven patients of Butt's and my series had
noted some symptom of diabetes at the onset of the disease; this
group and eight addrtional patients had had symptoms of diabetes
for from six months to five years. Onuly nine patients complained
at the time of admission to the chimic of symptoms referable to
diabetes, but twentysix of the thirty patients were demonstrated
to have diabetes by laboratory methods  Glycosuria was present
m twenty-four of the cases, and 1n four of the six in which glyco-
sutia was not present the level of blood sugar in the morning
before breakfast was higher than normal {Table g).
Asthema.—Weakness other than what could be explained by
the associated diabetes, 15 a frequent symptom This has been

menttoned by several mvestigators. Asthema may persist for
2
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In the cases collected by Sheldon, most of the patients had been
seen before the discovery of insulin, and the average interval of
time between the first medical consultation and death was
eighteen and a half months. Of these patients 5o per cent died
in diabetic coma. Recent experience indicates, however, that
treatment of the complicating diabetes will greatly prolong sur-
vival. Death now should have to wait, in most cases, on the
effects of the cirrhosis of the liver, such as hepatic failure, hema-
temesis, infected ascites or carcinoma. Lawrence (1936), after
reviewing the course of the disease and duration of life in twelve
cases, commented on the improved prognosis as follows: “No one
could yet venture on a prognosis for any particular patient, but it
is clear that death can be postponed and activity made normal
for many years. As Sheldon suggests, it is likely that a liver death
(cholaemia, cirrhosis and ascites) will replace diabetic coma. As
regards the liver, I feel that of all forms of cirrhosis—a hard, very
large liver—this 15 probably the best. Here no violent toxic back-
ground is present to Lill the hver cells, but a slow mechanical
cause, the deposition of an iron excess This gives the liver time
to hypertrophy and regenerate enough new cells to maintain full
liver function. This can go on adequately for many years, how
long no one knows. But no immediately gloomy prognosis is
justified if the insuhin treatment 1s successful. 1 see no reason to
tell these patients that they have a fatal disease and think 1t best,
if necessary, to say that their diabetes is complicated by a large
liver. The intelligent ones should never hear the words ‘bronzed
diabetes’ or ‘t h " when perusal of the older encyclo-
paedias must be unnecessanily depressing.”
Treatment.—Certainly the most important element in the
treatment of hemochromatosis is the correct management of any
associated diabetes. Usually this presents no difficulty. Later
reports from ten of our patients indicated that ene was not di-
abetic, one was controlling the diabetes by dieting, whereas seven
required moderate doses of isulin.  Only one Tequired an un-
usually large dose of msulin (180 units per day). In the treat-
ment of diabetic coma in the cases referred to by Sheldon insulin
also was normally effective. However, difficulties occasionally
arise. Insulin resistance was encountered in one case in The
Mayo Clinic (Allan and Constam), in a case of Root and in one
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reported by Miller and Heimark. Undue sensitivity to insulm
has been met with more frequently; this is attnbutable, poss\b!y
in some cases, to 1 by the h t is of the
anterior lobe of the pituitary body.

1t 15 desirable in hemochromatosis, as 1n any other condition
in which the lwer is diffusely diseased, to prescribe a diet rela-
tively nich 1n carhohydrate and free from meat. Likewise, the
administration of concentrates of vitamins A and By are spe-
cifically indicated. Other vitamin supplements also may be
helpful. Other t must be i

ymp
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CHAPTER XXII

ARTERIOSCLEROSIS AND DISEASES OF THE HEART
IN DIABETES*

The incidence of disease of the arteries in cases of diabetes
has been a subject of ref d ¢ by writers;
the consensus is that diabetes hastens the development of arterio-
sclerosis and speeds its course. My observations of the past have
been in accordance with those of Joslin, Nathanson, Blotner,
Rabinowitch and others who have come to this belief, but diffi-
culties 1 nterpretation extst which should receive more con-
sideration before these conclustons are accepted with finality. An
objection to the evidence is that arterosclerosis cannot with cer-
tainty be excluded by an exammation of living persons. The
more closely 1t 15 looked for, the more frequently it is detected,
and possibly the scrutiny of patients for evidence of it, in clinics
devoted to the care of diabetes, has been much more intensive
than that of persons being examined for hfe nsurance, or of
patients in general hospitals with diseases less frequently accused
of favoring the development of arteriosclerosts. The same suspi-
cion may be entertained of examinations for arteriosclerosts made
at necropsy, namely, that when the body of a diabetic 15 being
examined the pathologist takes more pains to look for arterio-
sclerosis than he otherwise would take Furthermore 1t must be
recognized that no two pathologists are likely to attnibute the
same interpretation to lesions of like severity Complete freedom
from all abnormality 1s scarcely ever to be expected, and when
more conspscuous lesions are found they may be called moderate
sclerosts by one examiner and marked sclerosis by another Thus,
even comparisons of statistics obtained at postmortem examina-
tions must be undertaken with caution.

TYPES OF ARTERIOSCLEROSIS

Definitions are necessary 1n any discussion of arterioscleross.
Dufferent types of artertosclerosis are recognized: (1) Arteriolar

* Henry Sewall lecture, Unnerty of Colorado, Deaver, February 6, 1989
Published also 1n New Intenauonal Chnics, 5 2, 2 13-30, 1939, by | B
cott Company Reprinted here with permission
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sclerosis is a diffuse lesion involving the arterioles and the finer
twigs of the arterial tree, commonly coincident with hypertension,
(2) Atheromatosts is a patchy lesion primarily of the intima of
the larger arteries. (3) Monckeberg's sclerosis represents primary
necrosis and calcification of the media of arteries with muscular
walls. (4) Senile arteriosclerosis is the diffuse fibrosis and de-
generation of aging.

The chief pathologic changes of arteriolar sclerosis, as de-
scribed by Kernohan, Anderson and Keith, are hypertrophy of
the media of the arteriole and finer artery, proliferation of the
mtima of these, and reduction in the ratio of thickness of their
walls to diameter of their lumens. The most pronounced and
most constant change is the thickening of the media. It is associ-
ated with an increase in the number of nuclei and apparently
represents true hypertrophy of the muscle. The condition of the
intima varies, prohiferation may invelve both endothelial and
subendothelial cells and more or Jess complete occlusion may
oceur.

The lesions of atheromatosis are nodular, with patchy distri-
bution in the aorta as well as in the larger, the middle-sized and
the smaller arteries with muscular walls. The intima is first
affected; it is thickened and contains many star-shaped cells which
are filled with lipod. Later, disintegration and necrosis occur
and the fat is distributed in the mterstitial tissue. The lumen is
encroached upon. Calcification of the plaques of atheroma and
fibrosts of the media are irregular, later developments. The
roughening of the intima favors the occurrence of thrombosis.

The lesion of Monckeberg's sclerosis also represents a process
of necrosis and calcification. It also 1s patchy, but it primarily
affects the media, is not characterized by accumulation of lipoid,
and is infrequently complicated by thrombosis. It involves the
legs by predilection The fact that various toxic agents such as
nicotine and 1rradiated ergosterol have been shown to cause this
type of arterial lesion, and not atheroma, supports the view th‘at
Monckeberg’s sclerosis differs etiologically from atherosclerosis.
However, Ophitls has written that the two lesions so frequently
occur simultancously in the same case and En such close top-
ographic relation that oue can hardly doubt, in most cases, that
they are part of the same process.
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circulation is but little disturbed, whereas m the atherosclerotic
process calcification may be minimal when the patient is suffering
from intermittent claudication, gangrene or neuritis. It is the
latter process that concerns us most.

Our pathologic material consists of that obtained at necropsy
1n 139 cases of diabetes 1n the years 1925 to 1936 inclusive, which
was reviewed by Dry and Tessmer, and that obtained at necropsy
in fifty-eight cases of diabetes in the years 1919 to 1925 inclusive,
which I reviewed in 1926, Unfortunately, permission to examine
the brain was obtained too infrequently 1n our cases to provide
significant data, but 1n 175 cases of diabetes 1n which necropsy
was performed, Root and Sharkey found cerebral arteriosclerosis
to be no more frequently a cause of death than 1t was among non-
diabetic patients  In our cases of diabetes in which necropsy was
performed, as 1 the cases reported by Warren, the coronary
arterzes, as might be expected, were severe offenders In the 139
cases of diabetes in which necropsy was performed at The Mayo
Chimc in the years 1925 to 1936 inclusive, 130 of the patients were
more than forty years of age Coronary occlusion was the cause
of death in fifteen (approximately 11 per cent) of the 139 cases
In Warren's series of 484 cases in which necropsy was performed,
895 of the patients were more than forty years of age and in
eighty-one, or 167 per cent, of the 484 cases death was due to
coronary occluston  In both series of cases this represents only a
small proportion of hearts showing other evidence of coronary
occluston, such as recent or healed infarctions or myocardral fi-
brosis  In the series of Dry and Tessmer such lesions of the heart
were encountered 1n fifty-three additional cases, so that the diag-
nosis of occlusive coronary disease could be made 1n sixty-seven
cases, or 48 per cent. In Warren’s larger scries of cases seventy-
two fresh and healed infarctions were found in 16 per cent and
marked coronary sclerosis with the lumen reduced more than a
third—actual occlusion present or not—was found n 124 of 467
cases (28.1 per cent). This mnadence for severe forms of coronary
scleross is significantly greater than has been reported for un-
selected necropsies  On the other hand, the incidence of coronary
sclerosts of all grades 1s not greater. Thus, in 2613 unselected
necropsies on patients at The Mayo Clinic wno were more than
forty years of age, Willius, Smuth and Sprague found only g7o
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instances (14 per cent) in which coronary sclerosis was “unmis-
takably marked” and sixty-one instances (2.3 per cent) in which
coronary sclerosis was “extreme™; however, some degree of cor-
onary sclerosis was noted in 241g, or g2.5 per cent, of the 2613
cases in which the patients were more than forty years of age.
"The occurrence of arteriosclerotic lesions of the coronary arteries
could not be more frequent than this in cases of diabetes.

There is a significantly large proportion of females in cases
in which diabetes js associated with severe coronary sclerosis.
Combining the series of 130 cases reported by Dry and Tessmer
with 440 cases reported by Warren, in which the sex of the pa-
tients was reported, severe coronary sclerosis was found in eighty
males and fifty-eight females, giving a ratio of 1.4:1. In those,
mostly nondiabetic necropsies reviewed by Willius, Smith and
Sprague in which the age was over forty years, severe coronary
sclerosis occurred in 291 males and eighty-nine females, a ratio of
8.3:1. An explanation for this relatively greater susceptibility of
drabetic women to severe coronary arteriosclerosis is not apparent.

Occlusion of the arteries of the legs also occurs with unusual
frequency in cases of diabetes, In The Mayo Clinic series of 130
necropstes on diabetic patients more than forty years of age, such
occlusion sufficient in degree to cause some symptom before death
was present in fifty-one cases (39 per cent). Forty of the patients
in these cases also had severe sclerosis of the coronary arteries.
Here again the proportion of females was greater than usually is
found among nondiabetic patients who have occlusive vascular
disease. ‘The ratio of males to females in 2 series of 105 cases of
drabetes 1n which there was occlusion of arteries of the legs (fifty-
one cases represented in the necropsies previously mentioned;
fifty-four additional cases 1n which the diagnosis was made clin-
ically) was 2.7:1. In a comparable series of nondiabetic patients
studied by Hines this ratio was 7.7:1.

Another difference between the series of diabetic patients with
occlusive disease of the arteries of the legs and the series of non-
diabetic patients studied by Hines was a greater incidenc.e of both
gangrene and trophic ulcer. Such lesions were found in 68 per
cent of the former group and in only 48 per cent of the latter

oup. This difference probably. is ac.coumcd for by a greater

susceptibility of diabetic tissue to infection.



ARTERIOSCLEROSIS AND DISEASES OF THE HEART 333

Root suggested a qualitative difference between the type of
arteriosclerosis in the extremities of patients with diabetes and
that encountered in other cases. In this I cannot agree. He
wrote,

“In the legs of non-diabetic patients the changes consisting of calafica

tion, necrosis and sclerosis occurring chiefly n the media form the so-called
Monckeberg type of arteriosclerosis.”

‘This is true, but the Monckeberg type of arteriosclerosis also is
seen in cases of diabetes and the atheroscleromatous type, which
leads more readily to occlusion of the lumen of the arteries, pre-
dominates not only 1n cases of diabetes but also in other cases in
which the artertosclerosis 1s occlusive. Therefore, I agree with
Buerger, who was quoted by Root as writing that the lesions of
atherosclerosis of so-called diabetic gangrene “differ in no way
{rom the lestons of the arteries 1n semle gangrene.” Objection-
able only in the Buerger statement 1s the use of the term “senile
gzngrene." Gangrene of the feet, as observed 1n nondiabetic pa-
tients, is a result, not of the senile type of arteriosclerosts but of
occlusive athert is exactly ble to that

in cases of diabetes.

ETIOLOGY OF ARTERIOSCLEROSIS

That diabetes is not in and of itself a cause of arterial disease
is evidenced by the fact, previously cited, that arteriosclerosis of
some degree occurs no more frequently than usual in cases of
diabetes. Why diabetes should be associated with a greater de-
gree of ath lerosis is the real probl Possibly mnfection, to
which diabetic patients are pred d, is ble, althougt
MacCallum found little evndence in favor cf the idea that -
fection plays much of a part in any arteriosclerosis. Possibly
n diabetes fluctiations 1 the concentration of the blood sugar
and periodic development of acidosis lead to intermittent swelling
and thereby to lowerning of the intercellular substance of the
intima, as Warren has suggested However, 1f this were true we
ought to see a correlation between the degree of arteriosclerosis
and intensity of diabetes, which is not the case. Everyone who
has studied the problem agrees that the mildest drabetes fre-
quently is associated with the more severe grades of atherosclero-
sis, and vice versa.
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Undue emphasis may have been placed by Joslin and his as-
sociates on the occutrence of arteriosclerosis in the diabetes of
Juvenile cases. In Warren's series of 484 necropsies there were
fifty-four cases in which the age of the patient was between ten
and thirty years and arteriosclerosis was present in twenty-seven
(50 per cent) of these cases. However, in the unselected necrop-
sies at The Mayo Clinic, reported by Willius and his associates,
some degree of aortic sclerosis was found in 87 per cent of the 519
patients with ages between ten and thirty years, and some degree
of coronary sclerosis in 62 per cent.

‘White, in a study of 104 diabetic children, found that nincteen
had calcification of the arterses, demonstrable by roentgen rays.
The. figure seems large, but no study of nondiabetic children of
comparable nutritional status was made or referred to. The chil-
dren were inmates of a diabetic summer camp; many of them had
not been treated before by Dr. White or her associates. Many
were grossly undernourished and below normal in stature and
development, and this malnutrition rather than the diabetes may
be the explanation of their artertosclerosis, Such cases have not
come to our attention, and R. D. Lawrence, of London, in a clin-
ical survey of forty-three diabetic children who had been under
treatment with insulin for ten years or more, found, with one
exception (showing retinal arteriosclerosis), no vascular disease
evidenced by blood pressure, examination of the retinal vessels
or roentgenologic exammation of the larger vessels. The occur-
rence of occlusive arterial changes has been confined almost en-
tirely, in our experience and that of Lawrence, to middle-aged
and elderly patients who had mild diabetes

Hyperlipemia has been supposed by many writers to occur
with unusual frequency in cases of diabetes and to favor the de-
velopment of arteriosclerosis mn such cases. However, Hunt,
studying material of the George F. Baker Clinic, found that the
most advanced arteriosclerosts occurred in cases in which the
average values for plasma cholesterol were low. Also in 2 very
large number of cases in which the concentration of lipoids in
the plasma was determined by Osterberg, Rynearson and Ken-
drick, of The Mayo Clinic, the values among diabetic patents
were not unusual as compared to those for patients of comparable
ages who were not diabetic.
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TREATMENT OF ARTERIOSCLEROSIS

The supposed high incidence of arteriosclerosis among di-
abetic persons, together with the supposed unusual occurrence of
clevated values for cholesterol and other lipoids in the plasma in
this disease, has induced some clinicians, particularly those who
advocate diets high in carbohydrate, to conclude that the arterio-
sclerosis of diabetes is a result of feeding diets rich in fat. These
clinicians have been influenced by the imbibition theory of Vir-
chow, as amplified by the Russians, Anitschkow and Chalatow as
well as by Aschoff. However, Duff, of the Department of Path-
ology of the Johns Hopkins Hospital, has pointed out that the
production of arteriosclerosis in rabbits by feeding cholesterol is
not a vakd reason for believing that an excess of cholesterol in
the diet plays a part in the cause of the usual arteriosclerosis of
man, The lesion produced in the rabbit is not identical ama-
tomucally with that of atherosclerosis as observed in man. The
lesion in the rabbit involves primarily the media of larger arteries.
The intima of such arteries 1s first to be affected by the disease
in man. The lesion in the rabbit is always dependent on hyper-
cholesteremia, whereas hypercholesteremia is not observed with
any regularity m the arteriosclerosis of man. The lesion in the
rabbit is always associated with deposits of cholesterel in other
organs and tissues; this has no counterpart in the arteriosclerosis
of man. A uniform failure has accompanied all attempts to pro-
duce arterial lesions by feeding cholesterol to cats, dogs, foxes and
monleys, in which the diets and concemra}ion of plasma choles-
terol are comparable to those of man, This negative evidence is
-more 1mportant for application to human co\nditians}han is {he
positive evidence obtamed from the experience with rabbits.
Finally, those pathologc conditions in man which are nssoc_med
with cholesterenia, with the one exception, diabetes, are infre-
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adjacent blood vessels the circulation is further obstructed and
gangrene is promoted The early treatment of abrasions is im-
perative, but 1n their treatment the use of antisepuits 1rritating to
the skin must be avoided Drabetic patients leaving our care are
advised to consult a physician early for cuts and infections, but
several times the physictan—even agamst the protest of the pa-
tient—has applied antiseptics such as tincture of iodine or a car-
bolated salve, with results that were disastrous and easily might
have led to legal claims for redress. Dressings saturated with
equal parts of saturated aqueous solution of boric acid and 5o per
cent grain alcohol, 1n our experience, are effective and safe, but
they should be alternated with dressings of dry stenle gauze
Walking on a foot that 1s infected must be prohibited. Rest is
ndispensable unt1l healing is complete.?

Finally, for all patients with scleross of the arteries of the legs,
time and effort must be devoted to attempts to improve the per-
ipheral circulation.  For this purpose the regular use of contrast
baths 1s recommended, together with massage and passive exer-
cises such as those devised by Buerger,

The following directions are given to diabetic patients in The
Mayo Clinic who suffer with occlusive vascular disease:

DIRECTIONS FOR THE CARE OF THE FEET

The paticnt wath diabetes who has poor airculation of blood 1n the lower
extremuties s 1 danger of developing gangrene of the feet He may be able
to prevent this complication af he will maintain satisfactory control of his
diabetes and heed the following admomtions They are six in number

1 Keep the feet clean, avoid “athlete's foot "

2 Avoid bruises and cuts, giving proper attention to toe natls, corns,
stockings and shoes

3 Avoid burning and freeung the skin of the feet, avoud strong anti-
sepics

4 Avoud constricting the arculation, avoid tobacco

5 Prowde rest for injured feet

6 Make use of measures to promote the airculation, contrast baths, mas
sage, exercises

Adherence to these admontions will obviate the necessity for many an

" Reports of six cases in which tetanus complicated mosst gangrene were found

1 the literature by Stoyanof, who added 2 seventh The patients all died 1
have encountered this only once The patient was 2 furmer and the infection
S I A . e cut more frequently among
[ ng the crrelessness of some
walk on ulcerated feet, and
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amputation. Adherence to them will also help to Pprevent gamps on walking
and numbness and pains in the jegs at night.

1 KEEP THE FEET CLEAN

Wash the feet daily. Use a nonirritating soap and the feet carefully.
Avoid rubbing with the towel  Blot off the i}ﬂ]sll:\l’c. e:;r!m”y that b:lwee’r’l
the toes. Drawing the towel between the toss or pulling the toes too far
apart may cause breaks in the skin,

After the bath gently rub the feet with alcohol, then apply boric aad or
other dusting pawder. If the skin 15 abnormally dry, apply lanohn, olive o1l
or cocoa butter,

Athlete’s foor —Warch out for infestation with fungi (athlete’s foot)
Athlete’s foot 15 to be suspected 1f uny bhisters are found between the toes,
or if cracking and weeping of the skin occur with bad odor and 1ching
Athlete’s foot may be acquired mn shower baths, on bathing beaches and in
hotel bedrooms. Many remedies commonly prescnibed for it are too strong
for safety when the blood, supply to the legs is poor. A reliable and safe
treatment 1s to soak the feet for thirty minutes twice daily in a freshly made
1 8000 solutton of potasstum permanganate—one §grain tablet of potassium
P (p at a drug: mn z quarts of warm, not hot,
water. The solution stains the skin but is not injurious

2. AVOID BRUISES AND CUTS

Bedroom slippers should be put on before getting out of béd and taken
off after getung inta bed  Walking in bare feet must be strietly avoided be-
cause of the danger of stepping on sharp objects or bruising the foes by
bumptng them.

Tor nmls—Toe nails should be cut straght across, not rounded, and
should not be shorter than the flesh ac the extreme up of the toe. The
corners should not be cut or pulled cut Neser use a kmfe; employ nail
clippers and a file or emory board, and exerase great pains to avoid cutting
the skin and drawing blood. A piece of cotton twisted around the end of
an orangewood stick or toothpick and saturated with hydrogen perovide
should be used for cleansing under the nails, not a pointed nail file. A small
piece of cotton inserted under the corners of the nails will help to prevent
their becoming imbedded 1n the flesh and will encourage them to grow
straight. This cotton must be changed once a week. If the nail bed is pain-
ful insert less cotton

Corns —Corns grow from pressure, and if all pressure can be prevented
they will disappear Use com pads (nonmedicated) or cover the corn with
adhesive moleskin. If moleskin js used, replace it once a week: omit the
covering with moleskin one day each week  Abore all, wear shoes that neither
press nor tub the corn Do not attempt to cut corns or callmes If thewr
trimming becomes a necessity see a chiropodsst (accredited Pedicure) Ask
your physician to refer you to one who is competent. Rfmtmber to tell .the
chiropodist that you have diabetes, so that he will exercise every precaution
to avoid drawing blood or introducing infection N .

Stockings —-Short stockings cause as much foot trouble as ilLfitting shoes
“There should be some looseness at the toe—room for foot expansion when
weight is borne. Pull the stocking out ar the toe before putting on the shoe
§tockings must be clean. ‘They should be changed once a day and new stock-
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1ngs should be laundered before they are worn  Thick darns and seams in
stockings are to be avoided

Shoes —Soft leather 1s to be preferred  Shoes should be broad in the toe
and straight on the 1nner border They should fit snugly over the mstep 5o
that the foot will not press forward Metal arch supports are undesirable
A combmation last 1s best for normal feet Tlus is two widths narrower at
the heel than at the ball of the foot Narrow toed shoes must be avoided
Crowding the toes leads to ingrown toe nails The heel should be of medium
height—not too low The himngs must be smooth The counters of new
shoes should be softened before the shoes are worn, and new shoes should
not be worn more than two hours at a time for the first four or five days

$ AVOID BURNING OR FREEZING THE SKIN OF THE FEET

When the arculation of blood 1s poor, the skin of me feet 15 1nsensiuve
Thus extremes of temp may not be the skin
of the feet may be injured by temperatures that would not harm other parts
of the body Therefore, take great pains to avod freenng or burmng the
feet The greatest danger 15 from hotwater botiles or electric pads These
must never be placed below the knee For cold feet at mght wear loosely
woven woolen stockings in bed Unless spectal precautions can be taken
agamst overheating, heat lamps or bakers are to be avoided Never place

hot water bottles or electric pads below the knee
Test the temperature of the bath water with the elbow or forearm, not
with the foot
Sy

S Wt eprmaetan 3
. - oL . I '
- . ' i . et .
dressing made of sterile gauze until at dnes ‘and ﬂauens of atself Then i
breaks, mfection wall be less likely Broken blisters are treated with dressings
of boric aad and alcohol, as deseribed below

Wear warm wool socks and overshoes 1n cold weather, and avoid pro-
Tonged exposure to cold Should the feet be frozen do not apply heat but
warm them by gentle massage

Antiseptics —When treating abrasions of the feet avoud the use of strong
antiseptics Tincture of 1odine, solution of bichlonde of mercury, carbolic
acid and medicated salves are dangerous Simple cuts, burns and broken
Blisters from burns are best treated by applymg a stenle gauze dressing kept
moust with equal patts of 5o per cent gran alcohol and saturated soluteon of
bhonc aad  Alternate such a dressing with a dry stenle dressing every twelve
hours

4 AVOID CONSTRICTING THE CIRCULATION

Circular garters, constricung bandages, overtight shoes and situng with
the legs crossed slow the arculation of blood to the feet  Situng with the
Tegs crossed not only constncts the arculation but also, because of pressure
on a superfiially placed nerve at the knee, may provoke the development of
a neunus leading to foot drop

Tobacco —Nicotine slows the stream of blood by causing contraction of
the muscular walls of the arteries It 15, therefore, advisable to avoid entirely
the use of tobacco 1 any form
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5 PROVIDE REST FOR INJURED FEET

Wallung on a foot that 1s bruised, or otherwise injured, delays or pre-
vents recovery. This applies even to minor injuries When only one foot 1s
affected, crutches will provide the necessary rest, When crutches are used
they must be well padded, otherwise crutch palsy may develop from the
pressure of the crutch at the arm pit. If both feet are affected, the patient
must remain 1n bed unless he can be lifted into a chair. If he sits in a chair,
his legs must not hang down Do not step on an injured foot until healing
1s complete

6 MAKE USE OF MEASURES TO PROMOTE THE CIRCULATION

Contrast baths —Forty mnutes devoted once daily to contrast baths and
io the massage and exercises to be described, w2l help greatly to improve the
dreulation 1 the legs  For the contrast baths two pails are used One is
filled with water warmed to 105° F., and the other with water at g0° F 4
bath thermometer (procurable at little cost 1 any drugstore) must be em-
ployed to secure these exact temperatures The feet and lower legs are im
mersed alternately for one minute in each bath, beginning and ending with

the warm bath and changing from warm to cold and back again five tumes
This takes eleven minutes  Add hot water to the warm bath and cold watet
to the cold bath as necessary to maintain the original temperatures

—After the contrast bath stroke and knead the feet and legs, be

Massage.-
ginmng a:gzhe toes and working upward toward the knees. Use cocoa butter,
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Ianolin, olive o1l or mmeral ol as a lubricant.  Spend five mnutes at this
massage

Exercises —1 Lie flat on the back m bed with the legs elevated for one
munute, a; then sit on the bed with the legs hanging down for one munute, b;
then lie flat in bed with the legs horizontal for one munute, &. Repeat six
umes This exercise takes eighteen munutes

2 Stand on toes and heels alternately ten times Sit on a table and
swing the legs freely, rotating the feet slowly, as fllustrated, d. Spend five
mnutes at this exercise

DISEASE OF THE HEART

Acute rheumatic fever occurs with no unusual frequency in
cases of diabetes, and carditis resulung from this or other infec-
tious condition 1s no more common than otherwise. However,
as was explained, occlusive sclerosis of the coronary artertes and
the lestons of the myocardium that attend 1t are found at necropsy
w2 disproporuomately Jarge number of tases A curious fact, 1w
view of this, is the infrequency of cardiac symptoms among di-
abetic patients  In this the report of Root and Sharkey and that
of Dry and Tessmer, relating to our expertence, are in complete
accord  Congestive heart failure and dyspnea of cardiac origin
are uncommon, and angina pectoris is rarely seen except with
occlusive episodes, and then inconstantly. Angina pectoris had
occurred 1n only sixteen of thirty-two cases of coronary thrombosis
1n the series of necropstes on diabetic patients reported by Root
and Sharkey, and the duration of any symptoms in these cases was
often only a few months before the occurrence of terminal cor-
onary occlusion  In exght of the cases there was no history of
pamn®

Diagnosis of coronary thrombosis.—Reference has been made
to the symptoms of diabetic acidosis, including pain and leuko-
cytosis, which complicate the diagnosis of organic disease of the
abdomen, such as appendicius, Similar diagnosuc difficulties may

“The very high madence of hyperglycemia and glycosuria encountered in
the acute stage of coronary thrombosis among persons not previously diabetic ought
not to be accepted as evidence of dubetes mellitus Raab and Rabmowitz ob-
tamed abnormal blood sugar tiume curves with dextrose i all of twelve cases of

coronary occlusion 1n which the panients were examined within two weeks of thewr
coronary closures, but 1n only three of mine cases m which the pauents were re-

exAmMInAA after fha Tnona ~f A ¢ R
X 7

. 5
disease are suffenng from diabetes mellitus
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be presemcd when diabetic patients with suspected coronary s€
fosxs have acidosis a5 was illustrated bY the following observation
in a €ase reported by Lymburnets Barnes and Rynearson-

d'?he ?aﬁem, a woman, 52 years 0ld, had beent under treatment wath diet

and insulin for five year™ She also had had {ntermittent retrosternal pain

for ten YE3Ts Jt caroe 1M attachs psually 1asting Talf an hout, a0 extended
ynfust

normal. € ] t

the patients was Tega! as incomp?! ible with such a SeTIOUS cardiat fnsult
as acute myocardial nfarctio?
arlmosclnom ~The treatment of an-

i ¢ in cases of drabetes oSS ot differ grom that €us”

ing the U of Tel: vely s s of 1

There exists a good d { hesitancy out using jnsulin 10 the

presence of cardial disease be se of i olated Teports of cases i

which overdoses have prccip‘t \ ks of ang!’ ris. The

danger has bee: ggeratecs at least; 10 fatalities from this SOUFC
e 1y one i of fat®

coronary in 5

orted from rge ¥ al Clinic. It {s important never:

theless, 0 bear th ‘mattes it mind and © exercise appropnale

ptecaution ses of long ng diabetes he heart @27
high €' cration of blood suga® an

become accuslomed to 2
pexiorm less eﬁccuve\y when the conr.cm.raﬁon is pormal. How*
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ever, to deprive a cardiac diabeuc of msubn when insulin is
needed is completely unjusufiable. The cardiac muscle depends
on dextrose for maximal efficiency, and in cases of severe diabetes
dextrose without nsulin is useless.?
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CHAPTER XXIII

HYPERINSULINISM: DEFINITION AND DIAGNOSIS*

My motives for introd g the foll g ion of hyper
insulimism are two: first, to arouse more general awareness of a
disease which frequently is curable, and second, to plead against
designating as hyperimsul conditions ctated with low
levels of blood sugar mn which the low levels of blood sugar are
not attributable, with high probability, to an excess of msulin.
The symptoms are much the same 1n hypoglycemma, whatever the
cause. Particularly mmpressive are hunger, weakness, disorienta-
tion and striking prompt relief by taking sugar. I hope to make
clear, however, that episodes of hypoglycemia do pot of themselves
establish proof of excessive isulin, and to justify restriction of the
term “hypernsulinism” to those cases 1 which operation on the
pancreas can be expected to effect lasting relief

The disease diabetes was defined in Chapter II as a primary
disorder of pancreauc function which mvolves an insufficient
supply of insulin and 15 characterized most consistently by a per-
sistent tendency to displacement upward of the level of the blood
sugar. ‘The disease hyperinsulimsm 1s the chinical opposite of
diabetes, being characterized by displacement downward of the
level of the blood sugar. The hyperglycemia of diabetes and the
hypoglycemia of hypermsulimsm may be corrected by appropriate
adjustment of the intake of food, but in both diseases correction
accomplished by this means is impermanent. In hypoglycemia as
1 diabetes a primary disorder of the pancreas 1s responsible for
the disturbance of the Jevel of the blood sugar with an effect
which in each nstance 1s continuous.

Hyperglycenma itself 1s not a disease but a symptom. High
values for blood sugar are enc 1n many condi other
than diabetes mellitus  Similarly hypoglycemia is a symptom
which 13 encountered 1n a number of abnormal states other than

MemoRead before the meeting of the Mid South Post Graduate Medical Assembly
Memphis, Tennessee, Febroary 13 to 16, 1930
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those of pancreatic origin; namely, in pathologic conditions of
the liver, in cases of insufficient function of the anterior lobe of
the pituitary body and rregularly in cases of insufficient function
of the adrenal cortices or of the thyroid gland. It also is a symp-
tom of both organic and functional disturbances of the parasym-
pathetic nervous system. A number of writers have expressed the
opinion that such nervous types of hypoglycemia represent hyper-
msulinism (or dysinsulinism). With this opinion my colleagues
and I disagree. It is based on the assumption that the pancreas
in cases of nervous disorders js intermittently provoked to exces-
sive activity, an assumption unsupported by satisfactory evidence.
In my opinton and that of my associates isolated attacks of spon-
taneous hypoglycemra are not in themselves sufficient evidence to
justify a diagnosis of primary disorder of the pancreas, whereas
hyperinsulinism, as here defined, is a disease originating in the
pancreas.

Another consideration enters into the definition of hyperin-
sulimsm  In primary hyperfunction of insular tissue the export
of insulin is badly adjusted to the need for insulin  Although
always excessive for postabsorptive requirements, it may be too
small to meet the need for insulin after meals. In consequence
the taking of food may elevate the concentration of the blood
sugar and even cause glycosuria in the same case in which the
level of the blood sugar mnvariably falls to pathologic levels on
prolonged withdrawal of food Actually the export of insulin by
a normal pancreas, to compensate for abnormal needs, at times
must exceed that encountered in cases of true hyperinsulinism.
1 can explain by referring to the experiments of Young (see Chap-
ter I11), in which, after several weeks, diabetes was produced in
previously normal dogs by daily injections of extracts of the an-
terior lobe of the pituitary gland  The earlier injections elevated
the values for blood sugar only transiently; that is, if the injections
were discontinned, the values fell again to normal. A number
of dogs were killed at this early stage of the experiments, that is
before permanent diabetes had been produced, and in them the
islands of Langerhans appeared hyperplastic and revealed other
signs of increased secretory activity. Undc}" the circumstances of
these experiments, until the pancreatic islands had been ex-
hausted, the export of insulin probably was extreme, although it
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still was mot large enough completely to compensate for the
njection of the diabetogenic hormone. Clinical conditions, com-
parable to the condinon Young produced experimentally, are
encountered 1n cases of overactivity of various endocrine antagon.
ists to the islands of Langerhans, and in such cases also we prob-
ably are confronted with large exports of insulin, This might be
called “compensating hyperinsulinism,” but it is not the disease
we are concerned with in what we define as hyperinsulinism

DIAGNOSIS

Hypennsulinism, as so defined, has been established with com-
plete reliability onty for patients with hypoglycemsa in wlach
operation or necropsy has revealed an adenoma or carcinoma
originating in the islands of Langerbans of the pancreas. The
number of cases has been small, only twelve were identified in
The Mayo Clinc 1 wwelve years However, tn the same pertad
of twelve years nearly an equal number of patients were operated
on without finding tumors, the operation being done because the
tendency to downward displacement of the level of blood sugar
was persistent and the symptoms presented were indistinguishable
from those of the patients with tumors. Under such arcum-
stances, but only then, and always provided no other organic
cause for hypoglycemia can be ascertained, 1s it jusufiable, i my
opinion, to assume the existence of primary overacttvity of non-
tumorous sular tissue. Such a condition would be analogous
to hyperthyrordism 1n those cases of hyperthyroidism m which
tumorous changes are not found 1n the thyroid gland, analogous,
that 1s, to the condition which 15 diagnosed as exophthalmic goiter.
In exophthalmec goster diffuse cellular hypertrophy and hyper-
plasia can be idenufied 1n microscopic sections of thyroid tissue.
In amalogous cases of suspected hyperi without tumor,
sections of pancreas sometimes, but infrequently, reveal what
looks Like hypertrophy of the islands of Langerhans. However,
esumation of the amount of ipsular tissue 1s attended with in-
superable difficulties; the ability of the microscopist to recog-
nize pathologic variation in individual insular cells is by no means
comparable to his ability to recognize abnormality in the cells of
the thyroid gland and in a number of these cases subtotal resection
of the pancreas or other comparable procedure has been curative,




e
accoun; , ne €y shoy
Val pro s lastip, relief,
h; poglycemia d n
and if po tuy

AL secretion
1sorders of the
i T: Unction,),
of &b cogen de, ~Gross disorde,
e

y Soning with cip
T pl xosphorus, in yey), W fever, and in ¢y
Cancer of the live,. Frcquemly with €Xtensiye hepate
i Cer the leve] of th 00d sypar
Sturbeg, bur Classicy very loy Values for
su, sym S of hypogl}cemia Was Teporteq by
er and Wolfer,

Cpatic djs, ase.~In 4 few Qases of disease of the liver,
trary o ule, e 8lycogen Mechanism seems ¢ have been djy.
ed e, Ut grogs inler[erence With o,

Ng such ase;

T hepaje funcrion
are i which Were Teporteq f,,

om the clinic



HYPERINSULINISM: DEFINITION AND DIAGNOSIS 851

by Judd, Kepler and R In them abd 1 operations
revealed no abnormality of the pancreas, slight portal arrhoss
and extensive fatty metamorphosts of the iver. The patient in
one of these cases previously had been diabeuc; also she was
known to have taken large doses of sodium 1so-amylethyl barbitu-
rate and other sedatives. ‘The patient in the other case had not
been diabetic nor had she used drugs In both cases the serum
bilirubin was normal 1n value and evidence of general loss of
hepatic function as provided by the bromsulfalein test was shght,
Other possible examples of disturbance of the glycogen function
of the liver in the absence of comparable loss of other functions
are a case of toxic hepatiuis reported by Cross and Blackford and
three cases of cholangitis reported by Coller and Jackson. In the
same category 1s glycogenosis (von Gierke's disease). Thus far
glycogenosts has been recogmized only in children. The patient
m the first case of the kind to be fully reported (Parnas and
Wagner) later became diabetic (Wagner) 1

Disease of the muscles as 2 cause of hypoglycemia —In a case
of progressive muscular atrophy McCrudden and Sargent found
a value of blood sugar of 0.064 gm per 100 cc and noted that
administration of carbohydrate was beneficial for the asthema.
Plke\ﬂse Messini 15 smd to have reported episodes of hypoglycerma
in progressive muscular dystrophy However, Rosenow’s sys-

* An investigation by Seckel of the rate of postmortem hepatic glycogenolysis
m two faal cases, In one of which an nsular caranoma was found, fills a gap
our knowledge When Allan, Power, Robertson and I described the orginal case
of pancreanc tumor with hypennsulinism, attention was called to a very high
glycogen content 1n ¢the liver, and 1t was suggested that an equally unusual case
Previously reported by Parnas and Wagner might represent a smilar condstion
The case of Parnas and Wagner, of hepatomegaly. hypoglycemta, ketonuma and re:
. e P TN

S e f . D
. - S . '
mined, however, either i the ongnal case or m any of the numerous cases of
hypermsulimsm which subsequently have been reported, was whether postmortem

countered in the Liser and muscle 1 both cases, but postmortem hépatie glyco-
genolysis was approximacely normal or only slightly decreased
tmportant review of the literature on glycogenosis was published recently

by van Creveld, who with Snapper gave the first chrucal report of a case of 1t 1n
fret
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tematic exanunation of patients with muscular disorders revealed
values for blood sugar which, while tending to be low, were all
in the normal range.

2. Abnormality of other glands of internal secretion —Plun-
glandular dyssynergia.—The category of pluriglandular dyssyn-
ergta has been used by some writers as a wastebasket into which
to put unusual cases of hypoglycemia when clear-cut evidence was
not available to determine which endocrine gland or glands were
primarily involved, This never is 2 satisfactory diagnosis.

Adrenal glands,—Hypofunction of the adrenal cortex in Ad-
dison’s disease leads less frequently to episodes of hypoglycemia
than might be expected Compensatory suppression of the pan-
creatic 1slands presumably mterferes. However, occasionally n
the crists of Addison’s discase and otherwise if patents with this
disease are deprived of carhohydrate by long starvation, very low
levels for blood sugar have been encountered. Porges was first
to call attention to hypoglycemia in Addison’s disease, and nec-
ropsy m two cases of hypoglycemia reported by Welty revealed
tuberculosts of the adrenal glands associated with lymphatism.
Rushton, Gragg and Stalker descrtbed a case of spontaneous hypo-
glycemia from The Mayo Climic attributable to atrophy of the
adrenal glands, and cited other mstances from the literature.

Greenwald and Elasberg encountered low values for blood
sugar 1n two cases of severe burns, The pauents were children.
Subsequent experiments with rabbits revealed that death after
burns may result either from tmtial shock with excitation of the
adrenal glands and hyperglycemia, or later from adrenal degener-
atton and hypoglycemia.

Thymus.—Hyperthymism as a cause of depression of the level
of the blood sugar was suggested by MacLean and Sullivan. Mes-
sini likewise encountered hypoglycemia in a case in which the
thymus was hypertrophic.

Thyrotd.—Hypothyroidism 1s mfrequently complicated by de-
presston of the level of blood sugar and symptoms of hypoglycemia
are as unusual in myxedema as they are in Addison’s disease.
However, Janney and Isaacson found moderate lowermg of the
concentratton of blood sugar and obtzined flat blood sugar time
curves in cases of myxedema, and Goldzieher suspected hypothy-

roidism n twenty of 112 cases of chronic hypoglycemia. Also
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Carmichael described what he called “hyperinsulinism 1 associ-
ation with hypothyroidism *

Sex glands —The sex glands probably contribute ummpor-
tantly to the regulation of the level of the blood sugar, and evi-
dence that disturbance of them 1s ever 2 cause of hypoglycemia 1s
entirely inadequate The ovaries are affected by disease of other
glands of mternal secretion, but that this contnbutes to the hype-
glycerma of hypopituitanism, for nstance, is highly rmprobable.
However, Cornell, Le Winn and other authors have commented
on the occastonal occurrence of hypoglycemia 1n pregnancy, and
Longeope's case of scleroderma possibly should be placed in a
category of hypoglycerma attributable to disease of the gonads
The value for the blood sugar 1n his case was 0 041 gm. per 100
¢c.; symptoms were noted and necropsy revealed bilateral inter
sutial orchitis and atrophy of only one suprarenal gland

Prauntary body.—Destruction of the postertor lobe of the pitu-
itary gland does not seem to be attended by low values for blood
sugar or symptoms attributable to low levels of blood sugar On
the other hand, sufficient destruction of the anterior lobe results
in severe hypoglycemia Cushing, 1912, reported a value for

of n

ally was accompamed by a ravenous appetite The attacks oceurred every two to
four months, and 1n October, 1938 such an attack was associated with marked
nervousness, tremor, epsodes of dizmness, msomma and waves of heat and sweat
g The patient’s weight by then had fallen from 165 to 135 pounds (748 to

612kg) Determinanions of the basal metabohe rate were made but they weve 1n-
conclusive, and the fasting value of blood sugar had been found to be 0060
Per 100 €€ A diet high n carbohydrate had been prescribed with frequent feed-
ings  Orher symptoms mncluded marked dyspnea, palpitaton and a great loss of
strength and endurance

On examination at The Mayo Clinu tremor and a morst skin were noted bug
the thyroud gland was not conspicuously enlarged The systolic blood pressure
was 146 mm’ of mercury, the diastolic go and the pulse rate way g6 beats per
minute The fasung blood sugar was 0083 gm per 100 cc

st was prescribed and proved somewhat beneficral  Subsequently subtatsl
thyrodectomy was performed and 10 gm of hyrod tissue was removed  Th
define h of o b

iter, pertrophy and
hyperplasia were noted in the thyrowd tissue removed ~ Gain 1 weight and dis-
sppeararcs of alt preoperauve symptoms followed the operation

2
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blood sugar of 0 039 gm. per 100 c.c. in a case of chromophobe
adenoma of the pituttary, and comparable observations have since
been made by others. In some cases of chromophobe adenoma of
the pituitary gland with low levels for blood sugar, as in one re-
ported by Cushing, symptoms referable to the hypoglycemia have
been absent; mn others severe convulsive episodes with loss of con-
scrousness have occurred. The literature on this subject has been
reviewed by J. Wilder, who himself reported important observa-
ttons  ¥rom a study conducted at The Mayo Clinic by Foley
extensive destruction of the anterior lobe of the pituitary gland
appears necessary before any disturbance of the regulation of the
blood sugar can be detected. Foley examined the patients in
twenty-stx successive cases of chromophobe tumor of the pituitary
gland, and found only one who had pathologic values for blood
sugar. In this instance the values were as low as 0 ogo gm per
100 c.c. In the other cases, although other signs of hypopituitar-
ism were present 1n the majority, the lowest postabsorptive value
was 0.072 gm per 100 cc.?

Low renal threshold for dextrose.--In renal dextrosuria when
the renal threshold is greatly depressed (see Chapter II) restriction
of the intake of carbohydrate may result in hypoglycemia. Phlo-
rhizin powsoning, which lowers the renal threshold for dextrose,
has been observed chinically only by Mandel and Lusk, who gave
phlorhizin to a criminal However, Fischler called attention to
the symptoms observed 1n dogs poisoned with phlorhizin, His
designation “glycoprive intoxication” placed emphasis on the eti-
ologic sigmificance of the associated hypoglycemia.

3. Disorders of the mervous system—Orgamc disease of the
brain —Sporadic instances of hypoglycemia have been encountered
1n schizophrema, melancholia, hebephrenia and other psychoses,
and by Rathery, Derot and Sterne in cases of subdural hemor-
rhage Severe hypoglycemia was found by Birnbaum and Wood

* Cases of diabetes mellitus have been reported by Lyall and Innes and Mac:
Callum m which amelioration of the diabetes accompanied the development of
chromophobe tumor of the pitmtary gland  An excellent Teview of the literature

- - N N i * and Ehrmann They

ne curve can be raken

of the pitustary body
‘quently obtamed with

perfectly normal subjects, and Foley m his study at The Mayo Clinic obtained low

fiat curves (mcan height o117 gm per 100 £€) I only Mneteen of tuentysiv
cases of chromophobe tumer In the other scven the curves had a high peak.
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to accompany the seizures of general paralysis. The observation
suggests that other diffuse lesions involving the brain stem may
be responsible for some cases of hypoglycemia, lesions, for in-
stance, that mught result from previous severe attacks of hypo-
glycemia induced by mjections of insulin or from other causes
It has occurred to me that such lesions might explain convulsive
episodes irregularly associated with very low levels of blood sugar
observed 1n certain cases of diabetes in which the level of the
blood sugar is unusually varsable.

The explanation of hypoglycemia 1n cases of orgamc disease
of the bramn is that irritation of centers in the brain stem disturbs
a nervous regulation of the blood sugar However, the usual
result of irritation of the base of the brain 1s hyperglycemia, not
hypoglycemia.

Epilepsy —A number of wrtters, among them Harns (Decem-
ber, 1g33) , have expressed the view that hypoglycem:a may be of
etologic significance in idiopathic epilepsy, at least in the prove-
cation of attacks. Holstrom, however, considered the lowered
levels of blood sugar found at the time of attacks to be an effect
of the attack on the vegetative nervous system  The clinical sim-
tlanity between some attacks of severe hypoglycemra caused by
true hyperinsulinism and the attack of 1diopathic epilepsy has fre-
quently led to the mistake of diagnosing epilepsy 1n cases of hypo
glycerma  This has been emphasized by Harris (Feb 4, 1933) .

Functional disease of the nervous system —In many cases of
symptomatic hypoglycemia the patient ts found to be afflicted with
one or another of the various nenroses I recently reviewed the
associated diagnoses in those cases from The Mayo Clinic 1n which
2 diagnosts of hypoglycemia had been recorded The cases num-
bered 138. In thirty-three of them the assoctated diagnosts was
hyperinsulinism, in six 1t was hepatic disease, 1n one necropsy re-
vealed adrenal atrophy, in one the pituitary gland was destroyed
by a chromophobe tumor, 1n eight the renal threshold for dextrose
was depressed, and in two clear evidence existed of orgamc disease
of the brain. When the number of the cases, in which the hypo-
glycemia seemed to depend on primary disorders of glands of in-
ternal secretion, was subtracted from the onginal number, 138,
it Teft eighty-seven cases, and of the eighty-seven an associated di-
agnosis of some type of neurosis had been made in seventy-two.
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Among the seventy-two there were two cases in which migraine
was named, six of duodenal ulcer associated with some form of
psychoneurosis, six of hystersa, eight of idiopathic epilepsy, and
fifty in which the physician had recorded chronic nervous ex-
haustion or psychoneurosis.

Hypoglycemia associated with neurosis is what I referred to in
the introduction of this chapter as a nervous type of hypogly-
cemia The patien, as a rule, is an emotionally unstable person.
He complams of hunger and weakness before meals, and may re-
port that he has fainted on occasion. If so, he has recovered con-
sctousness in a few minutes without treatment. He often
complains of low or high pulse rates, irregular respiration and
immoderate persptration, bue these symptoms usnally are not
greater in his episodes of hunger and weakness than at other times.
He may be hungry and weak at mealtime, but his hunger and
weakness disappear in an hour or two if the meal is not taken.
Especially notable is an absence of any trouble at night, and when
determinations of blood sugar are made after the night's fast the
values are not abnormally low.

In this nervous type of hypoglycemia the symptoms and the
low levels of blood sugar usually are related more to the taking
of food than to withdrawal of food. The episodes appear two,
three or four hours after meals, and particularly after the ingestion
of carbohydrates, whereas long pertods of fasting are not produc-
tive of symptoms, If dextrose is gtven to such patrents, as in the
standard dextrose tolerance test, the hypoglycemic phase of the
blood sugar time curve is often exaggerated, with very low values
at the second, third or fourth hour. At ¢his time the patient may
experience symptoms, but he will recover without treatment and
can fast afterward for twenty or more hours without the return
of symptoms, and with & reasonably satisfactory level of blood
sugar at the end of the fast.

The Fulure of the blood sugar vaiues to remain at patiologic-
ally low levels during fasting is evidence that the pancreas is not
continously secreting insulin in such cases. Experiments !.vilh
protamine-zinc insulin have revealed that a very small continu-
ous supply of wnsulin suffices to cause pathologic levels of bloz?d
sugar in fasting subjects.  The assumption that the p.;mcreaf. in
cases of this type, is intermittently provoked to excessive activity
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by nervous stimulation is unsupported by evidence, and it is
more probable that the hypoglycemia encountered in them is a
result of direct action of the nerves on the glycogen mechanism
of the liver.

The neurologic picture in these cases of nervous hypoglycemia
15 that of instability of the autonomic nervous system with pre-
dominance, as a rule, of features of vagus 1mtation In many
of the cases of spontaneous hypoglycemia which I placed in this
group, the d d WS VOgS

Effort hypoglycemia~Patients with nervous hypoglycemia
scem less able than others to withstand effectively the strain placed
on the homeostasis of the blood sugar by exercise. Exercise 1f
sufficiently strenuous may produce severe hypoglycemia even in
trained healthy athletes. This was demonstrated by Levine and
his associates and by Jokl. Since hnowledge of 1t has become
general, athletes have taken to eaung sugar before competitive
exertions Not all runners in a marathon race are affected alike.
Even before it was learned that eating sugar would prevent col-
lapse some were able to complete the race with a normal level of
blood sugar. The type of person who is most likely to fail in this
Tespect 15 the type with instability of the vegerative nervous
system.*

Lactation hypoglycemia.—The sparing effect of lactation on
the insulin requirement of diabetic women received comment
before (see Chapter X1V). Stenstrom and others have observed
depression of the level of the blood sugar m normal nursing
women and at times this was assocated with symptoms. The same
condition 15 observed 1n hughty bred cows, in which it goes by the
name of milk fever, although there 1s no fever (Harding) 3

LSOO o, .- .

' e .
Tence among patients who have unstable vegetative nervous systems,

¢ Although the explanation of lactation hypoglycemsa, usually gven, 33 an ab
normal abundance of milk, 2 more likely one, I suggest, 18 that the persons aflzcred
are ind with frmtable evves  An dissirlar milk
aickness was attributed by Bulger and his assooates 10 powonng of catdle with
the plant, white snakercot (Eupatorium urticaefolum) The catdle acguire ym-
munity, but transmit the powson through their milk to their calves and to human
consumers  The eficcts frequently are lethal The disease was much more com-
mon formerly, 1n proneer days 1n tome localities 1t caused appathing loss of human
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DIAGNOSTIC CRITERIA

With a good history and careful examination the extra-insular
forms of hypoglycemia which depend on disease of organs other
than the pancreas usually can be identified. There remam the
cases of nervous ongin, and distinguishing the hypoglycemia en-
countered in them from the hypoglycemia of hyperinsulinism is
the really difficult task. In making this differentiation Whipple
has been guided by three criteria.  When they are met, his di-
agnosis 15 hyperinsulinism and the patient is accepted for opera-
tion. Theyare (1) a postabsorptive blood sugar value of less than
0050 gm. per 100 cc, (2) symptomatic attacks of hypoglycemia
which occur only when the patient is fasting, and (3) relief of such
attacks by administration of sugar, preferably intravenously, and
without the pauent's knowledge of what is injected. By adher-
ence to these criteria of operability and employing an operative
technic for moblizing the duodenum so that the posterior aspect
of the head of the pancreas can be brought into view, Whipple
has discovered tumors of the islands of Langerhans in fifteen out
of eighteen cases in which operation was performed.

‘The criteria we have used in The Mayo Clinic for selecting
cases in which tumors ought to be looked for surgically differ only
in minor particulars from those of Whipple. Theyare (1) normal
health and evidence of stability of the autonomic nervous system
prior to the first episode of hypoglycemia, (2) postabsorptive
levels of blood sugar of less than 0.060 gm. per 100 c.c., and (3)
intolerance for fasting.

Previous health.—In all of the cases of insular tumor that have
been encountered tn The Mayo Clinic, and in most of those
reported in the literature, the patient enjoyed normal health up
to the time of the first episode of hypoglycemia. This first epi-
sode, 1n all but a few cases, occurred not many months before the

hfe The symoptoms are attributable to extremely low levels of the blood sugar
Thus type of hypoglycemua should more properly be referred to under the tategory
hypoglycemia of hepatic omgin, since the parenchyma of the internal organs of
affected individuals are found at death to be grossly degenerated. Carl Sandburg,
1n his “Abraham Lincelp, the Prairie Years,” tells how Lincoln's mother, Nancy
Harks Lincoln and Tom and Beisy Sparrow Were tiken down with the “milk
sich ™ “The ‘milk sick’ ook more people m that neighborhood fat Litde Pigeon
Creeh 1n Indiana] the same year, and Tom Lincoln [Lincoln’s father] whipsawed
planks for more coffins One settler lost four milch cows and eleven calves The
nearest doctor for people or cattle was thisty-five miles away. The wilderness 12

careless
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patsent came under medical observation, subsequent attacks fol-
lowed with increasing frequency. A year or two after the onset
of symptoms nearly all of the patients required feedings at mght
:md in the daytime bemeen meals, or attacks occurred with such

q as to be incaf ing. Previous health and this type
of conrse are encountered in cases of hepatic hypoglycemia and
in those of severe hypofunction of the anterior lobe of the pit-
uitary gland. They are not characteristic of the hypoglycemia of
nervous onigin. Nothing can be told in the attack, but if between
attacks the patient 18 erotionaily well adjusted, and 1if the fustory
dicates that prior to the first occurrence of attacks he was free
from neurotic complaints, the suspicion of primary disease of the
pancreas s strengthened. On the other hand, evidence of emo-
tional instability or the exstence of other stigmata of autonemic
instability (low blood p veating, low or high pulse rates,
1rregular respiration and irritable bowels) some years before the
first attack speaks for instability of the nervous elements of the
blood sugar regulating mechanism and weighs agawst a diagnosts
of hyperinsulinistm.

Low postabsorptive level of blood sugar.~In all forms of hypo-
glycemix the level of the blood sugar 1n a symptomatic attach may
be very low, although in the hypogivcerma of nervous ongm it
1s likely not to be as Iow as 1n true hyperinsulimsm. Much more
important diagnostically is a low value of blood sugar aiter the
night's fast. In cases of true hypennsulimsm this value always
has been lower than 0.060 gm per 100 cc, whereas in cases of
hypoglycemia of nervous orgin the blood sugar level after the
fght’s fasy is usually more than o.070 gm. per 100 cc. (Fig. 18).

Intolerance jor fasting (the fast test) ~The first attacks of
hypogiycemua, early m the course of hyperinsulinism often are
precipitated by some unusual exertion, and at this stage differenti-
ation of hypenmsulmism from effort hypogiycemna of nervous
origin presents great difficulty.  As a rule, however, first atracks
in hypcnmuhmsm oceur in the early morning before brealfast,
which is very suggestive because in cases of nervous hypoglycemia
altacks almost never occur at this time.  Wath true hypersulin
1sm food must be taken at least with usual regularity and if a meal
is mussed, an attack 1s hikely to follow. With hypoglycemia of
nervous origin fasting, as has been said, 15 tolerated well, Ina
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Fig 13 —Values for postabsorptive blood sugar in cases of spontaneous hyp
glycemia at The Mayo Clinic®

occurred 1n the year following 1t regular use. Values for postabsorptive blood sugs
ranged from 0046 to 0075 gMm per 100 ¢t At the conclusion of a fast test ¢
wwenty four hours the value was 0078

The second case was that of an unmarned young woman who in 1934 receive
the diagnosis of consbtunonal inadequacy, hystema and anorevia mervoa
values of postabsorptive blood sugar were 006y and 6ob7 gm per 100 cc At th

. ERNPRDr e Sl PR LA
0085, but after a twenty four hour fast a Value of 0085 was obtaned  Blood wa:
obained for examination at the tme of a number of episodes of disonentation
double vision and headache, but in no case was the value for sugar in these atta
below physiologic Limuts, and recovery from the attacks occurred every pme spon-
taneously Two months later an operation was performed elsewhere for acute
appendicis  The surgeon explored the pancreas and found nothing abnormal

‘The fourth case was that of a child four years of age with capricioys appetite,

poor eating habits and irritability The body weight was 2834 pounds (129 kg)
. Bh Ay PR P U8

. " . . valae

. a boy

five years of age. had always been well unul one morming on wnik e anakened
ashed for water, refused breakfast and slept agun untd 1000 o'clock, He thes
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suspected case in which the level of the blood sugar is above a
diagnostic Jevel we subject the patient to a supervised “fast test.”
In this test all food is withheld for a period of thirty hours,
unless before the end of such a peniod charactenistic symptoms
have been provoked and a characteristically low value for blood
sugar has been determined. Water is not withheld, but tea, coffee
and drugs are not given and smoking 1s not allowed The patient
is encouraged to be up and to exeraise mildly, but not unusually.
He must remain in the hospital and arrangements are made to
determine the concentration of blood sugar immediately on the
appearance of symptoms or otherwise at intervals of six hours
‘When symptoms appear, they are allowed to develop to the point
of loss of orientation, and then but not until then, or at least not
unless a value for blood sugar of 0 040 gm. per 100 ¢ ¢. or less has
been obtained, 15 sugar admini asa ive.

‘The fast test is not intended for application in cases of evident
insufficiency of the liver, adrenal or pituitary glands  Such dis-
ease can be recognized by ather means  The test is for use when
no extrapancreatic cause of hypoglyceria is apparent, or when
convulsive states such as epilepsy are to be distinguished from
hyperinsulinism, ‘The chief value of the test is in disunguishing
between hypoglycemia dependent on instability of the vegetative
nervous system and that attnbutable to primary disease of the
pancreas. In a case of nervous instability the patient tolerates
the fast with minimal inconvenience, and the level of the blood
sugar s usually as high at the end of the period of thirty hours
as it was at the beginning, whereas in hyperinsulinism the de-

Top of symp almost always i the i
of the fast long before the end of twenty-four hours, and the
blood sugar then 15 lower than o0 050 gm. per 100 c ¢,

took more water but no food and played with other children  Before the midday
meal he began to grut hug teeth, “froth at the mouth” and perspire  Examined by
2 physican half an hour later he was found unconscious, with flacrd muscles, slow,
Tegular respirations, but normal color  The breath smelled of acetone The boy
w21 tiken to the homtal where he was tithetenized 3nd blood was drawn  The
unne was not abnormal, but the value for the blood sugar was 0026 gm per 100
ca Ad of devtroe was foliowed by prompt return to
consciousness,  Subsequently blood sugar values obtamed before breakfast and in
the coune of a dextrose tolerance test all were normal. Three years have passed
unce this episode and the child has remained perfectly well and free from any
evdence of hvpoglveemia
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Less relable diagnostic eriteria.—In our experience the dex-
trose folerancc test has been of little value in the diagnosis of
hyperinsulinism. The hypoglycemic phase following that of hy-
perglycemia in a standard dextrose tolerance test varies widely
with different healthy subjects, or with the same subject on dif-
ferent days. Furthermore, to judge from what we have seen as
well as from the literature, all types of blood sugar time curves
may be encountered in cases in which an operation later has
revealed an insular tumor (Fig. 14).
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Fig 14 —Blood sugar time cunies m hyperinsulinism (tumor found).

The clevating effect of an mjection of epinephrine on the
level of the blood sugar is unreliable diagnostically. In many
cases of established hyperinsulinism it has been slight or absent;
in others it has been present or even marked Injection of insulin
also has been of neghgible diagnostic help.

The mere fact that symptoms are relieved by giving sugar
should be interpreted with the greatest of caution. Allan cor-
rectly demanded that the level of blood sugar actually be demon-
strated to be low at the exact time the symptoms are present before
permitting a conclusion that any symptom is at all related to the
level of the blood sugar.
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Among the cases of hypoglycemia reviewed by Kepler and
Moersch were twenty-one m which the final diagnosis was hyper-
insulinism.? In nine of these the conclusion as to hyperinsulinism
was established by the finding at operation or necropsy of a cumor
of the 1slands of Langerhans. In three an exploratory operation
was refused by the patient, and 1n nine an operation was per-
formed but no tumor could be demonstrated. The failure on the
part of a surgeon to visualize a tumor does not exclude the exist-
ence of such a tumor. In a number of instances a second or third
operation or a subsequent necropsy has revealed a lesion previ-
ously obscure

Of the twenty-one patients with a diagnosis of hyperinsulinism,

fifteen were men and six were women. The ages ranged from
eighteen to fifty-seven years. The average age at the time of
diagnosts was forty-three years; the average duration of symptoms
was three and one-half years. Symptoms had been present for
as long as ten years in three cases in which operations were per-
formed. An insular tumor was found in one of them; no tumor
was revealed i the other two. The postabsorptive value for the
blood sugar, or the value for the blood sugar at a ume when
symptoms of hypoglycemia were manifest, ranged from o.028 to
0046 gm. per 100 c.c. Another review of a series of ninety-nine
cases collected from American and English literature 15 contained
m a paper of Malamud and Grosh. The etiologic factor in
twenty-seven of them was an insular neoplasm; in four hyper-
trophy or hyperplasia of the 1slands had been reported; in nine a
subtotal pancreatectomy had been performed, the pancreatic tis-
sue appearing normal, and in fifty-nine the diagnosis was func-
tional hyperinsulinism 3 '

3A later count (1939) of a1l cases 1n The Mayo Clinie with a chnucal diag-
nosis of hyperinsulinism is given i Chapter XXV

a1n therr minety-mie cases collected from the English literature, Malamod

and Grosh compared the type of dextrose tolerance curve with the ctiologic factor

- - ot itam e orE

. 1ses

- . . nal

. . ser-

b ahmsm a high type of curve was found A better coretauon was vuned

when the shape of the curves was compared to the seventy of symptoms W her;

cases were classified arburanly according to seventy or mildness, 2 hugh tpe o)
curve almose always accompaned severe symptoms and low type of curve, mi

symptoms
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INSULAR TUMORS

Soon alter Banting and his associates, among them the Toronto
clinicrans Campbell and Fletcher, recogmzed that overdoses of
insulin produced hypoglycermia and that charactenstic symptoms
accompanied hypoglycemra, a number of writers described the
occurrence of similar p 1 states of sp hypogly
cemia, Among such reports was one by Gibson and Larimer,
who made the comment: “It seems likely that hypoglycemic
symptoms, not artificially produced, are a definute climcal entity
ymp developed i ly after the third hour of a dex-
trose tolerance test 1n the cases reported by Gibson and Larimer;
the values for blood sugar at the time were 0 040 and 0.045 gm
per 100 cc. respectively. Questtoned as to the occurrence previ-
ously of sumilar attacks, one of the pauents stated that she had
been 5o affected.

A few months later a report by Seale Harris (1924) appeared
in which the suggestion was made that spontaneous hypoglycemia
may depend on an overproduction of insulin. Harris attributed
the low values for blood sugar found in the five cases n his
Teport to hyperinsulinism, and suggested that the condition rep-
Tesented “a disease entity with defimite symptoms, t¢, those
described as being due to hypoglycerma.” The conclusion of
Harris was based on symptomatology atone, but anatomic support
for the conception was supplied 1 1927 by my colleagues and me
{Wilder, Allan, Power and Robertson)  We described a case
of metastatic 1nsular tumor which Warren later credited with
establishing “a firm foundation for the new chmical entity hyper-
msulimsm”™ and providing “the final proof of the 1nsulin ongin ot
diabetes” 1In the original report of this case specral emphasis
was placed: (1) on the demonstration that cancer cells removed
by metastasss from the parent cells were capable of elaborating
the hormone (insulin) characterisic of the parent cells, (2) on
the evidence of unregulated activity 1n the export of insuln from
the tumorons 1sland cells, whereby insulin reached the blood in
excess of current needs, and (3) on the firmness with which
glyeogen was bound by the liver, as evidenced by the Iailure of
epinephrine or piturtrin to prevent hypoglycerma. A summary

?f the case and of the cltmcal invesngation reported with it
ollows:

24
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Among the cases of hypoglycemia reviewed by Kepler and
Moersch were twenty-one in which the final diagnosis was hyper-
insulinism. In nne of these the conclusion as to hyperinsulinism
was established by the finding at operation or necropsy of a tumor
of the jslands of Langerhans. In three an exploratory operation
was refused by the patient, and in nine an operation was per-
formed but no tumor could be demonstrated. The failure on the
part of a surgeon to visualize a tumor does not exclude the exist-
ence of such a tumor, In a number of instances a second or third
operation or a subsequent necropsy has revealed a lesion previ-
ously obscure.

Of the twenty-one patients with a diagnosis of hypermsulinism,
fifteen were men and six were women. The ages ranged from
eighteen to fiftyseven years. The average age at the time of
diagnosis was forty-three years, the average duration of symptoms
was three and one-half years, Symptoms had been present for
as long as ten years 1n three cases in which operations were per-
formed An insular tumor was found in one of them; no tumor
was revealed 1 the other two. The postabsorptive value for the
blood sugar, or the value for the blood sugar at a time when
symptoms of hypoglycemia were manifest, ranged from o 028 to
0046 gm. per 100 c.c. Another review of a series of mnety-nine
cases collected from American and English literature is contained
in a paper of Malamud and Grosh. The etiologic factor in
twenty-seven of them was an insular neoplasm; n four hyper-
trophy or hyperplasia of the islands had been reported; in nine a
subtota] pancreatectomy had been performed, the pancreatic tis-
sue appearing normal, and in fifty-nine the diagnosis was func-
tronal hyperinsulinism.?

A later count (193g) of all cases in The Mayo Climc with a clinical diag
nosis of hypeninsulinusm 15 given an Chapter XXV

*In their nety-nine cases collected from the English literature, Milamod
and Grosh compared the type of dextrose tolerance cutse witlr the etiologic fcvor
Although 3 high type of curve, denoting a hugh concentration of blood sugar, pre-
dominated 1n the cases of neoplasm of the 1slands of Langerhans, in five such a3
the curve was of a low type In two mstances of a high type of curve a normal
pancreas was seen at operauon  Furthermore, in six cases of functional hypet:
msulintsm 2 high type of curve was found A better correlation was obtatned
when the shape of the curves was compated to the severity of symptoms  When
cases were clasufied arbitrarily according 1o severity or muldness, 2 Tigh ¢ of
curve almost atways accampanted severe symptoms and low type of curve, mild

symptoms
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INSULAR TUMORS
Soon after Banting and his associates, among them the Toronto
clinicians Campbell and Fletcher, recogmzed that overdoses of
insulin produced hypoglycemia and that characteristic symptoms
accompanied hypoglycemia, 2 number of writers described the
occurrence of simlar p 1n states of sp hypogly-

cemia.  Among such xfeports was one by Gibson and Larimer,
who made the comment “It seems likely that hypoglycemic
symptoms, not artifically produced, are a defimute clintcal entity.”

ymp developed diately after the third hour of a dex-
trose tolerance test 1n the cases reported by Gibson and Larimer,
the values for blood sugar at the time were 0 040 and 0045 gm
per 100 cc. respectively. Questioned as to the occurrence previ-
ously of similar attacks, one of the patients stated that she had
been so affected.

A few months later a report by Seale Harris (1924) appeared
in which the suggestion was made that spontaneous hypoglycemia
may depend on an overproduction of insulin. Harns attributed
the low values for blood sugar found in the five cases m his
report to hyperinsulinism, and suggested that the condition rep-
resented “2 disease entity with definite symptoms, e, those
described as being due to hypoglycerma.” The conclusion of
Harris was based on symptomatology alone, but anatomic support
for the conception was supplied m 1927 by my colleagues and me
(Wilder, Allan, Power and Robertson). We described a case
of metastatic insular tumor which Warren later credited with
establishing “a firm foundaton for the new clinical entity hyper-
insulinism” and providing “the final proof of the insulin ongin ot
diabetes” In the onginal report of this case special emphasis
was placed: (1) on the demonstration that cancer cells removed
by metastasis from the parent cells were capable of elaborating
the hormone {(insulin) characteristic of the parent cells, (2) on
the evidence of unregulated activity 1 the export of sulin from
the tumorous 1stand cells, whereby 1nsulin reached the blood 1n
cxcess of current needs, and {3) on the firmness with which
gl):cogen was bound by the liver, as evidenced by the failure of
epinephrine or pituitrsn to prevent hypoglycemia. A summary

of the case and of the chinical investigatton reported with it
follows:

24
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Among the cases of hypoglycemia reviewed by Kepler and
.Moersc.h were twenty-one in which the final diagnosis was hyper-
insulinism.? In mne of these the conclusion as to hyperinsulmism
was established by the finding at operation or necropsy of a tumor
of the islands of Langerhans In three an exploratory operation
was refused by the patient, and in nine an operation was per-
formed but no tumor could be demonstrated. The failure on the
part of a surgeon to visualize a tumor does not exclude the exist-
ence of such a tumor. In a number of instances a second or third
operatton or a subsequent necropsy has revealed a Jesion previ-
ously obscure.

Of the twenty-one patients with a diagnosis of hypermnsuliism,
fitteen were men and six were women. The ages ranged from
eighteen to fiftyseven years. The average age at the time of
diagnosis was forty-three years; the average duration of symptoms
was three and one-half years Symptoms had been present for
as long as ten years in three cases 1n which operations were per-
formed An msular tumor was found in one of thent; no tumor
was revealed in the other two. The postabsorptive value for the
blood sugar, or the value for the blood sugar at a time when
symptoms of hypoglycemia were manifest, ranged from o 028 to
0046 gm. per 100 c.c. Another review of a series of ninety-nine
cases collected from American and English literature is contained
in a paper of Malamud and Grosh. The enologic factor in
twenty-seven of them was an insular neoplasm; 1n four hyper-
trophy or hyperplasia of the islands had been reported; in nine a
subtotal pancreatectomy had been performed, the pancreatic tis-
sue appearing normal, and i fifty-mne the diagnosis was func-
tienal hyperinsulinism *

A fater count (193g) of all cases in The Mayo Climic with a clinical dug-
nosis of hypennsulimsm 18 given 1n Chapter XXV,

"In their ninety-nine cases collected from the Enghsh Literature, Malamod
and Grosh compared the type of dextrose tolerance curve with the etologic factor
Although a hugh type of curve, denoting a high concentration of blood suger, pre-
domnnated 1 the cases of neoplasm of the islands of Langerhans, m five such vascs
the curve was of a low type In two mstances of a high type of curve a mormal
pancreas was seen at operation  Furthermore, 1n srx cases of functional hyper:
msolinism 2 hogh type of cutve was found A better corrclation was obtained
when the shape of the curvcs was compared (o the scverity of symptonrs Whea
cases were clascfied arburanly accordung to seventy or mildnes, a high type of
curve almost atways accompariied severe symptoms and low type of curve, mild

symptoms



MYPERINSULINISM: INGIDENCE AND PATROLOGY 13fg

INSULAR TUMORS
Soon after Banting and his associates, among them the Toronto
clinictans Campbell and Fletcher, recogmized that overdoses of
insulin produced hypoglycemia and that charactenistic symptoms
accompanied hypoglycemia, a number of writers descnbed lhe
occurrence of similar symp in states of sp gly
cemia. Among such reports was one by Gibson and Lanmer,
who made the comment: “It seems likely that hypogl)cemlc
symptoms, not amﬁclally produced, are a definite chinical entity "
diately after the third hour of a dex-
trosc tolerance test 1n the cases reported by Gibson and Larimer,
the values for blood sugar at the ttme were 0040 and 005 gm.
per 100 cc. respectively. Questioned as to the occurrence previ-
ously of sirmlar attacks, one of the patients stated that she had
been so affected
A few months later a report by Seale Harris (1924) appeared
in which the suggestion was made that spontaneous hypoglycemia
may depend on an overproduction of insuhin  Harns attributed
the low values for blood sugar found m the five cases m his
Teport to hyperinsulimism, and suggested that the condition rep-
Tesented “a disease entity with definite symptoms; i€, those
described as being due to hypoglycemia.” The conclusion of
Harris was based on symptomatology alone, but anatomic support
for the conception was supphed 1n 1927 by my colleagues and me
(Wilder, Allan, Power and Robertson)  We described a case
of metastatic msular tmor which Warren later credited with
?stablxshing “a firm foundation for the new clinical entity hyper-
insulinism" and providing “the final proof of the insuln origin ot
diabetes.” 1In the original report of this case special emphasis
was placed: (1) on the demonstration that cancer cells removed
by metastasis from the parent cells were capable of elaborating
the hormone (insulin) characteristic of the parent cells, (2) on
the evidence of unregulated activity i the export of insulin from
the tumorous 1sland cells, whereby mnsulin reached the blood m
excess of current needs, and (3) on the firmness with which
glycogen was bound by the liver, as evidenced by the failure of
epinephrine or ptuitnn to present hypoglycemia, A summary

of the case and of the chnical investigaton reported with it
follows:

1%
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Case 1—~The patient was a physidan from South Dakotz  His age in
1926 was forty years, Epigastric distress simulating that of peptic ulcer had
led 1o 2 gastro-enterostomy in 1919 Renal calculi had provoked colic 1n
1924. The farmly lustory contained an account of the death of a paternal
cousin with symptoms that led to a chnical diagnosis of myasthenia, but
which resembled those we today would attribute to attacks of hypoglycemia

The pacient had been examined in The Mayo Climc in February, 1922,
and again in January, 1925. The unne at the time of the renal colic in
1924 had contained sugar, but at our examination in 1925 the fasting value
for the blood sugar was normal

The symptoms prompung the visit to the chinic in 1926 had been present
for eighteen months They began as ateacks of famtness and weakness, asso-
ciated with numbness of the tongue and hips, As time passed these eprsodes
occutred more frequently and were accomp d by greater weakness, pro-
fuse persprration and trembhing They came when meals were delayed or
1f unusual exertion was undertaken, and the patient himself learned that
he could prevent them by eating between meals.

In November, 1925, a more severe attack Tesulted in collapse. The
patient had been operating later than wsnal and, being overtaken by weari-
ness, was soon mentally confused and fell in a stupor. Attendants thought
he bad lost consciousness, but he was able to swallow an eggnog which an
assistant gave him, and 1n a few minutes had completely revived, The $im-
ilanty of ths phenomenon to an insulin reaction led the patent and hus
associates to the belief that he was affected with an endogenous oversupply
of ansulin, and from this ume on food was eaten at more frequent, Tegular
intervals. Six months later, prehmmary to a clinical examination elsewhere,
a short pertod of fasting resulted 1n a coma which lasted two hours Resus
citation was effected by an itravenous injection of dextrose As time passed,
the tendency to hypoglycerma increased, so that the interval between the
pauent’s taking food had to be decreased and it became necessary for his
wife to watch when the patient slept and to put candy into his mouth at
the first sign of unusual behavior.

The physical examination revealed nothing unusual other than mod-
erate overweight The systolic blood pressure measured in millimeters of
mercury was 110, the diastolic 60 The pulse rate was go beats per minute
The abdomen was soft but not tender, the edge of the liver was firm and
rounded It could just be palpated below the costal margin

Clinical investigauons —Qur studies included observations on the re-
- o e e mlielE g the

. . utrifn,

nuous

njecton of *dextrose with the Woodyate pump, an estumate was made of
the hourly requirement for dextrose It amounted to 25 gm per hour {034
gm per klogram of body weight per hour).

‘The respiratory quotient after the test meal of 100 gm of dextrose yose
above umty to 106, which 1s unusual i normal human subjects but 15 seen
when insulin is admimstered simultaneously with a dose of dextrose oY
fructose  After a meal of 100 gm of fructose the respiratory quotient rose
to108. Ina dextrose tolerance test the concentration of blood sugar reach:
the diabetic value of 0218 gm per 100 cc at the end of half an hour, and
at the two hour point was 0214 gm per 100 cc.  However, at the end of
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three hours the concentration of blood sugar had fallen to oos1 gm per
100 ¢

On one occasion 1 mg of epinephnne was administered when the pa-
tient was ing to manifest symp of hyp: i2 and the blood
sugar level was 001 gm per 100 c¢  The symptoms were not affected and
sugar had to be given four munutes later to prevent collapse. On another
oceasion 1 mg of epinephrne was injected at a tume when the patient felt
well and the valne for the blood sugar was o og6 gm per 100 ce. This pro-
duced an unusually mntense creulatory response but did not mterrupt or
delay the fall of the blood sugar, which twenty-four mnutes later had
reachied o 025,

Pitwitrin was equally ineffectve 1n delaying the fall of the blood sugar
or the development of symp £ hyp

No evidence could be obtained of disturbance of hepatic function, either
from the value for serum bilirubin or by the admmstration of the dye,
phenoltetrachlorphthalein  The nitrogen partitions of the blood and umne
were normal and when the aminoacd, alanine, was admimstered in a dose
of 25 gm., and later 1n a dose of 40 gm, its deaminization apparently pro-
ceeded normally.

No food other than carbohydrate would present the development of
hypoglycemia, and the response to withholding carbohydrate was as follows

ugar was withheld after a mixed noon meal The patent remamed

in bed under constant observation  The systolic blood pressure was 110 mm
of mercury and the diastohe 6o The first symptoms appeared three hours
and twenty minutes after the meal, when the level of blood sugar had fallen
to o055 gm per 100 cc; the pauent expenenced a sense of apprehension
and depression with vague paresthestas In four hours the level of the
blood sugar had reached 0036 gm per 100 ¢¢; the face tunched and speech
was incoherent At this ume the systohic blood pressure was elevated to

menutes after adnunistrauon of 15 gm of dextrose by mouth rauonal con-
versation was resumed  Retrograde amnesia followed each episode of hypo-
glycemua,

A surgical exploration finally was performed by Dr W ] Mayo The
pancreas as descnbed by him was large, hard and nodular, with the excep-
uon of the head, which seemed faurly normal Metastases could be felt 1y
the liver A small bat of liver was removed and immedrately analyzed for
glycogen by Dr M H Power using Pfluger's method The result, as gly-
cogen, was 3 49 per cent.

For sixty-three hours after the operation dextrose was given continuously
by vein with the Woodyatt pump At first a rate of injection of only 7 gm
per hour maintained the blood sugar, but after sixteen hours the requirement
increased to 25 gm an hour, and on the resumption of oral feedings as much
a3 1,000 gm of dextrose a day became necessary

Findings at necropsy—The patient died 2 month after the operation
Necropsy was begun 1n less than three hours The pancreas weighed 120
gm- Ity head and the greater part of its body appeared normal The tail
was enlarged and contaned numerous yellow rounded nodules (Fig 15),
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ranging in dfaruezzr from a few millimeters to 13 em The regional Iymph
nodes were irregularly enlarged. The hver was very large, weighing 3 392
gm It d five nodules with di from 2 few milli-
meters to 6 em (Fig 16) The glycogen content of the liver, as determined
by Pfluger's method, was 8 25 per cent,

Microscopic examination Tevealed the normal tissue of the tail of the
pancreas to be replaced extensively by masses of tumor cells embedded m
dense connective ussue and arranged in ifregular strands (Fig 17) The
cells closely resembled those of the normal jslands of Langerhans in the sur-
rounding tissue. The cytopl was slightly philic; the nuclei were
large and contamed nucleol and irregularly distributed basaphilic granules
In certain regions necrosis was extensive,

Masses of tumor cells were found mn an adjacent lymph node. The mass
of the liver was not abnormal in appearance. The nodules in the lver
were composed of cancer cells resembling those of the tumor of the pancreas
They were arranged in close assoaztion with blood-filled sinuses (Fig 18)
Mitotic figures were noted.

Extraction of insulin —Parallel extractions for insulin were made from
picces of the noncaranomatous portion of the iver and from 2 carcinoma-
tous metastauc nodule 1n the liver. The insulin activity of the former was
mil, that of the latter represented an insulin content for the tumor tissue
of approximately 4o uruts for each 100 gm.

Soon after the report of this case, announcements of similar
observations were made by Thathimer and Murphy, McClenahan
and Norris, and others, and by 1933 I was able to find in the
literature sixteen instances of island tumors; in fourteen symptoms
of hypoglycemia were associated (Wilder, 1g33). In nine of these
cases a correct diagnosis had permitted the operative removal of
isolated tumors and the cure of the disease. In some instances
multiple nodules of tumor had been found in the pancreas. In
some cases mmnor evidences of malignancy had been noted. Sub-
sequently other cases were reported in which metastasis had
involved distant organs. Bru and Slye and Wells described 2
metastatic island cancer in the dog.* Another clinical case in
which insulin could be extracted from the metastatic lesion in the
liver by Power is described later (sce p 387). A case of Bickel,
Mazer and Tunet 1s of interest because n it pre-existing diabetes
gave place to hyperinsulinism, and at necropsy carcinoma of the

4 The necropsy of the ammal with metastatic tumor of the islands of Langer:
hans, described by Bru, 15 of interest, because of its beanng on the theory of
. . s -si -fete e~ femdemental elements of the

e primary cancer of the
P ‘en typical 1sland cells

affected the lrver and
tion of any transition

to acinar cells



Fig 15 —Pancreas with dustal hal€ splt lengthwise  The tumor 15 1 the last
quarter and the cyst 15 surrounded by tumor substance

Fig 16 ~Liver with tumor nodules 1n supenor portion of nght lohe
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islands of Langerhans was found with metastasis to the liver.
The studies of O'Leary and Womack and those of Whipple and
Frantz have added greatly to our knowledge of island tumors
Laidlaw has proposed for them the name “nesidioblastoma.”

Cytology of insular tumors —Bensley of Chicago is pre-eminent
as an authority on the cytology of the pancreas His assistance
was solicited for identifying the type of cell in the carcinomatous
tissue removed from the pancreas and liver 1n our first case of
insular tumor. He also examined tissue from the case described
by Thalhimer and Murphy, finding “striking similarity between
the cells of this tumor and those of the Wilder-Robertson tumor.”
In both cases the cells appeared to him “packed with granules that
were less sharply defined and not so discrete as in normal island
tissues freshly preserved by suitable fixing agents” Sometime
later very fresh surgical materal was obtained for him by Dr
A. O. Fisher. Its treatment with neutral red showed many cells
of the tumor packed with granules and giving the 1mpression that
the tumor was composed of 1s)and cells. Fixanon of this with
Bensley-Zenker fluid revealed that the fine granules when stained
with Bensley's or Bowie’s stams were unusual, leading to the con-
clusion that the tumor was composed of a modified beta type of
1sland cell (Carr and associates, 1g31) -

In his report on fresh tissue removed from another case by
Dr. E. A. Graham, Bensley wrote “The cytologic study of thus and
of the preceding tumer, and of the one reported by Robinson
[Howland and associates, 1929], wndicates that in this case the
tumor s not one composed of normal island cells but, on the con-
trary, one composed of cells which, while having a considerable
resemblance to island cells, yet duffer from them in important
details. These differences consist of the production of 2 granular
secretion antecedent, which differs in tmportant details from the
normal content of the island cells, and in the presence in these
cells of a chromophil substance, which is unusual to 1sland cells
and is found in the normal pancreas only n the acinus cells.

“The normal pancreas, as is well known, contains a very
considerable excess of island tissue and yet ordinarily does not
yield to the general circulation an excess of insulin. The fact
that a tumor of such meager proportions could produce the symp-
toms of insulin shock and yet not be responstve as the normal
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islands are to the mechanisms that ordinarily regulate the export
of insulin from the pancreas, is possibly to be found in the fact
that the lesion under discussion is an abnormal cell type which,
1o be sure, resembles island cells but is not identical with them.

“Some doubt exists in my mind as to whether this tumor
should be regarded as adenoma or carcinoma. The failure to
form a defimite capsule and the inclusion of normal pancreatic
elements in the tumor itself seem to favor the latter diagnosis.”

In correspondence with Ry Bensley wrote: “I wish
very much that I could say something which would stop the clini-
cal people from calling these tumors associated with hypoglycemia
‘bera cell tumors”  The one thing that is conspicuous in ali that
1 have examined so far is that they are actually neaplastic cells
+ « . probably produang insulin or some related substance.”

INSULAR HYPERPLASIA

In 2 pumber of cases in which surgical exploration has been
atternpted and insular tumors have not been found, diffuse insular
hyperplasia has been present. Phillips reported the following
cases

A man ERy-six years of age was found in the street unconscious The
next morning, coma persisung and the value for blood sugar being vogs

et 160 CC. §5 gm of dextrose was mjected. The amount may have
been inadequate because consciousness was not restored  On the third day
the blood sugar value was 0.025 gm per 100 ce. and the patient died At
necropsy the pancress was normal i gross appeatance but revealed abnor-
mally targe 1slands  The average size of these sslands was 328 by 242 mucrons,
as pared to normal of 157 by 146 microns given by Mac-
Gallum  Gomgplicating gl tonephtitss may hate buted 1o the final
outcome, but this could not have caused hypoglycemia and nothing else of
importance was found

Large istands have been described in other cases. The con-
dition may represent diffuse insular Ryperplasia comparable to

the hyperplasia of the thyroid in H

phthalmic goiter. [
the difficulty of estimating the size of the istands and the great
variability observed in islands of the pancreas of patients pre-
senting no evidence of insular overfunction make it hazardous to
place much reliance on the size of istands?*

. .
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Insular hyperplasia of infants of diabetic women—The fre-
quency with which hypoglycemta 1s encountered among the other-
wise normal infants of women with diabetes was menuoned in
my discussion of pregnancy complicating diabetes (Chapter XIV).
‘The fact that the insulin requirement of the diabetic mother
frequently drminishes during the last trimester of a pregnancy 13
readily explained if we may assume that the maternal tissue 1s
supplied with 1nsulin by the fetal pancreas. The experiments of
Carlson and Ginsberg, later confirmed by Cuthbert, Ivy, Isaacs
and Gray, support the assumputon, and the finding at necropsy
of insular hyperplasia 1n infants born of diabetic women further
justifies the conclusion that a maternal demand for insulin in
diabetic women is met by the fetal pancreas. The result of this
at the birth of the infant 15 hypennsulimsm for the infant; s
pancreas is tuned up to provide a Jarger supply of insulin than 15
required for its own tissues. The case which first called my atten-
tron to this type of hypennsulinism was that of Gray and Feem-
ster.® The patient, a multipara, had had diabetes for fiftcen
years. She gave birth to a child that died a short ume after
delivery with symptoms of hypoglycemia. The child’s pancreas

*contained hyperplastic insular tissue in an amount estimated
to be many umes normal. The average dimensions of the istands
were 2go by 212 microns and the larger ones measured 394 by
935 microns

Gordon examined the pancreas of four babies born of diabetic
mothers, and noted hypertrophy of the 1slands and vacuolization
of hepatic cells 1n all of them. He likewise repeated the experi-
ment of Carlson, in which pregnant female dogs were depancrea-
tized The puppies died shortly after they were born, and hyper-

with the mcreasing incidence of diabetes mellitus 13 also to be thought of Fos-
#ibly the effect of the vanous factors, diet, cimate, and so forth, which were con-
sidered in my discussion of pathogenesia of diabetes (see Chapter Iy 1s reflected
:Ym t::"t!e :‘xrgtrl sslands  If 50, we not only ma faang the prospect of more
Labetes bt alen i oha £+ o ol LA

and 1 have suggested 1n explanation of the pecaliar distnbution geographially of
hyperparathyrodism

*Reported eatller, but hitle appreciated at the time, was the similat finding
of Dubreuil snd Anderodias
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plasia of the islands and vacuolization of the cells of the liver were
found. Ehrich observed many islands measuring from 500 to 6oo
micrans in diameter in the pancreas of the child of a diabetic
woman, and Warren, in 1938, found hyperplasia of the islands
in two-thirds of nine infants of diabetic women. Also individual
cells were enlarged.”

LESIONS OF THE LIVER, KIDNEYS AND BRAIN IN
HYPERINSULINISM

Deaths from overdoses of insulin as well as fatal cases of spon-
taneous hyperinsulinism have yielded opportunities for very com-
plete pathologic descriptions. Reviews of them can be found in
Warren’s monograph, as well as in the paper of Malamud and
Grosh. ‘

Tests of hepatic function in cases of pathologic spontaneous
hypoglycemia have not given abnormal responses, except in two
cases from The Mayo Clinic in which hepatitis was present at
biopsy. Adequate or large amounts of glycogen have been found
when Iooked for, except by Terbruggen and Rienhoff and Lewis,
who examined for glycogen only by the histologic method. Ina,
case of Malamud and Grosh hepatic tissue removed for analysis
ten minutes after death contained only 0.05 per cent of glycogen.
In most instances the appearance of the liver has been normal

As a rule the kidneys have been normal. Of peculiar interest
were the large amounts of glycogen in the epithelium of the con-
voluted tubules in the case which was described in detail (see p
370). Such a finding is charactenstic of diabetes mellitus, but in
diabetes renal glycogen disappears when insulin is administered.

The brain is the site of greatest abnormality in fatal cases of
hyperinsulinism. ~ Capillary injection, scattered hemorrhages,
perivascular infiltration of round cells, atrophy of the cortex with
degeneration of ganglion cells and swelling of the gha and axts
cylinders have variously been found at necropsy. Similar changes
have been seen in experimental animals. According to Stief and
Tokay both diffuse and focal types of parenchymatous degenera-
tion can be produced in the cortex of the brain and basal ganglia,
the severity of the changes being directly proportional to the

c islands of Langerhans associated with hypoglycemia have been

* Hyperplast:
TP infant of  normal woman by Hartmann and Jaudon

reported tn an
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doses of insulin and the duration of its administration. Grayzel
entertained the belief that the severity of such changes depended
on the freq y and i ity of panying convulsions, In
a case reported very fully by Malamud and Grosh the changes
in the neurons of the cortex were predominantly “Nissl's acute
swelling™ The cells and their dendrites were swollen, there was
chromatolysis of the tigroid substance and the cytoplasm was
homogeneous and pale The nuclei were swollen. The axis
cylinders were reduced in number and frequently were frag-
mented and swollen Distinct changes were found in the caudate
nucleus and in the p and thal pecially in the left
pulvinar, in which the neurons were greatly reduced in number
and the microglia and macroglia had undergone proliferation.
Only diffuse swelling of the neurons were observed in the hypo-
thalamus, cerebellum, brain stem and cervical spinal cord.

Moersch and Kernohan studied the brains of two patients who
died at The Mayo Clinic in attacks of hypoglycemia. They ob-
served petechial hemorrhages 1n the pons but the outstanding
abnormality in both cases was degeneration of nerve cells.

Vanious hypotheses have been offered to explain the injury
sustained by the central nervous system in hypoglycemia. None
of them are entirely satisfactory. Malamud and Grosh interpreted
the diffuse degeneration of the brain as a direct toxic effect of
insulin, However, in cases of resistance to insulin tremendous
doses have been given without provoking cerebral symptoms of
any kind. Ischemia and hyd have been incriminated, but
the evidence for doing so 1s not sausfactory. Of undoubted sig-
nificance 1s the fact that the nerve cell depends primanly on dex-
trose for its nutntion, and that deprivation of dextrose results 1n
uts starvation. From the episodic course of clinical hypernsulin-
ism and the complete recovery usually observed between attacks
of hypoglycemia, one must conclude that the changes in the bram
usually are reversible, However, after severe or more prolonged
attacks permanent mental disorders may develop, as reported by
Malamud and Grosh. In cases like the one that follows degen-
erative cerebral lesions are certainly to be expected.

Cercbral injury from mduced hypoglycema, vepart of case —A boy eight
years of age was brought to The Mayo Clinic December g, 1938 The child
had seemed to be normal unul the age of five years when polyuria and poly-
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CHAPTER XXV

HYPERINSULINISM: SYMPTOMS AND COURSE

The disease, hyperinsulinism, runs a chronic but episodic
course from the beginning to the end, and if the patent learns
or is instructed to use sugar to prevent and treat the symptoms,
the occurrence of dangerous attacks of hypoglycemia may be
postponed for years. However, a patient who had metastauc in-
sular carcinoma (case 5 1n this chapter?) lived only nine months
after the first symp and the eigh ] 1d gl (case 4,
see p. 387) who was perfectly healthy unul early in August, 1933,
died in a state of coma and convulsions the following Decem-
ber 15.

ONSET AND EARLY SYMPTOMS

The first symptoms of the disease usually are insidious. In
the initial attack hypoglycemic crisis leading to complete loss of
consciousness may occur without previous warning, but as a rule,
mild episodes precede the development of more serious trouble.
These come if a meal is delayed, in the early morming hours
before breakfast, or after some unusual physical exertion. In
one case encountered at The Mayo Climc (case 10) spells of
weakness with hunger, sweating, nervousness and thick speech
occurred at infrequent intervals for thirty-eight years before con-
sciousness was lost 1n an attack. In our first case of hyperinsulin-
ism episodic weakness with perspiration and trembling was noted
for six months before an attack caused collapse. In case § in this
chapter the first episodes consisting only of drowsiness gave place
to serious attacks 1n six weeks When the patient in case g first
noticed symptoms she was dieting to reduce The first attacks
in two cases reported by Winans likewise were noted by patients
who were dieting.

Many of the early P ble those d in
neurasthenia, hysteria or narcolepsy. They may consist only of

* Cases reporied In this chaptet are numbered beginning with case 1. Case 1
u reported in detal in Chapter XXIV  In previous chapters, although vamous

sllustrative cases are reported, there was no need to number them.
38
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CHAPTER XXV

HYPERINSULINISM: SYMPTOMS AND COURSE

The disease, hypermsulinism, runs 2 chronic but episodic
course from the beginning to the end, and if the patient learns
or is instructed to use sugar to prevent and treat the symptoms,
the occurrence of dangerous attacks of hypoglycemia may be
postponed for years. However, a patient who had metastatic 1n-
sular carcinoma (case 5 in this chapter') lived only nine months
after the first symp and the eigh ¥ 1d girl (case 4,
see p. 387) who was perfectly healthy unul early in August, 1933,
died 1n 2 state of coma and convulsions the following Decem-
ber 15.

ONSET AND EARLY SYMPTOMS

The first symptoms of the disease usually are insidious. In
the initial attack hypoglycemc crisis leading to complete loss of
consciousness may occur without previous warning, but as a rule,
mild episodes precede the development of more serious trouble
These come if a meal is delayed, in the early morning hours
before breakfast, or after some unusual physical exertion. In
one case encountered at The Mayo Clime (case 10) spells of
weakness with hunger, sweating, nervousness and thickh speech
occurred at infrequent intervals for thirty-eight years before con-
sciousness was Jost in an attack. In our first case of hypenmsulhin.
ism eprsodc sweakness with perspiration and trembling was noted
for six months before an attack caused collapse In case g 1n this
chapter the first episod, ing only of dr gave place
to serious attacks m six weeks. When the patient in case g first
noticed symptoms she was dieting to reduce. The first attacks
in two cases reported by Winans likewise were noted by patients
who were dieting.

Many of the early symptoms resemble those encountered in
neurasthenia, hysteria or narcolepsy. They may consist only of

*Caes reported in this chapter are numbered beginming with case 1. Case 1
¥ reported In detail in Chapter XXIV. In previous chapters, although vanous

Wlustrative eases are reported, there was no need to number them.
381
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these states into another in the same attack. With apathy nega-
tvistic behavior is common, or if the patient is irritated, the
apathy may give place to restlessness or even mania. Disorienta
tion exists for time, place and persons. The patient behaves as
if he were intoxicated with alcohol. Halluanations occur, 1m-
pulsions are observed. Retrograde amnesia is always a prominent
feature of all severe attacks, The pauent will carry on a con-
versation with fair coherence, or drive an automobile through 2
crowded street, and have no recollection of it afterward. A struc-
tural iron worker in such an attack descended without injury from
the tenth floor of the steel frame of a building under construction,
but had no recollectron of how he reached the ground A curious
fixity of expression is seen, resembling that of Parkinson’s disease.
An outstanding feature 1s an automatism with the ear marks of
somnambulism.

Affections of motor nerves—Motor disorders are important,
but usually they are less conspicuous than the disturbances of
behavior. C 1 occur as an epileptiform crisis, but in
most cases they are not severe and are tonic rather than clomic
Diplopia, inarticulate speech, ngidity of limited groups of mus-
cles, moderate general hypertoma, aphasia and agraphia are fre-
quently seen The early symptom, fatigue, sometimes becomes
50 marked that it seems to the patient as if his feet were glued to
the floor, The pauent, early 1n an attack, may sttl] be aware
that he ought to take sugar, but does not have the strength to
move an arm to do so  One patient in one attack, which occurred
in his office, tried to telephone his wife but could not hold the
receiver  Such fatigue probably 1s of psychic orgin, but true
paralysis also is encountered Individual cranial or peripheral
nerves may be involved as plegias, and hemiplegia or para-
plegia is seen mfrequently In my expertence bilateral positive
Babinski refleves hase almost always been demonstrable in severe
attacks, and the tendon refleves generally have been ncreased.
The motor abnormalities usually disappear with recovery from an
attack, but sometimes they persist for a short period after con-

sacusness 1s vegmned, and 1n rare mstances a permanent residue
has resulted.?

explanation for residual sensory motor and pschic phenomena after
acks of severe hypoglycemra s to he found n the damage done to the bran
Mention of this 15 made in Chapter AXIV
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drowsiness, as in case 3, of inability to attend closely to con-
versation or to engage in an intellectual pursuit, such as reading.
One of our diabetic children receiving insulin (induced hyper-
insulinism) stood high in all classes at school except one, which
came in the late afternoon, at a time when the level of his blood
sugar was lowest. A light lunch was given before this hour and
the Jow grades immediately improved. The frequently intense
sense of hunger led Harms to call hypoglycemia, the “hunger
disease.”

The patients as a rule are not overweight before the onset of
symptoms, although many of them gain weight later as a result
of symptomatic hunger and attempts to prevent attacks by eating
frequent meals. For the most part good health has been enjoyed
until the first symptoms of hypoglycemia appear. A history of
gastro-intestinal disturbance has been given frequently, as was
noted by Gammon and Tenery, and this often has been coincident
with the onset of symptoms of hypoglycemia. Two of our patients
had undergone operation for supposed peptic ulcer but no ulcer
was found, Gallstones had been removed in one case {case 11}
but benefit did not resut.

Later in the course, attacks of slightly greater severity are
characterrzed by weakness, sweating, tremor, tachycardia and
feelings of anxiety. A sensation of chilling also may be com-
plamned of. These symptoms, many of them vasomotor in type,
cannot be distinguished from those of functional hypoglycemia
based on imbalance of the vegetative nervous system. More sig-
nificant of true hyperinsulinism is the occurrence of signs of in-
volvement of the brain: headache, paresthesia, diplopia, dysar-
thria, disorientation and particularly amnesia. These evidences
of cerebral abnormality are of more significance diagnostically
than actual loss of consciousness since loss of consciousness occurs
in hysteria and epilepsy or may represent simple syncope.

NEUROLOGIC ABNORMALITIES

Mental disturbances—~Abnormal mental states are encoun-
tered in early mild attacks and as prodromes of the later episodes
of greater severity, They consist of restlessness, irritability, de-
lirium or even mania, or of the Teverse of these, apathy, auto-
matic behavior or stupor. The patient may pass from one of
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these states into another 1n the same attack. With apathy nega-
tivistic behavior is common, or if the patient 1s irntated, the
apathy may give place to restlessness or even mania  Disorienta-
tion exists for time, place and persons. The pauent behaves as
if he were intoxicated with alcohol. Halluanations occur, 1m-
pulsions are observed. Retrograde amnesta is always a prominent
feature of all severe attacks. The pauent will carry on a con-
versation with fair coherence, or drive an automobile through z
crowded street, and have no recollection of it afterward. A struc-
tural iron worker in such an attack descended without njury from
the tenth floor of the steel frame of a building under construction,
but had no recollection of how he reached the ground. A curious
fixity of expression is seen, resembling that of Parkinson’s disease.
An outstanding feature 1s an automatism with the ear marks of
somnambultsm.

Affections of motor nerves.—Motor disorders are important,
but usually they are less conspicuous than the disturbances of
behavior. C Isi occur as an epieptiform crisis, but in
most cases they are not severe and are tonic rather than clomc.
Diplopia, inarticulate speech, nigidity of limited groups of mus-
cles, moderate general hypertonia, aphasia and agraphia are fre-
quently seen. The early symptom, fatigue, sometimes becomes
0 marked that 1t seerns to the pauent as if his feet were glned to
the floor. ‘The patient, early 1n an attack, may still be aware
that he ought to take sugar, but does not have the strength to
move an arm to do so  One patient 1n one attack, which occurred
in his office, tried to telephone his wite but could not hold the
receiver. Such fangue probably 1s of psychic onigm, but true
paralysis also 1s encountered Individual cranal or peripheral
nerves may be involved as pl and hemupl, or para-
plegia is seen infrequently In my experience bilateral positive
Babinski reflexes have almost always been demonstrable 1n severe
attacks, and the tendon reflexes generally have been mereased.
The motor abnormalities usually disappear with recovery from an
attack, but sometimes they persist for a short period after con-

sciausness ts regained, and m rare mstances 2 permanent residue
has resulted 2

?The explanation for rendual sensory motor and psychic phenomena after
attacks of severe hypoglycemna is to be found in the damage donc to the brain
Mention of this 15 ‘made 1n Chapter XXIV
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drowsiness, as in case g, of inability to attend closely to con-
versation or to engage in an intellectual pursuit, such as reading.
One of our diabetic chuldren receiving insulin (induced hyper-
insulinism) stood high in all classes at school except one, which
came in the late afternoon, at a time when the level of his blood
sugar was lowest. A light lunch was given before this hour and
the low grades immediately improved. The frequently intense
sense of hunger led Harris to call hypoglycemia, the “hunger
disease.”

The patients as a rule are not overweight before the onset of
symptoms, although many of them gain weight later as a result
of symptomatic hunger and attempts to prevent attacks by eating
frequent meals. For the most part good health has been enjoyed
unul the first symptoms of hypoglycemia appear. A history ot
gastrountestinal disturbance has been given frequently, as was
noted by Gammon and Tenery, and this often has been coincident
with the onset of symptoms of hypoglycemia. Two of our patients
bad undergone operation for supposed peptic ulcer but no ulcer
was found. Gallstones had been removed in one case {case 11)
but benefit did not result.

Later in the course, attacks of slightly greater severity are
characterized by weakness, sweating, tremor, tachycardia and
feelings of anxiety. A sensation of chilling also may be com-
plained of. These symptoms, many of them vasomotor in type,
cannot be distingmshed from those of functional hypoglycemia
based on imbalance of the vegetative nervous system. More sig-
nificant of true hyperinsulinism is the occurrence of signs of i
valvement of the brain: headache, paresthesia, diplopia, dysar-
thria, disorientation and particularly amnesia. These evidences
of cerebral abnormality are of more significance diagnostically
than actual loss of consciousness since loss of consciousness occurs
in hysteria and epilepsy or may represent simple syncope.

NEUROLOGIC ABNORMALITIES

Mental disturbances—Abnormal mental states are encoun-
tered in early mild attacks and as prodromes of the later episodes
of greater seventy. They consist of restlessness, irritability, de-
lirium or even muania, or of the Teverse of these, apathy, auto-
matic behavior or stupor. The patient may pass from one of
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these states into another in the same attack. With apathy nega-
tivistic behavior is common, or if the pauent 1s 1rritated, the
apathy may give place to restlessness or even mama. Disorienta
tion exists for time, place and persons. The patient behaves as
if he were ntoxicated with alcohol. Halluanations occur, 1m-
pulsions are observed. Retrograde amnesia is always a promnent
feature of all severe attacks. The patient will carry on a con-
versation with fair coherence, or drive an automobile through a
crowded street, and have no recollection of 1t afterward. A struc-
tural iron worher in such an attack descended without injury from
the tenth floor of the steel frame of a building under construction,
but had no recollection of how he reached the ground. A curious
fixity of expression is seen, resembling that of Parlanson’s disease
An outstanding feature 15 an automatism with the ear marks of
somnambulism.

Affections of motor nerves—Motor disorders are umportant,
but usually they are less consprcuous than the dsturbances of
behavior. Convulstons occur as an epileptiform cnsis, but n
most cases they are not severe and are tonic rather than clonic.
Diplopia, inarticulate speech, rigidity of limited groups of mus-
cles, moderate general hypertonia, aphasia and agtaphxa are fre-
quently seen. The early p fatigue,
s0 marked that it seems to the pattent as if his feet were glued to
the floor. The pauent, early in an attack, may stll be aware
that he ought to take sugar, but does not have the strength to
move an arm to do so  One pauent 1n one attack, which occurred
in his office, tried to telephone his wife but could not hold the
receiver.  Such fatigue probably is of psychic origin, but true
paralysis also is encountered. Individual cranial or peripheral
nerves may he lved as pl and ! pl or para-
plegia 15 seen infrequently In my expenience hilateral positive
Babinski reflexes have almost always been demonstrable in severe
attacks, and the tendon reflexes generally have been increased
The motor abnormalities usually disappear with recovery from an
attack, but sometimes they persist for a short period after con-
scmusness is re"nmed and In rare mstances a permanent residue
has resulted 2

*The explanation for residual sensory motor and psychic phenomena™
attacks of severe hypoglycemia Is to be found in the damage done to,the -
Mention of thas 15 made i Chapter XXIV




a%4 GLINICAL DIABETES MELLITUS

Hypoglycemic coma.—In many severe attacks the stage of com
1s reached without much prodromal warning and before restor
tive treatment can be given. The coma may be mild so that the
patient can be roused by a pin prick or pinching, or so deep that
sensibility is lost completely. The tendon reflexes remain actie.
the pulse remains strong, the blood pressure is normal or elevated,
and the color of the skin and mucous membranes remains healthy.
In the stage of subcoma the respirations are frequently noisy and
stertorous; in deeper coma they often are so shallow that the
patient scarcely seems to breathe. A weak pulse, dimimshed
blood pressure and cyanosis are terminal events and should be
regarded as criteria of extreme gravity.

The value for the blood sugar in the severe attacks of hypo-
glycemia of patients with established hyperinsulinism invariably
has been very low—almost always less than c.o50 gm. per 100 ¢C
and frequently less than o 030. Between attacks values of all de
grees can be found, depending on the time which has elapsed
since the last ingestion of food and the character of the food:
The values may be high for an hour or two after taking of foo!
even in the range of diabetic values. .

Restorative effect of sugar.—~The restorative effect of sugir i
€ven more dramatic in attacks of hypoglycemia of spontaneots
ongin than in those induced by overdoses of injected insulin
If dextrose 15 given Intravenously, a patient who is maniacal 3%
be calmed almost instantly and one who is deeply comatose I
stored to consciousness 1n a2 minute or two, If the sugar is ghet
by mouth, it also usually 15 promptly effective. To some extent
however, the degree of immediate restoration depends on
severity and duration of the attack and after prolonged attacks,
headache, some spasticity or more rarely monoplegia or at ab

One of B neous
D R o i S
orthages of o1 Cb:;lenomz: of the pancreas, hyperenia of the braw, muhll;: s ol
N bodies 50 ", and zeute faty changes of the ganglion cells :fl ages 50
suffered lor a yeur fron o U woman about thiry yeszs of 3% T
in the morning o Pisodic fatigue and abnormal behavior

use
 would try to pull her stockings over her head and leave the bo
vas
bcfore u?‘ was dressed. Ope morning she was g(;und unconseious 1 bed 30 xu;"
s Tound Al where twenty.four hours Tater the vaue for the biood 20
wz.:w%‘:x:n Lo be less than 0040 gm., per 100 cc. Dextrose was xd"“"'“:::l o
co wa
reumonta,. "2t MeVer Testored  Death came three days later from
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normal mental state may persist In one case of spontaneous
hypoglycemia for which Judd, Kepler and Rynearson suggested
an hepatic cause, the patient failed to regain consciousness for a
week, although the concentration of blood sugar was raised to
hyperglycemic levels. In a number of cases in which hypogly-
cemia has been induced by mnjection of msulin residual disturb-
ances have been noted. Klemn and his associates, Simons and
Ligterink of the mental asylum 1n Apeldorn, Holland described
a case in which permanent 1diocy followed overdosage of msulin
The reflexes of the lower extrermties were dimnished during the
state of shock, but later returned. Epileptic convulsive seizures
of the jacksonian type developed without further hypoglycemia
Another ple of idiocy foll g overdosage of insulin was
referred to previously (see p 377) *

Continuous hypoglycemia.—In untreated early cases of hyper-
insulinism, as in cases of diabetes in which doses of insulin are
only moderately excesstve, a state of continuous hypoglycerma
may develop which differs 1n important particulars from the ep1-
sodic attacks usually seen under these circumstances. More trou-
ble has been encountered 1n this respect in cases of diabetes with
protamine-zinc insulin than with unmodified mnsulin  The level
of the blood sugar under these circumstances 1s low but not at
cntical values; attacks do not occur but there are continuous

ions, such as headache, asthenia and paresthesia. A few
patients recerving protamune-zinc insulin have complained of
sensory neurjtis, Mild mental disturbances may develop, the
patient being apathetic, abnormally irmtable or quarrelsome
Drabetic patients have been considered psychopathic when a low-
ering of the dose of insulin would remedy their condition, and
patients suffering from unrecognized spontaneous hypoglycemia
have been committed to nstitutions with a diagnosis of schizo-
phrenia or other mental disease.

* Sherrill and MacKay with 1njections of protamine nne wsulin produced hypo-
Elycemia of thirty hours' duration 1n rats and for from three to five days in dogs
When dextrose was administered as a restorative, some of the amimals died  Those
that survived had residual sensory and motor disturbances These consisted of dis
orgamization of the emouonal status, muscular wcoordmation, tpasticity and pat-
alysis  One dog recovered entirely except for hemiplegia on the nght sde  An
other dog, that before the period of hypoglyceia had been amuable and docile,
later greeted anyone who approached hrm with a snarl

25



384 CLINICAL DIABETES MELLITUS

Hypoglycemic coma.—In many severe attacks the stage of com:
Is reached without much prodromal warning and before restors
tive treatment can be given, The coma may be mild so that the
patient can be roused by a b prick or pinching, or so deep that
senstbulity 1s lost Completely. The tendon reflexes remain active
the pulse remains strong, the blood Ppressure is normal or elevated.

In the stage of subicoma the respirations are frequently noxsy and
stertorous, in deeper coma they often are so shallow that the
patient scarcely seems to breathe. A weak pulse, diminished
blood pressure and Cyanosis are terminal events and should be
regarded as criteriy of extreme gravity,

The value for the blgod sugar in the severe attacks of hype
glycemia of patienes with established hyperinsulinism invariably
has been very low—almost always less than ©0.050 gm. per 100 L
and frequently Jegs than 0 0go. ' Between attacks values of all de
grees can be found, depending on the time which has elapsed
since the Jast ngestion of food and the character of the food
The values may he high for an hour or two after taking of food
even in the Tange of diabetic values,

Restoratiye effect of sugar.~The restorative effect of sugar 18
Ve more dramanc ip attacks of hypoglycemia of spontaneous
OHEIn than in those mnduced by overdoses of injected insuln
I€ dextrose 15 given intravenously, a patient who is maniacal can
be calmeq almost imzamly and one who is deeply comatose T¢-
stored to Consciousness jn 5 minute or two. If the sugar is gen
by mouth, it )40 ustally is promptly effective. To some extent.
hO‘Ve}’eb the degree of immediate restoration depends on the
SCVerity and duranen of the attack and after prolonged attacks.
headache, some Spasticity or more rarely monoplegia or an alr
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REPORTS OF CASES OF HYPERINSULINISM

A better understanding of the variability of the course and
protean nature of the symptoms of spontancous hyperinsulinism
may be gained from the following abstracts of the records of cases
seen in The Mayo Clinic between 1927 and 193g, in which the
' osis of hyperinsulinism was established by the discovery

operation of an 1nsular tumor of the pancreas.
<" Case 1.~This case was described by Allan, Power, Robertson
and me and has been reviewed in Chapter XXIV.

Case 2 —This case was reported by Allan, Rixford, Freeman
and Brown as case 2 and by Judd, Allan and Rynearson as case 6.

The pauient, a laborer, aged forty-five years had had symptoms for four
years They developed when he was at work and becanse of drunken be-
havior he was discharged  In severe attacks he had convulsions In one
such attack he was stuporous for (wenty-five hours and then recovered spon-
taneously. He learned to dnnk milk to ward off the episodes

Several abnormal values for the blood sugar were obtamed. Sometimes
when concentranon was as low as 0040 gm. per 100 ce., the patient secmed
normal, but if it dropped to oogo he became stuporous Otherwise no
abnormahities were detected. :

At operation an insular adenoma, measuring g ¢m in ciameter, was
found and removed  Posto I ia and 2 fistula de-
layed recovery, but the ulumate result was satssfactory Two years later the
patient reported that he had obtained complete relief.

Case 3—Allan, Rixford, Freeman and Brown reported this
case as case 5 in their paper and Judd, Allan and Rynearson as
case % in theirs. Multiple adenomas were found in the pancreas.

‘The patent, a man aged tharty two years, had had spells of weakness

with mental for a year. P ia had been recog-

nized elsewhere, and on advice sugar was eaten between meals and at night.

Attacks were prevented by this means, but later the patient became unable

to recognuze prodromal symptoms and failed to resort to taking sugar untl
he was helpless. There also was a history of gastnic distress

Exammnation at the climc disclosed the presence of a duodenal ulcer
When symptoms of hypoglycemia were present, the value for the blood sugar
usually was less than 0060 gm per 100 €, however, on one occasion when
a value of oo was chianed whe patvent seemed vormal.

Operation resealed two insular tumors which were removed One,
measuring about 15 cm. in diameter, was embedded in the antenor surfacc
of the pancreas, at the juncture of the tarl and the body; the other, 20 cm
jn diameter, was 2 § cm away from the ﬁ.l’st The pathologic examination
y:e!ded evidence of malignancy in these tissues, and because of the danger
of metastasis a course of roentgen treatment was gnen. Recovery was with-
out incident and complete relief was subsequently reported
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Case 4.~This case, reported by Judd, Faust and Dixon, was the
second case of insular tumor with extensive metastasis to come to
our attention at the clinic,

‘The patient, a young woman esghteen years of age, was observed in.
ttially by Dre Taser wmd Py in Pamvon in snga afoee sha hod Lod oo
toms for thr '
sodes of dro .- '
that by eatn , . -
weeks an attack resulted m loss of consaousness, and from then on repeated
attacks occurred unless food was taken every two hours Thirty pounds
(136 kg) had been added to the body weight because of frequent eatmg

The general examination at the clinic revealed evidence of a large
hiver, and on 1njection of bromsulfalein the retention of dye was grade 2
The value for the blood sugar 1n attacks of hypoglycerma was 0 045 gm per
100 cc. Results of a test of dextrose tolerance, made three hours after the
patient had recerved 27 gm of sugar, were as follows: One gram of dextrose
was administered per kilogram of body weight At the ume this was given
the value for blood sugar was 0 058 gm. per 100 ¢, one half hour, one hour,
one and one half hours and twe and one-half hours afterward it was o 125,
0170, 0160 and o127 respectively

The operation performed at The Mayo Clime revealed a tumor 1n the
pancreas and multiple metastauc growths in the Lver One of the nodules
was excised from the lver It was composed of entangled cords of large,
clear cells with pale stauning oval nuelei which contained multiple chromatic
bodies or nucleol and mutotie figures In the opinion of the pathologist the
structure and of the tissue that of ¥ 1slands
of Langerhans

The patient recovered from the operation but dicd 2t home fifteen days
later i a state of coma with convulstons  Even large doses of dextrose given
intravenously at frequent intervals had failed to prevent this terminal hypo
glycemia.  The request for a necropsy was refused

Case 5 —This case was the third of insular tumor with multi-
ple metastasis and the second m which proof of hyperinsulinism
was provided by obtaming an extract with insulin-like activity
from metastatic tissue It was reported by Power, Cragg and
Lindem, by Cragg, Power and Lindem and by me.

Tha et ome = mem o3 o - ‘. e e
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busy prepaning for 2 d;
ing herself at table,
marked confusion

inner party and omutted lunch  In the evening, seat-
she was overcome suddenly by extreme weakness and
Her muscles became 1igid, especially those of the nght
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REPORTS OF CASES OF HYPERINSULINISM

A better understanding of the variability of the course and
protean nature of the symp of spc us hyperinsulini
may be gained from the following abstracts of the records of cases
seen in The Mayo Clinic between 1927 and 1939, in which the
diagnosis of hyperinsulinism was established by the discovery
at operation of an insular tumor of the pancreas.

Case 1.—This case was described by Allan, Power, Robertson
and me and has been reviewed in Chapter XXIV.

Case 2 —This case was reported by Allan, Rixford, Freeman
and Brown as case 2 and by Judd, Allan and Rynearson as case 6.

‘The patient, a laborer, aged forty-five years had had symptoms for four
years They developed when he was at work and because of drunken be-
havior he was discharged In severe attacks he had convulstons In one
such attack he was stuporous for twenty-five hours and then recovered spon-
taneously He learned to drnink mulk to ward oft the episodes.

Several abrormal values for the blood sugar were obtamned ~Sometimes
when concentration was as low as 0040 gm per 100 cc, the patient seemed
normal, but 1f it dropped to oogo he became stuporous ~Otherwise no
abnormalities were detected. *

At operation an insular adenoma, measuring § c¢m 1n dizmeter, was
found and removed. Postoperative pneumonia and a pancreatic fistula de-
layed recovery, but the ultimate result was satisfactory. Two years later the
patient reported that he had obtained complete rehief

Case 3.~Allan, Rixford, Freeman and Brown reported this
case as case § in their paper and Judd, Allan and Rynearson as
case 7 in therrs  Muluple adenomas were found in the pancreas

‘The patient, 2 man aged thirty two years, had had spells of weakness
assoctated with mental confusion for a year, Hypoglycemia had been recog-
muzed elsewhere, and on advice sugar was eaten between meals and at night
Attacks were prevented by this means, but later the patient became unable
to Tecognize prodromal symptoms and failed to resort to taking sugar untl
he was helpless There also was a history of gastric dustress

Examiniation at the clinic dusclosed the presence of a duodenal ulcer
When symptoms of hypoglycenua were present, the value for the blood sugar
usually was less than o 06o gm per 100 ¢ c; however, on one occasion when
a value of 0og0 was obtamed the patlent seemed normal.

Operation revealed two jnsular tumors which were removed  One.
measuring about 1% cm 1n diameter, was embedded in the anternor surface
of the pancreas, at the junctore of the tail and the body, the other, 20 cm
in diameter, was 2 5 cm. away from the first The pathologic exarmnation
yielded evidence of malignancy in these tissues, and because of the danger
of metastasts a course of roentgen treatment was given Recovery was with-
out mcident and complete rehef was subsequently reported
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A value for blood sugar obtained four hours after the patient had taken
200 cc. of orange juice was o023 gm. per 100 cc. The value for plasma
sodwm chloride was abnormally Ingh (0710 gm per 100 ec): values for
blood hpoids were low in the normal range. A test for dextrose tolerance
resulted as follows. One gram of dextrose was admimstered per kilogram
of body weight. The level of the blood sugar at the time dextrose was
given was 0035 gm per 100 c¢; one half hour, two and three hours after-
ward, it was 0088, 0138 and 0075 gm respectavely,

Injection of 1 ¢ ¢ of 1.1,000 solution of epmephnine raised a blood sugar
level of 0043 gm per 100 cc. to 0110

At operation a wellencapsulated insular tumor was removed The
Liver was small, but not otherwise abnormal  Although the gallbladder was
full of stones it was not disturbed

‘The condition of the pauient was satisfactory unul the third postopera-
tive day. Pneumonia then developed, and on the fifth day the pauent died
Permusston for necropsy was refused The concentrauon of blood sugar
postoperatively rose to diabetic levels Examination of the tumor showed
it tp be an adenocaranoma of msular ongin

Case 7.~This case was reported by Rynearson as case 2. Post-
ponement of surgical treatment 1n this case as in case 6, led to
matked changes 1n personality and to obesity, which contributed
to a postoperative fatality from pneumonia

generalized epileptiform convulsions. In an early episode the patient was
found unconsaious 1n bed and continued to be unconsaous for three days,
unul finally orange juice was fed forably In ome attack boiling water
was spilled on her bare arm, and although severely scalded the patient was
not atoused  When she came ta the chinic she was taking daily 2z quarts
(2:000 ¢ <) of orange juice, eating 2 teaspoonfuls of honey every half hour
and sleeping with malted mulk tablets in her mouth, all in addition to her
regular meals The attacks were not prevented, however, and her weight

0022 and consciousness was lost Abnormal hepatic function was revealed
by a retention of dye grade 2 after injection of bromsulfalem

At operation an insular tumor 1.5 ¢m 10 diameter was removed without
technical difficulty  Mild hepatitis was noted The tumor was an adeno-
caxcinoma grade 1 of msular onigin  After operation the blood sugar rose

to diabenc levels and the patent died on the fourth postoperative day of
pneumonia

. Case 8.—In this case, since the patient had not noticed the rela-
tion of symptoms to fasting and their relief by food, spontaneous
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arm and right leg. She perspired profusely and became rapidly more stupor-
ous In filteen mmutes she was in a deep coma which lasted four hours
She recavered spontaneously, but residual weakness of the right arm and leg
persisted.  The next day consciousness again was lost. Thrs time she was
comatose thirty hours, yet when Dr Cooley of Dubuque injected dextrose

ly she promp except for some slurrng of speech
and residual weakness of the night arm and leg.

On examuinaton at the dinic January go, 1935, the téndon reflexes of
the legs were increased bilaterally and the fasting value for the blood sugar
Was 0,040 gm per 100 €c. A dextrose tolerance test, in which 1 gm of dex-
trose was administered per kilogram of body weight, resulted as follows:
‘The concentration of blood sugar at the tme dextrose was administered was
0040 gm. per 100 cc; one-half hour afterward it was 0 132; two hours after-
ward 3t was 0146 and three hours afterward, o 059

Injection of 1 cc of 111,000 solution of epinephnne elevated a blood
sugar level of 0085 gm per 100 cc to o117 but 1 ¢ of a soluton of
pituttary extract (prtwitrin} given intramuscularly was without effect

Hepatie function, as disclosed by galactose tolerance, hippuric acid and

1 tests was pared, and the value for serum bilirubin was

normal
At operation, February 6, 1935, the pancreas was found to be surrounded
by dense masses of enlarged Iymph nodes and the hver to contan multiple
large growths, composed of cells ing island cells,
‘The patient died five months later in Salt Lake City, where Dr. Lindem
performed the necropsy The important tissues packed in carbon dioude
snow were sent to the clinic for exammanon. The insular origin of the
carcinoma was established, and Dr Power confirmed the observation made
in case 1 of insular activity 1n extracts of metastatic growth 1n the liver.

Case 6 ~This case was reported by Rynearson as case 1 in his
series of two cases.

.

minutes and recovered, but about three months later, when she was house
cleaning, a stoular episode accurred and she was unconscious for about twenty
minutes Again she recovered spontaneously, but was extremely hungry and
felt becter after eatng Attacks sumlar to these recurred every three or
four months unul 1933, and thereafter were more frequent. In August,
1933, a physician elsewhere had made a diagnosis of hypennsulinism and
ogether with other measures had prescribed frequent eating The patient
1:d not improve, and for some months before she came to the clinic had
weraged four attacks each twenty-four hours They Iasted from one to five
wurs, and were followed by aphasia, dizzainess and hunger Witnesses re-
orted that 1n attacks the panent moaned loudly, had epileptiform convul-
ions and was very dufficult to conrol. Aphasia, vertigo, hunger and desire

o micturate were constantly present, and a2s a result of much eaung the
seight he T /00 en ~w= ped In recent

months ¢ a'l:xipp:d her
children
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health remaned good, however, and in contrast ta other patients with chromc
hypoglycemnia who became obese, his weight remained practically stationary
at about 170 pounds (771 kg ).

“March 4, 1936, the patient returned to the Clinic. General examination
was again negatve. Dr. M P. Foley, then assocated with the Section on

suspected hyp and hus were d when
the fasung value for blood sugar was determined to be 38 mg. per 100 cc.
The patient was hospitalized In the course of hus stay i the hospital de.
termnauons of blood sugar on subsequent occasions were as follows 35, 44,
36, and 42 mg per 100 ¢.c. As we have often noted in cases of this type,
there was no necessary parallelism between the amount of sugar n the blood
and the chnical condition. For example, on one occasion an attempt was
made to induce an attack by withholding food The patient recewved his
Iast meal on the eveming of March 10 The next morming the value for
blood sugar was 44 mg, at 12 noon, 1t was 48 mg, and at 5 pm 1t was 35
mg per 100 ¢e. Dunng most of this ime he was up and about 1n the hos-
pital, walkung through the corridors, and appeared normal in spite of the
fact that he had had no food whatsocver At 2z pm he complained of
hunger and, at 5 pm, after a fast of twenty-three hours, hus behavior sug-
gested a mild hypoglycerc reaction  He then became somewhat irritable
and confused, 50 that hus fast was broken with orange jusce, whereupon fus
symptoms disappeared  Except for the abnormal behavior of the blood
sugar, examunation was enurely negauve The bromsulphalein test of lLver
function gave normal results
“Diagnosss of hypoglycerua of undetermined ongin was made and ex-
ploratory operation was performed by one of us (Walters) on March 27
The pancreas was approached through an opening 1 the gastrocolic omen-
tum just below the greater curvature of the stomach The stomach was
lifted wpward and the pancreas was exammed by palpaton An adenoma,
approximately 2 em in drameter, was encountered at the juncture of the
mddle porton and tail of the pancreas directly over the mfenor vena cava
and abdomuinal aorta, The pancreas was elevated and the section containing
the adenoma was removed,  Pathologic examinauon of the exased poruon
of pancreas revealed an adenoma composed of practically normal pancreatic
tissue  Examination of the abdomnal contents disclosed nothing further
On the eleventh day after operation 1t was necessary o Temove about 1,200
cc of fluid (apparently pancreatc in ongm) which had accumulated poste-
mior 1o the stomach 1n the lesser peritoneal cavity

“The pauent has since gradually made a complete recovery A pan-
creanc fistula developed, but this practically has healed (May 15, 1936) At
Mo tume has the value for blood sugar been abnormal Immediately after
operation the value vaned from 147 to 211 mg per 100 cc  Since that
time 1t has vanied from 115 to 168 mg  No sugar has appeared 1n the urine
atany time "

A test of dextrose tolerance in this case, obtained before operation, gave
the following tesutts The guantity of dextrose admanistered was 1 gm per
kilogram of body weight At that ume the level of the blood sugar was
©036 gm per 100 cc  One half hour, two and three hours later it was o 138,
2079 and 0 054 Tespectively
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hypoglycemia was at first overlooked. The case is so instructive
that I am quoting in full the fairly detailed account of it by Kep-
ler and Walters:

“A farmer, aged fortysix years, had been in good health until the winter
of 1933 and 1934, when he felt unusually ured and occasionally noticed
blurnng of vision  March 20, 1934, he worked as usual untl noon, returned
to Ius hume ured out, detided not to eat lunch and Jay down on the daven-
port  Sometime later he was found unconscious with both his arms and
legs moving spasmodically. Recovery from this attack, about which the
patient remembered nothing, was spontaneous and he remained well untd
August 4 On that morning he awoke feeling well but as he had overslept,
he did not start the fire as usual but went outsde carrying a cream pitcher
and water bucket, as was his custom On arriving at the barn he found he
wie than Jaes tn aceict unth sha elline cn ha EMad shn o erhins « b cmonme

he poured the cream mto it and began washing s face in the cream The
hired man then tried to carry him upstatrs, but he refused assistance and
almost fell getung up He undressed, went to bed, and awoke four hours
later  Of thus entire incident he remembered pracucally nothing except
the ‘funny color of the wash water,’ and his difficulty in getting upstairs
“August 22, 1934, the pattent was brought to the Chimic for examna-
tion  Nothing of sigmficance was found, and a tentative diagnosis of an
lesion was dered phalog; were made but they
revealed nothing abnormal The patent was dismissed with instructions to
take % gran (0 032 gw ) of phenobarbital at night and o return to the Clime
for further study if the attacks recurred. By adhering to this regimen he
remamed fanly well during the next six months, and had had no more
serzures but if he d taking the phenobarbital he felt as if an
attack were coming on In January, 1935, his wife wrote that he had just
had another severe attack, that he complained a great deal about his vision
and also that his hands were often numb
“Begtnning 1n August, 1935, the patient’s attacks occurred with increas
ing frequency and severity  As a rule they came on about 4:30 am, shorily
after he had ansen and done the mormng chores On some occasions he
would lapse mto an attack during sleep, at other times the attacks would
occur just before lunch  The outstanding feature of an attack was the
patient’s stubbornness and confusion  He would yawn frequently and lapse
into short naps Loss of consciousness with sweating and convulsions often
followed The immediate tngestron of phenobarbital olten would abort
these symptoms  Between episodes he often mnoticed that, when he was
hungry, Ius vision would blur or his hands and feet would go to slecp
February 23, 1936, he had a severe seizure, with convulsions and swealing,
which lasted for twenty-four hours; after this he was given morphine and
stept for an additional twenty-four hours In addition 10 the symptorns just
ioned lained ionally of short severe attacks of epigastric
ng hus body to the right His general

o
£ -
pain winch were preciputated by tumi
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Case 9—This case has not previously been reported.

The patent, a man forty-three years of age, was from the Transvaal,
South Africa  When we saw hum in 1936, he had had symptoms of episodic
hypoglycerma for ten years, and two years before, in 1934, 10 London, Eng

and, hyy inism had been diagnosed The only di for a
number of years had been an empty feeling between meals and before
breakfast Finally an attack had occurred m church after a religous fast
The patient was unconscious three hours and then recovered spontaneously
Simular attacks followed with increasing frequency, and on the advice of
physians 1n London he increased the number of his meals to eight a day
With the increased amount of food he had gained from 135 to 190 pounds
(612 to 862 kg ). A low carbohydrate dict had failed to help and had been
abandoned.

The long duration of the history in this case prompted us to
suspect hypoglycemia of other origin than hyperinsulinism. At
operation, however, Dr. Walters found and removed a pancreatic
adenoma 0.8 cm. in diameter. The patient died three days later
with peritonits and paralytic ileus, and necropsy revealed some
fatty change in the liver. In the meantime, examination of the
pancreatic adenoma indicated that it originated more probably
from ductile than from insular epithelium. Opinion therefore
remained divided as to the cause of the hypoglycemia. Abnor-
mality of the adrenal glands or of the pituitary was not suggested
by the appearance of these organs at necropsy, and except for the
moderate fatty infiltration there was no good reason for incrimi-
nating the liver. Before the operation the hepatic function, so far
as could be determined by the dye retention test and estimations
of the serum bilirubin, had been normal. On the other hand,
the histology of neoplastic pancreatic cells is admittedly ambigu-
ous, and insular tumors not infrequently have been described as
containing elements with ductile arrangement. Also, as so Tegu-
larly has been seen 1n cases of insular tumor, the low value for
blood sugar found preoperatively gave place unmediately after
removal of the tumor to values higher than normal (from o.138
to 0.222 gm. per 100 ¢c.). To me the evidence as a whole estab-
lishes the diagnosis as hypennsulinism.

Case ro—This case has not previously been reported. The
duration of symptoms, nearly forty years, is unusual.

a man ffty five years of age, came to the clinic in 1937.

he tient,
The b had bad spells of weakness associated with hunger,

From the age of sixteen he
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Case 9.—This case has not previously been reported.

The patient, a man forty-three years of age, was from the Transvaal,
South Africa. When we saw him in 1936, he had had symptoms of episadic
hypoglycemia for ten years, and two years before, in 1984, in London, Eng
land, hyperinsulinism had been di The only disturbance for a
number of years had been an empty feeling between meals and before
breakfast Finally an attack had occurred in church after a religious fast
The patient was unconscious three hours and then recovered spontaneously
Simular attacks followed with increasing frequency, and on the advice of
physictans 1n Loandon he increased the number of his meals to eight a day.
With the 1ncreased amount of food he had gained from 135 to 190 pounds
(61210862 kg). Alow carbohydrate diet had failed to help and had been
abandoned.

The long duration of the history in this case prompted us to
suspect hypoglycerua of other origin than hyperinsulimsm. At
operation, however, Dr. Waiters found and removed a pancreatic
adenoma 0.8 cm. in diameter, The patient died three days later
with peritonius and paralytic ileus, and necropsy revealed some
fatty change in the liver. In the meantime, examination of the
pancreatic adenoma indicated that it originated more probably
from ductile than from insular ¢pithelium. Opinjon therefore
remained divided as to the cause of the hypoglycemia. Abnor-
mality of the adrenal glands or of the pituitary was not suggested
by the appearance of these organs at necropsy, and except for the
moderate fatty infiltration there was no good reason for incrimi-
nating the hiver. Before the operation the hepatic function, so far
as could be determined by the dye retention test and estimations
of the serum bilirubin, had been normal. On the other hand,
the histology of neoplastic pancreatic cells is admittedly ambigu-
ous, and insular tumors not infrequently have been described as
containing elements with ductile arrangement. Also, as so regu-
larly has been seen 1n cases of insular tumor, the low value for
blood sugar found preoperatively gave place immediately after
removal of the tumor to values higher than normal (from o0.138
to 0.222 gm. per 100 c.c)). To me the evidence as a whole estab.
lishes the diagnosis as hyperinsulinism.

Case 10 —This case has not previously been reported, The
duration of symptoms, nearly forty years, 1s unusual.

2 man fifty-five years of age, came to the clinic in 1937

‘The patient,
L 1s of weakness associated with hunger,

From the age of sixteen he had had spel
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sweating, nervousness and thick speech They would be provoked by over-
working and for many years occurred nfrequently. None had led to loss
of consaousaess until about two years before the patient came to us By
eaung frequentdy he succeeded in avoiding many severe attacks, and thus
bad been able to continue his occupanon as a purchauing agent

A fast test was tolerated well, no symps loped, even
after twenty lour hours, although at the end of this time the value for the
blood sugar had fallen 10 0043 gm per 100 cc. The response to a dextrose
tolerance test was as follaws ‘lhe quanuty of dextrose admunistered was
1 gm. per Hlogram of body weight The level of the blood sugar at the
ume dextrose was given was aojg gm per 100 c¢  Onechall hour, one
hour, two, three and four houts afterward it was 0130, 0216, 0167, 0105
and 006y respectnely. There were no symptoms on the day of this test,
but on another day 1n a typical attack the value for the blood sugar was
o051, The attack was ch by dusori i i i
and amnesiz  The patient resisted auempts to give hum sugar, but when
20 c¢, of a 5o per cent solution of dextrose was injected intravenously,
except for complete loss of memory of the episode, he became normal almost
atonce

At aperation by Dr Walters an insular adenoma 1 cn in duameter way
found and removed. Dr Walters also noted marked hepattis and arrhosss.
Despute this gross abnormality of the hiver the patient rematned enurely free
from previous symptoms after operation, and the blood sugar level was not
again abnormally depressed.

Case 17.~This case is out of place chronologically It is in-
cluded because the diagnosis, missed by us in 1930, was made
elsewhere by Womack, Gnagi and Graham. An insular tumor was
found and removed.

The patient, a farmer aged forty-four years, had had symptoms for ten
months “The complaint was of spells of mental confusion followed by am.
nesta  They occurred usually before breakfast when he was milking He
would wander into the house and Le down s wife would give him hus
breakfast or only a glass of milk He then would feel perfectly well, but
could not remember what had happened. A few days before he came to
the climc he collapsed, remained m a stupor for two or three hours, and
tecovered spontancously,

n exarmination in the climic a brain tumor was suspected, but in the
absence of Jocalizing symptoms or ewidence of intracramial pressure further
Observation was considered advisable, and the patient was dismissed wath
the mjunction to return for another examnauon later  Soon afterward his
wife discovered that by feeding him at might his early morning dificulty
could be prevented He also had taken to eating candy between meals be-
fore he was seen by the 5t Louss physicians.

The operation 1n St Lows disclosed an insular tumor only 05 cm. in
diameter, yet the removal of thus was followed by complete relief of the
former aymptoms The histologic appearance of the tumor was described
by R, R. Bensley.
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. Case 12—~This case which has not previously been reported
is unusual because of the age of the patient.

The patient, a Jewish boy nine and a half years of age, had previously
been free from abnormalities. He was found in bed by his mother one
morning unresponstve, but with wide-open eyes. Obeying an unexplained
inspiration, the mother forcibly fed the boy sore orange juice and cereal,
and 1n fifteen minutes he had recovered completely. This was in January,
1938. A second smlar eprsode eccurred six weeks later, agam in the early
morning; jnvoluntary unnation was associated The child was again re-
vived with orange juice and cereal, and went to schoo] feeling well A third
attack occurred in May. Like the previous ones it developed at an early
mornung hour,

The boy was sent to a Scout Camp in June, 1938, and there one moming
about 12 o'dock, after 2 period of unusual vigorous exertion, he was found
unconscious  No food being given, he remamned unconscious for seven
hours, then recovered spontaneously This severe reaction led to 2 con-
suleacion with an espenenced physician who cotrectly diagnosed hyperinsu-
Imsm and prescubed frequent feedings  Attacks continued, and as time
p};lssed they became increasingl t. Also some time later
they A .

9 A prehminary
exam musual other than
A Sug e ' “ = before breakfast
Values for sodium and potassium m the blood serum were o 305 and 0019
gm per 100 cc respectively The response to an extended dextrose toler-
ance test was as follows, The quantity of dextrose given was 1 gm. per
lilogram of body weight At the tume the dextrose was given the level of
the blood sugar was o046 gm. per 100 cc. At the end of onehalf hour 1t
was 0 100, 2t one hour, o 115, at on¢ and one-half hour, o 1257 at two hours,
0118, at two and one-half hours, 0084, at three and one-half hours, o o5o;
at four and one-half hours, 0 045, and at five and one-half hours, cogz. At
the four and a half hour period, the panent developed symptoms, at the
fifth hour penod these became so severe that emergency treagment with sugar
could no longer be withheld,

At operation by Dr Walters a small tumor was found in the pancreas,
and microscopic examnation of this after its removal revealed it to be 2
small insular adenoma The postoperative course was uneventful except for
temporary hyperglycerna and glycosuria  One hour after the operation the
level of blood sugar was 0221 gm, per yoo £¢ and four ar five hours later
1t was 0256 For the whole of this day and during the night the unne gave
strong reactions for sugar, but negative reactions for acctone and dracetic
acid.  Insulin purposcly was not administered; by the next mormmg the
unine was sugar free, and within forty-eight hours all blood sugar values were
normal. The subsequent recovery of the patient was apparently complete.
Normal feeding could be resumed without extra feeding ar night and no
further evdence of a tendency to hypoglycemia could be obtained The
operation apparently could be regarded as curative,
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SUMMARY OF EXPERIENCE

To review these twelve cases is instructive, but somewhat
discouraging. My colleagues and 1 are not proud of the record,
although probably it is no worse than should be expected. It
illustrates the difficulty of diagnosis in this disease, the danger of
postponing operation when insular tumor exists, and the relatively
serious surgical nisk when hypogliycemic attacks with convulsions
have led to gross obesity or to damage of the brain,

Of the twelve patients only six have survived These ap-
parently were cured. In two cases we missed the diagnosis. In
one of them we recognzed the discase at a later examination,
in the other the correct diagnosis was made elsewhere In both
instances the mistake can be attributed to failure on the part of
examining physicians simply to hold in mind the possibility of
spontaneous hypoglycemia This possibility must always be con-
sidered when symptoms suggestive of brain tumor or other disease
of the nervous system are present.

In several of the cases with isolated and seemingly bemgn
tumors microscopic examination revealed minor ewvidence of
malignancy, while 1n three cases metastasts already had occurred
at the time of the surgical expl and i
were found,

In three cases resection of tumors resulted fatally. The cause
of death in two was pneumonia, 11 the third peritonitis In two
of these three fatal cases the gross obesity that had resulted from
years of pting to control symp by freq feeding
contributed to the difficulty of the operation and to the risk of
Ppostoperative complications. In two of the fatal cases permanent
change of personality suggested that the damage done to the brain
may have lowered resistance to operative complication,

A serious impediment to successful recognition and early

of insular neoplasm is the frequency with which nothing
abnormal is found in the pancreas at operation, 1n cases indis-
tinguishable clinically from those in which insular tumors are
found. In the pened from |927 to September 1, 1939 a normal
appearing was disclosed by 1 y operation in
fifteen such cases. Marked cirrhosis existed in two of them and
cholecystitis with stones in a third. A finding of hepatitis with
infiltration of fat in two cases, reported by Judd, Kepler and

P




395 CLINICAL DIABETES MELLITUS

Rynearson, led us to believe that in them we might be dealing
with some peculiarly isolated disturbance of the glycogenic func-
tion of the liver. However, this remains conjectural for the
reason that in several of the cases in which an insular tumor was
found hepatitis also was present, and the removal of the tumor
corrected the hypoglycemia. Finally, some degree of resection of a
normal looking panereas has been performed in several cases, with
a beneficial result in at Jeast two of them. On the other hand,
in another case reported by Judd, Allan and Rynearson* in 1933,
three attempts were made to remove pancreatic tissue, and even
after the third operation the patient had not been helped.s
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CHAPTER XXVI

TREATMENT OF HYPERINSULINISM

The medical treatment of hyperinsulinism can be only symp-
tomatic and directed at correction of hypoglycemia. It is essen-
tially the same as that required for any form of hypoglycemia
but unfortunately 15 frequendy ineffective. Hence, 1f the pres-
ence of true hyperinsulinism 1s serfously suspected surgical inter-
venuon should be undertaken.

DIETARY MANAGEMENT OF HYPOGLYCEMIA

The immediate remedy for an excessively Jow level of the
blood sugar 1s adminustration either of dextrose or of a sugar or
polysaccharide that readily 15 converted into dextrose! The pa-
tient with spontanecus hypoglycemia may learn this himself, 1f
he is prompted by the hunger that so often is experienced when
the level of the blood sugar falls severely. He finds that eating
relieves not only his hunger but other symptoms, and thereafter
continues to take milk, fruit juice or a carbohydrate containing
food whenever he notices these symptoms. By this means, even
m some cases of msular tumor, serious attacks may be warded
off for years.

Carbohydrate foods promptly raise the level of the blood
sugar. Ingestion of sugar in cases of hypoglycemia of nervous
origin, however, provokes more trouble an hour or two later. The
hypoglycemic phase of the blood sugar time curves of dextrose
tolerance tests, was mentioned in Chapter XXIII. Furthermore,
in many mild cases of spontaneous hypoglycemia of nervous origin
diets yich 1n carbohydrate seem to increase the instability of the
already uneven regulation of blood sugar, and thus promote more
frequent attacks of hypoglycemia. When sugar is given to combat
the symptoms of an attack in these cases, only enough should be
used to obtain results. Also whenever possible the diet should be
made elatively low in carbohydrate and high in fat and protem

3°This subject 15 given more extensive consideration 1n Chapter VI
398
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The advantage of a high fat diet in the management of spon-
taneous hypoglycemia was first called to my attention by a former
dietetic assistant, Miss Florence Smuth. By adopting her sug-
gestion we were able successfully to treat the refatively mild hypo-
glycemia of nervous origin Later Waters and Shepardson ad-
vised such a diet  Waters, and also Weil, prescribed six meals a
day. On this regimen there often was great improverent, but the
attacks, although diminished 1n number, were rarely prevented
With hypoglycemia of greater seventy, such as 13 encountered 1
cases of insular tumor, these procedures usually fail completely

The advantage of a diet high in protein was pomted out by
Conn. With Newburgh, Conn demonstrated that despite the
conversion of approximately 5o per cent of its werght to dextrose,
ingestion of proten n large amounts causes relatively httle, if
any, rise in the level of the blood sugar of both normal and diab-
etic persons A quantity of dextrose or starch equivalent to that
obtainable by conversion mn the body from the amount of protein
used would cause marked hyperglycerma The difference was ac-
counted for by the slow speed with which dextrose 1s made from
Protein, and the advantage of feedings of protein was attributed to
this release of dextrose at so slow a rate that 1t did not “stimulate
Ehe pancreas to produce more insulin.” The comparative effect of
ingestion of dextrose and of protein on the blood sugar 1n a case
of spontaneous hypoglycemia 1s shown 1 figure 19 After a dose
of 1 gm. of dextrose per kilogram of body weight a hypoglycemic
phase follows a brief period of hyperglycemia, whereas after suf-
ficient protein to yield the same amount of dextrose the level of
the blood sugar remains essenually unchanged for a period of
eight hours, The gradual and prolonged rise of the blood urea
nitrogen reflects the utilization of protern and the slow liberation
of dextrose nto the blood.

Another therapeutic suggestion based on the same principle
of dampening the activity of the pancreas was made by John
This was to give msulin by injection one-half hour after each of
three equally divided low carboliydrate meals.

"The best results at The Mayo Chinic have bieen obtaned with
2 duet planned Iike the standard diabetic dicts described Chap
ter VII, but with more protetn (about 2 gm. per kilogram of body
weight) and more frequent meals 'The diet 15 divided 1nta three
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la.rge meals of equal composition, and three smaller meals each
with half the amount of carbohydrate, protein and fat contained
in the larger meals. We have not used insulin, and prefer milk

Jo00ce

)
blood ures nrtropen-mp per

Llood sapar-ma per 100 ¢ ¢

<

Hoars
1+-~Blood sagar after 60gm glacose
2—Blood sugar after 545gm fean beef (120 9m
protein) (60 gm avatlable glacose)
3=—Blood trea nilrogen afler 545 gm lean
beel (120 gm protetn)
Fig 15 —Companson of effect on the level of the blood sugar of inges-
tion of 60 gm of glucose and of sufficient protein to yield 6o gm. of dextrose
in the body [Redrawn from Conn, ] W.: J Chn. Investigation, r5: 673~

678 (Nov) 1936]

and bread to fruit juice or raw sugar for the emergency treatment
of any attacks that the diet fails to prevent.?

MEDICATION

In severe cases of spontaneous hypoglycemia, when the diet
alone is ineffective, drugs may be used. On the basis of theory
the one that should offer the greatest advantage is the diabeto-
genic hormone of the antertor lobe of the pituitary body, but
unfortunately a preparation of diabetogenic pituitary hormone
suitable for clinical use 1s not commercially available. Cortical
hormone also ought to help through its dizbetogenic acttvity, but

PR . o LT LS R
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hemofcrc its cost has been prohibitive. The recently synthesized
prep desoxycortic acetate docs not seem to pos-
sess any diab actvity. D d thyroid and thy
have been tried, and if enough of cither of them is given to
maintain a metabolic rate of 4-20 or -}-30 per cent, attacks may be
prevented. A serious objection 15 the harm that may usuk fmm
the conti of such a stimulated
Epinephrine is useful in the treatment of an attack if followed
immediately by a dose of dextrose, but its action is far too transi-
tory to be beneficial otherwise. The use of epnephrine in oit
has been supgested, but experience with 1t m cases of this kind
is lacking. Aithough pitmitnn has some antagonisuc effect on
the action of insulin, preparations of posterior lobe of the pitui-
tary have not been of value in warding off attacks. Harris {(1933)
reported that ephedrine gave doubtful results, We have not had
success with it. Harns suggested that bromides may depress the
secretion of insulin, but because of the danger of brominism
he did not advise their use  Harris also thought chat phenabarbi.
tal might depress the activity of the islands of Langerhans, and
suggested doses of 1% grain (0.2 gm.) mght and morning  Pheno-
barbml apparcmly was somewhat eflecive in one of our cases.
or pine in iently large doses will decrease the
secretion of ptyahn and gastnic juice, and may sumlarly affect
the internal secretion of the pancreas. Harris used 1t in mild cases
of spontaneous hypogiycerma with what he regarded as good
results. Caffeine, as Womack has suggested, may be of some value
in stimulating the adrenal glands
EXERCISE

An important consideration for the patient who has attacks
of spontaneous hypoglycerma, of whatever origin, 1s the matter of
exercise. Physical exertion lowers the level of the blood sugar
and therefore must be curtailed, or at least the patient must be
wamned 10 be on his guard whenever he does exercise and ta
protect himself by eating something, preferably a starchy food,
before exerting himself.

SURGICAL TREATMENT
The dietary and the other measures described are fully effec-

tive only in cases with mild attacks of hypoglycerma. In severe
26
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cases they are unavailing. The patient because of frequent eating
to prevent attacks often becomes obese and thereby the hazard of
operation 15 increased.  For these reasons, as well as because delay
may resultan the ion of malig insular tumors
which are removable 1f operation is performed early, 1t is wise
in severe cases when the cause of the hypoglycemia is not clearly
extraansular to advocate early surgical exploration?

For patients who have not become grossly overweight opera-
tion for the removal of wsular adenoma is not attended with
unusual risk.  The surgical procedure has been described by Judd,
Allan and Rynearson, Graham and Womack, Simon, Whipple
and Frantz, and others. It must not be forgotien that multiple
tumors occasionally exast.  Graham in one case resected a small
insular tumor; the symptoms persisted. At @ second operation a
second tumor was found and its removal was followed by com-
plete recovery.

When he can find no tumor, the surgeon is faced with the
question as to whether he should try to diminish the activity of the
pancreas as a whole. Fajlure to find a tumor does not mean
that one is not present.t The consistency of an insular adenoma
differs very little from that of the pancreas, and a small adenoma
buried in the head or body of the pancreas may easily escape
detecuon.  For this reason, as well as because the removal of 2
large enough portion of the pancreas possibly may be of benefit
in cases of hyperfunction of normal appearing islands, a subtotal
resection of the pancreas may be attempted. The earlier opera-
tions of this kind were unsuccessful, but striking benefit from such
procedures have been reported by Thomason, by Berry, by
Graham and Hartmann, and by others,

In a Colver Jecture delivered in 1ggz (Wilder, 1g33) I pownted
ouy that a situation existed in this disease analagous to that in
surgery for hyperthyrodism, and that the early surgical failures
in both diseases were attributable to resection of an inadequate

*Garc must be token to excinde adrenal wsuficiency (Addwon’s disease),
Patients with Addison’s dusease stand surgieal procedures poorly unless special pre-
ciutions are abserved (Wilder, 1g38) The sime apphes to patients with msuffi-
ciency of the antenor Jobe of the pitntary .

UWhipple reoperated i four tases s which an earhier exploration had re-
vesled no tumor and teection had not brovght relief In each case he found an
adenoma s the posteror aspect of the heod of the pancreas after mobiluzing the

duodennnr.
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amount of tissue. In the case reported by Graham and Hartmann
a girl haby twelve months old had convulsions and the very low
value for sugar in the capillary blood of 0.18 gm. per 100 cc.
The pancreas was normal in appearance, and as much of it was
resected as possible, leaving a remnant in the curve of the dus-
denum which was estimated to be less than one-cighth of the
whole. A careful survey of the tissue gave no evidence of neo-
plastic growth, and so far as conld be judged the islands of Langer-
hans were normal in size and number, Nevertheless, after the
operation the bload sugar rose to abunormally high values. It
later returned to normal, but not to hypoglycemic values, and the
child two years later appeared to be perfectly healthy.

Thomasen, finding no tumor 1n a case of severe spontaneous
hypoglycemia, removed all but a part of the head of the pancreas
He accomplished this by following a suggestion of Holman and
Railshack, namely by first ligating the splenic artery so as to pre-
sent hemorrhage from ats branches to the pancreas and then res
moving the spleen and dissecting the tail and body of the gland,
The hody of the pancreas was severed from the head with Percy
cautery. A year later the paunent was free from his previous
syraptoms; the fasting value of his blood sugar was 0087 gm per
100 €.

Another possible mode of attack, when no tumor can be
found, is to place a strong ligature around the paucreas, as close
as possible to the head. Ths effects necrotic degeneration of that
part of the organ dustal to the ligature. Tt was done by Dr Wal-
ters in a case in our semes in which no tumor could be found,
and thereby severe spontaneaus hypoglycemia was converted into
ammld diabetes. Exception may be taken in principle to attempts
to Cure one disease by creating another, but in this Instance I
believe it to be excusable Diabetes can be treated effectively,
spontaneous hypoglycemia when severe is much more debihtating
than diabetes and less amenable to management.

The course after these opevations on the pancreas usually has
not been troublesome  The use of ether as the anesthetic agent
is desirabile for the same reason that ethes 15 undesirable in oper-
ations on patients who have diabetes, namely that it tends to ele-
vate the level of the blood sugar. After operations in which ether
hay been given, there has been little or no difficulty in majntaining
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the blood sugar at a safe level for the twenty-four to seventy-two
hours before the patient can be given food. On the other hand,
two patients at The Mayo Clinic developed pneumonia after re-
moval of an insular tumor, for which the anesthetic agent (ether)
might have been in part to blame. Hyperglycemia and glycosuria
may develop after the removal of an insular tumor, They are not
severe and persist only for two or three days. The occurrence
after operation of a pancreatic fistula has delayed recovery in 2
few cases, but healing eventually has occurred and with careful
suturing of the pancreas a fistula usually is avoidable.
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APPENDIX*

APPROXIMATE EQUIVALENTS

pam (gm)

! blogam ey (1,000 gm)
1 aubic centimerer (131

1 hter (LY (1000 £y

¥ degree centgrade (10 cy
1 calore {eaty

%o Burdounce
} quart plus 13 Aurdounces

= 18 degrees Fahrenhest

4 Baush thermal unus (8 T vy

To comvert ounces to grams, muluply the ounces by go.

To convert pounds 2o kalograms, divide the pounds by g o,
OF consult Seale §, Food Nomagram.

Householg measures.

2 teaspoontul of fud = sree
v 02

TABLES OF FOOD VALUES

The composition of the foods 1n most common use s 1o he
found s, the following tables. More complete food hsts are con.
tamed jn Bulletin 28, Crreular 146 and Crrcular 50, United States
Department, of Agriculture. These pamphilets can be obtained
Tom the Superingendent of Documents, Gorernment Printing
Office, Washington, b, ¢ + for ten cents cach 1n coin

In Taple 19 variety of vegetables and fruits are clasnified

used 1n canning, Fruts packed in therr own Juice have the same
Cathohydrate value as the fresh fruits,

In the Pprocess of cooking, foods lose both in weight and in
content of catbohydrate, due to Joss of water and dissolving out

20d 50 foods may be weighed enther before or 2fter coolung, pro-

* Reprinted. exept for Table 16 from Wuder R M- A Primer for diabetsc
Pabenus g g Philadelphia, W, B. Saunders Ca, 1937,
407
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$ per cent
Asparagus
Beet greens
Broccoll
Brussels sprouts
Cabbage
Caulifiower
Celery
Cucurebers
Dandelion greens
Eggplant
Endive
Green peppers
Lettuce
Mushrooms
Radishes
Sanerkraut
Spinach
String beans
Summer squash
Swiss chard
Tomato
Water cress

5 per cent
Apricots®
Blackberries®
Cherries, Ted or

whate*
Loganberries®
Peaches®
Raspberries®
Rhubarb, fresh
Strawherries®

TABLE 10
VEGETABLES
6 per cent 15 per cent
Beets Artichokes
Carrots Green peas
Kohlrabi Parsmips
Onions
Pumplun
Rutabagas

Hubbard or

winter squash

Turmps

10 per cent
Blackberries
Cantaloupe
Chernies, black®

Grapes, white®
Lemons
Oranges

Pears®

Peaches
Pineapple
Pineapple*
Strawbermes
Watermelon

* Canned without sugar

Fruirs

15 per cent
Apples
Apricots
Blueberries
Chernes
Currants
Huckleberries
Pears
Raspberries

CLINICAL DIABETES MELLITUS

20 per cent
Comn

Hominy, coohed
Lima beans,

Macaronz, cooked
Noodles, cooked
Potato

Ruce, boiled
Shelled beans,

cooked
Spaghetts, cooked

20 per cent
Bananas
Grapes

Plums

vided the water in which they are cooked is discarded When
they are served in the water in which they are cooked, as in the
case with stewed rhubarb, vegetable soups and stewed fruits, they
should be weighed before cooking.

In Table 11 percentage composition (grams in each 100 gm.)
of carbohydrate, protein and fat is given for a wide varicty of
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foods. The figures for carbohydrate represent only available
carbohydrate.,

TABLE 11
CowrosTioy oF Various Foos

Average compoution of 100 g
CGarbohy. Proten,  Fat,
Fegrtables and frutts drate gm  gm gn

3 per cent segeiables 3 ) o
€ per cent vegerables 6 i @
15 per cent vegetables 15 2 e
20 per cont. vegewsbles
Pomato . 20 2 °
Shelled beans 20 7 °
Green corn £ 3 N
5 per cent fruits 5 3 °
12 per cemt fruns s ' °
15 per cent fruns I : °
20 per cent fruus o z °
Green otwes, 2 ! 1o
Ripe olives 1 B 20
Cerals and breadstufls
Breakfast cereaty, dry 8a 0 5
Bregkfast ceseals, cooked n ) °
White bread 53 9 2
Whole wheat bread 19 o N
Rye bread 53 9 3
Wheat four 7 3 :
Soda_crackers 73 10 9
S0y beans 8 38 5
Dawry products
Whale mak , 5 3 4
Skimmed milk 5 3 N
Cream, 20 per cent fat 5 k. 20
Cream, 30 per cent fat 4 3 30
Creara, g0 per cent fat 3 : «©
Buttermik 5 3 !
ecse ° 29 36
Cottage checse . 4 2 1
‘o5, each ° 6 6
Egg white (one) ° 3 o
Egg yolk (onc 3 3 s
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TABLE 11 {continued)

Average composition of 100 gm.
Carbohy- FProtein,  Far,
Meats and fish drate, gm.  gm g,
Meat, cocked , N 25 35
Fat meat, coked o 25 30
Fish (halibut, Iake trout, perch, white ﬁxh) .0 18 5
Fish {s3lmon, fresh or canned) o 22 13
Oysters . . .4 13 ,
Laver . . 2 20 3
Fat baon IR ] 10 [
Lean bacon Lo W a
Cooked bacon . .8 25 50

Fats:

Butter . .. .o ° 8

Lard, tallow, olcomargarne, tnsco, bacon fat © o 8500
OQlive o1l and other oils P a o 100
Mayonnaise (see recipe, p 138} o ° 8
Peanut butter . & 29 46

Nuis

Buternuts 3 28 6
Branl nuts 7 v 67
Hickory nuty . n 15 67
Blach walnuts 12 28 36
Pecans . - - 13 n T
Falberts . . i3 15 &
Beechnuts P 1 22 87
Enghsh walnuts PR 14 1 &3
Almonds - 3 3 33
Peanuts B - & 0 50
4 5 5

Chestnuty
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HEIGHT-WEIGHT-AGE TABLES
TABLE 12

Avezsos Hxonr—VWacar—Acs Taviz (Mev)
GRADED AVERAGE WEIGHT

HAHS 3t

100

36 st fan
.

skt {la (3w

m‘n:.'sn.’m

m'm'sh

TSN
3o {4m |50

ol o] |

Reprinted from Medioo-A 1 Mormabity Vol I, New York, 1gis

When taking measurements remove the outdoor clothing,
shoes and coat.

Age is taken to the nearest birthday.
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TABLE 13

Averace Hergr—WelenT—Ace Tance (WouEn)
GRADED AVERAGE WEIGHT

HEHRHS s s sn. Fi
Auion

15 [102{10: | 105 .
17 1103] 103 107 . L .
I 10

1
19 J103f107 | 109

41t 1

0o

TS
s

H H
1m 3w

4 IK
81 H

54 :
* i I ] | N U S S RO S Y | ! i
from Medico-A 1 Mortahity 5 Vol 1, New York, 1912

When taking measurements remove the outdoor clothing and

shoes. .
Age is taken to the nearest birthday.
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TABLE 14
Hur;nr‘“'ncukAcE Tapre
Ove axny

i:uzs*“')mowr CLorBuJ M

482 gy,

Teight ety
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TABLE 1§
Heterr—~Warenr—~Acs Taze (Gizw)
Teghy sy 6j7isfotmlnlelnslulisie/inls
s pyes dyes dyss Dyss {yvs fyvs Dy Jyen fywn fyes Jyms fyns [y
FNERE
EREIE
40 1368680
4 a7 {er o
42 {89 )39) 80
43 Tarfafatia
4% jazlee)ese
45 [ 454545 45 45
4 {7 lar{arfasias
7 faedso 50 30
) sisiseiselss) s
“ 53 {58 [ssfss{s6] a8
30 A I
3 soleojorjor] es) es
5 53068 0 e o7
53 enjo7)er 68 es] 68 M
5 ofrelnl n]nlis
s il ] nlwln
56 wlmimlnlals
51 sose] sr] 6o &4 89 ne
o8 e s snf ssf 85| s
5 57 50) su) vz) 9300} 103} 108
[y gr| os1 o5) 7110t ! 108} yoe 100} 10t
o
5
I
o )
63 vie § 120 | 391 | vee | ye3 | 1es {32
65 12 | 124 | 1es | 18 | 1w | as0
o 1o f 1m0l 1en fyss ) asa | 1y
8 193 3831385 196 {138 {188
5 188 ] do7 | tes | a0 e
I 136 | 138 | 140 | 142 | 14
7 19 | M0 {152 | 18 | 3145

Prepared by Bud T Baldsis, Fh D2, aud Thomas D, Wood, 31, D,
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TABLE 16

Heeer—WeeaT—AGE TanLe
(Canvrey BeTwess One anp Fous Yeims—Wirsovr Crotuzs)*
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5,602 bays 4,821 guls,
Age, months.
Height, imches Teight, pounds ‘Height, mches, Wewht, pounds,
25 8o L 259 188
73 181 7 2% 5 174
we e O ED s
ER s s e w1
B ED) 10 W 55
wo W o e X
w1 Y w D ED
29 29 13 9 4 710
08 25 0 14 295 218
308 36 13 301 09
n1 %1 16 05 26
34 24 5 17 EX] 229
ns 246 18 a1 234
23 255 1% S5 %8
e 258 20 20 241
En o n s e
83 29 22 e 25 3
86 279 23 29 286
g e 23 834 26 4
T ER) % =6 e
T wi T s B EX ED
T @0 = we ED
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TABLE 16 (Continued)

502 bogs. l e
Age, months
Height, imches Weight, pounds J Hterght, inches |l W eught, pounds.
33 6 EX) f o s | 328
e 338 ) sso | 528
388 338 ‘ ) w3 | 2 8
389 368 | o 338 6 33 0
30 315 | I £ 535
390 | 348 | 45 | 588 518
98 [ s | I | 35 315
395 J EX] J “ J EX) 538
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Directionss The standards for ege are
armnged on the basis of the common
Tethod of expressing age as of the last
buthday, To determune the deswed
me allowance, proceed a8 fallows
(1) Locate the weight on Saale I by
means of a pm stuck thraugh the
erasor of a lead penal. (2) Place the
edge of the ruler aguinst the pu and
swing the other end of ruler to the
patient’s height on Scale IT (3} Trans-
fer the pin to the pont where the
raler crosses Scale IIT whuh gives the
surface arca m sq meters (this
need not be read) (4) Holdng the
ruler agamst pn on the surface ares
scale, seang the left hand end of the
ruler to the patient’s standard for age
and sex given on Sezle IV (5) Trans-
fer the pn to where the nuler mow
crosses Scale V which gives the basal
heat production of the patient for 2¢
hours” and represents the calories of
food required by the fasting patrent
when resting m bed (basal calones)
The calortes mecessary for activity bear
2 percentage refationship to thoss de-
for the resting condition, The
so-called “white collar worker” when
at work will need about SO _per cent
more than bis basal calories When ac-
twity js restricted, as 1 the hospital,
the extra calones necessary w
from 10 to 30 per cent of the basal
calonies Therefore (6) estimate the per
cent of calones above the basal and lo-
cate this porat on Scale VI With the
ruler connect this pomt wath the pownt
located previously on Saale V, and
where the ruler now crosses Scale VII
read the amount of food calorzes to be
Provided by the duet

Pounds

1
Weight
sz
g 10
00 =510
280 = R0
260 =0
110
a0 ZE
220 100
95
ey
&
mE
wox B
0
BOE oo
140
130 60 &
s 55 §
£
18- 50
09 3
A 5
I
30-F_ 4
L
w
5
60
5
50
20
40
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Apvostew, surgical lestons, dragnosis
in presence of diabetes, 212
Abdominal pamn in diabetic acidoss,

177
Accommodaton,
diabetes, 271
Aceto-acenic acid, formation of, 1n

diabetes, 174, 175
Acetone breath in diabeuc coma,

weakness of, n

17
Aad or Adds
aceto acetic, 175, 175
alpha crotonic, 173
beta hydroxybutyric, 173
diacetie, 174, 175
ketonic, 174, 175
Acidosis, diabetic, 172
abnormal physiology i, 174
azotunia and azoterma in, 181
dehydration 1, 388
duagnosts, 177
histonical account, 172
hyperthyroidism masked by, 247,
248

in pregnancy, 235
inadence, 176
mlection complicating, 184, 192
preapitaung factors, 177
prognous, 178
treatment, 182
rauonale of measure: 18g
standing orders,
I\clomcgzly, cnmpxmung duabetes,

c[[::(s on disbetes, 264
glycosura 1m, 262
nadence of diabetes in, 263
Addison's disease, 269
hemochromatosis and, differen-
tation, 323
hypoglycemua in, 352
Adenoma, chromophobe, of pituntary
ghnd Typoglycemia in, 354

Adenoma of 1slands of Langerhans,
case reports, 386 ff.
hypennsulinism due to, 349
surgery for, 402
Adenomatous gorter with hyper-
thyroidism, 244
dugnoss, 247
inadence, 249
reatment, 254
Adjustments to Lfe by diabetc pa-
uents,
Adrenal cortex, n homeostasis of
blood sugar level,
lesions of, assoctated with diab-
etes, 267
carbohydrate metabolism 1n.
68

»
Adrenal denervauon i therapy o
drabetes, 165
Adrenal gland, disease of, as possible
cause of diabetes, 1
hypoglycemia due to, 352
nfluence on mtensity of diab
etes,
dle m diabetic acdosts, 176
Adrenal medulla, 1 homeostosis of
blood sugar level, 11
paraganghioma of, 266
Adrenecortical syndrome, 16
Adults, standard diabeuc diets for,

Affectine disorders in diabetes, 281
Age of patient, prognosis and, Go
Age weight height tables, boys, 413
children between one and four
years, 415, 416
grls, 434
men, 411
women, 41z
Agraplua n hypennsulmism, 383
Albumnunia with hypertension n
diabetes, 226
Aleohol amblyopia, in diabetes, 178

43
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Alcohol as vasodilator, 219
for sterilizing syringe and needle,
8

7
in therapy of diabetes, 159
Alcoholic beverages, 1 1y
Alcoholism, hemochromatosis and,
317
Ahmentary glycosuna e saccharo, 53
hyperglycema, g1
Alkal,, administration, in diabetic
acidosis and coma, 184, 188
kidney mjury by, question of,
89

bt
Allen’s diet therapy, 110, 1112
Allergy, insulin, g6
systemue reactions, gy
Almonds, 151
Alpha cells of 1slands of Langerhans,
role of, g11
Alpha crofonic aad, 173
Amblyopia mn diabetes, 278
tobacco and alcohol in etrology,
278
Amenorrhea 1n diabetes, 230
Amnessa, retrograde, m hypermsulin-
1sm, 382, 383
mn insulin reaction, 102
Amputation 1 diabetic gangrene,
217
Anemua, perrucious, drabetic neuritts
and, differentiation, 286
Anesthesia  (sensory)  complicaung
drabetes, 282
Anesthesia for operations in diabetes,
214
Angina pectorrs m diabetes, 343
Antsepucs m treatment of foot ab-
rasions, g4t

SUBJECTS

Argyria, hemochromatosis and, dif-
ferentiation, 323
Arteries, calcification of, in diabetes,

334
Arteriolar sclerosis, 327, 328
in diabetes, 329
Artenosclerosis, as provocation to di-
abetes, 44
in disbetes, 327, 329, 330, 853
arteriolar lesions, 329
cerebral lesions, 331
cholesterol conteat of diet and,
336, 337
coronary lesions, g51
diagnoss, 343
treatment, 344
development of the artertoscle-
rosis before the diabetes, 335
etiology, 338
extremuty lesions, 332
eye grounds in, 330
gangrene 1in, prevention, 338
hypetlipoidemia and, relation,

337
m preenile cases, 334
kidney lesions, 330
larger vessel lesions, 330
restriction of fats in, value, 336,

337
retinal Jesions, ggo
treatment, 336
types found, 329
m euology of cirbenc peunbs,

types, 527
wallenan degeneration in, 285
Ascates m hemochromatoss, gz
A creamed, with chicken,

Andety n hyperinsul 382
Apathy in hypennsulintsm, 382, 383
Aphasia m hyperinsulinism, 383
Apoplexy in diabetes, 288
Appendicitis, diagnosis . presence
of diabetes, 212
Apple and cabbage salad, 147
and orange cocktal, 148
Apples with roast pork. 137
Apprehension n msuhn yeaction,
101
Approumate egquuvalents, 407

P
188
Aspiy‘(ia, effect on blood sugar level,
6
1n newborn of diabetic mothers,
prevention, 240
Asthenia, 1 continuous hypogly-
cemia, 385
1 diabeyc addosis, 177
1 hemochromatoss, 321
1 hypennsulinism, 581, 382, 385
in 1nsulin reactron, 101
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Asthma, question of immunty to, 1
duabetes, 80

Atheromatosis, §z8

Athlete's foot, i diabetes, 298

prevention and treatment, 340

Atrophy, fat, insulin, g5, 96

Atropine 1 spontaneous hypogly-
cemia, 401

Automatc behavior 1 hypermsuhn-
fsm, 382, 383

Avacado salad, 147

Azoterua in diabetic aadosss, 181

proguostic sigificance, 181

Azoturia, chagnostic value, 20

in diabetic acdosis, 181

BABINSKI reaction, positive, in hyper-
insulimsm, 383
mn insulin reaction, 102
Bacon, 131
fried, with tomato, 142
percentage composition of, 410
substitutions for, 131
Banting dog, 260
Basal metabolic rate, effectiveness of
msulin and, 64, 25y
Basophulism, putmtary, 16
and drabetes, 264
Baths, contrast, for feet, 342
Bavanan cream, pineapple, 149
plam, 149
Beans, percentage composition of,
100

Beef stew, 137

Beet, pickled, salad, 128

Behavior disorders wn hypennsulin
15m, 382, 38

Betladonna 1n spontaneous hypogly-
cemiz, 401

Benedier's qualitative test for sugar
in unne, facing ttle page

Beta hydroxybutync acd, 173

Beta oxidation, 174

Beverages, 117

Biscunts, balung powder, 136

Bladder, cord, 225
diseases of, complicating diabetes,

25

2
Blood, exammation, 1 diabetic acid-
©0sis and coma, 187

435

Blood, lipoids of, elevated, diet for
patient with, 120
neutrabizing effect, on msulin, 198
pressure, in hemochromatosis, 322
in sulin reaction, 102
sugar, 1
capacity of hwer for removing, 8
determinations, 73
n glycosurnn of pregnancy, 234
level, effect of absorption of
food, 2
effect of exerase and other
agenaes,
Ingh  See Hyperglycemia
homeostosis of, 3
adrenal cortex i 12
adrenal medulla 10, 1
Lver in &
nervous system 11, 10
pancreas 1n,
prtwtary body i, 14
thyro:d gland 1n, 13
in hyperthyrowdism complicat.
ing diabetes, 249
low See Hypoglycerma
normal, 1
stabiluty of, 3
low fastng values, diagnosti
value, 22
postabsorpuve values, in hyper-
msulinism, 359, 560
range of, 1
ume curves, 2
in hypennsulimsm, 362
Blucberry leaf extract 1n duabetes,

159
muffins, 136
Boils in diabetes, 298, 299
Bone fractures, aggravation of pre.
existing diabetes by, 85
Boys. height-weight-age table for, 413
Brawn, artenosclerosis of, 1n diabetes,

1

deéimmm of, diffuse, i hyper-
msulinism, 876, 377

mjury, from induced hypogly-
cemia, 377

lesions of, 1n dizben¢ coma, 180
m hypennsulinism, 376, 383,

384
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Camplications of diabetes
intercurrence of, prognosis and,
66

Iver and gallbladder, gog
necrobiosts lipoidica, 296
nervous system disorders, 280
neurius, 282
pancreas, gop
peptic ulcer, gog
pituttary basophilism, 264
preumonia, 206
pregnancy, 233
pruntus, 298
pulmonary gangrene, 206
retinal lesions, 272
rubeosis, 291
skin disorders, 291
steatorrhea, 308
stomach and duodenum, gog
surgical operations, 209
syphulis of pancreas, goy
teeth and tonsils, go1
thyroid gland diseates, 244
tuberculoss, 208
ulcers and other sores, 218
weakness of accommodation and
transitory refractive changes,
27
wrinkles of cornea, 27t
xanthomatosss, 294
xanthosis, 292
Composiuon of vanous foods, 409,
410
Condiraents, 117
Congenital defects 1 children of
diabetic mothers, 238
Contracture, Dupuytren's, in diab
1€, 209
Conurast baths for feet, 342
Convulsions 1 hypennsulinism, 383
1 msulin reaction, 102
Cooked foods, carbohydrate content,

407 N
Cookery, diabetie, 127
Copper poisoning as factor in hemo-
chromatosis, 17
Cord bladder complicating diabetes,

225
Corn hread, 137
Corn, percentage compasition of, 409

INDEX OF

SUBJECTS

Cornea, wrinkles of, in diabete
Corns, care of, 330
infected, 1n diabetes, 218
Coronary sclerosis in diabetes,
thrombosss,  hyperglycemia
glycosuria in, g43
m diabetes, 331
dagnosis, 343
treatment, 344
Cortex, adrenal, in homeostas
blood sugar level, 12
lesions of, associated with
etes, 267
Cottage cheese, and butter, 151
and tomato salad, 144
omelet, 141
salad, 14.
Cotton-wool
Tetimitis, 278
Course of dibetes, g7
of hyperinsultnism, g81
Crackers, percentage composi!

patches in il

409
Cranberry rehsh, 147
Cream, percentage composition
409
soup, 135
substitutions for, 130
20 per cent cream, 130
30 per cent cream, 180
0 per cent cream, 130
Crossed-leg paralysis in diabetes,
Cucumber and egg salad, 146
Cures, diabetic, 67
Joslin standard, 69
Custard, plam, 149
pumpkin, 150
Cuts of feet, 838, 340
Cychic glycosuna, 28, 30
Cysuus complicating dubetes, z:
Cysts of pancreas 1n diabetes, 307

Dawy products, percentage comj
sion of, 409
£ di

D:ﬁmnon betes mellitus, 1¢

coma, 188
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Déltre de ruine, 2Rx
Delirium m i 382

439

Dextrosuna, diagnost:c values, 21
ic, 28

Dental canes m diabetes, o1
Depigmentation of mns mn diabetes,

renal, hypoglycemia in, 554
Sheftel guantrtative test, 72
Disbetes, bromze, 315 See ako

277
Dermal reactions to p
wsulin, g7
Desserts, 148
Dextrose, admmnistration, effect on
blood sugar level in mormal

person, 3§

m dabenc acidosis and coma,
184, 192

n emergencies, 202

in hypoglycemia, 398

intravenous, 202

postoperatve, z15

preoperatne, 213

rectal, 2oz

to hepatectomized dogs, effects,

7
ta newborn of drabeuc mothers,
240, 24
and snsulin i nondiabetic sur-
meal cases, 221
antidote for 1nsulin Teacuion, 103,

104
m blood, 1,
cemia
capaty of Jiver for removing, 8
n urine  See abo Dextrosuria.
Sheftel quantitane test, 72
ingestion of, effect on blood sugar

See also Hypergly-

Ievel, 2
renal threshold, low, hypogly-
cemia 1n, 354

tolerance curve in hypennsuln.
1sm, companson with eunologic
factor,
tolerance tests, 22
Exton's two dose-one
method, 25
in hypennsulinism, value, g6z
negamve reactions, pathogno-
monzc, 2.
one dosethree hour method,
22

hour

Positive reacttons in other dis-

cases, 25
utilization by chabetic heart, 345

1mnocens, 31
neurogenous, 280
traumanc, 33
ctenia for diagnosis, 35
Dubeuc aadosis, 172 See
Aerdoss, duabetic
cataract, 276
true, 277
coma, 172

also
See also Coma, diab-

Joshn standard, 6y
duets, 109
standards for adults, 418
for chuldren, 417
toods, spectal, 116
gangrene  See Gangrene
neuntis, 282
nostrums, 157
pseudotabes, 284
retimtss, 272
Daacetic aad, 174, 175
Diagnoss of duabetes, 21
early, as factor m prognosis, 57
m pregnancy, 233
of duabetic zadosts, 177
of hypermsulinism, 349
cntena, 358
Diarthea complicating drabetes, 307
Diet or Dets
cholesterol content, relation to ar-
tenosclerosss, 836, 337
diabeuc, 109
adequacy of, prognosis and, 65
Allen, 110, 111
education of patrent essenuial,
66

employment of skeleton diet, 116

esttmate of energy requirements,
13

fasung, 109, 1

frequency ot itamin deficiency
m, 65
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Diet or Diets
diabetic
Guelpa, 120
high carbohydrate, 110
high carbohydratelow fat, 122
high fat, 111
low carhohydrate, 109
Newburgh and Marsh, 111
nommal nutritional requirements
and, 112
of past, 109
of present, 112
Petrén’s, 111
plannung of menus, 116
preansulin, 109
prescTiption of, 78
standard, for adults, 417
for children, 417
Section of Metabolic Therapy
The Mayo Chnic, 114-119
subsututions for foods m, 127
von Noorden, 110
emergency, m infections comph-
caung diabetes, 202
for chldren, 121
for patients with hyperlipema, 120
for surgical patient, 215
“free” or normal, 123
high fat, 1 spontaneous hypogly-
cemia, 399
high protesn, m spontancous hy-
poglycerma, 399
in hypoglycemia, 398
nfluence on hfe span, 335
mlk, 20z
orange )uice, 202
reduction, 119
sample menu, 120
skeleton, employment of, 116
soft, 203 N
Digestive_organs, complicatmg dis-
orders in, in diabetes, 3ot
Diphthersa, intensification of diab-
etes by, 197
Diplopra 1n hyperinsulimism, 382,
83
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&
in sulin reaction, 102

SUBJECTS

Dinitrophenol in obesity, no effect
on insulin requirements, 46
Dog, Banting, s6o
Houssay, 260
Dressing, French, 133
mayonnaise, 133
salad, cooked, 133
Drowsiness in hypennsulinism, $81,
582
in protaminezine insulin reaction,
102
Duodenal mucosa, extracts of, m
therapy of diabetes, 161
ulcer 1n diabetes, 08
Dupuytren’s contractuse in dizbetes,

299
Darfism and diabetes, 266
Dysarthnia i hyperinsahmsm, 382
Dyssulinism,
Dyssynergra, pluriglandular, 352

Earvy diabetes, as danger zone, 58
trapsient Temissions in, £8
Economic status as provocation to

diabetes, 49, 50
Edema, sulmn, g8
Education of panents, 75
Effort hypoglycenua, 357
Eggs, 132
and cucumber salad, 146 *
baked, and tomato, 139
with cheese, 140
deviled, 140
percentage ¢omposition of, 409
oached, and tomato, 139
substitutions for, 182
with tomato sauce, 140
Electrocardiogram in diabetic coma,
180, 181
Emergency diets in infections com-
pheating dubetes, 202
msulm requirements in mfections
and after trauma, zo1
Emotional disturbances 1n diabetes,

81 .
factors in precipitation of diab-
etes, 50
6

in hyp
582, 383
in insulin yeaction, 102

gly .
instability in insulin reaction, 1oz
in nervous hypoglycemra, 552
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ol‘her than Creax, dlabctes etes, 248
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reqmreme ts,
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Feet, infections of, in diabetes, 218
care 1, 339
fnjured, Test for, 942
injunes to, and gangrene, 838,

339
Leeping clean, 340
massage of, 342
numbness of, in diabetes, 282
strong  antisepucs on, avoiding,

341
ulcers of, in diabetes, 218
Fetal acadents in pregnancy com-
plicating diabetes, 258
mortality 1n diabetes, 233
Fetus, permeability to nsulin, 297
Fever, effect on blood sugar level, 6
1n complications of diabétes, emer-

SUBJECTS

Fractures, aggravation of preexisting
diabetes by, g5
Free diets, rag
Freezing of feet, avoiding, 41
French dressing, 133
toast, 152
Fnght, effect on blood sugar level, 6
Frohlich’s syndrome, diabetes and,
265
Fructosuna, 26
frequency, 21
tests for, 27
Fruit cup, 148
gelatin with whipped cream, 148
salad, 128
Fruits, canned, carbohydrate content,
407

to carbo-

ency insulin 201
Fibrosis of islands of Langerhans in
diabetes, 305, 306
Fish, 132
baked, Spanish, 139
percentage compostiion of, 410
Flocculi cataract, 277
Fluids, admunistravon, 1n diabetic
aadosis and coma, 184, 187
postoperative, 214, 215
Foam cells, 295
Focal infection n teeth and tonsils,
o1
Food or Foods
absorpuion, effect on blood sugar
level, 2
cooked, carbohydrate content, 407
drabenie, special, 126
in standard diet, substitutes for,
127
nomogram, example of use of,
17, 118
for calculating allowance accord-
1ng to height, weight, age, sex
and activity, faang p 418
percentage composition of, 409,
410
scales, 48
values, tables of, 407-410
weighing, 117
Foot, athlete’s, in diabetes, 298
prevention and treatment, 340
drop 1n diabetes, 283

n,
hydrate content, 408
cooked, 1209
dried, 129
percentage composition of, 409
substitutions for, 127
& per cent fruits, 128
10 per cent fruits, 129
20 per cent fruits, 129
water-packed, 116
Fungus nfection of feet in diabetcs,

208
Furunculosis in diabetes, 298, 299

GALACTOSURIA, 27
Gallbladder, disease of, as provoca-
tion to diabetes, 43, 44

1n diabetes, 309, §it
Gallstones in diabetes, g11
surgical intervention, g1z
Ganglionectomy, cehac, n therapy
of diabetes, 164
insulm sensitivity increased by,

63
Gangrene, diabetic, dangers of, 1n-
struction of patient, 78
prevention, 338
avoidance of trauma, 338, 339
care of cuts and infections,

339
of feet, 339

sites, 338
surgical treatment, 217
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Gangrene, diabetic, tetanys Complicay.

ng, 339
pulmonary, comph‘nnng drabetes,
206

Genngo Utinary “Omplications of dy.
2betes, o,
Yo Grergees disease, 351
1gantism complxcztmg duberes, 262
Gurls, helghl»wclght-age table for, 414
Glangds, internay, € Endocrin,,
clomerulmlemsis, lnlemzpdlary. in
iabetes, 226
Glycerin 54 Sweetening agent, 1y,
lucose Sec Sugar and Dextros,
clymgen depos, disordery of, as
2, 350

53
Gouter, exophxhalnut. hypoglycemu
n, 353
with hyperlbyrmdlsm oomphaung

diabetes, 244
Diagnogs, . ]
nadence, 249
\reatment, 55
Guanidine denvativey 1 therapy of
diabetes, 158
Guelpy'y dier therapy, 110
G)ncto]oglc omplicavions o diab.
ctes, ze8

mznmcmo-\mosns. 315
Harr, o of, m htmodlmmzlom,
23

myfogvnosu. 51 3
Clytopxne in!oxlczlmn. 354 Headache I continygys hypogty.
Gl)cosun'a. :Iimenﬂry. e sactharg, <ema, 385

59 n bypennsulmum. 382

i, s, 30

degree of, functionap x‘mpainnent
Of liyer and, g0

diagnosye Value, o,

d.sunguuhed from diabetes, 54

m Protamine n, msultn Teacuon,
102

Healing of 3, gpung, N dizberes, 4,6

Health,” gooq, preceding hypernn,

use of
Stmulation, 2 diabeye 2adoss
2, 15
Hear, 2pphications oL, cautiony n
drabeges, 220
I precipitagon f diabege aado.
sis, 17y

in Utatmen of duabetrc coma, 18,
185






INDEX of SUBJrerg 445

Hypen‘nsulmism, fase test, geg
Previous healep 7,y 358
'mia of,

nsulay hypjerplasu as cause, 374
tumors “z Cause, g4, 369
historsca) data, 369
Iesions of e kidneys and pra
in, 375
low postzbsorpu'we level of blood
92

p.llhology, 367
Testoragye effece of sugar, g8,
Surgiea) treatmen;, 40)
Wwhen no tumor 5 foung, 403
SYmptoms, 881
treatmen,, 398
Continuoy, hypogl)«
emua 1y, gy
vaahpemx‘z. diet in, 190
m dnabem, Artenosclergsjy and,

4
Hypexhpoldtmla, artenosclerpgyy mn,

dubcuc, Xanthoma n, 294
essentry), 294, 337
Hypcrpnuuamm. BBV ation of 4n.
105ty of dapersy i, 5

Of infang of diabeqye Women,
375
Hyperpiea 1 diabeuc comy, 148
Hypertonya 1y BYpennsulingr, 285
th albummunz m
dube:cs, 226
llypenhymum, hypogly(tmu n, 35y
Hypenhyroldum. A provocation to
duzberey, 45. 46

Hypethyrmdum, mmphtzu‘ng diab.

etes, 24
decreaseq Maency of insupn
I, 253, 254
dlagnosu. 247
effect on the drabees, 252
Inadence, 24
insulip Teacuong m, 354
misked by diabege aadosss,
8

treatm,
comphutmg drabene 2adoss ang
coma, 48
exacerbations ang TEnUSI0ns, effecy
on dxabezes, 2538

2
Hypodermre injecrion of insulin, .

Struction of Patiene, 77. 88
technu, gg, 88

Hypoglycemy, Coca-Coly drinking
7

28 cause, g,
Cntinyoys, 385
due o hypemmvzry of nontumer
OUs msular oy, 349
effor, 357
i Addison'y disease, gop
352

m hvpennsulmum. 817
dxlferemizrcd from ReNous hy

I Bypopitustarygm

in hypolhym:dum, 352

1 INET disease, g,
gross duordm, 350
selectine disordegy 350
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1lypoglycemta In muscle disease,

In netyans sgstent divorders, 354
in neuroves, sxs, 30
In newhorn of diabetic mothers,
08, a5
prevention, 2o, g41
in onganic hmin disease, "
In phlohisin polaning, xq
In pitleny disturbance, 353
in plotiglandutar dysynergla, s5e
n Preguaney, 353
in sclenulerm, sy
i sex gland disturbances, 353
in thymue hyperfunction, age
I chyroid divense, 352
induéed, cerebral injury fom, 377
lactatlom, g5y
nervous type, 318, 386
diet in 898, 499
differensiation i hypogly-
cemia of hyperinslinism, $58
ingidence, 367
portabrorptive
values, 6o
phases In Blood sugar dime cunves,

blod  sugar

2
apontancons, 48, 387
diet thetapy, 308
divanters whith my be con
fused with, 86y
exeiche In, ot
indilence, 867
medieatlon in, o
postabupthe Mood angar In,
valuey, sbo
testotative effect of sugar, 89¢
surgleal treanment, gor
when no tumor it found,

0%
ypoglycemic coma, 38
teaction, gg. See ala Jmsulin re.
achon,
o piotamine sine nwlin, 10§
Hypophysccromatred antmals, our
ay's waik on, 14
ypophysectomy, ametloration of di-
whetey by, explanation, 4s
i therapy of dinlietes, 1y
Hypophysls, See Pituitary body.

INDEX OF

SuURJEGTS

Ihypopithitarism, complicating diab.
ctes, =fy
hypogiycemfa fn, sns. sn4
Hypothyroidism, complicating diab.
ctes, 258, 250
Typoglycemis n, 859

Iew cream, 150

Ice, orange, 15y

Identification card for diabette pa
tlents, 10

Mioy following Inwlin overdowge,
Y,

285
Impotence in «diahetes, 225
fn hemochiomatosts, g3
Incldence of diabetes, 38
of diabetic acklosis, 176
of lypesinsulinfun, 467
Infamilism  complicating  diabetes,
266
Inlante of cishctic mothen, e
Readial defects in, #38
delivery and cate, 239
Iypoglycemta n, 233, 47y
nsular hyperplada ol 478
litge alse of, 238
Infections,  complieating  diabetes.
66, 196, 208
emergeney dicty, soe
insutin requirements, xex
teatment of dlabetes In, 30
complicating diabetic acidols and
coma, 1By, 100
decrenserd fnwalin procuction I,
107 18
diaguotdy, in dlabetey, goo
Intendfiention ol diabetes by, 197
of feet in diaberes, 18
care of, 3y
of rmurm as prvoeadion to di
abetes, g
precipitation of diabetes by, 196
resleance to, In ddiabetes, 199
Injecion of Inslin, 80, 88
Istriction 1o patients, 97, A3
Injuries 0 feet, gangrene aucl, 338

3
Test for feet alter, 10
lnnocent dlabetes, g1
Insenalthity so inwlin, 63



INDEX OoF SUBJECTS

Insensyyy, ty to nsulin, Prognosis ang,
[

Instruceron of Patients,
Insular, See alsg Islands
Teserye, x'nzdequzre.

€ause of duabetes, 39

Insuty, 80, 82

absorption

ments, g
2ction on Iiver, 9

on Pefiphery, 9 10
zdmml'slmuon methods of, 86
allergy, of

Systemic Teactions, g,
and dexroge N nondiapere sur-

221

Primary

by ntestines, expery.

surgical  ang other
treatmene directed ap, 165

atlablyey, ©f, prognos,s and, 6,

<hoice of, g,

Collapse, 1o

Commercyy), g,

©mplicationy from, 95

tcn(‘entmtmns. 83

Cystalling, solution of, g,

decreaseq efficiency, 1o diabetes
“omplicated b, Byperthyrowdism,
253, 254

iscovery of g,

dnpemmg System of, 83

doses, Adjustmen, of, go
measuring, 84

dema
eflectvenes; o determineq
basa} Mmetabol,, te, 64, 259
Phy, g5, g

tient, 77, 88
technye ©of, 86, g8
nstrucion of Plient, 77
lnlr-'utnoux, 86

447

Insulin

2adosis ang
sites for, gg

jection, !ntravenoys, |, drabeuc
™ma, 187

Prevention o nfection, 8y
Insensitiviey to, 63
Instruction ' of Patrent abour, 77

Tabels, g,

mechanism of action,

mixed, one syrinee, 2djustment of
doses, g;_g

Deedles, 3
sterthzation of, 87

Pettraling ey, oy blood serym,
on, 63, 1g8

Mutrogensparing action, ¢

oral, 16

pel’menblluy of fetys t0, 235
Postoperauye g, 215
Preoperatiye g, g
Presbyopi, og
Presenptions, 89
production, " degreggey, n
ton, 19, 105
effect of thyroxn on, 246
pmmmmeqmc, 83
advantages ng disadvantages,
83, 84
dermat Teactions, 97
i diabenc acdosis ang coma,
183, 187
Muxed wyp unmodified nsulin,
©nesyringe method, g, 95
overdosage, Continuoys hypo.
elycema from, 285
DPreoperauye yyg 214
Feactions, 1o,
uanng of doses, g,
withdray a) from bottle, gg
Tedcuon, g
“brittle €ases,” 10y
qauses of, joq
dragnosis, 10,
d:ﬂetcnlull‘d from oma, 109

infec.
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Insulin
reaction, identification card for
Ppatient, 104
in hyperthyrodism complicating
diabetes, 254
instruction of patient about, 37
prevention, 103
prognosts, 103
severe, treatment, 104
symptorms, 101
regular, 82
requirements, 81
effect of rate of energy exchange
on, 46

INDEX OF SUBJECTS

Irradiation of extremiues, cautions in
diabetes, 220
of pitmtary in therapy of diab-
etes, 166
Imuability in hyperinsulinism, §82
Islands of Langerhans, 8o
absence of defect in, 1n certan
cases of drabetes, 42
acin of pancreas and, reciproeal
transformation, 372
alpha cells, réle of, g11
hyperplasia of, 374
in nfants of drabetic women,
37)5

g in and
after trauma, 201
in pregnancy, 256
reststance, 63
prognosis and, 6z, 6;
sensittvity to, prognosis and, 62
shock, g9
for treatment of schizophremia,

105
suability of, 83
synnge, 8y

alcohol sterthzaton, 87
teceptacle for, 87
unzt of, 82
unmodified, mixed with prota-
mme-zine msulm, onesyrnge
method, gt-g5
solution of, 82
timung of doses, 8¢
Intercapillary glomerulosclerosss in
drabetes, 226
ce of co;

dence, 374
organic lesions, in diabetes gos,
306
overactive, nomtumorous, hypo-
glycemia due to, 349
tumors of, as cause of hyperin-
suliusm, 349, 369, fac-
mg p. 372
case report, 370
historical data, 369
case reports, 386-394
summary, o5
cytology, 378
diagnostic eniterra, 358
surgery for, 402
Itching in diabetes, 298
of genitals in diabetes, 229

Jarangse salad, 147
Jaundice, catarrhal, in diabetes, 309
1n hemochromatosts, §22
is and, differentiation, 293

F prog-
nosis and, 66
Intervertebral disk, protruded, diab-

Jastn standard of diabetic cures, b9

Krrone it g ic value,

etic neunns and,
28y

Intestine, diseases of, mn diabetes, 304

Intravenous admmstration of nsu-
Iin, 86

Jodine 1n hyperthyroidism complt-
cating diabetes, 255

Ins, depigmented, 1n diabetes, 277

Iron retention in hemochromatosis,

317
Irradation, effect on blpod sugar
level, 6

20
Ketonic aads, accumulation of, in
diabetes, 174, Y75
Ketonuna, diagnostic value, 20
Ketosts, 175, 176
Kidney, diseases of, complicaung di
abetes, 225
Henle's loops, hyaline vacuoliza-
tion, 225 .
inqury by alkali therapy, question
of, 18g



INDEX OF SUBJECTS

Kidney, lesions of, in hyperinsulin-
sm,
tubular degeneration, in diabetic
acidosis, 179
Kussmaul's resprration, 172, 178

LazoraTory equipment, 72z
Lactanon, effect on blood sugar
level, 6
hypoglycemia, 357
in diabetes, problems of, 237
Lactic aad kara mixture, Marriott's,
240, 241
Lactosunia of pregnancy as diagnos
dc problem, 234
Lag type of response in alimentary
glycosuria, §t
Lard, compontion of, 410
Latent  diabetes, exacerbanon by
trauma,
Lavage, gastic and rectal, in diab
etic andosis and coma, 190
Leg, arterial occlusion in, 1n diab-
etes, 322
Letiuce, shredded, and orange salad,
128
wilted, 145
Libido, loss of, 1 diabetes, 231
Ligation of pancreas in therapy of
diabetes, 163
of parotid ducts in therapy of di
abetes, 163
Lipemua retnalis, 275
Lipocaic defiiency m diabetes, 310
3

419
Liver, enlarged, tn hemochromatosss,

322

functional impairment, degree of
glycosuna and, oy

glycogenolysis, postmortem, g51

i homeostasis of blood sugar
level, 6

insulin action 1n, g

Jesions of, in hyperinsulnism, fac-
ing p 372, 376

percentage composition of, 410

MANIA 1 bypenmnsulimism, 382, 383
n 1nsulin reaction, 102
Manuals of mstruction for patient,

5
MZmon‘s lactic acid-karo muxture,
240, 242
Marsh and Newburgh duets, 111
Massage of feet, 342
Maternal acadents in diabetes i1
pregnancy, 235
mortahity of diabetic women, 233
Mayonnaise, 188
composition of, 410
Measurements, household, 407
Meats, percentage composition of, 410
substituttons for, 152
Medulla, adrenal, i homeostasis of
lood sugar level, 13
paraganglioma of, 266
Melanin deposits 1 hemochromat-
osis, 319
Melituna, diagnostic value, 19
6

diabetc, m,

291, 295
Lipouds of blood, elevated, dict for
patient with, 110
Liquors, disulled, use of, 117
Lathrasts, pancreatic, in diabetes, 307
Liver, cirthosis of, 1n diabetes, 309
in hemeochromatosis, 322
disease of, as posuible cause of dv
abetes, 41
hypoglycemia due to, 50
in gross disorders, 350
i selectrve diseases, 350
mn diabetes, g0g
enlarged and fatty, in dubetes,
300, 310
20

2
Memory, loss of, m msulin reaction,

10 hypennsulism, 382
Men, height-weight-age table for, 413
Menopause, nsulim resistance 11, 51
Menstrual wregulanty in dabetes,

230
Mcx’nal disturbances in continuous
hypoglycemia, 385
1 diabetes, 281
1n hypenmsulmism, 382
Menus, planning of, 116-119
Metabolie abnormahty, underlyng.
1 diabetes, classificacron of panents
with respect to seventy of, 58
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Met lic > basay, Eetulcnm €phris;, t n'osderon'c in g
nsulin d, 64 259 £les, g0,
Membohsm, lyd, i ular abey idosis, 15
anceg f, Ncnous Syst tra], j, jury of, ;
N of g, by tes, 3
i 00, J Nsulingy s 377
rd'le of g, mplmwng isorg,, diap.
1n, , N cles, 284
1 glan, dlSOC of, Ty 1,
mrou:nc. efery ;e:ﬂ hypog,v ma
in iabeg;e 20dog;, fungy, onal gj, se, h}pogl}ccmm
A Cthen, Qe i, Car] e to, 35
Mg dieg, Merpan, in Uation of p), d Sugy,
forer, )y e, g5y Tever, 1,
crtenlage mposmon of, 09 mpuzmcnt as pmvoc:u'on
Sickpe, S 357 diabesg, 30
Subsy tutiong for, 13 Nepy us ¢ of hypoglyremia, 348,
liner, Watery, 155 356
Mocmsm Venom iy diabe, in, 398, 399
75 d:Eercnuared Ypogly.
Ionckebc s Cross, Lemiy of hypennsulmu
n dp, betes, 330, g5 356
Monaplegxa mn hyp Sulyy,, » 383 i Qden(‘c. 367
Motor disg, ders betes, 28, po:tabso:pu'w bloog Sugap
in Bype, 'nsulim Values, 360
Mousse, Orange 150 I\ervousnexs in hypcn‘ SUlinis, 381
Muh‘ms, blyep, 1Ty, 136 Atomy, 373
Plain, 136 tis, dzabeu‘c, 82
I\Iumpx, pr:dpimmn of dmbctcs by, 05clergg and, 285
196 of, 3
Musgdc. dise; of, hypogl}t‘enua d; ! d 8Nosjs, 285
to, 351 € anay, my, 85
glymgen. D mayp, “Nance of bloog 287
Sugap leve), 8 1ated vy, 286
Iy idity, in ¥ pe; Ilmsm, 383 74
\Iuscular Talys, ab, tes, o !)zctzpy, 287
283 Yeemic, 283
lyrallip, 159 Sification,
'yxcdema, and dmbe!es, 258 pmtammezmc Oter.
h}poglycenuz " a5 ous dnbete:, 280
ISEA §, abetfe acidosis. T 2, 35
‘ ;:ot:nun&zmc tasuln re.17r7zmn, . abnonnalmcs 1 Ryper.
102 nsuhmsm, 382 .
Obiogss Lipoidyc, dmbenmrum Ne r;scs. byPOglycr in,
.0,
Insuly, 8y
Tilizag;, o]

ng 1n hy Peninsuyyy,,



inpEX OF suBJECTS A5
‘Nomogr2®» food. example of nse 0f CERLY lob:cco and aleohol
iy 18 ambhyopi:
for caleulatiod calorie requiTe: pasn, abdom z\ jn drabeuc aod
ments, facing | et osis, 117
Nondiabeti® meliturias 26 eral, in & \xus, gh
Noodle sosps 284 paor an msui seac
von Noorden duets, 310 palmar f2s012 n o[, m dt
Normoghyee ic dextrosuTi?y 28 abetes, 299
ostyumss drabetics 157 pancreas: absm ¢ defect jn, 10
Numbness of feet 1M diabetes. 282 ome of di: :bcl:s. 42
Nutntion ole of, 1 AT osclerosis 2 and ¥ \hndx yeaprocd trans
of diabetes, 335 {um\auon. 57
Numunm\ defiaency i toxemiad of nk\ﬁ:auon d cysts: in diabetes
preg , 236
prinap! aa of, m AL 406
nqummems, not Counal o omphicatitd disorders duab-
oods, 1 Medical Asso etes, 393
canony hydropt neration: 43

Nuts, yex::mage composiion of,

OpEsTY 2%

45
yeduction: dms.

wo\ocatwn 1o diabete®

a0 m hemod\mmamsu. 8y
om! ood

stasis Of sogal tevels
m)urv 10, 35 of diabetes 54
of se e e tands of 1478

19

Occupation ovocaton © dub n

etes, 49+ 5° 1esioms of 2% \mmm cause of &
Ocutar o p\\cauom of duabetes. 278 bues,

Olne m\. mpositio? of, 410 of by hmsm. 349 $69.
0\\\:: centage O™ mposition of, [umg

Omdn. cotag® cheese, 141
v:g:ub\e, 143
bzked. 142
Suvgual opera
0 mm n l\\:uw of diabetes
opuc atropht bem, 8
Oral hygient:
mm\n\. \56
Orange and 3PP
and h dd d lmutc m\ d.

502

juice dm. emergenq. 102

mousse, 1

P 37

as on t o diabetes: 43

msu\m rmslance i, 64
Jigauon of '® erapy of duabetes

163
syphibss of 10 aubetes, 397

tions
159 pancreati [ch urc n diabeed reats
men with creane )u ce, 308
s \rm, n rermattent
clau dmunm
Pzna:av.m hez sneffective”
ess ofs oB
pycd pancreatti® & pmomion 1o diab

etes,
abeies. 5 o
:d(:na\ medullas

O l:on\)e\m ol phatan® in duabetes paralysise crossed 168+ in diabetes 283

n8 1n hy! nsubissh 383

Qunees, 1O omvert 10 grams, 407 musculars 1n drabetes: a82, 283

Oysters @ d\m\\u. w parapleg 2 U st 333

‘percentage on of. 41° parathyroid " cact n BerPY of -
stew, 135 vetes. 167
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Paresthesia i continuous hypogly-
cemia, 385
in diabetes, 282
in hypermsulimsm, $82
in protamine-uine imsulin reaction,
102
Parotid ducts, ligation of, 1 therapy
of diabetes, 163
Pathogenesis of drabetes, 38
Pathology of hyperinsulinism, 367
Pea, pickle and peanut salad, 145
Peanut butter, 152
composiuon of, 410
Peanuts, 152
Pear and nut salad, 144
and red cherry salad, 144
Pecans, 151
Pentosuria, 26
frequency, 2t
tests for, 26
Pepper in diet, 117
Peptic ulcer in diabetes, 3o3
Perfection salad, 128
Peripheral pain in diabetes, 282
Pernicious anemia, diabetic neuritis
and, differentiation, 286
Peroneal nerve paralyss in diabetes,
282, 2
Petrén’s duet therapy, 111
Phenobarbital in spontaneous hypo-
glycema, 4ot
Phiorhizn poisoning, hypoglycemia
in, 354
Physiology, abnormal,
acidosts, 174
Pigment arrhosis, 315
Hemochromatosts
Pi| m h

in  diabetic

See also

319
Pineapple and carrot salad, 128
and cheese salad, 147
Bavanan cream, 149
Putuitary basophulism, 16
and diabetes, 264
Pitmtary body, antenor, extract of, 1n
therapy of diabetes, 167
réle in carbohydrate metab-
olism, 14
disease of, as possible cause of

diabetes, 41

INDEX OF SUBJEGTS

Piturtary body, disturbances of, hypo-
glycemia due to, 353
hyperactivity, insulin resistance
due to, 5t
m homeostasis of bloed sugar
level, 14
influence on intensity of dub.
etes, 41
rradration of, in therapy of di-
abetes, 166
stimulation by carbohydrate lack,
antagonism to insulin activity
due to, 5
symptoms  attributable
hemochromatosis, 323
Plant extracts in therapy of diabetes,

to, in

159 i
Plasma, carbon dioxide combining
power, determination, 43
Plunglandular dyssynergia, 352
Pneumaturia in diabetes, 225
Pneumonia complicating diabetes,
208
Polydipsia as symptom, 22
Polyneuritis dizbetica, 284
Polyphagia as symptom, 22
Polyuria as symptom, 22
Popcorn, 152
Popovers, 185
Pork, roast, and apples, 157
Postabsorptive glycosuria, g5
Postoperative admunistration of dex-
trose and insulin in nondrabetic
cases, 271
care n diabetes, 214
Postprancial glycosurnia, g5
Potassium ion, influence of msulin
on, 199
salts, in treatment of diabetes, 162
Potato chips, 152
percentage composition of, 409

e @mb b | T -

Davnde on

cesarean section to terminate,
240

changing insulin requirements,
6

23
deltvery and care of infant, 239



INDEX OF
Pregnancy, diabetes 1n, diagnosis,

233
feeal accidents, 238
maternal acadents, 235
stillbirths and deaths soon after
birth in, 238
treatment of mother during, 239
diabetic aadosls in, 235
glycosuria of, as diagnostic prob
lem, 233, 234
significance, 234
hypoglycerma in, 353
Tactosuria of, as diagnostic problern,
234
toxema n, in diabetes, 235
vitzmn therapy, 236
Preoperative care in diabetes, 213
measures 1n diabetes, 213
Presbyopia, insulim, g8
Prevenuon of diabetes, 53
of diabetic coma, 181
Prognosts of diabetes, 57
adequacy of diet and, 65
age of patient and, 6o
availabality of mnsulin and, 61
carly diagnosts and, 57
factors govermng, 57
intercurrence of complications
and, 66
normal Living possible, 70
sensitivity to insulin (insulin
Tesistance) and, 62
severity of case and, 58
of duabetic acidosis and coma, 178
Prolan in urine, values in pregnancy,
285
Protamine zin¢ insulin, 83
advantages and  disadvantages,

dermal reacuons, g7
in disbenc aodosis and coma,

187

mixed with unmodified insulin,
one-syringe method, 91-g5

overdosage, continnous hypogly-
cemia from, 385

preoperative use, 214

Teactions, 105

timing of doses, 89

withdrawal from bottle, 88

SUBJEGTS 453
Protein content of various foods, 409,
410
dishes, 137

Protern, ingestzon of, effect on blood
sugar level, 2

Provocations to diabetes, 43

Prurtus, genital, 1n dibetic women,

229
treatment, 229
n diabetes, 268
Psendotabes, diabetic, 284
Psychic disturbances i diabetes, 281
1n hyperinsulinsta, 382
imsult as cause of diabetes, 3¢
Psychosis 1n diabetes, 281
Pulmonary gangrene comphicating
diabetes, 206
tuberculosts complicating diabetes,
20;
Pulse 1%1 insulin reaction, 102
1n nervous hypoglycemea, 356
Pumpkin custard, 150
Pupils, dilated, 1n nsulin reaction,

Pyelonephrius complicating diabetes,

225

Pyogeme fections of skm in diab-
etes, 298

Pyorthea 1n dusbetes, 301

ReacTion, msulin, 77, 09
protamine-ainc sl 105
Reapes and subsututions, 127
avocado salad, 147
Bavanan cream, pineapple, 149
plain, 149
beef stew, 137
bscusts, baking powder, 136
breads, hot, 135
broths and soups, 131
cabbage and apple salad, 147
au graun, 143
and nut salad, 143
carrot, raw, and nut salad, 144
caulifiower, baked, with cheese,

I
chicken, creamed, with aspara-
gus, 138
salad, 146
supreme, 138
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Respiration, irregular, 1 mervous
hypoglycemua, 356

Respuratory  quotient,
value, 20

Rest for mnjured feet, 342
m treatment of diabetic coma, 185

Restlessness in hypeninsulinism, 382,
8:

diagnostic

3
Retinitis, central punctate, 273
drabetic, 272
abnormality of veins in, 273, 274,
2

75
neuntis associated with, 286
treatment, 275
types of lessons in, 273, 274
profifevans, 274
Retina, detachment of, 1n diabeuc
Teunis, 27.
hemorrhages of, 1 diabetes, 273,

274
lestons of, in diabetes, 272
Lpemia of, 275
Reunal arteriosclerosis in drabetes,

230

Retnomalacia, 272

Reunons, 272

Riboflavin, 160

Ruesenkinder, 238

Rusk, surgical, in diabetes, 210

Roentgen therapy, cautions 1n diab.
etes, 220

Rubeoss 1n duabetes, 291

SAccHARIN, 117

Salads, 145
atotado, 147
beet, pickled, 128
cabbage and apple, 147

and nut, 143

carrot, raw, 128
chicken, 146
cottage cheese, 144
dressing, cooked, 133
egg and cucumber, 146
frug, 138
Japanese, 147
Pea, pickle and peanut, 145
pear and nut, 144
perfecton, 138
pineapple and carrot, 128

SUBJECTS 455
Salads, pineapple and cheese, 147
raw carrot and nut, 144
salmon, 146
shredded lettuce and orange, 128
tomato and cottage cheese,’ 144
Jelly, 145
Stufied with shnmp and celery,

145
Waldort, 146
Salmon salad, 146
Salt solution, adminustrawon, in di
abetic aadosis and coma,
183, 1
postoperauive, 214, 215
Sapremuc glycosana, 2
Scales, food, 38
Schizophrenia,
ment, 105
Scleroderma, hypoglycemia in, 358
Sclerosss, arterolar, §27, ¢!
n diabetes, 329
coronary, in diabetes, g3t
Moncheberg's, 328
1 diabetes, 330, 333
Secretn 1n theyapy of diabetes, 161
Semsle artenosclerosis, 328, 329
Sensswsaty to insulin, prognosis and,
62
Sepsis complicating diabetes. 196
Septicemia as cause of diabetes, 34
Seventy index for diabetic coma, 179,
180
of diabetes, prognosis and, 58
underlying metabolic abnormal-
ity, dlassificauon based on, 58
Sex glands, disturbances of, hypogly-
cenua due to,
Sheftel quanutative test for sugar m
urine, 72
Shock, insuli,
for treatmentof schizophrenia, 105
Shoes for diabeucs, 31
Skeleton diets, employment of,
Skin, changes in, 1n hemochromatosis,

msubin shock  treat

v
complicating disorders, n diabetes,

29

dehydrated, in diabeuc coma, 178

pigmentaton of, in hemochromat
osis, 319



on 1y Tenal gl;ooxuri.:, 30

Habetes bsmunons for bacon and eges, 131
132
et in Insuy,, e, for ir d, 1zg
Snakeroat DPoisoy;, 3 for py, T, 139, 134
d.uc to,. Ya for cpe. b 130
SOdtun} bi bongs 4 d, for £, in Handapg diabey, diey,
05i8 ang 0omg, 8y, 155 12y
Salts, py zrealmem al 07 megqg, 132
Soft d " eme, cy, l'ormilk, 13
Sozes 4, Fiabeyas tre; T Vegetables d frujty, 12y
oup, 134 iscep), b 151
Cream, 135 Gnic g id in o rapy of rabegs,
Noodje, 134
fomarg, 134 Ugar, adm; ation, by nasay
vcg:table, 3. calhelcr, 1
Panish bageg fish, ; 0 Qiapeyt Aidog and cop,
Specific the, 'PY m g, tes, 163 184, tne
Speech, Inarg late, i Yperiy antidote for insupy, Teaction, Iog,
Ism, 38, 383 104
Spina} Td oy, lor, diabeyj. mmump on, n prcdpirz:ion of
angd, feren,;. , 286 diabem, 30
Splanchmcecto i iabeges 16,
Squasy, Soufle, , 7 blogg, 1 See afyy LBloog Sugar
Stablhty of b), and Hypergly:tmia
also Bloog LAY leyer hom, in urjne e also Glywnma.
, Bcnedicz’s qualimn‘ve tese, fac.
Sland.zrd diabeg,e diets g5, adufy, gl e
418 nandiabcn'c, 26
for idren, 41y heft,
Secyg, of Il{etabolic
Py, The Ma Itnje,

Subsgy, tutions g
i

n Wation i lbcrapy of
abetes, 16,
Slanaaon, effecy on bloog R Ilesx‘omo damcn, diagno.
lesey 4 i Tesence of diy cles, 219
Staub-Traugott effece, tions, in diy eles, g
Srearorzhea 'R diabegs’ 308 Anesthesiy g 214
Stillbirg in aberes, 238 auenu'm! fol 0g, 214
todungs for d;abeuu 40 precedmg, 1,
Stom, ch, I.:vage of, 1 dlabclx: aad. follg ng, 21y
OS1S ang comg, 19 Tisk 2ltendan, n, 210
ulcer of, 4, dx'abetcs. 303 of, 2z .
Strang 0d Eyy, Teducyop, det, diaber;e tions, dey.
Tose ang insulpy in,
Strathe, A0 oranee Up wig in diab:!c's, 21
:jbipp”y am, 148 & teatmen, £ diabetey, 216
tupor 1, bypm’muhmm:, 382, 383 direcreq at

ubsutuuon lhempy. 8o
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Surgicap teatmeny o diabetes, heat. OMbogs of Cerebray vessels g,
ing of wounds, 16 dnabem. 288
of 8angrene, 21 Thymuy bypcr{uncuon. hypogly
Weating i byperinsuhm'sm, 381, 38, Cemz gy, 352
in ingylyy, Teaction, 4o Thyroq extrace, adrmnuu:uon. ef
in YPogly Mg, gxy fect Rormat and diabeye pa.
Sweelem'ng agents, Uents, 245, 246
TXptoms of 2betey, 38; Thyroig 8lang, l:nbohydnte metah,
of hypen‘nsulmi:m 1 hsm and,
Synth, e in Tapy of iabees, diseases of,
158
YPhuli

" Bomeostas, o blood syy,,
level,

tnfluence o, meensity of gy,
etes, 4
Values, 497~410 total ablauop, for unromphmu-d
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