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PREFACE

This handbook 15 mtended prumanly for the day to day use
of the physician n practice and 1s devoted to the manage-
ment of diabetes and 1ts complications The relation of dia-
betes mellitus and general medicme, mcluding obstetrics,
pediatnes and surgery, 1 presenled Complications or se-
quellae of duat card, lar, renal, pul-
monary and ocular disord d with diabetes or
consequent upon imperfect control of diabetes have been
emphasized Attention has been given to the basic concepts
of diabetes and particularly to the long range objectives of
treatment since today 1t 1s becoming more evident that these
objechives must be kept clearly 1 rmnd and treatment
planned for many years The importance of adequate, care-
ful control of diabetes from the very outset of the disease
and the contmumg education of the patient have become
more and more evident

Treatment by means of diet and nsulm, mcluding refer-
ence to the recent development of oral treatment have been
described as they have been generally employed at the
New England Deaconess Hospital and in office practice at
the Joshm Climc, Boston We have sought to select topics
which illustrate the dufficulties of treatment encountered
1 the management of patients

‘We are indebted to all our patients and their doctors
to whom we owe the expenence m the treatment of dia-
betes, upon which this book 1s based Especially to Drs
Ellott P Joshn, Alexander Marble, Allen P Joshin, Robert

v




v1 PREFACE

F Bradley and Leo P Krall, we are grateful for sumulating
aid References to medical hiterature are few m this text,
but we would here express our gratitude to the many stu-
dents of diabetes and of carbohydrate metabolism, whose
work has made possible our present understanding of dia-
betes
Howarp F Root
Priscrra WHITE
June, 1956
Boston, Mass
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CHAPTER 1

NATURE OF DIABETES

Definition Drabetes mellitus 1s a chronic, hereditary disease
charactenzed by persistent hyperglycemia and glycusuna
Its major clmcal f ns are due to d
msulm which may be the result of such causes as, (1) faully
production of msulit by an abnormal pancreatic 1slet mech-
Janism, (2) to increased destruction of msulin by specifie or
non speaific protemases, (8) to faulty utilization of insubm
due to mhibiting agents of unknown nature and (4) to an
mcreased tissue requirement for msuln 1n order to mamtam
normal carbohydrate metabohsm According to present con
cepts the mhented tendency to diabetes 1s transmitted as a
simple mendehan recessive trait It 1s this hereditary charac-
ter of true diabetes mellitus which distingwishes 1t from
temporary or transitory hyperglycemic states The action of
wsulm 1 the body affects not merely carbohydrate, but also
protewn and fat metabolism As the duration of diabetes has
d with the 1mp: m the use of diet and
msulin, features of diat not p 1 d have
become apparent Today the sequelae or complications of
diabetes mvolve not only all elements m the vascular sys-
tem, from capillaries and venules of the retmna to the largest
artenies, but also the endocrime system and the central
nervous system The objectives m the treatment of diabetes
must be hroad indeed and, therefore, include the mmprove-
ment of the patients present and future state and the future
of his entire family
The Pancreas The endocnne function of the
13




14 /! DIABETES MELLITUS

was demonstrated when Mmlowsky and von Menng pro-
duced diabetes by pancreatectomy m a dog m 1836 The
.+ ssolation of msulin from the pancreas by Bantmg and Best
accurred 85 years later The endocrine glands Serve as regu-
lators or mtegrators of functions which are charactenstic of
tissue cells The level of ntegration of hormonal activity
the body depends upon genetic factors which affect growth
and development As study has progressed, msulin_appears |,
to be a hormone of extraordmary anabolic capacity ™
The pancreas develops from two bids, one from the
dorsal wall of the duodenum and the other from the hepatic
dwverticulum The dorsal pancreas connects with the duo-
denum by the duct of Wirsung Fusion of these two pn-
mordia during intrauterme hfe leads to the formation of the
strictures of head, body and tal The fetal pancreas has
Iittle or no exocrine function and the pancreas of the infant
of the diabetic mother consists almost exclusively of beta
cells
{ The endocrne 1slets of Langerhans make up 10 per cent
of the weight of the pancreas They are scattered through-
out the pancreas, numbermg approximately 2,000,000
These 1slets vary i diameter from 20 to 800 mucra Rich
capillary blood supphes are surrounded by distinct types of
cells, the alpha cells and the_beta cells The latter cells con-
tan granules during the mactive secretory phase which are
pretty defimtely known to be msulin The finer granules m
the alpha cells are presumed to be glucagon, the hyper-
glycemic factor of the pancreas Non granulated C cells
have been described
Pathologic findings 1n the 1slets have correlated fanly well
with determmations of the msulin content of the pancreas
but not so well with vanous degrees of clinical diabetes A
pathologic change n the islets has been present from
&wo thirds to three-fourths of all patients with diabetes The
3} consist of hyal 1on of the 1slets, fibrosis chuefly.
lHydropxc degeneration represents glycogen deposition 1n
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the beta cells Lymphocytic sofltration ss rare and 15 chuefly
found 1 children or young patients

Chneal Dubetes

Incidence Due to the relatively high meidence of the
disease m all socxehes, to the long period of medscal super-
vision d and to the disabl Hae and
tions which occur with mereasing frequency 1 later Iife as
the duration of the disease continues, diabetes bas become
a disease of mereasmg umportance both from smedical and
social viewpomts

In the Umted States approxmately 1,000,000 persoos
with dibetes may be expected to hive from 12 to 25 years
with the disease It has been esbmated that 4,000,000 mds-
viduals now abive m the United States will develop diabetes
before death Increasing mortality rates have aceurred sice
the turn of the century In some states diabetes has caused
mare deaths than tuberculosts

Sex After the fourth decade the madence of dibetes
among females 1 greater than among males After fifty
years of age the mortality rate for women 15 practwcally
double that for men and hugher m married women than
smgle ones

Race For many years the incidence of dusbetes has been
regarded as greater among Jews than i other races How-
ever, if allowance be made for mter-marriage and the w-
creasing mfuence of heredity it 1s possible that no greater
merdence 1 the Jewssh race exists than m other races

Hesedity For many years students of diabetes have sus-
pected that the mb of a gred to
followed a genetic pattern In recent years. however, care-
ful studies have left no doubt that beredity 1s a real factors
Careful studies of large groups of pattents would indcate
that the excess of disbetics had close relauves who were
patients In simsdar twins Iugh comeidence of diabetes

oW 4




16 DIABETES MELLITUS

Obesity bears a close relationship to the meidence of
diabetes, particularly i m:ddle and late years This 1s more
marked among Jewsh patients The exact nature of relation-
ship 1n obesity and diabetes 15 still under mvestigation

Hormonal factors undoubtedly play a part i etiology
Hormones, other than msulin, may exert an antagomshe
effect on carbohydrate metabolsm This may occur by de-
creasing the secretion of msulin, by inhibiting 1ts action, or
by creating a heightened level of metabolic activity which
requires more msulin

Diagnosis The stnking symptoms of diabetes mnclude
loss of werght and strength 1n spite of an adequate or exces-
sive ntake of food, polyuria, polydipsia, pruntus, blurred
vision, a vaniety of crampmg or lightning paws and a
famly history of diabetes Physical findings suggestive of
diabetes mclude skin mnfections, notably carbuncle, xantho-
chromia and premature vascular changes m legs, coronary
vessels and retmae In the presence of such symptoms diag-
nosis may be made without climcal tests When necessary,
however, the diagnosis should always be established n any
person suspected of true diabetes mellitus by chemical ex-
amnation of the blood and urme Many patients, especally
adults, may have diabetes mellitus with glucose 1n the urme
and blood sugar levels above normal for months or even
years without recogmzmg any of the above classical symp-
toms Indeed, today’s problem 1s the recognition of patents
with early diabetes or even meipient or latent diabetes be-
fore any of the classical symptoms have developed m order
that by earlier mstitution of treatment many later comphica-
tions 1n the vascular system, central nervous system and
[endocrme system may be postponed or entirely prevented
In children, true diabetes mellitus seldom exists for many
weeks or months without symptoms which lead the parent
to seek medical advice Indeed, m nfants the progression
of the disease 1s so \rgpld that ordmanly ketoacidosis 1s pres
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ent as the presenting symptom in most cases The diagnoss
of duabetes mellitus, thevefore, shonld be made early and
shonld be hased on adeguate blood and urwe tests

Cnterw for Diagnosis The requirements for a diagnosis
of diabetes melhtus are (1) glycosuna, {2} fasting or post-
prandial hyperglycerma, and (8) a diabetic type of glucose
tolerance cusve Normally, the level of glucose n the bloed
1 the fashing state varles from 70 mg to 120 mg per 100
cc when detenmmued by the Folin Wu metbod 1 venous
blood Fallowing a meal contammng carbohydrate in hberal
amounts, the Jevel of glucose m the venous binod will be
found to nse rapidly durmyg the next 45-60 munutes to a
leve} whach should not exceed 160 mg, and the blood sugar
shonld retumn to the nommal fasting level at the end of two
hours after a meal When capiilary blood 1s used for the de-
terrmination, the values are correspordingly ngher since the
capillary blood 15 essentally artenal blood Thus, the capi-
lary blood sugar level an hour after 4 meal containing carbo-
hyduate, or after 2 glucose tolerance test, may reach a Jevel
of 190 mg or even more with levels fasting and 2-3 hours
after the meal of 100-140 grams of carbohydrate

True glucose values m the blood (Somogy: Nelson) use-
ally are 20-80 mg lower than values obtamed by the Foln
Wu methods

Normally, no glucose appears 1n the urme except under
mndxuans of stress as in fever, excessive yntake durmg and

g the ration of glucose, or in

condmons which affect carbohydrate metabolism such as
hyperthyroxdism, toxemia, anesthesia, theumatosd arthmstis
Under these curcumstances the amounts are usually small
and temporary When glucose appears 1a the urme follow-
ing the ingestion of carbohyd meals and disapp or
its kedly reduced by red the carbo~
bydrate n the diet, a strong suspicion of duabetes s
exist
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Other types of melttuna melude lactosurta, galactosuna,
12 and levulosunia, as well as 12 (see page

323)
The presence of both glycosuria and ketonuria, wndicated
by strongly positive tests for acetone and dracetie acid, usu-
ally mdicates diabetes mellitus A reduction 1n the carbon
dioxide b power and d blood hpnds (nota-
bly a cream plasma) are signs of complications indicatmg a
more severe stage of the disease
Glycosuria may be discovered by any of the standard
methods, based on the capacity of glucose to reduce alkalie
copper solutions, such as Benedict’s solution In normal
ure, the concentration of reducing substances 15 too low
1o give a posttive test C 1 tablets cc neces
sary reagents are available
Reducing substances m the urine need not be glucose
Sahieylates, camphor, chloral hydrate and morphine may re-
sult 1n excretion of reducing substances
True glycosuna with normal blood sugars may occur as &
result of actity of the glands of wntemal secretion other
than the pancreas, as m hyperthyroidism, i hyperpitutar-
1sm and 1 conditions where overactivity of the suprarenal
glands occur Other causes of glycosunia wath normal blood
sugar are stunulation of intracranil nerve centers, as 1
bram tumors, cerebral hemorthage or myury to the skull
y glycosuria, degi tive conditions such as vas
cular hypertension, chrome nephnitis, mahgnant disease, and
finally chemical agents such as phlondzin, poisomng with
curare, carbon monoxide, chromium salts, and bicklonde of
mercury
The finding of glucose 1n the urne at any time should be
considered as indicative of diabetes until the contrary 15
proven During the course of infectron after pertods of -
actwity, after pertods of stress and particularly after or dur-
\ 1ng certamn compheations, glycosuna may appear mdicating
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that under stress a person with traly gemune diabetes has
been found Such findimgs should abways be confirmed by a
test of the blood sugar, even ane hour after a meal or by the
admmistration of a glucose tolerance test The expenence
of many careful workers has shown that it 15 unwise to
neglect the fnding of so called “traces” of sugar m the
urtne, or the green reduction with a copper solution such as
Benedict’s Many such patents when subsequently sub-
jected to g careful glucose tolerance test will be found ta
have diabetes mellitus A new concept mtroduced by stu
dents of genebics suggests that there may be some patents
who are camers of the diabetes tendency who wall show
occasiopal hyperglycemia erther fasting or after glucose
wathout other evidences of diabetes who may be hetero-
zygotes and are, therefore, umable to develop climcal dia
betes This subject 15 under wtenswve wmvestigation at the
present time It follows that the occursrence of glycosurma
undes any excumstances 1s deserving of attention and case.
ful mestigation

Tolerance Tests Since in the thabetic patient the fasting
blood sugar may be at tiumes normal, vanious food and sugar
tolerance tests have been devised m the attempt to wdentafy
the patient a5 a true duabetic or as a non-dabetic Such
tests may often be fallacious or at least dulficult to wterpret
The previons dwt of the patient, the presence of radd mfec-
tions or other factors may affect results Every meal cop-
taming a moderate amonnt of carbohydrate 1s 1 a sense a
tolerance test In general, therefore, the practice of testng
the blood and unne an hour after a meal confaming 100
grams of carhohydrate or more will frequently discover a
bidden dibetic patient

(2) Food Tolerance Test A breakfast contamng roughly
100 grams of carbohydrate in the form of orange juice, a
cuyp of cereal, 2 glass of malk, € shees of bread and yelly may
be eaten and the blood sugar and wrme tested one hour
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later If at this time glycosuna and the blood sugar level
exceeding 170 mg, venous blood, are obtamed, presumptive
dagnosis of diabetes may be made

(b) Glucose Tolerance Tests Such tests are carried out
by determming the blood sugar level and the glycosura
present at stated mtervals following the taking of a stand-
ard amount of glucose orally or wtravenously A standard
glucose tolerance test consists of taking 100 grams of glucose
or 175 grams of glucose per kilogram of body weight by
mouth In children, the common practice 15 to give 1 gram
per pound of body weight up to a weight of 100 pounds
The glucose solution 15 flavored with lemon juce The
blood sugar 15 determmed prior to the taking of glucose
and then at %, 1 hour, 2 hours and sometimes 3 hours
later The finding of glycosuna and a blood sugar level
exceeding 170 mg, either at the peak of the curve at 1 hour
or failure of return of the blood sugar to normal at the end
of 2 hours, 15 presumptive evidence of diabetes A flat
glucose tol curve may mdicate failure to absorb glu-
cose at a normal rate due to pyloric spasm or some gastro-
mtestinal disorder

The one hour, two dose, oral glucose tolerance test (Ex-
%on Rose Test) depends upon the fallure of a moderate
amount of glucose to rase the blood sugar of a normal
subject 1f this dose 1s admmmstered withm an hour after
givmg a pnimary dose of glucose previously The method
consists of taking 50 grams of glucose m 400 cc of Jemon
flavored water (fastng) and measuring the venous blood
for blood sugar at the end of % hour Then, another 50
grams of glucose 15 admmstered and % hour after that a
second blood sugar sample and urie test 1s made Normally,
the fastng blood sugar will be below 130 mg per 100 cc of
blood, the % hour level should ot exceed 170 mg per 100
cc of blood and at 1 hour the level should be below the %

hour value
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Intravenous Glucose Tolerance Tests Glucose 15 admms-
tered intraveuausty ek 4 vete of 95 gm yer kalogrom per
% hour The blood sugar 15 deternuned m the fasting state
2nd agam at 80, 60, 90, 120 and 180 munutes following the
beginning of the mjection Normal values should be at-
tamed st the end of 90 minutes

A fourth method mtended to discover diabetes 1 2 very
early stage depends upon the admunistration of cortusone
as a test substance and then use the glucose tolerance test
theseafter Thus test 15 still under 1nvestigation

The standard glucose tolerance test of 100 gm of glucose,
1 the one wost commonly used A large mass of cluucal
expenience with this test i avalable for companson This
test, howeser, 15 ifficult to intespret of 1t 15 camed out
under curcumstances which have not been standardized
Thus 2 glucase tolerance test earvsed out m the presence of
mfection or fever or previous severe dietary restnction or
the previous admimstration of wsulin will be wopossible to
mterpret Therefore, patients should certanly have recesved
3 diet contamng at least 200 grams of casbohydrate for 3
days preceding the day of the test and should have had no
msubn for @ cotresponding penod No food should be taken
for at feast 12 hours before the hegmnng of the test It
out practice to take the patients temperatuse at the begin
ning of the fest and at the end merely to rule out the pos
sibility that a heginnag mifection may be present

The use of blood sugar methods which determme true
glweose (Somogyi Nelon) sn contrast to the Felm-Wu ar
Benedict methods should before fong find general accept-
ance throughout the chmest laboratonies m the country If
such a method 15 nsed, the diagnoste levels for venous
blood are fastng 110 mg per 100 cc, peak 50 mg per 100
cc and the 2 hour valve, 100 mg per 100 cc It has been
our practice to use both the Folin Wu and the Somogyr-
Nelson method, but until there 15 more general acceptance
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of the true glucose methods the older techmques are more

Ify understood, and the T ton may be more
generally accepted

Classification of Patients with Suspected Diabetes

1In any group of patients who are found on casual exam
nations to have glycosuria without the classical symptoms
and sigus of diabetes mellitus, it will be found helpful to
have some sort of classification based upon blood and urne
tests The following classification has been found prachieal
and acceptable over the years

1 Diabetes Mellitus—Glycosurnta and hyperglyeema 1
a glucose tolerance test or after a meal as previowsly
desenbed

Renal Glycosuria—This title 1s given to the condition
w which patients show glucose m the unne at all
tumes regardless of the Jevel of blood sugar and bood
sugar levels are constantly normal Such patients do
not have any of the symptoms of diabetes, but they
frequently are bers of families 1 which dal

or other types of glycosuna have been found This
condition may be found early in Ife and has been
cbserved throughout life without any tendency 10
advance to a true diabetic state By defimtion renal
glycosuna mmphies that the renal threshold 15 so Jow
that even after fasting and a fall of blood sugar Jevel
to 80 mg or less there will still be glycosuria A typr
cal glucose tolerance curse for a case of renal gly
cosuzta follows

1]

Fasting 30 mnutes 1 hour .-20 hours

Bload Sugar 10 mg 132 mg 130 mg 120 mg
Urine Sugar 15% 20% 22% 18%

It seems at present hhely that the glycosuria depends

upon the incomplete reabsorption of ghicose from the renal
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tubes and this deviation may be due to a defictency m
tissue phosphatase

8 Potentul Diabetes—This classificaion was gven to
patients 1 whom glycosunia has been found which
disappears on restriction of diet and yet no other clas-
sical symptoms of diabetes are present Frequently,
the patient has a known famuly istory of diabetes A
typical glucose tolerance curve follows

FPashing 80 msnutes 1 hour 2 hours
Blood Sugar 110 mg 155 mg 152 mg 120 mg
Unae Sugsr 0% 01% 037 07,

In this group the fastng blood sugar may be normal,
but the blood sugar nises to perhaps 160 mg with or with-
out shight glycosuria and returns to normal at the end of
two hows In this group might be ncluded, also, some
patients with accasional hyperglycemua, for example, the
blood sugar of 180 or 190 mg without sugar n the urne
who upon ordmary diet without excess carbohydrate con-
tent will be contmually sugar free and show usually normal
blood sugar values The frequency of a family background
m this group and the fact that wheu followed over a penod
of years, roughly 1012 per cent of these patients do de-
velop true chinieal diabetes mellitus, mahes this group one
of special wmportance to the physician

4 Unck icl aThus classi Tudes all
other cases with occasional glycosuria without hyper-
glycemia 1 whom such factors as drug admanistration,
2 shght imfection, and the effect of other stresses
cannot be entrely quantitated or determmed Many
causes, such as disorders of other glands of mternal
secretion, namely, thysoud, pitwtary, and adrenal, stm-
ulation of mtracranial nerve centers, alimentary,
or febnle ing or d a
chemical agents may play a part in this group

.
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It 15 important to remember that when glycosuna persists
m spite of change mn diet and when blood sugar tests have
been normal, other melitunias such as pentosuna, levulosursa,
lactosuna, galactosuria should be sought The actual tech-
nical methods are given on page 823 Galactosuria 1s a rare
but important metabolic disturbance frequently associated
with formation of cataracts and frequently with mental
retardation, for which treatment depends upon the ehmma-
ton of galactose from the diet Pentosuna is a rare meta-
bolic disorder found m a himated number of Jewish famihes,
but quite harmless Fructosuna may occur with diabetes
and it 1s true that some diabetic patients with large amounts
of glucose 1n the urme will also show fructose However, as
a separate entity, fructosuna 1s a rare phenomenon, quite
harmless and requinng no dietary treatment

Ezamination of the Patient In no chromc disease 1s re-
peated examination of patients at regular mtervals of greater
mportance than 1 the treatment of diabetes This state-
ment 1s based upon the experience of many years which
has mdicated on many occasions how easy 1t 1s to muss the
early signs of senous diabetic complications on the one
hand, or by fallure to examimne the patient carefully and to
overlook the early signs of serious complications unrelated
to the dubetes The diabetic patient, as the years go by,
affords the physiman a repeated opportumty to practice
preventive as well as therapeutic medicne By taking ad
vantage of the frequency of office visits, he will discover m
its mcipiency many of the complications m a stage where
successful therapy will prevent serous and long disabling
1llness

Furst Examunation of the Diusbetic The presenting com-
plant of the patient may be musleading Digbetes 1 an
uncontrolled state can lead to symptoms m zny of the
major systems of the body During hyperglycems, changes
\n vasion are frequent and severe though, fortunately, often
of temporary character Marked dizzmess frequently occurs
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TABLE 1—Continued

Localion of Lexons Early Cases Drabetes of Long Duration
Eztremities Edema in Neuropathy Absent pulsations m feet
numbness  snesthesia
of fest or fingers
Uriralyss Suger dracette acd and  Albumuura glycosuns
acetone 1n acsdosis

Examination of the patient should always include a con-
sideration of hus own emotional state Often in early cases,
particularly 1n young adults, the shock of discoverng an
allness whick 1s bound to be chronte 1s assoctated with real
depression and anxiety, which may last for a long time Such
patients sometimes feel themselves hopelessly set apart
from therr fellows or hopelessly handicapped and without
chance for a good future Reassurance may come as they
find themselves able to control the manifestations of dia-
betes mn the urmne and blood The great advantage of urine
and blood tests 1s not only ther value to the doctor i
durecting treatment, but the reassurance which 15 given to
the patient that he has objective evidence of his own ability
to control the disorder

Actually, the physician who sees many patients with dia
betes, particularly those of the more severe type and those
with labile diabetes, becomes accustomed to asking himself
with every patient, “Is this person near bypoglycema from
msulin and over exercise, or is he near true acidosis and
diabetic coma?’ Every physician knows that diabetic pa-
tients, while considered chromc and often unchangng
nevertheless do change rapidly either under the influence
of msulin or more particularly, under the mfluence of in-
sulin deficrency The development of acidosis and diabetic
coma 1s most wnsidious Changes 1n the bowel movements,
abdominal pamn or particularly the mfluence of fever, In
fection or other complications, may be followed within a
few hours by acidosis and all the dangers medental to
severe diabetic ketosis Once the patient has had a severe
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diabetic decompensation with acidosis or coma, the diabetes
may become progressively more severe In addition, how-
ever, complicatsans notably in the eyes and kadneys develop
with much greater irequency m :uch pdﬁents Within the
pext 35 years pul is a frequent sequel
of severe dmbeua coma It 1s adventageous, therefore, to

have physical examunations st wtervals m the physican's
offiee, but X 13y examinations of the chest once a year as
well The early devel of pub y tuberculosis and
its discovery w2 farorable stage can yield even better
results than a sumilar Jesion in the non-diabetic This 1s par
telarly true of one can, by means of wsulin, restore meta-
bohe conditions to 2 more nearly normal level when the
previous severe decompensations of diabetes has been stself
:u] major factor w favonng the development of actve tuber-

os1s




CHAPTER II

TREATMENT WITH DIET

GENERAL CONSIDERATIONS

The objectives m the management of the diabetic patient
may be summarized as follows

(1) Correction of the disordered metabolism by means
of msulm, dietary adjustment or both

(2) The attainment and mamtenance of normal nutntion
with body weight approachmg the 1deal for age,
height and sex

(8) Preservation of the remammg msuln producimg
power of the pancreas

(4) The prevention, postponement or treatment of com-
phcations and sequelae of the disease

The relef of acute symptoms, such as nocturia, polyuna,
blurred vision or ketosis 15 promptly and eastly accom-
plished, often by msulin alone Without dietary adjustment,
1t 1s difficult to avord insulin overdosage or glycosuna
Wathout proper digtary treatment obesity develops eastly
Freedom from symptoms 15 not a safe or sufficient objective
alone Mamtenance of body weight close to the 1deal can
be accomplished m most patients The maidence of com-
phcations 1ncreases with either obesity or undernutrition
Most of the severe complications, notably retmtis, nephrop-
athy, neuropathy and ketosis can be prevented by early
and continued use of nsuln, diet and adequate control of
the disease

28
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The first step in diabetic care 15 the doctor’s willingness
and ability to meet the challenge presented by the patient's
need for treatment He must then not only regulate the
patient’s diabetes and teach methods of mamtamng this
regulation, but also he must sense the very real fears of
the diabetic concerning the smpending changes m s dady
routre and what appears to be uncertamn future At this
pomt alt the long range objectives may either “sink or
swim ” The physician’s support is vital

Reassurance represents an important bulwark of ths sup
port, but only when tempered with sunple, carefully taught
facts about dsabetes 15 st effectve As the patient learns,
correction of the physiologic distusbance should be under-
way Usually symptoms will smprove, a sense of well bemg
15 noted and confidence begins At first, confidence 1s shared
wholly or m part with the doctor 1deally, this assurance
over days, weeks, or months depending upon the mdividual
patient reaches that stage wherem the diabetic can handle
Ius disease under any dady condition except for acute it
mess or some unusual event Later, no matter how intel-
hgently and carefully the conBdent patient may beheve he
1 handlng hus dial and dless of how well he may
feel, he will require penodie supervision by hus physician
preferably at intervals of one to four months At these tumes
effoctiveness of the disbetie program should be evalwated
by {1) freedom from symptoms of dib (2} et
from the patient the nature of the food and therr amounts
actuglly eoten, {3) results of urme tests for sugar at home,
{4) estimations of blood sugsr and gheosuna, (5) neces
sary changes m the diet and msulin preseriptions and (6)
continuation of dabetic education and reaffirmation of the
cardml prnctples 1n day to day care Here the physician
has Tus best opportunsty frmly, but sympathetically to em-
phasize the vole of diabetic control fo preventmg or
urably delaying comphcations N
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Methods of Treatment

None of the major tools 1n the treatment of diabetes can
alone be successful, but together their mtelligent and con
timued use will allow the objectives to be reached

(a) Education This 1s acqured by the patient from

(1) The Doctor There 1s no subshitute for what he can
teach, because his words carry authority and will be best
remembered An attitude of pessimism 15 often damaging
Rather, he should give reassurance that (a) diabetic symp-
toms will be reheved, (b) daly activity and occupation
need not be curtailed or changed, (c) phystcal strength and
stamina as well as mental capacity will be retamed, (d) 2
diabetic diet today 1s not one of starvation, (e) m most
mstances a normal expectancy of Life may be anticipated,
(f) infections, myuries, and surgieal operations may be well
tolerated, and (g) for women, pregnancy 1s without great
nsk and with adequate care 1s usually successful

The respect and cooperation of the diabetic cannot be
gamed when the physician 15 nnable lumself to prepare a
diabetic diet, make accurate changes in 1t, or does not have
a working knowledge of the basic elements mn commonly
used foods Xt would be well for the doctor to caleulate his
own food mtake in carbohydrate, protemn, fat and calones
He should certamly not presenbe a diet he would himself
be unable to follow, nor should he expect hus patient to
know facts about diabetes with which he 1s not famihar

(2) A Well-Tramed Dietitun The details of diet and
preparation of pleasing menus as well as the time consum-
mg teaching of techmques for urme testing and msulin
admmistration can be well handled by a nurse or dietitran
tramed for this purpose Much of the doctor’s time 15 thus
saved for handhng mdividual problems

(8) Reading Anaccurate, clearly written diabetic manual
15 of great help for reference and guidance In such a book-
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It complete tables of food values should be available *

The ADA Forecast 15 a readdly avalable pamphlet pub-
Ished by the American Diabetes Assocution. Its value hes
m heeping patients abreast of advapces 1n treatment and
reviewing 1n simple language many basic pnnaples 1 dia
betre care

{4) Hospital Teaching Whenever possible, treatment
should be ymbiated w the hospital on an ambulatory basis
Ths 15 of parhicular valne where nurses, dietians and
physicans have a2 regular expenence m handling diabetie
problems Such an approach allows the patient to learn by
obsenation the measurement of food, the distribution and
vanation w weals, techmiques of unne testing and msulta
admustration.

O for group psychotherapy are great. The
gewly duscovered diabetsc often 15 encouraged when he
Ends that diabetes 15 2 common disease and hov well others
may be after many years Where larger numbers of diabetic
Palients aze avardable, mformal Jectures may be gnen dauly
2nd are of connderable help m tmproving mental outlook
s welf as disseinating sunple facts about dubetes and
related subjects to many patients and therr relatnes

Agun 2 hospatal stay of 4-5 days may be advised after
% tuo, or three years to readjust the diet and insulmn,

Fogram, but even more smpostant it should serve to re-
i les of o or confused by the

Passage of ux;ne
{5) Dot

The prmeuples of the dubetic det are sumple, but ¥
of atg ﬂdmmﬁtzaum often pose dafficulties Today the
Poses of dietary treatment are sumply those of disbetsc
Tent a5 a whole It 15 one mtegral part of the four
facets 1 therapy aod must always be regulated .
“msideration for each of the , the

* Duabetic Manual, Ellatt P Josbo, 8 ¥
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Methods of Treatment

None of the major tools in the treatment of diahetes can
alone be successful but together their intelligent and con
tinued use will allow the objectives to be reached

(a) Education This 1s acquured by the patient from

{1) The Doctor There is no substitute for what he can
teach, because his words carry authonty and will be best
remembered An attitude of pessimism 15 often damaging
Rather, he should give reassurance that (a) diabetic symp
toms will be relieved, (b) daly activity and occupation
need not be curtailed or changed, (c) physical strength and
stamina as well as mental capacity will be retamed (d) a
diabetic diet today 15 not one of starvation, (e) m most
wmstances a normal expectancy of hfe may be antioipated,
(f) nfections, mjuries, and surgical operations may be well
tolerated, and (g) for women, pregnaney 1s without great
nsh and with adequate care 1s usually successful

The tespect and cooperation of the diabetic cannot be
gamed when the physician 15 unable himself ta prepare a
disbetic det, make accurate changes m 1, or does not have
a working knowledge of the basic elements m commonly
nsed foods It wauld be well for the doctor to calculate hss
own food ntake m carbohydrate, protew, fat and calones
He should certanly not prescribe a diet he would humself
be unable to follow, nor should he expect his patient to
know facts about disbetes with which he 1s not familiar

(2) A Well Tramed Dietstian The details of duet and
preparation of pleasing menus as well as the time consum
g teaching of techmques for unne tesung and insuln

d ration can be well handled by a nurse or dietittan
tramed for this purpose Much of the doctor’s tume 15 thus
saved for handhng mdividual problems

(3) Reading An accurate, clearly wntten diabetic manual
15 of great help for reference and guidance In such a book




TREATMENT WITH DIET 85

when first seen, (2) msuhn requrement may be dramat-
fcally reduced, (3) control of the diabetes 15 often made
eaner, and (4) patients usually have an mmproved sense of
well bewng

The majority of diabetics, excluding those 1 whom
growth 15 not complete, will do best on 25-80 calenes/kilo- |
gram of deal body weight for height and age With adults,
a wexght 5-10% below the standard should be attaned grad
vally, but culdren may be allowed to stay withi plas 10%
of the wdeal for their age and swe Weight reduction n
jarenddes 3s dangerous It is better to prevent further gain
or keep 1t at a mummum until wereases m sze and hesght
warrants the existing weight

Same older patients, especrally women, cannet be reduced
untld intake 15 hmited to 15 calones per klogram of 1deal
body weight Such diets may be vitamm-deficrent, and
supplementary vitamns are best admunstered

Suntlarly, underwerght patients may be gwen as much as
35 calories per kiogram of ideal body weight until thewr
weight approaches the standard

There 1s uo absolute rate at which weight should be lost.
‘Two pounds per week 1s often quoted as safest However,
many persons lose m step ke fashion, 5o that 1t 15 helpful
to set a figre about half way betneen the current and
ideal weights for the patient to reach m 1 year Grossly
overweight and otherwise healthy persons may safely ac-
complish this 1n 45 months

Regular eval of physical cond: allows {1} xe
assurance of wesght 1s falling precipitously, based on etanu-
nation to rule out other lesions that might be contributing
to this loss, (2) encouragement m continumg diet sestaie-
tion when madequate weight loss 15 found, (3) explanation
of unpl mptoms often exp d by obese patients,
{4) mod\ﬁcauon of dietary mtake to adjust the rate of falk
1n wewght, and (5) as most frequently is necessary, a care-
ful review of food actually eaten Most patients follow gualt




84 DIABETES MELLITUS

msulin js doing embraces new facts showing that its power-
R ful hormonal action 15 necessary not only in the utihzation
of carbohydrate, but also m bwlding protem (Lotspeich,
Charkoff) and forming fat (Stetten) Most recent evidence
even suggests that msulm 15 a cntical factor 1 the promo-
tion of growth (Best) Thus diabetes mellitus, primanly
2 disease of msulin defictency, 15 accompamed by defects m
the metabolism of all three major nutrients It follows that
treatment must take this fund al fact mto d
tion and that total calories—whether of carbohydrate, pro-
tem, or fat ongin—are to be regulated 1f diet therapy 1 to
succeed
The needs of the diabetic for food are 1dentical with
those of the normal person They are conditioned by the
same factors—age, sex, body weight, occupation, rate of
growth and development and exercise Some workers feel
that diabetics may require larger amounts of certain vita-
mms, particularly those of the B-complex group, but this
purpose 15 hardly well served by allowing the patient am-
lessly to eat more without supervision

Total Calores

Many estimates of calonc requirements have been taken
from figures based on what normal people ea, rather than
bemng calculated from therr true needs As a Tesult, com-
monly quoted calonc allowances per hilogram body weight
are frequently too high

A statement of the range of calonc mtake for most normal
adults can be no more than an estinate, but from 1200-
8500 calones would be a safe figure
; Nearly all authones agree that obesity should be cor-
rected and 1n the diabetic everyone would affirm this prin-
ciple Obviously, to control the weight of diabetic patients,
the total ntake of food must be restncted Such a program
has widespread advantages (1) seventy five per cent of all
adult diabeties have been overweight, or are overweight
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the permanent diet 15 a valuable tool 1n helping to effect
rapid control of hyperglycemia and symptoms At tumes
striking remussions may also be produced

Many physictans contmue to advocate diets with higher
carbohydrate content

(1) Physiologic Flan (Duncan) This allows a nearly
normal carbohydrate mtake (225 300 gm ) and 15 balanced
1n total calones by fat restniction (40 75 gm ) Tolerance for
carbohydrate has made us hesitate to prescribe this much
carbohydrate because of difficulty mn drabetic control, result-
g from increased msulin dosage and wider oscillations 1n
blood sugar levels

(2) Diets carbohyd, m the hborhood
of 400 grams per day have few advocates Those who pre
seribe such diets argue that they prevent ketogenesis, may
not merease greatly the msulin requirement because protem
consumption 1s not liberal and fat markedly restricted, and
that this amount of carbohydrate more rearly allows a
normal diet While 1t 1s true that msulin needs may not
always be greatly mcreased there 15 no proof that such
Lberal carbohydrate intakes are necessary Furthermore,
although many normal young people may customanly take
1n huge amounts of carbohydrate, 1t 1s doubtful that many
adults find th Ives greatly d by keepmg
carbohydrate consumption at 200 grams or less per 24 hours
At times physicians are asked here to compute thewr carbo
hydrate 1ntake and are quite surprised to find how much
more carbohydrate must be added for a total of 400 grams
to be reached

(3) Free Diets Completely “free diets,” 1e without any
preseription of amounts are without any justification Such
dietary programs embrace standards of dibetic control
which should appeal only to those physicians desing to
mndulge the patients’ appetite as well as to avoid expending
time 1n teaching patients, while ignoring late vascular and
n 1 1 A

P tually, many pt mean
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tative restrictions, but mmproperly measured or estmated
guantities of food may often prevent weight loss Others
will dly restrict themselves beyond the Iimits pre
senibed, which may be particularly dangerous m the dia
betic who develops hetosis readily

Seldom will any physician have the good fortune to cal
culate with perfect accuracy the correct number of total
calonies at the first visit Thus 15 to be expected, and one
should always anticipate malmng pertodic tevisions It 15
better to start with a smaller diet than seems mdicated an
especially useful device when hyperglycema and glycosuna
are pronounced

A mamtained reduction m weight will almost mvariably
mmprove control of diabetes, reduce insulin requirement, and
surely give better opportumty to avoid future complications

Carbohydrate

The normal mtake of carbohydrate varies between wide
hmts—probably 150 400 grams However, the question of
carbohydrate need 1s still extenswvely debated It 1s often
stated that carbohydrate should supply 40-50% of total
calories Restriction 1 the diabetic 15 carried out to make
control of the disease easier by mimmzing sudden rises
m blood sugar and glycosuna Experience with many dia

{ betic patients over a long perod mdicates that hmts of 150-
l250 grams are effective and safe for diabeties of all ages In
fact, only a small percentage need exceed 200 grams usu
ally older and growng children, very active young adult
males or pregnant women

To avoid ketoss, restriction of carbohydrate should never
be below 100 grams and rarely less than 150 grams The
only occasion for such marked curtadment 1s 1 attempting
weight reduction, particularly obese, mactive adult women
where fat ntake has been maximally reduced without effect

Durng regulation, lowering of carbohydrate as well as
total calones below leulated to be ry m
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ute, 1t 15 gasier to understand more recent data suggesting
that a much higher per cent of protem may ultimately be
changed to carbohydrate compounds This may also apply
to fat

Adequate protemn mtake 15 essential When treatment 15
first begun, many diabetic patients will acquire a protemn
defict During the first few weeks of treatment 1t may be
desirable to give more protem than stated This may be
especially important mn patients who have had acidosss,
great werght loss or during pregnancy and lactation, which
rarely occurs The nature of the protem components m the
diet are of great importance Thus, protem foods of lugh
biologic value such as meat, milk and mil\ products and
eggs will yield more essential ammo acids per gram of pro
tem than will an equal amount of vegetable protein

Dietary protem serves (a) to mamtam positive mtrogen
balance, (b) to supply sufficient guantities of essential
amuno acids, (¢) as a rich source of vitammns and munerals,
(d) to provide many as yet poorly defined constituents use-
ful 1n mntermediary metabolism, and (e) as an excellent
means of stabilizing diabetic control because of the slow
and continuous manner 1 which 1ts conversion to carbo
hydrate may support the level of sugar m the blood

It 15 stnking that both non diabetic and diabetic mdwvid
uals ahke can tolerate mcreases or great restnctions m
dietary protem For example, the nce diet used m the
treatment of hypertension allows an intake almost exclu-
swvely of carbohydrate as rice and frmit Such a diet 15 made
up of carbohydrate 450 grams, protem 2025 grams, and
fat 8 5 grams per day Negative mitrogen balance occurs at
first, but gradually adjustments 1n the metabolism oceur
so that a barely positive balance 15
Expertence with such programs m diabetic patients has
been Limsted to moderate periods, because the discomfort
felt by patients has within a few weeks required an mcrease
1n the protemn prescriphon However, despite the very high
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by “free diets,” merely the omission of weighed diets but
mtend for the patient (notably children) to recewve food
sunted to thew metabolic needs

Protein

Normal protein ingestion lies between 60 150 grams per
day Most people do not eat excessively of protem, and
diabetic patients are readily satisfied by 60 125 grams of
protem per day Some authonties encourage somewhat
higher mtakes for diabetics than the customary normal
fal]owance of 1 gram per kilogram of body weight Some pa
tients thus secure an mmproved sense of well being How-
ever, to prevent overfeedmng, fat components must be
markedly reduced

A common practice has been to prescribe protem ap
proximately as follows

(1) 1 gram per Mlogram 1deal body weght for adult
diabetics with no complications A 60 gram total dmly
represents the mmimum, and 15 grams protemn per kilogram
body weight may be allowed for young and active adult
males (2) 15-20 grams per kilogram for pregnant diabetics
and for patients with exudative foot lesions, mfections, pro-
tem Joss or hver disease (8) Juvemle diabetics, 1n the
peniod of growth, receve 244 grams per hilogram body
weight However, these figures serve as a gmde A simplified
method will be outhned below (4) In the presence of
nitrogen retention protemn mtahe s kept at 40-50 grams per
day as long as mitrogen retention persists, or untif the non-
protem mtrogen of the blood {or urea nitrogen) has been
normal for a mmunum of two weeks It may then be m-
creased, but only with frequent determmnations of blood
mtrogen levels

Dietary protem has been considered to yield as much 35

t glucose, though at a slowed rate When one
o e ce:ll'legu o of(;ug bolee pool to which

breakdown products of the three major foodstufs contrib-
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state (a) Control of weight Lowered fat mtake 15 man-
datory The diabetic Just as in the normal, feeds upon his
own tissues only if fat in the diet is sufficiently decreased
It 15 to be remembered, however, that uncontrolled diabetes
may be d with bolism of both fat and
protem Loss of weight should never be sought by permut-
ting or encouraging an uncontrolled diabetic state (b)
Reduction of hyperliperma and hypercholesterolemia

There are two phases of this problem (1) In severely
uncontrolled diabetes mcreases 1n total hpids and especially
cholesterol 1n the blood plasma are frequent and occasionally
excessive A striking example has been case 39428 age 18
years, who entered the Deaconess Hosptal 1 early acidosis
exhibiting Lipemia retinalis, extensive xanthoma drabetico-
rum and a grossly creamy serum, without msulm and with
persistent hyperglycemia The retinal changes disappeared
dramatically in four days and the lipemia i 14 days after
treatment with diet and isuln Other cases have occurred
1 which liperma retinals and a creamy fat laden serum
have been d with h Lipord: Though
marked fat restrichion may be associated with slight 1m
provement, msuln (even mn the presence of a normal fat
mtake) completely reverses this disturbance m fat metabo
lism The specific effect of msulin upon the grossly disturbed
fat metabolism of diabetic coma 1s dramatic (2) The gen-
eral diabetic population contains certain numbers who have
demonstrable abnormalities of cholesterol and Lipid metab-
ohsm Many students of diabetes have advocated the ad
mmistration of only 20-50 grams fat daily Control of total
dietary mtake without gross reduction m fat, plus adequate
insulin treatment may correct partly or wholly the lipid
abnormalities in some of these diabeties

(c) Prevention of degenerative vascular disease The
majonty of non-dibetic mndividuals die of some vascu
Iar lesion The development of vascular disease m the dia-
betic wsuffictently controlled by nsulm and dietary treat-
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carbohydrate mtake certam cases, among our younger dia-
betics, required reduction 1n thewr msulin dosage to avoid
hypoglycerma which was directly attributable to the restrie-
tion 1 total calories

Fat

For most dabetics fat 1s regulated to supply the calonies
required to make up the difference between the total aval
able from carbohydrate and protem sources and the total
calonic prescription It usually vanes from 50 125 grams and
supphes about one third of the total calories Reduction of
fat below 40 grams 15 not feasible because such a diet 15
unpalatable and difficult to obtam

Fat mtake 1s the greatest potential source of error m
estimating total calones eaten Both patient and doctor
may fail here This results from the high calonic yield (9
calories per gram), from the relatively pure form m which
fat containing foods occur, and from the satisfaction given
Fat 15 so easily taken that total calories may be mereased
by 10 15 per cent 1f 1t 15 not measured or estimated with
care

Although dietary fat can be greatly reduced without dan
ger, 1t serves as a supply of essential fatty acids (partic-
ularly those slowly synthesized and unsaturated) and aids
1n the absorption of vitamms A, D, E, and K

There 15 seldom an mdication, either m normal or dizbetic
persons, for increasing fat m the diet above 125 grams per
day 1n adults The only justifiable reason would be the need
for combating severe undemutntion as i tuberculosis or
following long pertods of inadequate control Even then, as
weight approaches standard the intake should be decreased
Since fat 15 the chief source of ketones, the diabetic may be
endangered by keto acidosis, unless overfeeding 15 avorded

Recently, much mare emphasis has been placed upon

s varymg degrees of fat restnction The reasons given are
part well substantiated and partly stll i a controversial
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and (2) the binding of cholesterol by the plasma protems
themselves

For the present, factors 1 the body goverming the me-
tabolism of cholesterol, rather than its dietary mntake, seem
more closely related to the development of atherosclerosis

Laipoprotemns

The sigmficance of these large fat contaming molecules m
the production of vascular disease has been emphasized mn
a series of studies by Gofman Important facts are that
diabetics frequently show abnormal Iipoprotemn patterns,
that restricted fat itake may wholly or mn part restore dis
turbed patterns toward normal m non diabetics, and that m
many diabetics treatment with diet and msubm usually
favorably influences the levels of Lipoproteins

In the diabetic, questions yet to be answered are (1)
whether control of the diabetes and weight with diet and
msulm will suffice to mamtan normal Iipoprotemn patterns,
and (2) will such normalized patterns, contmmued over the
years, protect the diabetic from premature vascular disease
or sexve as an mdex of other, as yet unknown, chemical
changes having a favorable effect? The most encouragmng
results have come from our own patients Among the 451
young drabetics studied at the Deaconess Hospital by
Keiding, Root, Mann and Marble, low or normal levels of
lipoprotems m the blood were found even after diabetes
of 20 years duration in those patients whose diabetic control
had been most farthfully mawtamed by diet and contnued
use of msulm (d) Treatment of Liver Disease Few au-
thorities would deny the advantage of fat restnction
erther normals or diabetics with parenchymal hver disease
Opinions concerning the degree of fat deprivation vary
considerably AHlowances of 40 100 grams per day seem}
reasonable provided carbohydrate 1s not restricted below
150 grams and protein 1s mereased by 25-50 per cent above
the amount given for a smilar patient without evidence of

N
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ment may be rapid and premature Thus, advanced arterolar
sclerosis, hypertension, calcified artenies and dibetic ne-
phropathy may be found after 10 or more years of diabetes n
patients as young as 25 to 30 years Coronary arteriosclerosis
1s excessively frequent among diabetics after 35 years of
age The association of alterations in the fat metabohsm
mdicated by elevated blood cholesterol and hpoprotem
values and these premature vascular lesions 1s becoming
more evident In our young diabetics, high Lpoprotem
values are correlated with the degree of diabetic control
Thus, the results clearly mdicate that the incidence of
retutis, caleafied vessels, and nephropathy was much less
1 the cases under good control than mn those under poor
control

Cholesterol

Great restriction of this normally occurnng constituent of
body tissues 15 not under normal circumstances necessary
for several reasons (1) The diet must be almost fat free,
cholesterol free to produce significant lowenng of choles
teral levels m the blood, (2) cholesterol 1s still synthesized
1 the body by all tissues except adipose tissue and bram,
but chiefly by the hver, and (8) the failure to demonstrate
that the usual cholesterol intake leads m normals or dia
betics to sigmficant elevations of blood cholesterol, unless
diabetes 1s poorly controlled

Certam d 1e myxed duabetes, neph balt-
ary curhosis, familial hyperchol xanthomat
are often assocrated with marked elevations of blood choles
terol and with a hugh meid of chol 1
atherosclerotic lesions Cholesterol mtake may play some
part 1n their pathogenesss, and moderate or ngid restriction
of cholesterol and of total dietary fat 1s a reasonable adjunct
m treatment

Blood cholesterol 1s regulated chiefly by (1) the balance
of synthesis and breakdown carmied on largely the lver,
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Lver disease Protew mtake would thus reach 100 grams
per day except m rare mstances Formerly, hepatomegaly
occurred frequently m younger patients whose diabetes
was not well controlled The use of long acting insulins has
been effective 1n preventing 1t

Vitamns

The use of mnsulin has made adequate amounts of vita
mun rich foods available to the diabetic Provided a duet
balanced with fruit, vegetables, meat and dairy products 15
eaten, the well controlled diabetic should seldom requure
supplementary vitanuns However, the tendency has been
to consider the diabetic as needing a somewhat igher n
take than the non dwabetic under similar conditions No
doubt, excessive admnistration of vitamuns has occurred
bat such a course seems the safest until specific data 15
avallable proving the diabetic needs less Certam factors
can be cited to justify current usage of supplementary vita
mins

(1) Frequency of neurits, a complication often occurring
1n association with or following uncontrolled diabetes Many
features simulate the findings of the peripheral neurts
found m deficiency of vitarmn B components, especially
thiamme, macin, and nboflavis which are essential parts in
the enzymatic systems essential m carbohydrate metabo
hsm Other portions of the B complex may also be needed,
although no proof exists Deficiency of thiamme causes 2
decrease m an essential co carboxylase with a ise of blood
pyruvic acd Since mcreased carbohydrate mtake, 1 the
presence of adequate msulin, also elevates blood pyruvate,
a borderlme supply of thiamine may become madequate

Thiamine has been widely used for diabetic neurttis with
out dramatic effect Although recovery does usually occur
when prolonged diabetic control 15 also emphasized the
part played by thiamme 15 not clearly established
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? {2) The lgh frequency of achlorhydna and hypochlor-
hydna 1 diabetics of long duration has raised the question
whether or not absorption of thiamne may be dimimished
At tumes, appetite for vitamm rich foods 1s lessened and
supplementary vitamins may be used

{8) Decreased fat absorption Rarely does one see ew
dence m diabetics for any defect mn ability to absorb fat,
although 1t 15 well known that m patients with diabetes of
long duration decrease 1n the external pancreatic secretions
1s frequent Concewvably, interference with absorption of
the fat soluble vitaruns A D, E, and K maght follow This
would apply chiefly to vitamms A and D, smee E and X
requirements are so readily met by an adequate diet Where
fat mntake 1s markedly curtailed mn weight reduction diets,
fat soluble vitamins may be admumistered

QOccastonally 1 diabetic patients, especially children are
seen yellow discolorations of palms, soles and nasolobial

folds This 15 a harml ble condition d
with mcreased blood levels of carotene The condition 1s
called xanthosis or thock and the h of

1ts production 15 unknown Treatment consists of diabetic
control, restriction of carotene nich foods (egg yolk, butter,
green and yellow vegetables), and of the
thus Jost by means of a supplement

{4) Increased needs dunng pregnancy, lactation, mfec
tions These conditions may merease vitamn needs for the
diabetic as well as for the non diabetic The former, how-
ever, can have vitamin requirements of even higher deg‘!e&,
Infechons, mn particular make the standard mtake mnade’
quate because of frequently d lled diab
with 1ts poor utilization of mgested food

Certamn diseases, such as hyperthyroidism, 1ncrease over '
all vitamm requirements

Exercise enhances vitamm C needs, but adequate detary
frut makes ! y vitamin C

Y
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(5) Pellagra like lesions following antsbroties Not m
frequently the use of the new antibiotic agents has produced
& stomatitss and a pamful swollen smooth red tongue This
has suggested pellagnnous lesions such as are seen with
macin defictency Presumably the antibioties destroy large
numbers of bactera that may be required for mtestinal
synthesis of macin Despite this attractive hypothess the
use of Jarge quantsties of B complex vitamuins particularly
macmn has not given the dramatic benefit expected

(6) High vitarmin D requirements The diabetic will need
at Jeast as much vitamin D as the non diabetic Adults rarely
require supplementary vitamin ID since therr dasly minmal
need will be satsfied by a well balanced chetary mtake
Cluldren h ding a of 400 mternational
umits datly should recewe additonal vitamm D untit growth
12 complete (age 14 1w guls age 19 m boys} Although some
will eat enough lver eggs milk ennched with vitamua D
and other foods smaller of this tral
vitamin there are only two safe ways to guarantee that the
greater requirements are met {a) Exposure to ultra violet
rays of the sun A child who 1s tanned has adequate vita
mn D conversion of 7 dehydro cholesterol of the shin mto
the actavated forms (activated 7 dehydro-cholesterol and
activated erg! 1 (b) Suppk y vatarnm D Thss i5
best supplied by cod hver oil or more palatable prepsrations
‘such as oleum percomorphum All growing children when
not tanned or only sporadically exposed to outdoor sunhight
should recewe one of these preparations each day

The pregnant or lactating dubetic often requires addi
tiona} vitamm D as would be supplied to the non dabetic
Hexe the need may be met by the vitamm D contatned
some multvitamn preparations which are used to fulfilt

/ other mecreased vitamin requirements

Clear-out ples of vitammn def are sarely seen
1 diabetic patients today The use of vitamiss need not be
encouraged except i the mstances mentioned above
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Manerals

Adequate 1ntake of wa!er and the essential migerals so-
drum, chlonide, p horus, calcium,
ron, sulfur, and 1odine 15 assured 1 most diabetic patients
by a well balanced diet, as long as the diabetes 1s uncom
phicated

The severe depletion of water, sodium chloride and potas-
sium during diabetic acidosis 1s well known For discussion
of means to replenish these deficiencies see page 129

The pregnant or lactatimg diabetic, as well as the growing
child, requires mmcreased amounts of caleum and phos-
phorus Adequate milk mtake m the presence of sufficient
wvitamin D, easily satisfies these needs with an otherwse
balanced diet One pint of milk daly supplies 05 06 gram
caleum and nsures the requred 10 gram daily for the
average adult An additional pmt will supply enough cal-
cwm for children and pregnant women During lactation
still another 05 gram of caleium 1s best supplied by further
addition of mulk or its products If appetite wll not allow
such intahes of caleium, supplementary oral calcium may
be given

Because of the high mcidence of achlothydna mn dia-
beties, won absorption may be sigmficantly dimimished
Iron and aaid should both be admimstered 1n such cases’
Normally, however, adequate food 1ntake supplies adequate
won In the presence of hypochromic anema or with the
wncreased needs of pregnancy and lactation, supplementary
wron 1s required

Management of the Dict 4

One may assume the new diabetic knows nothing of what
or how much he should eat Make him diet conscious at
the outset by carefully recording his food mtake, types of
food, their amounts, and the tune of day when eaten Do
not expect to caleulate accurately what has been eaten, but
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a rough estimate of carbohydrate mtake and of any gross
dietary aberrations—especially protein, vitamins, mmnerals
—is promptly avatlable Also, one gams msight mto the pa
tient’s mntellect and background, as well as learning more
about his most chenshed eating habits or of some other
flllness such as duodenal uleer for which the diet has been
changed Discover the reasons for deviations from an aver-
age, adequate diet, particularly those engendered by eco-
nomic or social hmitations or by an unusual daly schedule

Remember how simple the diabetic diet may be, and
prove 1t to the patent by giving only the most mmportant
mstructions at first and 1 a clear fashion ‘These major
pomts should be written down, just as a complete dietary

uthne 15 best given i writmg Teach that over feeding 15
lbemg elminated, thus giving assurance of an adequate
'rather than a starvation diet

Emphasize what 15 to be eaten and how much, not what
to avord This positive approach plus an understanding by
the patient of the amms m a controlled diet 15 the best
guarantee that the program will be followed Obviously, a
diet not followed 1s no det at all

The outhne to follow describes (1) Calculation of the
diet as to total calones—carbohydrate, protem and fat based
on age, sex weight and actvity for the uncomplicated
diabetic, and (2) making up the diet to speaify the exa
foods and their to fit the calculated req t:
Do not expect the calculations to be correct with the first, or
even the second try Rather anticipate the need for periodic
changes and be ready to make these promptly Thus, ultt
mately the diet fits the mdwvidual patient, for seldom, of
evéy, will one find two persons whose daily mtake can be
made 1dentical for more than a day
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Caleulation of the Diet, Table 2 Ideal wewghts for age,
height and sex

There are many ways of making these calculations How-
ever, they are all based upon an estmate of basal calonc
requirements with adjustments up or down depending upon
age, sex, the presence of under- or overweight, and activity
Some of these methods mnclude

(1) Determination of basal 24 hour caloric requrements
To this caloric figure 1s then added a certam percentage
based on the estimated daily activity Higher or lower cor-
rections are then made on the basis of deviation in body
weight below or above the 1deal

(2) Approxmmation of basal 24 hour calone requirements
This 1s done by multiplying the 1deal weight m pounds by
10 {see Table 2) Thus figure is then adjusted by adding or
subtracting an arbitrary number of calones based on age,
sex, and body build It 1s further changed according to the
estimated actwity

(3) Overall estimate of 24 hour caloric requirement per
kilogram ideal body weight Agamn, these estimates vary
greatly from one authonty to another

It 1s evident that a single correct method does not exist,
short of the almost impossible task of actually determmng
the ehmnation of total calones during a patient’s average
day, because of the human error involved in (a) attempting
to estimate actvity and 1 (b) planning an arbitrary rate
of gamn or loss 1n weight

Since absol ble, experience here
has shown two factors to be paramount 1 Simpheity 2 A
basic diet to be added to or subtracted from, as a starfing
pomnt For simpliaity, allow 25 calories per kilogram 1deal
body weight (growing children excepted) With very little
expenence, calculation can be done without paper m a mat-
ter of seconds For the outline of the basic diet see page 54

An easy senes of steps to amve at the diet figures
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(adults) would be (a) Find the 1deal body wesght for the
patient s age, sex, height, and body bwld (see Table 2)
With expenience, an accurate estimate can be made when
such a table 1s not at hand Two factors are helpful m mak-
mg such an estimate (1) a statement from the patient as
to hus or her weight when at the peak of physical condition,
and (2) estimate the amount by which current weight 15
above or below the 1deal and then subtract from or add to
the current figure At the start, such estimates are particu-
larly jostified because so often the dunbetic 15 grossly over-
weight Also, he 1s reassured that his own 1deas concerning
his 1deal weight are bemg given due consideration (b)
Calculate total calones, 1¢ Ideal weight m kg X 25
(cal /kg allowed =total calones (c) For carbohydrate,
take 10 per cent of the total calonic figure Thus, if total
calortes to be allowed are 1500, then 10 per cent of 1500 =
150 grams carbohydrate However, empinically keep the
range of carbohydrate between 150 and 200 grams 1n most
mstances (d) Allow protemn as previously indicated 1
gram /kg 1deal body weight will be the usual amount (e)
Make up the remaming calonc requirement with fat Thus,
calones to be obtamed from fat = total calories minus total
of calones from carbohydrate plus calones from protem

Then Calories to be obtained from fat divided by 9=
grams of fat

Example A 50 year old woman, weight 176 pounds (80
kg ), 1deal weight 182 pounds (60 kg )
{a & b) Total calories = Ideal weight 60 kg X 25 (cal/
kg ) = 1500 calonies

{(c} Carbohydrate = 10 per cent X total cals 1500 =
150 grams

(d) Protemn == Ideal weight 60 kg X1 (gm/hg) =
60 grams

(e) Fat
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Total Calones & 1500

Caloneg from protein = 60 grams X 4 w 240
Celories from carbobydrate = 150 grams X 4 = 600

Calories from protemn and carbobydrate = 510 840

660
Calonea to be denved from fat = 660

Calones from fat 660 _
9 (eal /gm)
Her diet would thus be C 150 P 60 F 73 w 1497 calones

733

The diet prescribed could well be the Basic Dief, outhned
below

Remarks A Because all foods will vary somewhat m their
carbohydrate, protemn and fat contents—and since the calcu
lated diet 15 an estunate

(1) Fractions of grams are meamngless amounts and
should be dropped

(2) Even though the basic det contams C 153 P 69 F
76 = 1572 calories, there 15 no need for brzarre changes m
the food prescribed m order to make the figures 1dentrcal
with the calculated prescription above

B Note that no mention was made of this woman's ac-
tiity This 15 because she was so grossly overweight that at
least half of her weight reduction should easily be accom
plished with this diet If 1t later turned out that her weight
would fall only a fraction of the amount desired and that
she was sedentary i her dady hfe, then her diet could be
further reduced by allowmg only 1520 cals /kg Such 2
change would require further reduction m fat mtake
and even a cautious lowering of carbohydrate For example
At 20 cals /kg 1deal wgt Total cals = 20 X 60 = 1200 Us
ing the basic diet sunply omit cream (12 Gm ) and butter
(25 Gm ), thus leaving out 37 Gm of fat or 833 calones
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By sumple subtraction her diet would then be

FPinal Daet at
Base Diet Cream & Buller 20 cals [kg
Card 153 minus 2 = 151
Prot 69 ™ous 2 - &7
Fat 7% munus a7 - 39
Calones 1572 muus 349 - 1223

C 1t can be seen that this modificabion will not sigmfi-
cantly alter the patient’s nutnition 1 terms of the entical
needs for protein, vitamins and mmerals

Usually 1t 15 well to start with total calones and carbo- |
hydrate 10-15 per cent below the calculated ideal This
serves to hasten reduction m hyperglycema and glycosuria,
allowing the doctor to tell the patient that before long some
mcreases 1n diet may be made—a further boost to patient
morale

Children (up to age 14 mn guls, age 19 m boys)

Agam there are many ways to calculate the needs of a
child Most of these are based on (1) a given number of
calones per Lilo ideal body weight—infants 100, 75 at age
5, 50 at age 10, 40 at age 15 untid adulthood, (2) height—
85 calonies per nch, and (8) age This method 15 outhned
below as 1t seems the simplest

Calculatwon

(1) 1000 cals allowed for age 1 year

(2) Additional 100 cals allowed for each yr of age
above age 1

(3) 10% of the total calonc figure given as gms carbo-
hydrate, with a manumum of 225-230 gms

(4) Protem and fat = about % the figure for cartb At
age 18 these are further increased to make up total calonc
prescription for boys
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Example Child age 5 years
1000 + (100 X 4 (yrs of age above 1) = 1000
-+ 400 = 1400
(8) 10%of 1400 cals = 140 gms (the carb figure)
(4) % X140 =70 gms each of protem and fat

Sample Diet C 140 P 60 F 70 (approxmmately)
10 gm carbohydrate at mid-momng, m:d afternoon, and
bedtime

Changes m between meal feedings are determued by 1)
Type of msulin, 2) Timmg of meals, 3) Nocturnal glyco-
suria

Carbohydrate usually 15 distributed %-%-3, but may be
% % % Between-meal feedings are subtracted from princt
pal meals Thus, final carbohydrate distribution for a C 150
diet would be either 40 10-40-10-40 10 = 150 grams or 20-
10 50-10-50-10 = 150 grams

Food Prescriptions

The basic diet as previously mentioned 15 outhned below
Remember that such a program has been chosen chiefly be-
cause 1t conforms generally to the eating habits of many
people 1 this country, will allow an even distribution of
carhohydrate and calonc mtake, and 1s well-balanced to
satisfy most vitammn and mineral needs Supplementary m
structions must be supplied 1f the patient 15 to use hus diet
preseription properly

A Measurement

Food must be correctly measured Preferably this means
all food to be eaten (excepting uncooked 3% vegetables and
6% vegetables) However, many persons have an occu-
pation or other factors i therr personal Iife making this 1m-
possible, but even they should be urged to measure one or
several meals as the opportunity anses Only mn this way can
wide oscillations from day to day he avoided

-~

4
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TABLE 3
A Basse Drer 3% Pornioss, Guaws, Cans, € Pagrees P Far F
Gramen  Total Total
Wesht Sk Potin Dadly Grome “Fotal
Food Pothon  Gms € P F Potums C P P Comes
Orangs Imedwm 350 IS 0 O 2% 40 0 0 10
rend shes 0 15 25 0 3 4 75 0 2
Tatmens wedwm 15 W 23 3 F 1 23 1 89
Mk 1o s 13 wm o 3§ W M I
Cram gt 1o w1 i1 6 3 3 3 1 1
Yoz i @ o & € 3 8 & & 18
Mess fswall 60 O 34 1 2 o 2 92
stter lteargoen 5 © D 4 3 0 © 2! ud
Vegetables
A7 20d 6% Xewm w5 23 0 4 W oW @ 12
a
Crackere 2 » 1© 3 © 2 2 3 © 83
Approsmawly ~ 13 8% T8 252
TABLE 4
To dustribute be sbove wilowances the following outline 1s Lighly workabie
low fur Datveew Meat kd
Breatiaet Dormer Supper
Food Pertions Groma } Food  Porvions Grams | Food  Portume Grome
Eun 1 6
Neat, caoked or 200 o 201 [
. et anall
Bacon Fatips 14
Oatmens dry s
o
Outoeal eocked  Ygeup 10
Mk sov o
Ceann Seep 30 21bep a0 2 thep 30
Butser bl a Zup 10 2 tap. 10
Qrunge Lemat 100 Lmsnm 150 Pmetom 150
Bresdt tsuee 30 3y a0 ¥ suze £
Uneedss
S Vegelablon targe cun 200 s ey 200
6 % eceiadien 35 op 100 35 o 100
etaren Mowd
wew 0ru) srw wen
rost Fotons  Geama Portrns Groms
ik 15 cop 120 35 cup 120
Cneedan 2 30 2 i
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Weighing

Every diabetic—fat or thin nch or poor young or old
~should be urged to weigh us duly diet Better that he
buy a scale to weigh his food than weigh himself Many can
and will weigh all food all the ime For those who cannot
show them the value of weighimng at the start for days or
weeks and then periodically—at mtervals of 12 months—
returning to the scale as a check upon their estunates dunng
the mterim

Type of Scale—Where Obtained The gram scales manu (
factured by John Chatillon Co New York have been found
satisfactory

Household Utensils

With the standard 8 0z measuring cup teaspoon and
tablespoon most foods can be measured with reasonable
accuracy No doubt most patients who trouble to do any
measuring use this system However certan foods still defy
accuracy without a scale viz meat frnt ADA substitution
plan will be discussed below

B Tumng of Meals

The mmportance of eating meals distributed at even mter
vals throughout the wakmg day and at the same time every
day cannot be overemphasized especially for those taking
msulin Omission of or delay in eating all too frequently
may lead to a severe hypoglycemtc reaction Patients who
consistently do this and boast of having no trouble are ad
mitting poor diabetic control

Do not allow the patient on diet alone to be more lax
Feeling secure m the knowledge that insulin reaction does
not concern hum he will often curtad eating at one time of
day m order to save vp for a big meal or extra snacks En
couraging him to test his urme an hour after his ‘big meal
will usually demonstrate the error of his ways
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Theoretically, a total 24 hour allowance would best be
taken 1n equal parts every one to two hours, but such a plan
15 wmpractical Expenenced patients may be allowed to 1n-
crease between meal feedings by omitting equivalent
amount from preceding meal

C Between Meal Feedings

Such feedmgs are necessary to satisfy the habits of most
people and to help avoid hypoglycerma for those talung
msulin The extra food 15 usually subtracted from the pre
ceding meal unless 1t has been mven to correct hypogly
cemia If the carbohydrate given for a reaction 1s only 5-10
gms greater than the usual between meal feeding and the
urine test 15 sugar free or nearly so before the next meal,
then be sure that meal 15 all eaten If, however, the extra
carbohydrate 15 as nd, d by the urme test be-
fore the next meal (1e, yellow, orange, brown, red), then
subtract 50 100% of the extra carb amount from the suc-
ceeding meal

The routine use of between meal feedings must be mdi
widuahzed but 1 general wall best be distnbuted as shown
in Table 5

Note that some of the suggested feedings contam some
protemn and fat as well as carbohydrate This 15 deswable
because of the slowed rate at which these food elements
male carbohydrate available Ob ly the ples given
are only a few of the many possibiities to give vanety

Because of their great activity most growing children re-
qure 10-15 gms of carbohydrate between meals and at
bedtime

Tor those using PZI, Globn, or NPH alone the carbohy-
drate needed for between meal feeding may be taken from
the brealfast, especially when glycosura habitually occurs
before the noon menl

Sometimes the admmsstration of the same long active
insultn twice 1n 24 hrs may be required There are some
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TABLE 5
Patients
Taking Insulin
Before Breakfast Trme of Feeding  Amt Cerd Ezample
PzI Bedtune 10-15 Gms 2 Uncedas and
120 Gms Milk
or
PZI& CI Bedtime 10-15 Gms 2 Uneedas and
{(Separately) Oceas Mid an 100 Gms Orange
or
NPH Mud Py snd 10-15Gms 4 Saltmes and
usually bedtune 90 Gms Pear
{smslD)
or
Globin Mid ey 10-15 Gms 4 Saltines and
120 Gms Milk
or
PZI&CI Md P and 10-15 Gms 90 Gms Pear and
{Maxed) usually bedtime 120 Gms Milk
or
NPH&CI Mid pur and 10-15Gms 50 Gms Banana
(Separate or Mixed) usually bedtime ﬁ{) and 120 Goux.
ik

Labile or Bnitle Hourly when 310 Gms 23 Uneedas Salt-
dusbetes awake 1mes Soda Cracke

ers ete

unstable patents who seem to do best with NPH before

breakfast gr™s at supper all such cases dis-
N )9
trbution 1 feert be based on mdi-
.
wdual
ory Ce e
Lle “ foods on
N ot ad m

con-
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TABLE &
Arrroxnare Svessirorss ¥oR Fooos o% Dirr Bamer
Bubstitutes for ¥ ounve (30 grams) of leon ment (any kind}

1 egg

2 mednum sized stripa bacon (15 grams)

1 ounce fish or {ow} (30 grams)

5 oysters clams shrumps scellope (all smali) plus 1 teasp butter
1ounee ox 1 elice Amencan cheese (30 grams) omat L teasp butter

1 ounce creamed cottage chieese (30 grams)

1 tablespoon peanut butter {15 grams)

2 ounces meat ~ 1 paund Lve chicken lobster plus 2 teaspoons butter

Subsbitutes for two Uneedas {f00d value of followsng = 10 gms earhohydrate)

2 plain greham erackers 15 oyster crackers
2 double nqunm Ry basp 34 sbice bread (20 gms )
(1 g 14 eup cocked oatmeal
3 Arrow ch bisewita 12 gms dried prepased ceresl
4 aattines {cornfiakes etc)
5 Rty 100 gms grange
3 Ginger snaps
Substitntes for 1 shice bread (30 gms ) (food value of followang o 15 grax card )
2% ouncea patata (73 gma ) 1 medumn brsn muffin
Add 20 grams to baked potata to 30 gms pumpernsckel (1 shee)
allow for slan 1 Palot eracker
3 oup eorn hma bexmu abel] 1 Batzoth (20 gms )
beans (75 gms 350 grams orangy
3 cup passusps 1 scasis coro sauffic (20 gms)
3§ cup vooked nice (73 gme )
34 cup. Dc:gkcd macaroz epaghetts
¢

Subalt 'S'“ for 1 teaspooa buttes (5 grams) (Food value of following = 4 gms
at

1 tesspoon marganne 1 tablespoon light cream {15 gma )
£ teaxpoon mayonnatsa 2 teaxpoons cream cheesa

1 tesspoan palad onl 1 slxce bscon

1 teaspoon pesnut butter

Far 2 teaspoons butter 1 tablespoon sour eream or 1 ablespoon heavy cream.

FRUIT SUBSTITUTIONS
Ix YLSAc: o)r 100 Grans or Onange  S¥ Prace or 150 Grang of Oraxae.
L

(Meotes)

34 mediem grapetrnt (150 g } 1 medium grapefruit {225 gms.)
1 cup stranbernes (150 grme ) 134 cups etramberries (225 gms )
4 cp warermelon {150 guma } 1 zup of »atermaloa (22 gma )}

34 cantsfoupe (150 gme ¥ 2, cantaloupe (225 gms )
34 vup blackbernes (m gois ) 2, cup blackberrtes (180 gme }
1 amall pear (30 xoa) 34 mediurn papsya (150 gm )

34 vop vaaphernies (5 K ) &, vup raqformies (40 gy
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TATIE 6Comtoved

3{ c=p blaeberries (105 gms }
2 == 23 cop #tewed or 2 npe apnots
=) (120 gmoe
3§ =0 yrpumss T e) 3 medium plurms (120 gms.)
2, ku—-é—v:ms:\’?‘m) 24 e=p or 2 shees pimeapple
23S (105 gme)

? e 1 s=all appde (105 gms)

1 ol bansma (RN e=s) 14 cup applesauce (mithout ;uzu)

I peeons -1.‘:;1:'. s (Rpme) 1 bovevdew melon (105 gms
3{ sz=all Margo (S0 gme)
Ie Qes_, (vx,a\ GOg=s) 13 e £ma)
3{ banans (75 gua)
5 stewed prunes without sugsr
75 gma.
75 grams Jello
sxall seroing of Tre Cream

G5 gms)
{Use pot more than once s week }

Al fruats fresh or water packed Afl frmt Jmces unsweetened All fruits cooked
without sugar
APDITIONAL APPROXDIATE STBITITCrIONS FOR Foops on Drer SmErr
lost Foods Are a Combination of Carbohydrate, Protein and/or Fat

Corbahpdrales Proteins Fats
Sugar Starch Lesan Meats Butter
Fruits \egetables Fish—Fow] Cream
Bread Rice Eg Cream Cheess
Cereal Milk Cheese Bacon
Macaroms  Flour Cotpete Cheese ol

» TR lard
Household R
30 grams = I ounce 240 grams =«

5 grams = 1 teaspoon 180 grams =

3 1 tblap, grams =

24 sms =108 grams =
Drabety snd o P

Manual
Lr v

ph water)

k& one

1u
Crear
X
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TABLE 6~—Continued

4 Baked Custard 120 gms (msade with Sucaryl) = 100 gms orange plus 1 0z
meat or B 0z ik
5 Sponge Cake (Platn) 30 grams = 1 slice bread—use occasionally or 150 gms
orange
6 Beans and pork (canned) ¥4 cup (130 grams) = 1 shice bread plus 2 veg
etables at one meal plua 2 teaspoona butter
3 pu Lunch—2 Uneedas plus 4 oz mulk =
» rz] g prepared ceresl ptos 4 oz Tk
a ¥ o, '
.
- Lo 1.
T N 1
ITALIAN SPAGHETTI

34 cup cooked spaghetts ~ 1 slice bread or 234 oz potato
20z meat (Hamhburg) = 2 0z meat portion Extra meat used 29 cheese
Omut butter from meal

&auce 34 cup tomatoes plus 14 cup tomsto paste = 1 cup 3 per cent vegetable
and 14 eup 6 per cent vegetable at meal
Beason 88 desired

tamned 1n bread, cereal, frait, milk, vegetables, etc, Protein
found m meat, cheese, eggs, nuts, etc Fat oceurs largely
in butter, mayonnaise, marganne, grease, cream, and olive
ol Overlapping of these food components 15 more frequent
than not, so that the patient must know he 15 also eating fat
when meat or cheese 1s consumed and that whole milk has
more carbohydrate than exther protem or fat, etc

Remind the patient that a shice of bread contains as much
carbohydrate as three lumps of sugar and that an ounce of
meat contams more calones than a slhice of bread. Many
simitlar companisons will soon drve home the fallacy of fol
lowing a purely qualtative diet

(2) Additions to diet wathout food value—these mclude
coffee, tea, pichles (unsweetened dill, or sour), clear broths,
bowllon (no fat), gelatin, rennet tablets, uncooked 8% vege
tables, salt & pepper, hetchup, vinegar, mustard, cionamon,
nutmeg, garlic, mimt, parsley, lemon, and others Sacchann,
Sucary], or Saxin may be used to sweeten ™

Specaal diabetic foods—excepting water packed canned
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fruit which 1s mandatory—are better avorded than encour-
aged Though most of these are now labeled to give con-
tents of carbohydrate, protem, and fat, they are expenstve
and too often replace the more nounshig natural foods al
lowed in the diet However, 1t 1s helpful to give children a
conservative allotment of the especially prepared hard candy,
chewing gum or soft drinks

(8) The diabetic diet need not be a bizarre assortment of
food to fit exactly the allowed amounts of the food com-
ponents Simply let the patient eat the same foods as are
desirable and adequate for the others i his household
These foods are then measured i accordance with Ins diet
prescription, omitting only the well known excessive sources
of carbohydrate stll allowable for others m the famly

E Supply wntten tables giving equivalent values of foods
to be substituted for those m the basic diet These should
give three sets of figures (Table 7) The first hsts vegetables
m 3%, 6% and 20% groups and the amounts of fruit to be
substituted for the “orange” used as an example 1n the baste
diet

The 8% vegetables may be taken 1 unlimted quantities
except when cooked, when a large cupful 1s adequate How-
cver, itake of 3% vegetables may be doubled if one omits
the 6% vegetable

Fruit may be taken mn any form—cooked, canned, fresh,
frozen or dried—as long as 1t has had “no sugar added” The
weight of fruuts Listed refers to the edible portion Vegetable
weghts are taken after cooking except for those eaten raw
—celery, lettuce, etc

The thud table gives a st of.~~  only desired approx:-
mate substititg* r foodson  © et

The th¢ for the enced and mtell-
gent pati rapidly ubstitutions from
such a list small vd The doctor

uld kno or avatlable for

tab n a small

ce I
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mate the caleulated need Such a diet mght be (C 212

P 108 F 107)
B 1WANM D SPA* s Bedisme
legg 2 Uncedas 00 meat 2 Unesdas 120 meat 2 Uneedss
15 bacon 2008% veg 120mik 200 3% veg
15 oatmes! 100 67 veg 3100 6% veg
10 butter 10 butter 10 butter
60 cream 180 mullc 180 mulk
120 muk 150 orange 150 orange
150 orange 75 potato 75 patato
30 bread 30 bread 30 bread

* This distribution would be especially suitable with NPH msuhn

D The 13 year old gul 1s now 17 years old, has stopped
growing and has been ganing weight steadily on the duet
above The diet must be reduced carefully to allow a fall m
weight toward her 1deal, which may be 132 pounds Theo
retically, the basic diet would do, but m practice 1t would
be msufficient because of the great actiity customary at
this age Here 1t 15 safest to head for some pomt bebween
the basic C 153 P 69 and F 76 and her former C 212 P 108
F 107 A good share of the calonc decrease 15 best done
chiefly by lowenng fat, thus removing a mmimum of hugh
vitamm content foods One could simply reduce butter to
5 gms (5 gms at a meal), omt the cream, reduce supper
meat to 90 grams, and leave out one potato

The
e ¢ P F less c P F
212 108 107 - o 7 5
T - 12 — 28 o o0 12
¢ P 2 2 12
;1B 5 3 0o
Teaving ¥ 17 12 2
~ The been at age 22
o5 are 80
o of 180 250
. be
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almost 1dentical with her eating at age 13, but should be
reduced 1n calones (if weight mereases 20 Ib or more) by
cutting down on fat (sham mulk mn place of whole milk
often suffices)

The diets deseribed are but a few of the abundant vana-
tions possible, but they show the profound changes brought
about by specifymg a little of this or that food to be added
or subtracted

Make the diet fit the patient (rather than any caleulated
need), and above all judge 1ts effect by the unne test for
sugar

Tue Foop EXCHANGE SYSTEM

In 1930 a joint commuttee of the Amenican Diabetes As-
sociation, Amernican Dietetic Association, and the Diabetes
Section of the United States Public Health Service pub-
Lshed * a simplified method for caleulating diabetic diets
and planning dibetic menus With therr jomt approval
many hospitals and physicians have adopted this newer
method 1n the nstruction of diabetic patients The values
agreed upon are bsted below and the manner 1n which the
bastc diet above would be prescribed using this system 1s
outlined

The foods commonly used 1n dietary preseriptions are
divided nto six groups Withm each group are given the
kind and amounts of food of about the same nutntional
value m carbohydrate, protein and fat Thus, any item
within that group may be exchanged with any other item
1 that group but not with foods from other Lsts The fol-
lowing figures are used 1n calculating diabetic ducts

* Revised Tabls of Food Values Proc Am Diabetes Assn, 9 403, 1949
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TABLE ¢
Foon Varves yon Casevramse Dusernc Dress
Pro-

Weght Che  imn  Fai  Enery

Group Amount  gm gm  gm gm  calores
Muk, whole (Lust 1) Mpmt 20 12 8 W 10
Vegetable (List 24} agdesred  —~ ~ - - -
Vegetable (Lst 2B} eup 100 7 2 - 38
Frint (List 3} YaTes. - 10 - - i
Bread Evchanges (Ltst 4)  vanes — 15 2 — [
Meat, Exchanges (List 5) 1oz 30 - 7 5 73
Fat Exchanges (Last 6) Ltsp 5 — - 5 4

Certam loods with special value should be included m
each day’s diet These wclude mulk, at least one serviag of
meat, fish, fow], eggs or cheese, whole grain cereal, frutt,
vegetables—green or yellow and butter

TABLE 10
Foop Excuances
LT 1 AmR
Caxbohydrate 12 gm., proten 8 gm, fat 10 gm per serving
Approz
Measure Weght

Food 1 Ezchange Gm
Mitk 1eup (Saz) 240
Mufk, evaporated oup 120
Mulk, powder, whole { cup (4 thlsp level) 35
*Butternn Xcup 240
*Muk, elam, Youp . 240

*Add 10 gwe. a4, (2 fzt exchanges} to make enurvalent of whale mith Most
commercal butteroutk 13 skimmed Check Jocal supphes

1I9T 1 VEGETABLES

One or ote fat exchanges from ibe diet allowance may be used to ses-
8on the vegetabled.oy P

YeoET \) le carbohs and fat in amountd
A ked fo no meat, 1t ahould be
eqleulated es wap R

M *TFatereress
AEPBI‘”EH g Okr *Greens

cal
seels sprow P B;:!; d:geeru
age ep
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TABLE 10—Contiued

Caulilower Radish Collards
Celory Romamne Dandelion
*Clacory Rhubarb Kale
Cucumber Sauerkraut Mustard
*Escarole Btring beans Poke
Fegplant Summer squash Spinach
Lettuce *Tomatoes ‘Turnip greens

B Vearranies—carbobydrate 7 gm, proten 2 gm, fat neghgble per

serving
1 exchange = 3§ measunng oup = 100 gm

Beets Peas green *Squash, winter
*Carrota Pumpkin Turmip
Ontons Rutabagas

* Theee vegetables have lugh vitamm A content, use at least one serving
ench day

LIsT X FRUITS

Fresh, cooked, canned of frozen unwectensd
Carbohydrate 10 gm per exchange, protem and fat neghgible

Appror
Measure Weght
Fruit 1 Exchange Gm
Apple, 1 emall 2 ds 50
Applesauce 15 cup 100
Apticots, fresh 2 medium 100
Apricots, dry 4halves 20
Banana, 14 small
Bernies (Blackberries Rasp-
bernes and *Stranbernes) 1 cup 150
Blucernes cup 100
*Cantaloupe 1,(6 dis) 2
Cherriea 10 large or 15 emall 75
Dates a 15
Figs, dried 1 small 15
Figy, frech 2 large
*Grapefrut 14 emall 125
*Grspefruit juce 14 cup 100
Tapes 12 75
Grape juice 3{ cup €
Honeydew melon 35 @ dn) 150
Mango 34 small 70
'!\ecurmu 1 mediuta 100
*Orango 1 emall 100
Orange Juice 14 cup 100
Papays 1§ medigm 100

Tesch 1 medium 00
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TABLE 10—Continued

Pesr

Pineapple

Punespple juice
lums

Prunes, dried
Raiying
Rhubarh
*Tacgenine
Watermelon

1 small
14 cup, cubed
cuj

2 medum

2 medium

2 thlsp level
(see LIST I1 &)
1large

1 cup, diced

MELLITUS

100
175

* These fruits are rich sources of vitamin C, use at least one’serving each day

LIST IV BREAD EXCHANGES

Carbobydrate 15 gm , protem 2 gm , fat neghgible

Food
Bread, baker's
Buscurt, roll
Mufti

in

Combread

Cereals, cooked

Cereals, dry (flakes, puffed and
shredded varieties)

Rice, macarom, noodles,
spaghett:

Crackera
Grabam

Round, thin vareties
Vegetables

Beans, peas dred (cooked)
Includes lLmas, navy, kid-
ey beans, blackeyed, cow-
peas and split peas, etc

Corn

Popcorn

Paremps

Pamoes

Whlte bonled r9shed
Sweet or ye~
Desserts
*Ice cream,

¥ Omt 2 fat

Approz
Measure
1 Ezchange

134" cube
14 cup, cooked

34 cup, scant,
14 cup, cooked
2 (236 x 25¢")
20 (#5 cup)

6 (1% dia)

34 cup, scant
34 cup or Y enr
1 cup, beapung
3 oup

27 dua.

Yo 7
4

%

2

BRESR

125
100

0
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TABLE 10—Contimued

LIST ¥ MEAT EXCHANGES
Carbohydrate neghgible, protein 7 gm., fat 5 gm per serving

n

Note Allatems are expressed i cooked weight. One or more lnt exchanges

from the diet may be used to cook or season these foods.

Food
Meat
Beef, fowl, lamb, veal
(wedium fat), liver, pork,
ham. (lean)
Coldeuts
Salams, rmnced ham, bologaa,
eervelat, liver
savenge, luncheon loaf
Frankfurter (89 per 1b )
Fis

h
Cod, haddock, halibut,
bernng ete
Salmon, tuna, crabmeat,
lobster
Shrimp clams, oysters
(medium)
Sardines
Cheese
Cheddar type

Cottage
‘Peuut butter
Erg

Approz
Measure
1 Ezchange

lez

1 shee

435 da.x M’
1

1oz

Heup

5

3 medium

loz
3 thlep , level
2 thlp, seaat.

Weght
Gm

45
50

30

80

45
30

30
45
30
50

* Limut to one serving per day \lnlesa adjustment 13 made to balance carbo-

by deate content

STV ¥AT EXCHANGES

Carbohydrate and protemTneglgible, fat 5 gr. per serving

Food
avocsdo
utter or margarne
Bacon, eriey
Cream, Light, aweet or
SOUr—207
Cream, he;\vy—-l(]"’

irec cookang fat
Olives

Approz
Meosure
1 Ezchange
47dn, 3
1tsp, lovel

1 shice

2 thlsp
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A sample diet containing carbohydrate 152, protem 63
and fat 80 grams 1s as follows:

List 1
Lust 24
List 2B
Last 3
List 4
List 5
List 6

Total Day's Food
Milk, 134 servings
Vegetables, as deslred
Vegetables, 2 servings
Fruits, 3 servings
Bread exchanges, 6 servings
Meat exchanges, 5 servings
Fat exchanges, 8 servings

Divide the day’s food mnto meals

Breakfast Ezchange Lasts—No Servings
1|2 |eB|s|4|[6]6
Orange ymce—24 cup 1
Toast—1 shee 1 B
Butter—1 teaspoon 1t
Oatmesl, cooked—14 cup 1
Milk—34 cup 4 |
Cream, light—2 tablespoons |1
. N
Coffes (=== l=l=
Lunch
Meat—2 ounces 2]
Lettuce and Tomsto ad bib —ffredy| = | ~ |~ | =]~
Peas—3§ cup 1 o
Bread—1 shee 1 i
Butter—1 teaspaon 1 |1
French dressing—1 teaspoon ’__’_l__
Apple—1 smsll 1 .
Cream—2 tablespoons ___;
Coffee or Tea e e s
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Supper Exchange Lists—No Servings

1 2A | 2B | 8 4 & €

Meat—2 ounces 2

Spinach cooked—-1 eup 1

Carrots—4 cup 1

Bread—1 shee 1

Butter—2 teaspoons

©

Strawbernes—1 eup —~ |1

Creart—2 tablespoons 1

Coffea — — | =1 ==

4P and Bedtime
Geahawa crackers~—2 2

Milk—34 cup 1

Tota) Sernings = 135) as
desred]

It is evident that the patient then needs but two thmgs
to follow a varied diet 1) The number of servings to use
from each list for hus threc meals and between meal feed
mgs, and 2) the wntten hsts for reference

Emergency Feedings

During acute mfections or on resumption of eating after
surgery, a reduced diet of about carbohydrate 150 protem
50 and fat 50 grams may be offered Emphasize milk, fruit
juices or gmger ale, eggnogs, cooked cereal and broth
Feedings should be offered frequently 1n small amounts as
tolerated

Tor short term parenteral therapy gne 100-150 grams
carbohy drate 1 57 solution per day If such feedings are
required beyond a few days ensure 150 200 grams carbo-
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hydrate plus protem—the National Research Counail ® ad
vocates

Water 3000 ce given as 2 hters
Casemn hydrolyeste 100 gms 89 casem hydrolysate
Glucose 200 gms 5% dextrose and
Salt 10 gms 1 hiter 10% dextrose

To this one may also add parenteral vitamns

Special Dietary Problems—Peptic Ulcer

The co existence of peptic ulcer and dusbetes poses
problem n dietary which at first seems dif
ficult and complicated, but actyally 1t may be greatly sim
phfied The same general plan of treatment for the ulcer i
the diabetic patient 15 to be followed as 1n non diabetscs
provided certamn specal pomnts are borne in mind ‘The first
15, the dizbetic diet may not contamn the highly concentrated
carbohydrate foods such are often employed Extremely
Iugh fat and very low carbohydrate diets must be hmited to
only a few days or avouded entwely It 1s true that many
diabetic patients, particularly those who have had diabetes
for several years and who are thm, cannot take the high
fat diets which result 1if a standard Sippy regune 1s enl
ployed Farthful adherence to a program of yest, frequent
bland feedings, and control of the diabetic state are baseally
mportant

In the first few days and parhcularly followmg hemor
rhages, hourly feedings of milk and cream may be employed
In general with most diabetic patients, however, skam
1n gmounts of one or two ounces every hour with additon
of an aunce of cream m every third or fourth feedmg wil
be found better than 2 plan which may provide a much
Iigher fat diet The use of alkali may be the same 252
non dhabetics Withu the next few days an addition of 28
egg, cooked cereal and a slce of bread may be made

© National Research Council on Convalescence and Rehabilitation, Report
No 1, Feb 1944
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w

m small amounts day by day Within a weel or 10 days a
modified convalescent diet might be employed such as 1s
shown m Table 11 This diet bst 1s a sample of the sort of

‘TABLE 11

Dirr ror Diaseres anp CoNvarescenT Ucer

Carbohydrate 153

Dret
730 am. Milk and eream-—¢ ounces
with breakfast

Breakfast Portions  Grams
Cereal (cooked) 36 cup 120
Toast, 1 shce 30
Batter l teasp 5
Eex

Orange ju

small
{sce it of subatututes oppum)
1000 & m. Milk and eream—4 ounces

1200 4.m Milk and cream—4 ounces
with dinner

Drnner Portiona Groms
Mut 3ounces 90
vegeuble 1 cup 150
% vegetable 34 cup 3
Bu tter 1 teasp 5
Bresd 1 slce 30
Oratge juice 150

‘medium
(sce hsc of substitutes opposite)
300 pm. Milk and cream-—4 ounces

600 pm Milk and cream—4 ounces
with supper

Supper Portions  Grams
Ch lounce 30
1
2 veg!uble 3 cup 7
g:;i 1 shice 30
T 1teasp 5
Orangs juice medum 150

1000 p m. Milk a5d cream—a ounces
l\o lmohng' Na aleohol! Use tes &
Avmd fred food te

Bughly eearoned foods. grnies wtems
Dqﬂnlhie—pmﬂ.r) candy, nuts bot

Proten 75

Fat 99 Calonies 1803

breads waffles pancakes raw fruta
raw vegelsbles ealad dressings car
bonated drinks olives grapes bran
buttermulk tomatoes corn, cabbage
turnip cucumber

11 stools are constipated dilute frust
Juice with equal amount of hot water
before breakfast If bowels do not
move for 2 days take an enema

Substitution List
Milk and cresm muxture must be
milk 3 oz and 20% eream 1 on
If doctor adviscs calones may be
mereased to 2065 by usmng muxture
of milk 2 oz and cream 2 0z
Cereal—must be one of the following
cream of wheat oatmesl puffed nce,
puffed wheat
Eggs—scrambled posched o soft-
botled

Bread—whste graham fine 1ye (plain
or tonsted) Melba toast plam soda
Uneeda or saltine crackers
Frust—must_be cooked or canned
(naterpacked) No froren frmts
Stramed fruat Juices may be used
Fruts—m place of orange juce
(100 gma ) 3 prunes cooked without
sugar (50 grams) or 1 cup of straw
rries
Frutts—in place of medium orange
(150 grams)

Blackberries 3§ cup 150 grams

Raspberries  3{ cup 120 grams

Blucberries 3{cup 108 grame

medium 135 grams

Teaches 134 medhum 135 grams
Aprcots Y cup

etewed 120 grams

or 2npe
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TABLE 11~Contimued

Pliwny 3 medmn 320 grame
Fueapple 35 cup of
Zelees 105 grams

Applesauce

{without suger} 305 grams
Chernes 13 B0 grama

nes

{stewed) & 75 gratns

(wrthont sugar)
Jeecream smaliserving 75 grams
Jello, medium serving 75 gramns

Meat—may be fowl, ehickes, turkey,
brored steak, Jamb chops, Toxst beef

or fish
Fuh—broded, bolled of baked white

dietary mstruchion gven to

£ish or hoy boiled Iobstes, fresh crsh
or fresh ebnmp

Cheess~—~Amertan, cottags cheest, o
Swise cheese.

Vegelables—must be cooked and pu
reed Baby foods without sugsr may
ba used

3%~summer  squash, asparages
spinach, mushrooms, ce}er;},m et
Hawer

G%~peas, atring beans, carrots,
winter squash, beets

2A0%~3% cup of macaronl 3§ eop of
niee, 75 grams (234) ounces potate.
Potato—ta be baked, boded of tiosd.

2 duzbetic patient ready for

discharge after a penod of hospital treatment Thes diet a5
will be seen provides for carbohydrate 153, protemn 75, and
fat 99 grams—1803 calonies It comtams the presensbed
amounts of food to be taken, not only w the three meals,
but with faur lunches with prolabitions of smoking aud
alcobol and instructions for substitutions

Liquid Diet

Duning emergencies due to fever or any coadstion which
requires hquud feeding three plans are summanzed m Table
12A. The fisst tno diets are lumited mn calores, the thrd

TABLE 124
Laqmp Drmrs
P F50  Calores 1250

1 quart of muk and 3 egge
1 piot Drange urce
1 pint groger alz

A glasa of mulk or frit yce or ginger ale every 2 howrs {7 feodizgs)
€158 TF6t  FI04 Calores X821
Add to Dat ho 1 anotber egg, 8 ounces of 20 per cent cresi.

wtended for a patient able to take moderate amounts bi
tqud diet m four equal meals providing a total of caxl

et Cl50

Daet 2
Dt 3
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‘I;l)d:ate 188 grams with 1787 calories 1s shown m the fourth
et

TABLE 13
Bavr Faze Dier {C 119 P 45, F 23 Csd 1009
Weghtsn
Grame Foud € P F M
Breakfast groms
100 Orange Juice (34 cup seant) 0 00
S0 Egg {one) Do not use bacon 8 8 3
00 Ostmeal or Fanna (14 eup gcant} 1025 1 Ertd
100 Milk (34 cup seant} 5 4 4 ol
& Salt Free butter (1 tap } 4 o
207
Dinner
56 Meat (134 02 small serving, No ham
or eslted meats No fish) 12 5 08
190 Paisto Qugs) 1 35 o
5D Vegetsbles {34 cup, see hiat) 3 1 o
150 Orange (sce st} 15 o1
5 Balt free butter {1 tap ) 4 05
137
Supper  Same es duner 33 185 15 W
Bedtime 150 Orange (see list) 15 s
Vegetables Freah or Frozen Fruts
You msy have 50 grama of any Y ou may have any fruton ths!h!;
vegetable on this hist 1 the smount shown i place o
150 gms orange
A 100 Apple (1 very small)
Cﬁ?ﬁam 100 Blueberrres (¥ cup)
Strng beans 100 Cherrtes (13 cherres)
Beeta 150 Orange (1 medvam)
Broceoh 135 Pears (1 medum}
Cabbage 100 Puneapple (2 sltces)
Cauliflower 120 Raspberries (34 eup)
Lettuce 225 Strawberres (154 cup)
Omons 225 Gropefrust {1 medium}
Peas
Squash
Tomatoes
Tomate Jues (mthout sdded salt)
y salt of the boble

* Al foods raust be cocked swithout any salt Do not vez an
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Dicts Restricted sn Salt

For many diabetsc patients during penods of cardiac fail-
ure, particularly durng certamn stages of diabetic nephrop-
athy, marked salt restnction becomes necessary Table
13 has shown a salt poor diet which provides for carbo-
hydrate 119, protem 46 and fat 88 grams with 1002 calones
This diet 15 intended for a patient confined to bed When
actmity 15 ncreased such a diet mught be mcreased by the
addition of meat, cream and vegetables to calonc levels
mdicated

In Table 14 are given standard diets Furst, providing for
carbohydrate 157, calories 1669, second, providing for car-
bohydrate 169, calories 1899

APPENDIX

Mineral, Vitamin, Calorie Requirement

In Table 15 are summanzed the recommended daly
deetary allowances of the Food and Nutntion Board of the
National Research Council
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CHAPTER III

INSULIN

GENERAL CONSIDERATIONS

That the prime objective 1 the treatment of diabetes 1
the removal of all the signs and symptoms of diabetes, has
been repeatedly stated by Professor Charles H Best, the
co discoverer with F G Banting of msuln This 15 cer
tamly the simplest definition of the control of diabetes Is
1t necessary to avord hyperglycema and glycosuna? Al
though arguments have been advanced pro and con
available evidence today favors preponderately the mam
tenance of the diabehic patient’s blood chemustry within
normal muts Not only, therefore, 1s 1t desirable that the
blood sugar should be mamtamed as nearly normal as pos
stble under all conditions but other chemical components of
the body tissues, which are mn our present state of Knowl
edge regarded as bearmng a direct relationship to smtracelle
lar metabolic changes, should also be studied These melude
cholesterol, the other plasma lpids, blood protemns and
serum electrolytes -

In recent years, much emphasts has been placed upon
the function of the liver m diabetes and today the mpor
tance of mamtammg normal glycogen storage 18 generally
accepted Any factors which deplete glycogen storage I the
Iver such as msulin lack, hyperthyroidism, nfection, hepatt
13, starvation, surglc:ﬁ pmcedureg, anesthesta, vomting,
result m an increased fat utlization with the production of
excessive amounts of acetone On the contrary when gy
cogen storage 1s mamtamed through the mterachon of magy

84
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factors chief of which in the diabetic 1s nsulin the patent s
Liver 15 better protected

The protection of the insulin producing function of the
wslet cells of the pancreas 1s aided by the use of msubn It
has been shown that hypergly cemia 1tself 1s a major factor
1 amals 1 producing d h: m islet cells
and therefore the basic rule m treatment today 15 to give
sufficient msulin to control hyperglycemta and so protect the
sslands of Langerhans

Insulin Action

Insulin 15 an aqueous solution of the active antidiabetic
prneiple derved from the ilands of Langerhans m the
pancreas When a diabetic 15 gaiven msulin 1 appropnate
doses and under proper conditions he 15 enabled to utilize

bohydrates and fats 1 a ely normal manner
The concentration of sugar m the blood 15 confined withun
normal lunits The urine remams free of sugar and hetone
bodies and diabetic acidosis and coma are prevented The
effect of a dose ordinanly lasts from five to erght hours or
more depending upon such factors as the size of the dose
the dict and the amount of cxercise dunng that peniod In
diectly msulin 1 the dinbetic patient affects protem me-
'tabohsm and 1nsulin has recently been shown to be essentral
for the action of the growth hormone Major effects of 1
sulin are the transformation of earbohydrate into fat and
the prevention of excesstve ketone formation

When Abel first prepared crystalline msuln (1926) no
I’hy:lologncally active pure protemn was known Today the
ins?lslm molecule 15 known to be composed of 17 ammo
acn

Curtent concepts of the mode of action of wsuln are
five 1n number

1 The transfer mechanism assumes that msulin acts
by facilitating the transportation of glucose through cell
membranes The evidence adduced by Les ine et al. suggests

}



88 DIABETES MELLITCS

that msulin promotes the transfer of glucose across cel
membranes Once mside the cell, glucose would be pro-
cessed by the accepted pathways
2_The bexo kiase theory proposes that wsulin acts on
the enzyme heuo Junase, acceleranng conversem ~t Y o
ta glucose hexasonb~ ~1 =
abon of
8 As. o uue weory telates the réleof
msulm to the production of igh energy phosphate bonds
veeded for all synthetic veactions Thus, the high orygen
ption of the d mildly acidotic diabetic 1
the old esa before msuhn stands n strlang contrast to the
more efficient metabolism of the controlled diabette uader
wsulin treatment
4 The rdle of wsahn 15 to whubst the phosphatase
system
& Insubm affects the synthess of fatty ands
In the early preparation of msulmn 1t was apparent that 1
contamed some measure of a hyperglycemsc factos, presum
ably formed 1 the alpha cells of the islands of Langerhans
n recent years this substance has been isolated m puse form
and dentified as glucagon At present gl has no prac-
tical appheation m treatment
A number of msulin preparations have been made durng
the last twenty vears, all of which passess the same base
property of msulin m dts effect upon carhohydrate metsb-
olistn Each of these preparations, hawever, differs from the
others 1 some respect both m composttion and 1 the cba?
acter of sts effect on the patent At present no wmsubs
preparation can be taken by mouth wath chuncal effect,
owmg to the fact that the msulm molecule 15 broken dows
in the mtestmal tract by the powerful proteolyhic enzymes
of the pancteas Many attempts have been made, by “‘d“";
ing the size of the molecule 1 order to obtam the mg;
effective portion, 1o find a molecule which v ovld so rapdly
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penetrate the ntestmal mucosa as to make absorption too
rapud for 1ts destruction to occur

Only regular msulin and erystalline insulin can be gven,
mtravenously, the method of choice mn securing the most
active effect m such emergencies as diabetic coma All other
msulins must be gven hypodermically The following table
briefly summarizes differences m the rate of action

TABLE 16
InsvLv AcTIviTY
Onset of Peak of Duration of
Type of Insulin Action Actuon. Action
1 hour 3-4 hours -8 bours
Crystalling 1 hour 3-4 hours 8-10 bours
Globin 1 hour 8-10 hours 18-24 houra
Protamne zin¢ 4.8 hours 20-24 hours 2148 bours
NeH 2 hours 8-10 hours 24-30 houra
Leate 12 bours 810 hours 24-30 bours
21 MixtureCrystalline
and PZ1 2-4 hours 8-10 bours 24-30 hours

Factors which will mmcrease the hypoglycemic effects of
wsulin of all vaneties melude underactivity of the antertor
pituitary, the thyroid and the adrenal cortex, undernutri
tion, low carbohydrate intake, exercise The effect of msulm
upon the blood sugar level 1s decreased by overactiity of
the pitutary, thyroxd and adrenal cortex, obesity, high
carbohydrate intake, and hugh calonc diets and lack of

activity, inf diabx acidosis and excessive

stress

Regulor Insulin and Insulin Made from
Zin Insulin Crystals

Insulin made from zmnc-msulin erystals 1s the solution
from the crystaline preparation containing insulin together
with a small amount of zime Such crystals are typical of
the only form n which msulin has been prepared mn a pure
erystalline state This msulin has the advantage of bewng so
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! pure as to be especially mdicated 1n patients who show w
allergtc reaction to regular msultn Insulin made from erther
crystalline or non crystalline sources 15 raprdly absorbed and
acts quickly and tensively for a few hours
Insulin 15 measured 1n umts and can be purchased m
concentrations contaimng commonly 40 to 80 umts per c¢
Concentration of 10 and 20 umts per cc, ongmally mam
factured, should seldom if ever be prescribed Opeuntt, oa
’the average, is usually said to metabolize ang fo four grams
/ } lof sugar However, much variation wall occur even m the
sams indwidual at different times under varying conditions,
such as presence of mfection, vanations m diet vanations
m electrolytes, presence of acidosis, and other circumstances
Each of these two msulins has been sold as a water clear
acid solution
Globin insulin, a clear, shghtly amber solution with an
acid pH resembles NPH tnsulin in 1ts rate of acton and its
effect It acts a httle more rapidly and perhaps has caused
more reactions at the period from 3 until 5 1o the afternoon
Although Globin msuln 15 clear, 1t may not be given 1w
travenously
Lente Insulin, now available commercially 1 the Unsted
States, has a duration of action which in most patients 1
about 25 hours and 1s sumlar m 1ts action to NPH (I
phane) msultn The prolonged action of previous msuhin
compounds has been attamed by the addition of basic
protem substances, such as protame, globm or h“wge
together with a small amount of zimc Those COmPD;Y‘ s
«are msoluble at the pH of blood In the preparation of “ese
§nsults, a phosphate buffer was commonly used Hal "’t‘:
Moller and bis associates showed that if acetate was s‘U
stituted as the buffer for phosphate or citrate, z10¢ m low
concentration combmned with msuln to form Comp.;‘;‘;ee
that at the pH of the blood are relatively msulublltle o
types of msulin zme suspensions were made, lﬂrs’“l :hsours
lente, 2 preparation with duration of action of 12
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insuln ultral a crystalh d with action last-

ing more than thirty hours, and 1nsulin Lente, 2 mixture of
ultralente and semlente The present Lente msulm 1s sum-
Lar to this latter type A companson of Lente msulin with
NPH msulin shows that they have duration of action of
about 25 hours and the two types may, mn general, be used
mterclangeably Crystallne msulin may be gnen m a
sigle injection mixed with Lente insulm ]ust as with NPH
insuln A few patients, Iy lmn of
discomfort at the site of m]echon of Lente wsuln Allergy
to Lente msuhn does occur, but at present, expenence
suggests that 1t 15 not so frequent as with other forms of
lnSlilm. N —_—




CHAPTER IV

USE OF INSULIN IN TREATMENT

Indications

‘The mdications for the use of msulin may be m the interest
of brevity stated as follows (1) Always m diabetie chil
dren (2) Almost always during comphications such as m
fections, surgery and delivery (3) Always m the presence
of diabetic acidosis or coma (4) All patients with constant
hyperglycema, glycosuria or other symptoms of actve dia
betes

When the diebetes has come under control, mprovement
1m tolerance will be followed by a reduction m the dose of
msuln and 1 many cases with diabetes m the latter part
of life wsulin may be omtted provided the patients can
mamntamn normal weight and strength without hypergly
cemia and glycosunia Rapid reduction of weight w the
obese mild diabetic patient may bring the diabetes under
control without contmuous use of msuln In many patients
1t 15 desirable to continue the use of msulin even at inte
of 48 hours mstead of 24 hours rather than to run the sk
of an allergic reactton to msuln months or years later when
the patient, whose sulin has been omitted, must ynder
the stress of surgical emergencies, mfections or other causes
have immediate treatment with moderately large doses of
msulin

The foundation or basic msulin m most cases 1s today 0¢
of the msulms with prolonged action, such as NPH mﬂg‘“v
Lente msulin, protamine zinc msulin or Globmn msulm Un
90
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modified msulin, esther regular or erystalline msulin 1s com-
monly used as an additional or supplementary dose when a
quick and powerful action 1s needed This 1s particularly
true m emergencies and dunng complications and i cer
tan labile patients mn whom the requirement of msuln
changes rapidly Regular or crystalline msubn will be able
to balance evogenous carbohydrate while protamne zmne
wsulm is much slower than crystalline zinc 1nsuln 1 con
troling considerable amounts of carbohydrate taken by
mouth Protamine zinc wnsulin, therefore, does not protect !
the patient agamst hyperglycema and glycosuna occurring
especrally after meals A single dose of protamme znc
insulin will 1n a fasting person produce a steady declme n
the blood sugar level However, when the effect of three
meals 15 added, the hyperglycemia 15 frequently not con
trolled The blood sugar Jevel may be low in the fasting
state but 1t 1s igher after breakfast and lunch because
protamine zine wmsulin releases slowly Protamine zinc acts
longer than 24 hours, and therefore the patient may have on
the second day the effects of the dose taken 24 hours previ
ously and the dose taken on that morming This overlapping
effect 15 the 1mportant feature of protamine zinc msuln

Our expenence has been that patients who have mild or
moderate diabetes, particularly in middle Lfe, usually do well
with protamine zine mnsulin’ alone provided their insulin
Tequirement 1s not more than 20 to 30 umts However, 1n
severe cases requinng larger doses usually protamne zinc
wnsulin requures supplementary doses of regular mnsulin

The use of muxtures of regular or crystalline msulin and
Protamine zine ansulin to obtan an intermediate effect 15
Justified 1n patients requinng 40 umts or more daily and 1
Patients who would otherwise require multiple injections
The muxture of two parts quick acting insulin and one part
Protamine 2inc nsulin can be made by the patient or the
doctor and 15 now available Hower er, at present NPH in.

7
£
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sul, Lente msulm or Globmn msulin as well as the mixture
are suffierently powerful fo cover the postprandial hypergly-
cemua of the daytime

Immediate use of msuln 15 urged 1n early cases of diabetes
with glycosuna and hyperglycemia in order to protect
the pancreas and to improve carbohydrate tolerance as
rapidly as possible It 15 urgently needed m patients who are
obviously sick and suffering from typical diabetic symptoms
of thurst, dehydration and loss of weight It 1s always needed
m the presence of ketosss and usually n the mtercurrent
complicated disease, sepsis, gangrene or hyperthyroidism

We prefer to use msulm immediately m patients who
come to the office with newly discovered glycosuma and
hyperglycerma, or even 1 old patients who come m with
such unregulated drabetes even though they have gone on
for years without any Unless one immediately begms the
use of msulin, the patient does not realize that the doctor
15 takmg his condition seriously If the condition 1s really
serious, then in the patient s mmd wsulin should be begun
If the doctor delays, 1t means esther that the doctor i vn
certam or else that the condition 1s not really as urgent as
1t seems Today at 15 obvious that one of the important rea
sons for the falure to control diabetes and the fasture of
patients to take their condition and 1its treatment more
sertously 1s the fact that in the early stages of diabetes doc-
tors are prone to mmumze the senousness of the condion
1n order to reassure the patient Actually, diabetic patents
need to learn soon after the onset that diabetes 15 a senos,
chrontc disease which 15 not gong to be termmated like
a cold m the head or some other acute illness, secondly, 1S
treatment 15 for Iife, thirdly, that if treatment 15 carmed on
farthfully, imp can be ted Many ﬂd“%t Paa
tients wathout any symptoms such as Joss of wezght, po i‘;ﬂn
or ocular complications 1 whom the dragnosis has ;
made only by the finding of hyperglycerma ‘and glycoszﬂur
under stress, as for ple n a glicose tes
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1 a test of blood sugar one hour after breakfast, may be
treated without msulin for long peniods Nevertheless, they
should never be told that they have been cured They
should understand from the onset that contmued medical
observation 15 essential and that blood sugar and urme tests
should be done one hour after a meal at least once a year
If such patients do not continue to be under control with
normal or nearly normal blood tests, then the use of insulin
should be begun If the unne does not become sugar free
soon after the nauguration of dietary treatment, the diet
will need within 48 hours further reduction 1 calone m-
tale and carbohydrate content or the use of msuln should
be begun
Whatever may be the plan of treatment with regard to
the use of msuli, the patient should collect the urme each
day and bring 1t or send 1t m for exammation Usually we
mstruct patients to test the urne before each meal and
then save the urine m a 24 hour amount Sometimes the
24 hour amount 1s not collected ngdly 1n patients who are
undergomg treatment at home, but 1t 15 an absolute rule n
the New England Deaconess Hospital that all patients
with diabetes or suspected of having dubetes shall have a
24 hour urine amount collected each day, the sugar tested
and quantitated so that the percentage of sugar excreted
13 known and the total amount of sugar 1 grams 1s charted
In many paticnts, the unne will not become sugar free
with the small imitial doses of perhaps 5-10 units of NPH
fnsulin which are used In that event, each day the msulin
dose may be increased by 5 units In some patients 1n whom
e urine tests before each meal continue to show Inrge
amounts of sugar, small doses of NPH or Lente insulin cin
gven before the evening meal as well as before the
breakfast meal It is important to realize that some diabetic
Patients may be sensitive to msulin at the onset of treat-
ment It is extremely important to realize that small ehal-
dren, 1.5y cars of age, may be so sensitrve that insulin should
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‘//' rarely be given m more than 5 or 10 units at a time Yndeed
as a working rule, 5 umts at 1 year of age, 10 unts at §
years of age, and 20 units at 10 years of age m newly ds
covered diabetes without ketosis 1s safe Serious hypo-
glycemia may be produced if such small children ate given
doses of 20, 30 or 40 umits at a time On the other hand 1
patients with diabetes of long standing who prove to be
resistant to msulin, either because of accompanymng mfec-
tions, obesity, or the long duration of severe dabetes, the
dose which may have been begun with 5 or 10 umts may
need withm 24 howrs rapidly to be mereased to 25, 50 or
100 umits Here 1t 1s that the close followmg of every unne
specimen and constant watching of the patient 15 of basic
importance

On the first visit when msulin 15 to be used, the patient
must be mstructed by the office nurse or an office secretary,
who has recewved special traming in these techmques, o use
msuln  Ordmanly, the patient is mstructed to obtam 2
vial of msulin of U40 ation The appropriate sy
mges are graduated mn units or fractions of a cubic oo
timeter At present, the socalled American Dubetes
Association syringes are much used The patient reguues
cotton and a bottle of Iso propyl alcohol When convenient
the first few doses of nsulin may well be administered by
the doctor hamself or an office nurse As soon as possible the
patient or a ber of hus household, prefersbly both
should learn to measure the dose 1 umts and to gwe the
mjection with special care for cleanlness, asepss and ﬁ;e
avordance of frequent mjections m the same arez In Table
17 are given directions which we give to patients ot the

Deaconess Hospital and at our office

Dosage

Mild diabetis may frequently be
single dose of msulm given before
treatment may be begun with small doses of 5 umts,

controlled with 2
breakfast Although
it may
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be wmereased 3-5 units every day or two and some patients
may require a second dose before supper or a rapidly m-
creased dosage Thus, patients who have glycosunia m all
spectmens must have their nsulin dose steadily increased
5-10 umits at a dose unhl 1o the first few days they may
be taking as much as 10 20 umts three times a day Usually
by that tume, the situation may have changed so that the
patient who has been taking 20 umts of NPH or Lente
insulin before breakfast will now be found to be sugar free
in the aftemoon and the evemng dose can be omtted
Within 2 few days thereafter, the noon dose may also be
omitted, particularly 1f one adds to the morming dose of
Lente insuln or NPH msuln a mixture of 5-10 umits of

regular mnsuln
TABLE 17

InsTRUCTIONS TO THE PATIENT
FOr GrviNG INSULIN SUBCUTANEOUSLY

1 Sterikzgtion Wash the hands thoroughly wath soap and water
Place the cylinder and piston of the synnge separately the needle
and an empty 4 ounce bottle or a covered dish on a clean piece of
cloth in the bottom of a pan Cover completely with cold water
beat to botling and let boxl for § minutes Pour off the water, beng
careful not to touch anything 1n dish, and allow to cool by standing
Then place bottle or dish on table and £1l with 150-propyl alcohol
Pick up cybinder of syringe Pack up piston carefully by knob at ex
treme end and put into cybnder Pick up needle by butt and place
on synnge, pressing down hard and turming a little to left or nght
to insure tightness Then place syringe with needle attached 1nto
4 ounce bottle of alcohol or cover the synnge and necdles unattached
in the dish wath alcohol
Tty P v e w0 weeks

. 11 of alcohol
'
» of aleohol
by pulling pistan back and forth
Faint the top of the nsulin bottle with alcoho!
2 Loading Draw the piston so that the synnge contans as much air
2 the amount of insulin peeded.
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Push the needle cautionsly but frmly through the exact center of
the rublier cap push the piston down  expelling arr mto the bottle
mvert the bottle then withdraw as much msulin as deswed If ar
bubbles are present holding synnge and needle point upward, expel
awsulin wnto bottle and slowly again withdraw the destred amount
8 Imecton Use nght leg or arm one day and left the next diy
Divide skin of thighs and arms wto four rows Imect along these at
one mch intervals using the same pomnt not more often than once a

onth -

Having decided on the site for imjection, starting m the center m
a crcular motron clean gently an area as large as a 25 cent piece
with 150 propyl or rubbing alcohol

Pick up a fold of the skin between the thumb and forefinger of
the left hand and wth the syninge held at a forty five degree angle
to the skin push the needle quickly and firmly crosswise mnto the
fold nearly up to the butt Then release the fold and steady the

needle by its butt
Torce the insulin gradually out of the syrmge with thumb Cover
area of mjection with alcohol sponge Pull out needle Agam wash

of
If the msulm has been given too close to the upper layers of the
skin a white bhster ltke elevation will appear

4 Cleaning up Rumse the synnge and needle i the aleohol mn the 4
ounce bottle by pulling alcohol up mto eylinder of synnge at Ie:\;ft
two tunes Leave mn alcohol ready for next myection of msuln
covered dish 15 used rnse synnge and needles with cold water be-
fore placing m dish

MEeTHODS OF MANAGEMENT

Protamine Zinc Insulin

The best time for the admmstration of protamune 21¢
msulin 15 before breakfast m the mormng Ths 15 troe
whether the mjection 1s tccompanted by the use of regular
or unmodified mwsuln or not Careful observation of the Elii
tient with laboratory tests of blood sugar levels sho
be secured It 1s important to remember that with prolam;:
zine msulin a period of several days may pass before b
full effect of protamme zine msulin 1s obtamned This ulm
part dne ta the grolonged action of protamine zm¢ msum
and the overlapping of one day s dose with that of thesn
Durmg the penod of adjustment to protamme zinc 15
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usvally supplementary doses of regular mnsulin at noon or
before supper may be necessary if the glycosuna 1s to be
brought under control If doses of protamne insulin are 1
creased too rapudly 1t 1s easy to produce serious hypo-
glycema It should be emphasized repeatedly that in
many patients particularly those who have been usmg
regular msulin for a period of years the tume required for
best results with protamine zinc insulin may be prolonged
from a few weehs to several months

In some severe patients the mjection of regular or un
modified insulin 1s necessary before the evening meal or at
bedtime to prevent excessie nises 1n blood sugar levels
during the late mght When protamine zinc wsuln 15 given
before supper or 1n the evening a small dose 1s requured ap
proumately equal to the number of umts of regular insukn
which might be given at that time If glycosuna continues
the dose may have to be mcreased This method of grving
protamine zine insulin twice a day has been very rarely
used in this clinic

Protamme zine msulin 15 effective 1n begmning the treat
ment of new cases of uncomplicated diabetes A dose of 10
units which 15 to be increased by § or 10 umts each day or
50 is commonly employed The dose may be mereased each
day unti] the total reaches 30 or 40 umts If glycosuria per
sists particularly after meals a separate mjection of regular
insulin may be gnen before brealfast at the same time as
protamine insulin begmning at 5 umts and increasing per
haps by 85 umits each day It 1s seldom necessary to give
supplementary doses of more than 20 units or with protamine
anc msulin execeding 50 umts When the protamme zinc
fasulin dose exceeds 50 umts 1t usually 1s advantageous to
Enea supplementary dose of regular insubin at the same time

the morming

In cases proviously treated with msuln for Jong penods
e substitution for protamne zinc msulin may be made by
Eving one daily injection of protamme zine mnsulin equal
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v

to about four fifths of the total number of umts previously
AJ'equm?cl m three or four mjections If glycosuna persits
m the late moming or early afternoon changmg the exer
asse or food itake may be mdicated Better still a supple
mentary dose of 510 umts of unmodified msulm may be
added Agam the dose of protarmne msulin 1s regulated with
the amount of sugar m the urine obtamed upon nsing m
the morning or, better still, the second specimen one-half
hour later or by the blood sugar test In contrast the dose
of unmodified or regular msultn 15 usually adjusted accord
mg to the amount of sugar m the late mormmg or eatly
afternoon specimen
The amount of protamme zme msulin required 15 nsually
; about two thirds the number of units of the patients former
daily dose of regular insuln In the first few days of change
1t may be necessary to contuue small doses of the regular
msulm until the more prolonged action of protamne zme 1
sulm has become well established

INSULIN AND PrOTAMINE ZING MIXTURES

The majonity of adult diabetic patients of short duratios
can be controlled by unmodified nsulin 1f enough doses 3t
@wen or by smgle doses of protamine zme msubn Lfdthe

Jtotal msuln requirement is less than 80-50 wmits a 3};
Varwous types of dietary planaing have been used 10 adj“sf
g patients of the group who have more severe types ©
ciabetes Mixtures of regular and protamne zme 1S :
really permut a more specialized and mdnadualized trens
ment of each case smce the pattent may make such ruxiue
as are suttable to his own changmg condition These ex<er§
poraneous muxtures by earhier reporters soon after thie’rl&u
mimstration of protamme zinc msuln began bav(;\ g
employed pretty generally In the Joshn Chnre, su e
tures have been less and less used particularly smceo ’
introduction of NPH msulin and now of Lente msubn O
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&ifficulty with the mixture of nsulins 15 that for some pa-
tients no longer young, with eyesight which 15 not acute,
and with hands used to heavy manual labor, 1t 1s easy to
make errors The techmque for ming must be very care-
fully explained indmvidually to the patient Suppose the dose
15 to be 40 umits of regular msulin and 20 umts of protamine
zime msulin (2 1 mixture) This total of 60 umts might be
made from exther U40 or USO nsultn and from protamine
2 msulin contammng either U40 or USD strength 1t 15
better to use one 1on rather than conf: the
patient with two different strengths of msulin More and
more USD strength msulin is being employed When pos-
sible the bulk of the dosage should be reduced to 1 cc or
less Furst draw the clear msuln up to the 40 unmit mark
and then pull the plunger back so that with the needle
pointing upward there 15 as much air above the clear -
sulin as 15 equivalent to the umts of protamine zinc msubin
to complete the dose Then, msert the needle mto the rub-
ber cork of the protamine zme insulin bottle and force the
air nto the bottle Then withdraw the 20 units of protamme
zinc insuln needed It 1s mmportant to always withdraw
clear insulin first becnuse 1t will not matter if a hittle clear
insuhn enters the vial of protamine zinc msulin 1f, on the
other hand, a smll amount of protimine zine msulin gets
into the vial of regular nsulin, 1t will cause the clear msulin
ta become cloudy The practice with two used msulin vals
and under the coaching and observation of a nurse, will m
¢crease the patient’s confidence end his accuracy in tlus
techmque

Dictary Adjustments

When using p zinc suln 1 of the diet
i5 a factor of fundamental simportance Differences, however,
are inherent 1n the use of protamne zinc nsulm ' 7
of the fact that protamine zinc insulin cannot u.

¢ Peal, carboly drate load of diabetic digt, portses ™~
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the meals come farrly close together Difficulty may mot be
marked m mudd patients, but m more severe diabetie n
tients adpustments mn the diet may be necessary before re
arrangement accomphshes good control Protamme zme
msulin 15 more continuous 1 1ts action than regular fnsulin
Followmg mjection of protamune msulin the carbohydrate
w the meals should be reduced somewhat Thus, the
amount of carbohydrate 1n the breakfast may be reduced to
one fifth or even ong sixth of the total carbohydrate of the
day" Carbohydrate for Junch may be two fifths of the total
and of this two fifths, perhaps 10 15 grams should be guen
1 the form of 4 lunch at 10 30 or 11 80 am Stmlarly, the
supper carbohydrate may be two fifths of the total and
should include a bedtime lunch of perhaps 10-20 grams of
carbohydrate Often this bedtime Junch should melude the
protem 1n the form of cheese, smee the protem breakdown
which yields carbohydrate 1s more gradual and there Is
accordmngly, better protection agamst hypoglycetma dunng
the later hours of the night Methods for adjusting the deet
may be found on pages 57 64

Every case must be treated mdndually with parﬁﬁﬂﬂg
regard for the changing hours of work of the pabent 8o
particularly for the amount of muscular esercise necessal'};
A sugar free urne sp before breakfast p
by a normal blood sugar level 1s the objectve It makes un
necessary any mcrease m the dose of protamme zin¢
and usually will require a shight reduction m that dose p&:{
ticularly 1f the urme continues sugar free after the seg‘)fB
or third day Hypoglycerma clearly mdicates the need fof
revismg the dose or the diet

Methods of Management of NPH Insulin "
NPH msulin 15 best wjected before breakfast 1 :
morning  agamn with consideratron for individual m:m:éa
ment and planning In most mstances, & period of obse
-
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tion with laboratory tests including blood sugar and urme
examinations wall be necessary before successful adjustment
of the blood sugar level can be accomplished The amount
of insulm dosage, time of njection and the diet and exercise
will require direet, continuous medical supervision

In the new uncomplicated case, the dose of NPH insulin
may be 10 15 umts before breakfast in the mommg for
adults However, as wath all types of insulin it should be

bered that small children under 5 years of age are

extremely sensibive to insulin and usually dosages in their
cases will be 3-5 units unless hetosis 1s present The patient
already being treated wath protamine zine msubn or un-
modified msulin, one may begin with a dose contaning
fewer total umts than had been required Usually reduction
of approtimately-10-per_cent has.been found successful It
Is casy to substitute NPH nsulin for the 2 1 muxture of
fosulin and protamine zine 1nsulm since the activity of NPH
1nsulin really closely resembles such a mixture Exchangmg
tmit for umt {s wsually effective and no particular alteration
of the diet or general management 1s needed

Frequently, 1n some severe patients an addition to NPH
Insulin of quick acting insulin will be required Fortunately,
APIH insulin because of its crystallme composition does not
combine readily with added unmodified nsulin and, there-
fore, 2 musture of NPH insulin with regular msulin has the
same actimity as if the two doses had been injected sep-
arately VWith NPH msulin as with any insulin preparation,
the regulation of diet is of basic importance Each case
must be treated individually and the effect of dict, exeraise
and infections on the dosage required will need careful
study In certain severe cases, there may be 1n advantage
in prescnling a smaller brealfast and larger noon meal
just os is done wath protamine zinc insulin and globim in.
sulin In such fnstances the distribution of carboby drate food
fsusually 14, 35, and 2,

- gw MEDICAL
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Lente Insulin

Lente msulin, now avalable commercrally m the Unitec
States, has a duration of action which 1n most patients 1
about 24 hours and 1s simlar m ats action to NPH, Isophan
wmsulm



CIHAPTER V

HUYPOGLYCEMIA DUE TO THE
ADMINISTRATION OF INSULIN

Hypoglycerma due to the adminstration of mselin is of
great concern to students of diabetes In chuldhood 1t can
lead to failure 1 school social embarrassment and nter-
ference with athletic progress In adult Lfe 1t can restnct
cholces of occupation, require change of occupation lessen
manual shall, alter judgment Eventunlly 1t can lead to loss
of money, prestige or even to social disgrace Rarely 1t
leads to death In their efforts to avoid the sequelae of
hypoglycema diabetic patients tend to follow suboptimal
wsulin treatment

(@) Physwology

Hypoglycemta 1s the phystological end result of an impor
tant action of insuln the prevention of gluconeogenesis
The partial defense of the body agamst this 15 as follows
When the level of blood glucose falls to 60 mgs, adrenalin
stimulates the pitwitary to the further production of ACTH
and cortisone | g gl By a T
mechanism exercise appears to enhance the hypoglycemic
cffect of msulin Tt tends to wcrease the volume of distribu
tion of certan sugars and probably accelerates the hexo-
hinase system Inherent conditions preventing the absorp-
ton of sugar, or preventing the formation of glycogen or
gluconcogenesis as well as sudden removal of diabetogenie

substances wall precipitate hypoglycemia in the diabetic
recenning wnsulin therapy

103
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(b) Disturbed Chemistry

In addition to low levels of blood glucose, 60 mg or
below, other changes chemistry are observed The non
protein nirogen and caleium of the blood are low Potas-
stm, phosphorus and sodium may be elevated In severe
prolonged hypoglycema, potassium Jevels fall sodum and
chloride levels may rise to abnormally hugh degrees The
electrocardiogram shows T waves to be low or flat, QRS to
be broad Extrasystoles, aunicular fibnilation and prolongs
dion of the PR interval occur The electroencephalogram
shows preponderance of slow waves The spmal fld shows
ancreased pressure and duntnished sugar content The white
blood count may be moderately elevated with a relatne
Tymphocytosis and depression of eosmmophules The respira
tory quotient may be low

{¢) Pathology

Hypoglycemic encephalopathy 1s a gnized pathologt
cal entity Diffuse cortical destruction 1s reported, as wel
as degeneration 1n gha cells, ganglon cells, edems, ex
travasation of blood and actual hemorrhages

(d) Etwlogy

The clmeal cause of msulin hypoglycemta 1s an actus! of
relative overdose of msuln Thus the usual and unus
chimeal canses melode (1) an overdose of smsulm to anf
icipate extra food, (2) a mustake m the measuremenldo
insulin (3) delayed time of a meal or a snack, {4) mﬁ;‘
quate food mtake, (5) unusual evercise, (6) change 1 ¢
site of mjection of msulin These are the common €xtrs
made by the patient Those for which the 1)‘\)'5\@‘3“:
responsible are (1) overestimation of the nesds of the n'; .
patient, (2) failure to anticipate improvefient, as 10 :
expected 1 m ¢} or foll g the carrecﬂor
of such diabetogenie states as hyperthyroidism, Letosts O

2
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ection, and (8) such superimposed states as gastro-

I upsets, k early y, anxety, Ad-

%uons disease, Simond s discase, tuberculosts and diabetic
ephropathy

(¢) Symptoms ./

The symp of msulin hypogly are those of dis-
turbed function of the entire nervous system The carhest/
ones are due to stimulation of the sympathetic nervous sysd
tem and are cardiac and muscular in type They nclude
increased activity of the sweat glands, gastric glands and
are associated with parasthesias Thus, the blood pressure
falls, the pulse 15 slow, tremors are present There will be
muscle weakness, sweating and excesstve hunger With the
administration of simple forms of treatment, the nsulin
Teaction is usually controlled at this level If the condition
progresses, the central pervous system becomes msolsed
The symptoms may be cortico spinal, including hallucina-
tons, apraxia, amnesia, aphasm, clome and tome cramps,
convulsions of the Jacksoman type, posive Babinsh, loss
of reflexes, incontinence, double vision and mono- and para-
plegias Stnothalmic losions are observed mn which the
behavior becomes akinetic or hyperhanetic There may be
chonoform motion, loud
cenying and laughing The bulbopontine - lestons wnclude slow
pupillary reaction, mask Like expression and dufficult speech
Tho central vegetatne symptoms meclude fuctuations o
temperature, fall to low le\cls and subsequently a rise td
hight f. collapse and ten’
porarv blind Psychical festttions also occur They
my be stupor, catatoma, dementia, psychoses, hystena,
anuety and depresston

(f) Signs

The signs of hypoglycem are most commonly pallor,
occasionally flushed skin, sweating although the skin may

? o~
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also be dry, nise of blaod pressure, the full bounding pulss
and the positve neurclogical findings The danger signals
of parasympathetic mvolvement mclude coma, shallow res
puation, tremendous slowing of the heart, pale sk con
tracted pupils without reaction, sweating, sub normal tem
perature, loss of corneal reflex and loss of other refleses

The diagnos:s of hypoglycemza 1s made upon the level of
blood glucose, namely 60 mg or below Although the ma
jonty of these severe cases will respond to the administra
tion of glucose mtravenously, hypoglycemra cannot be
ruled out if the patient fails to make a rapid and satsfac-
tory immediate response The urme 15 often musleadmg,
especially if 1t 15 the first voided specimen

(g) Preventive Treatment

Prevention of hypoglycemia 15 sought m two ways, by
anticipatory meals and careful regulation of the daly dose
of msuln  Smce the maxmum fall of blood sugar when
regular nsulin 1s used 15 some three hours after admi-
istration, a snack consistng of 10 to 15 grams of carbo
hydrate 1s prescibed wathin the third hour followng the
mjection of this msuln With Globm, NPH, Lente and the
common 2 1 mixtures of protamine and regular msulm the
mavmum fall of blood sugar 15 some eight hours after 2d
mmmstration so that such patients require a snack approt!
mately seven hours after the admustration of msulm, ;ﬁ"b‘
usually m the form of 10 to 15 grams of carbohydrate Thos,
+f msulm 15 grven at 8 o'clock in the morning, users of regﬂt
lar insolm should recerve 10-15 grams of carbohydrate tl
11 o'clock Users of the mtermedsate acting msulins Sho“lt
recewve a snack containng 10-15 grams of carbohydrate 2
8 80 o'clock. When protamme zmc msulin 15 used“, m the
unmixed form, the fall of blood sugar 1s some 12 to 24 hﬁ\;f;
after admimustration, so an adequate bedtime snack o bt
grams of carbohydrate 1 xecommended When the seco
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of two soided specimens can be obtained, the pre-breakfast
test becomes the gude for the morning dose of protammne
aine, globin, NPH or Lente wsehins The pre lunch test be-
comes the gude for changing the dose of reguiar msuhn

used m comk with the diate acting sl If
a bedume dose of mtermediate acting insulin 15 necessxey,
then the pre breakfast test the gmide for 2

or decreasig the bedtime dose The pre Junch test remasn:
the gude for the changes m rapidly acting tnsubin and the
pre supper tost | the gude for cb the dose of
the maming termediate acting insubin In ke manner,
regular fnsubn should be reduced sf a rerction occurs w
the morning between breakfast and lunch ¥ a reaction
occurs in the late afternoon the itermediate actmg wsulin
should be reduced by 4-8 wnits or if the reaction occurs
during the mght the Jong acting msultn should be reduced
Sumlarly, antscspation of glycosuna rather than aits correc.
tion when long acting wsulins are used prevents much un-
necessary hypoglycemia

{h} Use of Anticonvulsant Drugs

Antwonvulsant drugs are recommended for patients whe
show el phalographic changes with petit
mal, grand mal or psychomotor behassor and also for those
patients who show slowing of the waves under such physic
ological stress as over breathing. These may be phenobarhy
tal, dilantin, diamox, mesantoin trdione or meberal

{1} Treatment

The treatment of hypoglycemia consists of the aral ad-
ministration of carbohvdrate-contmmng substances 3f the
Ptient & conscious Orange puice, Coca Cola or actual sugar
my be employed The earher the carbohydrate is taken,
the smaller will be the amount necessary to control the
symptoms 1 the patient s unconscious, a member of the
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family may admuister a small quauntity of adrenaln chlonde
13000 solution, 3o of 2 cc for 2 small child, up to 3y of
a cc for an adult and this may be repeated 1n 15 mmutes.
There 15 also some evidence that the admunstration of g
cose by rectum in the presence of hypoglycerma is effectve
‘The physician’s first choice, however, 1s the admumistration
of glucose travenously m the form of a 50 per cent sofu
tion Twenty cc of a 50 per cent solution of glucose 18
usually adequate, but more glucose may be required

(3) Treatment of Paticnt with Prolonged
Unconsciousness

If the patient has been unconscious for many hours, or
if convulsions have been present, then the followmg pro-
gram 1s recommended mtravenous glucose in the form of 8
constant vena-clysss, for a ¢hild or small adult, 150 grams of
glucose durng 24 hours, for an average szed adult, 800
grams 1n 24 hours To this solution 2% to 5 cc of adrenalin
chlonide may be added Anticonvulsant drugs may be ad
muustered m the form of sodwm luminal intramusculady of
dilantin by stomach tube A transfusion of fresh whole
blood, cortisone, suction, airway, and oxygen may be used
as mdicated The electrolyte pattem should be followed
carefully because with central nervous system damage, the
potassium may fall and the sodwm and chlonde rise to
tremendously high Jevels A solution of £0 per cent dem;
contaming 2 grams of hydrogen potassium phasphate an
2 gram of dihydrogen potassum phosphate per bter hl“:
also been recommended to prevent this possible distur
ance m electrolyte pattern

(R} Identification

All drabetic patients taking msulin should have 1dentifica-
tion 1 the form of cards, bracelets or lockets giving not 02¥
names and addresses, but also the diagnosis of diabetes
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(1) Prognosts, Immediate and Remote

The prognosis is always good, if treatment is prompt
Among patients with prolonged unconsciousness, it 1s
the custom of the authors to withhold a poor prognosis
for complete recovery until a period of 6 wecks has elapsed.
When fatalities occur following hypoglycema, the most
common climcal error has been the admmstration of
insulin, even a relatively small dose, during the episodes
of hypoglycemic Insulin 1s ad-
ministered by the family and sometimes by the attending
physician  Possible remote complications of hypoglycemia
include lesions of the nervous system, heart, retina and
kidrey

(m) Differential Diagnosis

")‘pog]}ccmm must be duff d from & d
epilepsy, alcol and cerel . 1d Electro-
encephalograms, levels for blood sugar and samples of blood
or expired air tested for alcohol will differentiate the first
!Ihslrcc. tume will usually gne satisfactory evidence of the

t.




CHAPTER VI

INSULIN RESISTANCE

The term msulin resistance” has been used m reports of
many mndividuals 1 whom excesswvely large amounts of
msulin have been required for treatment of diabetes or
other purposes The existence of diabetes 15 not a pre-
requisite for resistance since 1t 15 well known that m the
msulin treatment of schizophrenta certam patients require
mcreasingly large doses of msulm to produce the hypo-
glycemic coma desired A defimition of msulin resistance m
terms of wsulin dosage 15 not easy If 1t 1s remembered that
m human bemngs m whom the pancreas 1s removed the
amount of msulin requured usually 1s only 40 60 units a day,
then 1t might be considered that any daily dosage of msulin
required by diabetic patients in excess of this amount repre

sented some degree of resistance However, mn recent years,
1t has become somewhat customary to use the term “mnsulm
resistance chiefly for diabetic patients who without ketosis
or after periods of ifection, require over 200 umts of msulin
datly when on a standard diabetic diet and at normal ac

tvity

A large group of patients have requured huge amounts of
msulm for recovery from emergency conditions such as dia

betic acdosis and coma, or during such conditions as my0

cardial mfarction Such patents have usually returne to
therr usual levels of msulin dosage followmg recovery from
such processes Cases of diabetic coma requung from 1000
to 5000 umits of msuln durnng a penod of 24 hours have
not been too rare Masswve doses of 20 000 to 60 000 unts in
24 hour periods have been used under exceptional creum

110



INSULIN RESISTANCE 111

stances 1n patients with diabetic acidosis or myocardial
infarction In such patients the presence of such compleat-
ing conditions has not been recognized durng thewr life but
found only at autopsy

Among 20 insulin resistant patients seen at the New Lng-
land Deaconess Hospital the ages vaned from 12 years to
73 years, only £ cases were under 20 years of age, so that
wsuln resistance 15 comparatively rarc m young patients
The duration of diabetes may vary from a period of days
to as much as 21 years In many of the patients with msulin
resistance, no complicating condstion can be found to ex-
plain the resistance

Factors responsible for msubin have been classi
fied as follows

1 Alterations 1n the functional mtegrity and innate char-
actenisties of the tissues which contnibute sugar to and re-
move sugtr from the blood as m cases of hemochromatosis
and other Iner diseases

2 Alterations in the cellular enzyme systems which cata
yze the cham of reactions mnvolved mn the formation and
disappearince of glucose

8 Varlations i activity of the regulators of tissue func.
tions, the endocrine system and the central nenvous svstem
Under this headmg were included paticnts in whom an
cxcess of contra insulin hormones occurred as 1s found m
patients with pitwitary hyperfunction, acromegalv, Cush-
ings syndrome, mmd brain cyst, hyperthyroidism and pheo-
chromocytoma Also would be meladed under this clissie
fication patients who might be considered to hase an
wmsufliciency of the insuhin because of delaved absorption,
immunologic inactivation or neutralization or mfections with
possible ansubin inhibition or destruction

Insulin resistance has in some cascs been related to the
development of antibodics and the degree of resstance
marallels their concentration Although tnsulin is a poor an-
tigen, in some patients, particularly where infert
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present, the anttbody mechanism 1s altered In one of our
patients with msulin resistance, the patient, an elderdy
Jewish woman, had formerly required only 10 umts of m
subm  Without any complication whatsoever msulm resist
ance developed At the time of observation she was taking
1500 units a day There were marked msulm atrophies not
only at the sites where her msulin had been mjected but
also m the breasts where no previous mjection of wsulin
had been made The msulin requirement had nisen steadily
It was found that when a moderate dose of msulin was
given by vem 1t had a much more marked effect upon the
respiratory quotient than a dose several times that high
gwven under the skin ‘The susprcion was ratsed that there
might be some change 1 the process of absorption of m
sulm A spectal radio-active insulin compound with rodie
was prepared and admunstered to this patent together
with a group of patients acting as controls Using a Geiger
Counter, 1t was found that the rate at which msulin left the
site of injection was very slow 1 companson with the rate
observed 1 normal mdividuals and m diabetic patients
without resistance In her case, as i patients with fat hyper-
trophy mnsubin admumstration, the slow rate of absorption
of msulin seemed to be one factor although not perhaps the
only factor m her mnsulin resistance The use of human
msuln did not alter this patient’s msulmn requrement The
same number of umts was required to bring about 2 chang;
m blood sugar with human msulin as with msuln denve
from anmmal pancreas

In treatmeﬁt 1t 15 generally agreed that 1t 15 of vital m
portance to find that msulm dose, no matter what m{ sxz:s.
which 1s necessary for the mdividual and to furnish 1t for
long as necessary If this 1s done, barnng mmphcm‘:im'
there fs reasonable hope that msulin reststance will Lﬁ';}g‘;
ally dusappear The use of a preparation of msulin wil et
concentration up to 500 units per cc was beglu;) ;oxrqlirf)ugh
ago At present such preparations are available
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hospital dispensanes One fact which should not be forgot
ten is that the use of such high-concentration 1nsulin even
in dified forms is d by marked prolongation
of the duration of insulin action Thus, 1n some patients st
is possible to give a smgle dose of regular wsulin once daily
before breakfast and have the effect last throughout 21 or
more hours

Recently, cases have been desenbed, 1 which the pro-
gresshve development of wnsulin resistance has been accom
panied by mcrease in the serum concentration of globulin
The use of ACTH then was followed by a rapid reduction
In msulin requirement
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present the antibody mechanism s altered In one of our
patients with msulm resistance the pattent an elderly
Jewsh woman had formerly required only 10 umts of 1
sulin Without any complication whatsoever mnsuhn resist
ance developed At the time of observation she was taking
1500 vnits a day There were marked wasulin atrophues not
only at the sites where her insulin had been mjected but
also 1n the breasts where no previous njection of msuln
had been made The msulin requrement had risen steadily
It was found that when a moderate dose of msulm was
grven by vemn 2t had a much more marked effect upon the
respiratory quotient than a dose several times that high
gwen under the shin The suspicion was rawsed that there
mght be some change in the process of absorption of 1
sulin A spectal radio active msuln compound with 10dine
was prepared and admmmstered to this patient together
with a group of patients acting as controls Using a Geger
Counter 1t was found that the rate at which msuln left the
site of mjeetion was very slow an companson with the fate
observed 1 normal individuals and m diabetic patents
without resistance In her case as m patients wath fat hyper
trophy msuln admmstration the slow rate of absorphion
of insulin seemed to be one factor although not perhaps the
only factor m her msuln resistance ‘The use of human
msulin did not alter fhus patients wsuln requirement The
same number of untts was required to brng about a change
m blood sugar with human msulmn as with mnsuln demed
from ammal pancreas

In treatment 1t 15 generally agreed that 1t 1s of vital m
portance to find that msuln dose no matter What its sue
whch 15 necessary for the mdwidual and to furmsh 1t foras
long as necessary If thus 15 done barming chPhC”“"d“’
there 15 reasonable hope that msulm resistance wall g’; g‘;x
ally disappear The use of a preparation of msubie wath el
concentration up fo 500 units per cc Was begu.t;' }soutlgx)x;ugh
ago At present such preparations are avaiable
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bospital dispensarses One fact which should not be forgot
ten 15 that the use of such high-concentration nsulm even
in dified forms 1s panted by marhed prok
of the duration of insulin action Thus, 1 some patients 1t
is possible to give a single dose of regular 1mnsulin once dady
before breakfast and have the effect last throughout 24 or
more hours

Recently, eases have been descrbed, m which the pro-
gressve development of nsubin ressstance has been accom-
panied by 1nerease 1 the serum concentration of globulin
The use of ACTH then was followed by a rapid reduction
in insulin requirement




2 DIABETES MELLITUS

present, the anttbody mechanism 15 altered In one of our
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sulin Without any complication whatsoever msulin resist
ance developed At the tume of observation she was taking
1500 umts a day There were marked msultn atrophies not
only at the sites where her 1asubin had been myected but
also m the breasts where no previous mjecton of msuln
had been made The 1nsulin requirement had risen steadily
It was found that when a moderate dose of msuln was
given by vem 1t had a much more marked effect upon the
respiratory quotient than a dose several times that high
given under the skin The suspicion was raised that there
mght be some change m the process of absorphon of 1
sulin A special radio active msulin compound with 10dwe
was prepared and admuustered to this patient together
with a group of pattents acting as controls Using 2 Geger
Counter, 1t was found that the rate at which msulin Jeft the
site of mjection was very slow m comparison with the rate
observed 1 normal mdividuals and m diabetic patients
without resistance In her case, as i patients with fat hyper
trophy msulm admmstration, the slow rate of absorption
of msulin secemed to be one factor although not perhaps the
only factor m her msulm resistance The use of humaz
insulin did not alter this patient’s msulm requirement The
same number of umts was required to bring about a change
n blood sugar with human msulin as with msulin denved
{from ammal pancreas

In treatmeﬁt 1t 15 generally agreed that 1t 15 of vital m
portance to find that msulin dose, no matter what ltff size,
which 1s necessary for the individual and to furmsh it for na:
long as pecessary If thus 1s done, barmmg CDmPhcmod“’
thete 1s reasonable hope that msulin resistance will g; o
ally disappear The use of a preparation of mnsulin Wi elm
concentration up to 500 units per cc was begun Xscmt}irzugb
ago At present such preparations are available
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hospital dispensanes One fact which should not be forgot-
ten 15 that the use of such high-concentration insulin even
in Iified forms 15 panied by marked prol
of the duration of insulin action Thus, 1 some patients 1t
is possible to give a single dose of regular mnsulin once daidy
before breakfast and have the effect last throughout 24 or
more hours

Recently, cases have been described, m which the pro-
gressve development of insulin reswstance has been accom-
panied by 1ncrease in the serum concentration of globulin
The use of ACTH then was followed by a rapid reduction
in jnsulin requirement




CHAPTER VII

ORAL TREATMENT OF DIABETES
WITH SULFONAMIDES

The fact that sulfonamide derivatwes lower the blood
sugar levels has been frequently noted smce 1941 The
earlier compounds apparently were found too toxic for con
tinued chintcal use During 1955 reports appeared that two
among the many sulfonamde denvatives under mvestigz
tion had been used to reduce the blood sugar levels m
diabetic patients Information 1s available chiefly on carbu
tarmde (BZ-55) and the compound tolbutanude (Onnase)

‘These compounds, given orally or parenterally, produce a
drop m blood sugar levels The one feature which seems
necessary to brmg about this effect 1s the presence of a
sufficient number of 1slands of Langerhans to produce a
certain amount of msulin or else msuln given exogenously

Mode of Action The effects of the drug seem to be
multiple, but the major effect 15 apparently due to 3 stmu
lation of the slands of Langerhans to release or produce
msuln In ammals degranulation of the aslets may be pro-
duced within a few hours and after a prolunged pcnod of
mjections 1t has been reported that the size of the 1slands
has been measurably increased m ammals The queston
arises whether such long-continued stimulation of the 18
lands of Langerhans will be m a period of years beneficul

Other effects melude the posstbility that the rate of de
struction of msulin n the orgamsm 15 dimmshed

Results Our own expenence comcides wxltél t}he fflse‘:l::
ful chiefly m elderly p¥
of others 1n that the drug is usel ch:’; L)I’aw ead msuln for

with diabetes of short duration or Wi
114
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a relatively short period of time and who do not belong 1n
the insulm sensitive or “bnttle” class of diabetics The drug
has been very ineffective 1n juvemile diabetics and patients
with acidosis or other serious comphcations It has been
possible sn this selected group often to replace 10 to 50
units of msulin a day with tablets of BZ-55 or of Orinase
BZ55 (carbutarmde) seems more effectne gram for gram

Vcthods At present patients are sclected by means of 2
four hour test Insulin must be omtted for 48 hours and
the patient tested m the fasting state Then a fasting blood
sugar is determmed 3 grams of the drug given by mouth
and the blood sugar level determined four hours Iater
Patients who show a drop in blood sugar lesel of from
20 to 40 per cent or more 1n that period of time are usually
sensitine to the drug and wall do well upon treatment
Usually patients have been started with 2 grams of carbuta
mide or tolbutarmde per day and the dose gradually re
duced to as little as 1 gram per day

In our group of approximately 200 patients a third have
tecened the drug for periods exceeding four months Those
occasional patients elderly who have been apparently in
subn resistant have been able to decrease the insulin dose
from 200 umts to a much smaller dosc or even to gne it
up Tovic effects upon the shin consisting of rashes have

nrare Since msulin s a specific hormone essential in dia
betes its tadiseriminate substitution by sulforamides in cases
of acidosis {nsulin sensitive cases and youthful patients or
Datients with surgical plications might be d

Hypoglycemia may occur with svmptoms comparable to
those scen in the hyposly cemic reactions following the use
of Jong ncting fnsulim It must be remembered that traces
of these drugs my be found m the blood for penods up to
72 hours or even more after ingestion

Only time wall tell whether these drugs will aid n cor
Tecting the fupdamental disorder of ditbetes 1 appropri
ately seleeted crses as well as does insulin
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CHAPTER VIII

DIABETIC ACIDOSIS AND COMA

Introduction

Diabetic coma 15 the umque comphcition of dubetes re
sulting from 1nsulin deficiency and farlure of diabetic con
trol It does not oceur while drabetes 1s under good control
although the development of certam complications may
rapidly take the diabetes out of control. Although the word
“coma” umphes a state of unconsciousness, the patient who
1s developing diabetic hetosts may be 1n serious danger long
before he 15 unconscious and, therefore, the word drabetic
coma may well be used for early as well as the late stages

eaths from coma have been greatly reduced but may stg}
actuy

eglect In recent years hypokalemia® has been recognized
as a lethal complication occurring during ketosis and 1n the
course of treatment Fortunately, 1t 1s readily detected and
appropnate treatment may be given Diabetic coma due 0
Letosis 15 (1) always an emergency, (2) always remediable
of treated early and adequately, and (3) preventable

Nature of Dibetic Acidosis and Coma

Diabetic ketosis tesults from an 1ntoxtcation caused by
the accumulation of excess products of mtermediary protes
and fat metabolsm dependent upon insulm deficiency
Drowsmess and coma represent the reaction of the bram 10
the Letosts, dehydration, acidosts and mineral deplem;n .

Common etologic factors are (1) msufficient msuha o

© Potassium is present 1 normal sersm In concentrations of 3843 m

Eq per hter (148 168 mg per 100 cc )
116
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omison of insulin, {2) infections compheations, (8) re-
sistance to Insulin action, (4) anesthes:a, shoek, (5) vomt-
ing and diarthea from any cause, (G) thyrotoucosis, (7)
pregr and of p In our expenence,
dictary enrdrs are the most frequent among the ctiologic
factors in the development of ketosis Gross dictary evcess
with increased hyperglycemia and glyeosuria, like the omus-
sion of insulin, Ieads to ketosts

With insuffiesent nsubin dosage, especnally in the presence
of infection, a rapid nisc in the blood sugar level and glyco-
surla occur Loss of calories due to the faulty carbohydrate

til imul ilization and utilization of

t the
protein and fat The depot fat 15 mobulized, fatty acids are
transported to the Iiner where conversion to ketone bodies
takes place Since 1t 15 not possible for fatty acids and ke-
tone bodies to replace completely the calone defi m-
posed by impawred carbohydrate utilization, the tissue needs
are never satisfied and the stimulation for increased fat and
protein utilization is continued 1n spite of the overabundant
supply of this source of cnergy As the metabolites of pro-
tein and fat combustion are formed in excess of the capacity
10 use them, the blood level mcreases and finally exceeds
the renal threshold The serum bicarbonate level falls as

e combines with the acid metabolites and large quanti
ties of fixed base, particularly sodium and potassium, are
fost in the urine with the acid end products The loss of this
fixed base results fn acidosis and dehs dration

Acttone Is the first of the hetone bodies to be found in
the urine followmng its formation from aceto-acctic acid As
the Letosis increases, diacetic acid ftself and fin1lly betr-
hydrorybutync acid appear With impairment of renal fune-
tion large quantitics of the acid metabolites m1y accumulate
in the serum, cven though no large quantitics of these sub-
stances are found in the unne In carly stages the amount
of total Letone bodles in the blood plasma may be onlv 9%
%0 50 mz per 100 ¢, but in patients who have reached
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stage of unconsciousness, usually the values will be from
100 to 200 mg per 100 cc A rough qualitatve test for
acetone m the serum, described on page 337 gives bedside
aid 1 interpreting the degree of Letonemta

Signs and Symptoms

The early symptoms of ketosis may be mdefimte, deludmng
patient and physician The patient may not appear gravely
111 The complamts of constipation, abdominal pam or head
ache, nausea or loss of weight may not suggest to the patient
the early development of diabetse ketosis unless he has this
early stage clearly m mind However, the urme will show 2
positive test for sugar and ketone bodies and blood sugar
tests will be confirmative

The patient nearing unconsciousness or actually m comd
appears desperately 1ll A rapid pulse and a fallng blood
pressure, together with marked dryness of the skin and
Imucous membranes are evident The cheeks may be flushed
air hunger 15 shown by the mncreased rate and the depth of
resprration Kussmaul breathing 1s most striking because of
the force and depth of the respiratory movements and the
extreme weakness and mdeed flaceidity of the patient Oc-
casionally patients n diabetic coma are active and thrashing
about 1n bed, but exhaustion 1s more frequent The replace
ment of the deep respiation of air hunger by feeble, rapid
and gasping respration 1s an mdication of the stage of ex
haustion and always ommous The sweetish odor of acetene
on the breath may easily be recognized by some, but uo‘t::
easly recogmzed by others The general dryness of the skis,

the awllae, the grom, the palms, the tongue a?ih th(:i eshgyf!
ortance as a characteristic of ihe
eyeballs are of wmpor et o ecatng

dration of diabetic ketosis m contrast o
of the skm 1 conditions such as msulm hypoglycems
shock from other conditions

Heart sounds may be feeble and distant, respuratory mur
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mur may be shightly amphonic and this quality may be
recognized even before the depth of respiration 15 obvious
{Estremities are cold and the body temperature 15 usually
subnormal In patients who have had such an snfection as
pneumona, the development of severe hetosis may reduce
the temperature to subnhormal and yet within a few hours
after the control of the acidosts, the fever will return The
presence of fever 1n a ketohic patient imdicates some nfec-
ton The tenderness and ngidity sometimes seen in the ab-
domen together with marked leukocytosis and vomiting may
lead to diagnostic diffieculty This finding 1n some paticats
has been so extreme that operation has been performed wath
a pre-operative diagnosss of perforated viscus, spreading
pentonttis or pancreatins When actual doubt exists 1t may
be safer in diabetic ketosis to perform an unnecessary oper-
wion than to 1w the 1isk of missing m acute appendietis

Reflexes tend to be sluggish or absent Sometimes the re-
fiexes have been present on admussion, but with the develop-
ment of hypokalemua their disappearance may be an im-
portant clue to the diagnosis Frequently the lack of an
adequate hustory in the case of an unconscious patient or a
patient who has not been under the observation of fnends
of the farmly male it casy to overlook preumoma Otitis
media and other infections such as furuncles, carbuncles,
prelonephintis, gangrene or sep are among the com
pheations which may easily precipitate hetoss

l?xﬁcrcnl[nl Dragnosis

Conditions which mny he confused with diabetic coma,
especially in the patient who 1s known to have dinbetes are
an intrsernial hemorrhage, uremia and severe insulin reac-
tions Trauma to the head, drug poisomng, menngitis or
brun tumor deserve speenl consideration sinee gl cosuria {s
frequently a result of these condations
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a.) Hypoglycema .
Perhaps one of the most fatal errors 1 wternal medicme
1s that of giving msulin to a patient who already has hypo-
glycemta Patients 1n hypoglycemia are not aly ays sweating
or mowst Their mental behavior may be of many patterns

TABLE 18

Drrrerenian Duagvosts 1v HYPoGLYcEstrA awp Draserre Coxa

Hypoglycemsa

Duabetsc Coma

History Insuffieseat food, excess msulin,

excess exercise

Onset: Following short-zeting msuln
Suddenly, & few hours after m

Jection

Followming long acting 1msulin
Relatively slower, many hours
after injection

Anxiety, sweating, hunger, head-
ache, diplopta 1ncoorduation,
twitching  convulsions, coma
(Headache nausea and hazinesy
especially following long acting
wnsulin)

Course

Physzical
findings

Becond urne spectmen sugar
and ketone-free Jow blood sugar,
normal gerym COy

Laboratory
findings

tone
Tow eerura CO:

Insufficient 1msulin mfection
gastrotntestinal upset

Blow bours or days

Polyuria polydipsia anoreus,
nau’s"el:va};::ung labored deep
breathing weakness drows
ness possibly fever and b
domunal pan, coma

TR ST R |

Unine contains sugar and he-
bodses, bigh blood sugar

A unne specimen obtamed by catheter should be sugar free

but the unne thus obtained may

lo the bladder A blood sugar test 1s essent
Gmgaing by iabetic hetosss The most

distimguishing hypoglycerma from &

show sugar because 1t bas

al for

important pomts m dist

between
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due to hypoglycemia and to Letosis are present in Table 18
When in doubt, a small 2amount of glucose, nyected 1ntra
venously, 5-10 grams, often brings about rapid chiical im-
provement in patients with hypoglycemia If the hypogly-
cemia is due to protamine zine insubin, the patient mav agun
develop hypoglycemia 20-30 minutes later and require fur
ther treatment

b} Intracranial Hemorrhage in Diabetes

Tere the onsct of unconsciousness has been relatnely
sudden, although sometumes a hustory of severe headache
during the days preceding unconsciousness may be a Lttle
confusing Differences in seflexes, muscle tone and 1n muscle
contour may be helpful Again, the patient unconscious as
£ result of hemorrhage is not so markedly dehydrated The
skin is usually moust and the mtraocular tension is not de-
creased The blood pressure fs vanably clevated The spinal
Ouid may contmn pross blood The degree of unconscious
ness is very marked in contrast to the only moderate eleva
tion of the blood sugar when compared with the findings in
duabetic comn Little or no acctonuria or acctoncrma is pres
ent and the carbon dioxde-combming power of the blood
is not greatly depressed

¢.) Uremia in Diabetes

“The problem of diff ing uremua is L more
frequent today as more diabetic patients are to be found,
who because of uncontrolled diabetes for many years have
reached the stage of diabetic nephropatly When nf
retention and uremia develop in such patients nausea,
voutimg Letonuria and hetonemia may occur The cleva
tion of the blood sugar may cxeced 500 mg per cent De-
pression of the CO; content of the blood may be such as to
reach the level usually seen in diabetic ketosis Indeed, one
w3y be deabng with o mtuation in which both dibetic
wemla and diabetic coma are present Thus will require
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a ) Hypoglycema .
Perhaps one of the most fatal errors m mternal mediee
15 that of gsving msulm to a patient who already has hypo
glycemia Patients m hypoglycemia are not always swettng
or moist Their mental behavior may be of many pattems

TABLE 18
Dorrorenrian Dracrosss v HypooLycemta axp Dupere Coxa
Hypoglycemia Diabetrc Coma
History Insuffic ent food excess msulin | Ingufficient msulin infection
excess exerc se gastromntestinal upset
Onset TFollowing short-acting 1nsulin | Slow hours or days
Suddenly s few hours after n-
Jection

Following long geting nsulin
Relatively slower many hours
after injection

Couree Apxiety sweating hunger head | Polyuna polydips s anorens
ache diplopla 1ncoordmation |nauses vomting laboreddeep
twitching convuls ons  coma [breathing wesknes drows-
(Headache nausea and baziness |ness posmbly fever and ab-
especially followwng long acting | dommal pain coma

Flond dry sim Kussmaul

Physical | Pale maist skun full rapid pulse
i Tted oup 3 e breathing with acetone udﬂ,;
e

findings [dlated pupls normal breath

d ke
Lsboratory | Second urme specimen sugar § Ur ne conta ns sugar a0
findings | and ketone-free low blood sugar | tono bodies high blood sugs”
normal serum CO; tow serum COx

A urine specrmen obtaed by catheter should be sugat free

but the urne thus obtamed may show sugar because it hos
been long 1n the bladder A blood sugar test 1s essential f(:;
distmguishing hypoglycerma from diabetic ketosts The mo:
wnportant pomts m dist hing betweer
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due to hypoglycemia and to hetosis are present m Table 18
When m doubt, a small amount of glucose, mjected ntra
venously, 5-10 grams, aften bnings about rapid climcal 1m-
provement 1 patients with hypoglycema If the hypogly-
cerma s due to protamine zime insul, the patient may again
develop hypoglycerma 20-30 minutes later and require fur-
ther treatment

b) Intracramal Hemorrhage in Duobetes

Here the onset of unconsciousness has been relatwvely
sudden, although sometimes a hustory of severe headache
during the days precedmg unconsciousness may be a little
confustng Differences i reflexes, muscle tone and m muscle
contour may be helpful Again, the patient unconscious as
a result of hemorrhage 15 not so markedly dehydrated The
skin 15 usually moist and the mtraocular tension 1s not de-
creased The blood pressure 1s vanably elevated The spial
fud may contan gross blood The degree of unconscious-
ness 15 very marked 1n contrast to the only moderate eleva
tion of the blood sugar when compared with the findings 1n
diabetic coma Lattle or no acetonuna or acetonerma 1s pres-
ent and the carbon dioxide-combming power of the blood
is not greatly depressed

¢) Uremia 1n Digbetes

The problem of duff; ng uremma is b more
frequent today as more diabetic patients are to be found,
who because of uncontrolled diabetes for many years have
reached the stage of dubetic nephropathy When nitrogen
retention and uremia develop 1n such patients, nausea,
vomiting ketonuna and hetonerma may occur The eleva-
tion of the blood sugar may exceed 500 mg per cent De-
pression of the CO; content of the blood may be such as to
reach the level usually seen m duabetic ketosis Indeed, one
may be deahng with a situation m which both diabetic
uremiz2 and diabetic coma are present This will require
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careful estmation of the relative importance of the two
factors Diabette coma 1s usually accompaned by an m
crease m msubn resistance and will require rather large
doses of msulm On the other hand urema m diabetes,
while 1t may reqmre moderately increased msulin 1 not
accompanted usually by marked msulin resistance It will
be possible to make grave errors in gving too large doses of
msulin to such a patient In the non dizbetic patient with
uremia, no such difficulties will occur In the dibetic
patient who has uremza only, but no real ketosis as revealed
by the blood level for acetone, mcreased blood pressure,
cardiac enlargement, a typical uremic odor of the breath,
and the absence of acetone m blood and urine will be help-
ful

d ) Memngitis

Menmgitis wall be recogmzed through reflex changes &
stuff neck, the Kermgs sign, fever and the mcreased Jeuko-
cytosis m the cerebrospmal flud

e ) Brain Tumor

Bran tumor may also cause nausea and vomttmg of the
projectile type durnng some days before final unconscious
ness However, the lack of air hunger, the sluvgs_pulse and
usually changes m the eye grounds will Jead to the dwect
dragnosis

Prognosis

Death 1 the young diabetic patient has become sare
provided the diagnosts 1s made before the patient 15 anurce
and provided the patient does not have complications \!:
th T ble P 15 grave f an adult psml’n
has been completely unconscious for more than hbv]e;;
houss, if he 15 over 45 years of age and the systohe t?n
pressure 15 below 50 mm of mercury, if severe comph:ffaﬂg
nfections, or a perforated viscus, or peritomitis, or Tex
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ure with anuna 15 present, or if coronary mfarction 1s pres
ent High levels of sugar i the blood above 1000 mg per
100 ce and 2 CO- concentration of the blood below 8 mEq
are usually found m patients who have some severe com-
pheation The mortality ncreases m the aged The de-
gree and duration of unconsciousness are mmportant Thus,
m our patients at the Deaconess Hospital the mortal
1ty of patients profoundly unconscious was 35 per cent mn
the years prior to 1940 Since 1940, wath more aggressive
use of msulm and partrcularly with earlier use of insulin
through the cooperation of farmly doctors who have given
msulin at home before the patient’s arnval at the hospital,
the mortality 1 unconscious patients has fallen to 12 per
cent

Renal function 15 often a determming factor 1n the prog
nosis It 1s common tn have mitrogen retention with a non
Protein mitrogen value of 50 70 mg per 100 cc at the height
of diabetic ketosis However, values exceeding 100 mg are
distinetly more serious and particularly 1f due to serous
complicating renal disease such as chrome pyelonephntis
or chrome nephntis In patients with complete anuria last-
Ing more than 24 hours, the mortality rate may be expected
to exceed 50 per cent

Trestment (see p 276 for acidosis in childhood)

In Table 19 15 summanized an outhne of treatment which
we have found useful It 1s still true that m many nstances
the amount of msuln given 15 too small mn the early hours
of acidosis A patient developing or actually mn diabetic
coma needs msuhn mnmediately When mformation making
certam the diagnosis of diabetic acidosis 15 recerved over the
telephone, msulin m dosage varymg from 20 to 50 or even
100 units can usually be given safely Any patient 1n serious
acidosss deserves treatment m a hospital As soon as plans
for the patient s ad are known, preparation for his
amwval and treatment should be made
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Hot water bottles, blankets, stomach and rectal tubes,
salt and glucose solutions, msulin and stunulants should be
assembled A special coma cart with these matenals has
proved of great use 1 many hospitals

TABLE 19
TREATMENT OF DIABETIC AcmDoss aNp Cova

Diabettc acidoss 15 the result of insulin deficiency Nanses vomt
g sbdommal pamn dehydratton shock, arr hunger, drowsimess lead
to coma and (if msufficiently treated) death Important chemeal
features are hypergly , 2l) , Keton Letonunia redue-
tion of plasma CO,, depl of el lytes, especally potassium

FIRST HOUR AFTER ADMISSION Special nurse, preferably ex
penenced m coma treatment, for the first few hours

LABORATORY
1 Urine Examne for sugar, acetone ducebic and albumm,
coma casts and pyuna Catheterize if necessary
2 Blood Test for sugar, CO; content and non protem mtrogen,
with emergency report within an hour White blood count.
Serum 1f mnd, i}

CLINICAL
8 Search for comphications and establisk dwugnosis
A History to explam cause of coma
B Physical exammation, noting parhicularly—~
(a) State of consciousness, type of respiration pulse ate,
blood pressure, and rectal temperature
(b} Look for soft eyeballs, dry tongue, dilated stomach,
cold and mottled skin, impacted rectum, and tendos
refleves
C Xray chest and abdomen when possible
D ECG (a) coronary {b) potassium changes
Insulin 50 to 100 umts of regular msaln subcutapeously at
once for adults In severe cases especially with eix
collapse, give intravenously If blood sugar exceeds
800 mg per 100 cc and if the blood CO, content 18 9 mlwlﬁl
mols per hter (20 volumes per cent) or less, the dose
need to be repeated The msulm dose would be Pl"’P‘"'J"‘]“f

atelv less (20 to 40 umts) m young cl:u‘ldrgnl %m

th blood

IS
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5 Gastric Lavage Aspirate completely and wash stomach with
warm water with greatest care

Normal saline intravenously, 2000 cc It 1s desmable to
change to a solution of saline lactate after the first Liter of
salme solution 18 given (to 700 ¢ salme add 1 ampoule (40
cc) 1 molar lactate and make up to 1000 cc with stenle
distilled water) Xf lactate 15 unavailable, normal salt solution
may be contmued Avord too rapid admimstration, especially
m older patients

7 Keep patient warm yet avoid burns, as from hot water bottle

@

SECOND TO SIXTH HOUR The gravity of the case may require
repetition of first hours total insulin mn the second hour

8 Give potassium solutions by vem for definite mdications (a}
when blood anslysis or ECG clearly wndicates hypokalemua,
{b) when potassm depletion 15 probably present as result
of prolonged senous ketosis and/or deficient potassium mtake,
) only m the presence of adequate urmary output, 25 mEq
X per hour up to 100 mEq may be given
Repeat blood sugar and CO, determinations after three or
four hours For nsing blood sugar give mnsulin hourly 50 200
units or more, according to estunate of progaosis
Fluds by mouth (as soon as tolerated), Lmuted to 100 120
ec_per hour of broth, minger ale, orange juice tea or coffee,
to be sipped by patient or spooned by nurse For children
Lmut to 50 cc per hour at first Then, if nausea and vomiting
recur, withhold flwds orally for 2 to 6 hours (lavage stomach
again if indicated) and then resume
11 Enema for cleansing and to relieve abdaminal distension
12 Record and note changes mn blood pressure pulse and tem-
perature hourly Consider transfusion or vasopressor drugs if
1 deep shock
Unnalysis for sugar and diacetic acrd every hour Record
hourly output as index of dehydration and renal function
4 Antb { ) as pentcdlm, or aureo-
myem frequently needed
Urinary output Record hourly and note with alarm any sign
of olgunia 1500 ¢ ntravenous saline lactate for persisting
shock” Repeat as necessary For anuna associated with bypo-
chloremia give 50 cc of 10 per cent salt solution intra-
venously Beware producing excessive diuresis wath conse-
quent loss of hase especially of potassum (by too rapid
admmistration of IV Flud) For anuna, associated with
yperchloremia, omit all saline using only glucose m *
mtravenously Volume of such fuds may need bmit
1000 cc in 24 hours
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SIXTH TO TWENTY FOURTH HOUR
16 Repeat blood sugar and CO, determimations Give nsubs
50 200 umts 1f blood sugar and CO, levels are not mproving
Insulin (regular) may be given accordng to urme tests every
1 to 4 hours of fall i blood sugar has been satisfactory

If test 55— Red Orange Yellow Green Blue
Give— 20 16 12 0 0 oy

For young children give half dose

Soft or hqud food such as oatmeal gruel orange juce or
mlk diluted half and half with lime water not to exceed 10
gm carbohydrate per hounr Glucose (5% mn salne} IV at
sate of 200 ce per bour only when blood sugar approaches

normal
18 Cf 1 aBawe

T

Q

are present

SECOND DAY AND SUCCEEDING DAYS
19 Soft Food—Diet carbohydrate 100 to 150 gms protem 50
gms fat 50 gms Gradually return to standard diabetic diet
for age and weight with casbohydrate 150 to 200 gms pro-
temn 60 to 100 gms fat 60 to 120 gms daly
ADDITIONAL NOTES
I Differential diagnosis should mclude the acidoss of dubete
nephropathy oceurring m patients with diabetes of long durabon.
Uretiir-may result 1n retentron of ketone bodies 1n the blood Pb‘m
although they may be absent or reduced i concentraion i b
urne Examine plasma for acetone by mtroprusside test * or quant
tate ketone bodies 1n blood
Totgl Ketones in Blood
Mg per 100 cc
Ot 5
5 to 60
50 to 200+

Normal
Non Diabetic Uremua
Diabetic Coma

* Plasma Acetong Test

4 cc of blood lfl an oxalate tube centrifuged until clear pl(;sm: n:\};
tamed Make solutions of 1 m 2 1m 4 and 1 8 ‘ﬁ thenth!ee
saline or tap water Place 3 drops of undiluted plasma ander & the
diluhons on separate small mounds of acetone test pow % tonger)
end of 60 seconds read the color (do not allow te smd Tonger)
Depth of purple color indicates concentration of acetone an

cases may be used as a clue to msukn resistance
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1T To avod pulmonary edems rarely exceed 5000 cc parenteral
flud m 24 hours and check frequently for signs of edema If urinary
output evceeds 40 c e per hour after parenteral fnd has been given
up 103000 cc grave dehydration no longer exsts

Al Electrolyte contaiming solutions  Potassium should not be given
intravenously m excess of 25 mEq per hour!! Rarely 1s 1t wise to
exceed 100 mEq 1 12 hours unless defimite hypopotassemia 15 pres
ent and urnne secretion 1s ample After 12 to 24 hours if 3 to 4
grams potassium cannot be taken by the patient in chabetic diet a
smple solution may be taken m divided amounts Thus two hun
dred ce orange juice plus 2 grams potassum phosphate may be
diluted with water to 500 ce OFf this give 100 cc per hour With
fall 1n blood sugar and need for potassum a 5 cc ampoule (2 grams
dibasic potassum phosphate and 04 gram moncbasic potassium
phosphate) may be added to 1000 cc of 5 per cent glucase for
mtravenous administration 1f dicated

IV Electrocardiographic signs of
A Low serum potassum (below 3 0 mEq)
1 Lowered or mnverted T waves
2 Depressed ST segments
3 Lengthened QT, or appearance of U wave
4 Prolonged P R interval
High serum potassium (zbove 6 0 mEq)
High peaked T waves
Wide QRS
D sappearance of P waves
AV dissociation
Final disorgamization of ECG

w
U o ko =

Note A normal ECG does not exclude h deficiency The ahove
changes may ot always be due to hypokalemia

Insulin

In Table 20 1s summanzed the msulin dosage (regular
and not protammne insulin) m the first three and the first
twenty four hours, respectively, of 213 cases of coma treated
at the Deaconess Hospital between 1946 and 1953 The
DProper goal 1s to ascertam as nearly as possible the patient’s
total msulin and to this dose as
soon after the diagnosis as possible Often one cannot pre
dict the msulin requirement until the second blood sugar
test 15 available to demonstrate the degree of effectiveness
of the first dose In many patients, the mtial dose of msuln

"
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TABLE 20
Cour 213 Cases 1046-1953

Blood Sugar on Arg Insulin | Awp Insutin
Admussion Cases 108 Hours | 1212 Hours
Mg (No) (Unats) (Unsts)

1.300-1 600 3 833 1633
1000-1 300 13 514 225
600-1 000 65 335 5%
400- 600 69 209 39
200- 400 60 9 151
100- 200* 3 7 140

* Low values due to msulm given en route to hospital

may be only 40 or 50 umts particularly m children or young
patients with diabetes of short duration For adults larger
doses are needed In severe cases, espectally those with
arrculatory collapse half the msulin dose 1s usually gnen
mtravenously It will be seen from Table 20 that the wsuln
gnen m the first three hours after admission to the hospital
has actually been about 50 or 60 per cent of the total
amount required 1n the first 24 hours Our feelng at present
15 that unless at least 50 per cent of the total amount 1e
quired to re establish normal metaboltsm 15 given 1 the
first three hours the speed of msulm administration has
been too slow The urgency of giving large doses of msubn
1n the first three hours rests upon the necessity of control
Iing polyunta glycosuria and hyperglycemia The excessive
hyperosmolanity of the blood due to the excessive concen
tration of glucose exerts tremendous osmotic force, c:mslair;
withdrawal of water from cells and consequent itracellu
dehydration The more rapdly the concentration of gluf;se
can be reduced, the more rapidly will mtracellular rehy ;
tion proceed Our custom usually 15 to gwe msubn .
divided doses at frequent intervals sometimes 25 ofle]n kit
once wm Bfteen to thirty mmutes In the more sev'ere y "
patients with Jatory collapse msuln 15 givel
intravenously occasionally mto the jugular vem
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Flud Therapy

The objects of flud therapy, then, are (1) to correct the
hyperchl and hyp 1ty of the patients extra
cellular fluld, (2} to provide sodwmm, chlonde and water fo
expund the extracellular flusd volume, {8) to correct mtra
cellular dehydration, and, finally, {4) to provide potassum
and phosphate necessary for the restoration of stores of
mtracellular glycogen and protem The extent of the defiest
in water and chloride would depend upon the duration and
seventy of the uncontrolled diabetes In patients without
previous & and ¢ of diab the cond
may be extreme Loss of water may amoust to 10 or 18 per
cent of the body weight A total of 4 to 7 Iiters of fusd 15
frequently required m the first 24 houss of treatment Most
patients will recover with the use of ordmary physiological
sabne solution alome However, 1 patients with severe
depletion the ideal replacement ftud contaws sodwm 1n
excess of chlonde, and water 1 excess of sodum—that 1s,
# shghtly hypotanic solution of a miture of sodium chlorde
and sothum lactate as mdicated m the second to the srth
bour of the Outlme of Treatment

If the pH, electrolyte, and water content of the extra-
cellular g are restored, and the patient recewves adequate
Buid, wntracellular dehydration will scon be corrected The

& 2 of adeg P and phosphate is best
accomphshed by the diet, since the mtravenous admimstra-
bon of potassium 10 patients wath poor renal funchion may
lead to hyperpotassemua In an oceasional patient, the raprd
expansion of the extracellular fiurd with sodwm chlonde
may result in precypitous drop 1n serum potassium and the
development of chnical and electrocardiographic abnormak-
ties The development of weakness or paralysis i a patient
otherwse responding well to therapy demands a rapid de-
termunation of serum K or an electrocardiogram, where flat-
tesung of the T waves and a prolonged Q-T mterval are
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mdicative of hypopotasserma In these patients 40 to 50
mEgq of potassium acetate may be added to a liter of sahne,
and the Iiter mfused over a period of three to four hours
This may be repeated 1n twenty four hours if necessary

The measurement of dehydration 1s difficult Tt 15 1mpor
tant 10 give encugh flud and jet to avoid excessne
amounts In general, one can say that a patient who
excreting 40 cc of urme per hour after parenteral flud 1
no longer senously dehydrated

Hypertonic solutions should never be given to these
pattents A 10 per cent solution of dextrose contams 536
milhosmols per hter, as compared to a normal body water
osmolarity of 820, and wall only aggravate the emstng
mtracellular dehydration

Gastric lavage should be carned out routmely m any
patient who 15 1 sexous acidosis The dilated stomach of
patients with diabetic coma 1s well known, and the danger
of asprrating fud and producing pulmonary damage has
been proved frequently at autopsy The mam purpose of
the gastric lavage and the enema, however, s to prepire
the mtestmal tract for the taking of food which would 21
clude not merely water and glucose but protem fat, mm
erals and vitamins "

Cureulatory stimulants are practically never needed wi
childrenand m adults rarely produce any startling effects
Norepmephrine may be given wmtravenously for extreme
collapse, but beware of extravasation and resulting g2

ene
grBlon_transfusmns have been used rarely i our pé:‘ ;2:5
but might be dicated mn severe shock It must not o
gotten that 1n older duabetic patients who may b"‘]‘"’ e by
nary arterosclerosss, the rapid mcrease 1 blood volum m
the use of plasma or whole blood has more tha once P
duced pulmonary edema or cardiac fatlure

Glucose contamnmg solutions are 1o longe
first hours of the treatment of dsabetic coma

r given 10 the
No one weuld
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argue that the admmstration of 5 or 10 gms of glucose
mtravenously, or the giving of glucose after the first six to
ten hours when the acute condition had been overcome, will
be harmful The plea 15 agamst the common practice of
giving much larger amounts of glucose from the very begin
nmg of treatment, as if the admimstration of glucose was
stself an essential part of the treatment of coma Glucose
atself 1s entirely mert until 1t 1s phosphorylated through the
action of nsulin When the blood sugar has fallen toward
a normal level through the action of msulin, then glucose
solutions may be employed with discretion

Potasnum Deficiency

Depletion of body reserves of potassium 1s frequently
found 1n patients with unrecognized or uncontrolled dia
betes even without severe acidosis In such cases severe
potassum defictency may be rapidly precipitated by ketosis
In some patients the admmistration of salme solution and
an increase m the serum sodium may accentuate potassium
depletion as md: d by elect d hic changes The
striking flattening of T waves, cardiac arrhythmia such as
fibrllation muscular weakness and even myocardial failure
may result and may occur at a time when the patients
serum CO: and sugar are returning to normal 10 to 18
hours after the mauguration of treatment It 15 wise to fol
low the ad ration of p )| with electro

q

smce hyperp 1s as semous as low
Potassium values

Complications 1n Coma

Serious hypoglycemia mny occur if excessive msuln has
been given However, if blood sugar values are followed
every three to four hours and if the patient begins to take
food 1 the form of orange Jwce, oatmeal 10 grams per
hour, then hypoglyceria 15 almost never observed

Reral Fadure i Dubetic Aadosis The harmful effect of
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diabetic Letosis, whether mild or severe, upon kidney fune-
tion has long been known Ever smce the tmme of hubk
(1874) the occurrence of many casts, hyalne and granular
m the urine sediment, often described as a “shower,” has
been frequently descibed Such a shower of casts occurs
even m children with severe ketonuria long before drows:
ness or unconsciousness may develop In older patients with
already damaged kidneys and particulasly m patients who
have had pyelonephntis, moderate degrees of ketosis may
lead rapidly to oligunia With fall in blood pressure and ap
proaching anurna, the urine sediment may even show a good
many red cells Ohguna and even anuna represent 2 most
sertous development 1n the course of dibetic hetosss, or
vanous types of ohgurta may occur due to various causes

Oliguria and anura due to dehydration, fall blood
pressure and shock may be regarded as a final stage m the
natural history of diabetic coma It may be seen 1n 20y
patient who has gone through one or two days of severe
diabetic acidosis, 1n which polyuria, ketonura and the other
features of diabetic coma have been present Albumnuna
15 practically always noted such patients and may reach 2
considerable degree 1n later stages

Acute renal fatlure may occur early m the course of da
betic ketosis

Infections of the kidney, notably pyelonephrtis represent
perhaps the most common cause of apura 1n diabetic mm:
A typical case 15 illustrated by Miss C, clerk, age 38 Yefl"
who entered the Deaconess Hospital acidosis with vi;g\sxo
ing, Kussmaul resprration and drowsmess on June 26, -
Diabetes began mn July, 1937, and her first drabetic &o d
ocenrred m 1944 wath evidence of pyelitis then Her gﬂm
pressure had nisen steadily following that first cn[:nﬂ ?:;e i
April, 1948, 2 left nephrectomy was performed beca
renal abscesses Withm a year followmng the Oper:mm': PIYJ‘P“.:
had developed which had previously beem absent T80
admission m 1850 the urme contamed albumin 670 mg,
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white cells per high power field and she now clearly had
renal failure with superimposed diabetic ketosis The blood
sugar was 700 mg per 100 cc, plasma CO2 3 mM and the
NPN 110 mg per 100 cc The plasma acetone value was 104
mg per 100 cc, serum potassium 3 85 mEq per liter, serum
protemn 47 per cent With 850 umts of msuln m the first
hour and one half and another 300 umts at the end of the
fourth hour, improvement was rapid Her plasma chlonde
value was 118 mEq , but she nevertheless recerved 4500 cc
of normal sakne solution by needle The blood sugar fell
steadily toward normal, but the non protemn mtrogen fell
only slowly during the next few weeks until at the end of
two months the non protem mtrogen was 50 mg Her
nsulin requirement became stabilized at 6 umts of crystal
hine msulin and 50 units of protamme zinc wsuln

She returned to the hospital October 4, 1950, for an
upper respiratory mfection with nausea, vomiting, stupor
and edema The blood sugar value was 645 mg , plasma CO:
2mM and the NPN value 127 mg The serum potassium
was 84 mEq and the serum sodum 126 mEq Although the
CO: value was extremely low no ketone bodies were present
m the blood plasma and she was obviously m uremia Al-
though the blood sugar level was readily controlled with
msulm, she died 1n uremia

Anuna may occur 1n coma complicated by pneumonia
or other extra renal infection This type of renal fatture 15
relatively frequent If st can be ascertamed that the wnfec-
tion causing associated fever 1s really extra renal, the out-
look may be very much better than when the nfection m
vades the kidneys The treatment of such patients 1s first an
accurate diagnosis and the use of antibiotzes directed at the
infection Thus cultures m the case of preumonia or ear-
buncles may yleld orgamsms resistant to one type of ant1
biotic or another Errors m the choice of antibiotics may
well be disastrous The use of msulin and Suids 15 according
1o the general plan of treatment for diabetic Aetosts
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Neuropathy During and Following Diabetic Comg Van
ous types of neuropathy are seen m patients who have
severe forms of diabetic hetosis and coma In patients with
previously unrecognized and untreated chabetes 1t seems
that such neuropathy 1s more apt to be of the severe form
However, 1t 1s commen to find that among patients who have
been mn uncontrolled diabetuc states for weeks or months be-
fore actual coma develops, patns m the legs of mereasiog
frequency and severity precede the coma In such pa
tients followmng ketosis there may be a more severe per
sistent neuropathy In Table 21 are listed twelve imstances
of neuropathy Five at Jeast are of exceptional sevenity The
others are less severe Case No 1 with diabetes of 20
years' duration, following diabetic coma developed poly
neurthis with extreme weakness and paralysis of the amms
with facial weakness which persisted for 6 or 8 months
She also had myocardial failure and pleural flud as
well Recovery was mcomplete In Case 4 followng dia
betic coma a polyneurttis with muscular atrophy and pa
ralysis mvolving both arms and legs requred one year for
recovery In her case the spinal flud protemn contamed was
160 mg per 100 cc duning the tide of coma A year later m
1952 she developed pulmonary tuberculosts then hyperten
sion and died 1 uremia m June, 1954 Case 6 had a com
plete shoulder girdle paralysis and simulating pohomyelins
However, recovery was complete m 8 months after dmbe(éi
coma and with a complete absence of sequelae left no dou{
that the ongal lesion was diabetic neuropathy C«'ﬁlsi1 I\;’
9, housewnfe, age 44 years, with diabetes of 27 yearsh ;:’f
tion, developed, during drabetic coma, severe encep. na“l;
athy resembling n some ways pohiomyelitis A ’esﬁ“ve o]
was requued Autopsy performed a few days later s ll?e o
very marked evidences of neuropathy i the pemp el
nerves but more mmportant still m many, man);‘ Cm;(ex
areas Although no hemorrhages were present 1 (Aideugb
many focal areas of degeneration were present

.
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TABLE 21

Neororarnr TotLowing Drapetic CoMa

Serses| Case Age at Oract Nature of Neuropathy
No No Sex | DM Neuro and Date
1 2568 [ F 7 36 November, 1950 Coma Polyneuritis,

paralyses of arms and facial weakness

Acidosis
2 |30477 | M | 177 32 | Apnl10,1047—Acidonis Bilateral fa-
aal pardlyas

3 (41133 { M 329 61 December, 1952 Coma Polyneuntis,
sovere presthesae Pain

Coma.
4 [185% | F | 11 26 | Polyneuntis, museulur paralyses, 1
year for recovery

5 |B8299

19893 | F 8 19 | September, 1947 Coma Polyheunm
and dirrhea Poun i I

100 Ibs
6| 920 | M| 19 19 | June, 1930—Coma Shoulder gudle
paralysis Recovery complete8months

T |41105 | F | 39 40 | June, 1952 Coma Right ankle drop
Left wrist drop Polyneuritis

8 [48878 | F | 17 31 |1951—Acdosis Right snkle drop
Loss of proprioception

o |Bi75t
6265 | F [ 17 44 | March, 1054 Coma Encephalopathy

Sp Fl protem 183 Respuator re-
quured

10 124070 | F | 5069 &7 | December, 1943—Coma Polyneunitis
—legs Bladder paralyss Pam

11124695 [ F 236 390 CO,7—BS 748

February, 1954—Acdoss  Bladder
paralyms ‘Severe abdorinal pun

12 (45002 | M | 445 455 | August, 1952 Acdosss Unrecognized
DM 1 year plus transverse myehtis-
ke picture with paraplegia—Paraly-
03 of uninary bladder B P 40 to
00 gystohie Levofed for 2 days Gan-
grene with slough. Comatose 3-4 daye.
Spinal Flud protem 112 mEq
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the spal fud pratemn was normal upon admssion 1t rose
to a value of 188 mg dunng the few days of her encepha
lopathy On the sixth day the patient was having difficulty
m swallowing Deep tendon reflexes had now disappeared
Thers way d g lized weakness, Jethargy and
difficulty 1n speahing The pupils were fixed and dilated
The blood pressure was lahile, tachycardia persistent The
serum sodium was low, 119 mEq , potassium 55 chlondes
84, the CO: 22 mEq Two days Iater the patient was m
severe respiratory distress and she was placed n a respira
tor which was carned out immediately During the next
three days until her death her course was one of gradual
mcreasing weakness Case No 12 was sent to the Deacon
ess Hospital because he had been discovered m diabetic
coma mn another hospital Upon arnval he was almost pulse
fess, he required levofed for 2 days He proved to have
paraplegra, paralysis of the bladder and this grave and
neurologic disorder has persisted for a year Treatment of
duabetic neuropathy dunng ketoacrdosts 15 primanly that of
drabetic coma and the metabolic imbalance found The 2d
mustration of multiple vitamins dunng the treatment of
diabette coma has become a common practice 23 a means 0!
ameliorating or preventing neuropathy Whether and to what
extent the use of such yitamm preparations is effective can
hardly be stated with defimteness or accuracy The treat

ment of any anemia, accompanying infections of the urmary
tract, or curculatory disturbances 1s essential The preventon
of these grave pathies obviously depends upon the
earher discovery of diabetes and the prevention of the ‘;e

velopment of diabetic ketosis and coma 1 patients w;
have not previously been treated by adequate dretary an

msulin dosage
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Cavses oF Deati v Diaseric Acmosis aNp Coma

Since the patient 1n diabetic ketosis, drowsy or uncon
scwous, presents real difficulties m the diagnoss of latent or
severe compheations, 1t 15 helpful to bear m mind what
actually have been the complications causing death Over
the years, among 66 deaths of patients entering the Deacon
ess Hospital m diabettc coma, about one third died of un
complicated coma owing to delayed diagnosts and msuffi
cent ¢ Sepsis and 1c mfection as with an
mfected foot or kidney infections or a carbuncle accounted
for another third Ten deaths were due to pneumoma Three
deaths occurred from pancreatitis In general, then it 1s
serious complications chiefly of an infectious nature which
are to be sought m the senously 1ll comatose diabetic

The prognosis 1n diabetic ketosis and coma depends first
upon the ch: of plications In the p of

1 m and of t} lves fatal, such as coronary
occlusion and mfarction of the heart and carcmomatosts
death alone can result In the absence of such hopeless
complications, the first factor n the prognosis 1s the seventy
of the acidosss Patients 1n which acidosis 15 most severe
and of longest duration have a more dangerous outlook
The totally unconseious patient 1 whom unconsciousness
has lasted for at least twelve hours has a much higher
mortality than the patient not yet unconscrous Neverthe
less the mortality rate n totally unconscious patients has
fallen at the Deaconess Hospital from 35 per cent to only
103 per cent at present The age of the patient 15 an 1m
portant factor About one thurd of all cases of diabetic coma
occurred 1n children and with them the advantage of youth
gves a vastly better prognosis than when diabetic coma
oceurs m the aged patient of long duration, particularly m
the presence of cardio vascular complications
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1t should be emphasized that patients m whom acidoss
may not be far advanced often have a very grave proguosis
owing to the presence of severe mfection Any degree of
diabetic ketosss, therefore, must be taken serously Ths 15
all the more 1mportant 1 view of the follow-up of patients
who have had severe diabetic hetosis or coma It has long
been known that patients who recover from diabetic coma
are very prone to the development of pulmonary tubercu
losis during the next 5-7 years Today, however, patients who
have had diabetic ketosis of mild or severe degrees on more
than one occasion show a particularly high meidence of the
cardiovascular compheation commonly most frequent 1n the
form of diabetic nephropathy One may analyze causes of
death 1n 180 patients after recovery from coma Here the
striking difference between the earher perods from 1923
1946 and later periods from 1946-1953 stands out prom:
nently Thus, the diabetic nephropathy was not recorded as
a cause of death m patients after discharge from the hos
pital 1n the earlier pertods, but 1t actually was present as 2
cause of death m 43 out of 113 deaths for the period from
1946 1953 Recurrent diabetic coma was a cause of death m
only 10 out of 113 Cardiac deaths numbered 24, tubercu
losis only 7 and 11 causes d for 29
deaths

Prevention

The prevention of diabetic coma depends first upon the
detection of diabetes n an early stage of the disease In the
last 20 years at the Deaconess Hospital, although thelg’ell'5
centage has varied somewhat from year to year, from Mma
per cent of all the patients who armved m dxabetlcdc?rh :
did not know of their diabetes until acidosis develope K
detection of diahetes m an early and favorable stage W1 "
brought about when all doctors routmely test the urg;fves
every patient seen, when the diabetes detectron v
sponsored by the American Diabetes Assocration are accep
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and when every person in the country has the unne tested for
sugar penodscally The discovery of dubetes 1s only the first
step hawever because ance the dabetic patient knows he has
daabetes 1t s essential that lus mstruction and trammg be
thorough m respect to diabetic acdosis He must under
stand first the factors which produce disbetic acidosis and
coma second the speed with which acidosis may develop
third the vanety of symptoms whuch may be early marufes
tations of dmbetic hetosss Earher chmeal diagnoses and
more adequate provisions for prompt and aggressive treat
ment must be provided

Patients should be aware that dibetes 15 a chrome and
not a temporary disorder The patient should be nstructed
as ta the favorable course which diabetes may take under
adequate treatment aud control Comversely the patient
should also realize how rapdly cyclome changes can come
on with acute infe and other 1 Many pa
tients cease to test therr urme daily fechng that they only
need to do 1t when they are feeling badly Most important
of all patients must feam not to omt msulm merely be
cause they -re unable to tahe food because of some acute
wlection Unfortunately doctors have wn thewr zeal to pre
vent hypoglycemia not rarely structed patients to gve
up msuktn at the sery tme when is exly acidosis it was
most effective Insutm should never be gnen up unless the
urne tests are and remam sugar frec




CHAPTER IX

TUBERCULOSIS AND DIABETES

In the association of the two diseases, diabetes and tuber
culosss, the patient with diabetes has mncreased susceptibil
ity to tuberculosis but the patient wath tuberculosis does
not appear to have increased susceptibility to diabetes
Among Joslm Clmic patients, diabetes antedated tubercu
losis mn 85 per cent

Incidence

The total meidence of latent tuberculosts, revealed by
careful surveys, 1s far greater in diabetic mdividuals than m
the general population Thus, 28 per cent tuberculous pa
tients were revealed m a survey of well dizbetics mn con
trast to 0 1 per cent tuberculous pattents revealed 1 a sur
vey of the entire population The tuberculous sensitive part
of the diabetic population ncludes the juvemle patient
where the susceptibility 1s 10 times that of the general pop-
ulation, the adolescent where the greatest frequency 15
found, namely, 20 times that of the general population the
male rather than the female and the dibetic patient who
has had bouts of diabetic coma Thus wathm three years of
an attack of diabetic coma, 1 m 12 of the diabetic pahelllb
at the Joshn Chmic has shown sigos of pulmonary tubereulo
sis
The falling madence of tuberculosis m autopsies refi;‘g;
mmprovement 1n the treatment of both diseases In "
Bouchardat found tuberculosis m all diabetic patients 2!
autopsy His explanation for the susceptibility 15 mtere:;“ai
He drew a parallel between the polyuna of diabetes an

140
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lactating cow and observed comcidentally with grazing in
the latter when there was no lactation, there was no tuber-
culoss When the animals were not grazing, but m a bam
and lactating, then there was tuberculosss The relative
state of dehydration n the ammal he compared with the
dehydration 1 diab and their dental tubercul

Tuberculosis 1s still an important part of our problem,
for 1 juvenile patients 1t 15 the third cause of death and m
the adult the fourth cause of death Thus, m the juvemle
population the causes i order of mmportance are arterio-
sclerotic renal disease, second, coma, and third, tuberculosis,
m the adult patient, first, artenosclerosts, second, cancer,
third, coma, and fourth tuberculosis

It 15 natural to ask what are the factors i diabetes wflu-
encing the mcreased susceptibility to the tubercle bacillus
Susceptibility does not appear to be due to a Iack of natural
mmunity In the pre duabetic state there 1s a high ma
dence of calaification m the tracheot hial lymph nodes
In fact, 75 per cent of our patients have shown this charac
teristic It has been found too in those diabetic patients who
have contracted tuberculosis Therefore, native and ac
qured immumty did not seem to protect the mdividual
There are three logical explanations which suggest them
selves Furst, the growth of the tubercle bacillus 1s favored
m dibetes, second, virulence s mcreased, and third,
the defense agamst tubercle bacillus 15 Jowered Known
changes m fud and tisue chibmustry of diabetes suggest
that any one or all of these may be contnibuting factors
‘Thus, dehydration alone may be an wmportant factor for the
tubercle bacillus will not grow if covered with a film of
water Acidosis 15 also a factor, for the best growth for the
tubercle bacillus 15 m a hydrogen fon concentration of 64
to 78 Protein catabolism, too, which we would find 1n un-
controlled diabetes may be very important, for amino acids
are the source of nitrogen for the tubercle baerillus Tat ca
tabolism 1s a possibility, for glycerol 1s the sole source of
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carbohydrate for this orgamsm Hyperglycema itself may
contribute, for the growth of tubercle bacillus parallels
sugar utilization v

Virulence 15 increased m aad media Agam we would
correlate this wath uncantrolied diabetes and houts of heto-
acdosts

Loss of protection from the reticuloendothehal system 15
suggested, b pecially m & dosts these cells be
come dustended witk fat ¥ad therr ability to phagocytose
and encapsulate the organism may be mpawed

Pathology

The microscopic appearance of tuberculoss lesions mn the
drabetic are the same as i the general population Differ
ences occur more m relation to frequency of certamn forms
age suscepttbilty, and prognosis Thus, at the Deaconess
Hospata] the frequency of the lesions in tuberculous patients
was as follows apical mvolvement, 100 per cent, caseation
70 per cent, cavitation, 60 per cent, pneumonic forms, 20
per cent, healed 7 per cent, mbary, 7 per cent, non
sensitized and overwhelming infections, 6 per cent

From the foregowng 1t 15 evident that healing spontane
ously has not been common, though possible Caseation and
cavitation have been frequent The pneumonie forms are
not so common as previously thought, mdiary tuberculosis
15 extremely uncommon, and the lesions sumddar to those
found i the Ne; opulation are common

Involvement ffmﬂ?e pancreas has not been observed and
mvolvement of the meninges, lver, spleen kidney, adrenals,
bone and peritoneurn also has been rare It 1 possible that
the pancreas has local immunty because hpase may dis

solve the fatty envelope

Symptoms and Signs

The most tmportant factor m ettology of
Josis 15, of course, exposure The chimeal course is st

chmical tubercu
dious



TUBERCULOSIS AND DIABETES 143

for the disease 1s rarely revealed early by climical symptoms
Weight loss, however, may be excessive The average for
Joshn Chnic patients was 45 pounds and the range 1975 A
fallacy exists that the lesions are more silent It 1s true that
hemoptysss and pleural effusion are rare, but weight loss,
fever, productive cough and sweating, as well as malaise,
lassitude and fatigue occur Though not common, atelecta-
sis and spontaneous preumothorax have been observed
Such signs as dullness and riles are as typical or atypical
m the diabetic as they are of the general population

Xray frequency of the lesions was as follows ap'_l_cal
scar, 100 per cent, calcification m the p h 80 per
cent, glands 70 per cent, mmmal 12 per cent, moderately

d d, 45 per cent, ad d, 42 per cent, upper third,
82 per cent, and lower thurd, 18 per cent

The frequency of posive sputum parallels good tech
nique Concentration of the specimen, selected source and
cultures favor the positive d pecially 1f bronch
scopte techmque 1s used

Treatment of Tuberculosis

Though healing spontaneously 1s possible, 1n the past be-
fore the days of modern chemotherapy and antibiotics the
mortahty 1n the diabetic population from tuberculosts was
as high as 94 per cent The duration of lfe was short, on
the average 55 years

The medical treatment for tuberculosis i diabetes 1s
essentially the same as m the general population—bed rest
and the combmation of chemotherapy and antibiotic ther
apy, streptomyein and para amno sakeyhe acid (SM PAS),
the dose schedule bemg 1 gm of SM gven daly mn a
smgle dose plus 12 grams of PAS m three divided doses
In addition 1sonicotime acid hydroude (INH) has been
employed usually along with streptomyein and para amino-
sahicylic 2cid 1n a dose range of 150-300 mg It must be
Temembered that peripheral neuropathy 1s noted 1n



CHAPTER X

URINARY TRACT INFECTIONS

Frequency ond Types of Infection

Unnary tract mfections occur frequently mn uncontrolled
dizbetics The inaidence at autopsy may well be 30 per
cent The common mfections are E col, staphylococcus
aureus, staphylacoccus albus, prateus vulgars, streptococcns
hemolyticus, strep faecalss, aerob
pseudomonas aeruginosa or often a mused mfection So m
portant are these infections to the future of diabetics, espe-
cially the younger group of patients, that mimmal evidence
of urnary tract infection 15 given maxmal diagoostic a2d
therapeutic attention Thus, f a clean verded specimen
contamns 10 12 white blood cells, a catheter specimen 15
by ded for sed culture and ty and the
appropnate chemotherapy prescribed

(A) Types a Retrograde, b Metastatic The evidence
our patients has been overwhelmmg that the root of fec-
tion 15 most ) grad d with suck
lesions as urethrostenosis, urethropolyps, polyps of th? blad
der, dwverticuly, stones, bladder uretere or renal, &nd/or

ureterostenosis Wath the susceptibility of the diabetic’s skan
nat ancommon When

to wfection, a metastatic ongn s ™ b the
the diagnosts of pyelonephnhis has been susp yded
urmne sedunent, an mtravenous pyelogram 1§ recommen

ted
and a retrograde pyelogram if mdicate Y he female diabetie

¢ Cystitis and Perephric Abscess
pattent is particularly susceptible to py elonephnitis and also
148



URINARY TRACT INFECTIONS 147

to cystitis, the management of which 15 essentially the
same as that of pyelitis

Formerly perinephnc abscess was a common comphca-
tion m diabetic patients Today with the easly use of ap-
propnate antibiotic or chemotherapeutic agents the condi-
tion occurs infrequently

Necrotizing Papillitis

A severe form of pyelonephntis, necrotizing papillitis, has
recewved considerable attention lately This condition 1s
usually fulmmating and often rapidly fatal It 1s usually
found 1n uncontrolled diabetic patients and 1s characterized
hstoll Ily by almost lete destruction of the papillae
with an ascending mvolvement of the renal parenchyma
The casts of papillae can be 1dentified 1n the urine The
condition can be suspected by the profound gen
eral reaction out of proportion to the degree of chnmcal
pyelonephritis The patients lapse mto a comatose state
raprdly The climeal picture 1s charactenized by azoterma
and renal shutdown Antubiotic and chemotherapeutic
agents admimstered intravenously must be pushed in these
cases Although in many the diagnoss 1s made postmortem,
m one case at the Deconess Hospital, nephrectomy dis-
closed umilateral necrotizing papillitis and the patient re-
covered

Neuropothie Bladder

Paralysis of the bladder 1s a distressing complication of
diabetes It appears to be part of the picture of diabetic
pathy It 1s ch d by high volume residual
urine, as much as one or more lters In addition to good
chemmcal control of diabetes, eradication of co-evsting mn-
fection, supportive care 1 the form of vitarnins, tidal drain-
age or surgical procedure may be tried 1 these patients
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The mam principals of management of urary tract mfec-
tions mn the drabetic include the following Prevention by
the best possible cheméal control of diabetes, mstruction
of female patients in the elements of hygiene and prompt
treatment of such foer of wnfection as abscesses and car
buncles, identification of the mfecting orgamism and the
use of the appropriate chemotherapeutic agents or anti
biotic, and careful followup of these patients at 2-4 week
mtervals with repeated catheter specimens, cultures and
sensitivity tests

Treatmént of infections of the urinary tract mclude the
use of sulfonamide for gram negative, pemallin for gram
posthive orgamsms, erythromyern for resistant gram positive 15
streptomycun for resistant gram negative, and finally the use
of aureomycm, terramyem, and chloramphenicol . com
bnation Jor the most resistant type of mfection



CHAPTER XI

TREATMENT OF SKIN
COMPLICATIONS

Because the shin 1s mvolved in carbohydrate®metabolism,
1 Togical 1 are 4 with diak

A suggested classification of skin lesions according to their
etiology 1s as follows

Lestons due to insulin treatment

Lesions due to dietary treatment

Metabolie lestons

Lesions where suscephibility 1s mncreased because of
diabetes

Lesions where the senousness 1s increased because of
diabetes

Lestons concerned with the etology of diabetes
Dermatological diabetes

The shin lesions caused by msulm mclude four
Allergies

Insulin hypertrophy

Insulin atrophy

Insubm abscesses

ot

¥

a €O 1D per

Allergies due to insulin include local urticaria, generalized
urticana, angoneurotic edema as well as lesions associated
with gastromtestinal wpsets, purpura and anaphylactic
shock The possible causes of msulin allergies are multiple
They may be due to the protein of msulm atself, to im-
purities 1n the preparation due to the animal ongm of
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msulin, or to the foreign protem added to globin or pro-
tamme msuln Local urticana 15 the most commen man
festation It accurs m the majonty of patients but 15 usually
self corrected This spontaneaus desensitization oceurs some
84 weeks after msubn therapy has been maugurated Se-
vere cases, however, require special treatment The smplest
forms of treatment mclude the use of antibstamunes
which may be admimstered orally or muxed with msubo.
Another simple way of controling msubn allergy of the
urticarsal type 15 the use of “specal’ msuln Stdl) another
technique 1# the admnistration of wsubn mtramuseulardy
instead of subcutaneously Dolger has suggested that i the
allergio patient regular msulin may be boiled and that after
a peniod of three to four weeks use of boded msubn, the
ordmary type may be substituted Recrystalhzation of m
sulin to an extraordinanily pure degree may solve the prob-
Iem of some patients

Desensitization 1s necessary 1 the severest of these 22563
and the following schedule has proved to be usefol On
the first day four doses of wsuln may be grien m the fol
lowing strengths %ooo of a umt, Yoo, Ysv and Has
On the second day oo, %o, s and Kz On the durd day
%, %, 1 and 2 and on the next day 4, 5, 6 and 7 umts The
ongmal preparations may be prepared it the followmg
fashion 4 umits of msulin m 40 co of normal salt solutos,
1 ce of this may be difuted with § cc of salt soluton,
171000 of 2 umt will then be 1/10 ce of this preparation
Anather method 15 to desensitrze with lustamune stself

Perhaps one of the most marked mamfestations of msulin
allergy 15 vesistance to wmsubn The majonty of pate!s
requurmg over 1000 umts of insulm a day demonstrate 1!:1
sulm antibodies The serwousness of starting msulin a0
stopping 1t cannot be overempbasized For ths veason \v;
have adopted the practice of recommending that P”""”L
continue with msulin as mfrequently as two doses pex Wee
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Insulin Lipodystrophy

Insulin Iipodystrophues are of two types hypertrophy of
the fat tissue and atraphy of the fat tissue The majonty of
the cases of hypertrophy occur 1 males, with a ratio of
2 to 1, but atrophy 15 found mostly m children and women
Of general mterest 1n the problem of msulin atrophies are
the following facts The fat which disappears 1s neutral fat
No inflammatory reactions are observed They result from
any type of msulin and the pH of the msulm does not
appear to be mmportant

The maidence of atrophies 1n adult females 15 22 per cent
in contrast to 3 per cent 1n adult males The difference 15
correlated with the greater hipolytic activity of the female
Histological section of the hypertrophied areas shows the
heavy deposttion of fat m which the fat cells are mdind-
ually large and contamn a deposition of glycogen

Treatment of erther consists of the selection for the site
of the ad ration of msulin and adeq distnibution of
sites Atrophy due to insulm therapy has been descnibed at,
near to, or even remote from the sxte of mjection Its great-
est 1 12 one 15 perhaps
the best therapy, for these lesions tend to disappear be-
tneen 2 and 8 years after their first appearance Prevention
15 suggested by the wide selection of sites and choice of sites
which are of the least Therefore, lugh
thigh, buttocks and lower abdomen are the sites of choice
for duabetic women and dwbetic cluldren Duncan ks em
phasized the fact that cold nsullm 15 a possible cause of
wsulin atrophy and has recommended that the bottle of
msulin m current use should be Lept at room temperature
Collens recommends re mjection 1ato atrophted areas since
the atrophy does not involve muscle tissue but only sub-

fat The ad of msulin
may be recommended for those persons for whom the prob-
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lem 15 most serous Tnsulin has been mixed with hyaluron
1dase  These preparations must be made freshly daly
Their use 15 nat practical for home therapy The local use
of androgenic ointment has also been suggested for the male
digbetic patient

Duetary Lestons

The skin Jesions which are associated with dret preserp-
tions mclude xanthosis and the growth of lanugo hair Both
of these conditions were seen commonly in the days of un
demutrition and prior to 1836 Lanugo haw 1s uncommon
today Xanthosis, however, 1s still found m the younger part
of the diabetic population Levels of blood carotene and
cholesterol are elevated This lesion is charactenzed by the
deep yellow to orange color of the nasolabal fold the
plantar and palmar surfaces The condition is helieved ta be
due 1ot onlv to the excess of carotene m the diet, but alo
the falure of the duabetic to utilize carotenc Therapy
consists of omission of the highly pigmented vegetables
yellow and green, such as carmrots and peas, and also egg
yolk and butter The condition 15 benign but sometumes
causes conf m the diff 1 d of hepatitis
Formerly when diabetic children showed hepatomegaly aod
xanthos:s, hepatitis was often suspected The prognosss for
recovery from these conditions 15 excellent

Metabolic

Metabolic skin Jestons melude xanthomata and necrobioss
hpotdtca diabeticorum Xonthomata may be diided wto
three groups——ypalpebrarum tuberosum and d:ahehcvmg}-
Xanthoma palpebrarum has been observed more frequently
1 diabetics than 1 the general populabon Thus 1§ yer
cent of diabetics exammed have shown this lesion 18 ;'Oht
trast to 08 per cent of the control non diabetic grovp n
Tustopathology of the Jesion consists of lipid Iaden tstocyt
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There is no known medical treatment for this condition,
which f disfigunng, necesstates surgical excision Xan-
thoma tuberosum occurs both in diabetics and non-dighetics
The condition is famibial and hustopatholomeally 15 charac-
terized by hpoid contaming macrophages Medical treat-
ment for this condition 1s naw successful for the Jesions will
dsappear with the ad 10n of heparm

Kanth dat is ck d by the appear-
ance of golden papules on a rose base, most frequently on
the extensar suzfaces of the bady They vary m size but are
usually about 5 mm 1 d; Apgain, the hustopath
cal findings consist of the hpid laden macrophages This
condition oceurs most often when the cholesterol of the
blood has nsen to the level of 500 mg or more

The control of diabetes by wnsulin and careful selection
of the diet wll facilitate the disappearance of these lesions
Thus, the chotce of fats which are denved from vegetables
rather than those of amimal origin showld be emphasized.
FEggs, dairy products and glandular meats favor elevation of
serum values for chol 1 The prom for recovery
from this Jesion is excellent 1t is uccnsional]y seen in as-
sociahon with hpemu tetm:dxs

is perhaps the most
charactenstie of the diabetic lesons It was first descnbed
by Oppenheimer in 1928 and named by Urbach in 1932
Nine out of every ten mdwiduals with necrobions have dia«
betes The one out of ten without chmeal dinbetes usually
proves 10 be a subelinical diabetic The lesion is recopmzed
as ane of the pre dubetic signs This shin compheation has
five charactensstic phases. The first, macular, consists of a
shightly reddish macular papdlar area Patients frequently
associate it with trauma and often confuse it with sect
bites In the second stage, viclamous, the leston takes on a
deep angry purphsh colar then changes to a third stage, the
plxque, with sharply defined elevated borders In addition,
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the color now becomes a salmon pink There are yellow areas
of fat deposit and tiny blood vessels traverse the lesion,
Then a typical fourth uleerative stage accurs The central
part of the lesion becomes depressed It 1s covered with 2
tense shiny membrane which looks like cellophane and
finally a fifth stage, which 15 not usually described m the
literature, 15 that of an mconsprcuous scar The vivid color
disappears and sometimes 1t 15 almost mpossible to dis
cover the past site of the leston This progression from the
macule to the scar 15 slow, often covering a whole decade
or more

Histopathologically, the condition 15 an endartents with
fatty degeneration of connective tissue There 15 degenera
tion of collagen fibers, loss of elastic tissue, penvasculat m
fl 1on with connective tissue cells—} ytes, lym
phocytes, leuhocytes and plasma cells, obliteration of the
small blood vessels, extracellular deposit of fat with a hugh
phospholipid and free cholesterol content The frequency
1m the general diabetic population 15 1 per 400 and m the
juvenile population 1 m 50 Fifty five per cent of all cases
oceur with patients whose diabetes onset was childhood
and two thirds pecur 1n females, The age at winch the Iesxgn
has been recogmzed has vaned m our seres from 670
years Nearly two thirds have had hypercholestermems
one fifth hepatomegaly, 80 per cent have had coma, 64 per
cent had other vascular mamtfestations, and 71 per cent
diabetic retmopathy

Surgical removal 1s not recommended The Jestons often
disappear durmg pregnancy The progoosis for recov]e(r);;
although slow, 1s excellent The lestons have beer mista e’s
for lues, tuberculosis and mahgnancy The 1m1>°f““‘°eﬁXe
largely a cosmetic one The distribution 15 usally mth "
lower extremities m relation to the malleol but thest
lestons have been observed also on the arms abdomes,
thighs and even on the face
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Increased Susceptibihty Because of Dubctes

The diabetic 1s particularly susceptible to pyogemc m
fections of the skin such as abscesses to which the mnjection
of insulin makes them somewhat more susceptible Jumbo
carbuncles, cellulitis, impetigo and furuncles are due to
staphylococcus mfection The reason for the increased
susceptibility to such mfections 1s not completely clear, but
loss of glucose and dehydration have been considered pos-
sibilities With modern antibiotics and chemotherapy these
lesions are readdy controlled Penicilin may be used for
gram + and erythromyein for resistant gram -+ organisms
Control of diabetes 1s stressed Prevention 15 sought by such
detergents as phisoderm

Pruntus pudend: 1s most often due to momiha infection
mvolving the vulval mucous membranes, the specific treat-
ment of which was formerly gentian violet It should be
applied infrequently, once daily in strengths not greater than
1 per cent Mystichn 15 favored at present

The following lesions become mmportant because of exist-
ing diabetes epidermophytosis, warts, corns, calluses,
hirsutism, dermatitis gangrenosa and Dupuytren’s contrac-
ture The usual methods for treating epidermophytosis may
be used, but the selection of the milder forms of therapy
is stressed These are 1 4000 solution of potassium perman
ganate, 1% aqueous alumnum acetate, half strength Wit
fields omtment The following directions are printed for
our patients Because the occurrence of interdigitnl fissures
these lesions may be the portal of entry for staphylococci
and eventually cause osteomyelins

SPECIAL DmECTIONS TO THE PATIENT
Recanoine Cang or e Feer

Many peaple are affected wath itching scaling cracking or bhsters
on the feet especully between the toes This condition is often a
nngworm infection or epidermophytonis as it s called, and Is caused
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carbohydrate for this organism Hyperglycemia itself may
contnbute, for the growth of tubercle bacillus parallels
sugar utilization v

Virulence 1s mcreased mn acid media Agamn we would
correlate this with uncontrolled diabetes and bouts of keto
acidosis

Loss of protection from the reticuloendothelial system 15
suggested because especxaBy m ketoacidosis these cells be
come distended with fat nd therr ability to phagocytose
and encapsulate the organism may be impaied

Pathology

The mucroscopic appearance of tuberculosis lestons m the
diabetic are the same as m the general population Differ
ences occur more mn relation to frequency of certam forms
age susceptibility, and prognosis Thus, at the Deaconess
Hosptal the frequency of the lestons mn tuberculous patients
was as follows apical involvement, 100 per cent, caseation
70 per cent, cavitation, 60 per cent, pneumonic forms, 20
per cent healed, 7 per cent, miary, 7 per cent, non
sensitized and overwhelming mfections, 6 per cent

From the foregoing 1t 1s evident that healing spontane
ously has not been common, though possible Caseation and
cavitation have been frequent The pneumomic forms are
not so common as previously thought, milary tuberculosis
1s extremely uncommon, and the lesions similar to those
found m the Negro population are common

Involvement of the pancreas has not been observed and
mvolvement of the menmges, hver, spleen, kidney, adrenals,
bone and peritoneum also has been rare It 15 possible that
the pancreas has local immunity becanse lipase may dis
solve the fatty envelope

Symptoms and Signs

The most important factor 1n etiology of clmical lubsm:s
Josis 15, of course, exposure The chmcal course 1s 1SICI0
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for the disease 15 rarely revealed early by clincal symptoms
Weight loss however, may be excessive The average for
Joshin Chnic patients was 45 pounds and the range 1975 A
fallacy exists that the lesions are more silent It is true that
hemoptysis and pleural effusion are rare, but weight loss,
fever, productive cough and sweatng, as well as malase,
lassitude and fatigue occur Though not common, atelecta
sis and spontaneous pneumothorax have been observed
Such signs as dullness and rdles are as typical or atypical
1 the diabetic as they are of the general population

Xray frequency of the lesions was as follows apical
scar, 100 per cent, calaification 1n the p s , 80 per
cent, glands 70 per cent, mmmal, 12 per cent, moderately
advanced, 45 per cent, advanced, 42 per cent, upper third,
82 per cent, and lower third, 18 per cent

The frequency of posttive sputum parallels good tech-
mque Concentration of the specimen, selected source and
cultures favor the positive diagnosis especially 1f broncho
scopic techmque 15 used

Treatment of Tuberculosis

Though healing spontaneously 15 possible, m the past be-
fore the days of modern chemotherapy and antibiotics the
mortality 1n the diabetic population from tuberculosis was
as high as 94 per cent The duration of hife was short, on
the average 5 5 years

The medical t for tuberculosts n diak 5
essentually the same as in the general population—bed rest
and the combnation of chemotherapy and antibiotic ther-
apy, streptomycm and para amine-salicyhc acid (SM PAS),
the dose schedule bemng 1 gm of SM given daily m a
single dose plus 12 grams of PAS m three divided doses
In addition, 1someotime aexd hydronide (INH) has been
employed usually along with streptomycin and para amino-
salieyhic acid 1n' 2 dose range of 150-300 mg It must be
remembered that peripheral neuropathy 1s noted 1n patients
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carbohydrate for this orgamsm Hyperglycemia atself may
contrbute, for the growth of tubercle bacillus parallels
sugar utilization v

Virulence 15 increased mn acid media Agamn we would
correlate this with uncontrolled diabetes and bouts of keto
acidosis

Loss of protection from the reticuloendothehal system 1s
suggested because espec:ally 1n ketoacidosis these cells be
come distended with fat Fnd thewr ability to phagocytose
and encapsulate the orgamsm may be impared

Pathology

The microscopic appearance of tuberculosis lestons m the
diabetic are the same as i the general population Differ
ences occur more 1 relation to frequency of certam forms,
age susceptibihity, and prognosis Thus, at the Deaconess
Hospatal the frequency of the lestons m tuberculous pattents
was as follows apical mvolyement, 100 per cent, caseation
70 per cent, cavitation, 60 per cent pneumonic forms, 20
per cent healed 7 per cent, mihary, 7 per cent, non
sensttized and overwhelming nfections, 6 per cent

From the foregomng 1t 1s evident that healing spontane
ously has not been common though possible Caseation and
cavitation have been frequent The pneumontc forms are
not so common as previously thought, miliary tuberculosts
15 extremely uncommon and the lesions sumilar to those
found 1n the Negro population are common

Involvement of the pancreas has not been observed aod
mvolvement of the menmges, Iiver, spleen, kidney, adrenals
bone and pentoneum also has been rare It 1s possible that
1the pancreas has local 1mmunity because lipase may dis
solve the fatty envelope

Symptoms and Signs

The most important factor m etiology of clm
losss 1s, of course, exposure The clincal course

cal tubercu
15 msidious
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for the disease 1s rarely revealed early by climcal symptoms
Weight loss, however, may be excessive The average for
Joshn Chinze patients was 45 pounds and the range 1975 A
fallacy exists that the lesions are more silent It 1s true that
hemoptysis and pleural effusion are rare, but weight loss,
fever, productive cough and sweatmg, as well as malase,
lassitude and fatigue occur Though not common, atelecta-
sis and spontaneous pneumothorax have been observed
Such signs as dullness and rales are as typical or atypical
1 the diabetic as they are of the general population

Xray frequency of the lesions was as follows apical
scar, 100 per cent, caleification in the p hyma, 80 per
cent, glands 70 per cent, ], 12 per cent, )}
advanced, 45 per cent, advanced, 42 per cent, upper third,
82 per cent, and lower third, 18 per cent

The frequency of posttive sputum parallels good tech
nque Concentration of the specimen, selected source and
cultures favor the posttive diagnosis especially 1f broncho-
scopic technique 15 used

Treatment of Tuberculosis

Though healing spontaneously 1s possible, mn the past be
fore the days of modern chemotherapy and antibiotics the
mortahty i the diabetic population from tuberculosis was
as lugh as 94 per cent The duration of Iife was short, on
the average 55 years

The medical treatment for tuberculosis i diabetes s
essentially the same as i the general population—bed rest
and the combmation of chemotherapy and antibwotic ther-
apy, streptomycin and para amino salieylic acid (SM-PAS),
the dose schedule bemg 1 gm of SM given daily n a
single dose plus 12 grams of PAS m three divided doses
In addition, 1somcotimie acid hydroude (INH) has been
employed usually along with streptomyein and para amino-
sabeyhie acid 1 2 dose range of 150-300 mg It must be
remembered that perspheral neuropathy 15 noted n patsents
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carbohydrate for this orgamsm Hyperglycema itself may
contribute, for the growth of tubercle bacillus parallels
sugar utilization

Virulence 15 increased 1n acid media Agam we would
correlate this with uncontrolled diabetes and bouts of keto-
acidosis

Loss of protection from the reticuloendothelial system 1s
suggested, because especially m ketoacidosss these cells be
come distended with fat ﬁxyjthen‘ ability to phagocytose
and encapsulate the organtsm may be mmparred

Pathology

The microscopic appearance of tuberculosis lesions m the
diabetic are the same as n the general population Difer
ences occur more m relation to frequency of certam forms,
age susceptibility, and prognosis Thus, at the Deaconess
Hosputal the frequency of the lestons 1n tuberculous patients
was as follows apical mvolvement, 100 per cent, caseation,
70 per cent, cavitation, 60 per cent, pneumonic forms, 20
per cent, healed, 7 per cent, mihary, 7 per cent, non
sensitized and overwhelming infections, 6 per cent

From the foregomg 1t 1s evident that healng spontare
ously has not been common, though possible Caseation an
cavitation have been frequent The pneumontc forms are
not so common as previously thought, mihary tuberculosis
1s extremely uncommon, and the lesions sumilar to those
found m the Negro population are common a

Involvement of the pancreas has not been observed m;s
imvolvement of the mentnges, Liver, spleen kidney, 8dreﬂ; g’
bone and peritoneum also has been rare 1t 15 possible ld:-
the pancreas has local mmunity because lipase may
solve the fatty envelope

Symptoms and Signs

The most mportant factor m etology of
losis 15, of course, exposure The chmcal cours

inzcal tuberct
e 15 msidious
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to cystitis, the management of which 15 essentially the
same as that of pyehtis

Formerly permephnc abscess was a common complica-
tion 1 dabetic patients Today with the early use of ap-
propriate antibiotic or chemotherapeutic agents the condi-
tion occurs mfrequently

Necrotizing Papilitis

A severe form of pyelonephntis, necrotizing papillitss, has
recenved considerable attention lately This condition 15
usually fulminating and often rapidly fatal It 15 usually
found 1n uncontrolled diabetic patients and s characterized
nstol ly by almost lete destruction of the papillae
with an ascending mvolvement of the renal parenchyma
The casts of papillae can be identified n the urme The
condition can be suspected by the profound gen-
eral reaction out of proportion to the degree of clinical
pyelonephnitis The patients lapse into a comatose state
rapudly The clinical picture 15 charactenized by azotemia
and renal shutdown Antibiotic and chemotherapeutic
agents admimistered intravenously must be pushed 1n these
cases Although m many the diagnosis 1s made postmortem,
n one case at the Deconess Hospital nephrectomy dis
closed unilateral necrotizing papillitis and the patient re-
covered

Neuropathic Bladder

Paralysis of the bladder 15 2 distressimg complication of
disbetes It appears to be part of the pretare of dumbetic
pathy 1t is ch zed by hgh volume residual
urine, as much as one or more Iters In addition to good
chemical control of diabetes, eradication of co-existing 1
fection suppostive care 1n the form of vitamins, tidal dram
age or surgictl procedure may be tried mn these paticnts




CHAPTER X

URINARY TRACT INFECTIONS

Frequency and Types of Infection

Unnary tract mfections occur frequently m uncontrolled
diabetics The mcidence at autopsy may well be 30 per
cent The common mfections are E coly, staphylococcus
aureus, staphylococeus albus, proteus vulgans, streptococcus
hemolyticus, strept faecalis, t
pseudomonas aerugmosa or often a mixed mnfectton So im-
portant are these mfections to the future of diabetics espe-
cially the younger group of patients, that mmmal evidence
of urnary tract wfection 15 given manmal diagnostic and
therapeutic attention Thus, if a clean vorded specimen
contamns 10-12 white blood cells, a catheter specimen 15
recommended for sediment culture and sensivity and the
appropriate chemotherapy prescribed

(A) Types ¢ Retrograde, b Metastatic The evidence i
our patients has been overwhelmmg that the root of mfec-
tion 15 most commonly retrograde, associated with such
lestons as urethrostenosis, urethropolyps, polyps of th(.e blad-
der, dwerticul, stones, bladder-uretero or renal, a’nd/ or
ureterostenosis With the susceptibility of the diabetic’s sk

to nfection, a metastatic ongm 15 not uncommo:l ;)Yh:f;
d X hritis has been t
the of py ¢ ¥ o ded

urme sediment, an mtravenous pyelog:’iam 15 recommN:
and a retrograde pyelogram if indicate:
¢ Cystitis and Permephric Abscess The female dlzb:l':;
patient 15 particularly susceptible to pyelonephnitis ant
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CHAPTER XI

TREATMENT OF SKIN
COMPLICATIONS

Because the skin 1s mvolved m carbohydrate’ metabolism,
3 )| 1 pheations are d with d

A suggested classification of skin lesions according to ther
etiology 15 as follows

Lesions due to msulin treatment

Lesions due to dietary treatment

Metabolic lesions

Lestons where susceptibility 15 1acreased because of
diabetes

Lestons where the senousness 1s mcreased because of
diabetes

Lestons concerned with the etiology of diabetes
Dermatological diabetes

The skin lesions caused by wsulin include four
Allergies

Insulin hypertrophy

Insuhn atrophy

Insulin abscesses

e o oo

€2 1D

Allergies due to msulin include local urticana, generalized
urticana, angioneurotic edema as well as lesions assocated
with gastromtestmal upsets, purpura and anaphylactic
shock. The possible causes of insulin allergies are multiple
They may be due to the protem of wsubn itself, to am-
puntics in the prepiration due to the animal ongin of

149



148 DIABETES MELLITUS

The main princpals of management of unnary tract infec-
tions 1 the diabetic mclude the followmng Prevention by
the best possible chemléal control of diabetes, instruction
of female patients i the elements of hygiene and prompt
treatment of such foci of mfection as abscesses and car
buncles, 1dentification of the wfecting orgamsm and the
use of the appropnate chemotherapeutic agents or anti
biotic, and careful followup of these patients at 94 week
mtervals with repeated catheter specimens, cultures and
sensitivity tests

Treatmént of mfections of the urmary tract include the
use of sulfonamide for gram negative, pemaillin for gram
positive orgamisms, erythromycin for resistant gram positive
streptomycin for resistant gram negative, and finally the use
of aureomyeimn, terramyem, and chloramphemcol m com
bmation for the most resistant type of ifection



CHAPTER XY

TREATMENT OF SKIN
COMPLICATIONS

Beeause the skin s iavolved in carbobydrate’ metabolism
d logreal pl are d with ciabetes
A suggested classification of skin lesions according to thewr
etwolagy is as follows

Lesions due to insulin treatment

Leswons due to dietary treatment

Metabohe lesions

Lesions where susceptibility is 1mcreased because of
diabetes

Leswns where the senousness ts increased because of
diabetes

Lesions concerned with the etiology of diabetes
Dermatologieal diabetes

The skin lesions caused by insubn mclude four

1 Allergies

2 Insulin hypertrophy
3 Insulm atrophy

4 Insuhm abscesses

o R

-3 o

Allergies due to insubin include Jocal urticana geseralized
urticana angroneurotie edema as well as lesions assocrated
with gostromtestnal upsels purpwra and anaphylactic
shock. The possible causes of insulin allergies are multiple
They may be due to the proten of insulm itself to 1
puntics in the preparation due to the amimal ongn of

9
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msulin, or to the foreign proten added to globm or pro-
tamme wsulin Local urticaria 15 the most common mam
festation It oceurs m the majortty of patients but 15 usually
self-corrected This spontaneons desensihizahion occurs some
8 4 weels after msuln therapy has been maugurated Se-
vere cases, however, requure special treatment The simplest
forms of treatment meclude the use of antihustammes
which may be admimstered orally or mixed with msulm
Another simple way of controlling msuln allergy of the
urticarial type 1s the use of ‘spectal msuln Stll another
technique 19 the admmstration of wsulin intramusculady
mstead of subcutaneously Dolger has suggested that iz the
allergic patient regular msulin may be boiled and that after
a peniod of three to four weeks use of botled msuln the
ordmary type may be substituted Reerystallization of in
sulm to an extraordmanly pure degree may solve the prob-
lem of some patients

Desensitization 1s necessary 1n the severest of these cases
and the following schedule has proved to be useful On
the first day four doses of msulm may be gwen m the fol
lowmng strengths Yooo of a untt, %o, %350 and Has
On the second day %oo, %o, %3 and %2 On the fhurd day
3%, %, 1 and 2 and on the next day 4 5, 6 and 7 umts The
ongmal preparations may be prepared wn the following
fashion 4 umts of msulin 1 40 cc of normal salt solutton,
1 cc of this may be diluted with § cc of salt solution,
171000 of a unit will then be 1/10 cc of this preparation
Another method 1s to desensitize with histamune atself

Perhaps one of the most marked mamfestations of nsuln
allergy 1s resistance to msulin The majonty of patients
requrmg over 1000 untts of mnsuln a day demonstrate 10
suln anttbodies The sersousness of startmng msulm an
stopping 1t cannot be overemphasized For this reason we
have adopted the practice of recommendmng that patients
contmue with msulin as mfrequently as two doses per week.
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Insulin Lipodystrophy

Insulin Lipodystrophies are of two types hypertrophy of
the fat tissue and atrophy of the fat tissue The majonity of
the cases of hypertrophy occur m males, with a ratio of
2 to 1, but atrophy 15 found mostly m children and women
Of general interest 1n the problem of nsulin atrophies are
the following facts The fat which disappears 15 neutral fat
No mflammatory reactions are observed They result from
any type of msulm and the pH of the msulin does not
appear to be important

The cidence of atrophies n adult females 1s 22 per cent
1 contrast to 3 per cent i adult males The difference 15
correlated with the greater lipolytic activity of the female
Histological section of the hypertrophied areas shows the
heavy deposition of fat mn which the fat cells are mdwvid-
ually large and contamn a deposition of glycogen

Treatment of either consists of the selection for the site
of the admimstration of insuhin and adequate distribution of
sites Atrophy due to insuln therapy has been described at,
near to, or even remote from the site of mjection Its great-
est sigmficance 1s & cosmetic one Reassurance 1s perhaps
the best therapy, for these lesions tend to disappear be-
tween 2 and 8 years after their first appearance Prevention
is suggested by the wide sclection of sites and choice of sites
which arc of the least cosmetic importance Therefore, high
thigh, buttocks and lower abdomen are the sites of choice
{or diabetic women and diabetic children Duncn has em-
phasized the fact that cold msulin 15 a possible cause of
wsulin atrophy and has recommended that the bottle of
insubin in current use should be kept at room tcmpcnture
Collens d ) mto phied areas since
the atrophy does not in\'ol\e muscle tissue but only sub—

fat The ad of insulin int
may be recommended for those persons for whom the pmb-

w
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lem 1s most serious Insulin has been mixed with hyaluron
dase These preparations must be made freshly daly
Therr use 15 not practical for home therapy The local use
of androgentc omtment has also been suggested for the male
diabetic patient

Duetary Lesions

The skun lesions which are associated wath diet prescrip-
tions include xanthosis and the growth of lanugo hair Both
of these conditions were seen commonly m the days of un
dernutntion and prior to 1936 Lanugo hair 1s uncommon
today Xanthosis however 1s still found 1n the younger part
of the dibetic population Levels of blood carotenc and
cholesterol are elevated This lesion 15 characterized by the
deep yellow to orange color of the nasolabial fold the
plantar and palmar surfaces The condition 1s believed to be
due not only to the excess of carotene 1n the diet but also
the fallure of the dabetic to utihze carotene Therapy
conssts of onussion of the highly pigmented vegetables
yellow and green such as carrots and peas and also egg
yolk and butter The condition 1s bemgn but sometimes
causes confusion 1 the differential diagnosis of hepatitis
Formerly when diabetic children showed hepatomegaly and
xanthosis hepatitis was often suspected The prognosis for
recovery from these conditions 1s excellent

Metabolic

Metabolic skin lesions 1nclude xanthomata and necrobiosis
hpoidica diabeticorum  Xanthomata may be divded 1nto
three groups—palpebrarum tub and diabeticorurm
Xanthoma palpebrarum has been observed more frequently
10 dizbetics than m the general population Thus 15 per
cent of diabetics exammned have shown this lesion 10 %ﬂ
trast to 08 per cent of the control non drabehic grovp ese
hstopathology of the lesion cosists of Lpud laden histocyt
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There 1s no known medical treatment for this condition,
which if disiguning, necessitates surgical excision Xan-
thoma tuberosum occurs both 1n diabetics and non-diabetics
The condition 15 familial and hustopathologically 15 charae-
tenzed by lhpoid contaming macrophages Medical treat-
ment for this condition 15 now suceessful for the lesions will
disappear with the ad 10n of hepanin

Xantk diak um 15 ch 1zed by the appear-
ance of golden papules on a rose base, most frequently on
the extensor surfaces of the body They vary m size but are
usually about 5 mm 1 chameter Agam the hustopathologi-
cal findings consist of the Iipid Jaden macrophages This
condition occurs most often when the cholesterol of the
blood has risen to the level of 500 mg or more

The control of diabetes by msulin and careful selection
of the diet will facihitate the disappearance of these lesions
Thus the choice of fats which are denived from vegetables
rather than those of ammal ongm should be emphasized,
Eggs dairy products and glandular meats favor el of
serum values for cholesterol The prognosis for recovery
from this lesion is excellent. It 1s occasionally seen 1 as-
soctation with liperma retmalis

Necrobiosis lipoidica diabeticorum 1s perhaps the most
characteristic of the diabetic lesions It was first described
by Oppenheimer m 1928 and named by Urbach m 1932
Nine out of every ten individuals with necrobiosis have dia-
betes The one out of ten without chnical diabetes usually
proves to be a subclimcal diabetic The lesion ts recogmzed
as onc of the pre-diabetic signs This shn comphcation has
five charactenstic phases The first, macular, consists of a
shightly reddish macular papillar area Patients frequently
associate 1t with trauma and often confuse 1t with msect
bites In the second stage, violacious, the lesion takes on a
deep angry purphish eolor then changes 10 a third stage, the
plaque, with sharply defined elevated borders In addition,
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the color now becomes a salmon punk There are yellow areas
of fat deposit and tiny blood vessels traverse the lesion.
Then 2 typical fourth ulcerative stage occurs The central
part of the lesion becomes depressed It 15 covered with a
tense shiny membrane which looks hike cellophane and
finally a fifth stage, which 1s not usually descnibed 1n the
Itterature, 15 that of an mconspicuous scar The vivid color
disappears and sometimes 1t 1s almost mmpossible to dis
cover the past site of the lesion This progresston from the
macule to the scar 1s slow, often covering a whole decade
or more

Histopathologically, the condition 15 an endartentss with
fatty degeneration of connective tissue There 15 degenera
t1on of collagen fibers, loss of elastic tissue, pervascular m
flammation with connective tissue cells—histocytes, lym
phocytes, leukocytes and plasma cells, obhteration of the
small blood vessels, extracellular deposit of fat with a lngh
phospholipid and free chol ! content The frequency
m the general diabetic population 15 1 per 400 and m the
Juvenile population 1 1 50 Fifty five per cent of all cases
occur with patients whose diabetes onset was m childhood
and two thirds occur 1n females The age at which the lesion
has been recognized has varied m our senes from 670
years Nearly two thirds have had hypercholesterinemi2,
one-fifth hepatomegaly, 30 per cent have had coma, 64 per
cent had other vascular manifestations, and 71 per cent
dhabetic retmopath

Surgeal rem};va.lyls not recommended The fleslozza“’,f::)“
disappear during pregnancy The prognosis for x s
althffgh slow, sgegceﬁZnt The lesions have been mustaken!
for lues, tuberculosis and mahgnancy The lmpﬂﬂmceﬁ::
largely a cosmetic one The distnibution 1§ usually mth .
lower extremuties 1 relation to the malleol but the:
Jesions have been observed also on the amms, abdomen,
thighs and even on the face
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Increased Susceptibility Because of Diabetes

The diabetic 15 particularly susceptible to pyogemc 1n-
fections of the skin such as abscesses to which the mjechion
of insulin males them somewhat more susceptible Jumbo
carbuncles, cellulitis, impetigo and furuncles are due to
staphylococcus infection The reason for the mcreased

ptibility to such inf 1s not completely clear, but
loss of glucose and dehydration have been considered pos-
siblities With modern antbiotics and chemotherapy these
lesions are readily controlled Pemcilln may be used for
gram + and erythromycmn for gram + ¢
Control of diabetes 1s stressed Prevention 1s sought by such
detergents as phisoderm

Pruntus pudend: 1s most often due to moniha mfection
involving the vulval mucous membranes, the speafic treat-
ment of which was formerly gentian violet It should be
applied infrequently, once daily hs not greater than
1 per cent Mystichin 1s favored at present

The followmg lesions become important because of exst.
g dibetes  epidermophytosis, warts, corns, calluses,
hi dermatitis and Dupuytren’s contrac-
ture The usual methods for treating eprdermophytosis may
be used, but the selection of the nulder forms of therapy
is stressed These are 1 4000 solution of potassiim perman-
ganate, 1% aqueous aluminum acetate, half strength Wht-
ficld's omtment The following dircctions are printed for
our patients Because the occurrence of mterdigntal fissures
these lesions may be the portal of entry for staphylococct
and eventually cause osteomyelitis

SPECIAL DmEcTIONS TO TuE PATIENT
Reganonnc Cane oF mue Feer

Many people are affected with jtehing, sealing, crackang or blisters
on the feet especially between the toes This condition is often a
nngworm infection or epidenmophytosts, as It s called, and s caused
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by a vegetable parasite which grows in the skin It 15 a very common
mfection and at least 60 per cent of all persons have 1t at some time
It 15 particularly objectionable in diabetics, because 1t itches and
scratching may give opportumity for other more dangerous infections
to get statted The disease 1s usually picked up by walking barefoot
on the floors of common shower baths, dressing and locker rooms,
mfected bath mats or any floor or floor covering where others have
walked 1 their bare feet

The disease most commonly shows itself as a shght cracking or
scalng gving the appearance of dead, white skn between the
fourth and fifth toes The so called soft corn 15 one form of this m
fection In more severe cases groups of small deep blsters come o
the soles of the feet and the palms of the hands Thes form uvsually
atches intensely Most cases are worse dunng hot weather or when
weanng shoes and stockings which heat the feet

Here are some rules for the care of the feet 1f you have the disease
or if you would prevent catching it

‘Wash the feet with soap and water daily

Dry the feet with a paper towel or with a towel which wall not
be used on the rest of the body

Stand on a clean bath mat, a newspaper or paper towel when
you get out of the bath

Never walk on any floors barefoot

Do not wear wool stockmgs next to the skan—wear thin socks
mside which can be bolled

Do not wear shoes which heat the feet

Use this dustng powder on your feet, m your shoes and 1 your
bath shppers

N® s D

B Sahcylie acid 2
Benzore acd 2
Tale 100
Mix

1f you have signs of the disease rub a Little of this ointment every
day on the affected parts

B Salieyhe aad
Precipitated sulphur
Vaselne
Mix

™

@
Stato

© Wash your hands after touching your feet.
10 Don't seratch of your feet itch,—put on some nmi-men:1surt our
11 If the feet get worse m spite of your treatment ol ¥

doctor about 1t
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For warts, especially the plantar variety, blunt dissection
15 preferred For corns, no plasters but the use of an emery
board, and for calluses, the emery board or better stll regu-
lar wistts to the chiropodist Electrolysis and shaving may be
used in the management of hirsutism

Dermatitls Gangrenosa

Following diabetic coma gangrene of the skin of the
trunk and arms may oceur Sites of hypodermue wjection
may be the source Thrombotic and embolic phenomena
occur n coma and may favor the development of these
lesions

Dupuytren’s contracture of the palmar or plantar fascia
seem to occur more commonly 1 diabetics even i the
younger age groups

Duabetes Producing Lestons

One disorder with skin mamfestations has a possible
! 1 rel hip with diab namely, h

matosis This 15 an inbor error of 1ron metabolism 1n which
1t 1s behieved that the production of iron 1s normal, but that
the rate of utilization is slow This is far more common n
the male than m the female Lesions i the pancreas, skin,
kidneys, lymph nodes and heart are charactenstic The
bronzing 1n the skin Is due to the presence of won and
melanmn

Other shin f of hemoct nclude
the loss of facial, axillary and pubic harr The diagnosis of
this d 1s made by di of blood won, bone

martow ron, liver iopsy, the demonstration of 1ron in the
unne, histological section of the shin for iron or the Fish-
back test which consists of the jection of potassium fer-
rocyide and dilute hydrochlonc aad The prog; for
these patients is poor They can be refractory to insulm,
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can be typical diabetics or extraordmanly mild diabetics
and the best form of therapy appears to be phlebotomy

Skin Diabetes

Skin diabetes was described by Urbach and 15 charac-
tenized by a form of pruntus furunculous, sweat glnd
abscesses, and eczema The sugar content of the skin 15
high, but hyperglycemua and glycosuria are not present
Daetary regulation, alone or with the admmsstration of m
sulm, may be helpful n this condition



CHAPTER XII

DIABETIC NEUROPATHY

Drabetic neuropathy 1s a common, distressing and thera-
peutically unsatisfactory J of diab which
has been uncontrolled Allhough the most common mam-
festation includes the penipheral nerves, the neuropathy
may mvolve any portion of the nervous system, motor and
sensory neurons, spinal nmerves, automatic pathways

Classification

Classification of neuropathy 15 helpful both m understand-
ing the problem, n organzing therapy and in gving an
accurate prognosis Kamosh has diided neuropathies nto
three classes Primary diabetic, diabetic vascular and auto-
nomie dysfunctions

Under primary diabetic neuropathies he includes
1 Primary dubetic neuropathy of the extremities (acro-
neuropathy)
2 Diabetic radiculopathy
% Diabetic pscudotabes mvolving the bladder and
joints, especially those of the foot
Dubetre vascular disorders include
1 Ischemic neuropathy
2 Duabetic ischemic discase of the central nervous sys-
tem
Autonomic dysfunctions include
1 Loss of motor control
2 Sweating deficiencies producing shiny atrophic shin
158
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8 Orthostatic hypotension and tachycardia
4 Argyll-Robertson pupil
5 Gastromtestinal dysfunctions
a Intermittent nocturnal diarrhea
b Constipation
6 Sexual impotence
7 Diabetic edema

Etwology of Duabetic Neurstis

Diabetic neuropathy follows periods of uncontrolled
diabetes Since nerve tissue 15 largely dependent upon glu-
cose and cannot derive energy from ketone bodies or fatty
acids, msulin msufficiency may be considered one of the
most important causes Uncontrolled diabetes would disturb
glucose utihzation Arteriosclerosis 1s certamly mnenmmated
m some cases The réle of vitamuns 15 unsettled and no
climcal mprovement appears to follow vitamm therapy
alone without good drabetic control

Pathology

Lattle 15 known about the pathology of diabetic neurop-
athy The opportunity to study the lesion 1s rare Griggs and
Olsen described three types of cord mvolvement—degen
eration of motor cells of the brain stem and cord, degenera-
tion of the mtramedullary portion of the dorsal root fibers
with secondary system degeneration producmg a tabes ike
leston, and panncula necrosis of the postenor columns oc;
curning especially 1 the cervical and upper dorsal segmen!
of the cord Atherosclerosis of the nerves and demyelniza
tion of the peripheral nerves has been reported and i many
cases advanced general arterosclerosis has occurred Chens
1cal analyses of the nerves of dibetic patients com;;lured
with those of non diabeties showed lower phospholipid,
cholesterol and cerebro side content 1n the diabetic group
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Diagnosis

Although the physical exammation usually suggests the
diagnosis spinal flrd may give the necessary confirmation
the most charactenstic finding bemng the excess of protein
above the level of 40-60 mg Levels may reach 100-200
mg or more There are no cells The collodal gold cunve
shows an elevation to the left 1n half the cases and a mud
zone mise in occasional cases The serology, Hinton test, etc,
are of course neg; The p and flmd dy are
normal

Acroncuropathy

Symptoms end Signs The most outstanding symptom of
drabetic neuntis 1s pamn which 1s nocturnal in 1its character
The pain may be superficial or deep aching grinding dart
ing or lancing and usually feres with sleep Paresth
occur frequently i an mncidence as high as 70 per cent
Burning sensations are particularly common with numbness
tingling chilliness of the extrermties and a sensation as of
the patient were walking on wool Hyperesthesia may be so
marked that bedclothes and elothing may be unbearable
Because of the discomfort and length of the attack depres
sion and nstability are prommnent

‘The neurological signs mnclude absent or dummished ten
don reflexes, the Achilles bemng absent 1n 80 per cent patel
lar reflexes in more than half, bxceps and triceps 1n one third
muscle d 15 d skin sensitiity
occurs in one-half the patients and vibratory sense is dimin
ished in half Murshy has potnted out that the dimmution of
the vibratory sense of all diabetic patients 15 comparable
to that of an age two decades greater than that of the pa
tient Paralyses occur frequently Foot drop 1s the most
common wnst drop less common Postural hypotension and
tachyeardia leading to faintness occur frequently
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Cranial Nerves Involvement

Involvement of the facial nerve, involvement of the £fth,
sixth, eighth, ninth and tenth cranial nerves ocour and it
has been thought that the frequent attacks of vertigo in
diabetic patients might be explained as a neuro Iabyrinthi

Pupillary Reactions

Abnormal pupillary ions are and
The incidence may be nearly 20 per cent of all patients
with neuropathy. The true Argyll-Robertson pupil is ob-
served ionally, Sluggish resp to light are frequent,

£

Cord Bladder

‘The cord bladder has been one of the most distressing
complications, The residual urine often measures 500 to 1000
cc. and the bladder is palpable as a pelvic tumor.

Diabetic Diarrhea

Diabetic constipation, diarrhea and gastric neuropathies
are most distressing but favorable from the point of view of
eventnal prognosis with complete recovery. These cases
aften extubit alarming alternating diarrhea and severe con
stipation. Although the diarrhea occurs also in the daytime
and often app ta be # i the 1 charac-
ter is so common and so distressing that noctural incon-
tinence of feces accurs in three-guarters of the cases. Tfle
X-ray examination of the colon is normal except for in-
creased spasticity, Proctoscopic examination shnws.normal
mucosa. Many of these patients have achlorhydria even
after histamine.

Charcot Jomt o
The earhest change detected in the foot i thickening o
the tazsal region which tends to progress slowly, even-
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tually to become a thickened deformed foot with a tendency
to cverge m external rotation with flattening of the longi-
tudmal arch X-ray reveals changes simlar to those of the true
Charcot jomnts of syphilis, except that the destruction 1s
usually hmited to the tarsal and proximal ends of the meta-
tarsal bones Shields Warren has studied one such foot and
found numerous spicules of bone scattered throughout the
area of mvolvement undergoing varous stages of absorp-
tion with an attempt being made by the remamning perios-
teum to form new bone

Treatment

T of diabetic pathy consists pnmanly of
bringing about good diabetic control and adequate calories
with a diet relatively ligh m good quality proten Poly-
vitarmins may be employed, supplemented with vitamun B
complex, vitamn C or B-12 The pamn may be relieved by
salicylates, warm compresses, baths or heated blankets
Sedation in the form of chloral hydrate 15 essential but
opates, because of the duration of the attack, should be
avoided BAL did not yreld good results 1n our hands nor
did novocan, ether, or aleohol administered intravenously
Special therapy such as pregnant mammahan liver extract
advocated by Collins, Kahn, Zelinsky, Greenwald and Stearn
has not proved of value in our patients’ and although B 12
orally and parenterally combined with wmsulin has been em-
ployed i doscs from 80 to 1000 mucrograms dady, the
results have not been dramatic Paralyses should be handled
with appropnate orthopedic and physiotherapeutic proce-

ures

Crude Iner extract daily for two weeks, weekly for two
weeks and monthly has prosed helpful in the manigement
of dinbetic diarrheas The total therapy consxsts uf good
diabetic control, cl such as or
sulfaguarudine, hydrochlone acid af achlorhydrit is dem-
onstrated, vitamins and during the acute bouts, costnve
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drugs such as paregonic and bismuth Change in diet affects
the state little but a relatwely low residue non imtating diet
15 to be recommended Over 90 per cent of the cases recerv
mg crude hver extract showed definite benefit

Bladder paralyses have improved with transurethral resec-
tions of the bladder neck

Although several patients with Charcot joints have been
reported 1mproved with sympathectomy orthopedic ap-
plicances to relieve weight beanng have been most helpful
m our patients Bilateral leucotomy was necessary for rehef
of pain m one of our juvemle patients

A good prognosis for recovery from peripheral neurttis
and from the diabetic diarrheas may be given

The sequelae of neuropathy include bums cuts and
ulcers The combimation with retmopathy and nephropathy
add to the imp of this complication the best manage
ment of which remains prevention through physiologeeal
control of diabetes




CHAPTER XIII

TREATMENT OF EYE DISORDERS

Eye Complications

The diabetic is susceptible to many visual and eye com-
plications These mclude

1 Transitory Refractory Changes or Insulin Presbyopia
2 Xanthoma Palpebrarum
3 Argyll Robertson Pupil
4 Muscular Paralyses {most commonly involving the
external rectus)

5 Cataracts

a Congemtal

b Compleata

¢ Flocculi
6 Vitreous Opacities and Hemorrhages
7 Lipema Retinalis
8 Retimopathy
Dilatation of the vemn
Microaneurysms
Waxy Exudate
Nerve DNbre Hemorrhages
Cotton woo! Exudate
New Blood Vessel Formation
Scars of Retitis Proliferans
Hemorthagie Glaucoma
Separation of the Retna

T fi y changes resulting in the loss of the
patient’s nbihty to xend headlines of a newspaper were ob-
185

-0 e o OB




166 DIABETES MELLITUS

served ¢ lly even 1 the ho era when rapid
desuganzation with starvation treatment occurred It 15 not
uncommon following the treatment of severe bouts of keto-
acidosis or following the early regulation of therapy m the
short-term case In fact, 50 per cent of newly treated cases
of diabetes show this complication The explanation for ths
change may be the retention of sodum m the lens, or per-
haps 1t 15 due to changes i the glucose content of the
vitreous A good prognosis for recovery may be given and
the patients must be advised to postpone refraction for new
glasses for a period of some four weeks after stabilization of
diabetes has taken place

Xanthoma palpebrarum occurs with somewhat greater
frequency in the diabetic than n the general population
The histology and chemustry of this lesion 15 described m
the chapter on skm lesions, page 153 The sigmficance of
the lesion 15 cosmetic only, and the therapy, if disfiguring, 15
surgreal removal

Argyll-Robertson pupils occur alone or with other mant-
festations of drabetic neuropathy No special therapy 15
available In lke manner, paralysis of the ocular muscles
complicates diabetes and again 1s usually part of the picture
of diabetic neuropathy The external rectus 1s most fre
quently mvolved The methods which are used m the gen-
eral management of neuropathy (sce page 163) may be
employed m these patients, but time 15 the most mportant

healing factor

Congemtal cataract 1s part of the general plctu:'e o
gemtal hes m d Ci 1
with somewhat greater frequency n the dbetic than m
the general population Extraction 15 applicable to these
patients as 1t 1s m the non diabetic population

Lens opacities, wheels and spokes ocecur at an earlier age
m diabetics, although cataracta complicata occurs no more
frequently m dibetics than 1t does n the non am:,e:::
population When these lesions mterfere with vision, ex

f con-
oceur
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tion 1s indicated The drabetic withstands this surgical pro-
cedure as well as other surgical procedures Because of the
greater susceptibihity to infections, careful eye cultures are
advocated Chemically, the dumbetic cataract 1s charac-
terized by its low phosphorus content and consequent high
caleum phosphorus ratio

The juvemile patient, 1n contrast to the adult, shows a
speaific lens lesion 1n the form of floccul: Unlike degenera-
tive compheations, this frequently occurs at the onset of
duabetes and may be demonstrated upon the first physical
examination Such children have usually had a history of
symptoms of active ditbetes over a period of months or
even up to a year without diagnosis and treatment, and
often show signs of vitammn B defictency As the floccult
progress and interfere with vision, discision types of surgery
are employed

Vitreous opacities occur 1n the diabetic as m the general
population, but because of the patient’s knowledge of reti-
nopathues, they may produce a psychologieally disturbing
problem

The most mnocent lesion found n the retina, because 1t
15 completely reversible, 1s hpema retinalis It occurs when
the blood fat is elevated to the degree that the drawn sam-
ple of blood has a crexmy appearance It 15 an occasional

1on of duabetic k dosis and d witlun

24 or 48 hours after adequate diabetic therapy has been
established

Diabetic retinopathy has become one of the most serious
of the complieations of this discase It 15 seen n 1ts most
malignant form in those patients whose diabetes has started
in childhood, adolescence or early adult life The lestons 1n
these young patients are obsenved rarely under the tenth
year of the durtion of diabetes, and are often the first of
the vascular lesions to be detected The first change s the
dilxtation of the vein The caliber of the vem mcreases grad-
ully to several tumes that of the artery, and ev
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albummuna and other evidences of diabetic nephrop
athy Primary mahgnant hypertension, developing i young
diabetic patients, 15 extraordmnarily rare, but mdeed papl
ledema m diabetic patients 1 the late stage of diabetic
nephropathy 1s quite on In the differential dag
nosis, when searching for the cause of hypertension, the
following conditions may be considered

(1) Diabetsc nephropathy The syndrome of diabetes mel
Iitus, alburmnuna, and hypertension associated with mtra
capillary glomeruloslerosts, first described by Kunmelstiel
and Wilson, 1s seen i mid ciabetic patients in late bfe
but much more frequently among the severe diabetic
patients whose diabetes has had 1ts enset in childhood or
m early adult Ife Pathologic changes mclude masses of
hyalne matenal found 1 the glomerular tufts, but 1

dd: vsually evad of pyelonephntis and partics
larly umportant are the marked hyahne changes m the
arterioles The of alb hyp

se 1 serum

retinal hemorrhages and frequently an 1ncrea
cholesterol are mmportant findings Also, the demonstra
ton of burefungent Itpid matenal  the form of small
Maltese crosses under polanzed hight may help Repeated
exammations of the urinary sediment are important suce
hematuna 15 not a feature of the diabetic nephrapathy
but rather pomts toward glomerulonephnts

(2) Unil 1 kidney inf 1 cases of kidoey
mfection on one side wath hypertenston have been re-
lieved by removal of the offending kidney However, 10
diabetes pyelonephntis 1s most usually bilateral

(3) Pheochromocytoma This tumor of chromaffin tissue, ust
ally found ansing m the adrenal but sometimes occurrng
1 other areas may give nse to severe hypertension pat
ticularly to penods of hypertensnye crisis The importanee
of recogmzmg this condition Lies n the fact that a number
of patients have now been operated upon wath remosal
of the tumor and lete cure of hypergl and
glycosuna At the Deaconess Hospital within the last two
years, five such cases have occurred The most recent, 8
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the diet has been employed for the treatment of hyperten
sion, especially m the presence of cardiac or renal falure
with edema The rice fruit diet has been used 1n a good
many diabetic patients Rigid adherence to a diet contammg
about 450 grams of carbohydrate, 92 grams of vegetable
protemn, 3 grams of vegetable fat and about 2000 calores
with 20 mg of sodium per day and supplementary vitamns
has been employed with a number of diabetic patients at
the New England Deaconess Hospital when edema, head
ache and retinal lesions were mdications After a few weeks
this diet has usually had to be hberalized by the additon
of some vegetables 1n place of some rice, small amount of
meat or fish

Heart Disease

The frequency of both coronary disease and diabeti
gangrene mcreases with each decade of the duration of the
disease and 1s more than twice as frequent among diabetics
with hypertension as among patents with normal blood
pressure In contrast to coronary disease other heart lesions
are relatively uncommon Congenztal heart lesions have oc
curred 1n the babies of diabetic mothers Rheumatic heart
disease with auncular fibnllation or with mitral stenosis or
regurgitation occurs probably with about the same fre
quency among diabetic patients as among non diabetic pa
tients Surgical treatment of the rehief of mitral stenosis has
been accomplished with strking success m a few of o
diabetic patients

The heart muscle i diabetes shows some differences
compared with normal heart muscle Glycogen 15 prese
m considerable amounts, but 1t 15 relatwvely fixed an
utilized only n extreme anoxa or after the action of er
nephrme The diabetic heart muscle shows an mcrease -
glycogen content and starvation makes httle change :
cardiac glycogen In recent years the disturbances of pot
sium and sodium metabohsm upon cardiac function, esp!



MANACEMENT OF CARDIOYASCULAR DISEASE 177

cially during diabetic coma, shocl,, uremia or lower nephron
nephross, have been of increasing importance

Low concentrations of potassium 1n the blood serum are
not always closely correlated wath depletion of potassium
1n the intracellular space, so that in patients who have been
depleted by ble long ding Letosis or poorly con-
trolled diabetes serious cnrdmc fatlure may occur even
without a strihingly low serum value Therefore, the electro-
cardtogram may sometimes be a more valuable gmde How-
ever, when low 1ons of serum p are ob-
served or when serum potassium depletion has been present,
the following events have been observed (1) weakness of
the skeletal muscles, (2) dyspnea, with a shallow gasping
type of resp (8) ey , (4) abd 1 distention,
(5) nausea and vomuting {6) cardiac enlargement (7)
i pulse p (8) elevated venous p and
cardrac fallure The changes in the electrocardiogram often

g the low fon of p or potas-

stum dcplelion mclude (1) a shghtly pxolcnged Q T inter-
val, (2) decreased height and inversion of the T wave, (3)
rounded and prolonged T waves, (4) dep of the ST
segment, (5) prolonged PR intervals wath iversion of T
waves and extra systoles It is difficult to predict how often
and under what low of potas
sium may be accompanied by anatomic lesions 1n the heart
or when serious symptoms will develop Therefore, frequent
electrocardiographic tracings must be used The use of the
flame photometer makes possible rapid estimation of the
blood values

The disturbances which accompany hyperkalemia are of
equal jmportanee and are chiefly to be feared in patients
who have diabetic nephropathy and in whom retention of
potassium may Jead to high values In such patlents the
signs and ptoms include listl mental £
numbness and timghng 1n the extremutes, cold, pallor, slow
heart, periphicral vascular collapse and finally eardiac arrest.
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El diographic ch correspond roughly to the
gree of elevation of the serum potassium At concentrat
of 65 to 78 milimols of potassium per hter alterations
the T waves begin to appear and are constantly pres
when the level 15 above 8 mmllimols per hter Changes
peanng mn sequence are (1) the appearance of pedl

ELECTROCARDIOGRAPHIC RRCORDS
DURING TREATMENT OF ACIDOSIS
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T waves, (2) moreased duration of acate QRS comp!
(8) mereased duration of PR interval, (4) biphasic ’;u;;
{5) total anbythmia The danger of potassum po
thes 1n ats production of fatal ventneular ﬁbrﬂlnuag aflssx)e
cually m panents who have had diabetic Lfimi’s an ; ;
patients with long stand 1l 4“ ¢  clec ;
cardsograms should be r d freq or ev
potassium depletion or retention
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Treatment of Anglna Pectons and Coronary Arteriosclerosis

The frequency of angina pectoris and coronary artenio-
sclerosis and diabetes in middle late hfe ncreases with
duration and with poor control of the diabetes While 1t is
certamly true that there are many patients 1 mddle late
Iife with artenioscl of diab the de-
velopment of diabetes in such patients scems to accentuate
its development and to make the prognosis of angna pec-
toris and particularly of coronary occlusion much more sen-
ous than n non diabetics Most observers have found the
mortality of acute myoecardial infarction n elderly dubetic
patients of long duration to be much higher than n non
diabetic patients Turthermore, if diabetic ketosis 15 present
at the time of acute myocardial infarction the mortality rate
is roughly twice as great as in myocardsal infarction in non
diabetic patients of similar severity Treatment in patients
with early coronary artcno:clcrosls for fulure or infarction
should emphasize of body weight to
normal or 10 per cent below normal, the use of diets low
cholesterol and lipids, the control of diabetes by the early
use and cautious preseription of insulin, and the reduction
of tobaceo smoking {preferably its omission)

Coronary occlusion may be regarded as a sign of under-
lying or potentinl diabetes in many patients Patients who
show gly cosurit with or without an elevation of blood sugar
durmng coronany occlusion if followed up within one or two
years, thereafter, have been shown in certain senes to be
really dibetic as indicated by hyperglycemia and glyco-
suria either with a glucose tolerance test or after a full meal
The objeetive 1n treating chronie cardiovascular conditions
{5 to restore disturbed physiologic p to as nearly
norml as possible

A Hyperglycemia and glycosursa should be controlled by
adjustment of dict and insulin carmed out more carcfully
than in paticnts without such complications Gradual rather
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than rap:d reduction of hyperglycerma protect agamst hypo
glycemma and the possibility that hypoglycemia wall mduce
angina pectors The danger of mducing coronary occlusion
by the use of msulin has been greatly exaggerated Inderd,
1t can hardly be said that any clear proof exists that myo
cardial occlusion either 1n the presence of coronary artero-
sclerosis or without 1t 15 actually or has been actually pro
duced by the use of msulin When, therefore, a diabete
patient has uncontrolled diabetes that condition 15 to be
regarded as a load or a burden which should be removed
by the proper use of mnsulin and diet

B Waeight reduction ards w controlling diabetes but also
tends to prevent prog m the d tive changes
m the arterral system A diet of 150-180 grams of carho
hydrate with 75-100 grams of protein and fat 50-80 grams
1s a fair sample of a diet which could be used i a patient
with 150-200 pounds 1 weght

C Hypercholesteremia and lipema may play an wnpot-
tant part 1n the progression of coronary artenosclerosis both
1n diabetics and non diabetics Its control should be obtamed
by a relatively high proportion of carbohydrate m the diet

1o Y nantent of
'

physicians and actually followed by pduchis uu uv o ~
ciently restrict the fat part of the diet to have any very
definite effect upon blood levels of cholesterol

Acute coronary occlusion has been treated at the Deacon
ess Hosputal as follows

(1) Complete rest m bed—pattents bemng mn bed are not
allowed to bathe or turn without help In the severe
patients i whom shock and dyspnea are present,
oxygen has been employed not merely m the pres-
ence of cyanosis, but m others with shock or with
very rapid pulse rates

Soft or ligmd diet m five
during the course of myocardial mfarction s

small feedings The dret

@ hould
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always be planned to provide calonies less than 20-
23 calones per llogram of body weight 1n the at-
tempt to keep the total metabolism at a level suffi-
ciently low so as to mmimize the burden upon the
heart

Catharsis with caution duning the first phase when
shock may be present

Morphme sulphate as needed

Hepann—50 mg intravenously at the same time that
the use of d 1 frequently is begun Dy 1
has been d with daidly d 1on of the
prothrombin time aiming to mamtain the prothrom-
Bin time which 1s determmed daily between 8 and
15 per cent normal activity Clectrocardiograms and
sedimentation rates are done daily or at intervals dic-
tated by the patient’s need The use of heparn and
dicumarol has not been routine, but has been em
ployed roughly i 50 per cent of our patients Pa-
tients usually selected for dicumarol treatment have
been patients with severe occlusion accompanied by
shock, fever, leukocytosis, rapid pulse rate, and cya-
nosis Insulin is used of hyperglycemn, glycosurta and
especially 1if any ketosts 1s present During shock from
coronary occlusion, the CO: content of the blood,
apparently due to shock, does not require treatment

In accidental cases of msulin hypoglycemna there 1s no
cudence of harmful effect upon the heart not already dam-
aged by coronary artertosclerosis The use of mnsulin 1 the
patient with coronary ocelusion 1s an essentral part of the
control of diabetes if the panent is evlibiing marked
glycosunia and hyperglycemin

Diabctic Nephropathy

The Jadneys of dubetic patients may show any of the
processes due to discase or to failure of development which
are found in non-diabetics Thus, congemtal absence of
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double ureters or horse shoe ladneys occur The renal |
sions which frequently occur m a diabetic may be listed :
follows

(1) Reversible changes mclude glycogen or fat deposit
1n the renal tubules

(2) Arteriolarscl (necroscleross)

(8) Intercapllary glomerulosclerosis

(4) Acute or chromc pyelonephnitis including the necro
tizing renal papillitss

Arteriosclerosis

Ram)

(5

Deposttion of glycogen i the renal tubules merely md:
cates glycosuria, whereas, fat deposits m the tubules mndi
cate mjury to the tubular epithelium, frequently seen i
diabetic coma The last four changes commonly oceur to
gether especially m young diabeties of long duration It was
1 1936 that Kimmelstiel and Wilson pomted out the asso-
cration of diabetes, nephrotic edema, gross albummuns,
hypertension and intercapillary glomerulosclerosis This syn
drome has assumed mcreasing 1mportance with the passage
of the years It has proven to be assoctated with other
lesions so that at present kidney mvolvement found m
diabetic patients of long duration 1s almost mvanably of
mixed morphology It 1s the combmation of arteriolarsclero-
sis, acute and chrome pyelonephntis, mtercapllary glo-
merulosclerosis and artenosclerosis which 1s seen with the
greatest frequency and which 15 called diabetic nephrop-
ath;
]glabehc nephropathy may be seen 1n diabetic patients of
any age It was first described as a leston commonly found
m mild diabetes of mddle and late hfe Actually, its et
dence 1s now known to be much greater n the severe dia
betes of youth than m the mild diabetes of later Ife Tt
clearly related to the seventy of the diabetes and the char
acter of 1ts treatment The treatment of the diabetic ze
phropathy should begin with prevention Here the essential
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thing is the early diagnosis of diabetes and 1ts early control
from the very onsct Attempts to control duabetes in young
patients with diet alone with the result that the use of -
sulm is postponed for one, two or more years 1s an wmvitation
to later disaster Failure to presenbe a diet adequate, not
only 1n calories, but in minerals and vitamins and then the
failure to make sure by the adequate use of nsulin that the
dlct is normally metabolized lays the found:nmn for latcr
pathy The actual diag of d

dcpends upon the finding of persistent albuminuria As nme
goes, on retmal Jesions typical of the diabetes, mamly the
aneurysms, retinal hemornthages and the typieal hard, waxy
dusbetic exudate may appear In some patients the retinal
lesions appear before albuminuna More commonly, albu-
minuria is followed by a period of months or years m which
apparently benign edema is present This period of bemgn
edema is readuly controlled by various measures, but may be
followed by thus stage of mtrogen retention The treatment
is summarized on page 186

Vascular neph is fairly freq in early
stages among clder diabeties Acute g]omcrulonephnus is
relatively uncommon It s readdy distinguished from the
typical disbetic nephropathy by the hematunia Although a
few red cells may be found in the sediment in the patient
with diabetic nephropathy, in general the typieal hematuna
of glomerulonephntis is never scen In the treatment of
glomerulonephnitis during the stage of edema and hypopro-
teinemin, in addition to bedrest and moderate restniction of
fluid and salt inthe, transfusions of human albumn solution
have at times been benefical However, precautions in
Limiting the frequency and speed of inj are
Even in the young dinbetic patients of long durauon pul-
monary edema develops most unexpectedly followang injec-
tions of albumn solution or of acacia

5



CHAPTER XV

DIABETIC NEPHROPATHY

Since the publication of the report by Kunmelstiel and
‘Wilson, much has been wnitten about mtercapillary glomer
ulosclerosis found frequently at postmortem examnation
In patients with onset of diabetes 1n childhood dymg after
a duration of at least 15 years, particularly m those with
poor ch 1 control, ch 1stic lesions descnbed by
those authors are mvanably present but accompanied by
other lesions 1n varymg degree The combiation 15 so char-
acteristic and so predommant at autopsy wm such patients
that 1t 15 preferable to d the climcal synd: as the
dimbetic nephropathy The histopathological findings char-
acteristic of drabetic nephropathy consist of a combinaton
of lesions mcluding the followmg mtercapylary glomerulo-
sclerosts, acute and chronic pyelonephnitss, artenoloscl
and arteriosclerosis Evidences of glomerulonephntis are
rarely seen The combmation of lesions just described, re-
sulting from 1nfections, degenerative or perhaps nutritional
or endocrme factors, 15 not a frequent pathological finding
1 any disease except diabetes

Pathology
Intercapillary glomeruloscleross occurs 1 two forms—
nodular and diffuse, the former being especsally character-
sstic of the juvenle type diabetes and consusts of the pres-
ence of one or more round, ball ke hyaline masses 1 the
glomerular tuft and having an mtact capillary running over
184
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the surface of the nodule which has given the name mter-
capillary glomerulosclerosis The hyaline matenal 1s now
known to conta a mucopolysacchande It has also been
emphasized that such lesions also show characteristic ipid
imolvement

Symptoms and Signs

The chnieal festations of this pl are the

following It 1s suspected by the app of alt
in a quantity of 50 mg or more m the absence of pyuna
edema des the all 12 The unoe con-

tains httle i the way of cells or casts, but often contains
doubly refractile bodies appeanng as a maltese cross strue-
ture These have been considered pathognomomic of this
condition The spectfic gravity may be normal or may be
elevated because of glycosunia For a Jong penod of time the
non protein mitrogen remains normal as does pl)enolphtalcin
The urea cl tends to d

The cholesterol rises, the serum protem falls and there 1s a
reversal of the A/G ratio and the following electrophorectic
pattern  Albumin and gamma globubn decrease, alphas
globulin Increases protemn bound carbohydrate, alphaz and
Dbeta hipoprotein are increased The blood pressure may be
normal for many months or years and gradually nses to
hypertensive levels In addition, these patients usmlly show
characteristic diabetic and nephntic retwmopathy and also
may exhibit calaifi of the vessels throughout the body
The capillary fragility index is elevated

Course

Usually the disease progresses in clinical stages as follows
The first phase is the nephrotic stage followed by one which
is charactenized by severe anerma The third 1s 2 salt losing
stage, fousth, uremic, 6fth, aadotie; suth, cardiae; and
seventh, encephelopatluc
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Treatment

Prevention of diabetic nephropathy consists of four parts
Furst, the careful chemical control of diabetes, second, cor
rection of mfection, particularly pyelonephntis which often
appears to be the 1mtial starting pornt of the complications
thrd, the avoidance of ketoacdosis, and fourth, the prescnp-
tion of a diet which 1s adequate m high value protem, 1% 2
grams per hilogram of body weight, and finally the selection
of fats which are vegetable 1n ongin and most easily metab-
ohzed by the body The actual treatment of the condition
15 symptomatic Thus, mn the nephrotic stage the diet should
be low m sodium, one gram or less per day, the protein con
tent of the diet, 1-2 grams per kilogram of body werght.
The acid ash diet has recewved a certamn amount of favor
able attention, but has become less popular than 1t was
formerly It may be obtamed as follows mulk, fruit and the
basic vegetables should be restricted and acid forming
foods, meat, eggs, fish, bread and cereals prescribed

The drug therapy winch 15 helpful during the nephrot:
stage 15 ammomum chlorde in a dose range of from 48
grams prescribed cyclically for three days and omtted for
three days, or n sumilar fashion, Diamoy, 250 mg daily for
three days, then omutted for three days A combmation of
ammonium chlonde and potassium chloride or mtrate may
be deswrable Mercuhydrm may be admmstered mn 14 cc
doses mtramuscularly Patients may also be taught the use
of Thiomerm which may be admmistered subcutaneously
and Neohydnn for oral admmistration Xanthines, 2-8 grams
daily, are particularly advocated 1f nausea occurs Salt poor
albumn, amigen or acacia may be used under special o
cumstances or even the exchange resws In the anemc
phase, multiple small transfusions, particularly of packed
red cells, may be helpful Iron, as ferrous sulphate or cop-
per, may be prescribed During the salt losmg stage, salt
restriction may be removed and sodm chlonde a
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tered cautlously Large quantitics of sodium chlonde, how-
ever, appear to be trapped by these patients and edema
may become progressively worse if this therapy 15 pushed
too aggressnely If the patient 15 eating fairly well, salt may
be supplied with the diet If the food intake 1s low, normal
salt solution may be administered until the chlonde level
ses n satisfactory fashion
In the urerme stage, the protein of the dict 1s moderately
restricted, the low sodium diet 1s continued and the mamn
part of the calones admmistered in the form of carbo-
hydrate and fat If acidosis develops sodium lactate is ad
ministered ntravenously in the form of one sixth molar
solution, especially when the carbon diocude content of the
Dblood falls to 15 milliequivalents or below, or if the patient
develops hyperpnea If the phosphorus rises then collodal
aluminum hydrovide, 8 cc may be given four times daily
and calaiwm gluconate, 10 cc of & 10 per cent solution o
tetany oceurs When heart failure develops, bed rest, restric-
tion of flud and dlgltnhmhon are mdicated, and for the
phalopathy, Ipt m 2 cc doses of 50
per cent solution § larly as vy Hyp
and anticonvulsant drugs may be prescnbcd nud lumbar
puncture m1y be therapentic
‘The more radical forms of therapy which have been sug
gested include the nee diet, artificial Kidney, pentoneal or
intestinal gavage As this type of nephropathy is chronic
and progressive, the two latter play a less important rdle
lh'm they do in more acute forms of renal discase Bilateral
\! h:ls bccn d d in those patients with
i 1l ! where the progr ap-
pears cspcch]h poor \ore recently, medical adrenalectomy
has been attempted with hrge doses of cortisone and even
more recently by use of amphinon A followup of patients
with surgieal adrenalectomy has, on the whole, been discour-
aging and prevention is certainly to be recommended rather
than such radical forms of therapy Hepann altenng the
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lipoprotein content of the blood has been recommended by
Gofman

Effect of Nephropathy upon Ketoacidosis and
Insulin Hypoglycemia

In contrast to some current statements in the Lterature
that the patient with mtercapillary glomerulosclerosis has
not had ketoacidosis or diabetic coma prior to the develop
ment of the nephropathy and does not contract ketoacidosis
or diabetic coma during this complication, we find partieu
larly 1 our younger patients that many attacks of ketoacido
sis have characterized their past histories and the develop-
ment of ketoacidosis as well as renal acidosis has been one
of our more serious problems m the management of such
cases 1 the past few years These patients will manfest
edema 1 spite of severe acidosis Therefore, the flud
therapy must be given cantiously As the potassium levels
may be found to be very high, a careful eyaluation of the
electrolyte pattern or electrocardiographic exammations
must be done The prognos:s for recovery from ketoncidosis
m these patients with compheatmg wtercapillary glomerulo
sclerosis 15 obviously poorer than 1s the prognosis for re-
covery m the average duabetic patent

In addition to susceptibility to ketoacidosss, these patients
become progressively susceptible to msulm hypoglycemia
so that the msulin requrement may drop to fantastically
low levels for penods of time These patients may actually
require no wsulin whatsoever The explanation for this may
be madequate food intake, poor absorption from the gastro-
ntestmal tract, perhaps because of edema With advancing
lestons, adrenal failure 15 suggested by the fall 1n excretion
af 17 keto and 17 hy droxysteroids

Prognosis

In spite of the of this lication, preg
may occur 1n young female patients with diabetic nephrop-

oy
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athy (See section on T of Duabetic P )

The prognosts for the patients with nephropathy 1s poor
Progression, however, 1s slow The average duration of hfe
after ia was first d 1n fatal cases mn our
young group was 5 years, but the average duration of Iife
for the living cases in this same group exceeded that of the
fatal, for 1t was B years

TABLL 22

TREATMENT or NEPHROPATIY IN lOUnG
Drasetics or Lone Durarion

Duabetic nephropathy Is commonly first indicated by recurnng

ema persistent albuminuria and in many cases an increase in the
plasma lipids (nephrotic phase) Later mamfestations include hyper
tension increased albuminuna cylindruna eardiac failure and uremsa
In oceavonal pitients penods of glomerulonep! ntis may occur Renal
infection is a frequent component 1n the clinical course Anatomic
Bindings in cases with dmbctcs of 15 yers duration or more include
arterioltr h Istie] Wilson lestons
and pyclonephultis

NEPHROTIC STAGL
Clinical

Albuminuna  edema  normal
nen protein mtrogen (40 mg per
100 ce or lower) low serum pro-
tein, Incre1sed serum hipids (cho-
lesterol may Le 250 to 1000 mg
per 100 co

Management

A Det as indonted for dia
betes Protein imited to 1 gm
pcr kg ptr d.x) Salt lumtcd tol

B le: mbsnmm may be
used

C. Acidash dict {but not at ex
perse of sodium restriction) To
obtain an acilash diet milk
fruit and  certun vegotables,

UREMIC STACE
Clintcal

Mitrogen retention  (non pro-
tewn nitrogen 45 mg to 100 mg
per 100 ec or higher) Hyperten
sion (uwmmal) albumura ol
indruria retinopathy and edema
variable

Management

A Duet as indicated for diabe-
tes except proten Lhmted lo ax
Lttle a5 05 gm per kg bod:
weight per day Sodum lumltd
to as hitle 85 0.5 gm. per day
when the serum sodium & 130
mEq or hugher Liquids may be
forced up to a pont where gun
in weipht occurs. Insulin require-
ment may dechoe
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Lipopretem content of the blood has been recommended by
Gofman

Effect of Nephropathy upon Ketoacidoss and
Insulin Hypoglycema

In contrast to some current statements in the hterature
that the patient with pillary gl loscl has
not had hetoacrdasts or drabetic coma prior to the develop-
ment of the nephropathy and does not contract hetoacidosis
or dhabetie cama durmg tiis complication we find partics
larly in our younger patients that many zttacks of ketoacido-
sis have characterized thesr past hustories and the develop-
ment of ketoacidosis as well as renal pexdosis has been one
of our more senous problems m the management of such
cases m the past few yems These patients will mamfest
edemt m spite of severe acidosis Therefore the fud
therapy must be gnen cautiously As the potassm levels
may be found to be very Ingh a careful evaluation of the
electrolyte pattern or el diographic ¢ 4
must be done The prognosss for recovery from hetagerdosss
1 these patients wath heating pillary gh d
sclerosis 18 obviously poorer than s the progrosis for 1&
covery in the average diabetic pattent

In addition to susceptibihty to hetoacidosis these patientt
become progressvely susceptible to insulin hypogl)cems
so that the wsulin requerement may drop 0 fantastieally
low levels for periads of tune These patients may actually
requure no meulin whatsoever The explanation for ths m3y
be madequate food intake poaor absorption from the gastr-
intestinal tract perbaps because of edema With advancsg
lestons adrenal failure 1¢ suggested by the fall an excrebon
of 17 heto and 17 hydroxysteroids

Prognosis
In spite of the ser of ths heation pregrancy
may occur in young female patients with dabetic nephrop-
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athy (See section on Treatment of Diabetic Pregnancies }

The prognosis for the patients with nephropathy 1s poor
Progression however, 1s slow The average duration of life
after alk 12 was first d 1n fatal cases 1 our
young group was 5 years but the average duration of Lfe
for the living cases 1n this same group exceeded that of the
fatal, for 1t was 6 years

TABLE 22

TreatsenT oF NepEROPATHY Iv Younc
DuaseTics oF Loxe DuraTion

Diabetic nephropathy 1s commonly first dicated by recurnng
edema persistent albummunia and 1 many cases an increase 1 the
plasma lipids (nephrotic phase) Later mamfestations include hyper
tension increased albummuna cylindruna cardiac failure and wremia
In occasional patients penods of glomerulonephntis may oceur Renal
wfection 15 a frequent component tn the chmcal course Anatomic

findings in cases with dxabetes of 15 vears duration or more mclude

arteriolar

and pyelonephritis

NEPHROTIC STAGE
Clinical

Albuminuna  edema  normal
non protem mtrogen (40 mg per
100 cc or lower) low serum pro
temn 1ncreased serum bpids (cho
lesterol may be 250 to 1000 mg
per 100 cc )

Management

A Diet as wdicated for dia
betes Protemn limited to 1 gm
per kg per day Salt hmted to 1
gm perday

B Salt substtuies may be
used

C Acid ash diet (but not at ex
pense of sodium restnction) To
obtan an scidash diet milk
frut and cetam  segetables

Wilson lesions

UREMIC STAGE
Chncal

Nitrogen retention  (non pro-
tem mitrogen 45 mg to 100 mg
per 100 cc or higher) Hyperten
sion (usual)  albuminuma eyl
druna retinopathy and edema
variable

Management

A Duet as indicated for diabe
tes except protem limited to as
lttle as 05 gm per kg body
weght per day Sodum bmited
to as httle as 05 gm per day
when the serum sodmum 15 130
mEq or higher Liquids may be
forced up to a pont where gain
in werght occurs Insulin require-
ment may dechne
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which are basic, must be re
stricted The acid forming foods
nclude meats eggs fish bread
and cereals
D Moderate or severe edema
combated with
1 Ammonwm chlonde 4
gm daily for 8 days followed by
mercunal dwretic
2 Human salt poor albu
mn 1ntravenously 25.50 grams
per day may be used
8 Digitahs and bed rest if
heart failure 1s present
E Anemn less than 9 grams
per cent responds best to packed
cell transfusions
F Treatments of doubtful
value iclude thyroid extract
plasma hydrolysate mfusions ea
tion exchange restns adrenal ster

Ol

G ACTH 1 short courses
when nephrote status stable

H Mercuhydnn, 12 c¢ ntra
muscularly (occasionally IV)
following the ammomum chlonde
pernod Thiomenn for subcutane
ous use and Nechydrtn' for oral

DIABETES MELLITUS

B For nausea chlorpromazme
(with cautron) Cuard agunst
vormiting

C Anema of less than 9 grams
per cent best treated with packed
red blood cells

D Severe hypertension may be
treated with rauwolfia hydrala
zmne or veratrum~—meanwhile 6b-
serving renal function closely

E Cardiac failure requres
rest, usually small doses of digi
talis diuretics according to the
degree of congestion (mercunals
NH4C! Diamox or xanthines)

F Electrolyte gbnormalities

1 Potassium excess may be
lethal restrict duetary potassmm
{fruits protem), m coses gwe
glucose nfusion wath insuln,

2 Acdosis hyperpnea
treated with %M sodm lactate

8 Tetany reheved by 10
per cent calcium gluconate IV,
later PO

4 Artficial Jadney may be
useful n enses

5 Correction of hypochlo-
remic or hyponatremic states with

Jectrolyte sobutions

use Mercury

I Cortisone 200 mg as meds
cal adrenalectomy may occasion
ally be tned

G Encephalopathic  convol
sions treated with barbiturates
drammng of 30 cc spmal fud,
antihypertensive drugs (bexame-
thonum or veratum) Magne
sum sulphate 2 cc 5 per cent.
Soluton IM_or IV PRN
{can use 20 IM)

Renal mfection (pyelonephntis) may occur at any stage Chemo-
therapy under stnct medical supervision 1s mdeated according to

£aln n o

gram
smyan
n, ter
es



CHAPTER XVI

MANAGEMENT OF DIABETES
WITH SURGICAL COMPLICATIONS

Atttude of Physician

Modern treatment of diabetes which began with the dis-
covery and use of 1nsuln, has nearly eliminated the duabetic
patient’s fund 1 hend namely, the develop
of acidosis after anesthesia, failure to heal and mability to
maintam good nutntion Therefore, no longer 15 it proper to
postpone needed surgery, but rather it becomes the duty
of the famuly practitioner to emphasize to all diabetic pa-
tients eatly m the course of their disease that today diabetic
patients can avail themselves of all modern discovertes and
advances m surgery If the patients diabetes 15 kept under
good control with the proper diet he 1s hardly more sertous
as a surgreal sk than a non diabetic patient of the same
age and general condition If all diabetic patients learn early
m the course of therr treatment that the important thing 1s
the early reporting of p then early d will
make possible treatment by surgery which will m many
cases be preventive as well as curative Actually, today the
better preparation for the surgical procedure, the use of
parenteral feeding and most of all the use of the new Anti-
biotics, make the surgieal procedure fast and more safe but
also make the convalescence less protracted and more se-
cure

All types of surgery can be performed upon diabetic pa
tents Actually, 1n 8,000 operations upon dibetic pa-
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trents n the New England Deaconess Hospital one fifth of
the patients were under 40 years of age, two Afths between
40 and 60 years of age and the remainder of the group from
60 to 90 years of age

The vaniety of operations has gradually altered doring
recent years Roughly, one third of the operations consisted
of amputations of the toes or lower hmbs Next m frequency
were operations for superficial and deep septic processes
These two groups make up nearly one half of the totd
operations Operations upon the thyroid gland, laparotormes
tonsillectomies, genito urinary operations and operations for
the removal of cataracts, relief of glaucoma and finally
operations for pul y tuk losis or pul y cara
noma form a new group

The prognosis has distinctly improved 1n all types of
surgery The factors whach favor success are st the elm
mation of elements which formerly caused many losses
namely, acidosis and a liability to mfection Ketoacidoss
has become only an acadent Danger of clean wounds
becoming 1nfected 15 shight with the diabetes properly con
trolled In the presence of mfection one must admt that the
diabetes may become worse and even acidosis may develop
rapudly However, with the new antibiotics, control of nfec
tions may be assured provided at the same tine that the
duabetes atself 15 controlled The chief disadvantage m much
diabetic surgery here 15 the factor of old age with the at
tendant arteriosclerosis and the slow healmg of old tissues
‘The complications 1n the cardiovascular system are !}!053
chiefly of coronary occl pul bolism a1
cerebro vascular accident

The factors which favor surgical success are first of allan
early diagnosts and an early decision to operate This d”;
not mean that every surgical patient should be operat®
upon within 48 hours after admssion to the hospital Indeed;
today much more time 1s taken m prepanng ¢he patient 30
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operation than formerly Medical treatment 1s labile and
can be adapted to the condition m hand with adequate
preparation n the way of flud admmstration and suffeient
diet Surgery 15 vastly more safe than ever before The ad-
justment of the diet to the surgical requirements 1s tmpor
tant If there 15 no need for haste, any of the well recog
mzed dretary systems recommended to get the patient free
from sugar and acidosis will be successful The time spent,
therefore, i bringing the diabetes under good control, m
securmg adequate hydration and m establishing regular
bowel movements 1s well spent It 15 the procrastination 1
the handling of the surgical lesion 1tself which 1s often most
harmful to the feet where delay mn assessing the circulation
to the foot and determming the degree of arculatory -
pawment together with a long continued trust m antibiotics
may allow mfection and gangrene to proceed to a pomt
where the opportumity to save the whole foot by the ampu
tation of one or more toes has been lost More serious 1s
the matter of procrastination m sertous abdommnal lesions

Among the metabolic considerations 1 preparing the
diabetic for surgery may be mentioned the fact that there
1s a great advantage in stonng carbohydrate 1n the body
and particularly i the lver before operation With an ade
quate store of carbohydrate the stress of operation and pos
sible nausea and vomiting are much less Iikely to lead to

fat ); and ketosis

The danger of a clean wound 1n 2 diabetic becoming -~
fected 15 shight, if the diabetes 15 properly controlled, not
merely before operation, but dunng the post-operative pe-
nod It s true the mfection may well have made the dia-
betes rapudly worse Under these circumstances not only
may infection extend but mfected areas may become necro-
tic and actually gangrenous not merely 1 the extremities
but even wathin the abdomen Howener, 1f mfection 15 pre-
vented or having occurred 1s brought under control, healmg
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15 today usually reasonably prompt except 1 diabetic pa
tients m which old age or lack of dubetic control for long
pertods do contribute to the situation Often, however, m
patients n the hospital the presence of unexpected glyco-
suna durimg the convalescence may be the first clue to
mfection as yet undisclosed This may well be true ever
before the temperature chart or the pulse record shows ev:
dence of the wnfection The major handicap today i dia
betic surgery 1s the factor of old age and the vascular
disease which accomparues exther old age or the premature
vascular disease seen 1n much younger patients whose diz
betes 1s of long duration Today this group of patients forms
an mcreasmgly large proportion of the surgical population
on the diabetic service This primanly 1s a factor m the
healing of wounds and 1 the nduction of lesions of the
extremities dependent upon more blood supply However,
1t also affects the post operative results because the chuef
cause of death 1n surgery of the extremities 1s the group of
vascular aceidents meluding coronary occluston, pulmonary
embolism or cerebral hemorrhage or thrombosis

Digt Dunng and After Diusbetic Surgery

The dietary treatment must be based upon the study of
the patients present condition and the record of his past
treatment The first consideration 1s the presence of glyco
surta, hyperglycemia and ketosis Decisions as to msulin and
diet with the type and amount of fluid admmstration will
be prmanly concerned with these factors However, 1
patients long uncontrolled for periods of months or years
m addition to loss of weght, dehydration and frequent
acidosis, there may also be significant malnutntion with
Tosses 1 protemn and fixed base and disturbances  viama
metabohsm Additional factors such as achlorhydra, duar-
thea and the symptoms due to the surgical complication
stself may have produced m the patient at the time of bis
armval at the hospital, varying degrees of tissue starvation
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Diet Before and After Operation

In patients whose preparation for operation 15 not hurried
so that a pertod of two or three days may be allowed, no
special change need be made m the regular diet except the
adjustment of msulin and the reduction of the total calories
consistent with the restmg condition 1n the hospital Usually
for such patients coarse diabetic foods should be reduced
m amount or omitted unless the individual situation re-
qurres particular food On the moming of operation our
usual practice 15 to give no food within 8 or 10 hours of
operation unless the operation 1s an extremely mnor one
In minor operations no spectal admmistration of glucose
solution or pre operative enema may be necessary In major
operations, however, usually the patient has pre operative
preparation including enema according to the surgeon’s di
rection, and if the patient has been taking doses of msulin
from 40 units to 100 umts a day he wall receve on the way
to the operating room roughly two thirds of his usual msuln
dose Admumstration of glucose solution intravenously 1s
not a routme Indeed, 1n many non emergency operations
upon patients in good condition, the admmstration of glu-
cose solution may well be left until after operation and then
given or not according to the needs of the patient How-
ever, the fact remams that m many patents, particularly
where there 15 some uncertanty about the action of wsulin
duning and following operation and particularly where 1t 15
pretty certan that intravenous flwds will be required after
operation, 1t has become the custom to admimster 1000 cc
of 5 per cent glucose m normal salne on the mormng be-
fore operation at the same time that msulin 15 given

Following operation, if the patient 15 unable to take food
by mouth it becomes necessary to rely upon intravenous
flusds and of these, the most commonly employed 15 mtra-
venous glucose solution 1n saline In patients i whom salt
solution 15 contra mdicated for cardiac or other reasons, 5
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per cent glucose solution n water 15 commonly employed
If after 24 hours the patient can begm to take flud, the
simplest foods are the best Thus, oatmeal gruel made with
water, hot tea or coffee with crackers or toast may be given
freely Gmger ale and orange juice with egg white are com
monly used On the second post operative day milk and
other cooked cereals and custard may be gnen Thereafter,
the diet 15 mereased according to the patient’s desires and
surgical requirement In general, 1t 1s deswable that every
diabetic patient should have 100 150 grams of carbohydrate
daily When that amount 1s not taken by mouth 1t 15 usually
supplied by parenteral admmstration of glucose by vem
Two and one-half per cent dextrose m physiological salt
solution may be used under the skin For special mdication
such as damage to the Liver, as much as 250-300 grams may
well be given A diet approumately 160 175 grams of carbo
hydrate with 75 85 grams of protem and 85-100 grams of
fat will be attamed wathin a week or ten days

‘When the patient 1s ready for discharge and has been up
on his feet for a reasonable period, the diet planned for ac-
tivity at home will in general provide for 30 85 calores per
kilogram with roughly carbohydrate 175 200 grams, protemn
90-100 grams and fat 80-115 grams

We rarely attempt by rapid vigorous use of msulm to
make patients, partcularly those with serious infection,
sugar free before operation It 1s very easy because of the
long action of protamme zme msulin or NPH msulm to
overshoot the mark and produce serious hypoglycerma Cer
tanly we do not reduce the diet dehberately m an attempt
to make the patient sugar free

The advantage of routine blood sugar determinations 1o

In the first

preparing patients for surgery needs emphasis In T
place a good many patients who are supposed to be m
disbetie patients wnll be found after surgery or before, ©
show a very conspicuous rise, and which may, when following
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surgery under the stress of anesthesia and the operation t-
self, lead to serous diabetic acidosis In surgical patients
who have serious diabetic ketosis, emergency treatment of
acidosis 1s indicated In those patients where the urgency of
the surgrcal situation, as m acute appendicitss, require 1m-
mediate surgery then the closest followup of the patient’s
blood sugar, urine test and evidences of ketosis will be mnds-
cated

In emergency situations such as acute appendmus, where
operation must be performed as soon as possible or at best
within 24 hours, 1t 15 rarely wise to make great changes m
diet or m the treatment of the patient i the attempt to
make the urime sugar free or to reduce hyperglycemia to a
normal level In such cases, the use of repeated doses of
wsulin with a blood sugar determination every two or three
hours wll bring about a decline i the blood sugar level so
that the physteian can feel that he knows the sensitvity of
the patient to msulin and that the control of the carbohy-
drate metabolism, as indicated by the blood sugar level, 15
within his power Thus, 1if a patient 1s admitted with a blood
sugar of 500 mg and with moderate doses of msulm given
every two hours, at the end of eight hours the blood sugar
bas been reduced to 250 mg then 1t 1s evident that if the
patient has required 50 or 75 umts for thus effect he 1s not
Tesistant to msuhn and that following surgery he may not
be expected to require msulin 1n amounts of 100 200 or 300
umts The devel of insulin may take place
under the mfluence of nfection anesthesia and surgical
shock and will, of course, require much larger doses of
sulm However, such 1s a rare occurrence and the evstence
of msulin resistance before operation will probably have
been disclosed by the behavior of the blood sugar level
when insulin 15 given farly rapidly n the precedng 12
hours Thus, m a patient with blood sugar of 600 or 700
mg upon ad if the ad: of 100-200 umts
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failed to reduce the blood sugar level, he 15 evidently m 2
state of relative msulin resistance It may, therefore, be ex
pected that followmg operation msulin must be admims
tered 1 doses of 50 100 umits at a time and the effect upon
blood sugar level watched at mtervals of 2-4 hours In cer
tamn cases with senous msulin resistance at the time of
surgical operation, the use of a much more concentrated
msulin preparstion 15 often necessary such as the U500
preparation Sometimes the admuustration of msulin mtra
venously 1s necessary to be assured of rapid action

In all operations 1t 1s ymportant to avoid the risk of pro-
ducing hypoglycemia Thus, m one child with a smgle
tonsillectomy hypoglycenma of severe character occurred
while the patient was still under ether and no symptoms
were recognized On return to the ward the patient’s blood
sugar was found to be at a cntically low level and treat
ment fortunately was mstituted before any serious damage
resulted The possibility of mducing hypoglycema there-
fore, when patients with diabetes are operated upon 2
emergency cases must always be borne m mmnd m decx
g for or agamst doses of msulin of moderate or unusual
s1ze

InsuLN AT THE TIME OF SURGERY

In general, the use of msuln 15 mdicated 1n the great
majority of operations carned out upon chabetic pahzfi
except 1n the mildest cases It should not be forgotten th?
the effect of anesthesia and especially of ether may result $
an apparently mild diabetes becoming acutely sevese Wi
Letoss during the hours which follow surgery 1t s this fact
winch makes pre operative precautions umpesattve Ag If’”r
tients, especially those over 35 years of age, admmebl 0d
operation under general anesthesta should have a t%
sugar determmation one hour after breakfast and «il! ¢
same time 2 test for glycosurta unless they are alreacy
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known to be diabetic If this procedure were followed 1n-
stead of testing the fasting blood sugar and urine, many true
dabetics would be discovered and the hazards of surgery
would be reduced for that group In such patients discov-
ered with diabetes without symptoms, the amount of msulm
required might be very small but the efficiency of 5, 10, or
15 umits of msulin 1 early patients with diabetes of rela
tively short duration 1s so much greater than in patients
with diabetes of long duration and chronically uncontrolled,
that the value of even small doses of msulin has not been
sufficiently appreciated

If msulin has been used regularly by the patient, 1n gen-
eral the same total number of umts in the 24 hours at the
time of operation may be given, but usually 1t 1s evadent that
one should divide the total dosage into smaller and more
frequent doses Thus, on the mormng of operation perhaps
one half to two thirds of the usual dose of protamme zme
msulin or NPH mnsulin may be given before the patient goes
to the operating room Then, following operation, based on
tests of the urine and blood every 24 hours, supplementary
doses of regular insulin may be given n the attempt to con-
trol hyperglycerma and glycosuna Admimstration of small
doses of msulin every 8-4 hours, or more rarely, every 6-8
hours will control hyperglycemia wath httle danger of hypo-
glycemia Many physicians prefer to depend upon the use
of regular acting 1msulm 1n place of protamune zinc msulin
feeling that shorter duration of action of the regular msulin
enables the physician to change hus tactics 1f hypoglycemma
develops Blood sugar tests late m the forencon and the
middle of the afterncon may be sufficient 1n some cases
without recourse to the regular testing every 34 hours

In the patient who has not had insulin previously, 1t may
well be used if two successive urine specimens contan
sugar or espectally if blood sugar values are repeatedly
above normal

Resistance to insulin does occur at times of mnfection or
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when there 1s allergy to msulin or m obese patients and
often 1n patients with hypertensive disease In them, larger
doses of insulin will necessanily be employed However, the
danger of msulm reactions 15 always n the mind of both
surgeon and physician during and following surgery P2
trents with muld diabetes who recerve glucose solution fol
lowmg surgery may develop serious hypoglycemic reactions
8 to 5 hours later Although the blood sugar immed:
ately rises at B0 minutes after glucose, there may be stmu
lation of the pancreas from the high blood sugar and m
such patients hypoglycemia may result 8 to 5 hours later
especially if any msulm has been given Therefore, 1t 15 our
usual rule not to give msulin on the strength of a posive
unine test within 2 hours after glucase solution, but to
wait for another test after the bladder has been once evacu
ated During the last few years, protamme zme msulin has
become mcreasigly frequently used m diabetic patients At
present the newer modifications meluding NPH mnsulin and
Lente mnsulin are bemg substituted During one perod at the
Deaconess Hospital among 885 patients, 132 were admitted
taking a single dose averaging 22 umts of protamine 710
msulm, whereas, at discharge the same pahents were taling
protamne msulin averaging 24 umits per day In the same
group of 885 patients 152 patients were using both regular
and protamune zine msulin requiring an average of 50 wits
total upon admssion At discharge, 162 patients took an
average of 12 units of regular and 45 umits of protamine 2100
msulin NPH msultn was then bemng used by 62 patents,
but i the next few years 1t 18 qute likely that cistribution
of msulins and the dosages will be modified agam

Anesthesia 1n Dwubetic Surgery

The choice of an anesthetic agent and especially 1ts melh:d
of admmistration are ymportant factors m the outcmnen
surgical operations for diabetic patients today Almost n‘my
type of anesthesia can be used, thanks to the use of msu
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However, 1t must not be forgotten that general anesthettcs
have specific effects and that often these effects are magni-
fied 1n the diabetic patient of long duration and particularly
the duabetic patient who has been under poor control for
periods of weeks or months before surgery Whether 1t be
depleted storage of carbohydrate 1n liver and muscle or de-
pletion of mumneral reserve or disturbances In vitamin and
hormone relationship, the fact 15 that such patients, often
presenting anemia, hypoprotemnerma m addition to disturb
ances 1 blood sugar level, may offer a serious problem to
anesthetists

The first pomt to be remembered 1s that diabetic patients
of the type just mentioned are not good subjects for pre
operative sedation of the same degree as non diabetics A
working rule at the Deaconess Hospital was that not more
than half the usual pre operative medication should be
gwven to a diabetic patient before major surgery In the
obstetrical diabetic patients no pre-operative medication 1s
gwven The avoidance of apprehension on the part of the
patient 1s 1mportant, but 1t 15 true that many diabetic pa-
tients prefer to go to the operating room without prelm:
nary medication Obviously the reverse 1s true m certamn
patients who are extremely fearful of the operating room
Every effort should be made to shorten the period of anesthe-
12 no matter what type of anesthetic1s used The avoidance of
anovia during hesia 1s a prime deration i all pa
tients, but 15 particularly important 1n the dabetic patient
who, particularly after the age of 50 years, may well have,
thanls to the patched distribution of his generalized arterio-
scleross, areas extremely vulnerable to anova either 1n the
bram, 1n the heart, the Lidneys or the legs Morphine and
barbiturates, as pre-operative medication, tend to produce
anovia When used in addition to nitrous oude anesthesia
dangerous anoua may result In general, the chowe of
anesthetics should be first, local anesthesia, second, spmal
anesthesia, and third, general anesthesta




202 DIABETES MELLITDS

Local anesthesta should niot be accompanied by the use of
tourniquets, particularly on fingers or the extremiies The
danger of necrosis 1s thus intensified

In amputations of infected toes or legs spmal anesthesia
has been by far the safest in the expenience obtamed dur
mg the last 25 years at the New England Deaconess Hos
pital While some accidents have been reported no really
senous complication has occurred durmng the last 15 years
Such meidents as headache, perssting pam m the kg,
extra ocular paralyses have been so rare that 1t 15 difficult to
recall more than five The arachnorditis and paralyses fol
lowing anesthesia which have been described elsewhere
have not been seen 1 our expertence It 15 true, however
that spinal anesthesia has rarely been employed 1 young
patients General anesthesia under pentothal has been most
helpful to some patients where because of carduc or pol
monary condstions inhalation anesthesia seemed contram
dicated Ether and cyclopropane have been frequently used
Often gas-oxygen mduction has preceded ethenzation

GANGRENE AND INFECTIONS OF THE EXTREMITIES

Incidence Gangrene, dependent upon the dubetic pre-
disposition to arteriosclerosis obliterans and infection, has
been a frequent and dreaded complication i older diabetic
pabients, but today presents a problem even among mudh
younger diabetic patrents because of thewr much 8“3::‘
duration of the disease A thurd factor has affected the o
Iestons m the diabetic feet i recent years as the number
patients with diabetes of long duration has mereased Th’-z
factor 1s the diabetic neuropathy, charactenzed by loss ©
sensation, comparative freedom from pamr with extensivé
Iesions, degeneration m bones and jomts of the Charcot ‘YIP:
and usually with extreme susceptibality to infection :md‘T;m
twely shght trauma In the study of any lesions i dmf
feet and m the prophylactic care of diabetic feet, therefore,
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the physictan must have constantly in mund first, the pres-
ence or absence of impared blood supply due to artero-
sclerosis obliterans, second, type and severity of mfection
present, 2nd third, the presence or absence of the diabetic
neuropathy

The frequency of diabetic foot lesions will vary with the
standards employed i determining therr presence Thus, 1f
one measures the presence or absence of neuropathy m
ciabetic feet by means of the presence or absence of the
ability to recognize normally turing fork vibration, then
some degree will be found 1n from 80-100 per cent of dia-
betic patients with a duration of more than five years who
are over 30 years of age, the percentage mcreasing with
each decade of age If one mcludes all cases of epidermo-
phytosis as well as mfections of corns and calluses then,
too, mild infections, capable of rapid change mto a more
severe form will be found m a considerable percentage of
all duabetic patients 1f one follows them for more than a
few years Fmally, varymmg degrees of artemosclerosis ob-
Lterans wall be found from the age of 30 years onward
depending upon the duration of the diabetes and the char-
acter of its control On the other hand, if only lesions are
considered which have caused hospital adnusston, experi-
ence 1n vartous chmies will vary As a cause of death gan-
grene has fallen, 1n the expenience of the Joslin Clime, to
only one per cent of total deaths Ths change 15 due to the

D! m medreal di the care of the diabetes
and larly to improved surgical techmique It does not
take 1mto account the tremendous morbidity from diabetic
foot lesions Thus, 1 one twelve month pertod 1 six hos-
pitals 1 the city of Boston 502 patients were admtted to
the wards for diabetic foot lesions Of these 32 died 1 the
bospatal following surgery, due to
coronary occlusion or other vascular accident Fifty per
cent of this group had senous occlusive vascular disease 1
the extremities, so although they may have left the hospatal
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on this admission their future admussion 15 certam to ocer
unless death occurs from some other cause Every dizbeti
patient, therefore, past the age of 80 years as the durato
of hus diabetes increases should be examined with particular
reference to these three factors m the mihation of dibete
foot Jesions

Age 15 an 1mportant factor m the development of serous
foot lesions and particularly gangrene Thus, among patents
with diabetes having its onset after the age of 70 years
probably 10 per cent will have serious foot lesions In addi
twon to age, however, other factors are of mmportance
namely, arterosclerosss, mfections and the neuropathies
Gangrene oceurs chiefly i obese patients with diabetes of
long standing and Jow msuhn requirement It often results
from very shght accidents or traumata which have been too
long neglected Epidermophytosis has become a pre dispos
mg cause permitting more sericus and malignant wfecthons
to enter the weakened skin The suscepttbiity of the dna
betic tissue to necrosis from shght pressure, from changes 1
temperature, from infections 15 an outstanding feature In
the remarhable postmortem records of E ‘T Bell including
28 240 males and 15,119 females over 10 years of age, arte
riosclerotic gangrene occurred m 0 66 per cent of non di2
betic males but n 249 per cent of the non diabetie females
but 1 23 8 per cent of 499 diabetic fernales Thus, Bell co
cluded that gang due to ath 1 or artenioscle-
yosis develops nearly 40 times as frequently n diabetics 5
m non diabetics

Occluswe Vascular Disease { Arterwsclerosis Ohiterans)

Diabetic patients develop this pathologic change m tth:
artertes, particularly of the legs, at an earher sge mdf?um
more rapid rate than non diabetics The basic leston o
the standpomnt of pathology 15 atherosclerosis or 2 c?rh .
bunation of atherosclerasts and medal artenosclerosis o
lesions may first be seen 1 the distal portion of the femo!
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artery, but actually m young diabetic patients the first
calcareous deposits seen by X ray are usually i the lower
leg. Later, calaification appears at higher levels such as
the femoral arteries, pelvic artenies and finally 1t 1s seen
m the aorta This course of events 1s a little different from
the course of events m non diabetic patients where 1t 15
usually said that the higher level artertes are the first i
volved Other pathologic features are usually the result of
mmparred blood supply, or 1schemia These mclude atrophy
and thinmng of the skin, atrophy of the muscles with a re-
placement of fatty and fibrous ussue, loss of subcutaneous
fat, replacement of fat by fibrous tissue, osteoporosss, and
1schemic neuropathy The ischemic neuropathy 1s charac-
terized by perineural fibrosis of nerve trunk and Wallerian
degeneration of nerve fibers with demyehnization and oc-
casional rupture of the aus cylinders Complete 1scherma
of tissue due to complete closure of artenies results mn gan-
grene Such gangrene may follow slight trauma or shght
anfection 1 tissues already seriously ischeme

The physiologic disturbance 1 this condition 1s due to
obstruction 1n the blood flow The 1schemia will be propor-
tonate to the extent of the occlusion and the size and
number of branches which are shut off

In the diabetic, particularly the diabetic whose diabetes
has begun early i life, there must be added important
changes m the arterioles and capillanes In amputated legs
of diabetic patients importance of the arteriolar hyalin
change and arteriolar fbrosis 1s eastly demonstrable Local
1zed gangrene or severe lumitation of the blood supply m
one digit i the presence of good pulsation m the larger
arteries 1s not rarely to be attnbuted in the mam to arte-
niolar change rather than to the changes i the large vessels
When this 15 present m such diabetic patients, one must
also recogmize the fact that artenolar chonge 15 constantly
a feature 1n the diabetic nephropathy and, therefore, this
Patient must be considered with due regard mot only for
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the condition of circulation m the lower extremities but
also for fus renal status and for the retmae

The symptoms m arteriosclerosis usually come on grad
ually as a result of a progressive hmitation of blood supply
due to obliteration of the artenal lumina, or suddenly as
the result of artenal closure from thrombosis If the amount
of the artenal tree occluded 1s small, symptoms may be sight
or not at all However, progression In a series of events 15
more apt to be the case

Intermuttent claudication 1s usually described as a cramp
a pam, an ache or sense of fatigue 1n certamn muscles, most

ly the calf les, developing after exercise The

discomfort 15 quickly brought to an end by rest even if the
patient does not sit down or lie down It occurs at some
time 1 nearly all cases of arteriosclerosis obliterans, and m
many patients 1t has been the earliest symptom Frequently
it 15 unilateral, but may after months or years become bt
lateral In diabetic patients who come to the hospital with
lesions of the feet 1t 1 uncommon for mtermittent claudies
tion to have been present for more than three years without
some lesion of the foot developmg Exceptions do occur
and one can recall patients m whom there 1s a very definte
lustory of mtermuttent claudication for five or more years
without development of gangrene or other lesions traceable
to this cause The claudication 15 most common 1 the il
but also may be observed mn the foot, thigh and Jower part
of the back The distance which the patient can walk
vary m different cases and will depend particularly upon
the rate at which he walks The distance, m most patients
1s quite definite A patient may state that at an ave]r-'lge
pace he can only walk 100 feet before the pam devel ?PS
If he walks very slowly and deliberately stops for a o:lW
seconds periodically, he may be able to walk for not oniy
a good many blocks but sometimes a muile or more "

Rest pam 15 the result of more severe nterference Wi
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blood supply and suggests an advanced type of the disease
Commonly 1t 1s felt in the digits first but may oceur 1n the
foot or lower leg as well It 15 most common at might, mter-
fenng with sleep The patient often sits up 1 bed and rubs
his foot for a considerable perod of time Persistent pamn
after two or three weeks of complete rest 1s usually mdica-
twve of a very grave impawrment of blood supply Pam of
1schemie neuropathy extends over the major part of the leg
and usually may be referred to the distrtbution of one or
more trunks It may occur without ulceration or gangrene,
1t may be d by b dead or cold
Even burning sensation may be complamed of by the pa
tient It 1s usually severe and dufficult to relieve Paresthesias
such as numbness, deadness, tingling or prickling, coldness
or particularly burning are common Certam of these pares
thesias occur frequently m diabetic patients even mn early
Ife without any evidence whatever of vascular disease
Thus, the burning of the soles 15 a common symptom even
10 young diabetic patrents who have no evidence whatever
of vascular disease Complete anesthesia of the toes or
feet, with or without muscular paralysis may occur after
complete artenal occlusion

Muscular weakness, stiffness of the jomts and sensitivity
to cold are common complamts

Physical Findings

The physical findings of chief mportance 12 the exam
nation of diabetic patients are those of deficient blood sup-
ply The findings are, therefore, chiefly in the lower ex
tremities Exammation of the legs and feet of the diabetic
patient should be carried out with the patient Iying down
and the leg bare from the hups to the toes Impairment of
arternal pulsation found on cwreful and direct palpation 15
the most important physteal finding 1n this condition as 1s
also true of other occlusnve arternal diseases Pulsations
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should be sought and recorded first m the femorals, then m
the popliteal, then mn the postenor tibial and finally the
dorsalis pedis arteries

Absence of pulsation 1n one or both femoral artenes 15 a
sertous mdication of occlusion at that level or 1n the pelvic
arteries or even m the lower aorta Exammation at the knee
should include a search for the external geniculate artery
smee pulsations palpable there usually mdicate that the
artery 15 forming an important pathway in the collateral
crrculation  Popliteal pulsation may be felt for with the
patient on hus face and the legs extended Some physictans
find 1t more easy to flex the knee and feel the pulsation with
the knee flexed Absence of pulsation in one popliteal 15 an
mmportant finding, particularly if there are not pulsations felt
below 1t and 1n the p of symp of occl may
ndicate arteriography and consideration of surgreal proce
dures, such as an artenal graft Pulsation m the dorsals
pedis artery 1s usually present under normal cireumstances,
but absence of palpable pulsation may nat be a very sig
mificant finding smee m 2 certamn percentage, usually stated
as 8, such pulsation 15 absent because of an anomaly of
the artertal system Pulsation may also be felt i the an-
terior tibial, but absence of pulsation 10 the dorsalis peds
1 g diabetic patient i the presence of symptoms 15 usually
of sigmficance It 1s certamn that m diabetic patients, a con

derable degree of ath 1 with even visible cal-
cification by X ray, may occur without producing detactable
mmparrment m artenal pulsations Such patients may not
have itermattent claudication However, m some of those
patients with good pulsations, the presence of claudication
may be attnbuted to changes m the smaller arteriole

Color changes 1n the feet are of great ymportance One or
both feet may be red, this change usually bemng most
marked 1n the toes and less marked proximally Blwsh area:
or dusky areas over the foot may be present When 1’3“!‘;
occluston has been present the foot may be pale an
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actually shrunken Color changes on change 1n posture are
of great mportance A foot which 15 abnormally pale on
elevation and becomes red or cyanotic on dependency with
delay m return of color usually indicates definite occlusive
artenal disease If the time requred for the filing of the
superficial vems after dependency 1s prolonged beyond 15
seconds that also 1s usually mdicative of vascular mmparr
ment If the feet are elevated for two mnutes and the
pallor does not give way to return of color withm 15 sec-
onds, that usually 1s a relable sign of a moderate degree of
artenal msuffiency Changes m temperature are usually
demonstrable by a rough touch or by taking the tempera
ture of the skin with a thermometer Trophic changes mndi-
cated by scamng and shrinkage of the digits, slow nail
growth, failure to grow hawr and pressure ulceration are
serious mdications of imparred blood supply Atrophy of
muscles, skin and soft tissues are common findings When
the legs are hung down oftentimes the atrophy of one leg
as compared to the other 1s obvious Measurement will give
defintte quantitative data Induration of the muscles with
weakness and loss of subcutaneous fat of the skin often go
together

Osteoporosis m the wfected limb, like atrophy, 1s an im-
portant sign

Edema of the foot and leg may occur, particularly when
pam 1s severe, with or without ulceratne lestons Usually
such patients have been sitting up at mght m a charr be
cause of pain or discomfort

Hyperesthesia and hyporeflexia may be noted m patients
who have had recent artenal occlusion They also occur
commonly in diabetic patients sometimes with shight or no
degree of occlusie artenal disease

IxrecTioNS OF THE ExmrEamrmEs

Infections of erther the lower extremities or the hands
of diabetic patients may result m the loss of a dint or
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extremuty desprte good blood supply for several reasons
In the first place, the orgamism recovered from the area of
mfection may prove to be highly virulent or resistant to
antibiotics Secondly, the mfection may overcome the pa
tient’s normal power of resistance because of the lack
of control, tion, and the p of Letosis of the
ciabetic himself Third, delay i treatment favors the devel
opment of extensive infection and, finally, some organisms
not ordinanly pathogenic, appear to have pathogente prop-
erties and the power of invasion m diabetic tissue The
dagnosis of adequate blood supply rests upon the presence
of good pulsations in the peripheral arteries secondly, ex
cellent collateral circulation may be present 1 a foot even
without palpable pulsations if the foot 1s normally wam
well nourished and there 1s an absence of such symptoms as
intermttent claudication Gangrene may occur Secopdzry
to wfection and the local imparment of blood supply
rather than primanly from occlusion of large artenes In
this group of infections of the extrembes, often a lack of
normal sensation and sometimes actual anesthesia has led
the patient to delay treatment Perhaps the most important
single teachng which should be emphasized to diabetc
patients 1s that a lack of pam when a toe or a hand 15 18
fected must not be mterpreted as a favorable sign but
rather as a warnmg that imparment of the sensation 1 due
to senous nerve disorder

The treatment of mfection nvolves first the diagnoss
cultures to obtam the orgamsm and to determine its sen
sttvity to specific antibiatics bed rest surgery for the rebef
of pus or amputation of digits with osteomyelitis

Neuropathic Feet

In recent years the number of diabetie patients “f;D
present open lestons or recurrent ulcerations with W‘mo
ably good blood supply, but with evidences of the nevr
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pathic background, have ncreased Thus, nearly one third
of the patients seen at the Deaconess Hospital now show
some type of neuropathy The outstanding features are the
Jack of sensation as determined by ordwnary crude tests such
as the testing with pnprick or perception of the difference
between dull and sharp Measurements by the tunmng fork
will almost always show mpawed sensation to vibration
Sometimes temperature sense 1s lost Anesthesia 1s some-
tunes localized in certan areas and yet this 1s not easily
referred to a single nerve pattern Sometimes anesthesia 15
so great that amputations of toes or even legs may be done
without any anesthesia whatever Such feet are extremely
vulnerable to pressure The weanng of new shoes may lead
to blisters which will ulcerate, become infected and healing
will take place only with rest in bed Lesions o such feet
will usually heal with bed rest, but they tend to recur when
the patient 15 on hus feet or actwvely at work

LasonaTory STUDIES
Roentgenograms

Examinations of the extremuty by X ray in order to deter-
mne the presence of caleification m the arterial walls may
have definite value in differentiating arteriosclerosis ob
Iiterans from other types of occlusive artenal dusease, such
as thrombo angutis obliterans It should be noted first, how-
ever, that the presence of calaification alone 1s not proof of
deficient blood supply It 15 important to differentiate dof
ferent types of caleifcation seen 1n the vessels First, a
rather finely divided caleification forming a thin e at the
margms of the artery and usually seen in dinbetics first
Tow in the leg usually means calctfication within the medial
coat Althovgh this type of ealesfication Is frequently seen
1 the 1laes or femorals, 1t 15 commonly found as a first
evidence of vascular change m young dibetics of many
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years' standing who may show this lesion as early as the
twenty fifth or turtieth year It usually has no particule
diagnostic value 1n indicating occlusive disease

When, 1 addition to much thicker depostts of calewm
there are larger areas of calcium iregularly distnbuted
even n the aorta, the arteries of lower extremty, and espe-
cially the lower leg, 1t usually indicates calesfication 1 ather
omas and may then be of some significance as an mdication
of an oblterating process Roentgenograms of the legs
below the knee m diabetic patients frequently will show
extensne areas of calafication, but even then usually ths
evidence 15 of less importance clmeally than the clucal
evidence of deficient blood supply obtamed by duect ex
ammation of the extremity

Roentgenograms of the anMes and feet are essential a5
a means of recogmzing presence or absence of bone atro-
phy, osteomyelitis or destruction of a pomt, and espeeslly
n relation to the neurotrophic or pseudo Charcot joint

Blood Climcal Studies

Such analyses of blood and urine for sugar, CO» combin
mg power, albumun, diacetic acid, acetone, non profen
mitrogen will be needed mn all diabetic patients as the
clinmcal evidences of nephntis and acidosis wdicate The
relation of the volume of blood cells to plasma that 1 d‘;
hematoent reading 1s often of real value particnlarly
there 15 any possibility of polycythemia bemng present

The determmations of the plasma lipid are often of wal;fr
particularly m diabetic patients who have been long under
poor control They seldom aid i the diagnosis of the type
of vascular disease, but may be of considerable mmpostanc®
as indicating the degree of disturbance m diabetic regulj
tion and particularly the presence or absence of past ke}msds

In our laboratory the upper values for normal 1 lipt
per 100 cc of plasma are as follows cholesterol, 230 m8»



DIABETES WITH SURGICAL COMPLICATIONS 213

total phospholipds 270 mg , total of fatty acid, 400 mg , and
total lipids 650 mg

In diat of long ding the elect d 15
done practically as a routine 1 patients who have occlustve
vascular disease 1 the extremtics Inasmuch as coronary
arteriosclerosis 15 now the mam cause of death m adult
diabetics and 1s a most important single complication m
diabetie surgery, electrocardiographic studies may be helpful
n evaluating operative nisk and particularly m influencing
the judgment with regard to the type of therapeutic pro
cedure and the hkelthood of success Studies of sk tem
peratures may be helpful but their value has proven to be
rather kinmted Similarly, the use of the oscillometer which
has been recommended by some students as the best
method for studying the degree of artenal pulsations, has
m our expenience had very ltmted value e first began
to use the oscillometer 25 years ago and for a few years
used 1t as an adjunct However as the years have passed 1t
has proven to give very httle mformation in addition to

what may be obtamed by careful palpation of the pulsa
tions

Arteriography

These procedures may give valuable mformation as to
the exact location of an occlusive artersal lesion If there
15 a locahzed occlusion and 1t can be demonstrated by X ray
exammation but below this localized occluston reasonably
good artenal supply 1s avulable to the foot, then surgical
graft of an artery around the site of occlusion may prove
to be of value At the Deaconess Hospital out of some fifty
femoral arteriograms (1954), only a dozen actual surgical
grafts have been carrted out

Differential Diagnosts
The of occlusne artenoscl bl ™y
be established only by oby of the extrems
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of both lower extremutres 1s an outstandmg finding Inter
mittent claudication may be unilateral or bilateral Pallor of
the feet on elevation and other signs of 1schemsa are usu
ally, although not always, found Occlusion of the antenor
postertor tibial artenes 1s perhaps most frequent m diabetic
patients 50 years and over In our dissection of amputated
legs, practically always there has been found both athero
sclerosis and medial arteriosclerosis 1n the tibial artenes It
15 true that when we compared the extent of the change
such diabetic legs as compared with non diabetic legs am
putated for siumdar vascular distarbances, 1t appeared that
the extent of the atheromatous change was much greater
m the diabetic than 1 the non diabetic arteries

Acnte occlusion of an artery results from sudden throm
bosis m an atherosclerotic artery It may be the first clmical
mamfestation of disease, but m our diabetic patients it 1s 2
frequent occurrence m patients who have already had e
dences of arteriosclerosis obliterans for mauy months

Prognosis For the dubetic pattent who has developed
arteriosclerosis obhterans with or without an open leston the
outlook has become uncertamm The condition, although
presenting symptoms 1n the extrermtues, 15 apt to be wde-
spread, affecting particularly the coronary and cerebral cr
culation Hypertension 1s frequent and it mcreases the
tendency to progression of the condition If diabetic retinttis
1s present, vision may be affected and the danger of a fall
or fracture 15 mcreased as well as the likelbhood of 2 rendl
leston  Sepsis 15 unusually frequent The many ciabetic p2
tients with this lesion are prematurely old and may have
general debility, malnutrition and congestive heart failure
Prognosis, therefore, on strictly medical ground 15 serious
but may be vastly mproved by good general care pm{ﬁ
ularly m cooperation with the patient and his famlé)' .
though dimbetic patients wath occlusive vascular diseast
have a shortened Ife expectancy, improvements have o:l-
curred 1n the last few years partly due to mproved medie:
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care the new antibioties and partrcularly the newer sur

ery

¢ The results of surgery are vastly improved frst with
respect to conservation of the Limb by more conservative
procedures and sccond with respect to the prognoss
Thus the use of sympathectomy selective treatment em
ployment of toe amputations and trans metatarsal amputa
tions 1 place of lugher amputations have greatly reduced
the frequency of amputations above the ankle The m
meduate results of amputations bave mmproved to the pomt
where 450 amputations for gangrene have a hospital
mortality rate of only 5 per cent or less This mortahty 15
almost mevitable on the basis of the coronary arterioscle
rosis in such a group

Treventive Measures Agmnst Ulceration Gangrene
and Infection of Extrenuties

The mmportance of prophylactic measures for the preven
tion of lesions m dribetic feet 15 not sufficiently preached
The careful exammation of the feet at every visit of every
duabetic patient past 40 years of age 1f camed out by the
practitioner regularly would m 1tself emphasize what the
patient will easily forget It 1s unfortunate that average dia
betie potients are so often told that therr duabetes 15 mid
Actually 1t would be safer 1if the word “muld were never
used m talling to the elderly ditbetic because actually ne
crosis nfection gangrene typically occur in the elderly
patient with mild diabetes of long duration with inadequate
duabetie treatment Earhier use of msulin and dret 15 the first
step m prophylaxis

Trauma often shght s the precipitating cause of the
majonty of the ulcerative gangrenous lestons mn diabetics
with artenoselerosis and 1schemia i the feet The trauma
may be mechancal chemical or thermal It m1y cven be
merely the pressure from an ll fitting shoc or prolonged
use of 2 new and stuff shoe Usually 1t 1s mnor The extremt
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of both lower extrenmties 1s an outstandmg findmg Tnter
muttent claudication may be umilateral or bilateral Pallor of
the feet on elevation and other signs of 1schema are wu
ally, although not always, found Occlusion of the antenor
postenior tibal arteries 15 perhaps most frequent m diabetie
patients 50 years and over In our dissection of amputated
legs, practically always there has been found both athero-
sclerosis and medial arteriosclerosis m the tibal artenes It
1s true that when we compared the extent of the change m
such diabetic legs as compared with non diabetic legs am
putated for simtlar vascular disturbances, 1t appeared that
the extent of the atheromatous change was much greater
m the diabetic than 1 the non diabetic artertes

Acute occlusion of an artery results from sudden throm
bosts m an atherosclerotic artery It may be the first clmical
manifestation of disease, but m our diabetic pattents it152
frequent occurrence 1n patients who have already had evt
dences of artertosclerosis obliterans for many months

Prognosis For the dabetic patient who has developed
artenosclerosis obliterans with or without an open lesion the
outlook has become uncertam The condition, although
presenting sympfoms m the extremities, 15 apt to be wide
spread, affectng particularly the coronary and cerebral e
culation Hypertension 15 frequent and 1t mcreases the
tendency to progression of the condition If duabetic retmbs
15 present, vision may be affected and the danger of 2 f
or fracture 15 mncreased as well as the likelthood of a xenal
lesion Sepsis 1s unusually frequent The many diabetic p2
tients with ths leston are prematurely old and may have
general debility, malnutrition and congestive heart falure
Progunosss, therefore, on strctly medical ground 15 sextous
but may be vastly improved by good general care, partic
ularly m cooperation with the patient and s famly Al
though diabetic patients with occlusine vasculer disease
have a shortened lfe expectancy, improvements have OCi
curred m the last few years partly due to improv ed medical
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care, the new anttbiotics, and particularly the newer sur-

gery

The results of surgery are vastly improved, first with
respect to conservahion of the limb by more conservative
procedures and, second, with respect to the prognosis
Thus the use of sympatl , selective tr , em
ployment of toe amputations and trans metatarsal amputa
tions 1n place of higher amputations have greatly reduced
the frequency of amputations above the ankle The im
meduate results of amputations have 1mproved to the pomnt
where 430 amputations for gangrene have a hosprtal
mortality rate of only 5 per cent or less This mortality 1s
almost mewitable on the basis of the coronary artertoscle
rosis 1 such a group

Treventive M, Against Ul G
and Infection of Lxtremities

The smportance of prophy lactic measures for the preven
tion of lesions mn diabetie feet 1s not sufficently preached
The careful exammation of the feet at every visit of every
dubetic patient past 40 years of age if carried out by the
practitioner regularly, would n itself emphasize what the
patient will easily forget It 1s unfortunate that average dia
bettc patients are so often told that their diabetes 1s muld
Actually 1t would be safer 1f the word "mild” were never
used 1 talling to the elderly dibetic because actually ne
crosis nfection  gangrene typically occur m the elderly
patient with mild diabetes of long duration with madequate
dubetic treatment Earker use of wsuln and diet 1s the first
step i prophylaxis

Trauma often shight, 15 the precipitatmg ciuse of the
majonty of the uleeratne gangrenous lesions i diabetics
with arteniosclerosis and 1schemta 1n the feet The trauma
may be mechameal, chemical or thermal It may even be
merely the pressure from an 1ll ftting shoe or prolonged
e of anew and stiff shoe Usually 1t 1s mor The extrem

4
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of both lower extremities 1s an outstanding finding Inter
muttent claudication may be umilateral or bilateral Pallor of
the feet on elevation and other signs of 1schema are usu
ally, although not always, found Occlusion of the antenor
postenor tibial artertes 1s perhaps most frequent m diabetie
patients 50 years and over In our dissechion of amputated
legs, practically always there has been found both athero-
sclerosis and medhal arteriosclerosis m the tibial artenes It
1s true that when we compared the extent of the change m
such diabetic Jegs as compared with non-diabehic legs am
putated for similar vascular disturbances, 1t appeared that
the extent of the atheromatous change was much greater
1 the dabetic than 1o the non drabetic artenies

Acute occlusion of an artery results from sudden throm
bosis m an atherosclerotic artery It may be the first chmeal
mamifestation of disease but 1 our diabetic patients 1t 15 2
frequent occurrence 1n patients who have already had evt
dences of artenosclerosis obliterans for many months

Prognosis For the diabetic patient who has developed
arteriosclerosis obliterans with or without an opea Jesion the
outlook has become uncertam The condition although
presenting symptoms 1n the extremities, 15 apt to be wide
spread, affecting particularly the coroniry and cerebral cit
culation Hypertension 1s frequent and 1t increases the
tendency to progression of the condition If duabetic retntis
15 present, vision may be affected and the danger of ak "
or fracture 15 mcreased as well as the lIikelthood of 2 rend
lesion Sepss 1s unusually frequent The many diabetic p2
tients with this lesion are prematurely old and may have
general debility, malnutrition and congestive heart fa:lmes
Prognosts, therefore, on stretly medical ground 15 sertou
but may be vastly improved by good general care, Pm:
wlarly 1n cooperation with the patient and his famllli)’ .
though diubetic patients with occlusive vascular diseast
have a shortened lfe expectancy, improvements have 0;
curred 1 the last few years partly due to mproved medic:
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of events, yelitss following an infected com

is almost pathognomonic of dinbetes The lesions result
from excessive body weight, badly fittng shoes or a com
buation of the two Calluses and corns should be relieved
of pressure and especially be protected by shiclds which a
competent chiropodist can provide Patients should be
warned aganst cutting such lesions with any sharp mstru
ment unless they can use such an mstrument as a surgeon
does The soft corn seen between the toes 15 frequently an

dence of epidermophytosis The lar com con
tamng nerves and blood vessels 1s very pamful The plantar
wart, due probably to filterable virus 15 often mfected and
may prove a serious lesion Local astringents and partie-
ulardy Xray treatment may be effectue The danger of
Xray burn must not be forgotten particularly if Xray
treatment is used more than once

Epidermophytosts or fungus infection, often called nng
worm or athletes foot, 15 of greater importance 1n diabetes
not because the mfection atself 15 so serious but because 1t
often represents a portal of entry for more virulent pyogenic
organisms Injury of the lesion, pressure, and excessive per
spiration mvite trouble

Many diabetic patients should prepare for the mght by
taking exercises for five or ten minutes duning the course
of the evening These exercises may be camied out on a
couch or a bed (Buerger vascular type)

Buergers Passive Exereises

Buerger, many years ago suggested certam passive exer
cises were of value m producing hyperemia or rubor m the
affected Limb and  theref, herap 11y benefieial m
increasing the blood supply If the method 1s carned out
dady for a long penod 1t is of real value i improving
airculatory conditions In our expenience at the Deaconess
Hosputal no one has felt that the Buerger evercises 1n and
of themseles could produce a permanent anatomie change
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2 A“Jimd strong wntating antiseptics such as sulpho naphthol and
1odine

At once after mjury some surgeons recommend appheations of
stenle gauze saturated with medicated alcohol or hexylresor
amnol {ST37) Keep wet for not more than turty munutes by
adding more of the antseptic solution Stenle gauze m sealed
packets may be purchased at drug stores

Elevate, and as much as possible until recovery, avord usmg
the foot

Consult your doctor for pam, redness swelling or any inflamma
tion

X}

[E NN

EPIDERMOPHYTOSIS

Special Directions Regarding Care of the Feet

Many people are affected with itching, scaling cracking
or blisters on the feet especially between the toes This con
dition 15 often a ringworm mfection or epidermophytoss
It 1s a common ifectton and at least 60 per cent of al
persons have 1t at some time It 15 particularly objectsonable
m diabetics, because 1t 1tches and scratching may gtve o9
portumty for other more dangerous infections to gam €0
trance The dusease 15 usually picked up by walking barefot
on the floors of common shower baths, dressmg and Jocker
rooms, mfected bath mats or any floor or floor covenng
where others have walked 1 therr bare feet

The disease most commonly shows itself as a shght crack
mg or scalmg giving the appearance of dead, white skin
between the fourth and £fth toes The so called soft cor
15 one form of ths mfection In more severe cases groups of
small deep bhsters come on the soles of the feet and the
palms of the hands This form usually stches intensely Most
cases are worse during hot weather or when weanng shoes
and stochings which heat the feet

Calluses, Warts, Corns and Fungus Infection
Calluses and coms are common lestons and ﬂeque:]}:]é,

the site of wnfection leading to osteomyelitis Indeed,
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45 degrees or 60 degrees as deswed Patients may spend
from three to six hours daily in doing these exercses

All vaso-constneting influences should be avoided The
use of tobacco is contra mdicated 1n diabetic patients with
occlusive vascular disease as well as for the danger to the
eyes Although tobacco may not be so serious mn 1its implica
tions a3 {n cases of thromboangutis obliterans nicotine 1s a
vaso constrictor which should be completely and perma
nently omitted Exposure to cold should be avoided

Treatment

The Attitude of the Physician toward the Problem Pre
sented by the Elderly Disbetic with Artertosclerosis Ob
literans Will Be Affected by Several General Considerations

1 The impairment of blood supply 1s due to orgamc
artenal obstruction and to reduction of the lumina of many
arteries At present only direct artenal surgery applicable to
only a few people actually removes such orgamic obstruc
tion

2 Although with careful management there may be no
progression in some patients for many years actually usu
ally the arterial disease progresses steadily or uregularly
once 1t has been clinfeally evidenced In favorable cases and
patticularly among diabetic patients there 1s seen with
some frequency striking improvement in the collxteral er
culation If such patients can by good care avord infection
or trauma to the feet and avoid 1schemia from postural or
Tocal causes improvement in the penpheral circulation may
take place over a period of months or years which w
result fa the disappearance of imtermittent claudies
improved ability to walk and indeed improved abt
heal minor or superficial lesions

3 Arterlosclerosis in duabetic patients 1s frequ
at a much earlier age than 1s true 1 the non-dit
Lstion Then although t may not be accomp )
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15 degrees or 60 degrees as desired Patients my spend
from three to six hours duly 1 domng these exeraises

All vaso-constrrcting mifluences should be avoided The
\se of tobacco Is contra indicated in diabetic patients with
occlusne vascular discase as well as far the dunger te the
cyes Although tobaceo may not be so serious in its mphicas
tions as in cases of thromboangutis oblitertms, nicotine is @
vaso-constinctor which should be completely and permn
nently omutted  Exposure to cold should be avouded

Treatment

The Athtude of the Physician toward the Problem Pre-
sented by the Elderly Diabetic with Arteriosclerosts Ob-
Iterans Will Be Affected by Scveral General Considerations

1 The impalment of blood supply 1s due to orgame
artenal obstruction and to reduction of the lumina of many
arteries At present only direct artenal surgery, applicable to
only a few people, actvally removes such orgame ohstruc-
tion

2 Although with careful management there may be no
progression m some patients for many years, actually us
ally the arteral disease progresses steadly or frr *
once 1t has been chinieally evidenced In favorable ea
particuhuly among diabetic patients there is sec
soma frequency stnkng improvement in the coliate
culation If such patients ean by good care avaid 1n
or trauma to the feet and avord 1schemin from pos
focal causes, improvement in the peripheral cireuta
take place over a period of months or years w
result fo the disappearance of tntermtient cla
improved ability to walk and, indeced, mproved
heal minor or superficial lesions ?

8 Arteriosclerosis i dnbetie patients Is freq
ot a much earlier age than is true 1 the non &
Lation Then although 1t may not be accompa
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m the blood vessel or could relieve the progression of the
sclerotic process Therefore 1t may faily be said that the
Buerger exercises are not curative On the other hand, over
the years, we are convinced that the patients who have
occlusive vascular disease with ischerma are helped by
carrying out these exercises, first, because they provide a
pertod of rest when the patient is off hus feet at least three
or four tumes a day Secondly, periods of hyperemia are
beneficial Third, patients who are recovering from a throm-
bosis seem to develop a re-establishment of collateral blood
supply a Dttle more satisfactonly while they are carrymng
out Buerger exercises over a pertod of some weeks

“The affected imb 1s elevated with the patient lymg i
bed, to from 60 to 90 degrees above the horizontal, bemng
allowed to rest upon a suppert for thirty seconds to three
mimutes, the period of time bemng the mmmum amount
necessary to produce blanching or ischerma As soon as
blanchmg 1s established, the patient allows the foot to hang
down over the edge of the bed for from two to five mmutes,
until reactionary hyperemia or rubor sets m, the total pe
nod of time bemg about one ynute longer than that neces-
sary to establish a good red color ‘The Iimb 1s then placed
1 the honizontal position for about two to five mmnutes,
during which time an electric heating pad or hot water
bag 15 appled, care bemng taken to prevent the occurrence
of a burn The placing of the Imb 1n these three successive
positions constitutes a cycle, the duration of which 15 usu-
ally from six to ten munutes These cycles are repeated over
a period of about one hour, some six to seven cycles con-
stituting a seance”

The Buerger boards used at the Deaconess Hospital con-
sist of two boards, each % mch thick, 80 mches long, and
11 mches wide, hinged at one end In the middle of one
board 1s 2 hmged tongue with a cleat on the other board
so that the boards can be opened at an angle of 30 degrees,
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fat sometimes may be used 1n patients \uth severe hyperten

ston In patients at the D H of
the lipoproteins by the techmque of Golman and assoctates
has indicated that values were highest 1n patients whose dia
betes was least well controlled and that these values could be
reduced rapidly over a penod of weeks with the adequate
use of msulin and a diet restricted 1n Iipids

Drug therapy 1n the past has mcluded thyrord extract and
estrogens Thyroid extracts seem to have some influence
upon hypercholesteremia  Phytosterol has been used to
reduce high concentration of cholesterol in both humans
and ammnls This 15 a sterol obtuned from soy beans Its
use on our drabetic patients has been Limited to such a small
number that conclusions are not yet possible Other agents
with hipotrophic effects mnclude cholime and msotol but s
yet sigmficant clinical effects are not clearly demonstrated
Hepann has been used experimentally because of its well
known power to reduce the number and concentrations of
large Lipoprotemn molecules in the blood In a senes of pa
tients with termuttent claudieation studied for a penod
of some months ot the Deaconess Hospital the effect of
heparin upon the lip and more ficantly upon
the claudication was too vanable to permst 1 very definite
conclusion at this time

Vasodilators

In patients with evidence of vasospasm mdicated by mois
ture 1n contrast to dry skin typical of the dmbehc pahenl
with ar d umed at
may be considered Thus regional sympathetic gangonec-
tomy is the most effective method of producing persistent
wasodilatation The operatine mortality has been greatly
reduced It does not cure the discase but merely makes pos
sible the release of the sympathetic tone and permts vaso-
dittation particularly of the small vessels cuefly near the
surface
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of the common evidences of semlty, 1t 1s apt to be accom-
panted by much more extensive and widespread artersolar-
sclerosts and therefore may be comphcated by the diabetic
nephropathy or diabetic retimitis

4 YFmally, today the most regrettable disasters are those
m which major surgery with the loss of the leg has become
necessary because of the failure to recogmize serous oc
clusive vascular disease as the underlymg factor in uleerated
lesions of the toes Therefore, needed hospital observation
and study was not provided at the time when amputation
of toes or through the transmetatarsal area under approprn-
ate conditions would have saved a walking foot

Medical Measures

Duabetic diet together with msulin 1s basue, first, for control-
Iing the diabetes and, second, for controllmg the abnormal
hpord metabolism which may itself be directly mvolved mn
the prog of the att 1 The inportance, there-
fore, of the hpoud content of the diet 1s today being re-
stated It has been a subject of considerable study and
there 1s still much lack of agreement among mvestigators
Although 1t appears that lumitation of the dietary cholesterol
alone may not be sufficient to ifluence the level of choles-
terol m the blood, there 15 increasmg ewvidence indicating
that 1 many individuals a reduction mn the total amount of
fat consumed per day will reduce the level of plasma cho
lesterol and, mdeed, the level of blood lipid Jt should be
stressed, however, that m diabetic patients who show under
many circumstances high levels for lipids especially durmg
ketosis, 1t 1s the use of msuln itself which will produce,
as dabetes 15 controlled, a much more rapid declme mn hy-
perlipemia than any other single agent It 1s the combma
tion, therefore, of a diet plan for restrnction of Iipds
together with the use of ansulm, which mn the diabetic pa-
tient 1s most apt to have a favorable effect upon the hpad
metabolsm The nce frut diet which contawns almost no
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week for the next four wecks Our expertence at the Dea-
coness Hospital, however, has led us to give up such mnjec-
tions In obese pahents reduction m weight 1s important,
Patsents should be advised to walk slowly and to stop seon
or preferably just before claudication occurs Some muscular
actlvnty 15 advisable, but certamnly patients should be urged
not to force themselves to walk after pam has developed
The pamn and d fort of pathy are dif-
ficult to control If complete rest in bed for two or three
weeks does not give control, if surgical lesion 15 present, 1t
mmplies more serious himitation 1n blood supply large doses
of vitamins mcluding thiamine, vitamm B-12 and hver ex-
tract have been tried but with doubtful effects For rest
pam, particularly during the healing of the sluggish ulcera-
tion, the position of the patient m bed 15 of extreme 1mpor-
tance Thus, all such patients should le m bed with the
chest and head raised at such an angle that the heart 1s
defimtely above the level of the leg Often 1t wall be found
that the head of the bed should be raised on blocks and
the foot mvelved may need to be dropped a little lower
than the other foot m order to find that angle at which
circulatory efficiency 1s greater Without definite measure-
ment of the time necessary to secure the best color of the
affected foot, 1t 15 possible for a patient Iying flat 1 bed or
with the head only shightly rused to have the toes or, 1n
deed, a Iwge part of the foot really ischemic dunng a
greater part of the 24 hours Certainly prolonged sitting by
the patient with the feet hanging down 15 bad, first, be-
cause 1t results m stasis and, secondly, because 1t favors
othostatic edema and further impawment 1n circulation
Drugs such as barbiturates may be helpful for sleep but
often have to be remforced with salicylates, opium or
demerol

The use of such drugs as hexamethonum bromide to im-
prove the penpheral circulation by partial blocking of the
sympathetic nervous system has been gven extensive tral
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Nerve blockmg by mjection of aleohol 1s useful as a diag
nostic measure only In patients who have occlusive vascu
lar disease, the use of drugs such as alcohol or priscoline 15
not indicated Studies of skin temperature and other studies
mdicate that priscoline may be useful in persons with normal
extremties, but that 1t has no benefit 1n patients who really
are suffering from occlusive vascular disease

Mechanical Measures

The Sanders Oscillating Bed The use of this bed 15 m
tended to produce an 1mprovement 1 blood flow by alter
nately raising and lowenng the lower extremities above and
below the level of the heart without any effort on the part
of the patient It has advantages, therefore, in patients
whose general physical state prevents them from giving
as much cooperation as 1s deswrable For some patients who
have sertous mmpaired circulation, particularly with severe
rest pain the use of the bed seemed to bring relief of pam
and at least temporary improvement m crrculabion Trals
with this bed resulted 1n our giving 1t up since we found so
few patients m whom 1t gave any better result than the
use of the postural exercises It certamly should not be
used i patients where there 1s real gangrene and also
where there 1s very much local or extending infection

Postural exercises of the Buerger type have already been
described

Intermttent pressure and suction and ntermittent venous
occlusion are two methods which were gven thorough
trial for a number of years but have been pretty generally
abandoned

Treatment of Pan

For mtermttent clandication mjections of tissue extract,
particularly pancreatic tissue extracts given intramuscularly
have seemed to be of some value Such mjections have been
gwven, one myection a day for a week, and two wjections a
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used as a solution or as an omntment (chloresium omntment ).
No very strking benefit has been observed 1 our patients

Antlcoagulants

The use of anticoagulants need not be reviewed here
since an extensne hterature on therr use 15 available Our
expenience is confined largely to heparn and dicumarol We
have used 1t 1n patients with coronary occlusion, acute
venous thrombosss, pulmonary embolism and sudden arterial
occlusion  Hepartn has been gnen intravenously in wnjec-
tions of 50-75 mg every 4 6 hours or subcutaneously during
the mght Hepana has been used untl ats anticoagulant
effects were replaced by the effect of dicumarol

Heparn was discovered m 1916 It 1s a mucopolysac-
chande of lgh molecular weight It acts on thrombm,
prothrombin, thrombolinase and other substances The
method of contnuous intravenous infusion was tested by
Murray and Best They use a physiologic solution of sodim
chlonde cantamung 10 mg at hepann 1 each 100 cc &1
luted They permitted the solution to flow mto a vemn by
the gravity method of flow It was deswred to prolong the
coagulation time between two and three times the normal
Intermuttent intratenous mjection has becn employed at
various times The and routes
have also been employed Hepann has been used 1n a men-
truum on many occasions The usual expenence is that
wide fluctuations and difficulty 1n control can be avotded
by the intermittent method

Dicumarol (4 hydrozycoumanin)

The md and contrund for the use of
dicumrol are vaned Among diabetic patients 1 certam
group seem to be extremely sensitine to dicumarol Sescre
hemorthage has followed s use m comprratinely small
doses In seyeral wstances We, therefore, usually begin the
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There are hazards m its use Intra-arterial mjections and
hustamine have not been used sufficiently to justfy therr
use Previous reports that histidine, vitamm C and ether are
of value have not been confirmed Pentrate 1s stated to im-
prove mtermuttent claudication, but our experience has not
left us with much enthusiasm

The Application of Local Agents

Any preparation used locally m diabetic patients for
uleerations or nfections resulting from either artenial or
venous wsufficiency must be non imtating and non cyto-
touc One of the great difficulties 15 that as each of the new
agents are brought forth, and this 15 notably true of the
sulfa drugs, the delicate diabetic skin proves to be so sen
sitive that the most 1mtating results are seen Basically, m
the drabetic patient except for purposes of cleanliness and
protection, it may be said that the mfluence of any external
application 15 extremely limited The local application of
antihiotics which are speaific for the orgamsm found by
culture may at times be advisable Omtments contammng
local anesthetic, although they may give comfort, are often
dangerous smce they are frequently cytotoxic Preparations
containing phenol or cresol, even m small percentages,
should never be used because of their extremely cytotoxic
properties and the danger of wmnducing gangrene

On the other hand, boric acid solution 15 not cytotoxe
and 1t 15, therefore, relatively safe Although boric acid solu
tion 15 only weakly bactenostatic, 1t can be used as a warm
application for short peniods, 15 times a day, with benefit
for superficial mfections or gangrenous lesions A solution
of pemecillin may be apphed i a continuous wet dressing
1 cases with superficial infections or for organisms sensitive
to pemcithin The use of varidase among the diabetic pa-
tients 1s still under study Chlorophyll has been reported
useful m the treatment of chrome uleers of the leg when
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extremities hag been observed m our cases with such drugs
s Priscoline, Etamon, etc.

e Diathermy and ul once employed
for local effect but m the dmbebc of Iong dumhon danger
of burns fs genuine

Procedures in the Presence of Ulcers or Superficial Gangrene

a Hospitalization and bed rest The benefits of complete rest
are almost never rezhzable under conditions of home treat-
ment

b The use of pemaillin, sulfonammides or other antibiotics

¢ Local apphication such as sulfathizacle omntment, solutions of
tyrothrian  streptokinase-dornase may be selectcd for wmdi
vidual cases

Proced n Gangy of Toes, O hitis or Infection In
volving Jomts

Same plan of treatment as in 3 Closest cooperation between
physician and an expenenced surgeon Emphasis upon early
diagnosis and surgical decision Procrastination in the diabetic
in the presence of artenosclerosis obliterans and severe in
fection wll result in costly delay

Conservative surgery such as the transmetatarsal amputation
1n an early stage may presene walking when an amputation
of a single toe would otherwise be followed within 12 to 24
months by a leston on other toes and subscquently thigh
amputation

!!\‘(:(hods 1n Cases with Gangrene Extending Into the Foot or
4

»

L

a Amputation of the leg.
Procedures in Cases of Acute Artenal Occlusion

& Immediate consultation in a hospital wathin the shortest pos-
sible time for decision as to whether embolsm is present.
The surmeal removal of an embolus m the large artery of
the leg has the best chance of success the more quickly the
operation js camed out

Bed rest with the head of the bed shghtly elevated 1
desirable in all cases with deficient blood supply in the leg
Loose wrapping of the foot and leg in sheet wadding Use
no local heat Actual cooling of the leg with a fan may be
employed

Dicoumann

Intravenous injection of papaverine

Hepann by vemn may be continued until the cffect of Dicoun
marin it obtained,

4

4

-
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use of anticoagulants with moderate doses of heparm at
the same time we start with 50-100 mg of dicumarol We
avoud the use of dicumarol after recent operations, not only
1 the bram and spmal cord, but i patients where there 15
any suspicion of any impawed hver function or m patients
who have been recently actually bleeding As an antidote
for dicumarol, therapeutic doses of synthetic vitamin Ki
and K: oxide have been used When 05 gm of Ky oxide 1s
mjected intravenously, at about 4 hours marked hypopro-
thrombinema changed to moderate hypoprothrombinemia
An average of 13 hours may elapse after mjections of 4 pro-
thrombin times are consistent with mtravascular clotting

Outline of Treatment

The following outhne summanzes methods of treatment
commonly employed
1 The General Procedures Applicable to all Diabetics with arteno
sclerosis obliterans
Detailed mstruction of the patient as to the nature of the two
diseases and the protection of his feet from specified types
of mjury, such as burns from thermal or chemucal sources
and other traumata

o

b Duetetic treatment wath low fat and low cholesterol diets

¢ Control of dabetes by proper diet and adequate use of
nsuhn

d Reducton of weght by a diet planned to avoid too ngid
curtailment of carbohydrate

e For laud. t m selected
cases, (a) when evid of h wmner

vation 15 present, (b) when general conditon permuts
f Buerger exercises two or three times a day
g Tobacco should not be used

‘Treatment 1 Cases with Rest, Pam or Ischerme Neurits without

2
Gangrene
a Hospitalization with bed rest mn a warm room
Tech 1 with t venous p

¢ Sedaton for relief of pam Vitammn By as trial

d Vasodilators and tissue extracts may be tried but i cases with
true occlustve vascular disease no lasting benefit or evidence
of it nd d blood supply to the
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Case I (38093) A 23 year-old lady m the 32nd week of
her sccond pregnancy was admitted because of abdomnal
pam, nausca and vomitng The evening before admission
she had her usual supper, felt nauseated and had three at-
tacks of diarther dunng the evemng The next mormng she
felt weal. and because of this she did not take her msuln
Nausea persisted and on the mommg of admission she
duced vomiting Tollowing this she vomited small amounts
of bile stamed matenal three or four times Upon admission
the blood pressure was systolie 105, diastolic 85 and the
pulse 100 The abdomen was distended with an enlrged
uterus compatible with a 82 weeh pregnancy The fetal
heart was not heard but later it was heard and the patient
felt reasonble fetal activity The white count was 17,900
with 83 per cent palymorphonuclear The CO: of the plasma
was 22 mEq and the blood sugar was 66 mg per cent,
Mild ketonemia was present She now had pain low in the
nght flink  The obstetriein fclt '.hal acute hydramnios
cmtcd The surgical 1 d the of

The lower abd was tender all over The
third day she had amniotomy with the release of only 150
cc of ammotic fuid The temperature up until this time had
vaned between 93 99 degrees The third day the tempera-
ture rose to 102 4 dcg‘rces A laprotomy disclosed an acute,
The appendix was long retrocecal,
I)mg along thc course of the right ureter Almost complete
rupture of the uterus was also present through the previous
Caesarean section scar Appendectomy was performed fol-
lowed by a Caesarcan section which reletsed an almost
dead baby who lved only four hours Hysterectomy was
performed Her postoperatne course was stormy, but she
mde a complete recovery and was discharged on the four-
teenth dny

Chise 11 A male, nge 68, with dubetes of 11 vears’ dura-
tion was adnutted for treatment of gangrene of the nght
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g If gangrene develops as 15 true i the majortty of older
dubetic patents, amputation at a level to be decided after
the effect of Dicoumann has worn off

Orrer CONDITIONS SURGICALLY TREATED

Appendicitis

The difficulties presented m attempting to distingush
between abdommal pam due to diabetic acidosis or diabetic
coma, from pam due to a surgical lesion within the abdomen
and impendimng acidosis or coma, require a careful analysis
of vanous facts m the Istory, physical exammation and
laboratory findings m each case Not many cases have been
reported 1 detail and very httle discussion of the diag-
nostic difficulties has been presented The number of cases
reported where actual operation was done and no de
monstrable pathology found 1s small, and the number
undoubtedly does not represent the number of such opera
tions  Also, 1t 15 undoubtedly true that many patients with
acute appendicitis or other emergency surgical lesions of
the abdomen have been refused operation or have had
operation postponed because of the confusing presence of
diabetic acrdosis Among 60 cases with diabetes and opera
tion for acute appendicitis at the New England Deaconess
Hosptal, certam features of the problem have presented
themselves very clearly Thus, among diabetic patients with
or without the presence of diabetic acidosis or 1mpending
coma, the number of patients who prove to have atypical
acute appendicitis 15 strikingly Jarge Thus, the onset of
acute appendicitis with diarrhea or with nausea without
pam or the absence of leukocytosis and the absence of
fever have been frequent Case #5732 entered the hosputal
m diabetic coma with no hustory of pun, recovered from
coma only to die 21 days later Autopsy showed an unsus-
pected appendux abscess as the cause of death The follow-
g three cases are illustrative
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History and Physical Findings in Diabetic Acidosis
and Coma

Study of the records of patients with acidosis with asso-
cated abdommal pain cmph.:\slzcs certnm facts of great
importance 1n attempting a d \Vhen an
accurate history s avmlable, usually patients who are m
dubetic acidosis have had nausea and vomiting as early

p Later d or dyspnea and air hunger
indicate acidosis which has reached a rather severe degree
Usually, 1t 1s true that 1n diabetic acidosis and coma nausea
and vomiting precede the pam The pam may, however, m
some cases be first The pam of diabetic acidosis usually
in the upper abd but mmd abd 1 and
even occasionally in the lower abdomen may be mtermuttent
or steady, and occasionally may be so severe as to cause the
patient actually to wnthe 1 agony It may be accompanied
by widespread muscle spasm and tenderness A board lile
abdomen may be scen even in children Usually, however,
it s one of the first symp to disappear under adeq
insulin treatment and usually marked improvement can be
brought about in the muscle spasm and pain within 3-6
hours A dilated stomach 1s common 1n diabetic coma and
may reach enormous proportions It may give rise to upper
abdommal symptoms Visible perstalic waves may be
noted 11 1 which 15 in such a dilated
stomach, will gine nise sometimes to bloody somitus, but
more commonly to the dark brown gastric content com-
monly removed by gastnie asprration The leuhocyte count
in diabetic coma is usually elevated Levels of 25,000 to
40000 per cubie millimeter are common Case 8741 entered
the hospital with a white blood count of 97,750 but this
dropped wvathin 21 hours to 20,000 This lcubocytosis has not
been satisfactonly explaned although it has been attributed
to the distention of the hver capsule or to obstipation How-
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foot Seven years previously he had had a left supracon-
dylar amputation for gangrene of the left foot For six weeks
he had had an ulcer on the nght great toe which had -
creased m size and had become gangrenous Amputation of
the leg below the knee was carried out on the fourth day.
Duabetic control was no problem as he required only 2
small dose of 18 umts of msulin On the suth hospital day
his temperature, which had been normal the previous five
days, reached a level of 100 degrees at 8 PM On the
seventh day the temperature reached 100 8 degrees Exam-
nation at that tme disclosed no abnormahty The next
mornmg the white count was 24,900 At 6 AM on the
exghth postoperative day he was seized with severe abdomt-
nal pam and was found to have an acute surgcal abdomen
with board-like ngidity suggestmg a ruptured viscus Opera-
tion was immediately performed by Dr Chifford Franseen
who found a generalized pentonitis from a ruptured ap-
pendix In spite of dramage and the use of antibiotics, he
remamed m shock and died m 86 hours

Case ITI A female, age 26 years with diabetes of 12 years’
duration, developed nausea and vormting without abdorminal
pamn During the next few days nausea was mtermttent and
she began to have some vague abdommal pam which did
not seem sufficient to secure the services of a physician
However, on the seventh day pam, nausea and vormting
were more severe and she was sent to the hospital with a
question of duabetic acidosis On admssion she had no
diabetic acrdosis but the abdomen was tender to palpation,
there was generalized muscle spasm and ngidty At opera-
tion she was found to have a perforated appendix with gen-
eralized pentomtrs Her condition was grave during the
next three weeks She receed mtensive treatment with
antibiotics, was fed continuously by vemn A large collection
of pus under the diaphragm was d on one
She was discharged with recovery after a four months’ stay.
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Hustory and Physical Findings i Diabetic Actdoss
and Coma

Study of the records of patients with acidosis wath asso-
ciated abdommal pan emphasizes cevtais facts of great
importance i attempting a differential diagnons When an
accurate Iustory 15 avalable, usually patients who are in
diabetic aadosis have had nawsea and vomstng as eatly
symptoms Later drowsmess or dyspnea and arr hunger
mdcate serdoss which has reached a rather severe degree
Vsually 1 18 true that 1 dubetic acidosis and comz nausea
and vomuting precede the pam The pam may, howeser, m
some cases be Brst The pawn of duahetic n!:xdosws usually
1 the upper abd but mid abd % and
even occasiomlly mn the lower abdomen may be mrtermattent
or steady, and oecasionally may be so severe as to cause the
patient actually to wnthe m agony It may be aecompanied
by widespread muscle spasm and tenderness A board lde
abdomen may be seen even m children Usually, howeser,
1t 15 one of the frst symp to dwsappear under adeqat
wmsuln treatment and wsually marked mprovement can be
brought about m the muscle spasm and pamn wthwm 36
hours A diated stomach 15 common m dibetic coma and
may seach enormous proportions Tt may gve xse ta upper
abdommal symptoms Visble penstaltie wates may be
roted Hemorthage, which 15 common 1 such a dilated
stomach, Wil gne mse somenmes to bloody vomites, but
more commonly to the darh brown gastrie comtent com-
wmonly removed by gastre aspirabion The leukocyte count
w dizbetic coma 13 wually elevated Levels of 25,000 to
48000 per cubic millimeter are common Case §741 entered
the hosputal witk 2 white blood count of 97,750 but thus
dropped '\\ sthun .A hmns 10 20000 This levhocytosis has not
been wly d although it has beews attributed
1o the distention of the hver capsule ot to obstpation How-
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foot Seven years previously he had had a left supracon-
dylar amputation for gangrene of the left foot For six weeks
he had had an ulcer on the nght great toe which had m
creased n s1ze and had become gangrenous Amputation of
the leg below the knee was carmed out on the fourth day
Diabetic control was no problem as he required only a
small dose of 18 umits of msulm On the sisth hospital day
his temperature, which had been normal the previous five
days, reached a level of 100 degrees at 8 PM On the
seventh day the temperature reached 100 8 degrees Exam:
nation at that time disclosed no abnormalty The next
morning the white count was 24,900 At 6 AM on the
eighth postoperative day he was seized with severe abdomt-
nal pain and was found to have an acute surgical abdomen
with board like ngidity suggesting a ruptured viscus Opera-
tion was immedately performed by Dr Clifford Franseen
who found a generalized pentomtis from a ruptured ap
pendix In spite of dranage and the use of antibwohcs, he
remaimned m shock and died m 36 hours

Case III A female, age 26 years with diabetes of 12 years’
duration, developed nausea and yomiting without abdominal
pam Dunng the next few days nausea was mtermittent and
she began to have some vague abdommal pam which did
not secem sufficient to secure the services of a physician
However, on the seventh day pam, nausea and vomitng
were more severe and she was sent to the hospital with a
question of duabetic acidosis On admussion she had no
diabetic acdosis but the abdomen was tender to palpation,
there was generalized muscle spasm and ngidity At opera-
tion she was found to have a perforated appendix with gen-
eralized pentomtis Her condition was grave dunng the
next three weeks She received mtensive treatment with
antibiotics, was fed continuously by vemn A large collection
of pus under the diaphragm was evacuated on one occasion
She was discharged with recovery after a four months’ stay
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history of abdomimal pam whach 15 the cause of the acidosis
and coma Fmally, m diabetic patients the onset of acute
appendicitis 15 often atypical Unfortunately, it 1s the pa-
tients with an atypical onset 1n whom delay 1n carrying out
proper surgical procedures occurs which result m the pres-
ent death rate \Whenever a diabetic patient vomts or 15
nauseated, although one must first think of diabetic acidosis,
appendiaitis or some acute surgtcal abdominal lesion must
be considered and ruled out. The patient should be ad-
mtted to 2 hospital for observation and the necessary
Iaboratory studies for the determmation of the presence or
absence of diabetic acidosis, leukocytosis and other neces-
sary steps In rare cases where defimte differentiation 1s 1m-
possible and yet necessary, 1t may be safer to open the ab-
domen under local anesthesta than to permit further delay
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ever, expenimentally, 1t 1s possible to produce such leukocy-
tosis by severe dehydration m animals

When acute pancreatitis 1s present, diabetic coma often
follows Occasionally, m such patients sweatmg due to the
shock of the acute pancreatitis has been present when usu
ally 1n true diabetic coma the skin of the axillae, the tongue
and the body generally are extremely dry Pancreatis,
however, 1s a rare comphcation

Cases with duabetic acidosis and pegative findings at
operation have been reported Usually the pre operative
diagnosis, because of the seventy of the abdommal symp-
toms, has been acute pancreatitss, perforated peptic ulcer
or perforated appendcitis

Abdominal Emergency Operations

In the cases studied at the Deaconess Hospital, the pre-
operative diagnosts has been acute appendicsts with the
exception of two cases with perforated duodenal ulcer, one
case of acute salpingitss, one case of acute regional lextss and
three cases of acutely mflamed glands m the mesentery of
the termmal iac The signs and symptoms may be masked
by the diabetes and acidosis rather than exaggerated and
the diagnosis 1s often made not because of the widespread
signs and symptoms, but rather on the less than usual local
tenderness In a summary by Dr L § McKuttrick certam
1mportant conclusions were made 1 Cases operated upon
with negative findings had usually had a preoperatve
dragnosis of extensive surgical lesions such as acute pan
creatitis, general perttomtis or perforated ulcer 2 In all
cases where the d of acute appendicitis was made,
whether acidosis was present or not, the hustory of pan as-
sociated with localized tenderness and spasm was found 3
The history from his family when 1t was not possible from
the patient, often suggests that m the patient without
demonstrable lesions, the early symptoms are really those
of coma which precede the onset of pam rather than a
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damage has been demonstrable Although this accident can
occur any time during pregnancy, it tends to peak m the
36th week Intrapartum deaths have occurred when the
obese, edematous mfant has been extracted with difficulty
through the edematous pelvis Often the head 1s extracted
without difficulty but the shoulders have jammed making
extractions difficult or even impossible Neonatal deaths ap-
pear to be largely respiratory mn nature

With this back d, we have established four goals 1n
our management These are obvious ones The first goal 15
maternal survival Qur problem 15 concerned not only with
a perod of pregnancy but with the next 20 consecutive
years It 1s a social tragedy to permit these young diabetic
women to complete pregnancies with live born mfants, but
survive the pregnancy for not more than a five year penod
A prognosis for long life cannot be assured at present m
these patients for, with all our experience, we have only
85 former juvemles who have survived 35 years of their
cdisbetes Many of our young diabetics have had the disease
for 20 25 years at the time of the first pregnancy There-
fore, the second objective has been to prevent the precipita-
tion or acceleration of vascular damage Abnormal preg-
nancy, especially toxema, as well as diabetes, makes this
woman susceptible to vascular disorders of the retina and
of the kidney The third objective 1s agam the obvious one
—the mcrease of fetal salvage and the fourth has been a
program for the prevention of diaketes m the offspring of
the diabetic parent

The methods which we have found helpful i obtammg
these objectives number seven as follows Fust, a clasnifica-
tion of patients for fetal hazards Second, the very best pos-
sible chemical control of dhabetes Third, the controversial
part of the problem, the use of female sex hormenes
Fourth, measures used to prevent edema and hydrammos
Fifth, early and accurate timmg of the dehvery Sixth,
special care of the infant 1n the neonatal perniod, and seventh,




CHAPTER XVII

DIABETES AND PREGNANCY

Today two schools of thought exist for the management of
the obstetrical diabetic patient The first school stresses
chemical control of diabetes, and states that fetal survival
1s assured by good treatment of this disease The second
school of thought, although favoring chemical control of
diabetes, argues that this 15 no guarantee for fetal salvage
and that additional forms of therapy must be gwen We
belong to this latter school of thought and believe that poor
chemical control of diabetes, hormonal mmbalance and vas-
cular lesions affect the course and outcome unfavorably
The potentially makhignant nature of the combmation of
pregnancy and diabetes was shown decisively m the pre-
msulm era when few diabetic women concewved and the
few who conceved rarely survived pregnancy The harmful
effect of diabetes upon fetal salvage was shown just as de-
cisively m the msuln era for most reports mdicate that
spontaneous abortion, mtrauterme, mtrapartum, and neo:
natal deaths occur 1 more than half of duiabetic pregnan-
cles The charactenistics m course and outcome are well
estabhshed Thus, the spontaneous abortion rate has been
some twrce that of the general population Premature delw-
entes have occurred most commonly 1n those patients where
the degree of hydrammos has been excessive and where ap*
parently for mechanical reasons the membranes have rup-
tured prematurely The mature appearmg but immature
mfant has not been able to survive its prematurity Intra-
uterme deaths have occurred most commonly as a compl-
cation of toxemia of pregnancy or where chrome vasc
238
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tion Vascular damage 15 not demonstrated but may exist
a latent state Class D imcludes those patients whose dia-
betes 15 of more than 20 years’ duration after which time
the absence of vascular damage 15 unlikely, or those whose
onset occurred under the age of 10 or patients regardless of
age at onset or duration who have developed vascular
lesions of the earliest clmical vaneties, namely the retinop-
athies or calaifications of the vessels of the legs Probably
under the same heading should be our Class E, which has
been separated because 1t was the first to attract our atten-
tion to the mportance of vascular damage 1n pregnancy,
namely, those patients where the vascular damage has pro-
gressed so far that the vessels of the pelvis can be demon-
strated to contam caleum by X ray Although this suggests
medial sclerosis, the charactersstic of diabetes 1s mtimal
sclerosis 1n vessels ordmanly mnvolved with the medial type
of lesions Although the 1liacs are the vessels usually shown,
we believe that the ovarian and utertne artertes are stlarly
mvolved and m the autopsied cases this concept has been
confirmed Class F, a dreaded group by any standard, m-
cludes those pattents with albummuria not accounted for
by pyelitis or acute nephnitis This 1s a group of young dia-
betics whom we are sure have mtercapillary glomerulo-
sclerosis or the kimmelstiel Wilson syndrome

‘The vahdity of this classification depends upon the rela-
tive fetal survival rates If we study the entwre penod of
pregnancy where one expects a fetal salvage of some 87 per
cent, we have found the followmg m Class A, 100 per cent,
Class B, 67 per cent, Class C, 48 per cent, Class D, 32 per
cent, Class E 13 per cent and Class F, 8 per cent These
results were found 1n a group of 278 cases where the man-
agement d of good ch 1 control of diabetes and
the best available obstetrical but no female sex
hormones Much of the controversy in the obstetrical dia-
betic Iiterature today concerns differences mn types of pa-
tenits \rented and reported ‘Thus, today our most cormmon
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yearly followup of these childrer for a disturbance of carbo
hydrate metabohsm forever after

The classification which we have found helpful 15 based
upon the age at onset, the duration of diabetes and the
presence or absence of vascular lesions It presupposes that
diabetes with onset m childhood 1s of a more malignant
nature than that which occurs 1 adult Lfe Measured mn
msulin production, this group of patients represents total or
near total diabetes With thewr complete dependence upon
exogenous msulin, chemical control of the disorder 1s more
dufficult Exogenous msulin cannot regulate 1tself according
to tissue sugar level The second basis for classification 15
that vascular damage 15 unltkely under 10 years of duration
of diabetes but that after 20 years only one young patient
m 10 and after 25 years only one m 50 can be found com-
pletely free from at least mummal evidence of vascular
damage, and, finally, that vascular damage m the diabetic
carmies with 1t the same hazards as vascular damage m the
pregnancies of women mn the general population The desig-
nation of the classification we employ 15 alphabetical, Classes
A through F Class A consists of subclmeal diabetics, those
patients m whom the diagnosis of diabetes 1s made upon the
basis of a glicose tolerance test which differs but httle from
normal It 1s not the practice of diabetic chnes to admunis-
ter a glucose tolerance test if the diagnosis can be estab-
lhished on random blood sugars so these patients have mini-
mal disturbance In the majonity of our patients the glucose
tolerance test has actually been done mn the non preguant
state These patients under ordinary circumstances do not
require msulm and need very Lttle dietary regulation Class
B mcludes patrents whose onset of diabetes has occurred
m adult Ife but where the duration 1s so short, under 10
years, that vascular damage 15 unlilely and 1s not demon-
strable Class C ncludes the patients the onset of whose
diabetes occurred m adolescence at 10 19 years of age or
where the duration of diabetes 15 between 10 19 years’ dura-
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renal threshold for glucose 1s Jow and the excretion of sugar
15 disproportionately high It 1s, therefore, often difficult to
prevent patients from developing either K d or
severe msulin hypoglycemia We have favored the use of
one of the mtermediate acting msulims, Lente or NPH or
Globm msulin mixed with regular msuln In the third tn

mester we often supplement with regular msulin before
lunch before supper and even at bedtime The calonie pre-
scription obviously must be adequate We plan 30 calories
per kilogram of mcreasmg body weight, but at the same
tune try to mamtam the weight gam to below 15 pounds so
that 1 the third trimester the patient may recewve a calonc
prescription below that of the first tnmester The carbohy-
drate should be fauly liberal, 180 250 grams (1t has been
estimated that the fetus metabolizes 50 grams of glucose
the third trimester) the protemn hugh, up to 2 grams per
kilogram, and the fat merely to complete the calone pre

seription

Seeciar InstrucTIONs GIVEN TO THE PREGNANT DiasETIc
Acute Illness
Every two hours for 7 feedings take any of the following 1 6
ounce portions Milk frt yuce eggnog gmnger ale or Coca Cola
Continue usual msulm and also test at 11 30 am 4 30pm 10 00
pm and accordmg to test take immediately of crystallme msuln 12

umts if the test 15 red brown or orange (2% on chmtest) or 8 umts
if yellow (1% on chimtest)

Disrrhea

Replace each partion of frmt with one glass of boiled milk (to be
taken with teaspoon), each portion of 8% or 6% vegetables with one
Uneeda or similar bsewt, and replace one portion of meat with an
€2g or cottage cheese or if severe, 2% quarts of borled mulk and
nothing else
Tests
Acetone Use tablet or powder

Quantitative Sugar Collect 24 hour sample Multiply per cent sugar
obtamed by chmtest by volume of unoe in cc —this equals grams of
sngar lost,

Example 2000 ce x 05% equals 10 grams
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class 15 D and 70 per cent of our patients are mn classes C

through F

A few general statements may be made about these
classes Class A can usually be handled as women without
dhabetes, although we consider Class B a mild group, 1t has
proved a plagumg one for the obstetricians These patients
have many msuhn producing cells and suffer much more
from the diabetogenic action of pregnancy than do women
whose diabetes 1s actually more severe at the start of preg
nancy During pregnancy these mmlder diabetic patients
develop severe types of diabetes with which they are un
familiar, and unless they receive constant medical attention
they develop ketoacidosts or severe hypoglycerma heto
acidosis, mn the second tnmester particularly, carnes with 1t
a very lugh fetal mortality rate It 15 this group of patients,
where the duration of diabetes 1s short and where presuma
bly those factors operative 1n the production of diabetes are
stl active, who tend to produce the largest nfants Agam
they plague the obstetrician when pelvic dehvery is at
tempted, for the head 1s extracted without difficulty but the
short neck and the wade shoulders frequently cause obstet
rical difficulties Classes D, E and F prove to be treacherous
from the pomt of view of mtrauterine deaths in week 56
These women tend to produce small infants, and 1 spite
of the duration of diabetes they are more favorable candi
dates for pelvic delwery than are those of short duration
Because these patients have had expertence m the manage
ment of the most malignant type of diabetes, they know
how to manage the severe problems and the difficult prob-
lems which arnse m pregnancy better than those women who
under ordinary circumstances have a milder form of the dis
order This classification has, therefore, helped us in mdt
vidualizing both medical and obstetncal management

Chermscal control of diabetes 1s most certamly an objective
m the management of these patients It 15 often difficult be
cause the placental hormones, ACTH, cortisone and growth
hormone are expected to wtensify diabetes In addition, the
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renal threshold for glucose 1s low and the excretion of sugar
15 disproportionately hugh It 15, therefore, often difficult to
prevent patients from developing either k d or
severe msulin hypoglycerma We have favored the use of
one of the intermediate acting msulins, Lente or NPH or
Globin wmsulin mixed with regular sulin In the third tn-
mester we often supplement with regular insulm before
lunch, before supper and even at bedtime The caloric pre-
seription obviously must be adequate We plan 30 calones
per kilogram of mereasing body weight, but at the same
time try to mamtam the weight gam to below 15 pounds so
that 1n the third trimester the patient may recewve a caloric
prescription below that of the first trimester The carbohy-
drate should be fauly hberal, 180-250 grams (at has been
estimated that the fetus metabolizes 50 grams of glucose 1
the third trimester) the protem high, up to 2 grams per
kilogram, and the fat merely to complete the caloric pre-
scription

SrEcIAL INSTRUCTIONS GIVEN TO THE PreGNant DuseTic
Acute Hllness

Every two hours for 7 feedngs take any of the following m 6
ounce portions Mulk, frust juice eggnog gmger ale or Coca Cola

Continue vsual insulin and also test at 11 30 am, 4 30 pm 10 00
pm and 10 test take drately of cry msulm 12
umnts if the test 15 red brown or orange (2% on climtest) or 8 umts
i yellow (1% on chintest)

Duarrhea

Replace each portion of frut with one glass of boiled milk (to be
taken with teaspoon) each portion of 3% or 6% vegetables with one
Uneeda or similar biscuit and replace one portion of meat with an
€ge or cottage cheese, or if severe, 2% quarts of boiled muk and
nothing else
Tests
Acetone Use tablet or powder

Quantitative Sugar Collect 24 hour sample Multiply per cent sugar
obmn?d by chmtest by volume of unne m cc—this equals grams of
sugar ost

Example 2000 cc x 05% equals 10 grams
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class 1s D and 70 per cent of our patients are 1n classes C
through F

A few general statements may be made about these
classes Class A can usually be handled as women without
diabetes, although we consider Class B a mild group, 1t has
proved a plaguing one for the obstetrictans These patients
have many msulin-producing cells and suffer much more
from the diab action of pregnancy than do women
whose diabetes 15 actually more severe at the start of preg-
nancy Duning pregnancy these milder diabetic patients
develop severe types of diabetes with which they are un-
familiar, and unless they receive constant medical attention
they develop ketoacidosis or severe hypoglycema Keto-
acidosis, m the second trimester particularly, carries with 1t
a very lugh fetal mortality rate It 1s this group of patients,
where the duration of diabetes 15 short and where presuma-
bly those factors operative m the production of diabetes are
stdl active, who tend to produce the largest mfants Agamn
they plague the obstetrician when pelvic delvery 15 at-
tempted, for the head 1s extracted without dufficulty but the
short neck and the wide shoulders frequently cause obstet-
necal difficulties Classes D, E and F prove to be treacherous
from the pownt of view of intrautenme deaths m week 36
These women tend to produce small mnfants, and, m spite
of the duration of diabetes they are more favorable candi
dates for pelvic delivery than are those of short duration
Because these patients have had expertence i the manage-
ment of the most malignant type of diabetes, they know
how to manage the severe problems and the difficult prob-
Jems which arise 1 pregnancy better than those women who
under ordmary circumstances have a milder form of the dis-
order This classification has, therefore, helped us m mdr-
vidualizing both medical and obstetrical management

Chemucal control of diabetes 15 most certaimnly an objective
1n the management of these patients It 15 often dufficult be-
cause the placental hormones, ACTH, cortisone and growth
hormone are expected to mtensify diabetes In addition, the
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SPONTANEOUS PREMATURE DELIVERY
18 PREGNANCIES TERMINATING BEFORE WEEK 34
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Change of msuln

I pre breakfast test 1s poor, merease NPH 1nsulin by 4 umts, if
test 1s constantly perfect reduce 4 umts

If pre lunch test 1s poor, mx 4 more umits of crystalline with
NPH, if test 15 perfect, reduce crystaline msulin

If the pre breakfast test 15 poor, and the pre supper test perfect,
2dd 4 umts of NPH msulin at bedtme, and imcrease the dosage to
make the nsmg test sugar free

The use of female sex hormones 1s the most controverstal
part of our management It 15 our contention that an m-
balance of female sex hormones characterizes abnormal
pregnancy m the diabetic woman, that this abnormality
consisting of 2 high level for serum cherionte gonadotro-
phin between the 24th and 86th week, low levels for serum
estrogen and low excretion for pregnanediol precedes and
thereby predicts abnormal course and fetal mortality We
contend also that the charactenstic umbalance occurs more
often where vascular damage 1s present We contend fur-
ther that the use of female sex hormones corrects the 1m-
balance, that the correction 15 followed by ncreased vascu-
lanty, a more nearly normal obstetric course and a higher
fetal salvage The use of female sex hormones produces 2
normal placenta for the period of gestaton Finally, with
the exception of 1slet hyperplasia the infant does not show
those hustological charactenstics which were formally de-
seribed as specific for the mfant of the diabetic mother
Our data, based upon median values for excretion of
pregnanediol, support the thesis that the imbalance of fe-
male sex hormone charactenzes abnormal pregnancy and
poor outcome The most abnormal curve was found i those
patients where the delivery occurred spontaneously prior to
week 84 (Chart I) An almost equally abnormal curve was
found m the patients who had toxemua (Chart II) and 2
shghtly less abnormal curve m those patients with non-
surviving infants (Chart III) When the obstetrical course
was normal and the mfant survived, the curve was norm
(Chart 1IV) The suggestion that the progression of vascu-
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PREGNANEDIOL EXCRETION DIABETIC
PREGNANCIES BY CLASS COMPARED
WITH THE NORMAL
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LIVE BORN AND SURVIVING INFANTS
PREGNANCIES UNCOMPLICATED WITH
PREMATURE DELIVERY (BEFORE WEEK 34}
OR WITH TOXEMIA
173 CASES
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The parenteral route 1s selected to 1nsure absorption and
to avoid rapid conjugation In addition to the alteraton of
the dose by chemical findings, any one of the following sug-
gests a need for the merease n dosage of therapy signs of
toxerma, rapid gamn m weight, demonstrable edema and/or
hydrammios, and urtabihty of the uterus mamfested by
Braxton Hicks contractions

The comparative results of our patients recerving and
not recewving hormonal therapy were as follows From Jan-
vary 1, 1936 to February 26, 1936, 864 cases had deter-
mmation for one or more of the female sex hormones of
pregnancy These reported cases reached week 28 The fetal
mortality m 154 cases recerving no female sex endocrine
therapy was 32 per cent, whereas the fetal mortality mn 710
cases recewing sex endocrine therapy was 12 per cent The
total fetal and nfant loss by class 1s shown m Table 26
Classes A and B compare favorably with the expected
normal of 87 per cent In addition to the more favorable
course, the higher fetal survival, the normal placenta and
the more nearly normal histology found n these children
of diabetic mothers recerving female sex endocrine therapy,
certamn other side reactions have been observed The ma-
dence of toxenua has fallen to 3 per cent. The protection
of the retma 15 shown by the failure of the retmopatlnes
to progress or be precipitated m adequately treated cases,
the number of hemorrhages sometimes bemg fewer at the
end of pregnancy than they were at the start, and the even
more dramatic suggestion, that of lowering of msulm re-
qurement Thus, among those patients whose drabetes
started 1 childhood, where a stable adult dose had been
established, 1t was found that 60 per cent required appreci
ably less msulin after pregnancy and this treatment than
they had before, m 50 per cent the decrease amounted to
50 per cent and m 20 per cent to 75 per cent Some of
ichlise Patients have been followed for as long as 10 years

quently to the ¥ one patwent so treated
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lar damage favors the hormonal mmbalance (Chart V) was
shown by the median pregnanediol curves by classes The
most markedly abnormal curve 1s found m Class D, charac-
tenized by early vascular lesions We have presented and
published data which appear to mdicate that when therapy
15 admumstered but the 1mbalance 15 not corrected that the
obstetric course 15 as abnormal as when no therapy 1s given.
The fetal mortality also remams gh when therapy 15
gwen but the imbalance not corrected, but falls when the
wnbalance 1s corrected

The schedule for parenteral hormonal therapy 1s, there
fore, given to the patient at first vistt and 1s as follows Class
A, unless there 1s some special indication by history, re
cewes no therapy, Classes B and C, a daily mtramuscular
mjection of stilbesterol and progesterone starting with 25
mg and reaching at least 125 mg , Classes D, E, and F start
with 25 mg and receve at least 200 mg The mdrcations for
merease n therapy mclude failure of the chononic gonado
trophin to fall between the 24th and 86th weel and failure
of the abnormally low pregnanediol excretion to nse to at
least the mmumum level of the curve of Vennming and
Browne The most recent schedule which has been used m
our patients 1s shown m Table 23

TABLE 23
Dawx E Dosact or ANDP (rv o)
Class
Week of Pregnancy B c D E F
25
0-16 25 25 20 25
1719 25 25 50 50 gg
20-23 50 50 100 100 ;2.7
2429 100 100 :g; :gg
30-33 100 100 &
31 toend 125 125 200 200250 200-2,0

(Cost to patient $50 to §125)
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BREAD AND ITS EXCHANGES You should eat only low sodium
bread Below 1s a list of exchanges for one average shce of salt free
bread

% cup cooked plan nice % cup cooked spaghetts noodles, maca-
ront one small white potato for bakmg or bolng 3¢ cup white
mashed, one piece unsalted Matzah, % cup fresh lma beans,
% cup cooked cereal, % cup Puffed Rice or Puffed Wheat, % bis
cmt Shredded Wheat, one small ear sweet fresh corn or % cup
frozen com

DO NOT USE the followmg Regular bread, “quick-cooking” cereals,

dry cereals not listed, self nsing flour, salted popcorn, salted crackers,

potato chips salted nuts, pretzels

MILK, EGGS AND BEVERAGES You may use milk as a dnok, in

soups in combmation dishes and with coffee or tea Use fresh or

evaporated milk unless low sodium milk has been presenbed

OMIT THESE FOODS cheese, cream, sour cream, ice cream,

packaged puddings

MEAT, FISH AND POULTRY You may choose from many kinds

This Lst tells you how large a three ounce (3 0z ) serving of lean,

boneless meat 15

LEAN BEEF Hamburger—1 large patty Roast—2 shces, 4 in
by 41 by % m, Stew—3% cup meat, Steak—one

smal

LAMB Roast—2 shees, 3 1n by 3 13 by 3% in., Chops—
2 nb or 1 kudney Stew—% cup meat

CHICKEN 3% small broiler, Roast—3 shces 3 by 8 m by
3% i, One leg and one shee, 3 i by 3

y % m

LIVER 2 shees, 8 m by 3 by %

PORK Chop—1 large, Roast—1 shce, 3 1n by 3 1. by
U m

VEAL Chop—1 medmum, about % m thick, Roast-~1
shee, 3an by 81 by %4

TURKEY Roast—2 slices, 4 10 by 3m by % mn

FIsH 1shee 3 by 3an by 1 m thick of fresh hali-

but, fresh cod, fresh salmon fresh perch, fresh
bass, fresh trout, fresh oysters {12 to 15 “Dietetic”
tuna—% cup (water packed and low sodium)
OMIT any meat, fish or poultry that 1s smoked brne cured, canned,
salted dred, or salted and soaked (kosher) This includes
cold cuts, bacon, ham, and sausage Do not eat canned soup
of any ind Home made soup 15 all nght 1f you use 00 szt or
meat extracts
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TABLE 24

Ferar anp INPANT SURVIVAL BY CLASS ¥OR ENTIRE PeRiob o PREGNANCY
Treatep Wrre anp Wirmour Fesare Sexocex

No Female Sezxogen Female Sezogen
(278) 1936-1950 (289) 1950-1954
Number of Per Cent Number of Per Cent
Cases Survwal Cases Sureweal
A 21 100 5 100
B 97 67 €6 87
C 83 48 80 80
D 45 32 103 7
E 19 13 22 81
F 13 —_ 13 46

showed hypertrophy and hyperplasia of the 1slands of Lan-
gethans 1n the 15th year of diabetes at age 23 years Only
5 per cent of cases treated without female sexogens showed
reduction of msulin dose

Certain measures have been found helpful n the preven-
tion and correction of edema and to a lesser extent hy-
drammos The low sodium diet of 1 gram 15 one A low
sodum list 15 given to these patients at the start of preg-
nancy In addition, each receiwves one gram of ammonm
chloride four times daily and a diet high n protein, 2 grams
per kilogram of body weight If these measures fail 1 the
third trimester when hydramntos 15 a more umnportant con-
plication, mercunals m small doses may be admmstered,
namely, 2 cc of mercuhydrn once or twice a week or 1 cc
of Theomerm three times weekly When medical measures
have failed completely, tr bdominal A planned
about two weeks before expected delvery date, has been
found to be of value

PrescrreTioN oF Low Sopruns DeET TO pE GIVEN
TO THE PATIENT

The most wmportant feature of this diet 1s that the amount of
seduum, s eximenaly Yow The max source of sodwm for the svm;;g;
person 1s common salt (SODIUM CHLORIDE) Do not use f lb!
oade wath salt or sodium ( Na’ 1s a symbol for sodm ) Read the
labels on all canned, frozen, and packaged foods
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The timing of the delivery 1s of greatest importance The
Class A patents, sub clinical diabeties are camed to term
and we expect that the majonity of these patients will be
delivered normally By the method of tnal and error, our
Class B and C patients are carned, if possible to the end
of week 87 Our Ds, Es and Fs the vascular group, are re-
evaluated at the end of week 85 If the mfant appears small
and the case uncomplicated, then an effort 1s made to carry
the pregnancy longer The choice of delivery 1s the obste-
trcian’s More and more often our patients are gtven a tral
of labor Induction has usually been attempted with rupture
of the membranes m favorable cases, m those which are not
so favorable priming with Pitociz and then when the cervix
15 satisfactory, rupture of membranes An 8 hour trial of
labor 1s gven If the patient has not progressed satisfac-
tonly by this tune, then Caesarean section may be done
The short term case with a large mnfant 1s more apt to re-
quire surgical delivery than 1s the long term patient where
the infant 15 frequently small and short satisfactory labor
may be antiipated In 1955 half of our patients were de-
Lvered normally

In timed deliveries the patient receives no long acting
msulm for about 24 hours prior to the scheduled time for
dehvery If Jabor 15 nduced i the morning we usually give
half the usual dose of the long acting msuln and then sup-
plement it immedsately after delivery Whether the delwery
15 pelvic or abd 1 glucose 1s ad d durng the
acteal delvery and during the tumes for the peak action of
msulm Sedation 15 kept to mimmal levels and the actual
delvery done exther under spmal or epidural anesthesia In
the post partum penod msulm 1s usvally decreased to the
pre pregnancy dose levels

The care of the mfant 1 the immediate post natal period
is of greatest importance The followng condittons have
been given as responsible for poor behavior mn these infants
when 1t occurs (1) Hypogly due to hyp
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RICE HAMBURGER
AND TOMATO CASSEROLE
3 ounces hamburger
% cup vooked nce
medium tomato
1 tsp sweetener
% tsp chopped omon
1% tsp chopped pepper or other
allowed spices

TOMATO SOUP

one teaspoon low sodium butter

1 teaspoon flour

1% cup stramned fresh stewed to
matoes

% cup mlk

LOW SODIUM FRENCH
DRESSING

14 cup vinegar

% cup salad all

34 teaspoon dry mustard

1y teaspoon pepper

CUSTARD

1 egg

2o cup milk

1 tablespoon sweetener
1% teaspoon cmnamon
14 teaspoon vanilla

GELATIN FOUNDATION
FOR FRUIT $ALADS

2 tsp gelatin

3 tablespoons cold water

% cup boling water or frut
Juice

sweetener

1 tablespoon lemon juce

1% cup dramed frut

MEAT SAUCE

2 tablespoons olve o1l

1% thsp chopped omons

3 ounces ground steak paprka
parsley dned basi or thyme

DIABETES MELLITUS

Place omon green pepper and
hamburger m dry frying pan and
brown shightly Add peeled sheed
tomatoes  Cook parttally Add
rtee and cook until tomatoes are
tender Add sweetener and cock
one minute One serving

Melt low sodum butter m top of
double boter Add flour and rmx
thoroughly Add milk slowly and
blend with stramed tomatoes
Mix well

1 teaspoon stramed fresh tomato
pulp if deswred

1 teaspoon paprka

1 tespoon finely chapped omwon

Mix mgredients and shake well

before using

Beat egg shghtly Add sugar o
namon and vanlla Blend well
add muk and beat thoroughly
Place m contamer and set m pan
of warm water Preheat oven and
bake at 325 degrees for 40 mun
utes Makes 2 servings

Soik gelatm m cold water Dis
solve it n % cup boiling water or
frut juce Add sweetener and
lemon juice Chill and when
about set add frut 2 servangs

14 cup fresh cooked tomatoes

2 tablespoons water

Brown omon and meat Add re-
mamng Smmmer two hours
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The turang of the delvery 15 of greatest importance The
Class A patients, sub-chmeal dwbeties are carrzed to term
and we expect that the majonty of these patients will be
delivered normally By the method of tnal and error, our
Class B and C patients are carnied, if possible, to the end
of weeh 87 Oux D, E's and ¥'s, the vascular group, are re-
evaluated at the end of week 85 If the snfant appears small
and the case uncomplicated, then an effort 1s made to casry
the pregnancy longer The choce of delwery 15 the obste-
tnetan’s More and more often our patients are given a tnial
of Iabor Induction has usually been attempted with rupture
of the membranes i favorable cases, m those which are not
so favorable pnming wath Pitocn and then when the cervix
s satusfactory, rupture of b An 8 hour tnal of
Iabor 15 gnen If the patient has not progressed satisfae-
tordy by this time, then Caesarean sectson may be dome
The short term case with a farge infant 15 more apt to ve-
quire surgical delnery than s the long term patient where
the mfant 15 frequently small and short satsfactory labor
may be antiepated In 1855 half of our patients were de-
Lvered normally

In timed delvertes the patrent receives no long-acting
insulin for about 24 hours pror to the scheduled time for
delnery If labor 15 mduced 1 the morming we usuafly give
half the usual dose of the long-acting msulin and then sup-
plement 1t unmediately after debvery Whether the delvery
15 pehvic or abdommal glucose 15 admimistered durmg the
actual defvery and during the tumes for the peak action of
fnsubn Sedation 15 kept to mnumal levels and the actual
delivery done esther under spinal or eprdural anesthesia In
the post partum period msubm 1 usually decreased to the
pre pregnancy dose Jevels

The care of the mfant 10 the immedsate post nata] period
Is of preatest smportance The following conditions hase
been guven as responstble for poor behavior m these mnfants
when it oceurs. (1) Hypoglycerma due to hypersnsahmism

3
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(2) Primary pneumoma (3) Congestive heart failure (4)
Cushing’s syndrome (5) Respiratory acidosts (6) Hypoxa
(7) Pulmonary hyaline membranes with atelectasis Some
of these conditions obviously overlap Today's evidence
throws disfavor upon the concept of hypoglycema due to
hypermsulimisa because the blood sugar of the normal
mfant, especially the premature wfant, vartes from 30-60
mg These wfants show values very lttle, if any, below
those of infants whose mothers do not have diabetes Glu
cose 15 not admimstered routmely but actually avoided be-
cause of their tendency toward edema Primary pneumonia
does not appear to be an important cause of poor behavior
but may complicate the hyaline membrane syndrome, so
prophylactically chemotherapy and antibiotics are usually
employed These mfants certawly do resemble mdviduals
with Cushings disease but that does not appear to be an
adequate explanation for their respiratory difficulty It may
explan their tendency toward easy hemorrhage Therr ex-
cretion for 17 ketosterords and 17 hydroxysteroids exceeds
that of other infants Congestive heart failure has been sug
gested by the large heart, large lver and large spleen so
that such infants have been digitalized 1 many nursenes

Our explanation of the respratory difficulty 15 hypoxa
with hyalne membranes The management we employ to
prevent this complication 15 aspiration of the stomach and
upper arr passages for removal of the ammotic flud as
a contnbuting cause, dehydration to correct pulmonary
edema The use of dry oxygen, air and moist oxygen 1s be
g evaluated at the present tume, but more and more evi
dence seems to mndicate that oxygen of low content 15 more
destrable than an atmosphere of high content

The mcidence of chimcal and chemical diabetes m the
offspring of diabetic mothers and of young dabetrc fathers
m our expenience has been comparable, 23 and 21 per cent
respectively The expected 1nerdence of dabetes 1n the pop
ulation when one parent 15 diabetic 15 22 per cent entire
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Lfe span of the mdividual Although we beleve that the
ulets of the infant should be protected by careful cherm-
cal control of diabetes, we beleve that the development
of diabetes subsequently 15 on a genetic basis, that early
diagnosis must be stressed wath random blood and unne
tests up to age 5 and a yearly glucose tolerance test there-
after If the tolerance test appears abnormal, then under
stress conditions such as rapid rates of linear growth, fever,
emotional disturbances 1n later Iife, pregnancy, menopause
ot if obesity complicates, then a regulated diet with or
without small doses of msulin during the acute stress situa
tion may be employed prophylactically

Results The maternal case survival 15 997 per cent Ma-
temal survaval can be assured, and possible lesseming of msu-
Ln requirement occurs Prevention of the precipitation and
progression of retmopathres appears to have followed the
present program

The programs for diabetes prevention for the chuld have
been but recently established

The early fetal loss 1s now comparable to that of the gen-
eral population, namely, 10 per cent The fetal and wfant
loss 1n patients not recerving female sex hormones 1s 32 per
cent, for those recerving them, 12 per cent If cases with
retnopathues are excluded, the viable fetal and mfant loss
is 9 per cent (For further detatls see Chapter XIX on Chil-
dren Born to Diabetic Mothers )

SUMMARY OF THE MANAGEMENT OF THE DABETIC
OsSTETRICAL PATIENT
Furst Viait of New Patient
Histones
Medical Diabetic
Past Obstetnieal History
First Obstetrical Vist of Diabetic Previously Seen
Past Dietary and Insukn Treatment

Symptoms of Diabetic Actvty
‘Estimate of Diabetes Control
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Major Diabetre Compheations 10 Past
a Infection
b Neuropathy
¢ Vascular Disturbances
d Ketoacrdosis

Laboratory Determinations at Visit

Blood Sugar

Wasserman

Non Protemn Nitrogen

Hemoglobin

White bleed count

Chorioruc Gonadotrophin (quantitative)

Rk factor

Complete unnalysis with quantitative albuaun
Urea clearance

Phenosulfonphtalen

X ray Studies
Chest
Legs
Lateral aorta
Pelvis
Electrocardiogram
Onhthal of mdicated
Classification of Patent for Fetal Hazard
Class A Clucose tolerance test shghtly abnormal
Class B Duration of DM under 10 yrs, onset ever 20
yrs, no vascular complicatiens
Class C Dumnon of DM 10 to 19 yrs, onset at 10 to
19 yrs, no vascular compbcations
Class D Duration of DM over 20 yrs onset at less than
10 yrs, calefication i legs, retumtis
Class E Calafied pelvic attenes
Class F Nephnitis

Management
Diet Obstetrical diabetic diet Plan to hold gan 1o weight
at 15 pounds
Low sodum bLst
Emergency bsts for nausea, fever, dianshea
Insuln Basic and supplementary
Emergency plan for fever
Teach acetone test
Record sheet for home tests and acetone and sugar
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Fresenptions for ammonum chlonde, thyrad, polynta-

wns, oo (if indwated)
Female sex bormone schedule {see dose schedule). Hus-
bands daught to adonuster mjections
Simple summary descerrbng consse of pregaancy tn dia
betes

Special Laboratory
Chonome gonadotrophan prepared Tuesday, read and re.
corded Mondays
Pregnanechols reported on thied day

Weekly vant
Weight
Blood sample for sugar, PN, hemoglobin, quant cho-
nome genadotrophia
Swngle unne specamen for complete snalysis
24 howr specumen collected Monday for  preguoneduol,
quanbtative suggas, acetons, quanttative albumun
Tnsteuction hormane change 4t b, iosulin change by
telephone m 24 hr, diet at wasit, ammomum chlonds,
forrous sulphate

Physeal Examination

Blood pressure
Heart and fungs
Retima
Taspection for edema
Inspection of sues of injecton of sexogens
Flesght of fundus
Ewvdence of hydramunios
Feta] heart
Intereal Mistory

Duet for past 24 hoars
Reactons to msulin
Tess
Symptoms of diabetes
General hexlth, mfections ete
Bleeding
Contractions
Nauses Vomiting
Treatment Mercunaly after 30 weeks if hydrammios present
Pre-Delwery Hospitalzation

Fhyneal exarmastion
Datly weight
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Daily quanttative sugar and albumin, acetone
Complete blood count

Unmnalysis

Blood Sugar Fasting 11 am—4 pm. {once or twie
weekly)

Weekly ch d 1 )

B1 weekly Sodum pregnandiol glucoromidato

Treatment

Daily change m msulin
Weekly change mn female sex hormones

Day before delivery

~Omut supplementary msuln

Deliery Day

No msulin pre operatively

1% to 33 dose of msulm post operatively

1000 cc 10% glucose pre operatively and i late afternoon
Diet 50 grams carbohydrate orally

Insuhn Supplementary by test

Second Day

Diet Carbohydrate 150 grams Protem 50 grams Fat 50
grams 1000 ec 5% glucose
Insulin Basic and supplementary by tests

Third Day

Diet Carbohydrate 180 grams Discharge Diet mam
tenance 80 calones per kalo C 200 protemn 2 grams pef
Jalo and fat to make up caloric mtake Protemn 60 grams
Fat 60 grams
Insulm Basic

Fourth Day

Diet Final
Insulm Basic



CHAPTER XVIII

MANAGEMENT OF JUVENILE
DIABETES

In this thirty-third year of the msulm era, it has become
apparent that the problems of growth and development
yuvemle diabetes have largely resolved themselves, that cer-
tam etiological factors appear to be well established and
programs for prevention 1n susceptible individuals are sug-
gested That the juvenile form of diabetes follows a natural
course 1s recogmzed by those who see many of these pa-
tients From thes knowledge logical rules for management
may be formulated Successful methods for prevention and
treatment of all except one of the four major classes of com-
1 et 1 sepsis, tub losis—are 1abl

and new data concerning the mechanisms of this one, vascular
damage, are bemg assembled Based upon past treatment
alone, the expectation of Lfe in juvenile diabetes 15 nearly
two thirds of the normal span Already 1032 of the 3732
Josln Chme childhood diabetics have survived twenty or
more years of therwr disease Drabetic nephropathy (prevent-
able diabetic nephropathy) has replaced other chief causes
of death, accountng for nearly three fifths of their total
mortality Fmally, programs far altermg the course of juve-
nile diabetes are not only contemplated but are actually
progress

265 o
»

-
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JuveNne Diaretes

The term Juvenile diabetes 15 used here to designate all
those patients whose diabetes onset has occurred under the
age of 15, and the designation of juvemle type diabetes is
contmued throughout their Iife span Juvemle diabetes 1
not a common form of the disorder Some 3 per cent of all
diabeties have onset of therr disease m these childhood
years Diabetes 1s also not a common disorder m childhood
for only 1 child out of every 2500 contracts the disease
under the age of 15, yet the number of juvemle diabetics
surviving m the United States 13 appreciable We estumate
that there are some 100,000 such mdviduals m our coun
try today

Incidence of Juvenile Diabetes

Three peaks 1n the age of onset of diabetes occur in chuld
hood These are at 8, 6 and 12 and comcide with periods of
a slow rate of pancreatic 1slet growth Unlile experience
with older patients the sex distrtbution m childhood 1s even
Gurls comerdental with their earher matunity have therr peak
of onset at age 11 and bays at age 13

TABLE 23
IncioENCE oF JOVENILE DIABETES
Total Per Cent Ao
Among Diabeties 5
Among Cluldren 0004
Totaln U 8 Surviving Chuldhood Diabetes 100 000
Sex—Equal

Age—DPeaks at 2ge 3 6 and 12

Etwlogy and Programs for Prevention

Because of the many opportunities for re chechmg family
Hustones the unportance of the réle of heredity mn dubetes
15 tevealed comstantly m the juvemle form of diabetes
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When first seen, postnve famuly histones are found m but
20 per cent of the cases, at twenty years’ duration, w 60 per
cent

The overall endence favoring the genetic ongm of the dia
betie tendency 35 shown in the concordant development of
duabetes 30 sumlbar twin mates and the statisucally sigmSeant
diffesence between the inodence of diabetes i the parents and
sbhngs of diabettcs and control populations In Bfty per cent of
the Joshin Chime stmlar twain patients both of the parr had con
tracted diahites and diabetes was found seven times more often
n pavents and sthlimgs of diabeties than m the non-drbetie con
trol population stuched

‘The transmussion through recessive genes has been shown sn
case Instonies analyzed statistically m farnihes tested with glu-
cose tolerance tests, and . analyses of pedigrees providing
currections are made for the peculiar age behawior of dsbetes
Zx;d the chances of dying prior to the climcal recognition of the

case

The most important diabetes precipitating factors m
childhood appear to be Inear growth and puberty OF less
{requency are mfections, stress and cluneal disorders of
hyperactivity of the pitustary, adrenal and thyrord

TABLE 28
FExsoroar
Prunsry Inkented Tesdeney
Oserall Data Heeessive Genes
Simlar twing cronmrdlnﬁy {3 per cont) Analysiaby cass huvtones
1 ‘arends by tested fanuties
seudente 1 is mp; Tx controls o eed fon
Secondavy Breaprtants

Lineas growth

Pubsarty

Btreey

Infection

Thyrod
Hyperactmty 4 Pitwtary
-Adrens)
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The protection of susceptible mdividuals by dietary regu
Iatton and by mnsulin during these cntreal episodes 15 not
unfeasible Hoet, using the pregnant latent dibetic has
already inhated a preventive program On a genetic basis
Stemberg had predicted maxmmum susceptibihty Thus,
maximum susceptibiity occurs when both parents are dia
betic, and 1s nearly as great, 80 per cent, when one parent
and grandparent and sibling of the parent on the other side
have revealed diabetes The susceptibility 1s 61 per cent
when parent and other parents sibling or grandparent on
that side have diabetes With sibling and one parent, 50 per
cent, parent and first cousin on the other side 42 per cent,
one grandparent on both sides 87 per cent, two grand
parents, spouses, 22 per cent, one parent, 22 per cent, one
grandparent 14 per cent, and first cousmz 9 per cent

TABLE 27
Generic PrEprczasiry or Diaseres (Maxmum)
Per Cent

Parent + grandparent of other mide

and that parent 8 sibling 80
Parent and sibhng of other parent 61
Parent and grandparent of other side 61
Parent and 1st cousin on other aide 42
One grandparent on both sides 37
"Two grandparents—spouses 22
Ore parent 22
One grandparent 14
First cousin 9

Both parents = 100
Mendelian cross
MM x MM 100

Sibling—depends upon-{ MMxMAM 60
MM x MM 25

Duagnosis
The critena for the diagnosis of diabetes m childhood are
the same as m the adult patent namely, the demonstration

of hyperglycema and glycosuna Because glycosuna occurs
almost unuversally m children under certamn circumstances
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one finds that children are placed upon a dubetic rontne
before the & 15 established Theref belinical
cases 1t 1§ unp to blish the d +
Preparation of the patient for & glucose tolerance test 1s wn-
portant The patient should be afebrle, not having recerved a
vestricted diet or msulin or glucose for the week pnor to the
test In the preseription of glucose for the child, age and
size affect utthization Thus, under age 3 the chuld normally
tolerates 3 grams of glucose per hilogram of body weight,
above the age of 3, 18 grams of glucose per klogram of
body weight, but 1t 15 sunpler and easier to remember 1
gram per pound The diagnosss 1s made when there 15 glyco-
suriz and when the fasting blood sugar, venous, nses to
130 mg, the postprandial venous blood to 170 mg or post-
prandhia] capillary blood sugar to 200 mg The classification
of meltunas 1s the same for chudren as it 1s for adults
Cal 1a occurs ly in mal hed mfants and
Iactosuria m the nurshng

Natural Course of Disbetes in Cluldhood

Typically, the onset of dixbetes m childhood 15 acute and
the easly course virulent so that the frst recognition may be
made dunng severe ketoacrdosis In spite of this character-
Istic type of onset and early course, withm same few months
of the time 1. which tretment 1s mavgurated the character
of duabetes changes to one of great mildness Insulin ze-
quirement falls to spectacularly low levels and a phase of

bhished Its di 1s of vanable lengths,
from several months to several years

Intennfication of diabetes appears to be associated with
Lnear growth, puberty, hetoaaidosts, hypoglycema, poor
control, stress and mfection This mtensification 15 so great
in degree that by the third to the 5fth year of the duration
of dubstes a near total or total diabetic state 1 reached
The evidence which favors this concept 15 chinieal, chenucal
and pathologreal Chnteal evad: of the 1 of the

kY
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juventle diabetes 15 shown by the development of nocturnal
hyperglycermia, somewhat masked by today's use of longer
acting msulins Wrenshall has found httle or no extract
able msuln i the yuvenide dibetic pancreas m contrast to
50 to 75 per cent of the normal guantity extracted from
the pancreas of diabetics whose disease commenced after
the completian of growth and development The assays for
wsulin m the blood made by Bomstem revealed no assay-
able msulin in yuventle type diabetes in contrast to varyng
amounts in the blood of diabetic adults With special stams
Bell found no evidence of msulin m the 1slets of juvenies
m contrast to adults and m long term juvenile disbetes
Warren has reported the pancreas to be small with few
wslets

The restoration of normal carbohydrate metabolism, of
normal synthess of protemn and of fat, the mamtenance of
hormanal balance among those hormones concerned with
carbohydrate metabohsm becomes diffienlt because patients,
totally diabetic, are completely dependent upon exog
msulin which 1s unaffected by tissue sugar level Juvente pa-
trents, therefore, constantly exhibat penods of msulin excess
and of msuhn Tack

Management of Juverile Diabetes

Lagical rules for management are suggested by this char-
actenstic cowrse

From these foregoing statements 1t 15 evadent that all dua
betic children with the chmeal symptoms of the disorder
should recen e msulin continuously from the day of recog
mtion of the disease Twa standards are wsed for the imtial
prescription, one based upon age and the other upor weight
Based upon age—at year 1, § umts, at age 5, 10 ungts, at age
10, 20 units and at age 15, 30 umts or % unit af wsuln per
pound of body weight All types of msulm can be used snc-
cessfully w the management of the Juventle patient, but as
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TABLE 8
InsoLew Managruevr
All ¢hf thood dinbetice showld receive msuln
Imnal Dose~

Yeors 1 5 w1
By Age = Vants w N
Dy Weght = Jfunst per kg body weight
Type~—
INTERMEDIATE FER CENY CAYEY
Alove.
Muved wath quick 1o mngle date 65
Dovvded dones & 3¢ aud #3¢ k)
Begulatin by urine anal s
Pro-Brenkfast, PreSupper—Intersadute
Pre-Lunch ~Quick

el
Becond of two vorded specumens desursble

convemence of aduuaistration fanvors correct and contwuous
use, antermediate and long actmg msuling are te be favored
over the shart and quich acting varieties Thus, m the perod
when regular mnsuhn alone was avatlable 1t was necessary to
wse four datly anjections of insulin to brng about adequate
contro] Globmn snsulin, cxcellent 1n adults does not appear
to have 24 hour action m chiddren It may be suppl ted
with erystalline before breakfast or lunch wath globmn 1n
sl admmstered before the evening meal or may be given
1 two daily injections About 10 per cent of the children,
usually the short term cases, are treated successfully with
NFH alone, 65 per cent with a mormmg muxture of regu-
Lar and NPH, an additional 25 per cent require the admm

sstration of a pre-supper or bedtime dase of NPH Ameriem
Lente msulin has been designed to have the sume time ae-
tion eusve as NPH and for this reason the frequency of m-
iechon 1s esseptially the same Protamme zinc mnsulin alone
was not satisfactory for the juvenile patient We favored
separate mjectons of regular and protamine In
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the ratio of regular to protamme as a separate mjection
was frequently 8 1, at age 5 the requuement was usually
equal, 11 and older children would usually require as a
separate mjection 1 umt of crystalline for 2 of protamme A
3 1 muxture of regular and protamine 1s utithzed as 1 1 and
a 2 1 muxture of regular and protamine 15 utilized asa 12

The regulation which we find helpful 15 based upon the
pre meal test, the second of two voided specimens bemng a
spot test, indicating more closely the metabolic state of the
body at the moment With the smgle timed mjection of 10-
termediate or long acting wnsulins, the pre-breakfast test
becomes the gmde for increasing or decreasing these vare-
ties, whereas the pre-lunch test 1s the best guide for mcreas-
mg or decreasing quick acting msulins

A mathematical rule for the regulation of msulin has been
recommended by Hartmann and 15 calculated as follows
The total glucose of the diet 15 estimated From this 15 sub-
tracted the quantity of glucose which was excreted mn 24
hours When thus figure 15 divided by the dose of msubn
recewed, one can determine how much glucose 1 umt of
msulin utilized 1n this particular patient and then the deficit
supplied

Because the child develops hypoglycenua easly when
rendered sugar free and accumulates sugar rapidly when
not, daily ch are recc ded when ind d If the
second dose of mtermediate acting wsulin 15 required, the
pre breakfast test becomes the guide for the bedtime dose
of mtermediate actmg msulin, the pre-lunch test remarns the
guide for the regular msuln and the pre-supper test be-
comes the gmde for the morning dose of intermediate act-
g msulm On days of fever the basic dose of msulm should
be continued and supplemented with rapidly acting msulm,
1n 4-8-12 umit doses at 3-4 hour mtervals

The compli~~ oot
essentially ” P

m the child are
Because of the
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chlds activity and the small reserve of glycogen m the
smaller muscles and liver, hypoglycenua occurs much more
frequently than st does m the adult patient Tusubn atrophy,
$00, occurs much more frequently m juvenie than i adult
patients One would expect because of the tendency of the
chid to admunster msulin 10 a single area that one wonld
see more areas of mnduration Allergic mamfestations oeeur
fess frequently 1n the child, perhaps due to the fact that i
most the msulm 1 d y Lo
val uxticana ot the start of treatment, howerer 15 extremely
common  Because of greater chances for ewors m aseptic
techmque, abscesses occur more frequently 1n the child than
w the adult patient Edema 1s not uncommon ner 35 pres-
byopia Resistance to msulin, however, has been obsened
sery infrequently m the juvenile group

Dictary Treatment of the Juvenile Patient

Que of several rules may be employed w the plan for the
calone prescription of the juvemle patient A very sumple
rule 15 based upon age slona starting with 1000 calones at
age } and adding 100 calones per each year of age untd
the tompletion of growth and development Obesity com-
pheates adolescent drwbietes and so at the completion of
growth, which 15 approxumately at age 13 for guls, the
¢aloric presenption must be Jowercd to adult level An
other rule based upon weight and age 15 the followng 100
calones per hilogram at age 1 dropping to 80 ar age 3, 60
atage 10, and 49 at age 15 Height 15 another possible basws
~35 calortes per mch or somewhere between §0-100 per
cont above the basel metabohsm One convensent way of
cstimatingy the basal metabohe rate 15 by the Wetzel gnd
For activity all these diets should be wcreased some 20
PeT cont

With the common metabobe pathway and the common
metabolic pool, the division of the diet wto sts component
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parts—carbohydrate, protem and fat—has lost some of its sig-
mificance, but 1t still remams a conventent way to presernibe
diets The basis for the prescription of the normal diet 1
the distribution of carbohydrate, protemn and fat m mik
which 15 50 per cent of the calonies m carbohydrate, 15 per
cent as protemn and 35 per cent as fat Hartmann reverses
this prescription, 85 per cent carbohydrate, 15 per cent
protem, and 50 per cent fat We have favored 40 per cent
of the calories as carbohydrate, 20 per cent as protem
and 40 per cent as fat A quick way of caleulating the diet
1s to determine the calones and then 10 per cent of the
figures for calones gives the grams of carbohydrate, one-
half that figure the grams of protem and also the grams of
fat To hasten mitial desuganzation, the calorie prescription
should be some 400 calories below the final growth det
The dvision of protem and fat may be mn even thids and
of carbohydrate % for breakfast and % at noon and at
night From the total carbohydrate 25 grams are subtracted
for snacks

The third part of the treatment 1s of great importance,
namely, exercise, the timing of which should be somewhat
different from that of the child without diabetes, post-
meal exercise being favored over pre-meal exercise pertods
The explanation for the effect of exercise upon diabetes 1
that 1t actually simulates the action of msulin Thus, muscle
extracts have been found to accelerate the hexohmase effect
and exercise has been found to increase the volume of dis-
tribution of certamn sugars

Our standards for control are the following The blood
glucose should be normal before meals, 70 120 mg, the
urme free from ketone bodies, the glycosuria less than 5
per cent of the carbohydrate mtake, the cholesterol 230 mg
or below and a normal growth achieved

The followup of these patients 15 extremely important
and a new patient may require weekly visits After a year,
three monthly visits are desirable for physical examnation
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but 2 blood sugar & s sull desmirable at 46
week mtervals
Beadjustments of treatment ase made on the majonty of
our clisldren at summer camp wmts where the actnaty 15
normal and group psychology 1s helpful n solving the
2 probl of the chid

Psychological Problems

Because of the wnusual medical responstnlity which the
detasls of treatment, menu planming, chenueal testing, ad
mumstration of therapy hypodermically, because of the
stress produced by the sudden development of entical sitva-
tions, tosubin reactions or acsdosis, because of their knowl
edge of the future possibilities, certain faulty attitudes may
develop 1n the parents and these m turn affect the chid’s
adustment Fhese attitudes are Jargely of four types over-
anuous, over mdulgent, perfectiomst, or mdifferent The

uous parent may anxiety states m the
child, depend or defi the overly-indud, explow
tation, the perfectionsst, deception and rebethon, the fourth,
wdifierence, depression, more rarely, rebelhon.

Self management when the child 1s yeady should be en
couraged as well as dubetic undercentrabizatton The ex-
ploratson for and the deselop of aptitudes 15 1my:
Regular emotional support will help m the solution of their
problems Reassurance for normal socul, recreational, eco
vom: future hfe should be given repeatedly The anticipa
ton of pleasing projects at frequent ntervals, such as every
three months, 15 2 must for the chuld with chromc disease
Expertniess 1 dictetics is 2 specfic need for the solution of
the adolescent’s social e as 15 @ substrtute for food hunge¢
1 the form of etz affection for the very young dubetic
gx‘ﬂgd Surawer camp programs dispel the feehng of bewmg

3

vent and Eaally the value of group therapy should be
wsplored. 7

-
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mg that with hypertonic solutions extra and mtracellular
sodium retention occurs

For electrolyte repair potassum has been used of the
blood level falls to 3 milbequwvalents, 1f electrocardiographic
changes occur, if gastnic dilation persists or if the chmeal
picture of flaceidity and resprratory fallure develops

Sodim lactate, % molar, 1s used especially if nephutis
complicates ketoacidosis Hartmann uses sodwum lactate
routmely, 40 90 cc per hilogram and Ringer’s solution, 40 cc
per kilogram Guest favors bicarbonate, Knowles recom
mends 375 grams of sodium bicarbonate added to 600 cc
normal salt solution and 400 cc of distlled water and
Butler recommends the multiple hypotonic electrolyte solu-
tion of Talbot and Crawford, 35 liters per square meter
This solution contams per lter Na, 40 mEq, K, 355 mEq,
chlonide, 40 m Eq, lactate, 20 m Eq, phosphorus, 15 m
Eq, and glucose 0 80 grams Thorn and Forsham recom-
mend adding 500 cc of % molar sodum lactate (19 per
cent) or bicarbonate (18 per cent) to each liter of 0 85 per
cent sodium chlonde solution, and to correct or prevent hy
pokalemia they suggest that potassrum hydrogen phosphate,
2 gm, potassium dehydrogen phosphate, 04 gm, distilled
water to 50 cc should be added to a liter of the solution
used

Glucose 15 used by us only if the level of blood glucose 1
low sice 1ts use favors water intoxication and hypokalema

Carbohydrate (as orange, oatmeal or mik} 5 grams per
hour 1s given when vomting 15 controlled, antibiotics are
often necessary

Shock may be treated with levofed and hypochloreme
anuna with 10 per cent sodum chlonde solution

Unless the patient 1s 1 marhed shock, gastnc lavage
should be a routme procedure In spite of restlessness ant
obvious pam, opuates and sedatives should be avorded
During convalescence the first day’s diet consists of 2 soft
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solid diet of 138 = grams of carbohydrate, 80 % of protemn
and 60 = of fat which can be denved from the following
foods 1 grams

Bread 90 Chopped meat 120
Cereal 15 Mk 1000
Eggsl Orange 450

and the first day followmng recovery a mxture of regular
and mtermedmte actng msubn may be used
Differentiol Disbetic Diagnons

In the juvemile patent the followmg must be differen
tiated from hetoaerd surgical abd with
ketoacrdosss, uremsa, diphthena, pneumonia hypoglycemia,
saheylic amd porsoning, fractured skull and lead posonig
The compl of convak from & dosis -~
clude hypoglycenua, rebound into amdoss, anuria, shock,
aspiration preumonia, urmary tract mfection, arterial throm
boses and infection

Prevention of Letoaridosis should be taught by caceful
chemical control Thus parents can be taught a quantitatne
determmnation of sugar for the 24-hour period daly qualita-
tse tests, spot test for acetone, the daly regulation of in-
sulin, the important rule never to omit msulin on a day of
fever, thyough followup and stress
for the hope for curability of duabetes In other words, “Lave
today in expectation of the cure for tomomow ™

Prognosss
Arcong childhood cases of coma, the case reeovery was
per cent and the patient recovery 97 per cent The
were no deaths under age 10, 1 under 15, none since 1
1 Spite of such cxtremes of disturbed chemustry asa b
sugar of 2200 mg and a casbon diovde content of 14
Per cent
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Pyogenic Infections

Formerly, up to 1935, pyogenic infections were as lethal
m young diabetics as ketoacidosis was prior to 1922 The
most frequent infections are those of the skin and of the
urmary tract Osteomyelitts, common m adult diabetes 1
relatively rare 1n childhood Puor to the discovery of chem
otherapy the average duration of Lfe m juvenile diabetics
was some seven years, then death from septicemia occurred
Perhaps because of difficulty 1n early diagnosis the espe-
cially mahgnant necrotizing papillitis may even today defy
our therapeutic programs and terminate fatally The rules
for the management of mfections in diabetes are the same
as those for the general population However, Staphylococ-
cus albus 1s more often pathogenic Simple therapeutic rules
are as follows pemcillin for gram positve, erythromyecw for
resistant gram positive cocel, gantnsin for gram megative
orgamsm streptomycmn for resistant gram negative organ
1sm, for marked r the bmation of
terramycin and chloromycetm

Tuberculosis

Susceptibility to tuberculosis 15 great among diabetics
The wedence of tuberculosts in juvenile diabetes 1s ten
times that of the general juvemile population Because the
tendency to rapid caseation and cavitation characterzes
tuberculous mfections 1n this group medical management
alone 15 rarely sufficient so m addition to bed rest SM
(streptomycin) PAS and INH segmental resection lobec-
tomy or pneumonectomy have been performed These sur
gical procedures are well tolerated 1 young diabetics and
the survival has been measurably prolonged

Cataracts
The typical juventle diabetic cataract may be recogmuzed
at the diagnosis of diabetes Many of these do not progress
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which diabetes starts 15 today easily mamtamed Some
children are still treated with forms of rapidly actng m
sulins alone and the management of diabetic dwarfism
remains part of our therapy In addition to adequate calo-
nes, adequate protem, adequate vitamins and chemmcal con
trol, growth promoting substances may be used For guls,
thyroid and possibly estrogenic substances, for boys chon
onie gonadotrophin or testosterone Interrupted therapy
can be prescribed safely over a penod of two years The
diagnosis of true retardation should be confirmed by xray
examination of the wrists, for 1f the bone age 15 normal one
1s dealing with a physiologically small mdividual with the
probability of normal adolescent spurts of growth

Vascular Damage

Because only one m ten of our juvende diabetics at 20
years’ duration and only one 1n fifty at 25 years” duration
of theur diabetes can be certified to be free from vascular
damage, the vascular status of these patients 15 our greatest
concern

The evolution of vascular damage 1 juvenile diabetics 1
well established Although all types of blood vessels are
mvolved mn all forms of vascular damage, the specific dis
abling and lethal lestons m youth appear to mvolse capil
lanes, arterioles and venules, especally those n the retma
and m the kidney Although the vessels of the heart, ex
tremuties, and bramn are not spared, thewr progression 1s slow
m contrast to the progression m the small vessel group
These differences m mvolvement of the vascular system 1
diabetes with onset under 15 years of age and 1 cases with
duiabetes onset age 15 to 40 are shown m Table 29 Although
caleified artertes were nearly comparable m both groups,
retnopathy and nephropathy were mfrequent m the post-
growth onset group In thus Jatter group heart disease was
the most common ehnical vascular disorder and cerebrovas
cular accrdents and gangrene occurred three and nine tmes
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‘TABLE 20
Vascorar Coances 18 Parterrs wirg Ovser or Diaseres 15 Coruonoon
{Under 18 yenss}
CovrrasTED wree Pavtens wiri Ovsgy arres Crnonoop (1540 years)
Criconood Cases (200 Twenty year survivars)
Coronary  Cerebro-
Betinops Nephrop- Calerfied  Heart saseular
athy athy  Arteries  Disease  Acodents  Cangrenz
Age PrrCent PerCent Fer Cent PerCent Per Cent  PerCent

1019 2 2 & [ 4 L]

2029 50 by 50 [ 0 P

3030 80 0 7 8 5 o
Youns Apvir Caszs {300 Twenty jenr surervore)

4040 5 30 ] 0

050 28 3 87 43 3 0

w05y P® 7 @ 56 13 18

a5 common respechively as i the childhood group An older
age at the tume of the study undoubtedly contributed to the
Irequency of the lesions of the heart, brawr and extrermties,
but the effect of age was not apparent m cases with ret
toopathy where i the seventh decade thewr meoxdence was
hardly more than a thwrd for retmopathy and 2 sixth for
nephropathy as 1t was ;m chidhood cases whach had reached
the fourth decade

Chneal evsdence of vaseular lesions s rare under age 20
or under 1§ years” duration of dibetes Less then 10 per
cent of the jurentles show any chnical form of vasenlar
damage before age 20 and 12 per cent before the I5th year
of dwbetes {Table 80) The mvolement after 20 years 15
extersne mdeed

TABLE 30

Dematiov o7 JUvEstLe Drperes Ao
Incisenck or Yascotar Dasice

Duration § care Per Cent
D49 ¢
599 4

10148 32
15-198 50
20219 a¢

mB s
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The order of appearance of the lesions clically has been
retinopathy, caleified artenes, protemnuria, hypertension
coronary wnsufficiency and cerebrovascular aceidents

The senousness, the potentially crippling and lethal char
acter of these vascular lesions 15 shown by their chmeal
progression nephropathies almost without fail leadng to
uremia, retinopathies of the proliferating type to blndness
m one quarter of the cases, hypertension to myocardial
mfarction m one fifth and to cerebral accidents m one tenth
of the cases By contrast, m spite of the mexdence of cal
cified arteries, gangrene developed i only two per cent

The search for the cause and the means to prevent vas
cular lesions has therefore become the mam objective 1n the
management of juvenile diabehic patients That extreme
degrees of poor control precipitate these vascular lesions
all agree, the extreme degree of poor control bemg keto-
acidosis, but that good control protects the patient from
vascular damage 15 a debated pomnt The data of a senes
of our young long term diabetics evaluated for control and
vascular lesions by mcidence and tensity has been reported
by Kerdmg Marble and Root One hundred eighty nme
cases were evaluated after 20 years of diabetes ‘When con
trol was graded excellent to good (32 cases) grade 8 or 4
retmopathy was found 1n 8 per cent only, but when 1t was
farr to poor (157 cases) 81 per cent were found to have
severe degrees of retmopathy (Table 31A)

TABLE 314

RermvopaTEY AND CONTROL AFTER 20 YEARS
DuraTioN IN 189 CasEs

Retinopathy
GradesSand 4
Conlrol No Per Cent
Excellent to good 32 3
157 31

Fau to poor
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TABLE 31B

Nesmroraray A¥p Covieon 1v 451 Cases
or Young Diasetics

Mephropathy
Control Ao Per Cent
Exeelent n a
Good 50 2
Far 92 1w
Poor 298 2

Four bundred fifty-one cases of sutable duration, 10 10
36 years, were graded and evaluated for nephropathy
Nepbropathy dd not occur in the eleven with excellent
control, in 2 per cent of those with goad control {50 cases),
w 17 per cent of 92 eases with fair control but in 28 per
cent of 298 cases with poor control {Table 31B) The con-
dioning of vasenlar damage by poor chemical control has
been reconfirmied m 1954 by Dunlop Usmng the alternate
case study method free dhet and no chemical contrel, re-
stueted diet and chemical control, he found such ramd
preexpitabion and progression of vascular lesions i patients
using the free diet and having no chemucal control, that he

bandoned exp Engl dying those pa-
tients in Sweden m whom this free type of management was
first apphed, came to similar conclusions

In order to Jearn more about vascular response and de-
Eeneration a study of the small blood vessels at the micro-
scopic Ievel has been made upon our juvenile drabeties by
Dr Jom Ditzel. He selected the conjunctiva as the object
of study beeause this 15 the only area of the body where
artersoles, venules and capdll can all be hized m
tire One hundred forty children were exammed. He found
fn the \ascular pattem of 70 “healthy” elnldren that the
arterioles entered the conjunctiva parallel to the venules
They branched and gwe nse fo termina] artenioles Capil-

ries branched from arterfoles and therr network appeared
regular and ordered No angulations, tortuossties or Jocal-
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1zed sacculations were found Venules were smooth with an
A Vratio of 1 8 to 1 2 There was no extravascular edema
or hyalimzation The 70 dabetic children studied had had
diabetes from six months to thirteen years and therr ages
at the time of the study ranged from six to eighteen years
Three distinct types of patterns were observed In addition
to the normal pattern, a group designated as vascular pat
tern change I and a group complex designated as vascular
pattern change IT Ten per cent of the children at the
tune of the examination showed the normal pattern, 81 per
cent, vascular pattern change I, and 9 per cent, vascular
pattern change II No child whose duration of diabetes was
less than 5 years exhibited vascular pattern change II

The charactersstics of vascular pattern change I are arteroles

d 1 venules d ded, extravascular
edema and hyal and intr lar a of red
blood cells The AV ratio 1s 1 4 to 1 10

The charactenstics of vascular pattern change II are marked
artenolar constnction, capillary closure and venular narrowing
The AV ratio 1s 11 penvascular edema and hyalmization
and ntravascular aggregation of red blood cells

The end result of these abnormal reversible vasomotor
responses 1s stasis probably leading to hypoxa and starva
tion, sequelae which, dependent upon degree and chronicity,
will produce degenerative changes

Certamn fundamental simlarities and dufferences m con
junctival and retinal vessels clanfy possible mechanisms and
probahle relations to diabetes control The smmilanties be
tween the conjunctiva and the retina are first anatommeal In
both tissues the only vessels present are arterioles capullaries
and venules The responses to stimuh are 1dentical—vascular
constriction, dilatation, pervascular edema, hyalmization
and mtravascular aggregation of red blood cells In both, the
rate of blood flow becomes mmpawed leading to stasts and
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fmally probably to varyng degrees of hypous and stana
tion In contrast to the conjunctnal vessels, the retinal vese
sels have a basement membrase The retmal lymphatie
supply 15 poor whereas lymphatic netw ork of the conjunctsa
is nch The metabolic needs of the retina are great, of the
conjunctna, httle The capacity for prolonged adaptrtion m
the conjunctiva 15 hugh, n the retng, low The conpunetnal
Yesponses are reversible for a long tume, the retmal for a hm-
sted tme The venous vascular responses are the first and
most easily recogmzed ones 1 the comjunctng, These e

spouses cannot be ohserved m the reting because of the luwa

station of the magnifymg power of the ophthalmoscope Due
to dfferences n functronal need, venules are affected w the
tampunctiva whereas capiffarses and venules both are affected
m the retsna (Table 82)

TABLE 32

Vascriar Regronse 19 CoNsONCTIVAL VESSELS
Jovens Dineres

Patern T Patern 11
Vaseular aseular
Asteriolar conetriction Marked asterlolar
Vesular destension and canstrietion
darkenwng oalar Capllary clovsce
A VRato 1l 10 YV enular nartowmg
Capitary irregulsnibies
Penveeeular Perivascular
Edema Edems
) ahne Iniltsation Hyalwe whltration
Intravsseular Tatesvaseular
Aggregation of REC Aggregation of REC

Thus for 2 long period of tune the conpunctinal sespanses
A2 Tosversible 1 part or whole whereas the retinal respanses
may be recanstructed as follows artenolar constriction,
iy narrowing, + enultr distension and narrowing lead
g 10 aggregation of red blood cells, stams, hypewa and
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Congestne heart fatlure requires dagitabization, rest and e~
strction of fud to 2000 <o
Encephalopathies may require lumbar puncture, magnesim
1

sulphate, hyy drugs or

Exch resims, t and nce diets have not
been suecessful 1n our hands The chromaty of the lesions makes
the artificral kadney, repl 1 or peri-

toneal lavage useless procedures The use of heparn to alter
bpoproteans may be explored further Adrenalectomy—surgical,
22y or medical, appears too radical.

Surwal and Mortahty

Of the 8,782 childhood cases seen between 1898 and
1955, 3,031 {B1%) are hving, 680 {185%) have died and 21
(05%) are untraced Of 1032 twenty-year survivors, 939 or
B1% were lning 1n August of 1953

Nephropathy accounts for nearly three-Bfths of all deaths
in chuldhood cases As late as 1343, coma was the most fre-
quent cause of death with infections s close second, nephrop-
athy third, accounting for about 10 per cent of thewr deaths
{page 189), exceeding tuberculosis by 2 per cent Despite
nephropathies the prognons of cluldhood cases has im.
proned Smce 1944 the average age at death has misen to 20
years and duration of diabetes to 18 years, whereas as late
25 1943 the average age at death was 19 years and the dura-
tion was 10 years The duration of diabetes exceeded 20
years n 40 per cent of the cases dyng after 1950 and 6 per
cent had had diabetes for more than 30 years

When the prognests of dubetes 1s based upon physiolog
€a, econommic and socsal results after 20 yoars' duxatson, 3t is
excellent, for only 2 per cent of jutentles surviving 20 years'
duration farled to achieve adult statare The number attend-
ing college exceeds that of the general population Ninety
per cent of the employable are ganfully employ ed and 93
per cent of the offspring of the wives of diabetse males sur-
wived the perimatal period Seventy-Buve per cent of the preg-
nancies of the femnles reaching viability survined the pen-
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The Climcal Course and Management of Nephropathy

Diabetic nephropathy 1s a mixed lesion consisting of mter
capillary glomerularsclerosis, arteriolarsclerosis, pyelonephn
tis and arteriosclerosis The climical picture of nephropathy
15 led by the app e of p 12 which 1s transt
tory at first, then becomes constant Diabetic retmopathy
has usually preceded protemuria Soon renal retmopathy
appears Protemuria occurs rarely before the fifteenth year
of diabetes and rarely before twenty years of age Edemz
develops gradually as does hypertension which 1s usually of
moderate degree The total protem falls, the A/G ratio 15
reversed, the chol ol levels and hpop m
the SF 12 20 range increases The urme contans doubly
refractile bodies but few cells or casts Anemia becomes
progressively severe, renal acidosis 1s common, low salt
syndrome develops, congestive heart failure occurs, distress
g encephalopathies mtervene and uremia 1s almost mevi-
table

Prevention Should Be Stressed by Chemical Control

The management of nephropaties must be planned for
the phase or phases present

The nephrotic stage 1s best controlled with diets high m
protem, low 1 sodum The acid ash dret 1s useful Ammonum
chlonde and/or potassium chlonde or mtrate mercunal or

i or Iphate are imdicated amigen, acaci
and salt poor albumin may be tned The anemuas, Jargely 12
tractable are benefited temporarily by transfusions of packed red
cells, copper, cobalt or iron are usually given 2 tnal

The salt losmg phase must be managed carefully Diefary
sodwum chlonde or normal salt solution may be adequate

The actdosis may be treated with sodium lactate 1f acute and
with ammonium citrate if chrome

When uremia develops the sodum may be restrcted further to
05 daily and protein to 05 gram per kilo
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large doses of estrogemic substances A sample of seventy-
five cases, observed for at least 7 years pnior to the preg-
nancy and for at least seven years after pregnancy were
Tuated for changes 1 msubn reqy Former juve-
ade dubetics recesing large dases of estrogens m 50 per
cent of the cases required less than 50 per cent of thar
adult stable dose of msuln and 20 per cent required 75 per
cent less Only 5 per cent of patients not recerving hormones
required less than 50 per cent of their pre-pregnancy dose
and none required 75 per cent less These altered require
ments bave continwed as long as 10 years. One patient so
treated with estrogen was autopsied at age 23, eight days
alter delivery, m the ffteenth year of dizbetes Extensive
islet hypertrophy and hyperplasia weve found This obser-
vation had not been made before 1n any of our long term
young dishetics For this reason the effect of cortisone n 5
to 15 mg dmly doses 5 bewg evalusted m some of our
juvende diabeties The penod of remssion has been chosen
for this experment. In one year some of the cases appear
to hove responded faverably, but mimce remusions of the
spontaneous type may last up to 8 years, no conclusions can
be drawn Thyvoxin, 01 mg daly, was tried for 8 months
but vt appeared to mtensify diabetes temporanly and ats use
was abandoned
An optimustic attitude should be held toward the prvenile
dibetic patient We have faced the blank wall four times—
once when deaths occurred from diabetic coma watlun two
sears of the onset, this tragedy was solved with jnsubn
therapy, second, when survival with fosulen was possible for
some seven years, then death occurred from septicemin—
q d with ok herapy, antit ond, Bnally, tuber-
culosis wth its Jugh mortality—~conquered with antibiotics,
chemotherapy and radical surgery, leaving vascular damage
the man problem Howener, st is possible for juvenile tvpe
Patients to be free from vascular lesions efter 25 yews of
therr disorder and many have munor mon meapaciating

\ e
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natal period One patient was delivered of a normal surviv
mng mnfant by Cesarean sechon i the thurty-third year of
diabetes, another 1n her twenty-fourth year of diabetes was
delivered through the pelvis of a normal surviving mfant
Her diabetes was diagnosed at eleven months of age

Attempts to Alter the Course of Dibetes

Because the prognoss for vascular damage m diabetes 1
serwous, students of the disorder are searchmg for substances
which may alter the course of dabetes itself Attempts to
alter the course fall into four groups (1) overmsulmuzation
at onset, (2) inhibition of insulinase, (8) pancreatic grafting,
and (4) use of islet stimulators Simultaneously, Brush m
cluldren and Umber m adults used ovennsulimzation at
recogmtion of diabetes The rationale was based upon the
prnciple of rest of pancreatic slets, a prnaiple which m
experimental dizbetes has reversed clinical signs and patho
logical evidence of the disease Sufficient time has elapsed
to show that the trend mn diabetes was unaltered The search
for the mhibitor of msulinase by Marsky 1s based upon the
concept that msuln production m diabetes 1s normal, but
that destruction 15 excessive (Table 33) He believes that
BZ-55 (sulf d pound) 15 an 1nsul hubit

Transplantation of the infant’s pancreas to the mother m
the advent of neonatal deaths 15 bemng attempted (In one
patient only has this been done, Case No 11704, age 25
duration of diabetes 23 years, transplant on November 19
1955 ) The use of slet stmulator substances stems from the
expermments of Houssay, Fogha, Rodnguez and Cardeza
who have found that estrogen, compound F, cortisone of
thyroxm admmnstered within three months of the onset of
diabetes 1 experimental diabetic animals treated with m-
sulin abolshed clmeal diabetes 10 six months Pancreahic
islets showed marked hypertrophy and hyperplasia That
these results could be duphcated 1 human diabetes was
suggested by our expenience with pregnancy cases receIving
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Shints of pausea, vomuting and abdommal pam Disbetic
dosis must d ted until 1t can

be suled out

In addition to the usual physical exammnation, examina-
hon of the eye for the presence of cataract, of the shia for
presence of necrobiosis should be made Subsequent exam-
inations are of great value m the estnation of treatment
and may reveal nigns which ndicate the need for change
tn therapy Height and werght should be recorded at each
vistt Growth and development are of great muportance to
the child and it 15 an excellent plan to plot the height and
weight upon some standard curve, such as the Wetzel grid
or Jowa growth chart Vanations sn the contrel of diabetes
are often reflected in the growth curve 1t 15 of therapeutic
value for the child and his family to possess the curve and
the duplicate 15 then hept m the physicians file A measure
of therapeutic success 15 the mamtenance of the superor
level of growth and development at which the disease starts
in the pnemle patients

Inspection of the stte of the myection of msulin must be
made Children, espetially, elect « single area for 1ts adoun-
stration so thet tumefactions desclop and from indurated
areas the absorption of wsulin may be impawred, Areas of

atrophy, tog, must be sought They occur frequently m both

s and ithough they are uncommon w adult men
i ysmetie wnportance, and if the 1dentations
Tk »at are~” L.ed the patient must be in-

A -t *ration those areas wlnch are
ne prevention and treatment
unknown

«s 15 scen rarely in chi
hos, careful abdominal
» of hepatomegaly and
is mdicrted The shn,
s of xanthests, as the
* are highest in caro-
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lesions only Of the 64 patients awarded the Victory Medal
m the world 27 are juvenides, 14 are patients of the Josha
Climg, 13 are not Good ch ] control charactenzed
these cases There s evidence of the reversibility of vascular
responses m diabetes, suggesting programs for the preven
tion and correction of some of the degenerative changes
D d severty of dib appeared to follow preg
nancy and the use of estrogeme substances These expernt
ences compel us to recommend restricted treatment and
careful chemmeal control, admuttedly diffieult, mn order that
the retina and Jadney of the juvenie patsent may be pro
tected and that these patients may enjoy useful hves and
the promise of diseoveries to come

TABLE 33
Arrearrs 1o Aurer TreND oF DuaprTes
A Ovennsuhzation Brush
Umber
B Inhbitor of Insuhnase Mirsky
C Graft of Pancreas Moore
Brooks
D Islet Stimulators
‘strogen
Thyrown
Cortisone
Hydrocartiaone

Historms AND PRYSICAL EYAMINATIONS
or Juvenny Duasemics

To the careful hustory which 15 taken or all children 3
ditional questions should be emphasized 1 the mstory of
the diabetic Among these questtons s a scarch for evidence
of dmbetes m other members of the chdds family, for e
posure to tuberculosis and far the p of allerges
waterest from the point of view of research 1s the record Kl
the burth weight of the diabetic child and Ius sibhings o
the huistory of the mothers course during pregoancy
special mmportance with these young patients are the com
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plants of nausea, vomting and abdommnal pam Diabetic
% dosis must be dered and d untd 1t can

be ruled out

In addition to the usual physteal exammation, examina-
tion of the eye for the presence of cataract, of the skin for
presence of necrobiosis should be made Subsequent exam-
wations are of great value 1 the eshmation of treatment
and may reveal signs which mdicate the need for change
1n therapy Height and weight should be recorded at each
visit Growth and development are of great importance to
the child and 1t 15 an excellent plan to plot the height and
weght upon some standard curve, such as the Wetzel gnd
or Towa growth chart Vanations 1n the control of diabetes
are often reflected 1n the growth cunve It 1s of therapeutic
value for the child and lus family to possess the curve and
the duphcate 1s then kept m the physictans file A measure
of therapeutic success is the mamtenance of the supenor
Ievel of growth and development at which the disease starts
mn the juvenile patients

Inspection of the site of the mjection of msuln must be
made Children, especially, elect a single area for its admmn
1stration so that tumefactions develop and from ndurated
areas the absorption of msulin may be impared Areas of
atrophy, too, must be sought They occur frequently 1n both
boys and guls, although they are uncommon i adult men
The lesion 15 of p and 1f the 1d
Which charactenze 1t are observed the patient must be in-
strcted to seleet for admumistraton those ares which are
of less cosmetic importance The prevention and treatment
of insubin atrophy are at present unknown

Ahthough cnlwgement of the Iner is seen rarely m chul
dren treated with long acting wmsubns, careful abdomunal
palpation should be made for signs of hepatomegaly and
change 1n treatment 1f 1t 15 present 1s mdicated The shin,
too should be inspected for evidences of xanthosis as the
¢hld elects for vegetables those which are highest 1 cro-

e
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tene content, namely, the green and yellow pigmented ones

In the j le form of diabett lar lestons are al
most unknown under the tenth year of the duration of
diabetes Climical evidence of their frequency 1s rare even
under 15 years duration, but exammation for these dis
turbances becomes mcreasmgly important after 5 years
Special exammnations should melude the determmnation of
capillary fraglty The techmque which 1 recommended
1s the use of a tourniquet for 4 munutes at the level of 80
mg of mercury An area 6 cm m diameter 15 then eurcled
and the petechiae 1 this area counted A control group of
non diabetic young mdividuals shows that peteche im
excess of 20 m this area should be considered abnormal
Careful exammnation of the retina for the tiny mucroaneu
rysm, dilatation of the vemn and the dark purple color of
the verns 1s also to be n ded A logical exami
nation for change m reflexes and sensation and x rays for
caleification of the vessels of the legs, pelvis and abdomen
are mmportant

Yearly tuberculi tests m the form of the patch techme

will prove of value, and the rule for yearly chest x rays for
d of 1 tuk 1! camnot be overempha-

sized
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CHAPTER X1X

CHILDREN BORN TO DIABETIC

MOTHERS—THEIR PRENATAL,

PERINATAL AND SUBSEQUENT
COURSE

This d of the prob} d in the pre-
natal penmta\ and subseque-nt hives of children bomn to
duabetic mothers 13 based upan an erpenence with some
1500 cases m which p b These
cases have been ubsened, treated and studied 1 the Joshn
Clinie between 1898 and 1958 Swce 1936 determunations
for one or more of the female sex harmenes of pregraney
were done on two theds (1000) of these pregnancies On
Feb 26, 1956, 564 of 1lus number had reached the viable
perod of 28 weeks {the remammg 500 wcludes patients
seen i consultation, those observed prior to our penod of
study, or thuse who reported too late for thew myestigations
to be sigmficant) Dunag the past 20 years ths “studsed”

group has been the nucleus of our reports The following
desenptne statements refer 1o cases not recenang female
set hormone treatment, whach, as wsll be seen, appears not
only to alter the omxrsc and outcame of the pregnancy, but

also the hustol ties of the pl and of
the cluld
The § dute chnieal ch utics of the wfant born

to the diabetic mother are obestty, edema, congenital anor
ahies and resparatory distress associated with thest neoru
o
298 ¢
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mortality According to most authors throughout the world,
viable mortality 1n diabetic pregnancies 1s 30 per cent and
the pre-viable mortality 1s 20 per cent The subsequent
cluncal charactersstics of the child mclude gigantism and

diabetes
‘The pathological chz‘zraclensucs are as follows islet hyper-
1 9

1
plasia, , glycog!

lary) hemator and palmonary hyaline membranes with

B of the g importance of this lesion
1n our cases the charactenstics of 1ts pathology are given m de-
tail here In addition to the recogmtion of the granular eosno-
philic hyaline membrane Lining the terminal portion of the lungs,
the alveolar ducts and the atnia, 1t has now been shown that the
membrane lies 1n the ground substance berween a basement
membrane hmng, the respiratory segment and the basement
membrane of the capillary The hyaline membranes sometmes
contain fat which does not appear to be sigmficant The mam
constituent 1s protemn (Millon reacthon) The matenal stamns
strongly positive with pertodic acid Schiff reagent stan (PAS)
generally d as md e p of polysaccharid
negative by McM: ! h d the
carbohydrate present n 1 2 glycol hnkage and by the McCallum
stain there 1s no fibrin However, Getlm, using mmmuno chemt
cal techmque at the Child: H 1, Boston, identified fibrn

as the most 1mportant constituent of the membranes

Possible Etwlogical Factors

Not only do a multiphaity of etiological factors operate 1n
the production of the charactenstics of this infant but some
of them appear to exert their influence over a long mterval
of time, mcludmg not only the pre pregnancy but also the
pre diabetic pertod For many years the mfluence of the
pre diabetic state has been emphasized The prediction of
the future development of diabetes through the production
of an oversized infant or by fetal pancreatic 1let hyperplasi2
or by the appearance of congemtal anomalies has been
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utidized by Hoet m hus gemous program for diuabetes pre-
vention 1 the mothers, diabetes and anomaly prevention fn
thetr cluldren

Pre-dhebetie, Pre-pregnancy, Prenatal
and Natal Influences

In our expenence there has been slight evadence only of
the pre diabetie influence, prior to the tenth year antedatiog
the of dab it this 15 d by heavy
buth weights, but there is no evidente of remote pre-
dubetie influence if measured by the ebstetrical course and
outeome Statsstics for total fetal loss, viable or pro-vable,
for nerdence of tosemias and for the numbers of nfants
weighimg over 10 pounds were tabulated in 249 recent cases
of non-dabetic pregnancies at the Boston Lying 1 Hospital
The total fetal Joss was 13 per cent {pre viable 9 per cent,
viable 4), toxenna sncrdence was 3 per cent, buth weights
greater than 10 pounds were 3 per cent Among S04 pre-
disbenie mothers whose pregnancies oecurred 10 to 40 years
before diabetes, the total fetat loss was 14 per cent (5 per
cent viable, D per cent pre-viable), toxemin occurzed m 8
por oent but barth weights exceeding 10 pounds were re-
corded 1 15 per cent As dunbetes onset mpproaches, its
effect appears more woarked, In forty-four pregnancies
within 10 years of diabetes onset, the buth weights es-
eceded 10 pounds fo but 5 per cent, totemua trebled to 10
per cent and the pre-viable Joss was 12 per cent Intra-
utenine deaths vose from & 1o 9 per cent, neonatal deaths 1o
1 per cont bringing the fetal foss to 32 per cent In 16 cases
where recogmtion of disbetes pecurned in pregnancy the
experience was simidar—no dinfant’s weight exceeded 10
pounds, intra wtenne deaths were 20 per cent, neonatal 5 per
cent and the total Joss was 80 per cent In the 10-year peniod

ter of thab the unf: ble wft of

duabetes was more marked The fetal loss ross to 44 per
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cent, and 1 the 20 year penod after diagnoss fetal Joss rose
ta 80 per cent, the pre viable loss bemg 73 per cent

Maternal, placental and fetal influences all affect the
characteristics and survival of the mfant

Maternal

Maternal vascular degeneration and the sudden wmtensif
cation of the dabetic state affect the course and fetal
survival of diabetic pregnancies unfavorably The pre-
pregnancy vascular damage of the diabetic woman Jessens
the chances for fetal survival in proportion to the degree of
the vascular lesion Thus, 278 cases were evaluated for their
vascular lesions The total fetal loss was 97 per cent among
the cases having nephropathies, 87 per cent among those
having calified pelvic artenes and 68 per cent for those
having retmopathies, but only 40 per cent 1n cases showing
no evidence of vascular damage The acute vascular re-
sponse of | ¥ was also ted waith m
creased fetal loss Intra uterme deaths were the most typical
fallures of these patients with chromic or acute demon
strable vascular Jesions Although they occur at any tume,
the frequency of these deaths has peaked m week 36

The diabetogenmc action of pregnancy was most evident
in the pre msulin era when the rapid development and
progression of hetoacidos:s led to fatal maternal termimation
By the second or thud tnmester nsubn requirements
double treble or even quadruple The women whose insuls
requrement 1s small are affected most Unaccustomed to the
fluctuations of their newly unstable form of diabetes they
become easy victrms of severe hetoacidosis and hypogly
cema In our senes no fetal deaths have been attributed ©
hypoglycerma  but ketoacidosis occumng n the secan
tnmester 15 mghly lethal m ats effect upon the nfant
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Plecental Factors
Secretory, vascular, and endocnine fmlures of the placenta

ph dibetic p and ther harmful influ
ences Jower further the chances for fetal surwal The
langly gross el 1stie of the pl 15 its large

size Pathologists state that from us vascular patterns the
source of the diabetic placenta s :dentifiable 1n part having
xts ongin n patients with vascular degeneration as follows
nephntis or diat This observation 1s con

frmed by the ewndence {ound m mjected specumens of
placentas of diabetic women * They have shown filling
failure out of proportion to that found m non dubetics

In diabetes the regulation of the quantity of amniotic
flurd 15 grossly abnormal Instead of the normal amount,
300 to 750 cc  the volume nereases to some 6000 cc

The endocrine function of the placenta 1n respect to the
production or metabolism of female sex hormone was ab
normal sa 90 per cent of our cases which showed lesvels for
choriomie gonadotropn from three to ten times the normal
between the 24th and 86th weeh Levels for serum estrogen
were lower than the normal and unnary pregnanediol ex
cretions fell to abnormally low levels 17 hetosterard and
17 hydrovy steroid excretion did not desaate from the values
of normal non-diabetic pregnant women Totemuas pre
mature dehyerses and ntrauterine deaths oecurred m asso-
©ation with this imbalance of iern:llc sevogens The effect
of the placental prod of d It upon
materal duabetes has been described

Fetal Influcnces
The mhented constituttan the formation of anomaties 1
the dem)opmg cmbqa the groas cdcma and obesity  the
and the y in the
neonatal pcnod all appear to affect the immediate and re-
“Romeny Boston Lytng In Hosp tal.
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mote prognosis of the chuld The genetic constitution for
duabetes (homozygote) and for camer states (heterozygote)
1s determined at conception Although the frequency of
congenital anomales 1s great, some 80 per cent, the seventy
was of major proporton in relatively few In ten per cent of
the children the anomahes were Jethal or grossly disfigunng
Anomalies account for nearly 3 per cent of the permatal
fatalites The incidence m our autopsied cases was 18 per
cent, 6 per cent accountng for death Often multiple de-
fects occur and their vanety 15 great They include syn
dactylia, clawhand, clubfoot, tal dislocation of the
hup, hydrocephalous, meningocele, gross defects of the skull,
persistent patent ductus arteriosus, tetralogy of Fallot,
coarctation of the aorta, transposition of artenal trunks,
bhind deaf-mutism of the esophagus, pylone
stenosis, congental liver disease, agenesis of kidney, poly-
cystic kidney, agenesis of the bladder and generative organs
and monstrosities such as the mermaid type or anencephaly
The obesity and edema of the wfant may cause ther
death when they are delivered through an edematous pelvis
These wtrapartum deaths occur because, although the head
15 delivered without too much difficulty, the shoulders jam
In the process of dufficult extraction the infant dies The first
careful description of diabetic pregnancies was that of
Benew:tz 1 1824 His interesting commentary on the pres
ently recogmzed danger of attempting delvery by the
pelvic route of the large mnfants of diabetic women 15 23
follows
The case 15 that of a woman, presumably healthy, who had
been successfully delivered of four sons The Hrst born died at
fourteen weehs of “difficult dentition” The third pregnancy was
Y, d by vagmnal bleeding “on every day of her entire
ly an

T At th l,)e nnmg of her fourth pregnancy signs of diabetes
devel o "}\m gxe:i of drnk and other symp-
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toms™ which did not, bowever, prevent a successful outcome,
after which “she saw herself agam completely freed from all
the phenomena of disease * With her fifth pregnancy, symp-
toms of diabetes agam appeared i 1ntensified form Chenucal
exarmunation of the unne demonstrated “that each pound yelded
no less than 2 ounces of sacchanne substance, not unhhke gram
sugar” Descniption of the “great circumference of her abdomen™
suggests hydramnios No fetal motion was noted for one month
belore delivery

Labor began spontaneously after a pelvic examnation, but
“after the head was bomn the shoulders stuck Iike a wedge m
the vaginal outlet and would not go up or down” The infant
“seemed anxious and sighed with a clear voice” but was finally
stillborn “not without great dufficalty ” This infant “whom you
would surely say Hercules had begotten” weighed 12 pounds
and “the arms were of such breadth that T could not encircle
therr curcumference with all my fingers spread ™

The prevention and correction of the neonatal respiratory
embar to defy our therap p
‘The 1fant of the diabetic mother may show no abnormal
sigus and may have a completely normal course or may ex-
Iubit respiratory distress immediately after bith Frequently
the signs of respiratory distress may be present but mmunal
at birth and become stridang i their mamifestations within
a few hours followmng dehvery The signs consist of n
creased respiratory rate, with or without cyanosis, together
with retractions of the soft tissues of the chest wall and a
constant complaming ery Lxamation reveals poor aeration
of the lungs and mspiratory rales which are inconstant but
heard throughout the lung fields X ray reveals a fine granu-
Tar type of infltration The respiratory distress becomes -
ereasingly severe over the next hours of hfe and the mfant
dies of respiratory failure after 25 to 72 hours, or very gradu-
ally begins to mprove and recovers completely over the
same perod Cases commng to autopsy show pulmonary




306 DIABETES MELLITUS

hyalme membranes In our fatal cases they were present
unless congenial anomahes or birth trauma accounted for
death

During these early post natal days, certam chemucal
changes occur Hypoglycemia, to which neonatal deaths
were formerly attributed, 15 now known to be phystological
for the first week of hife Elevations of the hemoglobn and
nucleated red cell counts are comparable 1 degree to these
same findings in normal premature infants Blood oxygen
levels may be low Disturbed acid base balance with Jow
pH has been reported and such mvestigations are m prog
ress Low levels of potassum and mcreased excretion of
socdwm and chloride have been observed m our patients, and
elsewhere

In a small series of cases mncreased levels of desoxycortt-
sone and increased excretion of 17-ketosterord and of 17-
hydroxysterords have been demonstrated Eosmophile
counts were found to be comparable to those of other new-
born nfants

Infancy and Early Chiddhood

Congenital anomaltes exact their toll in the nfancy period
between two weeks and twelve months For the most part
they are cardiac 1n nature From the end of the first year up
to age six, the behavior of these children 1s not remarkable

At age six the excessive rates of lmear growth and exces
swve gams m weight become mamifest A series of 105 chl
dren® of our diabetic mothers showed at the time of ther
examination when they were from 18 months to 20 years of
age that gigantism was prevalent among sons, 57 per cen;
of whom were from 3 to 10 mches above the Englebago
standard, and 50 per cent of them weighed more than
pounds above the standard weight for height and aget
Daughters showed the same plus deviations in 81 per cen

® White, P, Duckers J, Koshy, P, The Med Chn. of NA, Vol 87,
No 5, 1953
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for herght and 20 per cent for werght Twenty-one per cent
of the boys rated greates than the 2% auxodrome level on
the Wetzel grsd and {ell i channels As and As a5 did 14
per cent of the guls Bone development estimated by com
panson wath the Todd atlas exceeded the chronelogical age
by 12 months in 48 per cent of the cases Congerntal
anomalies were found on physical examination n 17 per
cent

A second strihing deviation from the normal was the et
denee of diabetes In the general population one child 10
2500 den claps drabetes In ths population 8 per cent showed
undoubted diabetes and 14 per cent showed bordeshne gla
cose tolerance curves with eypidlary blood sugar »alues be-
tween 200 mg and 250 mg Another deviation from the
normal was an spparently well defined change of the vascu
Lr pattern of the smaller vesscls w the comjunctiva ex
ammed at the microscopie fevel This oceurred i 75 per
cent of the chuldren olassified as dimbetie or borderlme A
positive correlation was found betneen the degree of vascu
far change m the smaller hlood vessels of the conjuactna
the abnonmal glucose tolerance tests and the high Wetzel
gnd rating *

For Companson ond Evaluation

Compasable data were collected on clnldren of diabetic
fathess "The sunnval mte of there offspang 15 hugh, viable
surnal bemng that of the general population IHeavy buth
weights of ifants of pre-diabetic and dibetic fathers have
been deseribed § Seven per cent of the snfants of pre-
Gubetic fathers and ) per cent of the infints of dusbetic
fathers n this senes were more than ten pounds at buth

Using identical standards, the postne devaations for
woight of more than 80 pounds were found In only 4 per
cent of the sons aad S per cent of the dwghters of diabetic

*Duteel, §, White T, Duclers ], Dubetes 3 09106, 1954
Flackson, P, Lancet 2 625231, 3055
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hyalme membranes In our fatal cases they were present
unless congemal anomalies or birth trauma accounted for
death

Duning these early post-natal days, certam chemcal
changes occur Hypoglycemia, to which neonatal deaths
were formerly attnibuted, 1s now known te be physological
for the first week of hife Elevations of the hemoglobm and
nucleated red cell counts are comparable 1n degree to these
same findings 1n normal premature infants Blood oxygen
levels may be low Disturbed acid base balance with low
pH has been reported and such mvestigations are 1n prog
ress Low levels of potassium and mcreased excretion of
sodum and chlonde have been observed in our patients, and
elsewhere

In a small series of cases mcreased levels of desoxycort-
sone and increased excretion of 17-ketosteroid and of 17-
hydroxysteroids have been demonstrated Eosmophle
counts were found to be comparable to those of other new-
born wnfants

Infancy and Early Childhood

Congenital anomalies exact their toll i the infancy penod
between two weeks and twelve months For the most part
they are cardiac 1n nature From the end of the first year up
to age six, the behavior of these children 1s not remarhable

At age six the excessive rates of linear grow th and exces-
swe gamns 1 weight become mamifest A senes of 105 chl
dren® of our diabetic mothers showed at the time of then;
examnation when they were from 18 months to 20 years ©
age that gigantism was prevalent among sons, 57 per cent
of whom were from 3 to 10 mnches abose the Engleb“$
standard, and 50 per cent of them weighed more than
pounds above the standard weight for height and aget
Daughters showed the same plos deviations m 31 per ¢¢0

*Wiite P, Duckers J, Koshy, P, The Med Clin. of NA Vo 3%
No 5, 1953
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for hetght and 20 per cent for weight Twenty-one per cent
of the boys rated greater than the 2% auxodrome level on
the Wetzel gnd and fell mn channels As and A. as dd 14
per cent of the girls Bone development estimated by com-
panson with the Todd atlas exceeded the chronological age
by 12 months 1w 48 per cent of the cases Congemtal
anomahes were found on physical exammation m 17 per
cent

A second striking deviation from the normal w as the evi-
dence of diabetes In the general population one child in
2500 develops diabetes In thss population 8 per cent showed
undoubted diabetes and 14 per cent showed borderlme glu
cose tolerance curves with capsilary blood sugar values be-
tween 200 mg and 250 mg Another deviation from the
normal was an apparently well defined change of the vascu-
lar pattern of the smaller vessels m the conjunctina ex-
amned at the pre Jevel This d mn 7§ per
cent of the chld Tassified as diabetic or borderline A
positive correlation was found between the degree of vascu-
Tar change 1n the smaller blood vessels of the conjunctiva,
the abnommat glucose tolerance tests and the high Wetzel
gud rating *

For Comparison and Eveluation

< ble data were coflected on children of diabetic
fathers The survival rate of thew offspring s high, viable
survival bemng that of the general population Heavy hirth
weights of infants of pre diebetic and diabetie fathers have
been descnbed t Seven per cent of the mfants of pre-
duabetic fathers and 1 per cent of the wiants of dibetie
fathers m this series were more than ten pounds at burth

Using wdentical standards, the postive deviations for
weight of more than 80 pounds were found 1 only 4 per
cent of the sons and £ per cent of the daughters of dubetie

*Ditzel, J, Whte, P., Duckers §, Diabetcs, 3 99 108 1354
Hlackson, P, Lancet, ¢ 625-931, 1955
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hyaline membranes In our fatal cases they were present
unless congemal anomalies or buth trauma accounted for
death

Durmg these early post natal days, certam chegueal
changes occur Hypoghcemma, to which neonatal deaths
were formerly attributed, 15 now known to be physiologieal
for the first week of bfe Elevations of the hemoglobmn and
nucleated red celf counts are comparable m degree to these
same findmgs w normal premature nfants Blood oxygen
levels may be low. Disturbed acid base balance with low
PH has been reported and such wvestigations ate 1n prog
ress Low levels of potassum and snereased excretion of
sodmm and chlonde baye been obsen ed m our patients, and
elsewhere

In a small senes of eases increased levels of desoxycorts
sone and increased excretion of 17-hetosterond and of 17-
hydroxysterods have heen demonstrated Fosuophtle
counts were found to be comparable to those of other et
boru infants

Infancy and Early Chiddhood

Congental anomahes exact ther toll n the infancy period
between two weeks and twelve months For the most pat
they are cardic 1w nature From the end of the fiust year vp
to age six, the behavior of these children 15 not rematkable

At age six the excessive rates of linear grav th and »ex«;le;;‘
swve gams m weight become manifest A seres of 105 d
dren® of our disbetic mothers showed at the tme of lheu[’
exammation when they were from 13 months to 20 years °t
age that gigantism was prevalent among sons, 57 per “’:h
of whom were from 8 to 10 imches above the Englebaao
standard, and 30 per cent of them weighed more than
pounds abave the standard weight for height and agft
Daughters showed the same plus deviahons i 31 per ce

“\White, P, Duckers J, Koshy, ¥, The dled Gim. of NA, Vol &
No 8, 1853
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entire penod of pregpancy and 96 per cent for the viable

penod after week 28
An g program for prevention of the pre-diabetic
f has been d, developed and apphed by

Professor Hoet *

Program to Prevent Effect Produced
by Vascular Degeneration

The program for prevention of the harmful mBuence of
pre pregnavey vascular disease conssts of three pants {1}
wentifieation of patients with vascular damage and grading
them ding to thewr w upon fetal ge, {2)
altempts to merease vasculanty, {3} elective dehvery before
the failure of pelvic vascular sesesve Patients with no vascu-
lar damage are separated from those where it 15 not re-
sealed, but possible because of the duration of dubetes and
its age of onset, and from the groups where progressively
severe vascular disease develops in the form of retwopa-
thies, ealerfied pelvac arterses and nephropathies

Increased vaseulanty ss one of the functions of estrogemc
homsones and 15 one of the reasons for thewr use which wll
be deseribed 1 detas] under “placental snfluence ”

The charactenstie time at which mtra vtenne deaths oc-
cur, namely week 86 gives presumptive chmeal evidence

of 1 vaseular msuffi Evaluation of
patients wath d ble vaseular d at the end
of week 85 1 essential Postponement of delwery beyond
this week must be conndered cautiously Mid toxemua
duabetics must be gaven ths same cautious evaluation,
Contro] of Disbetes

Because of the well-known diabetogemse action of preg-
nancy and the suscep!ibzhty of these patients to hetoacdosis
and b 1 control of diat 15 stressed
The metheds employed are described on page 278

*Hoet, Diabeter, 3, 2, 1054
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fathers The comparable positive deviations i height were
381 per cent for both boys and guls The bone growth was
advanced in 35 per cent of the children of diabetic fathers
Congemtal anomahes were found on physical exammation
m 15 per cent. Twenty one per cent of the children of dia
betie fathers had abnormal glucose tolerance curves Of
these 9 per cent had undoubted diabetes and 12 per cent
had borderlne curves with capilary bloods ranging from
200 to 250 mg

Similarsties and differences therefore existed m the com
parable offspring of diabetic mothers and fathers The most
struking of these differences was the positve deviation of
weight m the children of diabetic mothers whose sous es
ceeded the expected wesght by 30 pounds m 50 per centy
whereas the sons of diabetic fathers exceeded the expected
werght m this amount m only 4 per cent Among the daugh
ters of diabetic mothers 20 per cent whereas among the
daughters of diabetsc fathers 2 per cent showed this postiné
deviation Sons of diabetic mothers showed greater posiive
deviations m height-~more than 3 mches greater than the
expected mn 51 per cent sous of diabetic fathers m 31 per
cent Birth weights were more often hugher and bone age
more often advanced m children of dabetic mothers

In the two charactenstics which concern us the most
anomalies and diabetes the mexdence was nearly equal The
search for hies should be ded to mclude yoenigen
x ray studies Lethal anomabies were excluded by the patuse
of this comparative study

Objectives Management

From the foregoing it 1s evident that the ahjective l; dfe‘g
management of pregnant dubetic women and their ch
1s the removal of the harmful materal placental and fgl
mfluences so that the total fetal and mfant survival 1 m"’z
Tt well ameenh £he normal namely 87 per cent for
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ence the frequency of pul y hyaline l The
preventre management mcludes tnals of labor for pelvic
delivery and Cesarean sechion reserved for falures hew
methods of medical mduction make 1f possible to deliver
more of these cases through the pelvis at our early electne
date The neonatal manmagement of the fant includes
aspirat on of the stomach and of the upper ar passages
dehydration by postp of feedings for some 48 hours
ovygen of low concentrahion anttbioties and chemotherapy

Results

The visble fetal sahvage m 719 cases recewving female sex
formone therapy 15 88 per cent In owr 400 most recent
tases delvered at the Boston Lying In Hospital since An
gust 1550 pre-viable losses were only © per cent The viable
sunvwvsl an cases recening fernale sex hormones without
vaseular disease s 91 per cent (total B4 per cent) with
relinopathies viable 83 per cent (total 70 per cent)

Among patients recemving female sex hormones the struc-
tuse of the plcenta 15 descnibed as normal and wath two

P e ch tes di bed as those of the
wfants of diabetie mothers have disappeared The excep-
tons are as follons wslet hyperplasia and pulmonary hya
Ime membranes "The degree but not the madence of hy
dramnups has been teduced Intrauterae deaths have fallen
£rom 25 per cent to 3 per cent pre viable losses from 20 to
8 per cent and neonatal, 15 per cent to 7 per cent Losses

ue to 1 Bes have d unchanged

Buth werghts due fargely to fat and edema have beente
duced i degree but still exceed the nomal for perod of
festation The werghts average one pound less than for eases
ot yecening female sex hormonal therapy

Discussion

The fafluence of the pre-dwhete state upon the child of the
dinbete mother fn respect to burth worght 1mcreases as disbetes
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Although poor chemieal control compheated with acdoss
favors fetal loss good chemcal control possible to mamtam by
weekly visits to the physican and pre-delnery penads of hos
pital has not d fetal surival The average third
trunester blood sugar for our mothers whose mfants &id and dd
not survive v ere identical and of normal value

Management of abnormakhities ansing, from disturbed placen
tal function have been described in chapter on Preguancy
and are summarized here Placental function is disturbed 1
at least two ways regulation f

fied anrt -~

ture de

cular d

posaible vt progeams for cormec-
tion of I, ..aunnos and the program for preention of m
balance of female sex are desertbed on pages 248 and 244
Early tmmg of the delnery 15 part of the program fo
antieapate vascular wsufficreney of which hydrammos ey
be 2 sign comparable to the sigmificance of edemz and
ascites 1n congestive heart fadure

Management for Influences w the Embryo
Fetus and Infant

The hughest correlation m pre viable fetal losses 15 with
frequency and degree of vascular damage After 20 years
duration of diabetes or with caleifed pelvic artenes of
nephropathy pre-viable losses approached 75 per cest
Estrogesic protection for these groups as a whole appesrs
essential

In programs for prevention of congemtal anomalies carg
ful chemcal control to avord the hyposia associted W
Letoacidosis  hyperglycemma or hypoglycemua cannot
overemphasized 1n these eatly woehs, as well as the preve?
tive care with mfechions A

Prematunty Cesarean section and diabetes per s asi;h
as hyperoxa fall of blood pressure and anesthesia all
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ence the of pul y hyaline b The
prevent ludes trals of labor for pelvic
delery and Cesarean section reserved for fadures New
methods of medical mduction male 1t possible to dehver
more of these cases through the pelvis at our early electne
date The neoratal management of the wfant mcludes
aspuation of the stomach and of the upper axr passages,
dehydration by postponement of feedings for some 48 hours,
oxygen of low contentration, sntibioties and chemotherapy

Results

The viable fetal salvage m 719 cases recetving female sex
bormone therapy 15 88 per cent In our 400 most recent
cases dehyered at the Boston Lying In Hospital since Au
gust, 195, pre viable losses were only © per cent The viable
survival 15 cases reeemving female sex hormones, without
vascular disease, 15 91 pey cent (total 84 per cent), with
retmopatines viable 85 per cent (total 70 per cent)

Among patsents recesving female sex hormones the struc
ture of the placenta 15 desersbed as normal and with twe

ptions, the charactenshcs 4 bed as those of the
wfants of dubetsc mothers have disappeared The excep
tons are as follows sslet hyperplasia and pulmonary hya
ne membranes The degree but not the wedence of hy
drammios has been reduced Intrauterme desths have fallen
from 15 per cent o 3 per cent, pre viable losses from 20 to
9 per cent and neonatal, 15 per cent to 7 per vent Losses
due to 1 Les have d unchanged

Buth wesghts due largely to fat and edema have been re
duced 1n degree but stll exceed the normal for perod of
Bestation The weights average one pound less than for cases
not recenng female sex hormonal therapy

Duseussion

The nfluence of the pre-diabetic state upon the child of the
betic mather in respect 0 burth weight increases as diabetes
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Although poor chemrcal control comphcated with acidoss
favors fetal loss, good chemeal control, possible to mawtam by
weekly visits to the physian and pre-delivery penods of hos-
1l has not g d fetal survival. The average third
tnmester blood sugar, for our mothers whose mfants did and d:d
not survive were :dentical and of normal value

Management of abnormalities ansing from disturbed placen
tal function have been described mn chapter on Pregrancy
and are summanzed here Placental function 1s disturbed m
at least two ways regulation of the quantity of ammiotic
flud and production of female sex hormones Placental struc-
ture deviates from normal by the early deselopment of vas
cular degeneration Altered vasomotor responses are not only
possible, but probable The immediate programs for correc-
tion of hydrammios and the program for prevention of m
balance of female sex are deseribed on pages 243 and 24
Early timing of the delivery 1s part of the program to
anticipate vascular wsuffictency of which hydrammios may
be a sign, parable to the sigmfi of edema and
ascites 1n congestive heart farllure

Management for Influences in the Embryo,
Fetus and Infant

The ighest correlation 1 pre viable fetal losses 15 m'.h_
frequency and degree of vascular damage After 20 years
duration of diabetes, or with caleified pelvic artenes o

hropathy, pre-viable losses approached 75 per cent.
Estrogenic protection for these groups as a whole appeas
essential

In programs for prevention of congenital anomalies ca!;;
ful chemical control to avoid the hypoxia associated mbe
ketoacidosis, hyperglycemia or hypoglycemia cannot
overemphasized 1n these early weeks, as well as the prevet
tive care with mfections 1

Prematunity, Cesarean sechon and diabetes per ¢ asm“;;
as hyperoxa, fall of blood pressure and anesthesi2 all flu
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ence the frequency of pul ry hyahne \; The
prerentive management mncludes tuals of labor for pelvic
delivery and Cesarean section ryeserved for fmlures New
methods of medical induchon make i possible to delver
more of these cases through the pelos at our early elective
date The neonata! management of the wfant mcludes
aspration of the stomach and of the upper arr passages
dehyd: by postp of feedings for some 48 honrs
oxygen of low n hiotses and ch h

Results

The viable fetal salvage in 719 cases recetving female sex
hommone fherapy 15 88 per cent. In onr 400 most recent
cases delnered 2t the Boston Lymg In Hospltal since Au
gust 1950 pre viable Josses were only D per cent The viable
sunnal m cases receving female sex hormones ‘without
vascular disease, 15 81 per cent (total 84 per cent) with
retinopatiues viable 85 per cent (total 70 per cent)

Among patients recewing female sex hormones the struc-
ture of the placenta 15 desenbed as normal and with two

P the ok sties deseribed as those of the
mfants of dishetie mothers have disappeared The evcep
tions are as followy aslet hyperplasia and pulmonary hya

e memabranes The degree but not the modence of hy
dramauos has been seduced Intrautenme deaths have fallen
brom 15 per cent to 3 per cent pre viable Josses from 20 to
9 per cent and neonatal 15 per cent to 7 per cent Losses
due to 1 hes hate d unchanged

Burth weights due largely to fat and edems have beex re-
duced sn degree but stll exceed the normal for period of
&estation The weights average one pound less than for cases
not recesving, female sex hormona] therapy

Diseussion

The miinence of the pre-diabetie stste epon the ¢hld of the
diabetic mother fn respect to bisth waight woreases a$ dabetes



310 DIABETES MELLITUS

Although peor chermeal contral complicated with acidosis
favors fetal loss, good chemical control, possible to mamtam by
weekly wasts to the physician and pre-debwvery penods of hos-
patabization, has not guaranteed fetal survival The average third
trimester hlood sugar, for our mothers whose infants &d and did
not suraave were identical and of normal value

Management of abnormalities ansing from distusbed placen
tal function have been described m chapter on Pregnancy
and are 12ed here Pl 1 £ 15 disturbed m
at least two ways regulation of the quuntty of ammote
fuid and production. of female sex hormones Placental struc-
ture deviates from normal by the early development of vas-

cular d 1on Altered p are not oaly
possible, but probable The immediate programs for corxee
tion of hyd and the program for p tion of m-

balance of female sex are desenibed on pages 243 and 244
Early tumiog of the dehvery 15 part of the program to
anticipate vascular wsufBciency of which hydramnios may
be a sign, comparable to the significance of edema and
asertes 1n congestve heart falure

Management for Influences w the Embryo,
Fetus end Infont

The highest correlation sn pre viable fetal losses a5 witlt
frequency and degree of vascular damage After 20 years
duration of chabetes, or with calesfied pelvic astenes or
nephropathy, pre-viable losses approached 75 per vest
Estrogenic protection for these groups as a whole appeas
essential

In programs for provention of congenstal anomabes eare-
ful chemical control to avaid the hypona assocated with
Letoacrdosts, hyperglyeemn or hypoglycemia cannot be
overemphasized 1n these early weeks, as well as the preven-
tive care wath mfections "

Prematunty, Cesarean section and diabetes per se as u‘x‘l'ie
as hyperova, fall of blood pressure and anesthesia all influ-
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ence the frequency of pulmonary hyalme membranes The
preventive management 1ncludes tnals of labor for pehve
debvery and Cesarean section reserved for faflures New
methods of medical nduction make 1t possible to deliver
smore of these cases through the pelvis at our ealy elective
date The neonatal management of the wfant includes
aspiration of the stomach and of the upper aw passages,
dehy dration by postponement of feedings for some 48 hours,
ovygen of low fon antibioties and b h

Results

The viable fetal salvage 1 719 cases recewving female sex
hormone therapy s 88 per cent In our 400 most recent
cases delivered at the Boston Lymg In Hospital since Au
gust 1850 pre viable losses were only 9 per cent The viable
survival 1 cases recewing female sex hormones, without
vaseular disease 1 01 per cent (total 84 per cent} with
retmopathies, viable 85 per cent (total 70 per cent)

Among patients recewmg female sex hormones the strue-
ture of the placenta 15 described as normal and with two
exceptions the charactensties deserbed as those of the
wdants of diabetic mothers have disappeared The evcep
tions are as follows sslet hyperplasta and pulmonary hya
lme membranes The degree but not the madence of hy
dramnios has been reduced Intrauterme deaths have fallen
from 15 per cent to 8 per cent, pre-viable losses from 20 to
9 per cent and neonatal, 15 per cent to 7 per cent Losses

3 3 wnchanoed

oY

due to ¥

have
Burth weights due largely to fat and edema have been ve
duced m degree but still exceed the normal for period of

gestation: The weights 2verage one pound less than for cases
not recewving female sex hormonal therapy

Discussion

The wfluence of the pre-diabietic state upon the chuld of the
dizbetzc mother m respect to birth weaght fncreases as diabetes
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onset approaches The total pre-diabetic mfluence 15 one of
lesser degree than the harmful mfluence of recognized diabetes
Mechanisms operating through the pitwtary, adrenal and pan-
creas are probable

Fhud and endocnine imbalance, disturbance of vasomotor re-
sponses and degenerative vascular disease have a profound effect
upon the survival and subsequent course of children born to
diabetic mothers In sequence of time the first harmful effect 15
the change in the diabetic state Hypoglycemia compheates the
early weeks when pi bly choronic dotropin inhibats
antenor pitwitary activity and this blood sugar lowermg achon
15 further fied both by inadequate food mtake and by
wadequate absorption of the food taken Hypoglycema, through
its prtwitary adrenal cortex action, produces vasoconstrichon and
thereby hypoxia Hypoxa, early m pregnancy, could thus con
trihute to the d of 1 hes The mecha-
msm of harmful influence mn pre exstng vascular disease can be
explamned mn sumilar fashion It anterferes with an adequate blood
supply for the uterus and thereby for the placenta

The increased placental produchon of adrenal sterord hor-
mones, ACTH and cortisone, as well as of growth hormone, com

m the f h week of p , appears to ex-

plamn the d 1nsubn re: Itis p n na-
ture so that by the third trimester of pregnancy the dose of
insuln may have trebled or quadrupled

The disturbed regul. of flnd may represent fail-
ure of absorption The diminution of blood, oxygen and glucose
to the placenta due to maternal vascular disease and altered
maternal vasomotor responses may be mferred Eventually pla-
cental development and function fail Agmng of the placental
vessels to the pomnt of obstruction ensues These inferred altered
vasomotor responses are possible because the known affectors of
vascular responses are present (comstnction from low €O,
tension, corhsone, ACTH and stress) These altered responses
may then produce evudation with failure of reabsorption of
flud Factors, probabl d , favor reten! of sodim
and must be evaluated further,

The placental failure of production of female sex hormones
may be explamed on the basis of rapid matunty and agung due
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to maternal antenor pitwtary influences, hyperglycerma or ad-
vanced maternal vascular degeneration Early peaking of hor-
mones and early failure of production, pathological now nstead
of physiological may occur Female sex hormones increase vascu
lanty and shmulate the placental pitwtary relation and replace
the hormonal defect

Control of mfants” weights has followed the use of female sex
hormonal therapy Without therapy infants weights for the same
gestational age were one pound more than m cases recemving
estrogen and progesterone The mhibition of the pitmtary by
estrogen may be the effective mechamsm Hyperglycemxa and
chonionte dotropm or hy IS
coidism of maternal placental or fetal ongmn m:xy produce the
“Cushingoid” type of wfant

Pulmonary hyahne membranes were present in all autopsted
cases where there was no other adequate cause for death ® The
site of the hyaline membranes in the ground substance between
the basement membrane of the lung segment and the capillanes
suggests an end A possible h 15 as
follows Flud evudes from the capillanes responding to the
fHuctuating metabolic state of diabetes Wath respiraton at birth
there 15 mspu-atu:m of amniotic flmd The fibrmogen from the

pulmonary the thrombopl derved
from ammotic flud produces the fibrn which has apparently
been 1dentified as an of the hyaline mem-

branes Hyperowa, hypoua, anesthesia, and fall of blood pres-
Sure may be factors 1 vasomotor responses leading to the for-
mation of the exudate The frequency of hyalme membrape
increases with prematunty and Cesarean sechion Prenatal man-
agement, chemical control of diabetes supplemented with female
sex hy will favor prol of

The gigantism observed i the children of diabetic mothers
did not oceur i the children of diabetic fathers The islet hyper-
plasm found at birth suggests poss:ble overproducbon of msulin,

a bemg b 1 hypergl In

Mayers obese mice the msulm content of the pancreas s
greater than that of normal mice The incidence of diabetés
children of duabetic fathers was almost identical with the

* Winter, W D, Gellis § Amer ] Dis Chidd, Vol 87,p 9,

»
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dence of diabetes i children born to diabetic mothers In s
teen children where both parents had diabetes, the inadence

chmeal and chemeal diabetes was 62 per cent, favonng the co
cept that the transmssion of duabetes passes through Mendeh.
recessive genes Stemberg? caleulates that one out of every thr
wdwaduals cames a gene for diabetes On this basis the e
pected madence of diabetes when one parent has the disease

22 per cent Our findings m children bom to drabettc mothe
and for chddren of diabetic fathers approumates s closely, §
per cent for the former and 21 per cent for the latter At pre
ent these results do not favor the concept that maternal x
fluences favor the subsequent development of dibetes in &
child { More careful control studies m relaton to congent.
anomahes both with respect to frequency and type 1 the of
sprng of diabetic women and m the offspnng of diabetie mex
are essenhal

In our expenence pre diabetes, although mfluencing th
immediate and remote course of mfants born to these moth
ers, was Jess uyunous than dbetes per se which of of shar
duration m turn was less serious than diabetes complicate
with vascular degeneration

Chemical control of diabetes dunmushes the hazards o
fetal death from hypoglycernia and ketoacidosis to‘whxcl

the fication of diabetes from the placental p
of diabetogemc hormones makes diabetic women hable
Estrogen and p one appear o saseulants

and decrease the fetal mortahty related to vascular damage
Female sex hormonal therapy appears to present the vascu
far change charactenshic of the diabetic placenta, stmsulate
the placental pitwitary relations and replaces the hormonj
deficit, Jesserung the chances for fetal Joss due to the saps
maturity of the placenta

Of the six possible explanations for the poor behaviar and
neonatal deaths s safants born ta dubetic mothess hypo

A G Bugemcr, Vol 2 No 1, March 1953

;'?{’Zm)?:;ﬁ seen but”gne’congcmul diabetrc age 9 days surviag b

42 days The pancress show ed estensive slet pathology
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glycema, congestive heart farlure, primary pneumonia, res-
pratory acidoss, hypokalema and pulmonary hyaline mem-
branes with atelectasis, pulmonary hyalme membranes
appears to be the most sigmificant (Hypoglycemua 1s phys-
sological, the pnesmoma is secondary, congestive heart fad-
ure 1 not proved and respwatory acxdosis may be effect
rather than cause ) Programs for prevention and treatment
of pubmonary hyaline membranes based upon the concept
that they are of both endogenous and exogenous ongn are
n progress

Gigantism 1 the child betw een ages 6 and 16 appears to
be mfluenced by the maternal diabetic state It did not oc
cur commanly 1 children of dabetic fathers Overproduc-
tion of msulin by ther hyperplastic 1slets may promote the
excessive rate and quahty of growth

The susceptibility of the chuld both of a dmbetic mother
and of a duabetsc father to diabetes 15 established and 15 ap-
parently revealed by glucose tolerance tests even before age
twenty The data support the concept that the transmussion
proceeds through Mendelizn recessive genes Programs for
entification of diabetes and protection during diabetogene
expenences must be orgamzed

Female sex hormonal therapy wucreasing vasculanty when
added to ck 1 control of diab to prevent
or correct hydrammos, careful selection of time and type of
delery have raised fetal and infant survival to nearly 90

per cent which, 1 turn, approaches the normal of 96 per
cent




CHAPTER XX

THE EXAMINATION OF THE URINE
AND BLOOD

The Necessity of Unne and Blood Tests

The duscovery of sugor m the urme is frequently the first
suggestion of the diagnosis of diabetes Because of the umpor-
tance of the early detection of diabetes before any symptams
have been noted by the patient, routine and repeated testing
of the urine, not only of all patients but also of the sup-
posedly healthy, 1s 2 y part of the ph s funce
tion today The Diabetes Detectson Drive, sponsored annu-
ally smce 1948 by the American Diabetes Association, has
left no doubt of the value of routine testing of the urme
among persons 1n the general population and espectally when
such tests are followed by exammations of the blood to con-
firm the dragnosis by wstruction and contmued prop}’xylachc

care of the patient In all il pecially of an
nature, exammations of the urme should be made for sugar
and for alt pecually at the ion of t

or before the discharge of the patient Already the mmpor-
tance of securing both urme and blood specimens as hour
after a meal rather than m the fastmg condition has been
emphaszed It 15 only by this procedure that one may
avord missing the diagnosis when urme and blood 18 ab-
tamed only before breakfast m the moming In doubtful
cases 1t should be remembered that sugar may appear fle
after certin meals and, thereR peated
818
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of the urme should be made not only after the first but after
later meals

Without examinations of the blood sugar, both the diag-
nosts and the treatment of the patient found to have sugar
m the urine rest on an msecure foundation

A Exammation of the Unne

The volume of urne passed m 24 hours varies m the
average normal person from 1000 to 2000 cc, according to
flud mtake and varymg losses of water through the skin
and the lungs In diabetic patients the amount frequently
parallels the amount of sugar m the urme but the relation-
ship between volume, specific gravity and sugar percentage
15 50 varted that neither specific gravity nor volume may be
rebied upon as a diagnostic measure

1f the volume of unne 15 expressed in cubic centimeters,
then the amount of sugar m the 24-hour quantity 15 easily
calculated A flud ounce 15 actually 236 cc but in chmeal
work 1t 15 reasonable to reckon 1t as 80 cc One quart 1s
the equivalent of 946 cc but suficient accuracy 15 obtamed
if one considers 1t to be 1000 cc Patients should be m
structed 1n methods of quanhitating sugar 1 the unne and
then by collecting their 24-hour amount perhaps once or
twice a week be enabled to have a quantitative record of
the amount of sugar which 1s beng excreted Such measures,
aithough not necessary 1 all patients, nevertheless may be
of great value in the treatment of more severe and unstable
patients

The specific gravity of the urine normally 15 on the aver-
age about 1015 to 1025 In uncontrolled diabetes this value
may be very high. However, nomnal speafic gravity does
10t ehmunate the presence of glycosuria

Norndwbetic Glycosuna

I£ two to five per cent of the population tested show
glycosunia, from one fifth to one-tenth of them wall prove
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to have duwbetes Therefore, the differential dragnosss 1s
essential.

Glycuwresis 15 the name apphed to the phenomenon ob
served 1n nosmal persons i which a postive copper reduc-
tion test 15 obtamed essentially without an wcrease of the
blood sugar It 15 due to excretion of small amounts of gl
cose and unassumlable carbohydrate

Almentary glycosurtt 1s noted followmg the mgesbon of
large quantiies of sucrose, glucose or starch m normal 1w
dividuals wathout an merease m blood sugar

Renal ghcosura 15 the name given fo the condition 1w
which glucose appears m the urme at all tunes and yet the
blood sugar level is normal both fasting and after meals

The actual glucose content of normal human unme 5
ordwmarily as low as 0002 to 0 01 per cent It 1s not increased
by varations of food mtake and it 15 ordmandy ot shown
by climeal tests

Glucose i Urnne

Without quantitative knowledge of the total quantity of
sugar excreted m 24 hours 1t 1s difficult to ex alunte properly
the degree of control of diabetes The sugar n the unne
of the diabetic usually vanes dicectly with the quantity of
carbohy drate formung material m the dret, to 3 Iess extent
with the protem and stall less with the fat, except as these
mfluence the total caloric take

(1) Quahtatwe Tests Most of the quahtatve tests for
glicose have the advantage that although traces of sugar
may he present wm the urme of normal 1ndividuals they deo
not giwe a positive test unless the sugar exists m an amoust
greater than normal The Benedict test has been the i;st
most generally used, because 1t requires only a single solu-
tion which Leeps mdefinitely and 1t offers less freqﬂe!;l
error than same other tests The test 15 camied out as fo

lows
Four drops of urme are placed m a test tube and to this



THE EXAMINATION OF TH YRINE AND BLOOD 318

are added 25 cc (one half teaspoon) of Benedict s solution
1f exght drops of urme are used, then 5 cc of Benedicts
solution must be employed The tube is shaken to mwx the
urwe and the solution and then placed m water that 15 al
ready botimg If 2 number of tests are to be made at once,
tume may be saved by using a large water bath and a wire
test tube rach After bewg m the boing water for five
minntes, the tube or rack 15 removed and exammed for
evidence of reduction In the presence of glucose the entire
body of the solution when shalen will be filled with 2 pre-
eipitate which 1s greenush, yellow or red m color, according
to whether the amount of sugar 15 shght or considerable
Particularly, of 4 drops are used with 25 cc of Beneducts
solution, the test should be carmied out w hotng water
ather than over a free flame because of evaporation of the
solution If 5 ce of Benediet s solution and 8 drops of urme
are employed, as 1 the ongmal test, the solution may be
boded over a free flame for two minutes m which case a
pyrex test tube should be used

The test 15 delicate enough to detect a guantity as small
25003 to 01 per cent sugar with a famnt pea green change
i color This green color gives place to yellowssh green
when the unne contams 05 per cent sugar In percentages
oer 10 per cent the color becomes yellow or orange or
brown Occasionally unne specimens so tested gne a fluo-
Tescent appearance due to a fine, brick red precipatation of
the copper oude Apparently some severe thabetics show
such 2 reaction after eating certam fruits or when on very
low diets On actual quantitation often such wrnes which
Seem deceptively moderate in quantity of glucose may he
found to have a gaod deal more sugar

Other sugars such as lactose galactose, pentose and Jevu-
lose veduce Benedict s solution and of the blaod test 1 por-
mal therr g must be 3 Modificatrons of the
Bemudiet test have meluded the “Cliutest” 1 which & rea
genk tablet 15 dropped wto a measured amount of duluted
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urine Heat 15 generated with the reaction with the resultant
boilng; which lasts for a few seconds The colors produced
by varying amounts of sugar are roughly those of o standaxd
Benedict test and are mterpreted accordng to a eolor
scheme

Tests which depend wpan reduction of bismuth fn alkalne
solutions have been employed, such as that of Nylander A
present day modification is found m the Galatest in which
a gray alkaline tablet contaimng bismuth is used A drop
or two of unne 15 placed on a mound of the powder and
the © of sugar 15 mdicated by the prod ofa
gray or black color

The most recent and simple test appears to be the Tes
Tape, which is based upon a specaic biologie test for gl
cose About an mch of prepared paper tape 15 moistened
with the urme The area will remamn yellow if the specunen
15 free from sugar and change from varying shades of green
to a dark blue green, depending upon the quantity of sugar
present The readmg should be made at the end of two
minutes and the darkest part of the tape 15 recorded. Ths
15 an excellent method for patients and the tape may be
placed upon a record form and the Tes-Tape test presented

to the ph for insp Clnustick, also new, depends
upon a sgmilar reachion
{2} @ Tests Methods for mg the

sugar mn the urme with suflicient acouracy for chnteal work
can easdly be performed by the general practitioner, the
purse, the doctor’s secretary, or by mtelligent patients 1
the home The Chnistick and Tes-Tape give x reasonable
app ion of the p ge of sugar in the unne
The g ne tests are descrbed m ongwal aricles
and standard books on Jaboratory procedures The guant
tatve Benedict test 1s desenbed here The origal
is too time consunuag for routine use, and a miero-modifica
ton 15 most practical The method, devwsed by Mllard
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Smith, can be performed m & ymumum of tune It 15 sumple,
and of camed out carefully furmshes rehable data The
apparatus needed consists of a small ning stand with test
tube clamp a mucro-Bunsen burner or small alcohol lamp,
apyrex testtube (18 by 160 mm ), a Mllard Smith pipette
Mo 2and a 1 ce Ostwald mpette With the Ostwald pipette
Lec of Benedicts ongmal quanttative solution may be
transferred imto the test-tube and 02 to 07 gram of an-
hydrous sodsum carbonate should be added A small well
dried pebble, a prece of guartz, or a pinch of powdered tale
should also be added to prevent bumping The mudture 15
beated to botdmg and the wrme added from the Smth
pipette drop by drop until the reduction 15 complete as
evidenced by the disappearance of the blue eolor The per-
centage of sugar may then be read durectly from the pipette
Urne specimens contamning 1 per cent of sugar or less may
be titrated direetly, while those contaiming aver 1 per cent
should be diluted {1 to 10 or 1 to 20) before titration AR}
didutions of the urme reduce the accuracy of the results ob-
tamed, due 1o lowered concentration of the urmary salts
For rapid reduction of the seagent vigorous boiling 1s essen
, which may result m too rapid evaporation This s
avouded by allowing more time for reduction between addi.
tons of unne The best results are obtamed f the urme s
#dded slowly and of the solution 15 kept at the boiling pomt
by manpulation of the Bame A ery small flame should be
employed The tendency in titration 15 to go past the end-
pout, since the reduction does not take place as rapidly as
IR many witrations to which one 1s accustomed When near-
";g the entt pomt, the urine must be added slowly In unme
Dt s % sugar content the boshng should be rather vigorous
; ccmolfn order to mamtam a constant volume, while 1 to
une necessary to gve complete reduction are

‘*‘:’E added With o moderate amount of practice the reg-

on of the volume of the boiling solution becomes quite™™
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simple. Other quantitative methods may be mentioned.
Shefte! devised a simple method dependent upon a com-
parison of the colors produced by the reduction of a copper
reagent with the colors of a color chart, The Di-Nitro-Sali-
eylate method of Sumner and Exton combines speed with
accuracy. Polariscopy and fermentation tests may be em-
ployed, but these methods are by no means as accurate or
satisfactory as chemical methods and are seldom used.
Covey has described an adaptation of the fermentation
method for use by the blind. The presence of sugar is in-
dicated after incubation by the bulging of a rubber dia-
phragm covering the mouth of a tiny bottle containing 2
bit of yeast and filled with vrine.

Tests for Other Sugars

Lactose, pentose, fructose, maltose and sucrose are found
in urine sufficiently often to make necessary the use of
special Iab v tests to d ine the type of sugar in
all cases of non-diabetic melituria. Por accuracy such sus-
picious urine should be subjected to examination by quali-
fied chemusts,

Certam substances occurring in the urine may cause
confusion in urine tests. Among these may be mentiosed
creatmine and uric acid, especally in urine which is highly
concentrated. Various drugs, including salicylates, especially
when large doses have been given, may give falsely positive
tests for sugar, as has been reported also in patients re-
cesving massive doses of penicilin.

The Determination of “Ketone Bodies” in the Urine

The mmportance of utilizing simple qualitative tests for
the detection of acidosis or early coma cannot be overem-
phasized. Every doctor should caxry in his bag not only the
means of testing the urine for sugar but soluum}s sud} as
fernic chloride or test powders for acetone so that immediate
tests can be made at the bedside as a diagnostic procedure.
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Duacetic Acd {Aceto-acetic acad)

The sunplest and most vseful method for the detection
of climeal acsdosis due to hetosis by unne examiuation 15
Gerhardt's ferne chlonde reaction The method of testing
follows

Ta § or 10 cc of Freshly voided urme carefully add a
few drops of 10 per cent aqueous solvhion of fernc chlonde
A preapitate of fernic phosphate first forms, but upon the
addition of a few more drops 1s dissolved The depth of the
Burgundy red color ohtamed 15 an mndex to the quantity of
shacetic acid present The mtensity of the reaction may be
roughly recorded as 1, 2, 3 or 4 plus

Diacetic aoid occurs in the urme m diabeties under the
same conditions as scetone and 15 rarely found except to-
gether with acetone Indeed, acetone merely represents
diagetie ard, from which m the process of decomposition
one malecule of CO. has been removed

It must be remembered that +f a patient 1s takang sak
eylates, antipynin, cyanates, or ncetates, the fernc chlonde
1est will give a simidar zed color Emor can be avorded of
the solution 1 boiled for two mutes Duacetic and 15 une
stable gnd 1t disappears, whereas the red color caused by
the above mentoned drugs does not disappeas upon bothng

Ve, routinely, do a sodium prusside test on wrine spect
mens with a ved color 1 order not to be decened by a
mashang due to the drug reaction

Acctone forms a very small part of the hetone bodies or
the acetone bodies m fresh urme The older the urine, the
greater the change of dacetic acid mto acetone and there
fore, the larger amount of acetane The Rothera test 1 much
More sensitve for acetoacetic acid than for acetone For
the g physician the prepared mtrop d
Teagents i powder or tablet form, which permat ¢
detection of acetone i the unine, are available
made by the Ames Company, Elkhart, Indina, B
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Company, Worcester, Massachusetts, and the Denver Chem
1cal Company, New York

Beta oxybutyric acid may not be recognized by any sm
ple qualitative tests

Quantitative tests as a measure of the seventy of ketosis
are available but are no longer commonly employed
ordmary chnical study More informative data can be ob
tamned by blood study The quantitative determmations of
beta oxybutynie acid, the 24 hour ammoma excretion and
the total titratable acidity may be found m standard labora
tory texts

Other tests Tests for albumm mn the urme have become
of increasing umportance because of the frequency with
which nephropathy occurs in patients with diabetes of long
standing The test should be performed at frequent mtervals
m such cases Two tests for albumm m the urmne which the
authors employ are that with suphosalicylhc acid (2 per
cent mn 05 per cent acetic acid) and that with Roberts
reagent {1 volume concentrated HNOs and 5 volumes of a
saturated solution of MgSOs The amount of albumin may
be estimated by a sunple, rapid techmque described by
Kingsburg, Clark, Wiliams and Post This method consists
of adding 45 cc of 8 per cent sulphosalicylic acid to 15
ce of clear, centnifuged urme n a specially marked tube,
mung letting stand for ten mmutes, and comparing the
turbidity produced with that n standard tubes It 1s much
more satisfactory to express the amount of albumin in terms
of milligrams per 100 cc of urme rather than m the 1
defimite terms of shgh ble trace, very shght trace,

ete

Tests of renal function, including the phenolsupho-
nephthalern test, the concentration test and the blood non
protem nitrogen, are 1 common use
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B The Ezamunation of the Blood

In few, if any, other chronic diseases commonly treated
by family practhoners are chemucal exammations of the
blood at mtervals and n emergenctes so mmportant for suc-
cess 1n treatment Blood sugar determination may be essen-
tial not merely for diagnosis but for the proper adjustment
of treatment from time to time Because of the many com-
plicatrons occurmng with ncreasing frequency because of
the stnkng prolongation of hfe of disbetic patients, a va-
nety of other chemical tests may be essential

Collection of the Blood

Blood sugar determmations may be made either m capil-
lary blood or m venous blood obtamed by venepuncture
We find mcreasing advantage mn the use of the micro
methods, particularly avoiding venepuncture i children and
also dunng emergencies as a means of protecting the vems
of patients who may be receving wmtravenous therapy over
a penod of time However, we still employ venous blood on
many Blood ok d from the hital vems
or in emergencies from other vewns have advantages over
capillary samplings

(1) The only requirement m obtaming venous blood is
that a sufficient quantity of bleod be put in a con-
tamer where 1t 1s mixed with an anticoagulant and
with a substance which will prevent decomposition
of the glucose With capillary blood, some skill and
care are necessary to measure with a pipette exactly
01cc of blood with sufficient speed to avoud clottng

(2) With the larger quantity of blood from a vem, de-
termmations of more than one chemical m the blood
may be obtained from the smgle sample

Blood 15 usually drawn from a vein 1n the
space with the use of 2 5 or 10 cc synnge and a o1
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needle Both syrmge and needle should have been sterilized
by autoclaving or adequate boiling to prevent the possibity
of transmitting infectious agents, parbicularly of viral hepa.
titis Two to 10 or more cc of blood are withdrawn, de.
pending upon the determinations which are deswed The
blood 1s placed m 1 ounce, wide mouthed bottles m the
bottom of which has been placed a small amount of a mx.
ture of 5 parts sodium fluonde to 2 parts powdered potas-
stum oxalate in the amount of 7 milligrams of the muxture
per cc of blood Blood which has been mixed with sodium
fluonde will retamn its sugar content at room temperature
for at least several hours and even for days if kept w the
refngerator When blood 1s withdrawn for determmation
of carbon dioxide content of plasma {blood taken under oil}
or for a determmation of blood cholesterol, a satisfactory
ant1 coagulant 1s potasstum oxalate

For most determmations of blood constituents m which
colorimetne comparisons are used, the photoelectric colon
meter 1s recommended

Blood Sugar

Determmatons of the blood sugar have become essential
m differentiating cases of non diabetic glycosuna Such
patients really form 15 per cent of the patients consulting
the Joshn Climc The matter 1s becommg more diffcult
as the number of mdiduals with known diabetic hered
ity ncreases and the transion from the pre chmical to
the climeal diabetic state presents diagnoshic problems

In addition to the importance of diagnoss the practitroner
will find as he follows diabetic patients over the years that
changes 1n the level of the fastng blood sugar may serve
as a helpful gwide 1n measuring the increasing or decreastug
seventy of diabetes More mmportant still, the level of the
blood sugar 1n the fasting condition will be of great value,
together wath urine tests, mn decdmmg whether or not the
action of such long acting wmsulins as protarwe zinc in
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subn, NPH, Lente or Globwn nsulm, 15 adeguate The
action of these nsubins is longer sf the dose 1s larger, but
therr achion & also influenced by exercise and the diet
Blood sugar measurements, particularly at 880 or 4 00
the afternoon md 1 detenmining whether or not such m.
sulins as Lente and Globim are reducing the blood sugar
to levels which may lead to & hypoglyeesuc reaction

The sdeal blood sugar method should elninate the efect
of non glucose substances consuting of glutathione, ergo-
thionene and ereatimne, which are wcluded m the Fo-
In Wu and simiar blood sugar methods These substances
do vary m amount, although they, usually, are credited
with providing only 1580 mg per 100 cc of the total blood
;ugar We have continued to use the Fohn Wua method as
folfows

Transfer 2 c¢ of the tungstic aerd blood filtrate {or 1 cc
plus 1 ce. of water 1f very hagh blood sugar values are ex
pected) to a Folm-Wa sugar tube graduated at 25 o and
to other silar tubes add 2 co of standard sugar solutions
contang 02 and 04 mg respectnely of glucose To each
tube add 2 cc of the alkahine copper solution The surface
of the muttures must now have reached the constncted
pat of the tube Transfer the tubes to a rapdly bothing
water bath and heat for 8 mmutes Cool w runmng water
Add to each test tube 2 ec of phosphomolybdie aad
eagent. After about one mmute dilute to the mark with
water and mix Jt )5 essentia} that adequate attention be
gnen to this muung becouse the greater part of the blue
color 15 formed in the bulb of the tube. Head i calibrated
photocolonmeter

For obtaming “tree glucose™ the Somog)y: Nelson method
3 employed

Particularly for children and m cases of coma or shock
the mero blood sugar method 1s most valuable od

J‘:\tf}h g;;cl?me employed is that of ok and
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Cholesterol and Lipuls

The mmportance of serum cholesterol and Lipids in dia
betic patients has long been known as an evidence of
severe and uncontrolled diabetes However, at present the
wide spread mterest 1 the Iipid metabolism and particu
larly cholesterol values wmn relation to premature arterio-
sclerosis have given these determmations added value
They are, therefore, carnied out particularly m young pa
tients of long duration, m whom the onset of degenerative
comphications 15 feared The methods of Bloor and s
associates may be found m standard textbooks

Carbon Dioxide wn Blood Plasma

In diabetic patients not under good control with imsuln
and a balanced diet, a loss of base may occur over long
periods of time even without severe ketosis However, when
acidosis and hetosss develop, then there may be an exces
swve loss of base and fall in the alkaline reserve capacity
of the blood for CO: Normal values vary between 25 and
34 milliequivalents per hter (55 to 75 volumes per cent)
When such values have fallen to 12 or 15 mEq serious
acidosts 15 present We routwnely, use the standard method
of Van Slyke for determunation of the carbon dicude con
tent of the plasma collecting blood samples under ol

Acetone wn the Blood (See page 117 m section on Diabetic
Coma )



CHAPTER XXI

DETERMINATIONS OF
PREGNANEDIOL, 17 KETO AND 17
HYDROXYSTEROIDS, AND ASSAYS
FOR CHORIONIC GONADOTROPHIN

Urinary Pregnanediol

Because the authors believe that an imbalance of female
sex hormones ch 1zes abnormal p m diat
and that female sex hormonal therapy 1s indicated, quanti-
tative determmations for urmary pregnanediol are done
upon the pregnant diabetic women under their care

The techmique deseribed m the Journal of Biwlogical
Chemsstry 1 1941 by Astwood and Jones has been em-
ployed m our patients The techmque 15 as follows The
method mnvolves prmanly four steps

1 Lib of free p diol from Na p diol
il date by acid hydrolysis of the unne 1n the

presence of toluol

Separation of most of the phenolic contamnants from

the filtered toluol extract by the addition of 2% Na OH

mn absolute methanol

Further removal of most of the impunities by precipita-

ton with alcoholic alkah

Final quantitative erystall of pure pregn

from aqueous aleohol

2o

€

diol

s

329
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Method

‘The entire 24 hour urine sp 1 p y
with a few drops of toluol as a preservative The entire 24
hour amount 15 used if it 15 less than a hiter, or a sutable
aliquot (generally 1 Liter) 15 taken In late pregnancy 50-500
ml may be used, depending on the amount of NaPG ex
creted

Procedure for 1 lter Place 1 liter of urme m o 2 lter
round bottom flash Add 50 ml toluol per hter, a few ant.
bump stones, and connect the flask to a wide bore reflux
condenser Heat to bolling over an electnic plate Add 100
ml of concentrated C P HCI per hter slowly through the
condenser and contimue to boil for 15 minutes (temp 1s
105°-110°) Cautiously remove flask to a vessel of cold
water Do not shake Brung to room temperature Trans
fer to a 2liter separatory funnel Remove toluol layer
and toluol urine emulsion layer and save Re extract unne
layer twice with 25 ml portions of toluol Filter combined
toluol extracts and urine emulsion through Buchner funnel
If done slowly, the emulsion 15 thoroughly broken down
Wash residue completely with 8 small lots of toluol Trans
fer filtrate to a 250 ml separatory funnel, discard urme
layer, and wash once with 50 ml water

Transfer toluol extract to a dry 250 m] round bottom side-
arm distilling flask, add a few anti bump stones, attach toa
condenser and dishil until all the water 1s removed, usiog
an electric plate (Temp 110° ) Remove flash from electne
plate and add carefully to the reaction flask by means of 2
pipette or preferably a 50 ml dropping funnel 10 ml of 2%
NaOH m abs methanol Retumn to electric plate and con
tmue boiling unt1 the alcohol 1s completely dnven off (temp
again 110°) and approximately 10 m! toluol remarns If the
precipitation that settles out 1s very gelatinous add 0 5te 10
gm anhydrous CaO to the hot flask on removing from the
condenser

1 3 forathl
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Let stand at room temperature untal cool and filter through
a smtered glass funnel with gentle suction wto a 125 ml.
Erenmeyer Blter flask. Wash preciprtate thoroughly with
818 ml portions of toluol The filtrate should be clear of all
traces of pink or brown color If 1t 1s not, repeat the NaOH
addition Transfer the clear pale greenush yellow ltrate to
a 250 ml side arm distilng fask, add an ant: bump stone,
and distil to near dryness When cool, transfer the residue
from distilhng flask to 2 125 m! Erlenmeyer usmg absolute
ethanol

Remove the last few ml of toluol and alcohol by a vae-
vum while beatmg the flask on an oil bath or other suitable
anhydrous medm taking care not to overheat the residue
Add 10 ml of absolute ethanol and completely dissolve the
residue by heating 1f necessary While heating add dropwise
from a burette 40 ml of aqueous 01 N NaOH Stopper, let
stand at room temperature until cool, and place 1n refngera-
tor overnight

Callect precspytate by using smtered glass funnel and con
tmuous refilterng if necessary to obtamn an almost clear £l
trate Wash with water, then with a few ml of Benzme
{petroleum ether), dissolve 1 10 ml of absolute ethano! and
precipitate 2 second tune, usmg S0 m! distilled water -
stead of the alkali Let stand again overmight in refnigerator
The dial 15 agam collected by &l and should
now be colorless and entwrely crystalline If not reprecipitate
by agam usmg 10 m! absolute alcohol and 80 ml distiled
water Return to refrigerator overnight

The punfied substance, after bemg 1n the sefngerator
Overnight, 15 collected as before by fltration transf:
with absolute ethanol to a tared 30 ml. bealer, dried 1n the
oven at 90°, cooled and weighed A melting pont should be
done on each specimen M P range 15 205° 235° C

Caleulation
24br vol

e in
T vol. used Xpreg

Daly pregranedio] output 10 mgs
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sample weighed X 147 (147 = average calculated loss
for method)

Because the sterords produced by the adrenal cortex play
an xmportant part i phases of diabetes such as hetoacidosis
and because diabetes 1s sometimes of adrenal ongm, the
techniques for urmary 17-% ds and 17-hydroxyst
rouds are histed here

Unvary 17 ReTOSTEROIDS
References
Klendsho; Feldstemn Sprague ] Chn. End & Met 183, 622 (1953
Drekter, Heislo, Scism, Stern, Pearson & McGarack. ] Clo En
& Met 12,55 (1952)

Reagents

Ethylene chlonde (also called—ethylene dichlonde, 1, 2—dichlo-
roethane)
Methyl cellosolve {Bltered)

1% solv m m methyl cellosol
40 N KOH 1 methanol
NaOH pellets
Standards
580 y-dehyd 1 (dehyd 1 ) per ml of
methanol (stock solu 50 y/ml}
Procedure
1 Pipetie 10 m! unne from measured 24° specimens {nto nus!

bered glass stoppered tubes (Also run a procedure blank sub-
sttuting distilled Hz(l) for urme)

Add 3 m] conc HCI

Place tubes with stoppers on m boiling water bath for 10 mins
Cool 1n pan of tap water

Add 10 ml 1,2 dichlorcethane (ethylene chlonde)

Stopper and shake 15 mins on mechanucal shaker wet
(Note To avoud leakage, tighten stoppers)mvert tubes to
ground glass surface and retighten stoppers

Centrifuge, without stoppers for 5 mins at settng of 2580
{Type SB 1)

S:'Zson off unne (upper layer) with a pipette attached to a
‘wate t

(1?10!: nsl%’;:o?e as much unne as possible without secf_mmﬂl
off much of the extractng solvent A small amount of unse
will remam)

@U@t

L]
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Filter (Whatman #1 paper) mto 50 ml pyrex bottle with T

stopper (Filter paper removes much of the residual unne)

10 Add 20 pellets of NaOH

1} Wath stoppers on, shake X5 mins m mechanical shaker

12 Filter salvent through Whatman #1 filter paper wto clean,
tube

@

(Note The last 3 steps remove unwanted chromogens and
any water remaung)
13. Pipette 2 ml of ethylene chlonde extract Into clean, dry tube
14 Evaporate to dryness i boling water bath, with or without
Suction
15 To diry extract add 04 ml 1% m-ditro benzene m methyl
cellosolve (Be sure extract is dissolved)
16 Add 03 m! of 40 N KOH in methanol
;‘Z ln\lzx by shaking rack with tubes

Standards
Standards should be treated as above starting with step #14

Urvary 17-Hyproxycormicoms
References

Reddy, Jenkins & Thorn, Metabolism I, 511 (1952)
Reddy—~personal communication 1953-1954

fﬁ:)ﬂr—ﬂmnt Progress in Hormone Rescarch, Vot 3X, 207
Smuth, I W, Jr, Mellnger, R C, & Pattl, A A Modification of
the Reddy Procedure for 17-Hydracycorticosds in Urme ] Chn.
Endocrme & Metal 14, 338 (1954)

Reagents

Dilute” sulfunc acid—-310 m! reagent grade sulfunc acd and
190 ol dist H,0
Calor reagent~~65 mg_phenylbydrazne hydrochlonde dissotved in
100 ml “dilute® sulfunc aed
NeiC08 omiaons)
3;C0y (anbydrous
50%" u,(so.--x vol reagent grade Ha§04 & 1 vol
dist H,0 "
Standasd solutions of cortisane (Merck) fa pund
butanol (540 y-cortione per 1) (Stock solution
should be 100y/ml }
Punfied butanol
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Procedure

Extraction of urine specimens

1 Pipette 10 m! of unne from measured 24 hr specunens inty
numbered 25 mi glass stoppered tubes

2 Adjust unpe to PH 1 with "50%” H,S0, (usually 4 drops &
suffictent) Check wath indicator paper
(Note The Na+ glucuramde of the corticods are not very sol
uble m butanal Between PH 25 and 85 the Nat salts are
presumably converted to the acid form which is mmch more soluble
1n butanol At PH I a hugher blank reading 13 reportedly abta ned
than at PH 25 but PH 1 will be used untl further notice be-
cause of the greater speed of preparing the sample A shght vana
tion 1n PH to either side of 10 does not matter

3 Add approvmately 5 g N2,S0, (saturate unine and excess)
(Note The Na;SO, removes protemn from the glucuranide and
reduces the amount of water dissolved 1n the butanol)

4 Add 10 ml punfied butanol
115'k Stopper tubes and shake not less than 15 mns on mechanical
shaker
{Note Before tubes are stoppered wipe Na SO, off ground glass
surface Tighten ground glass stoppers nvert tubes and retghten
stopper—otherwise leakage may oveeur)

6" Centnfuge 1n the same tubes with stoppers out, for 15 mn
utes at a settng of 40 on the large (Type SB 1) centrfuge [
mimnutes is usvally suficient, but some spectmens do not separate
satisfactonly 1n this tme)

7 Remove to a clean, dry test tube the butanol layer thhe an
eye dropper type pipette bemng careful not to remove any unn

8 Add approumgtely 25 g of anh. Na,CO; to the buta
extract 1
(Note The Na,CO, removes any water remaining in the butanol
and supposedly removes some unwanted chromagens) !

9 Shake wigorously by hand (breaking any lumps of Na,CO
g{;:r closing the end of the tube with a thumb covered with pars

ol

10 Allow Na,CO; to settle

11 Centnfuge 5 ;unutes at a setung of 15 on the small (Type
C) centnfuge

12 Pour off supernatant butanol extract

13 Pipette 1 ml butanol extract into each
duplicate colormmetry 1nto each of 4 tubes

Colormetry
1 Add 4 ml “dilute” H SO, to tubes contamung L wl of
(a) butanol extract of unknown unmes (urine blank)
{b) butanol solution of standards (standard biank)

of 2 tabes or for
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{¢) punfied butanol (aczd blank)
2 Add 4 ml color reagent to tubes contammng 1 sl of
{d} butanol extract of unknown unnes (unne)
{e) butanol solution of standards (standard)
¢} punfied butanal {reagent blank)}
8 Cover open ends of tubes with parafilm held in place wath
thumb and favert to mx
4 Leave pamfilm covenngs on and incubate in water bath at
80-83° C for 20 munutes (2 or 8 muns extrs heating 1 all rdght,
but not less then 20 mins )
5 Cool 5 mins in cold tap water
6 Read 1n Klett colonmeter with #42 Riter using acid blank (c)
5 a blank adjusting the instrument to zezo

Caleulations {A or B)

A Standard Curve
1 Prepare a standard curve
corrected standard reading {Klett) vs merograms
cortisone
a corrected standard reading
standard——standard blanl-—reagent blank
{eb f} = corrected standard reading
Obtam corzected unknawn reading
unneunne blank-—reagent blank
{d a {} = corrected unknown seading
8 Reod corrected unknown concentration in y/ml off standard

=

4 Multply value obtafoed in (3) by unmne vof m wl
B Duect comparison with standard
1 Obtam comrected standard readiog and comected unknown
rading as in A
2 Divide corvected unknown reading by corrected standard
teading, muluply by concentraton of standard, multply by the
vel of 1{1'\2 unne specumen in wk
a
(‘;ﬁ% st canc of std > m! urine = total eorticerd content of the
Specunen
Preramamion o7 Burasow ron CORTICUm DETSRMINATION

1 o u bottle of n Butyl Aleohol, “Baker Analyzed® Reagent, add
5 fy 100 m! phenythyd Ha50Q, reagent per bter of
buatanol
{hote A second bottle of brutanol should be treated with pheayl-

. ‘k’m“bffxso‘ 23 s00n s the first is empty )

= Allow to stand at Jeast 1 week {longer tme is all nght)
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8 Wash the treated hutanol with one half 1ts volume of saturated
aqueous solution of Na,50,
(Note The water removes part of the phenylhydrazine H,S0, and
the Na,S0, ads in p g water from dissol m the
butanol)

; Eepn‘r‘ate t}‘l‘e buhn‘cl from the water {1 hter separatory fu‘nnel)

&0
b -
necessary to obtain butanol of the desired punty from 3 or more
to 2

a Collect all fractions boilng at 100° C or less in a clean bottle
(Bottle A) Ths fraction contamns water saturated butanol plus an
excess of water

b Collect all fractions boiling above 100° and below 120° C

m a second bottle (Bottle B)
(Note This fraction should contam very kttle water and should
be collected separate from (a), otherwse, the butanol will re-
absorb the excess water The reason for not attempting to obtam
the 117°-118° fraction at tiis pomnt 18 manly empincal—we have
never been able to get a color reagent blank of less than 15 Klett
units with the matenal obtaned in this step)

¢ Discard brown matenal left in distillng flask

d Clean and dry distilling apparatus

¢ Redisull matenal m Bottle B

{1) Collect fractions boihng at or below 100° Cmn Bottle

A
(2) Collect fractions boilng above 100° C and below
117° C in Bottle B
(8) In a clean bottle (Bottle C) collect matenal boiling
at 117° to 118° C (Punfied Butanol)
(a) Run a H,50, blank and a color reagent plank oo
this matenal 3 Kt
(b) If, usmg the acid blank as zero, a reading of oy
uruts or less is obtamed with the reagent blak, the
matenal is factory aizd “;;‘YD) foe
ermanent reagent bottle (Bottle
(c) 11} a readmg gxgater than 8 15 obtained, pour the matenal
back into Bottle B furmel
£ After removal of the water with the aid of a separatory “1 o
the butanol m Bottle A can be redistilled as fs the matens
Botile B

Because serum chonome gonadotrophin determunations

are used as a gauge of estrogen deficiency 1 duabetic d}“‘:j
nancies and as a gwde for estrogen therapy, serum ¢€
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minations for cb gonadotrophin are meluded and are
a5 follows*

1. Draw about € ml venous blood

2 Transfer to clean dry test tube

3 Letstand titl clot forms

4, Remave clot

5 Centnfuge at setung of 25 for 5 muoutes

& Decant serum to clean dry test tube

7. Label tubes as to name, date and number of sat units to be

o

=

-
=

tested {Note. Serum can be kept in cold room 3f 1t 15 not to be
utihzed fmmediately }

To each of two centnfuge tubes per spesmen add appromt
mately 10 m} of 85% ethyl aleohol

. Label contnfuge tubes (name, date and total amount of serum}

Pipette the same amount of seram from each sample mtoe each
of the dupheate tubes (0.5 ml per tube to scan for 200
£t umts /300 m} serum the dikation usually used)

Shake liately to suspend evenly—placiog end of thumb
over the tube

Place 1n cold room overmght (8-16 hrs sefrageration neeeled}
Centrifuge at setng of 25 for 5 munutes to pack preaipitate
Pour supernatant aleohol into waste alechol bottle

. Drain, leaving tubes inverted for 5 munutes n rack on towel

Add approximately 5 ml. ether and st wath strmnsg rod tdl
precipitate 15 well muxed (Note, Ether removey estrogens)
Withdraw stinng sods and place on clean towel (Note XReep
tubes and stiming rods in the same exder, as the stunng rods
are to be used agan in the same tubes )

Centrifuge at setng of 25 for 5 minutes

Pour ether mto waste ether bottle

Druin tubes for about one misute

Add 1 mb of physiclogical salwe

St with stiming rods

Place 1n water bath at approximately 50° €, no wamer, for
3-10 minutes, with tods shll 1 tubes. (Note Tius 15 to dave
off rendual ether, by 85° C)

Agitate occanonally winle heating

Add 5 mi physiologieal sabine (total vol. 8 ml /tube and remove
sumng rods

Imect 1 mi of the salne suspension twice daily for 3 days
{total—6 ml, per zat) into female rat (21 days old)

(Note The mgections should be st least 4 hours apul. The
rats should be sojected subcutancously at the back of the

neck )
. Read the test on the thurd day after the fnal injection. (Ex-

ample Inyect Wed, Thur., Frl—sead test Mon.)
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Rending the Test

1
2

=]

Positive test 1s the presence of corpus luteum 1n the rat. Corpus
Juteum of rat 1s red not yellow

The corpus luteum may be distinguished from a hemorthagic
area by pokmg it with forceps The hemoarthagic area breaks
easily, but the corpus luteum 15 rather tough and has a sort
of yubbery consistency

(Note An nstructor 15 almost indispensable at this powt un-
less you have observed rat corpora lutea before )

¥f 05 ml serum 15 used a positive test indicates 200 or more
rat unmts of choriome gonadotrophmn per 100 ml, serum A
negative test, less than 200 rat units per 100 ml serum

ml serum used Posihve test (RU /100 ml. serum)
05 200 or more
03 833 or more
02 500 or more
015 666 or more
01 1000 or more

003 2000 or more
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SECTION 1

Basic Principles

Tus ubiquity of diabetes ar
ment, not only by the pt particularly din
but also by the surgeon, by workers 1n other special fields, and particularly by the
general practitioner

The imperative need for Insulin by every patient with severe diabetes and
by practically all diabetic children 1s now generally d The safe,
and rational use of Insulin depends upon the establishment of an equilibrium be-
tween food requircments and the dose of Insulin, and this mode of treatment rests
squarely upon fundamental and sumple dietetic princples

Furthermore, 1t 1s desirable that every patient with diabetes, whether mild
or severe, have sufficient knowledge of the benefits of Insulin that he may, through

given by husp without delay the urgent necessity for

1ts use should hus carbohydrate tolerance suddenly become further impaired by in-
fecuon, surgery, trauma, or other factors “Other things being equal,” one author-
1ty states, “the diabetic who knows the most hves the longest »

DEFINITION OF DIABETES

Duabetes mellitus 12 a hereditary disease characterized by tmpairment of the body’s
normal ability to metabolize or utihze food This defect 1s mamfested by increased
amounts of sugar in the blood and subsequently by the excretion of sugar into the
unne ‘The abnormaity s largely dependent upon an actual or refative deficicncy of
1nsubin resulting from a L m f landsof L hang of the
pancreas or interference with the actionof insulinin the tissGes, ttans ol es faulty store
age of sugar n the Incr, the overproduction of sugar in the liver, and possibly a
diminished utilization of sugar by the tissues Insulin not only promotes normal com-
busuon of dextrose 1p the tissues, but influences the metabolism of proten and fat

PHYSIOLOGY OF NORMAL AXND DIABETIC METABOLISHM
A thorough with the ph underlying normal
bolism 13 a prerequistte to und the d } of

with its manage-
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Basiwc Principles

manner that toac by products {ketones) are found 1n Jarge quantities 1 the
Iner and produce ketoss (the diabetic type of acidosis) and finally diabeuc
coma

Carbohydrate—The far reaching importance of carbohydrate metabolism 1s ap
parent from the fact that dextrose 1s the prumary sugar inzo which carbohydrates
are comerted before they can be utilized by the ammal body Deatrose 1s the most
readily available source of energy for the body and 1n the diet normally supples
approximately forty percent of the total energy required The different steps in
volved 1n the transformation of dextrose 1nto glycogen and its storage 1n the livee
are complex but the decreased deposition of glycogen from glucose under the 1
fluence of Insufin 1s the most firmly established physiological action of the hormone
Muscle glycogen is not directly a source of blood sugar although it may serve the
purpose indrectly through 1ts conversion into lactic acid which can be utilized by
the liver as a source of hepatic glycogen
‘

zymes which 1n turn are activated by their coenzymes The steps from glycogen to
pyruvic acad can occur 1n the absedée of oxygen If there 1s an impasrment wn oxy

gen supply or an excessively rapid rate of glycogen breakdown pyruvic acid fends
to accumufate and 1s rapidly comerted to lacuc acd which again may be con

verted to glycogen by the liver (sce Vitamuns page 74)

Pratein—Protem 15 charactenized by 1ts content of mitrogen It usually contains
sulfur and sometimes phosphorus Its umits are amino acids and these  building
stones  represent the end products of protein digestion which may be reassembled
by the body to provide new forms of protein essential to the ammal The ncom
bustible amyno (NHj) group 1s removed by the liver and then excreted as urea
whereas the carbohydrate remainder may be ondized to produce energy In this
manner about 58 percent of the protein in the body may becormne available to the
orgamsm as sugar Protein also exerts a sumulatory effect upon metabohism a spe
Clﬁc dynamic action which makes the use of too large quantities of thus foodstuff

y 11 chabetes App tely 15 percent of the total calones
are supplied b\ dictary protein

Fat—Fat 15 a morc concentrated source of energy than either carbohydrate or pro-
tern and yiclds about twice as many calones per gram Consequently fat can be
emploved 1o increase the calonic value of a diet without substantially tncreasing tts
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Basic Principles

Jesel in the lver itself When the rate of hetogenesis in the liser exceeds the rate of
oxidation of hetones in the nissues hetoncmia and hetonuria ensue and the excess
1 excreted 1n the urine as acetone and diacetic acld Thus hetogenests indicates
ether a relative or absolute shortage of carbohydrate for fuel

Some of the ketones are excreted as free actd other portions are neutrahized
by increased ammonia production and by the buffer action of the blood by which
carbon dioxide 15 displaced from the bicarbonate of the plasma Fiaed base chiefly
sodium 1s Jost when the hetosis 1s severe and dehydration and
occur Compensatory mechanisms are overwhelmed and several outstanding al
terations from normal gradually appear (1) The carbon dioude comlnning power
of the blood 1s reduced 1n proportion to the seventy of the acidosis (2) continued
loss of fiaed base accentuated by vormting entails a reduction 1 sodium chlonde
and electrolyte concentration lowered alhah reserve diurests and dehydration
(3) acetone and diacetic acid appear 1n the unine i large quantiies (4) hemocon
centration develops (5) the gH of the blood shifts toward the acid side (6) Kuss
maul breathing ( air hunger ) ensues and the blood pressure falls followed by
arculatory collapse depression of renal activity retention of nonprotein nitrogen
1n the blood subnormal temperature and finally death

INCIDENCE OF DIABETES

It seems probable from recent data that there are more than 2 000 000 cases of
diabetes i the United States today Statstical reports have pownted out the 11
creasing frequency of the disease Joshn has esimated that there are 2,500 000
persons living in the United States today who either have or will develop diabetes
Reports and surveys concerming the incidence of diabetes metlitus 1n other coun
tries are not as yct available

An analys s of the incidence of diabetes 1n over 45 000 Army selectees shows
that the discase 13 three to four tmes as prevalent among young adults as has
hutherto been assumed on the basis of carlier studies It has been predicted that if
mortality rates continue to follow the same trend as at present in the United States
by 1980 deaths from diabetes will be exceeded only by those from heart discase

Part of the increasing wacidence of diabetes 1s merely apparent and 1 due to
the general application of improv ed incthods of case finding and treatment There
actually are more cascs however a fact which 1s parually eplamed by mereased
longenity of the population as a whole Diabetes 1s most frequently found 1n women
past muddle e although no age 1s exempt



FACTORS CONCERNED IN THE CAUSATION OF DIABETES

The immediate cause of diabetes mellitus 13 a deficiency of endogenous msuhn

Whether the blood duting principle by the pancreas of the
diabetic 13 quanmamcly or qualitatively deficient, or whether it 15 normal as onigs-
nally produced hut lized by other agents, the end result 1s 1n-

sulin deficiency and dlabetcs Besides this immediate cause, however, there are
certain predisposing factors

HEREDITY

A predisposition to diabetes seems to be inherited as a Mendehan recessive charace
tenstic thisinfluence 1s now considered to be of primary importance, although such
predisposition may not be revealed until late i hfe or even untl long after the
development of the discase It has been esumated that approumately one out of
every four persons is a “chabetes carner” (Figure 2A) In view of these facts, it 1s
inadvisable for members of diabetic families to intermarry, because of the greatly
increased p bility that such may produce diabetic offspring

OBESITY
How obesity predisposes to diabetes has not been explained, but the fact remains
(Figure 2B) It has been stated that diabetes 1s the penalty of obesity and that the
greater the obesity, the more hkely 1s nature to enforce the penalty Obesity and
ting are usually but alone probably does not lead to
drabetes It1s well known that insulin, whether endogenous or exogenous, increases
the appeuite Possibly people overeat because their islands of Langerhans are im-

tially Iy this tion gives rse to and then too
little, rather than too much, 1nsulin 1s produced An increased incidence of diabetes
parallcls hat an nt 1n the status of individuals or na-

tions Apparently tho causztne forces operate to disturb the metabolic equlibrium
of large masses of people under such circumstances More food material 1s taken 1n,
and less muscular energy 1s expended to bumn 1t up

Newburgh has shown that glucose tolerance tests may be returned to nor-
mal in more than three-fourths of those adult obese hyperglycemic panents who
undergo adequate reduction of weight

ENDOCRINE FACTORS

It has long been observed that overnweight predisposes to diabetes in the adult, al-
though overheight 1s a frequent forerunner of diabetes 1n the chuld Such observa-
tions point to an endocrine factor, probably the piturtary gland The epochal work
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Diabetes Mellitus
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Busic Prinayples

FACTORS CONCERNED I THE CAUSATION OF DIABETES

The wnmediate cause of dabetes tellstns 13 a deficrency of endogenous wsehn

Whether the blood-sugar reducing poneple elaborated by the pancreas of the
dxahetse s quantita ely or qualuatively deficient or whethtr 1133 normal as ongt

sally produced hut subsequently eusrshzed by other agents, the end result 15 1n

suhn deficiency and dizbetes Beswdes this ammediate cause however there are
cestan predisposing factors

HEREDITY

A predisposhon 10 diabetes seems o be snhersted ata Mendelian recesyve charae

rerstic thussnfluence is now considered to be of primary unportance afthoughsuch
predisposition may not be revealed unni latw 1p ife or even wnul jong afier the
deveiopment of the & sease it has been estimated that approumately wne out of
every four persons a3 a & abetes camer  {Figure 2A1 o view of these facts st
inadwisabile for merbers of diabetic faralies to wtermarry becavie of the greatly
increased probabifity that such mtermasmiages may produce diabeue offspring

OBESITY

How obesity predisposes to diabetes has not been explamned  but the fact remany
{Figure 2B) 1t hay been stated that chaberes 1s the penalty of oheuty and that the
greater the obeswy the mote hikely 18 pature to enforce the penalty Obesity and
are usually d but ting alone protably does not lead o

dizbetes Itaswell known that insubin whether endogenous or exogtnous increases
she appetite Fossibly people overeat because their islands of § angerhans are am
aally overactive aventually this overaction gives rise to exhanstion and then too
hitde sather than too much snsubnas producedt Anncreased incadénce of dhaberes
parallels somewhat an improvement 1n the economse staus of indo sduals or pa
nons Apparently two causative forees operate 1o disturb she metabol ¢ equihbrum
of karge masses of people under such circumstancrs More food materal 1s taken m
and less muscular erergy 3 expended to bure 8 up

Mewhurgh has shotwn that glucose talerance tesit may be requrned to naes
mal i more than three fourths of thost adub obese hyperglpcenic patients wha
undergo sdequate reduction of weght

EADOCRINE FACTORS

T bas long bees abseryod that overne ght predisposes to diabetes in the aduit al-
though averherght iz a frequent forctuniaer of dizbetes so the chuld Such obsera
tions pownt 1o an endocrirte fictor probably the putaitary gland The epochal work.
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Diabetes Mellitus

of Houssay and others has finally proved a close interrelationship between this
gland and carbohydrate metabolism More recently, the influence of the puwtary
has been emphasized by the work of Young, who produced permanent diabetes
dogs by mjecting anterior pitwitary extracts Further invesngations, confirmed by
Best, revealed that the islet cells of the pancreas in these ammals had been severely
damaged and the actual msulin content of the 1slet tissue was extremely low The
Toronto school and Lukens and Dohan and others have now demonstrated that
1slet-cell damage may be prevented or reversed by starvation or fat feeding and by
controlling actire diabetes by means of proper dietary measures in conjunction with
exogenous Insulin More recent observations prove that hyperglycemia per se 18
the factor responsible for progressive 1slet damage The implications of this dis
covery are far-reaching, especially since the expenimental piturtary diabetes of
animals has actually been cured by controlling the bloed-sugar level

The recent demonstration by Conn that the diabetic syndrome could be
1nduced 1n normal men by admimstration of adrenocorticotropic harmone empha~
sizes still further the importance of the pituitary-adrenal relationship

The adrenal d thyroid in close rel p with the pancreas
Efforts have been made to treat diabetes from the endocrine standpornt, with re-
sults which are inconclusive except 1n those cases resulung from surgically acces-
sible adrenal tumors The adverse influence of hyperthyroidism upon diabetes 13
undoubted, and complicating factors of this type must be carefully constdered when
therapy s instituted

MISCELLANEQUS FACTORS
Other factors which sometimes seem to be responsible for the development of dia-
betes but probably are rarely if ever causative, are infection, particularly of the
gall-bladder region, disease resulting 1n injury to certain areas of the midbrain, and
accasionally arterioscleross Traumatic dabetes ts probably nonexistent unless
there ts avulsion or destruction of the major partion of the pancreas

Although diabetes 1s seen most frequently in patients past middle hfe, no age
13 exempt and females are more commonly affected than males The incidence of
the dusease 1s greater among Hebrews than among Gentiles [t 1s also greater among
Negroes than was formerly suspected Studies of the Indians of Anizona, U SA,
and mmates of by Joshin the lity of diabetes The
number of cases 1n any population 15 almost directly proportional to the search
made for them It 1s said that diabetes among the Chinese and Japanese 1s not only
infrequent but relatnvely mild The food of these peoples 13 largely carbohydrate,
and their apparent relative freedom from drabetes suggests the possibility that a
large proportion of carbohydrate 1n the diet 13 not the cause of the discase and per-




Basic Principles

haps may even indicate the type of diet which 1s most suitable in 1ts management
Himsworth observed that the diets of persons who developed diabetes were higher
1n fat and Jower m carbohydrate than those of normal people

PREVENTION OF DIABETES

Because of the i of obesity, the propl value of avoiding
overnutrition must be emphasized Bv urging the relatives of the drabetc to keep
their weight within normal hmits, the development of diabetes in those most sus-
ceptible to 1t might be prevented When diabetes or diabetic heredity exsts, further
transmussion of the disease may be completely bloched only if the chosen partner in
marriage 15 2 nondiabetic member of a betic fammly (sce Figure 2A)

If the 1 drawn from on ammals may be applied to
human diabetes early diagnosis and efficient control of the active symptoms
{hyperglycemta) may be expected to prevent further development of the defect

SYMPTOMS AND SIGNS OF DIABETES
The date of onset of diabetes 1s usually indefimte and 1ts approach msidious The
most characteristic symptoms of the disease are the passage of large amounts of
urine, increased thirst, and excessive appetite, accompanied by loss of werght and
strength The first symptom noticed by the patient 1s usually polvura, since, 1n
order for the bdney to dilute and ehrminate the excess amount of sugar brought to
1t through the bloed stream, large amounts of water must be abstracted from the
tissues and passed as urme This same mechanism explains the next commonly en
countered symptom, namely, polydipsia (excessive thirst} Loss of strength de-
velops because the patient 1s deprived of the food value of the sugar lost 1n the urine
and because the utihization of fat 15 imperfect as well Although the blood of the
untreated dsabetic may contain abnormally large quantities of sugar and fat, these
substances cannot be properly utilized, so the patent literally starves amudst an
abundance of food Thus polyphagia (excessive hunger) appears Other commonly
red are skin bances, such as localized or gencrahzed

prunitus, furuncles, carbuncles, and slowly healing ulcers, dssturbances of vision,
numbness and tingling, and pain (neunits), especsally mn the lower mbs

The patient s unine contatns sugar and usually has a high speaific gravity
Duacetic acid may also be present, indicating that acidosis extsts Examination of
the blood discloses a sugar content above normal, especrally after meals

In muld cases, or soon after the actual onset of the diabetic state, glycosuna
may exst without subjective symptoms and not mfrequently it 1s the only early
sign Such instances represent a diagnostic problem which demands suffictent study
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