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'Ve are deal ing with a subject which forms one of the 
most fascinating chapters in the entire field of medicine : The 
history "of the logical and rational development of our know. 
ledge in relation to the disease mechanism and to the treat
ment of its various phases and complicatio ns, which consti
tutes a truly grati fyin g consummation of scientific endeavor . 
The progress which has been made in conquer ing the problems 
of this disease alone amply justifies the time, energy and 
financial expenditure which are being constan tly directed into 
the chann els of physiological and clinical investi gation. 
There are other reasons why the subjec t of diabetes cann ot ' 
be over-emphas ized. First, perhaps, because of its great 
frequency, for as .Ioslin points out, in the United States 
alone, ther e are more than one million people who have or 
"ill have thi s disea se. Finally, it is generally conceded that 
with proper medical attention the diabetic patient should 
live as long a life and be as useful a citizen as any normal 
individu al. 

In spite of thi s, perhaps, enthusiastic view of the situation, 
the recent vital statistics in Xew York City show an ama zing 
and , uecording to some, an alarming increase in the morbidity 
and morta lity rates for diabetes in the past decade. However , 
there are a number of factors which may make th is an 
apparent ra ther than n real chango. For example, the 
increase in the J ewish population has heen great in the last 
three decades and the high incidence of diabetes in individuals 
of this race is well recogn ized. F urthermore, since the adven t 
of insulin, there hne been a much keener interest in diabe tes, 
and physicians who formerly did not trouble to test the ur ine 
of f'\'ery patient presenting himself for medical attention new 
apprecia te the importance of this simple rout ine procedure 
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and upply it. In th is way, in numera ble ('SHe!'> o r diabetes have 
been discovered among essent ia lly symptom-free di abet ics. 
The apparent increased incidence of diabetes in our local 
communit y has a lso been brought about by the fa ct that t he 
determination of th e blood sugar concentrat ion is now widely 
applied. This test is !oo simple that IIISDy physicians a re 
now able to ce r rv it out in their own ufii('(·tl. They an' thu s 
enabled to de t rt'~t the presence of the di l'lt' ll l'iC t!':ton in tho! 
a bsence of g lycosuria. Most of th e patient s in whom the 
blood sugar is elevated wit hout g tyce suria, namely those ....rith 
a high rena l threshold for glucose, appear in the arteri o
sclero ti c decades . Interest ingly enough, th e grea t increa se 
in d iabetes ha l' been detected in this age group. T hus we 
see that th e apparent increase in diabetes in recent yea rs i", 
explained in part by th e increased accuracy of diagnosis. 
Xow, j ust a few words as to an explan a tio n for the alleged 
increase in the diabetic dea th ra te in New York. 

When sugar is found in the urine of seriously ill patient s 
wit hout othe r obvi ous cause for the di sease picture, there h 
u tend ency to att rihute death to diabetes. That th is is not 
an erro r limited to practice in th e home is shown h)" the (O(Of 
that in abo ut 15 per cent of pa tient s in whom death was 
att ributed to diabet es in th e Presbyt erian Hospital in Xew 
York, where di agnostic aids a re available, the path ologist s 
were uhle to show that the diabetes was incidental to another 
and fatal d isease. It is only fa ir to sta te that the num ber 
of deaths wrongly attributed to diabetes IIlUHt II(> s till g reater 
in th e community at large. 

'l'his emphasis upon a prohlem coneerniug vital stat is tics 
in a local community many miles from Puerto Rico hue not 
been made merely to point out an inereuse in the prevalence 
of the di sea se, hut in orde r to show how the ro utine examiun
tion of th e urine und frequent examination of the blood hay? 
led to the discovery of an enormous number of diabeti c 
patients whose disease some years ago esca ped recogn ition. 

Before coming to th e subject matter of the tit le of this 
pnper , we will review br -iefly the present day concepts of the 
phya iologic al disturbances present in diabe tes IIIt"1Iit u ~. It 
will be agreed that by definition WI' may state that diabetes 
resul ts f rom an inadequate supply of th e pancreati c hormone 
name..d insulin. Sir .Edward Sharpy-Schafer anticip ated its 
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discovery and named it "Jnsulin", some years before thi s 
highly act ive protein was isolated chemically and used 
therapeu tically by Ban ting and Best in 1922. Until very 
recently it has been th ought that diabetes r esulted from 
decreased activity of th e pancreas, perhaps du e to fibrosis 
of the islet ti ssu e of the pancreas, 8 S this pathological change 
is present at autopsy in many cases, although it is also found 
in the absence of diabetes. The histologi cal changes seen in 
the pane-reall are now considered secondary to th e di sease in 
8 cer ta in num ber of cases . In the past few r ears more st re ss 
has been laid upon another possibil ity, namely that the 
pancreas may secre te its normal amount of insulin or perhaps 
even more, but that there is some antagonist present which 
in some way inhibit s its act ivity. Cort, for exam ple, hns 
shown that adrenalin antagonizes th e acti on of insulin in 
muscles, a fac t that is often taken advantage of in th e 
emergency treatment of ins ulin shock. In hyperthyroidi sm 
diabetes ig frequently encounte red, in a severe form , and is 
generally ameliorated by thyroidectomy. ),£any years aJ;O 
Harvey Cushing pointed out the common association or 
diabetea ann acromegaly. By far th e most convincing evi
dence produced so far in support of the idea that, a t least 
in man y ease a, the apparent pancreatic deflcleucy in diabetes 
is in reality du e to an antagonist, is found in the work of 
that brilliant South American investigator, Houssay. Hous
flay, aM you probably nil know, ha s shown recently that 
diabetes does 'not develop even in th e depancreatized anima l 
if the anter ior lobe of the pituitary gland has first been 
removed. This impor tan t discovery ha s a lr ead y received 
ampl e confirmation. J ust what proportion of th e ('H SeS of 
diabetes r esu lt from primary pa ncreatic disease 11IHI how 
many are du e to an antagonism to insulin normally elabora ted 
is a problem which mus t he left for th e fut ure to decide. 

Th e known actions of insulin upon carbohyd ra te metu
holism may he summarized as follows : Fir st , it increases 
glycogen storage in the liver of the diabetic animal; second, 
it transports glucose to the other ti ssues and increases their 
stores of glycogen; third , it lowers the blood sugar level, ami 
finally it increases the combustion of ca rbohydrate in the cells , 
particularly in the muscles. These acti ons of insulin ore 
naturally interrela ted. Th e lack of an adequate amount of 
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insul in lend s to a fa ilu re of these physiological activities a lia 
the conseq uent development of diabet es. Xow, as is ge nerally 
kno wn, i f the d isturban ce is slight, mild diabetes r esult!', but 
if it is more ma rk ed. 8 seconda ry group of physiologica l 
d isorders ma y arise and seriously jeopa rdize the patient ' !! 

life. T hese di sorders result primarily Irorn the faulty rue
tabolism of fat . 

"Fat burn s in the flame of ti lt' ca rbohyd ra tes;" This 
ad age is just as sign ifica nt today all- when it was firs t ex
pr essed. It impl ies that the failure of carbohydrate oxide 
ti on resulting from an Inadequate supply of insulin leads to 
incomplete combus t ion of fat. As you know. unde r these 
ci reums tunces Iut yields aceto-acetic acid , Bcoxybutyric ar-id 
anti acetone, th e so-cal led ketone bodi es, instead of being 
completely burned to ca rbo n dioxide and water, Dr. Palmer 
and Dr, Ladd showed, in 1920, that as long us the diabetic 
is ahl e to burn one gram of ca rbohydrate for every :~ to 4 
g rams of fa t , DO ketone bodies ore formed. 'Vh('n, however, 
I<.>/'Is t han one gram of carbohydrate is oxidized for th is 
amount of fat . the flame of the carbohydrates is 1I0t sufficient 
fo r the complete combus tion of fat, and ketosis results. Two 
of the ket one bodies, Bcoxybutyr-ie acid and diacetk ucid. act 
as foreign acids in th e body a nd are reaponaible for the 
di sorder which we have to d iscuss thi s evening. 

At the P resbyterian Hospital in New York, Dr. Atchley, 
Dr. Richards and the auth or have been much in terested in 
the study of the chain of events whi ch occur in the develop
ment of diuheti c acidosis and in the recovery f rom th is condi
t ion. 'Vhen pati ents enter the hospi tal for treatment , the 
ueid osia is usually so far udvunced th nt th ere is little if any 
opportunity to follow th e steps whi ch lend np to it. Further
more , the need for therapy in these patients is so urgent thnt 
it is impossible to institute th e condi tio ns necessary for nde 
quute lnvesfigat ion. For th ese renaous d iabeti c pat ients were 
employed for invest igation, the nature S lid purpose of the 
exper-iment first having been explained to th em. T he details 
of thi s study ure worth reluting beca use it seems that it is 
only on the basis of such tedious experimentatio n tha t WQ 

are ju sti fied in drawing an)' conclusions as to th e natu re and 
exte nt of the physiological disturbances presen t in this com
plication of diabetes. These patients were admitted to the 
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metabolis m service and were given adequate diets and enough 
insulin tit keep the ru su zur-Jree. A fter a. prelimiunr-y cont rol 
period of twelve to sixteen days, in sulin thera py was abruptly 
withdrawn, th.. d iabe t es was a llowed to progress in intensity, 
severe acidosis developing in one of the subjects. F ollowing 
this, insulin the ra py WlIS aga in inst it uted and recovery wae 
studied, Sam ples elf the foods ea ten by these patients, as 
w,,11 ll l'\ a ll the uri ne a nd stools, were subjected to chemica l 
ana lysis, the mineral cons tituents, nitrogen, keto ne bodies 
and many ethe r th ings being determined. 

The more importa nt changes which take place followi ng 
the withd ra wal of insulin a re r ela ted in the order of their 
a ppeurnnee. )180'" of them ar.. well-know..n, but will he men, 
tioned fo r the sake of completeness. We can divide the 
physiological di sturbances resulting Iro m acut e d iabet..l'\. 
' . c. diabetes res ulti ng f rom in sulin withdrawal , into 1\\'0 

g rou ps , The first uf t hese reaulte f rom th e failure of tin. 
ea rbohydrute meta bolism. T he seco nd , f rom the development 
of acidosis . When th e ca rbohyd ra te metabolism fails, the 
blood HUJ.:,'1Lr naturally r-ises and after rea ching a eerta ln level 
sugar begi ns to be excreted in the urine. In our exper iments, 
we found that if the suga r excretion does not exceed uhout 
20 g rmns a till)', IHI other changes of immediate importan ce 
occur. "~h t.'n. how ever . the diabetes is sufficiently se vere to 
cause th e excret ion of about 120 grams of g lucose a day, 
upon the withdra wn! of ins ulin, ether ubn orrualities appear. 
These ure Il l'\ follows : (1) a g-reat increase in wat er excr e
tion which, of (' OU I'IotI", i lol wel l-known ; (2) 11 marked loss tlf 

the salts of potassi um a nd sodium Iroui the ti8HUf'R and 
inter stitial fl u ids ; (3) slight loss of water and sults from 
till" blood, and (4) n increase in nit rogen elimination sign ify
i ll /-:' tl ssue dest ruct ion. Of t hese th e lQBB of water end sulta 
is of purticulur importance becau se, 8 8 will be seen Inter . 
thi s disturbance in the hody star ts the cha nges agninst which 
th e treatment of d iabetic ucidoeie mu st Ill;' primarily directed. 
The clinica l picture of the neglect ed di abeti c Is cba rncte rieed 
by emaciat ion and dehydration, and finds it s expl anation on 
the basis of th e physiological di aturbanees enumerated. 

" ..e have thus far considered the result s of the failure of 
carbohydrate metabolism alone and turn now to 8 di scussion 
of ac idosis and its effect upon the patient. Van Slyke has 
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defined " elinieal" acidosis shnply hy sta ting that it is present 
when there is a decreas e in the concentration of bica rbonate 
in the blood. The- normal hica r bona te conte nt of the blood is 
:1;} to 60 volumes pe r CP Dt a nd in severe acidosis it frequently 
drops to less than 10 volumes pe r cent. Ae ~·ou know, th e 
body struggles to keep it s- slightly alkaline reaction at u 
constant level. 'I'his is essentia l, beca use even minute changes 
in th is r eaction in acid or a lkal ine direction!' result in death. 
One of the chief p rotect ive agencies towards th e maintenance 
of a C008t80t reaction or pH of th e blood is its so-called 
bicarbona te buffer system. T ranslated into other terms, 
this merely means that bicarbonate is a chemical substa nce 
which can he replaced by various ac ids without changing the 
reacti on of the solut ion as long us it remains in equilibr'inm 
wi th th e proper amou nt of carbon di oxide ga~. The lungs 
tend to r emove excesses of ca rbon dioxide gag liberated when 
an aeid int roduced into the blood reacts with the bicarbonate, 
and as long 8 l'l they succeed, th e react ion of the blood remains 
eonetaut and the acidosis is said to be «eompeusated ". 

'Vhen acetoacetic and Bcoxvbutvric acids a rt' formed in 
the body of the diabetic, the): mu st be neut ralized . The 
bicarbona te of the blood a nd tisaue fluid s aervea thi s purpose 
with a r esulting decrease in th e hicur honate content of the 
blood a nd the development of clinical acidosis. Whpn la rger 
amounts of the ket one aci ds a re formed, not only is the 
hicurbonate content of th e blood r educed to almost negligible 
amounts , but the ca rhon di oxid e gas is not adequately pumped 
out h)' the lun gs !HI that an actual change in th e blood r eaction 
takes place towards the acid side nnd this vuncompensated' 
ucido ais proves fatal if it is not quickly rem edied. 

Xow, th e body rids itself' of th e!'!t' neutralized ketone acids 
hy excreting th em through th e kidneys, chie fly us sodium and 
potassium sa lts. This is precisely what we found in our 
studie s at the Presbyterian Hospital. The loss of snlt from 
the body, which has heen a lready refer red to as a result of 
uneompliea ted seve re ~l)'c(ls uri a; is g reatly augmented when 
diabetic acidosis develops, sodium heing gi ven up hy th e 
hlood plasma and interstit ial fluids a nd potassium by th e 
cella of the bod y. This los s of sod ium and potassium is 
invariably associated with a great -outpouzing of water I rcm 
the body, so th at the dehydration which begins from severe 
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glycosuria alone ilol greatly increased during acidosis. Th e 
loss of sod ium salts from th e body is far greater than is 
suggested by hlood analyses, because the Loss of water which 
accompanies the excre t ion of sa lts tends to keep this eon
eent rat ion constant. 

This state of dehydration which develops in the course of 
acidosis is not merely a distressing symptom to the patient, 
hut is, in our opinion, of much more profound sign ifleanee. 
As the ti ssue fluid stores become depleted, fluid is al l'tu lost 
from th e blood plasma and when this occurs, the circula ting 
blood ,"01 01l1t' is reduced, the result of which is what Dr. 
.\ tchley of our clinic has so appropriately termed "medical 
shock". The clinical picture of medical shock is cha racter. 
iaed b)' weakness, collapse, falling blood pressure, rapid, 
thready pul se, subnorm al temperature, oliguria and finally 
anuria. The diabetic patient who di es fro m acidosis, di es 
in the sta te of "medical shock " . ~(odern text hooks e t 
medicine still co nfuse cardiae failure with th il'l state of shock, 
which is dependent upon H decreased circulating blood volu me. 
This is a se rious mistake because the principl e of treatment 
of i'l hor k nnd cardiac fai lure are almo st diametrically op
posed and failure to recognize the existing conditions results 
in misdirected and harmful therapy. 

Th ere i ~ one more point which I th ink should ht· empha
sized in the consideration of the pathological physiology of 
diabetic acidosis. 1 have already mentioned the fac t tha t 
the ketone acids a re re sponsible for the state of aci dos is and 
that thi s, if " uncompensated ", will quickly r esul t in death. 
It ia highly probable that these substances are also " tox ic" 
to the t issues of the nervous sys tem and to th e blood capil
lariee. when these ketone bodi es accumulate rapidly in la rge 
amounts in the body, it seems likely that they may produce 
damage which cannot he repaired. 

There are man y other fasc inating problems invo lved in 
the pathological physiology of diabet ic acidosis, but from the 
clinical standpoint we can summarize the important changes 
as follows: When severe glycosur-ia develops, large amounts 
of salt and wa ter are lost from th e bodv. When ketone acids 
a re produced in sign ifica nt quan tifies. they replace bicar
bonate of the blood, causing an acidosis. If this condition is 
progressive, it causes an actual change in the reaction o! 
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the blood, whic h if at all ma rked resu lts in death. The 
ketone bodies are excreted from the body th rough the kidneys 
an d to a conside ra ble exten t in cornhination with sodium and 
po tassium. \Vhen these salts are lost , water excre tion IS 

fur ther augmented. This loss of wa ter an d sa lts resu lt s in 
further dehydration . The state of dehydration finally causes 
a decrease in the circulating ))10 0 .1 volume. The end result 
of dehydration and decrea sing' blood volume is the sta te <.f 
shock whi ch is probably the uiost important contribut ing 
fac to r to a fata l outcome in di abetic acidosis. Finally, we 
believe that the massive accumulation of the keto ne bod ies 
may actually poison the various ti ssues of the body. 

IIavi ng d i8CUSSed a t some length the mechanisms invol ved 
in the production of acidosis, let us turn to the clinica l con
siderations of this complica t ion of diabetes. Before the 
advent of insulin. more than 60 per cen t of diabetic deaths 
resulted f rom this disturbance. At the present time less than 
10 per cent succumb to acidosis. 'Yhil e th is rep resents a 
marked improvement in the management of this phase o( 
d iabetes, it is ye t fur f rom th e end which should he attained, 
because dia bet ic acidosis, eince the addition of insulin to our 
therapentic armamentarium , has become u preventable com
plica tion. In our experience, seve re ac idosis usu ally develops 
for one of the foll owing r easons : First, the patien t oversteps 
the lim its of hi s di et , fr equently enj oying an orgy of eating ; 
his carbohydrate tolerance fall s and ketone bodies are rapidly 
formed in large amounts. Second, an acut e in fecti on develops 
and for reasons unkn own, thi s caus es an abr up t decrease in 
the ability of the body to ut ilize curbohydrute. Consequently, 
fat is not completely burned and ket osi s results. Third, 
because of n failing appetite or because of some other illness, 
a n in sulin-treated patient reduces hi s ins ulin dosage when 
he lower-s hi s food intake. This mistake frequently lend s to 
the development of acidosis. In this connection, it is im
portant to emphasize the fuct that it is essentia l for a patient 
to co nti nue his usual in sulin dosage when di a rrhea, obvi ou-, 
infection or loss of appet ite causes him to r ed uce his di et. 
even th ough insnlin shock may r esult . If patien ts 'Would 
only recogn ize thi s rule a nd if they wou ld promptly consult 
th eir phys icians when such complicat ions ar ise, di abetic 
acidosis could be prevented in most in stances. 
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Th e clinical picture of di abetic acidosis is KO well k nown 
that only a few particular features need be considered . One 
of these is the rapidity with which ketos is may develop, and 
which ca n he well demonst rated 1Iy the fol lowing C8 1'e : 

P. C., a boy of thi rteen, who had been under trcetment for severe 
diabetes at the Presbyterian Hospital for some ,)'t'BTlI, eame to the 
elinio one morning for routine observation. While wait ing to see 
hill physieian, he became d rowsy and WlU admitted to the ward. fie 
W IOl unable to void and was catheterized. His urine contained II 

considerable amount or sugar, but there was no evidence or ketone 
bodies, He became unconscious and the quest ion arose as to whether 
he WlU lIu1feringfrorn acidosis or from too mueh insul in. Blood was 
taken for sugar and CO2 determinations, and 20 It'TBmK of gtucose 
were ginn in travenously, as it was felt that it would hell) if be were 
suftering from hypogt)'caemia and would do no hann if be had 
aeidoeis . The repcrta from the laboratory showed the presence of 
an abnormally low blood sugar and a normal Co: content. Because 
of his slow response to glucose, he received several additional inj ee
t iona, lie improved, but in the course of twelve hours his urine 
became loaded with ketone bodies, he developed an ecotone breath 
and then had to be treated for Impending aeidO!lis. 

I think this case shows ad equa tely tha t th e seve re di abetic, 
part icularly when sligh tly over we ight, can, in the cou rse or 8 

few hours, sh ift from the hypoglyca crulc s ta te to a marked 
ketosis. In other words, the severe diabetic " skat es on thin 
ice." 

Thoro is one sym ptom of diabe ti c acidos is which may 
prove almost as distressing to the physician as to the patient 
if he is not aware of the fact that it is frequently encounte red 
in thi s cond it ion. That symptom is severe epigas tric pain 
associated with rigidity of the abdomen, oft en uccompau ied 
by nausea and vomiting. Failure to recognizc this fac t may 
loud to unnecessa ry a nd dangerous surgical inte rven tion, par
ticularly H .~ th ...ra iRusually a leucocytosis in diabetic acidosis, 
somet imes renehing 30,000 per cubic millimet er. An accu
rate history of the development of the symptoms is a great 
nid in di fferentia ting this r a ther typical picture of diabetic 
acidosis from a surgical condition. 

Hyper pnea or Ku ssmaul breathing is present as a rule in 
severe acidosis, but we huve seen patients who did not pre
sent this sym ptom, even though the CO! combining- power of 
We blood was reduced to 12 volumes per cent. I II view of 
this fact, the absence of Ku ssmaul breathing does not pre
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elude the possibility of severe acidosis, an d when any doubt 
exists, the CO2 of the blood sho uld be determined. On the 
other hand, the presence of ai r hunger is almost invari ably 
associa ted with seve re acidosis in diabetes. 

The blood sugar concentration is extremely variable ill 
acidosis. The average va lue in these patients i~ about 4.U 
grams per liter, though it may be as low as 2.0 or as high as 
10.0 grams per liter. The height of the blood sugar in 110 

way reflect!' the gravity of the situation HIll I is only of value 
clinically ss a guide to therapy. 

There is one deviation from the usual clinical picture of 
diabet ic acidosis which should be discussed. When acidosis 
has heen a llowed to proceed to the state of collapse or shock, 
the kidneys are occasionally unable to excrete ketone bodies, 
in spite of high concentrations of these substances ill the blood 
an d fiasues. Thus it ia clear that when an)' question of acido
sis a rises we must fa ll back upon the CO2 determina tion of 
the blood for accurate diagn osis. F ort un ately, such cases a re 
relat ivelv uncommon and urine exa mination usuallv ren a l.. 
the presence of la rge amounts of ketone bodies. . 

It ha s a lready been intimated that diabet ic acidosis usually 
result s f rom faulty t reatment of the pa tient by himself, If 
pa tient s can and will be properly impressed wit h the da ngers 
of aeidosia and th e common error s which lead to it s develop. 
ment, this complication should practically di sappe ar. " '11ell, 
however, acid osis does develop, therapy should be insti tu ted 
immedia tely . The longer this disturban ce is allowed to pro
gress, the mor e difficult is the task of treatment, aud the fu tn l 
cases a re practically always encounte red among th ose patien ts 
who have been permitted to drift into compl ete coma. There 
are few medical conditions in which prompt action yield s more 
g ra t ifying results and in which delay is rewarded by a more 
disappointing- termina tion. Procrastination menus death . 

'Ve shall confine our remarks on the t reatment of acidosis 
to severe cas es, viz, those in which the CO2 of the blood is 
below 25 volumes per cent. ~Iild cases usually respond well 
to the simpler forms of treatment such as rest, liheral fluid 
ingestion. regula t ion of the diet and ins ulin dosa ge. 

The nature of the physiologica l distu rbances present ill 
acidosis has a lready been discussed, and 1 should lI OW like to 
descri be. in detail for )-OU the procedu res we ha n , found sue. 
ceseful in the t rea tmen t of Revere acido..is at the Presbyt erian 
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Hospita l in Xew York . Immed ia tely a f ter admission, the pa
tient is placed between blan kets and kept warm with hot we
ter bottles. Fift,- units of insul in are given int ra muscula rly 
aud u speci men of urine is obtained for the qua litat ive dete r
mination of sugar and acetum'. Aft er a ra pid physical ex
emiua tiou. in which the measurement of the blood pressure 
is perhaps most important, blood is taken f rom un ann veiu 
for the dete rm ination of sugar an d ca rbon di oxide content 
and for blood grouping. The needle ill left in the vein and 
an infu sion of 1500 c. e. of U.8 per cent salt soluti on iN im
med iately started to combat dehydration and salt loss and to 
" wash out" ketone bodies, If the CO2 content of the blood 
is reported aN less than ~.') volum es per cent, 500 c. C'. o( 4 
per cent sodi um bicarbonate solution a re also infused , This 
is poured into the saline solution , The pre pa rat ion of the 
bica rbonate solution is a simple matte r. Fi ve hundred c. c. of 
disti lled water are boiled, the flame is removed and 20 gra ms 
of chemically pure, but not necessa r -ily ste r -i lized, bica rbonate 
UP added, T he on ly precaution necessary i~ that this so lu
t ion which is quite s t rongly alkaline, should not be a llowed 
to flow into tissues a round the vein. Two liters of fluid are 
thus given intravenously in the course of one hour, If the 
patient haHnot vomited recent ly, he is g iven 100 e. Co uf water 
and 100 c. c. of orange juice a lte rna tel y eve ry ha lf hour. If 
vomi tlug has occurred within two hours of admiss ion, no fluid 
is gi ven- by mouth ror two or three hours after admiaaio» . 
At the end of the first busy hour, ten more units of insulin 
a re administered intram usculurfy, and this is repeated every 
hour until the patient is acetone- and sugar -f ree, 8 11 det er
mined f rom the urine. each specimen voided being tested for 
these aubetances. Larger doses of in sulin have no more bene
flcial piTprt. Th e blood pressure a nd pulse are recorded ever y 
hour. }<~OUI" hours a ft e r admi ssion a second infusion of sa 
line is g iven, this t ime loOO C' . C'. being injected. If the urine 
at thi s t ime shows little suga r hut large amounts of acetone, 
:>00 c. c. of 10 JX'r cent glucose a re added to the saline iu fu
sion in order to furn ish adequate amounts of carbo hyd ra te 
to burn the ket one bodies and to avoid poss ible insulin shock . 
If the blood pressure tends to tall below 100 mm. of TIR'. af
ter this , it suggests that a se r-ious s ta te of collapse exists and 
the t ransf usion of 500 to JOO C' . c. of blood is resorted to and 
i lll occaelounlly repeated in 12 to 18 hours. Thi s measure, 



10. DIABETI C ACID06IS 

however, is rarely necessary. Af ter the initial infusion has 
been completed the patient rec ei ves a cleansi ng enema and if 
vomiting pe rsist s, the patien t is gi ven a gast r ic lavage of -J. 
lite rs of wat er con taining about 1 tablespoonful of sodi um 
hica rbouate. When vomiting is not u ser-ious problem, only 
two in fusion s a re necessary in the treatment. a s th e patient 
will usuall v tak t· between 3 an d 4- lite rs of tluid by mouth in 
the first 24 ho urs. If. for any reason, till' patient is unabl e 
tu retain wa ter a nd orange juice ueeord ing to sched ule, a 
WOUc. e. infus ion of 5 per cent g lucose in sa line lII ar be g iven 
eve ry 3 to .. h OUfS. 

:\1081 pa tients recover from their acid osi s a nd become 
suga r and aceton e free with this type of t reatment within 
eighteen hours. The patient is then treated as a conva lescent 
frOID an y se r -ious illness, end his d iet is arran ged accordingly 
for the next 24 hours. lie is given toast, milk, eggs, cus ta rds, 
baked potato, rice, fruit juices a nd simila r food s acco rding 
to his tastes, but fat is avoided. lie is given 15 to 20 unite 
of in sulin thin,' minutes before each meal a nd each urine 
specimen is tested for glucose and acet one. If suga r appear", 
additional injections of 5 to 10 units of in sulin ure added. 
On the following day, the patient is gi ven his . maintenance 
diet and his insulin dosage is gradually readjusted. 

Wh en acido sis persists in spite of thi s therapeutic nttnck, 
one should become sus picious of eomplicnt iug factors such as 
infect ions, pyogenic or respiratory, or hyperthyroidism . In4 
fections should he trea ted during the ll('idOl'li Mif it dol' S no t 
yield to the measures outlined . If hype rthyroid ism il:! a n 
obvious complication, th e administ rat ion of iod in e should be 
sta rted. Insulin refractory di abetes certa inly exiatx, bu t 
fort unately this condition is so ra re thnt it need IIH t. he con
sidered. 

There is one complication of prolonged ueid oais which 
should he mentioned . Some patients lila)" become sugar- a nd 
acetone-free within eighteen hours. hut the sta te of "medical 
shock ,. or collapse with its a ttending low blood pressu r e 
tends to recur . It is in these cnsea that t r unsfuaion iMof 
,l(rt·ah·st value, hut even this at times fn ils a ud the patient 
may die. It seems probable that the blood ca pi lla r ies and 
t i!'lHu('!'I of the nE'ITOUfl. sys tem are poisouod by ket one hodit's 
in tho se patients to a poi nt where the damage is beyond re
pai r . 

• 
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You ma y hun ! 1H1!l't1 that nothing h ill'> been said a bou t Ott' 
use IIf eodein, morphine, camphor, caffeiu, digitulls or brandy. 
These d ru~M are no long er employed by us ill th e routi ne 
t reat ment of diabetic neidosis, as it is our opinion that the pic
tun' of col lapse in this diseuse state does no t result f rom ca r
diae insuffieivucy. "~e believe that it is primarily du e, us 1 
han intimate..l. In the 101"/01 of wuter and salts from li lt' bod...• 
allel that n j-u tm eut should be di rected toward the replacement 
of tJIl'l"t· substances. The eli m ination of ketone bodies should 
be brought about by in('reasing renal secretion and by the 
furthernuce of oxidation through the art ion of insul in. Th e 
I'xistill~ al'idos is should ht' remedied bv the administ ration 
of sodium bica rbonate and sod ium ehloridC'. 

TIll' furl'~Hill~ il' a Irugmentary outline of the nature of 
t ilt' disorders which lend 10 the development of seve re d iubetir
acidosis. awl the essent ial ly rutionaliatic therapy thereof 
which il'> based UI.H1Il our understa ndi ng of the physiological 
d istu rba nces present in this condit ion. 

•� 


