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The v=lue of infusions has generally become well
accepted, but thelr effectiveness 1s often marred by un-
teward reactions which frequently occur at the nost in-
opportune times. There 1s a legitlmate and growlng fileld
for intravenous treatment, and tne indicatlons and con-
trailndications for it are becomning more sharply defined.
This form of treatment ls considered so important that
In the Mayo Clinic it 1s handled by a speclal committee
appointed to conslilder matters such as the advisibllity
of its use, the cholce of materials, the purity of drugs,
the adecguate dally supply of distilled water, and the
methods of preparation and adaministration.

Reactlons, as we know them, embody a varlable degree
of damage to the body physiologye. Typlcal pyrogenic re-
actlion consists of a rigor and a feeling of chill from
fifteen minutes to eight hours following injection.

There 1s = sharp rise in temperature and pulse rate fol-
lowed by profuse sweatling and a fall in temperature.

There may also be cyanosils, dlarrhesa, nocusea and voalting,
headache, albuanlnuria, collapse, and death. Even the
mildecst reactions are uncomfor:iable, and severe resctions
are always dangerous, especlally so in the case of a =sor

lous 1llness. Physlclans and surgeons agree that



of intrsvenous therapy, and owing to the fact tnst 2 con-
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oportion of patlients who recelve infusionc

are in =z dangerous condlition, 1t is not posclile to esti-

mate to what extent reactions may be an actual cause of
denthis These are tie rlexz L7t are inherent in the in-

troducticn of any Torelign substance into tue blood stream
1n which the integrity of & multinlicity of cheunical,
physlologlical, and physiochemicszl balances must be main-

tainsd as essential to 1life.



into 2 velin or under the skin of 7nan may cause a Tever,
As early ac 186%, Billrotn repcrted reactiocns in dogs.
Later, the numercus salt fevers and gsalvarcan fevers
were thought to be speeciflic typos untlil Techeelmann
pointed out that Lf salvarsan solution was carefully
prepared with freshly distilled water, nc reactlon oc-
curred. (1) At thi-t time, he peostulated that the rezct-
ion was not due to the salvarsan but to contaminstion
products of the solution. In 1309 and 110, German
papers assumed that the rescticn wasg due sclely to the
sait injected arnd not to the water in which 1t was dls-
solveds They further stated that lhs fever ls propor-
tionate in extent to the amouni of salt injected. How-
ever, in 1211, Hort anéd Penfold (2) found that distilled
ater would glve the sane reaction. They then studied
Necnselmann's paper whlch called attentlon to the fact

that the water was noct sterile aid admlitted that nlne-

b= ]

teen per cent of the casss ¢till showed reaction of
fever evern after the water was flltered and heated.
Experiments by Hort and Penfold proved the ineffective-
nese of filtration and centrifugaticn in removing the

fever producing properties of any sample of water which



hed been allowed to etand. Freshly distilled water,

nowever, did not zlve reactions. They were the firstA
to suggest that th fever produced by 1njectlons cf
water which had been allowed to stand was caused by
soluble producte, perhaps of bacterial origin, and was
not due directly to the bacteria as such or to the urn-
altered protein. In a further report in 1312, they de-
finitely Jjustified the non-existence of "salt fever,"

' etec. Several factors

"ferment fever," "sugar fever,'
remained undecided; what the fever producing substance
wae, where 1t came from, and how 1t developed. They
called 1t a pyrogenlec substance and suggested that 1t
was of bacterial origin.

The cauge of fehrlle resctions following intraven-
ous or subcutaneous fluide has been sought acssiduously,
and every possible agent has been suspected. In this
paper I shall attempt tc present those factors which
nave been wmost generally concldered.

Many writers have emphasized the 1importance of
slow introduction of solutions into velins, especlally
if they are hypertonic soluticns. Among the first to
discover thie were Palmer, Turner, and Gibb.(4) It hac

since been substantiated by Levvy,(E5) Titus 2rnd Dodde,

oy
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tion, and while they do not altorether agree on the ab-
solute speed which 1lg recommended, and whleh apoears o
differ somevhat wlth different soluticone, the trend
secems to be toward =dvising s speed not to exceed three
to five ce. per minute. Hyman ond Hireohfeld (3) af-
firm this with a gtartling report-- alnecst anythlng can

.

be introduced into the veins of a patlent 1f 1t 1le done

clowly enourgn. They manifest that even antigen may be

senceitized animal without
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production of annaphalactic cshock. On the other hand,
Florence Seibert (1) hee shown that the rate of injec-

tlon may be left entire the discretion of the clin
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ition. BShe tock sanples of pyrocenie weater and inject-

ed them into robhite--the fLotal injection beinc

3t there vags never a
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Septenber 18, 127¢ to Janu-~ry 1, 1276, lelegon experi-
mented 1n the hosrital division of the ledlcal Collere
inia where slix lnindred and eishit venselycsls were

civen., The ra2te of flow varled fromn two nundred 2vd Tl-
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Lty cece. to three thiousand cc. per honr. Tremendous a-
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mounts of fluild s iven unier ths cene conditlons produc-
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ed no chill, yet the following day under Llii? £ane Coli=

dltions and with the same type of fluld, a esmall zmount
slven slowly would cause an intence reaction. Thece cx
periaents have been confirmed Ly Rademaker,(1ll) Fantus,

ki

Seed, and Schlrmer,(12) Banks,(13) Talter,{1%4) and

others,

the temperature of the scluticn has a great deal to do
with the causgation of febrile rezctions. Little(ls)
statec that net fluids are a very comaon cause, since
thzy alter blood and tlssue with the llberation of fi-
btrin. He further indicates that cold flulde are safe
to use. Thils Yelng true, in additlon to thne fact tiat
the dellicate thermoneters uced falled to register ac-

curately, ne felt more secure 1in inslsting that the



4 . et b .

flack flald e at or slilgntly below body temperature--
K - -~ % - .1 : N o ~ -, 3 ) ooy =

preferabiy ninety-elsght degresz, Rademsxer,(1l) Banxs,

h] 3 :

definltely rules out thle facter. Talter, 2t Peter
™ ala gy T~ g g e A P R w7 Y 07 Y

Bent Briguag Hoopital, adslinistered one tnousand =oc.

guantities of ten per cent dextrose solutlon to patieats
at tewmperaturess ranging froa twant
centigrade with no untovard reactions. Nelscu (10) de-
nonstrated that sclution temperatures varyling froa
elgnty-five to one hundred and twentiy-two degrees Far-
‘enheit had no effect on his patlients.

The cquestion of the quantity of the fluid admini-
estzred at oo~ time hag been sugsested Ly a few with no
substantiations., Nelson {(12) and Banks (13) gave tre-
zeadous quantitles of the different soluticns ranging
from two hundred and fifty cc. to and above three thou-
sand cc. and elliminated this theory as belng a cause
of fever.

Walter,(1%) Banke,(13) Nelson,({10) and others have

D
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ished proof that the concentration of the solution,
whether Lt be JCextrose or gallne colutlion, has nc bear-
ing on the producticn of febrile re=actlons. Concentra-

tion of dextrose in physiclogleal guantities, ranging
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froa Lvo to twenty-flve pov cent, and solutlone of Jeox-
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cent were admninletered Lo pntlents with wo unfavoravic

It has beesn postuloted that luncoluble materlal i
the intravencus colutlione may be the cause ol pyrogenic
reactions. The Committee on iaintenance(l7) stresses
careful ellninsticon of all foreign material such as
shreds of filter paper, cotton fibers, etc. in the s0lu
tlons. Kyes and Strauser(13) have evidence that insol-
uble material of any kind when injectsd into the Dblood
ctream willl cauvcge florin deposits which are followed Uy
a chlll and rise in temperature. This factor has been
elimirnated by preoper filltration of all sclutions. How-
ever, reacticne are still occurring following thils pre-
caution,

Does the hydrogen lon concentration influence @he

results of intravenous therapy That tnls factor may »
1nf1uentia1 in the production of fever was emphasized Wy
Williams and Swett.{(13) They affirmed that if saline
and gluccee solutione more acid than ¢H 6.5 are injected
into the circulation at a rate or in an azount that tioe

blood cannot neutralize or buffer, reactions cnaracter-
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curred, They furthsr concluded thal stered, dlstill=d
water bezones nighily acld, and tnst L 1t ls used as a

N

solvent in the preparation of intravenous flulds, it

may produce a scluation with a much higher hydrogen lon
concentration than that of the body. Glucose solutlon
when boiled or autoclaved becomes highly acld, and
stock glucouse solutions used clinically are also nighly
aclid. The solutlonse may be easily corrected as to pH

1

[

o

by the addltion of buffer salts. These men spe o1 ly
state that obuffering of clucose and physiclogical sod-
ium chloride golutions prevent reacitlons. iellon,
Slazle, and Acree(?2)} in an article, "The Practlcal Ap-

it &
relate thot patients transfused

plicaticn of EBuffers,
with stock scluitlons of a pH 10.% had a severe resctlon
Later experimente in which neutralized solutions were
used brougnt forth nc reactlons. It was obvious, they
pelieved, that free alk2ll was present in the sanple of
a product marketed especlally for itransfusion work.
They concluded that all solutlons used intravenously

should be buffered properly before introductlon in orde

- b

to approach very nearly bloed pl. Derrow(2l) has re-



ported that zolutions of an alxaline pH reacted more
freauently than those of =zn acld pH, while Falk(22)
found that 2l1kaline colutions buffered to a low pH
5tl1ll gave reactions. Thls evldonce leads one o be-
lieve 1t was not the pH alone that caused the reactlon,
since alkaling impuritles may nhave been respconsible in
sone degree. However, by demonstrating that ncn-pyro-
genlc water with a pH range of 4.6 to 8.5 did not cause
reactlons, Selbert(1lé) carefully ruled out tals factor.
On the other hand, reactlion producing waters dld cause a
fever in any range of pH regardless of conditlons.
According to Seibert,(16) the German, Freund, in
1911, first suggested that hemolysis of the blood might
be the cause of fever., His theory has had many follow-
ers. One of them, Yamakami,(23) brought forth what he
consliders tc be good evidence of the exlstence of hemo-
lytic fever. He arrived at the conclusion that intra-
venous injections of sultable guantities of distilled
water give a typlcal fever, which he was satlsflied as
being due to hemolysis. In answer to this, Penfold and
Robertson,(24) after repeating his experiment with ela-
borate care in preparation of the solutions to insure

sterility and non-contamination, ascertained that no

=10~



fever resuited even wnen hemoslysls 1s well morked. In
addition, they state there 1s no relliable evlidence of
csinaple, pure hemclytic fever-- the fever of paroxyema
henogloblnuria being due to an unkown cause. Selbert,
(1) using great care and dellberation, aleo undertook
an eXxporlment on this phase of the problem, and her re-

~

uite are evidence in opposition to nemolysis as a cau

u
6

of fever, Therefore, henolysics may Le dlscounted as a
factor.

In order to present a2 conplete analysis of the
sltuation, one must coneider Lo what extent hypersensi-
tiveness or ianunity of the individual may enter into
the results. According to experiments conducted hy Sel-
bert,{(1}) it has been proved that the resistance of a
particular animal 1s not the determining factor in fever

5

production, but rather that the reactlone are dependent
upon the nature of the agent injected. It was also de-
monstrated that there was no incication of an 1lmmunizirg
or senslitizing effect, l.e., the reaction symptoms de-
pended on the water injected rather than upon tne nua-
ber of previous injections,

A fev authors, including Kyes and Strauser,(13)

feel that the patient's condition at the tine of veno-

-11-
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to this provabllity, they sugresi the shnortening of tue
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clotting Line of the patient through the prolonged use

of a tournicuet which incerrases the fibr
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untoward reculis contraindicates ihis ac a cause for re

ctions.

]

Specific ion effec some to ©e ine

fal
o
w
¥
D
(]
§-
D
<
®
jo N
@)
St

cause of febrile reactions followlng intravenous thera
py. The findings of fort and Penfold give evidence to
the fact thst sodium chloride solution up to twenty-fiwe
per cent concentraticn 4did not produce fever when made

7 distilled water., Selbert, alsc, hsas
srounds for rejecting the specific ion effect. Sodiun
chloride golutions in concentrations of 0.9%7, 37, and
107 caused no fever. Yor did solutions of anocniun
chloride, azonilun culphate, sodium hydroxide, scdiun
bicarbonate, and hydrochloric acid, provided they were
in concentrations used as solvents and amade up in frecsir
ly distillad water. iloreover, a buffor solution con-

taininge sodlurn, potzseiunm, calciunm, magnesium cnloride,

-

and phosphates in a pH about 6.2 pave no febvrile re-



actione. To further dlspense with thig tasory, 3elbert
11lustrated that, without a doubt, a prrosenlc subttsunce
ie not of a chz2racter or present in sufficient cuaunti-
tlez to be visible in a spectruan. Evidence for tnis
theory was Tound 1ln a negatlve spectroccople study of a
posltive reaction rproducing watcr,

Laboratory gases; carbon dilcxide, oxygen, hydrogen

ulphlide, 2nd nitric acid fumes were cuspected at one
time to be the cause of the development of pyrogenic
properties of water. These were studled by Selbert, but
no direct evidence was found for attrilbuting fever pro-
ducing preoperties to tnen.

Ey injecting water which had been standing in a
soft glass bottle for years, Selbert ruled out the
theory that glass dissolv~d in water could be a cauce
for reaction. Furtheraore, glasgs wool wag nlnced in
fresnly distilled water, and althourh scze Of the glass
went into s=olutlon as seen by the increase in pH, no re-
action occurred.

Nelson, (1)) Rademaker,(1ll) Fantus et 2ll,(12) and
Valter(31) ahve elininated the rubber tubing z2eg a direct

cause of pyrorenlc reaction, csince they adhere to the

-13-



belief thot protoin recidues in rubb-r tublng and need-

les may contain some pyroserie nubstonee whicin is

! ) 1 N . s s .

"leeched out" during the trarnefusion, and which nay be
(- ? v

completely ellninsted 1f ‘hecre narts of tae apparatus

3

Q

+

are tnorougnly cleansed prior Lo use.

auce of fever? The

(p]

Is a filteravle substance the
concluslion that water produced fever whether it was fil-
tered or not was arrived ot by Seibert.(l) She demon-
strated that although fever producing water was fllterad
through a clean Berkefeld candle, there was no altera-
tion in the reaction produced by the solution when in-
Jected., In other wordg, the fever producing substance
1s filterable.

St111 to be considered ls the water used in the
preparation of the solutlions. All waters do not cause
~ fever following injectlon, but 1t secems to be an un-
guestionable fact that tzp water drawn at certaln sea-
sons of the year; namely, January, February, June, and
Fovenber, always producel a fever. Distilled waters
taken from diverse tanks showed a variapllity in thls
respect. In studylns the bactericloagy of the waters,
Seibart(l) discovered that 1f woter ic Zept sterile fol-

lowing proper dictillation and preparation, it will not

~14-
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Becauce diate autoclaving prevents reacilons, 1t

ab e virus,
ty by inncculation of csterile pyrogen free watcr with 2

fever procducing Berliefeld fllitrate, wilch procedure did

L

-

not lead to tnie development of a pyroge.ic sclutlor

ct
1)

The cquestlon naturaliy arises ac to waether the -

gubstance 1s a bacterial-toxin. If this were itrue, tne

substance would be expected to be heat-lnablle--g fact
which was conflirmed. Since tne degrec of reactlon ce-
pendes ¢n the length of time heat 1z applied 1o lhe

solution, and einc= the (oxic cubsiance can e comzlcie-
ly destroyed by rcfluxing for seven hours, the toxic
substance in the pyrogenic water may be coapletely de-
stroyed by long, drastlc ne=ztlag.

All evidrnce sc far indleates that the pyrogen in

D

dicstilled water ig filteranle, heat-lablle, nou=-voli-

&)



tale, fev-r producing product, probably of bacterial
oririn., It Las been shown by Yelson,(10) Seibert,(1)
and otners that non-pjyrogenic wator 1f innoculatad

with undietilled pyrorenic water will become reaction
positive afier standing several days. Slnce immediate
autoclaving will prevent thils development, 1t follows
that growth of some type, which i1s an essentlal factor
in the development of toxicity, must be occurring in
and contaminsti.g the solution. Nelson,(12) in addition,
brougnt forth conclusive evidence which reduced the per
centage of chills very abruptly by chansing only one
factor in tne preparation of solutione. Improper dis- -
tillation together with possible contamination after
distillation may reassconably be inferred to have caused
the majority of chills. Consequently, a new still was
inetalled. In an effort to determine the time of con-
tamination, a series of one hundred and twenty hypo-
‘dermoclysis were fun. Hypodermoclysis was chosen for
these reasons; the type of reactlons was famillar,

and they were more constant t.ian those followlng veno-
clysis. Two different physiological salliue solutlons
were uesed; the first was the solutlion ordinarily sent

to the operating room, and the second, a speclal pre-

-17-
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thie thighe were cozpored both oujectively ald sucjec-

tively. It was a ctartling fact that iz ninet -three
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per cent of the casesg the tnlgh recelving the ordinary

1

solution showed local signe of inflammation with

1y

well-
ing, redness, tenderness, and heat; whereas, on the
cther leg no such phenona was ovident. Accordingly,

cultures were taken fron the bottle of water which was

standing in the operating roon, and the followlng orgar-
fems were found; Escherichla Coll, Escherichla Comnun-

lor, Baclllius Alcaligines Fzecales, Yonllla Albaznicans.
Algae hiad previcusly been ruled out by thne fact that
water taken froz ihe stlll was ncn-reactive while that
from the storage tank was reactive. Sunlight, which 1is
necegsary to the growth of algee, could not reach tue
water 1o the t=nks., Having the ilupresslion that these

and pogsibly cother bacterlia or thelr growth products

were the cause of chllls, experimenters felt tnat it



should be possible to produce pyrogzen by innoculation
of waters with pure culturcs of various bacteria, and
s0 detect whether or not one or more than oune type was
responsible. This wag done by Seibert(1l6) and substan-
tiated by Nelson(12), and 1t was found *that not all
bacterila produced pyrogen, but rather that it 1s a pro-
duct, of gpecific strains of bacteria. An example of
thelr thorough work 1s demonstrated by this experiment
in which the following teci:nlgue was used: one hun-
dred cc. flasks, after belng carefully washed and rins-
ed with freshly distilled water, were then partially
filled with water taken directly from the still and au-
toclaved 1lmmediately. These flasks were seeded with
the organism by removing a loopful of the growth from
the agor slant and washing 1t into the fl:sk. The
flaske were recapped and allowed to stand for various
periods of time, ranging from one to seven days, after
which they were agaln autoclaved and filtered. Not all
the flacks were seeded---some belng retalned as con-
trols. Before each solutlon was tested, sufficlent sod-
iumn chloride was added to a ten cc. cuantity of the wa-
ter to make 1t a physiologlcal sclutlion. These saunples

were Injected 1Into the ear velns of a rabblt, separate

-19-
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Seven day cultures in which grovtn wag

profuse. X-bdcil1uo Alcaligenes Faeoa

1g; ¥ and ¥'-lonillis Alblcans; S-Physi

lo-ie2l NaCL Solution (econtrol).
From thesce reproductions, one can see that intraovenous
adminietration of B. Aleczligenes Fsecalls solution al-
ways procuccd a fever, and that toth fonillia Albicans
andé normel caline solutions never produced a typilcal
febrile reosult. Nelson(l)) repeated thic exueriment in
numans and was able to illustrate that the same contam-
inated water causes chills and fever; whereupon, Hdort
and Penfold(Z%), in their paper, suggested Baclllus
Typhosis as a reactor. Banks, (13) following a complete

study using rabbits, found that all factors were exclud-

ed except the bacterlclogic one and added the Pseudo-

i
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monas Scissz and Pseudononas srece to the srowlanr list
of pyrocen producing bacteria. And Seibert(1l6) added
many other organisms to both divicione; naonely, the re-
actors and the non-reactors. She divided thea 1nto
four groups, the last of walch might be the cause of
terrific reactions that occasionally follow venoclysis,
and which may be referred to as "speed chock". In us-
ing common bacteriologiczl tests in regard to the cul-
tural growths, she found that all the positive reacting
bacterlia were slow growers and could be grouped as chro-
mogenlic and non-chromnogenic organiesms. These specific
bacteria all survived 1in distilled water, some for many
months, presunably upon the gases absorbed from the air
or upon thelr autolized predecesrors. Quoting fronm

Prescott and Winslow in their Elements of Water Bacter-

ioloey (1915), she says, "They, therefore, seem to fall
into the protropaic bacteria." Banks(13) alco differ-
entlated between the types of bacteria and their re-:c-
tions ULy comparing pyrogenlc water procured from chro-
mobacteria growths with pathogzenle(staph aures) and
non-pathogenic(B. Subtilis) organisme. He demonctrated
that the fever produced following introduction of the
pyrogenlc water was typical in that 1t was immedlate,

Sk
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and the fever usually returnsd to normal witnin two
nours; whille the pathogenic and non-pathogenic water,
as he used them, produced a much deleyed temperature
regponce ucually extendins to several nours. The re-
covery 1in thece latter cases was more graduzl and pro-
longed over a period of several hours; whereas, the
pyrogenic water treated anlimals were alert and active
in two hours. Therefore, it seems the specific proper-
ty of the chromobactefium 1g that of fever production.
Since B. Alcallgenes Faecalls produces almost identical
temperature graphs, such as those shown in Bank's paper,
there would seem to be no necescity to limit these re-
actions to the actlvity of one group of organisms. INel-
son, (10) also, demonctrates that thls organism will
cauce chillls in human beings.

What, then, leg the nature of this pyrogen? By a
process of elimination, 1t has been proved by many in-
vestligzators to be a soluble, filterable product of bac-
terlal origin. It 1s not essential for the pyrogen to
be in the form of intact bacteria since Berkefeld fil-
trates of potent water ellicit fever as well as unfil-
tered water. For this reason, pyrogen must be a chen~

lcal substance in colution, or a cclloldal aggregate of

D3



o size whiich will penetrate tie pores of a porcelialn
peforc, 1t 1les not living substance of
ig of undetectable clze, since innoculaticns of non-
fever producing waters with poctent flltered waters dld
not lead to the development of the fesred symptom cou-
plex following injection. It may be destroyed py heat,
put tnie 1s 2 lcag, tedious proceces and for practical
purposes 1t 1s of no concern. Bolling for six or seven
hours will produce non-reactive water, and aatoclaving,
Af sufficiently prolonged(from three to four hours) will
also destroy the Ifactor., However, the usual period of
sterilization, according to Nelson(10) will increace tie
zctivity of the solution. The substance is soluble in
water, and 1f a non-pyrogenlc water 1s placed in a flask
whilch, although nov dry and sterile, had foramerly coi-
tained some reactive water that was not thorougnly wasr-
«d out, the water willl cilseolve suffliclent pyrogenic
substance from the sides of the flask to becone potent.
Perhaps tiuls ls the reason thot tublng and venoclycsls
apparstus may occarlionally be the cause of recctlilons,

the Z2ry pyros nle substsnce belng pleked up as the solu-



tion passes through the =oi. LicClosky, Schrift, and
the agent 1le of a2 porticulate nature

withi o longrr order of marnitude than fiftybﬂillinl-
crens wut smaller thaa one micron. They find that the
substeznee ecnn be eliminaied from the water Dy special
filtrnation netihocds; Ll.e., with a two hundred second
Zsignondy filter., YNeverthelese, it will pasc through a

forty-two recond filter. Selbcrt(1l3) attempted to ctu-

o3

y the pyropen further by chenical anrlycis. Concentra

tlo thie was done by slow dilstilla-
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tion of emall =2aounts ol renmctive water using diminieh-
ed temperature and pressure., By thils metinod, she was

able to concantrate the substance 1o come degree and up~

cn tectin. its resctive power, discovered that the

height and length of the fever curve was scomewnust pro-
portional to the azmount of nmazteri=1 inlected., For in-

gtance, “1th smaller ancunts the curve flatten=d out,

Y3

&

akking 1t easy 1o determlane the ainitaun awzount of sue-
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tonce whicn would produce a reaction. After the solu-

tion ellcit & a mexiaum teaperaturs rlse, larer, ore

t

concentrated doses merely 1nereasscd the duration of tne
rise rather thoarn tne helpnt of the curve., Finding tant

ent Lo a 20..~
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ahe was able to concentrate the =-ctive =



actable substnnce wrns of bacteria’ oricin, the quecstion

arcse ac Lo whether the pyrogen was a protein or ot

~t

least 2 nltrogenous subetance. A4 mlcro-nitrogen method
of analysis wags devised, and by repetitlion 1t was

f-rnd that fever produc n- water contolined sligntly
more nitrogen thon non-rezctlng water.s Dy calculstion
the amcuut of nitrogen demonstrated by analysls was e-
gual to five hundred millionths gram of protein per cc.
of solution. This, of cource, wag auch too dellicate a

test for the Ninhydrine recction, and for thkis reasoa,

1t cannot be deflinitcly stated 2t the present tlae thot
the pyrocen 1s not a protoine More 2-llcate tests can

be devised before thic can be proved. Rademaker(ll) al-
20 arrived at the s=me ccncluclon as Selbert, but he
found a greater anount of combined nitrogen and organic
natter in pyrog-nic water. Ey distilling pyrogenic wa-
ter in a vacuum at three nundéred and fifty degrees cen-
tigrzde and using no trap Iin the still, the first frac-
tion wvas very toxlc. Potassilum permanganate soluticn

esplits the unknown subgstance by digestion 2t one nundred



208 five cegreeg centlgrnde, and 2 preclipltate of o

atinous, vislble materl-=l occurs witn

o
D
}..J

Lrownlilceh,
aaonie belne driven out.

This pyrogenic cubctance, allhousn not coavlete-
ly is0l-ted ~nd anclyzed, doec contaln nitrogen. From
a more practlcal standpoint, Carter,(27) in searching
for some tecst to measure tne presence of a pyrogen in
distililed water, suggested that cince there must be oxi-
diz=tle materlal in the soluticn, the U.8.P. test for
sucn substances could be used. This test,{U.S.P.X) di-
rects heating to boillng one hundred cc. of distlilled
woter, acldulating with ten cce. of diluted sulphuric a-
cid and treating with one-tenth ce. of tenth normal po-
taseium permangssnate solutlon. The color of the solu-
tion produced by the permanganste snould not dleszppesr
for ten aminutes following volling, providing there 1ie ro
ox1ldizatle ageterlal present. He indicated that tals
test could be adapted to measure pyrogen in water inten-
ded for veno-lysis. :any tests were made, and he found
that fresh, properly dletilled water will pass a much
more dellcate test. The method which he proposed seems

o intlmate tnat distilled water which does not dis-

~27-
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cherze the color 1o pyrocen free. n preparing the so-
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orlgingl censitivity was multiplied one hundred times,
it could fail to indlicote the presence of a pyrogenic
substance,

1t 1s not yet widely €nouch reallzed, the
causge of pyrexlal reactions following intravenous iunjeo-

tiong has been definitely established
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nany of the
tradition2l factors nave been proved to be of relative-
1y little imuportance. It appecrs that there are tut
two fundamental reculsites for a safe supply of water
sultable for venoclysig; namnely, an unlimited source of

freshly distilled water and some iLype of centralized

respon

€53

itility for tiae preparation of these solutions.



taills ut one ocutstondling factor--an adecuately equlpoad
and correctly opocrated dlstilling apparztus.  leleson(l))

V2 RE 3 3 - Ty E + ey oo 5 -] #
reduced the percentage of chills from twenty-elznt to

one and four tenths during whlech time thre only factor

!

under consideratlion whicii chenged was ine introduction
of a new stlll. PRademaker{22) hod almost identical re-
sulte when he changed the stilll 1n use. He had the

Barnstead Stlll and Sterilize

e

- Company deslrn 2 sultable
dilstilling apparatus whlch was of the ccntinuous distil-
ling type with a horizontal condcns=r. Lultiple baffle

plates were placed 1in the upper portion of the still ard

a smaller set in a2 vertlical vositicn wilithin three inches

thus losing the egproy. In additlon to thnis, the Sever-
inglisaue deconcentrater was attacned. It consisted of a
one fourth inch brass pipé introduced tnrough the bottom
of th~ still 2and attached to the waste plpe and alr vernt
by a valve. The tule riseg in z vertiecal position in
the center of the reservolr about one thnird of ite

heignt. The level of the water ils kept approximately



one half inch anove the open end of Lhe tube, and vwhen

“"Zl

the valve 1s open, the gurf the water lg constan-

o

ce of
tly in motlon toward its center, and it ie thls unotlon
which greatly dialualches the formation of sproy. T
increaced conceutratlon at the surface, anotiher cause
of spr=zy form~tlion, 1e¢ alco prevented by tile tube,

Rodemrker{1ll) stresses the imzortance of kecplng the

t111 slowly, (prevents excess foaming) 2. Distill for
fifteen minutes Into waste, (thls cleans out accunu-
lated products) 3. Deconcentrate with sufficient ra-
pidity, 4. Clean tne entire apparatus every six months
removing the boller scale and nitrogcenous productse. He
1s convinesd that failure tc observe any or all of these
porcautions will lead to poor results. Perizins(23)

uses the vertle: 1131, rsther than the horizont-

4
1 type st

&

{3

al, which 1c also ecuipped wilth a doible set of baffle

on Lo the horizontal trpe 1s =n alr

[

plates. Hlg object
pocket from which the distlillate may absorb diliterous
matter. These men ares sur- tnat thnere are mrny catls-
factory “lstilling sets on the markst, cepecially dou-

Lle and triple outfite with balflile plate szycst s, whklch

-7 )



are accept:ble but much more expensive. Tnhe autnors,
Lewisohn and Rosenthal(3)) inseist that triple distilled
water 1s indispensable in preventing the occurrence of
chills. Ifost experts feel tnat single distillation 1is
adequate. Amouno thazse we find Walter(Zl) and Eademnaker,
(11) =Eilser and Stiliman(?2) pcrceive that single dis-
tilled water can be used with safety 1n preparation of
intravenous solutlions if the necessary percautions are
taken; they conclude that triply distilled water 1is
"truly a fetish" in that it is "a material object reganr
ded with awe, 2s having mysterious powers residling 1in
iteeeceeand from which supernatural aild 1s to be expec-
ted." Only a few deny that tap water contains much
pyrogenic substance. Bleyer and Rohde, (33) using cnlor
inated clty water from the river, found that the guali-
ty of the raw water was unsultable, and even when tri-
ply dietilled, the routlne distiliation did not destroy
the cubstance which produced hyperexla. They had a spe-
cific problem, and on exprrlmentation, they found that
pyrogen could be broken down by hlgn pressure steam at
£0# pressure in the mailn. A unique mechanical device

by which condensed hlgh prescure steam could be employ-

-31-



ed for distilintion inctesd of i{ze ciliy water was ¢ h-
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in the beiler system Ly means of contliauous vacuurn seszl

titie methed 1ls inexpensive and can bte reconmended to
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taerwlise depend on pyrogen bearing raw
watrcr, All these men agree that snould 2o stllli becone
conteninated due to dismantling for repalrs ete., it
shiould be allowed to run for two hours in order to pro-
cure complete freedom of contaminntior.

Ve may agree now tnat singly dietilled water from
a still adequately edquipped with bafflee and traps or
with a reflexing condenser 1lg safe. Ve must, nowever,
have some way to Xsep the water cierlle and therefore
pyréﬁen free. This may be done safely by lanedlate au-
toclavins and storage. Neleon{1ld) says that no organ-
ism will ever be thie offender 1f Jdistilled water 1s ta-
ken from the still and immediately autoclaved. He 1s
sure that all storage tanks are contaninated by a vack

flow of alr when the still cools; thnerefore, 1t would

seem that stor gs tanks are unszafe, “Then they insti-



tuted in the iMassachusetts General Hospital a careful

regime =zutoeclavings the solution for fiftesn or twenty

)]

ninutes within t7o or three nours ofter it was made up,

Stoddard(34) avolded re

]

(@)

tions completely. Rademaker

o

(11) alcso found tunt th

o
6}

storage of distlilled water was
a great protlemn. He kept the water In 5 sterile tanxk
in which he could demonstrate no gross bacterial :rowti;
but in one weelik, the water contained a pyrogenic sub-
stance. On exanining the tank, the walls were covered
Uy a nltrogen contaminated materlial. KRepeated cleans-
ing failed to kesp the tank clean. In attempting to use
a five rsllon lascs tank, the same difflculiy was en-
countered, He then started a routine 1in which the dils-
tillate w=s collected in sterile rlass graduates and
imnediately made up into *the reculred solution. Del=y
of four to elgnint hours in sterilizaticn was found to
generate enough pyrogenic material to produce o reac-
tion. In this case, the source cf contamination and
point of troutle waos located by Carter's permanganate
teet.

Walter(31l) found that the sezlling of solutions

after belng made up was = problem, especlally 1f they



were to b autoclaved. He used a clean rubker bushlng
which fitted perfectly into the mouth of 2 flask con-
tainins the solutions. The skirt of the bushing was
turned down and a channeled sten stopper of steel was
inserted partially into 1t. The channel 1in this stem
provides for the escape of alr and steam durling steri-
lizatlion. The solutions are then put in an autoclave
and heated at two hundred znd fifty degrees Farenheilt
for fifteen after which the stean s cshut off and the
autoclave permitted to ccol to two hundred degrees Fa-
renheit before opening. In this way any concentration
of the solution caused DLy an outburst of steam ~hich
follows the sudden reduction of prescure 1s avolded.

As the flasks are removed, the steel stoppers are push-
ed in to compnlete the seal. Durlng cocling a partizl
vacuun 1s formed inside the flasks, and thls causes the
metallic click when the {lask l1ls Jarred--thus providing
an easy check on the sterility of the solution. Walter
finds that a cgolution prepared in this way may be stor-

ed indefinitely. A procesec of se=ll the solutlons

jas
]

with gauze, cotton, and wax which enzbled thien to be

Zept up to thirty days after sterllization was used by



and other annarstus vilen comes in contaet with any 1n-

has set up v ry strict rules for the washing of
ware, He ctipulates first waeshing the glass tuorcusnly
with tircture of green scsp and hot water follcwed by

a rinsing with top vater. MNext 1n secuence is the sub-
nergance of the glass in potassium bichromate-eulpnurle
acld clesning sclutlon, after wilch 1t 1le rinsed with
tap water fTour times and followed with siz rinees in
freeh distill=d water. If kept sterlle and used 1inside
of two hours, thls procedure meets regulrements. In
cleansing rubber tublng which h=c been deronstrated tc
cause reactinsng when pyreg-nic material was absorbed
from collection in the tubing, he uses ithe Stokes tech-
nigue, l.e., “he tubes are filled witii ten percent sod-
CuY nourg--then

lum hydroxide for twelvs to twenty-

washed in running water for tve hours and boilled iy die-

1\_,

tilled weter for one-half hour. 7Talter(3l) has = vory

einilar tecrnicue in cleausing tublrip 2nd plasswore.

He further su-rests 2 tethod Lo roas e

(3
L



£rom new rubber tublng, l.e., Ly trestins wit
cent sodium carbornate =oluatlon in ~n ~utoclave at two
nundred and FAfty dorrecec Farenhelt Tor Lhlrty zinutes.
The rubber is *he: rinsed with one percent hydrochloric
scid followed by ¢digtill-3d wao'er, lNeedles should be
clean~d by weehlng 1un uot, soapy water and rinsing iu
distilled water. Aftcr tnls preparation, the parts are
dried on 2 clesn, dust-free cheet with the ald of suc-
tion and then asrcembled. Needles are placed in a cgter-
ile tube plugred wilth cotton. Thils equipment should be
arranged in a clean pan, wrapped with a Jdouble thickness
of muclin, and autoclaved at t7o hundred and fifty de-
grees Farenhelt for fifteen minutes. hey are then con
sidered safe for ten days. Banks(l?) makes the proced-
ure conslderalbly more ciaple. He fcoels that since pyro-
gen is water coluble, flasks and other apparatus may be
freced of offending substance by frequent wocshling with
pyrogen fre= wuater.

It appears thnot in order to prevent reactions fronm
infuelons, the proper approacin to sterllization, prepara-
tion of materiale, solutions, etc., alnost requlres a

special depzrtment in hocplitals. Falk(3S) suggests
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d surity. From an zsonomlenl standpoint, Talter(if)
— q v % - £ 4 ~
studled the advantog of tocepitol vreporations over

taose of comnerclasl zolutione ond found *thot 1f there

Although the cause of pyrogen rsacilon ls known,

At expencive proced-

e

1t 18 a very elavorate 2nd somew
te

ure to ellmina That should the general practitione

or small hoeplit-ol who do not have all tne fucillitle
and yet have need for laorge quantlties of flulds which

=~

are not accescavle from commercisl [houses ¢o? In a

muclhh neglected paper “ritten by Lees and Levvy(37) and
nubllshed in the EBrltish dedical Journal, the solutlon

to thelr problean 1s apparent. These men found it pos-

elble to remove pyrogeus from large cuantitier of water

by forcing 1t under pressure throuri a bed of powdered
charcoal; trus makling use of the zo-called automatlc
pyrogen renoving fliter. TFrom further experimentation,

1t develops that strongly pyrogenlce water or solutions
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may be absuliutely Treed from the resctive =ue

for » few mninutes
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choreosl. Tnils guantity of charcesal can read

b

soved Ly allowing the liculd to stsnd for 2 x
two and then Zeerntings through o fluted filte
into & eclean, sterlie recelv ng vescel whleh
rinsed out wilth a little of the filtrate befo
lecting the remainder. This metnod 1g of gre
tznce and very inexpensive. In present tiaes
218 military criesis, an emergency could arlse
manded very large cuantlties of intravenocus ¢
If properly carried cut, the =2bhove procedure
remove guickly all pyrogenilc material from ta
any unsgsatisfactory distill=d water, Even tno
the moot priaitlve laboratory Zaclilltles are
1t is within the reach of everyone.

In suamary one nmay conclude thaoti certal
thought to Le influential in producing a reac
lowing venoclysls are eliminated, and that th
produclng materisl, designated as a pyrogen,

guct of specific bacterisa which contaninates

*

-7 -

nt by tie

sltn a

i1y be re-
inute or
r paper
hre been
re col-
2t lapor-
of civil
whlch de-
olutions.
is s2ld to
water or
ugh only

avallactle,

n factor

m

is a8 pro-

the water.



1

b’ 2 T oes 3 o 4 Y e PN ey oy i S - -~
Chemically, 1t ieg =2 water ooluble, hect-lablle, concen-

4

tratable, nlirogenous substance oxidlzed Ly potassiun

e e e e NGRS S, i~ - SO - o 1y
permonganate, of a particulate nature, and fllterauvls

N . Y =T e . LI S e ST . v Y
parztue, preferably a stlll eculpoed wlth a baftle plate

e

@

spray catchner, Lf it is lanedlately sterillized and abeo-
lutely sesleds Preeautions in all phnases of'preparstion
of solutions muet be accurate aud cazreful. A method for
preparation of sultable solutlons 1ls proposed whilch aay
become a very valuable procedure 1 =n emergency.
However, 1f 1Intravenous iajectlons are to aaintaln
thelr rightful place in therapeutics, 1t is essential
12t thelr development snall proceed dellberotely slong
sclentifiec lines in the laovoratories of pharmccolosny,
physiolory, and blo-chenistry, and in properly eqgulpped
nospltals. In the paet, many agentes have been injected

vzard, emplilric, and irrs

bring tiis tyne of therapy into dlsrepute, and much

L

value will pe lost thereby.
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