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DEXTROSE INTRAVENQUELY;
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INTROIN M

Giucose, used intrsavenously as & therapeutic meas-
ure, is a commen practice today. The purpose of this paper

is to review in brief the devslopment of this form of therapy,

L’ﬁ

discuss its physiolegic principlss, review causeés and preven—

tion of reactions and the ftechnic znd sclutions ussed., Becsuse

oF

thaet has been written on the

4]

of the large mass of literstur

W
b

clinical uses of intravenous glucose, it could not be ade-
guetely reviewed in this short paper; therefore the above
act have been chosen for discussion.
Originally, ths WOI&»E}HOGS& was synonymous in a

sctically, howsver, there
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was a great differencs, becsuse then, as now, glucose Was
prepared on a large scale for commercisl purposes, Dextrose
is the chemically pure product, but mest physiciang use the
two terms interchsngeably. Desxtross or d-Glucose ig the sub-
stance ussd in intravencus medication,

4 knowledgs of certain fundamental facts regarding
dextrose metabolism snd dextrose therapy is sssentisl in order
to obtain uniform results from its use, Glucose is the prod-
uct assimilated =and it is the oxidation of glucose that pro-
vides the body with 680 to 80 per cent of the energy eseentisl
to existence, Bollman (1885) samys thst recent work has shown
that muscular sctivity is almost, if not completely, dependent

on glucese or glycogen for the necessary chemical changes,
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The minimsl daily requiremsnt of the body at rest is the

i

quivalent of six to eight grams of glucose for esch kilogram
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of body weight,

which is furnished in large

O

The body temnpsrature

zlucose of the body. The numsro

serving materisl for food and bo

cxidation by glucose, or gl
toxic substancses
are formed and excrated,
many
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varisty of pathologic conditions

s
34 ch

normsl functions.

The intravenous route of administrztion was

ountersd in oral, subcutaneous,

tration, Dunn (1817

ication, as well =s the giving o

stimulation or of supplying loss to the blood,
directly into the blood itself ra

the subocutaneous route, Since g

shance that

circulstes in ths

snd 8¢ lwporsant normal bod:

Glandulsr activity likewise re
nart by the oxi tio

is, for the most part, n
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lucose mayv actuslly conm

a0 that nontoxic compounds,
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gxists outsids thes bhod

[ANS

guires snergy

cen of
chemicsel chsnges in con-
sided by ensrgy derived
ndared harmless by

1. 2

bine with
giycuronstes,

egssantisl for so

Since there are ENEC-
to infection and dis-
one of the agents

importance in

chogen

n,

it leaves out the many varisbles of absorption en-

sctal and intraperitonesl
that certain forms of med-
fluid for the purpose of

als

ther than by mouth or by

glucose,

maintained by the

beset gliven
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injection must be bsneficial and should Dbe harmless,
Talbot (1885) states that the administration of
sugsr by mouth is limited %o thosa casses in which it is poss-

ible to retain i%, and recommends intravencus administraztion

in children in certain conditions, Horsley (1830) gquotes
Sanferd and Hertmeyer in saying that the'iﬁtraparitcnsai giv-
ing of dextross in children's diseases when the intravenocus
method is impossible due to thse size of the veins, is satis-

factory, but it could not be oft repeated without ill effects,

Jerome (Glasser, according tOIHGTSléY'S article, has given
10 per cent dextrose intramuscularly, However, induratsd
areas persisted for several days in thre¢ cases and msy have
veen hemstomas sscondary fto blood vessel injury,

Te further justify the discussion of the intraven-
ous routes, it might be well to mention the work th hes besn

dorne on the sbsorption of dextrose from the colon, McNesly

and Willems (1930, 1831) carefully condu 1 experimen

Q
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A

t
which = xaep of colon asnd =2 loop of ilesum were isolated by

Ude ]

igatures and filled with the fluid to be tested, The loops

i

were a@praxim&tgly gqual in absorbing surfaces, It was
found that the asmount of dextross in grams sbsorbed by the
loop of ileum in a given time varied from 53,8% to 5%%, and
by the loop of colon, from 0,4% to 2,6%, The dextrose was

in 5% solution, They conclude that a 5% solution of dextrose
is not =zbsorbed from the colon to any appreciable extent,
Smith (1230) =agrees with these authors.

It is well rscognized that sbsorption of glucose
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when given by mouth

per kilogram of body weight,

&

lucosge per houlr
It is often desirable to give glucoss in much larger qua
tities than this and at faster rates, in which case the in-
travanous route must be resorted to, In emergencies, the
latter may be the only route avallsble for much nseded fluld,
food =znd stimulation, Thus, & knowledge of principles and
dosage may bs required on short notics,

"

The following brief history of the beginnings of
intravenous glucose medication in this country is compiied

-

from the ressarches of Woodyatt, Ssnsum and Wildsr (1815);

'E}}

Rathmsnn (1932); Palmer, Turner and Gibb (1529); Kleiner
(1816); and the Supplsment to the Journal of Intravenous
Therapy (July, 1928):

Flsig, in 1807, mads roughly timed intravenous
sugar injsactions snd was siruck
producsad, He was impresssd by the clinical possibilitiss but

made no rscommendations, Kausch in 1811, saw the possibility

attempted this form of tresiment in some cases, and cobtalined

some good results, M, H, Fischer (1¢€15) recommended
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in conditions of edema, nephritis and intoxication, and es-

pecially in oligurias =nd anuriss of varicus sorts on the
pasls of his obssrvations concerning ths power of sugsrs to

s
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in 1814, reporisd the use of 250 to 300 co,

golution in fifty cases of haart disesse, intoxicstion and
severs infectiong, finding specisal indications in oliguriss
of nephritis and heart disesse., Turrettini in 1815, gave

det ai*a of three of mer-
urinary output

Ssnsum and

physiologic principles,

intravenous zlucos® in shock, Litchfield (1918) reportad
extensive use of glucose in the ftrestment of pneumonia withe
out serious complications, Also, in 1814, he had published

& papsr in which he rscommended glucose intrsvenously in
acidosis and shock,

Aided by delicate methods of dextrose determination

in the blood snd urine =already developed,

licastion of the principlss set forth vy Woodyatt and others,

ey e e g o vy r “ . s 13 x
sere dsmonstrated by the appsarsnce of a voluminous liters-

turg on the intrsvenous sdministrstion of dextrose, Numer-

cus clinical reporis wers the treatment of

the toxemis of nre

vomiting ¢f pregnancy and eclampsla,

pneumonis, .cldosis, surgical shock,

septicemlsa, various acute infections, glaucoma, edems and

skin dise=ses, encephalitis and various other conditions.
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PHYSIOLOGIC PRINCIPLES
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In 1815, Weodyatt, Ssnsum and Wilder carried on

memorsable sxperimental work on sugsr tolerance and the per-
fection of accurate clinical methods for sstimsting the sugar-
using powers of different individusls, They anti

t
ions, that the dats which

ot

using intrsvencus glucoss injsc

would be obtained couvld not fail to have other spplications

the method employed might be in itself of generszsl
il & &

interest as =& msans of studying problems of absol;

metzbolism and eliminabion snd have thergpesutic spnllcation,
%k PP

g =1l of thess things have been ful-

utiiize be-
iogram of body
They ussd con-
ntrations of from 10% to 50% =snd the inje ctions wers made
te 12 hours., They contend that the
proach to a scisntificslly accurate method
of sugsr tolerance measurement musit consist in direct intra-
vascular administrations, since only by this method is the
varisble factor of absorpiion rates reduced to a minimunm,
"When sugar is introduced dirsctly into the circulating

blood, each tissue receives its share in proportion to its

vascularity, and absorption nlayvs no part except as it may

e concarnsd i

e

the transfer of sugar from the local capil-

lary to the perivasculsr lymph, and the taking up by each
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is bathed,"

Foude
ot

individual cell of thes sugar with which

Thus they showed that, with a knowledgs cof the con-
centration of glucosse %o be used, and the rate appropriate
for this particular concentration, that it is possible to

abstract =ny gquantity of water from thse vody which is deemsd

ﬂ}

safs or desirabls

, Or a great flushing stream may e passed
through ths body %o wash out poisons, Their work is the
first important work done in the United States, although

similar but less sccurate work hsad been done in Europe beiore

("1

that, These suthors had proven before that, that other me-

thoeds of administration could not introduce glucose into the
blcod faster than 1,8 grams per kilogram per hour, They
concluded then thet intravenous injections may excesd this

rate, and so cause, in addition ©6 the ordinary chemical

effscts of glucose, nsw physico-chemical sffscts dus to the

=

presance of unburned sugsar molecules in the tissues and ex-

pressed outwardly as diuresis., Howe , they warn that there

’“J.
e
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o

T8 twe lmportant things to avoid: o great dehydration;
() Heart failure from imposing too much mechanical work on
the circulatory system,

Kleiner (1816) found that after the intravenous in-

jectlion of large amounts of dextrose in degs, ths blood sug

4{;;

returns %o its normal quantity within sn hour and & half,
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Xcgss dextrose introduced, the msjor part is elim-

inated through the kidneys and about 40% escapes from the

blood vessels by the procsss of dislysis into the surround-

ing tissues and the smaller amount was

[

agtroyed by incressed
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oxidstion,

Woodyatt and his co-workers (1917) again published

the result of experimental work on dogs in shock and brought
to light many of the besneficisl effescts of gluccse of a phy-

sico-chemicsal nature., They give the ressons for these ex-

W

periments on this statement: "In accordance with a prevail-
ing opinion, the low blood pressure in shock is associsated
the vessels,

with a diminishsd effective volume of blood io

"

in themselves sssentizl parts
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and the two factors cons
of the shock mschanism, On this asssumption, benefits should

result from procsdurss having the effect of holding water

within the vessels ¥

grams per kilogram per hour, the glucoss utiligation failed

ludl
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:TYe was & ten-

L]

to kesp pacs with that of the injsction, and
for the sccumulation of some unchanged glucose in the
tissues, When the kidnevs are functioning properly, they
found that this glucose is excreted on the urinary side of
ths rensl membrans and thus tended teo drsw water with it,
orobably for the same resson that gluccse in the blood pro-
duces hydremia, Thus diuresis is established, They further

stats thsa sdmini-~
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stration, watser will be continually drawn from the tissues
to the blood and thsen to the urine, and thus a stzte of hy-
dremisa i1s kept up, as long as the water supply is adequsate,
Of course, if the kidnseys are not active, the glucose sccumu-

lates in the tissues and draws wsater with it wherever it
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goes, Thus the principle ¢f diuresis with hypertonic solu-
tions of glucoss was put on & scisntific basis., This prin-
ciple is usad in the relief of local edema, =s shown by the
woTk of the sams =suthors on glsucoma in 1817, The reiisf of

cersbrah sdems by hypertonic intravenous glucose sclution has

tend to diminish the coagulabllity of the dlecod, Thsy prod-

v

o
©
o

¢d clean wounds in the sxperimental animals and waitsd for
the bleseding to stop spontaneously, Then they injected large
amounts of glucose seolution, which caused the wounds tC start
cozing blood, sometimes quite considersble in amount, But

they state that none of this secondsry hemorrhage was serious

tions are smploysd in the trestment ¢ shock in the woundsd,
In sxperiments in normal individusls, they found

marked inCreass in the mean arteriasl pressurs after the in-

jection (susteained) of smounts of glucose above the tolersnce

rats of 0,9 grams per kilogram per hour, But after seversl

amplituds which was higher under the low pressure after the
injection thasn it was under the higher pressure pressnt pre-
ceding the injection, The increased pulse amplitude is un-
doubtediy = measurs of ths incresse in blood volume, This

condition probably is made possible through a diminution in

. s T
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the vasomotor tone they believe, and = decrease in the vis-

cosity of the blood
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the plethors to increase the artasrisl pressure, Thsy.contend
that the normsl center is keyed %o hoid the pressure at &

certain lesvel, and that the dzmaged center is keyed to hold
¢ prsssure at a lower level, '"The reactions of the center,

g, t0 increased blood volums, no matter what the new

pressure normsl may be, will sliways bs such as t¢ return the
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s to thsait normsl. Thus sn increassed volume

and lowsred pressure are asccounted for ., ®

e

n the animals in experimental shock they =lso used
¥

x

tendsncy may develop, (8) Ho other deleterious effects were
cbservad,

Barbour (1918) did some research work on the giving

LG

of glucoss by mouth to normal individuals and concluded that

there was soms reduction in temperature in each individual,

*
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szme Tresults probsbly attend intrsvenous administration,

X

He gtates he bslisves thi

(s

j]

antipyretic action is due to the
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increased elimination through the kidneys whic
produces,

) states thet the firgt effect of
zlucose injected into the blood stream is the sbsorption of

nown by = fall of the hemoglobin
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percentage, indicating greater dilution than the water in-
sctad will account for, The secrstion of the kidneys is

temporarily diminished, owing to the need of water in the

wf

blood stream to properly dilute the injected crystalloid sub-
* stance, He =assumes that this tzaking of water from the tis-
guesg ramoves waste products with it in solution, The glucoss
is burned or esliminated, The oxidstion of the glucose causes
& temporary increased heat production which does not follow
. the intravenous introduction of water or of water with sod-

ium chloride or ures, as shown by Lusk (Litchfield)., Lusk

bﬁll@V?d that there is s definite stimulation of the cell

Ay

mechanism by the food in the bleood stresm, After the water

5 eliminated or sbasorbed

fote

the blood pressure falls; bul

2
the pulse amplituds remalins good bacauss the hesrt muscle
azs besén nourished and stimulsated by the gluccse,
Rigler and Ulrich (1223) report the results of 20%
intravenous glucosz glven to disbetic and non-disbetic pati
with the blood sugsr resction which followed, =nd the red

hi . e = e e o s 4w g Sy o g
hlood corpuscle counts %o determine whether or not hydremis

zir red blood corpuscle counts 1t is read-
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ily sesn that in most cases = hydremis occurs which has a

I
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tendency to decreszsse in dire to
blood sugar, The charscteristic finding in regard to the
blood sugar is the marked rise occurring just after the in-
jsction, followed by & definite fall to normsl ususlly within
one hour, =znd almost invariably a fzll to subnormsl at the

end of two hours., Thess authore state that Opitz, and Non-
nenbruch and Szyszka have =zlso made sugar tolerance tests in
thisg way. 1l their cases showed ths same result in blood
sugar reaction, ss well azs definite evidences of = hydremisa
following the injection, ms evidenced by the red blood cor-
puscle counts and hemoglobin percentages,

Albrittorn (18284) obtains similar results in con-
tinuous intravencus glucose injections, He states that hemo-
globin percentages indicate that dilution of the blood occurs,

Boyd, Hines =nd Leese (1925) administered glucose
continuously for considerable periods of time tc normal ani-
mzale, by means of an electric pump which had been described
by Woodyatt, and made observations on blood sugsr, hemoglobin,

volume =and sugar content of urine, plasma pH snd carbon diox-

heat

Q;

ide content, body tempersture, respiratory quetient an
production befors, during and following the glucose admini-

stration, The physiclogicsl conditions of the animale were

L]

controlied by administration of z constant diet during per-
icds peceding observation, snd by comparing the response of
the ssme animal to repeated injections, They used an admini-

stration rate of 4 grams per kilogram per hour to test the
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sugar-handiing mechanism of supra-tolerant doses, The in-
jection periocd was twe to four hours.
They found that the response of a given animsl to

T

{l

peated injections is quite uniform., They find the szme

blocd sugar varistions as raported heretofore, and find zbout

80% of the injected sugar appesred in the urine, Heat pro-
duction is 1ncr,wsa& about B5C% during the injection and this
rapidly subsidas to preliminary value aftsr injection is

terminated, The respirstory quotient becomes higher, indi-

ng predominant glucose combustion, There is a slight

Q
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decline in plasms pH and carbon dioxide content which sppar-
ently bears no relation to the pH of the injected fluid,
There 1s a slight rise in bedy temperature sssocliated with
the injection period, Barbour has Teported that glucose by
mouth reduces the tempersture, Undoubtedly there is some
reduction after the injection is stopped dus to the loss of

hest through the extra water excreted by the kidneys,

<TJ

Bollman (1885) states that besides the stimulation

cf excretion of urine, other vital processes msy be stimul-
ated by thls exchange of water and slterstion of the concen-
tration of the many chemicsl substsnces within the cell, As
evidence of this stimulstion he cites the spparent incresse

in the production or liberation of insulin following the ad-

ministration of glucose, since the sugar content of the blood

decresses below its former level soon zfter the excess glu-

cose 1s disposed of; and since s second injection of glucose

R
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This suthor also adequately reviews the value of
glucose as & food, Glucose slters the nature of metsbolisnm,
the respiratory guotient being increased towsrd unity, which

indicates s greater uvtilization of carbohydrate in the body

s=nd = lessened destruction of protein and fzt, Perhaps this

gose is well known., This =zilows léss tissue destruction and

@]
O
-l
<
e
44
* '-\'
ﬁB'
=
ey
W
o]
5
ja]
od
*
I

the simultansous oxidation of glucose, and
insufficient oxidation of glucoss results in ths accumulsation

TR oy oo 4 T s o 3 . . Ty g T S , - Yoh Vel
of fatty acid Trasiduss snd scestone bodies with resultsnt acid-

venous injections of smsell smounts of gluCose. ¢ found in
hypertension patients a widening of the previously nsrrow

lumzn and batder circulstion, which was parsilel with the

Wichels (1%25) mzde similar observations azs did
Weili, He zlsc found = decrezsse of about 3,000 white blood

cslls per cubic mm, The absolute lymph count did not change
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except with previous lymphocytosis, He slso made the obser-
vation that if strips of surviving intestine from guines pigs

sddition of serum %o the
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fluid in which they were suspended, snd then C.1% of glucose

gased, Thus an sction of
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eglaxation on smooth muscle seems esteblished, This may ex-

plain the widening of the asrterioles and the reduced blood

pressure in hypertension patisents, As stated before, Wood-
yatt found there was s lowering of blood pressure in shock,
but that the pulse amplitude was incressed, Perhsaps this

action of relsxing the tonus of smooth muscle as described

sbove would sccount for this reaction, It is just a possi-

L

5

bility which might be considered.

Jacono (1824) experimented with agglutination in

e

vitro of bacteris suspended in glucose mensirus, He found‘
that the sers of normal individuale would sgglutinate bact-
eris if in a glucose medium, but ﬁ@uld not do o in physiocl-
or in hypertonic saline solution in distilled
water, He also found that rabbits inoculated with emulsion
of bactsris in serum containing gluccse produced agglutinins
n similsar manner to rabbits inoculsted with bacteria emulsi-
fied in physiological serum; =znd the former selution revesied
marked indications of a minor dsgree of toxiciiy. From this
and & larger mass of evidence he concludes finslly that solu-
tions containing glucose, when smployed as a vehicle for vac-

cines, not only diminish toxicity of bacteria but promote

and increass production of defensive antibodies like agglu-
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tinins., Thus, perhaps there is =sn asction of glucose that in-

@

creasss the protective power of the blood against infection,
In the Blumer edition of Forchheimer's Therspsutics
(1832) is mentioned the =ction of intravenous glucose on the

human electrocardiocpgram, but the experimental basis from which

(55

their conclusicns asre reachel, is not given, They state tha
therse 1s a prolongation of the A-V conduction time, slight

changee in *the R wave, the sppearance of § and § waves if

they were previously sbsent, and s shift in the position of

the T wave, The sgignificance of these changes was not dis-
cussed,

The forsgeing is an attempt to tabulate most of
the physiologicsl sffscts of glucose injected into the vain;

1

1. The bleood sugsy increases and 1f the injection i

continued, it returns to normal or slightly below

in sbout 80 minuts

o
m

2. The tolerance limit (msximum rate of injection with-
out glycosuriz) is between 0,8 to 0.9 grams per kilo-
gram per hour,

3. The glucose replenishes the

5. The respiratory cuotlent approsches unity, indics

@

1

ing incrsased carbohydrate metabolism, with conseguent
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SYSTEMIC DEACTIONS FOLLOWING TNTRAVENQUS GLUCOSE INJECTIONS

the occurrences of systemic "resctions" coming on shortly
" . : o - o b g s - = - "
sftar the injections, There has teen considsrasble speculs-

ticn as 10 ths cause of thess Teasctlons snd various methods
of procedure have besn sdopted in zn effort to avoid them,
neYtinent ¢ the

x

, giving the opinionsg of vsricus suthors ss $0 the
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causs, snd means of preventing the reactions, Glucose, in
is non-toxic =ze is obviocus since it exists in the

i

bleod in the same form in which it ie Injected., Comsequently,
h

in the purity of the gluvcose, the method of asdministration

It is interesting to note that some of the earlisst

1 hundred

W
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er

4o

exparimental workers in this country gave s
injections of glucose of different concentrations and st
different rates to animsls and men without resctions. It is
to the work of Woodystt, Wilder, Ssnsum and Erlanger from

I refer, Becsuse their work was experi-
, they contrelled the factors that preduce resctions

much more carefully than would the sverage cliniciszn., That

x

&
is, they controllsed the purity of the solution, ths ra

ot

& of
injection and other factors with mathematical exsctness, so
that their results could be taken as fact, which is one of

the aims of all experimental work,
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Litchfield (1918) stated that he believed the reac-
tions following zlucose injections into the blcood stresm were

srtefacts to be aveided, In his work on pneumoniz patients

he had & few resctions, but without any serious resulis,
He zlludes to the similsriry of the reaction fo that produced

&7

by the use of foreign protein in srthritis, He cltes = Case

-

with extresordinsrily high tempersiure following glucose intra-
g &

Venousiy:

"4 boy, zged 128, who had been desperately 1il for

5%

days with leobar pneumonis with a temperature of 105,3

seversl

F,, after rece1v1nh 300 cc, of glucose scolution had & sesvere

chill of ten minutes' duration and a rise to 108.,4 F,, fol-
lowed by & drop to 28F, in ten hours, Two days later his

temperature had risen fto 104,85 F,, when he received 300 cc.

-

f glucose, which was followsd by 2 chill with & rise to 107.5

.

F., dropping to normsl in about six hours,

iy

followsd by = mod-

o0

te

y

riss for twenty-four hours =nd =n uneventful conveles-
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cence," The author states thet 1t was his geners

140

condition,

and not his temperature, thsat indicsfted the uss of glucose,

He makes no suggestions as to the cause or resction in this
case,

Williams snd Swett (1828) believed that many of the

reschtions I

>

lowing glucose injections were due to the acid-

ity of the sol

. Acid solutions in smsll amounts may be
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cted into ths blocd with impunity, because of the guick
zction of the buffers in the blood =and the smsll =mount in-

C.a.

ected., But they say that when =a solution with =zn abnormal
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hydrogen ion concantration is injectsd intravenousiy in greater
smoun®t thsn the dlood can buffer, or at a rate in excess of

the capacity of the bleed fo nesutralize it, then reactions or
death may occcur, They tsgted the pH of stock glucoese solu-
tions and found most of them to be strongly acid, They be-
lJieve thst solutions with a pH below 6,0 are likely to prod-

uce reactions, and those below 5.5 must be regarded as quite

toxic when wiven at = rate or in sn amount in exCess of the
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They =adsc found that the scidity of the sclutions

was markelly incressed after bolling, autoclaving or standing

Stoddard (1%284) does not agree with the sbove workers
in believing that the =acidity of the scluticns could cause
reactions, He draws sbttention to the esxtremely smsll smount
of acidity of a glucose sclution with = pH of 4.4 ss wes men-
tioned by Williams =nd Swett and that it reguired sn infini-
tesimsl amount of =lkeli to bring it to a pH of 7 or neutrality.
He bvslisves that ths buffer substances ¢f the hleod are more
than able %o take care of this small amount of acidity. His
argument is as follows:  ‘“hessuming the relisbility of the

zvidencs that the zcid solut

ot

on i

in

toxic and the sclution

buffered by phosphate is non-toxic, we can only surmise a
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detoxicating effect of the phosphate in an obscure manner on
an unknown decomposition product of the glucose, neither the
toxicity nor its absence probably caused by the variastion in
the hydrogsn ion concentration or in the total amount of acid,
but only varying wiith the acidity changes; or else s hitherto
unknown effect of acidity on blood to produce a toxic effsct."
However, he admits the valus of the findings of Williams sznd

Swett, as he reports that since the addition of buffer salts

to glucose solutions in the Massachusetts General Hospitsal
54l resctions from its injection immediately stopped, He

znce but the explanation of which is unknown., He alsc warns
that the buffer sholld be =added to the soiution Jjust belore
injsction, because glucose bresks down more quickly in alk-
sdine or neutrsl solutions than it dees in an =scid solution.
Matas (1925) in describing = technic of intravenous
glucose administration by the drip method, more lightly con-
gsiders ths reschtions, He says that they do nct seriousiy en-
graven the prognosis, He does not know the causes of the
resctions, and mskss no suggestions, However, he does nct
believe tham to be dus to the tem

cerature of the solution,

¢n materials in the apparatus, or the

wae one of
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the first men to develep the use of intravenocus glucose ther-—

G

apy in the toxemias of pregnancy and his large experience with
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the injsctions wilil lend some welght to his srgumenis, He

e

sys that the treatment 1s used a great cdesl, but would prob-

if it were not for ithe resctions which

]
=
=
=0
F,!
fota
N
e
QJ
&
(s
2]
@

sbly be
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cceagionally follow such injescticns, From his wide exper-
kes the following ststement: "Without hesitation,
the bold statement may bs mads that rsactions aie‘gimeﬁt in-
varisbly dus to faulty technic sither of the preparation of

the glucose =zolution or its method of administration, Con-

5

sble,

1

sequently, reactions should be largely prevent
The causes these workers give for the resctions are

as follows: (1) The use of impure glucose, (3) its being

dissoived in something other than freshly distilled, uncon-

taminsted water, (3) Improper

the solution and the spparstus for
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toe cool or in too weak a solution, Th
Gossgs =nd Tschnic of administration of the glucose 88 advo-

i1l be reprodvced in the following secticn
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of ths intravsnous injection of glucose mzy be entirely due

Yo faudty technic in the preparation of the solution which in

a

c i*
!3

self is sntirely frse from any toxic effescts, Hs states
that a few years before his article was written, s number of
commercial brands of "pure" glucoss

~

= R . b o S S M rqa
7 LeW minutes after the intravencus injsctions of such small
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ht, In exparimsntal work, he always tests the glucose

o

vefore use, by injsction of 5 grams of the
luccss to be tasted for esach kilogram of boedy weight of the

test animal, If no reaction is c¢bserved in this znimsl, the

He describes the symptoms in animsls of the use of
these impure brands of glucose, The usual course begins with
vomiting a few minutes after injsction, The vemitus is usu-
=11y clear but may bscome bloody later, Accompanying this

a siow pulse snd = subnermal temperature, The respiration
tends to be slow and is freguently irregular, Thus most of

the symptoms are those cof shock., Later muscular twitchings

may be presant and incresse in extent and severity until gen-
arallzed convulsions occur, Ususlly & severe disrrhes occurs

which msy becoms ic, The snimal gradually

-

hemerrhsges, Bollman doss net attempt to

gxnlsin what isg in the

G&

s impure brands of glucese to produce
such a train of symptoms and death, This resction is differ-

ent than the ordinasry febrile resction, Further, he azscribes

the febrile reactions to the same csau wiich Titus and

Doedds (1827) conclude in their work.

kS

oXehr

P

Tal 1888) sl

O

0 mentions reasctions following glu-

¢

cese and rscommends the buffer solutions used by Stoddard (1924),

Palmer, Turner and Gibbs (19239)discuss the prepara-
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Flucose adminisetration

!'"19

tion and technic of They give =z ssat
of rules %o follow which is much like that of Titus and Dedds.
They bslisve that glucose solutions several days or several
weeks 0ld have been ussd and this ie, in their opinion, the
most important factor in the causation of reactions, They
state that the pH of these solutions is very low and probably
other changes have tsken place.

Robertson, Oliensis =nd Stein (1987) carried on
studies as fto causes and methods of prevention of such rezc-

tiong, They gave gluccse in cases of uremls and toxemis which

were advanced and of grave prognosis, They used concentra-

tions varying from 107 %o 80% =nd found that the mortsiity
was highest in those patients recelving the 105 solutions and
in

lowsst those reCelving the more highly concentratsed solu-

]

tions, From *thelr work they conclude that resctions or un-

towsrd results following the injection of intrgvencus glucose

are due %o the rapid rate of injection, the large velume of

fluid, distilled water =snd improper tempersture of solubtion,
They then psrfected a technic for the prepsrstion and admini-

stration of the ziucose, much likse that of Titus and Dodde

(1287),

s

d after using this on fourtesn patients before their

Jﬂ

prper was writiten, there were no more resctions,

@

isrk (1827) reports two deaths following injections

of 500 ce. and 475 cc, of 107 dextrose, one in & cardisc pa-

e

tient snd one in wtlent suffering from post-operative shock,
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These are rather large amounts snd the suthor reslizes this

and says that the use of dextrose solutions, even in the pres-
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ence of s failing myocardium, is quite routine today. He
states that the bad and posesibly fatal effect of the sxira
load fthrown rapidly on the heart is lost sight of in the at-
tempt o give the gaﬂlﬂnﬁ the required fluid or antiketogenic
substance, |

From the reports of Robertson et &i, and Clark, it
would sesm that hypertonic solutlons of less volume were ale-

s

isable unlesgs there is mark

3

! dehydration, The former state:

s
Ol

"We felt that ths concentratsd glucose injections of smadl

f their greater safety

-3

8]
iy

volume ware to be preferrsed beca

188

C

2a

iovascular system, and be-

i

in the presence of an impalred card
cause of the lessensd likelihood of rezctions.®
Yianasn (1830C) reports an interssting case of Treac-

tion following glucose injecilon, He mentions the work of

i

Seibert, who claimed that resctions gitv the intravenous use
of glucese golution are principally dus to the presence of

certszin substancs known as pyrogen, which is found to con-

taminate distilled water after it hss been allowed to stand

foer soms time, EChe advocates freshly distill water, Yiansn
zis0 mentions the work of Secard =and Leblsnc who report resac-

tions following the feulty distillation of the water., These
workers proved that weter distilled in certain copper, nickel
and zinc condensers has the property of dissolving these
metals, The use of water sc distilied would therefore give

rise to0 unpleassnt reactions, Ylsnsn's case-follows

e
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"E, G,, male, Filipino, 50 years old, married,
was =imitted to the Southern Islands Hospital on 11-7-27, with
the diagnosis of cirrhosis the liver with ascites. Para-
centesis was performed on the day of =dmission, snd 2,5 liters

of ysllowish fluid were withdrawn, after which the patient

felt much ralieved of the =bdominsl distantion., 0On ths sve-

-

severe hematemesls, as o result of which he developed symplioums

of shock, The treasiment recommended by Fisher for shock was

Yoy

follewed here, 500 cc, of a 10% saiuﬁian'cf glucose prepared
in the hospital pharmscy were injectsd intravenously by the

opsn msthod, One-half cc, of insulin U-30 waes injected hypo-
dermically fiftesn minutes after the beginning of the glucose

jection =nd snothar onse-hzlf cc, at the end, The glucose

oo A I s U PR S VAP B, PR | .3 P - e %y o e P - - §
solution was injectsd warm and slowliv g0 that ons hour and

£ }

developad & severe Tesgchion manifested by sharp chill, diffi-

, surrounds=d by hot water bags aznd given stimulants

nine sulphate and caffein-scdio-benzoates by hypo. The
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tion wass s

head nurse on duty in the hespits

yellow in colior, not clear and wa

The ordinary resction
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s carsmsalized ™
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snd some sweatin
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2dly occurring, This is an example of the use of contaminated

, =nd boiling the

solution too long, which cau-

832) shate that too rapid a

™

Titus and Dodds =and many othsrs

Tste may cauee a reaction, as Ti
have adrsady stated, In using *
that th 1 ;

Titus slso belisvad the

a8 = pressrvative in the ampoules
one compaﬁy
on anrmfcy and Chemistry statses
they recowmend that more work bs
sions be made, As s ruls the anm

drug firm

could csuse reschions

be drip method they state

& Tate should never be faster than two drops per sscond.

-

the crescl used

)

B
4]

at perhap
g of glucoss manufaciursd by
. The resport of the Council

that this may be true and

doene vefore definite conciu-




PRt

Al
o
.

THE SOLUTION AND TECHNIC OF ADMINISTRATION

A review of the development of the intravenous sdmine-
istration of dextrose to its present stage, shows s parallel

-

to the development of intravenous therspy generslly. Thus,

3

we witness step by step, first oral and rectsl, then hypoderm—

¥

oclysis, then finally the intravenous sdministration., In this
step, =lso, %e witnese first the injsction of lsrge volumes
of dilute solutions with frequent resctions, then the discard-
ing of the large volume of dilute sclutions with the sdoption
of the smeller volume of contrelled concentrated sclutions
te avoid resctions, except where large volume is imperative,

t was early shown by Woodyatt (1818) that the

upper limit of glucose utilization is reached when 0,2 to 0,9

k

2T Em

s
w

osr kilogram of body wsight per hour are injected. He

-
o et

¢

censidered that the normsl limit ranges possibly from €,3 to
0.5 grams of glucose per kilogram per hour, Where it is de-
sired to supply food and energy, or combst acidosis and tox-
emis, this rate of injection probably should not be sxceeded,
However, 1t is often not desired to overload the circulation

with large amount of fluid, so that hyperionic soluticns have

gradually come into favorable use, Vhere large zmounte of

fluide are nseded as after hemorrhage or vomiting, the weak-
er solutions are desirsble. The dosage for each patient is
an individual problem, but there sre certsin general princi-
pies which must be =adhered to, Of course, large smounts of
hypertonic solutions =sre necessary where great diuresis or

the relisf of local edems is desired,
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Litchfield (1818), was one of ths early users of
intravenous glucose therapy, and his work in pneumonisa is

notable, He states that his first sxperience with this

il

A

¥

treatment bsgan in 180¢, For geveral vears he used only an
isotonic sclution (5%), using it in =13 cases in which he
had previously resorted to salt sclutions, Since 1914, he
nas used more concentrated solutions with greater‘ané greater
fraqﬁancy snd with greater snd grester satisfsction, Buch

s clinical experisnce, even in the absence cof experimentsal
woTrk, must e heavily censidered in the decision as to what
scdution is to be used, At the time his paper was written
he was using 350 cc, of a 25% solutiocn, the csloric value of

which is

i
w

gily computed &3 1 Calorie per cc, He took asbout
ene hour to glve this *o the patient, He stated that the

slectric pump was not necessary outside the physiologic lab-

=
e
’.J.
b.z

oeratory, wh is & very practical consideration,

He stated st that time that any method for srsphen-
amine administration is satisfactory for gluccee solutions,
He also mentioned that distilled, sterile water is not nec-
essarily non-toxic, He stressed the use of & pure glucose,
sterilization by boiling or the autoclave, and the mainten-

f

e

h

anc
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O

temperasture of the solutien at 100 F, The latter
wze done by having the tube which was sattsched to the needle
run through s basin of hot water placed st the bedsidse, He
advised a hypodermic of morphine to control a delirious cr
hypersensitive patient, Since this paper by Litchfield was

written much experimsnial work has besn done on the dossage
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of glucose and the method of administration, but little has

been added to Litchfield's statements, even though wes 4C know

=t

more about the causes of resc

il";

ions safter intravenous inject-
Titus and Dodds (1927) in their work on the causes
of resctions which has been referred to heretofore, gave a
l1ist of rules to follow in the preparation snd administration
of glucose which I belisve it would be well to reproduce hers,
Because of thelr largs expérience, thelir advice can be advan-
tageously iQ&LQW&d, and other contributors have =dded littls:
1, Dosagse: The

for an sdult is 1 gm, per

i

kileogram of body weight, Less than this is s common

mistzke snd accounts for some dissppointments with

2., Glucoss: This should be chemically pure tDextrose,
U.S,P.%." will insure this,

3. Sclvent This sheould bs freshly, doubls distilled,
uncontaminabed water, snd not in salt =solution or
sodium bicarbonszte seiuticnkaa nas been variously
recommended, Filter five or six times, Many febrile
reactions are czused by the bacterial contamination
of the distilled wafer scting as a “pyrégen“.

4, Concentration of solution: 25% solution is the gen-
erally desirable stirength, Soue exﬁreﬁely unpleassnt
consequences have follewed in some instsnces, notably
in pneumonisa, when the vascular system has been rap-

idly overloaded by a large volume of weak glucose
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year with many of the same conclusions.

the harm that may

soluticen, It is, we believe,
to use a strongly hypertonic solution because its
hypertonicity sctually favers s more rapid interchange
betwesen the tissues and the blood stream, so that

toxins are diluted, edema lessened, and the sugar
seizged and stored more rapidly by the tissues, A
10% solution is probably the lower limit of safety.

Sterilization: The flasks should be stoppered with

gauze or cotton plugs and the top sealed with lead-
foil., ©Sterilize for one-half hour at 100 C,, on three

successive days, or in an sutoclave under 15 lbs,
pressure for 20 minutes,

Age of Solution: It is the opinion that the soluticn

can be used for seversl dsys or wesks afterwsrds with-

out untowsrd resulte if prepared in this way.

Ampoules: These, preparsed by many different drug

comp=nies, are usaful for small services or emergen-

cy work, but are more expensive when used for large

hould cccupy ssever-

al minutes, at the rate of 4 cc, per mirute, keeping

-

the solution at or slightly sbove body tempsrature

by means of s hot water bottls about the tubs or cother

simplie

&

device,

The same =suthors published snother articie the fol-
They again

come frem toc rapid injection ¢f the
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solution at too low degrees of temperature, In the majority

%

of hospitals, they say, it is seldom that more than 20 or 30
minutes is consumed in giving any injections, and these are

follewed invarisbly by the sppesrance of cqusntities of sugar

H
U

in the urine, It has been reasonably suggested that this may

-

n
f

1

-

“

be a serious sirszin on ihe gar threshold" of the patient

kidneys, The argument of interns and clinicians utilizing
such injections in their work to the effect that so time-
consuming a procsdure becomes unpractical may be & valid one
but does not alter the fact that these injactions must be
given no faster than this definite rate in order to have an
accursate doesage without loss through the kicdneys, They dee-
cribe a simple gpparsates for measuring the rate of flow,

It ie very common t¢ hear s me physician order the
intern to give the patient "some®" intravencus dexitreose, with
no definite instructions, If & drug is to be used, it should
be ussed rationally and scientificslly, Titue =and Lightbody

-

(1928) reported some of their investigations in sn attempt to
determine the thersgpsutic dose of dextrossz administered intra-
venously, They realize that individuzlizaiion of csases must
be done, but as an sverage they believe that 25% dextrose sol-
utions sesm fto bs best to use, In previous reporits they es-
tablished that 25 gms, of dsxtrose should be given in a time
not less than thirty minutes,

From their work they concluded that the therspeutic

intravenous dose of dextrose is 75 grams for =n sverage sized

adult, "Less than this will not give the maximum theTaspeutic
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gffect, =znd more than this is likely to produce a reaction
from overstimulation of the insulin-producing activity of

the patient's pancreas, OCrap
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extrose injesction
cunt, thus indicating that the msximum safe limit has been
Teached,"

They also belisve that single doses of glucose

ot

given from one to three times dasily are prefersble to pro-
longad injecticns for the s=me reason of the possibility of

excessive endogenous insulin production, They bring up the

possibility of the rsactions being due to hypoglycemis, caused

by prolonged overdosage with overstimulation of the pancreas,
Their conclusions are =s follows: "By sversging in one's
adult patients such variable factors ase body weight, indivi-
dual differences in pancrestic activity, variétions in nour-
ishment, snd previcug medication, it is possible to make sz
broad statement as to the average routine administration of
dextrose., The most beneficial resulte seem to follow the in-
travenous administration to an adult of 75 grams of dextrose
in a volume of 300 cc., during a period of 80 to 100 minutes,
It is suggested that the amount of dextrose thus administered
te a half-grown child should be one half, and to an infant,
one quarfter of the adult dose but that the same total length

o]

of time (S0 to 100 minutes) should be consumed for thess in-

e

stions of

1]

Jjections, Other concentr gelution or lesser amounts

may be ussd according to individual requir

{

mente but the sbove
repressnts safe and adequate averags standards of dextrose

dosage, "
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In asnother article by Titus (1830) he repeats many
of the above points, He sagain %mphﬁ izes the polint mentioned
by Bollman (1835) that slkzliss cmuse a rapid disintegration

of glucoss when heated, so that they should never bLs added

2
§ «J

o the sugar solution before sterilization, He alsc states

that for prolonged venoclysis the sclution should not be

Y

strongsr than 5%, but this injection may evem be continued for
days if the rate of injection is rsduced to one-third the max-
imum of Toodyatt,

Matas (1224) describes an apparatus for venoclysis,

-

using the drip method sco that the number of drops per minute

s

may ba counted, much 1lik

&4

the Murphy drip for rectald admin-
istragtion,

Truelsen (1924) givss = rsvisw of the amounts and
strength of sclution used up until the time his psper was
published, He states that from 100 to 300 caloriss can be

supplied with each dose without having to go through the ord-

Sprague =nd Camp (1933) favor the use of 50% glu-

cose¢ in the trezitment of csrdisc patients, It is one of

]

ot
o

the arguments against glucoss at the hypertonicity of the

9]

solution produces sn hydremic

iz

lethoras which by increasing
the blood volume may disturb the circulatory balsnce, How-
ever, they used injections of usually 5C to 100 cc, at a
time , =nd did not note pulmonary edema or similar phencmeénz
following the injections of the purified solution in this

amcunt, They report s case of a woman of 68 yesrs, with
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hypertension and srteriosclerceis and left bundle branch block
nisrsd the Massachusetts Gensrasl Hospital with severs
attacks of dyspnss GGS&ffing every night and resquiring mor-
shine, She rsceived ninetsen doses of 50% glucoss, all but
four consisting of 100 cc, each, After the second injection
the paroxysms of dyspnea stopped and whils under obssrvation
she slept without morphine, It is certsin in this case that

the hypertonic glucose 4id not produce circulstory embarrass-

Hunt, McCenn, Rowntree, Voegtlin, Eggleston (1827),
in a report on the status of intravenous therspy up to that
, largely review tn& precsutions and technic which must
og used in any type of injections intoc the vein, Each of the
precautions thay urge has been previously mentioned in this
pape These authors sre s speciszl committes appointed by

the Therspevtic Rssearch Committee of the Council on Pharmscy

=Y

s has been stated in the section on remctions,
Robertson, Oliensis and Stein (1827) prefer concentrated scl-
utlons, since they obtained lower mortslity rates on patients

with uremia and severe toxemis when using
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tions,
Palmer, Turner snd Gibb (1928) give a list of pre-
cautions much like those given by Titus and his co-workers

in the preparation and administration of the solution.

PD

Willems a=nd McNealy (1

-

128 ) experimented with a drop

of glucose of different concentrations %

O

gether with = drop
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of tlood mixed on & slids %0 note the effect on the red blood

e
e Y

cells, They found that a 5% sgueous solution of the glucose
ig the optimum concentration, and that strengiths below 3:% or
sbove 6% are harmful to the blood, However, sny amount or
gtrength of glucoss injected into the blood is rapidly diluted
or otherwise made isotonic, Still it must be granted thst
however small the quantity of foreign substance entering the
circulation as comparsd to the blood volume itself, there can
rzsult soms damsge to some of the blood cells, However, with
the great mass of clinical svidence as *to the efficacy of

concentrated sclutions, thess 5xperimen€s must be overicoked

except possibly in casss of grave =nsmis or emsciation,

preparing a dextrose solutions, He seals 10 gms. of chemi-
cally gure’dextresa in hermetically se=zled test tubes, Thess
are always Tready for use and should be boiled for three suc-
cessive days, Vhen ready for use he empties the contents of

oneé of these in 200 cc, of freshly distilled water, His ex-

ceriments on the pH of such solutions indicates that they are
5ll clese to pH 7,0 and are safe for use, He has experisnced

ne reactions following the use of such solutions,

For single small injections of 50 cc, or less s
syringe may be used, preferably with a 20 gmuge needle, For
larger amounts a graduatsd flask with rubber tubing attaching
it to the needle, using the gravity method, is the simplest,

The rate of injection can be calculated from the graduations
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on the flask, Dozens of types of apparatus have

cribed,

(Y]
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beern des-

and szch hospital has the apparstus necessary., The

individu=l user must use the ons most cenvenisnt te himself,

fa}

Ll

A Tew brief conclusions on resctions and technic

Febrile resctions following intravenous glucose zdmin-
istration are dus té faulty technic in prsparation

and administrstion,

Concentrated solutions sesem desirable, chiefly to

save cardisc embarrassment; and are necessgsal'y where
diuressis or the relief of generasl or local edema is
desired,

Weaker solutions should be used when large szmounts of

-t

fiuild are indicatszd

[
]

8 in cschexis or after severe

®
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The chief objection that must be answered relative

to intravenous injections of dextrose, is that the injsction

cf any substance dirsctly into the blood stream is nev

o

fed

T &
harmless procedure, T have hsard some of my clder teschers
say that there are many superfluous intravenocus injections
peing made at the pressent timal I have secen glucose gilven
into the vein when it could have been taken by meuth, with,
in my opinion, as beneficial results, This form of therapy
hze a large plsce in modern medicine, but should not be in-

knowledge of its physiolegic

ol

dulged in a% random, A theorough
principles and proper administration should put intravenous

1,

glucose therapy on z scisntific and rational basis.
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