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PREFACE

In this monosraph I have attempted a survey of the
literature pertaining tc all of the drugs which have
been used by the intravenous route, for the production
of anesthesia. Some of the drugs represent old and out-
moded methods, while others represent the newest and the
most recent discoveries resulting from the endless search
for a perfect anesthetic agént. However, for the sake of
completeness, each drug will be discussed as fully as the
time permits, with &s few as possible remarks concerning
the efficacy or inefficacy of that particular method as
comnared to methods of administration other than intra-

venous administration,
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INTRODUCTION

The field of intravenous anesthesia has been, from
the beginning, and still is, one of the most bitterly
contested points in medicul literature. It presents re-
nown scilentists championing its cause, and hosts of equal-
1y brilliant men who denounce it with sincerity. It is
the purpose of this paper to only give the oninions, both
pro and con, upon this controversial subject, and not to
endeavor to decide the issue. The bitter ficht between
those advocating the inhalation route, and those upholding
the intravenous methods, will be given in a fair and im-
partial attitude by the writer, and if a verdict is to be
rendered in favor of either, it is left to the reader's
discretion to do so.

I am including a brief chapter on the history, describ-
ing the evolution of anesthesia, in genersl, in order to
more clearly and logically show the reader the preliminary
step by step progress that science has undergone in its
search for the perfect anesthesia,- the utopia of anesthet-
ists, Intravenous tnesthesia, as other anesthesia, has its
good and bad points, and a definite place in anesthesia.
Perhaps it is best to place its choice with the surgeon.
That evidence which gives the surceon the most peace of
mind, knowing his patient's condition as he should, will

decide its apnlicability in each instance.
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HISTORY

"And the Lord God caused a deep sleep to fall upon
Adam, and he slept; and He took one of his ribs and clos-
ed up the flesh instead thereof"., It has been claimed that
in the "deep sleep" which the Creator "caused to fall upon
Ads=m", is the germ of the idea of anesthesia that has come
down to us from the dim ages of the past., It is probable
that primitive man used digital compression of the carotid
arteries to produce anesthesia, as the inhabitants of some
countries do today. This method was practiced by the race
of Assyrians before performing the overation of circumcis-
lon. Curiously too, the literal translation of the Greek
and Russian terms for the carotid is "the artery of sleep".
(108)

The ancient Egyptians are believed to have used Indian
hemp and the juice of the voppy to cause a patient to be-
come drowsy before a surgical operation. Pliny (108) re-
lates, that they avplied to painful wounds a species of
rock brought from Memphis, which was powdered and moisten-
ed with sour wine, This is the first record of locsl an-
esthesla with carbonic gas. It is probable that the "wine
mingled with myrrh", which, according to St. Mark, was
offered to Christ before he was nailed upon the cross, was
indeed a narcotic draught, given with the object of lessen-
ing his sensibility to the agony that was forth-coming from

his persecutors.




The earliest reference to anesthesia br inhalation
is contained in the works of Herodatus, who states that
the Scythians were accustomed to produce intoxication by
inhaling the vapor of a certain kind of hemp which they
threw upon the fire. This was probably cannabis indicus,
or Indian hemp.

During the fifteenth century, several new drugs had
been introduced and used as an inhalstion, in mixed form,
The following is the composition of the sleeping sponge,
and the method used. "Take of onium, of the juice of the
forest mulberry, of the seeds of lettuce, of the seeds of
dock, which has large round apples, and of the water-hem-
lock, each an ounce. Mix all these in a vessel, and then
place it in a new sponge; let the whole boil until the
sponge consumes 1t all, Place the sponge in hot water for
an hour and let it be applied to the nostrils of him who
is to fall asleep". The sleep produced was so profound
it often continued for several days. (108)

Local anesthesia was not unknown during the middle
ages, =nd Cardow recommends the inunction of & mixture
consisting of opium, celandini, together with oils. Now
crushed seeds of poppy and henbane were applied as a
plaster to parts about to be cauterized, Local anesthesia
was also produced by freezing., During the seventeenth
and eighteenth centuries the interest in anesthesia began
to wane and few allusions are made to it until late in the

eishteenth century. Thus, from the dawn of creation, an




anesthesia for surgical operations had been practiced to
some extent, but, owing to the uncertainty of *the potency
and action of the powerful narcotics and palliatives ad-
ministered and the danser attending their use when exact
science was unknown, the vractice seemed likely to fall
into oblivion, At last a series of brilliant discoveries
in chemistry created a new epoch in the history of anesth-
esia,

The chemical era of anesthesia brought about the dis-
coveries of Priestley about 1767, These led up to the plan
of administering gases and vapors of definite cormccition
through the lungs. In course of time, nitrous oxidus, wnich
had been discovered by Priestley in 1776, was introduced by
Humphery Davy as an inhalant, and he discovered to his great
delight that i1t relieved pain. About this time, Professor
Thompson of Glasgow was accustomed to amuse his students
anmually by allowing them to inhale ether and nitrous oxide
until they were intoxicated., It is an extraordinary fact
that, even in the face of such experiments, no one among
the investigators who stood at this time on the brink of so
great a discovery ventured over the threshold., The things
that are the most avpparent may be the longest buried, and
so with the discovery of efficient anesthesia, (109)

In 1844, however, Dr, Colton, a pupil under Turner of
London, delivered a lecture at Hartford, Connecticut. Some
demonstrations for the amusement of the audience were done.

Dr., Wells who was in the audience induced a Dr, Riggs to be



the operator and extract a tooth while under the influence
of the nitrous oxide. This was done and, as Wells stated,
without pain. Wells then demonstrated its use several
succeeding times. He was asked to address a class at the
Massachusetts General Hosnital, at which time his exper-
iment was not successful, and the whole thing was denounc-
ed as humbug. He became disappointed, his death occuring
dve to this, at thirty-two. To Wells, however, belongs the
credit for heving first shown the practicability of produc-
ing insensibility bv the use of nitrous oxide and estab-
lishing the principle of anesthesia,

In 1828, Farazday had called attention to the anesth-
etic properties of ether. 1In 1839, Clarke and Morton be-
gan amusing their friends by the use of ether, just as

nitrous oxide was first used. Morton began studving the

more serious side of the unconsciousness brought on by ether,

end finding his conclusions similar to those of Wells, he
had the opportunity to use ether on several extractions.
These proved to be very successful and he obtained permiss-
ionto test his new anesthetic on a surgicael patient at the
Massachusetts General Hospital. The operation was a big
success and soon after (1846) a meetins was held in Boston
to decide on a name for the "sleep producing” substance.
NMorton himself chose the name "letheon", but subsequently
Dr., Oliver Wendell Holmes suggested "anesthesia" for the
condition, and the word "anesthetic" for the agent., These

were immediately taken up by the profession and laity.

Se



Chloroform as a substance hzd been known for some time.
It also passed through a series of more or less amusing ex-
periments, before Waldie and Simpson became aware of its
practical uses, In 1847, Simpson first used chloroform an-
esthesia with success and reported the szme to the Medico-
Chrurgical Society of Edinburgh. The advent of chloroform
gave an impetus to other investigators, and during the last
fifty years such acents as ethyl chloride, ethyl bromide,
ethylene, amylene, all of the barbiturates, and others have
been produced, many of which have been abandoned because of
some defect or the other,

The induction of general anssthesia hy the intraven-
ous injection of drugs was first effected in man in 1872
by Ore; the drug employed was chloral, fifty-three cases
were reported, in fifty-one of which satisfactory results
were obtained,(77) PFurther experience however, proved
that the procedure was not without danger and the method
does not seem to have been further developed until 1909,

In that year Burkhardt published his application of the
principle, using solutions of chloroform first, and then
later, solutions of ether,

In 1910, Professor Federoff, of St. Petersburg,
suggested the intravenous administration of hedonal. (77)
Then, one by one, ether, hedonal, paraldehvde , and the
so numerous barbiturates sprung into prominence, each in
turn.occupying the attention of those inflammed with the

ides of finding & perfect intravenous anesthetic. The
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literature concerning the history of this search is far too
vast to consider at this time, and will be taken up under

each individual discussion of the separate drugs.



INTRAVENOUS ROUTE IN GENERAL

Five to ten years ago, some men felt that most of the
0ld, time honored anesthetic agents were to be discarded,
and to be replaced bv certain widely proclaimed new anesth-
etics and that the long established inhaslation route for
general anesthesia was to be but 1little used and that the
intravenous route would supplant the pulmonary way. A re-
view of the literature on anesthesia, a consideration of
the reports of anesthetists and their evaluation of the
experiences with some of the recently introduced anesthet-
ics and methods, compels one to feel that there is no ideal
anesthetic nor perfect method, that there is no possibility
at present of discarding either o0ld anestheties nor old
methods, and that each anesthetic and method, whether old
or new, has its definite indications as well as its equally
definite contra-indications, According to M. Babcock, (81)
the wrangle over intravenous anesthesia versus inhalation
anesthesia is a most unnecessary thing, because there is a
definite time and vlace for both in the field of anesthesia,

Felix Rood, (76) is one of the more pronounced champ-
ions of the intravenous cause, and states that excellent
though administration of anesthetics bv inhalation are,
there are certain inherent defects in any method of admin-
istration through the respiratory tract. Although in most
cases the results obtained by inhalation -are good, cases

very frequently do arise in which the objections to this



method =re of wverv great importance, An attempt may, per-
hans, be made here to enumerate some of the more commonly
steoted difficulties suggested by those opposed to the in-
hrlation route, In the first place, one is limited to the
use of highly volatile substances, #nd it is probable that
if solubility rather than volatility is the physical factor
required, the number of available drugs may be greatly in-
creased, Rood, (76) contends thst the respirstory method
must always in essence, be indirect, The anesthetic is
absorbed from the vapor introduced into the ailr psssages,

so that the dose actually entering the blood is rendered
veriable by the variability with which it enters the chest,
being subject to all of the accidents of laryngeal spasm,
resniratory spasm, and of veriations ‘n the depth and energy
of respiration., Another azrgument common among the support-
ers of the intravenous route is that the exposure of a very
1. roe surface of the respiratory tract to an irriteting gas
must be regarded as a disadvantace and danger, This seems
quite logical, because most of us have at some time inhaled
a strong breath of ether, and found it quite irritating,

snd it seems reasonable that such a vanor used in a long
anesthesia might at times lesd to serious comnlicrtions,

In operations upon the mouth, jsws, or pharynx, the difficult-
ies of the svrseon =re much increased by his having to share
the field of operation with the cn=sthetist, It is clear,

I believe, from the vsrious articles, thet if the direct

sdministration of the anesthetic by the blood can be safely
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effected, it does dispose of all of these difficulties in
the use of inhalation drugs, and leaves the way veryv open
for the intravenous route.

It is sometimes a little difficult to see the relat-
ive uses and disadvantages of a new medical or surgical
method in their true perspective; and it seems that one
of the most important questions connected with the subject
is & careful considersztion of the indications for the em-
vloyment of the intravenous method of ~nesthesia. Perhaps
it would be well to enumerate the collective advantages
promulgated by the advocates of the intravenous route, (1)
Absences of deleterious after-effects both gastriec and
pulmonsry. (2) Introduction of a quantity of saline fluid
by means of which shock may either be combatted or prevent-
ed, (3) Absence of pulmonary irritation. (4) In certsin
cases the separation of the spheres of activity of the surg-
eon and anesthetist, Polints two &nd four, to me are quite
plausible arguments, but the others are not as baldly con-
vinecing, and need more proof to back them up.

Infusion anesthesia is by far the more complicated of
the two methods, (77) This says Page, accounts for its more
limited use,

Bernhard Friedlaender, (67) attacks the problem of the
deleterious effects of anesthetics from a little different
anrle, He believes that there are two distinct injuries
done, namely, injury to the vital functions, and injury to

the psychic element. He states that the former naturally is
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more threatening to the life of the organism than the latter,
and therefore, all attention is directed bv the physician
and anesthetist toward the objective injuries of the vital
functions, and very little thought is given to the matter

of the psychic element. From the standpoint of vital funct-
ion, Friedlaender, (67) says that he considers the inhalat-
fon anesthetic "ether" to be the least harmful, and the most
edaptable anesthetic in that respect. But, his contention

is that any inhalation anesthetic, presents definite possi-
bilities of injurying the psychic element.

Friedlaender does not stand alone on this point, as
a review of the literature will show., Many men register
that definite complaint against inhalation anesthesia with-
out pre-medication or basal anesthesia. The induction of
an inhalation anesthetic may produce a severe and often
lasting psychic trauma upon the patient. In turn the psych-
ic trauma will cause shock and will undoubtedly reduce the
resistance of the organism, (67) From personal experience,
one knows that the fear instilled in one immediately upon
placing the anesthetic mask over his face, is often greater
than the fear of the operation or procedure,

We speak of intravenous anesthesia as the direct meth-
od of anesthesia because by this method we do not require
the assistance of an intermediary system, such as the resp-
iratory or the G.I. tract to assist us in our anesthetirat-
ion. The anesthetizing agent is nlaced directly into the

bloodstream, through which medium it presumably acts upon




the C.N.S. From the point of view of the anesthetic, then,
the method is direct. Flagg, (79) has summed up the most
complete, and wholely impartial views on the subject of
intrevenous ancsthesia, and lists the advantages and dis-
advantages as follows: 1. The general anesthetic must be
preceded by an operation under loczl anesthesia,(meaning the
insertion of the cannula). 2. The preliminaries to the
administration of the anesthetic involve a loss of much
time and, from this point of view, the method is impract-
ical as a routine in the large hospital. 3. The proper
administration implies familarity with the surgical tech-
nigque required. 4. The blood prescure is raised, the
bleeding is increased and the fluid hes a tendency to coll-
ect in the abdomen., 5. ‘It is an open question as to the
harm done by the injection of a normal saline solution in
the bloodstream of a healthy patient, 6, The possibility
of septic thrombosis must be considered, and the tendency
to pulmonery edema, The fore-going were all disadvantages
and the following is a list of the compliation of advantages.
1. Ideal control of the administration. 2. DNot dependent
upon the rate or the depth of the resniration. 3. The
minimum amount of the anesthetic is emploved. 4. There is
little or no cumulative action. 5. The technique is suff-
icently complicated to exclude thoughtless experimentstion.
The «bove are only a few of *he pro and con civmilative
thoughts concerning & very argumentetive subject, and further
more scrutinizing consideration will be dealt with in the

following consideration of the druss administered intravenously.




ETHER

The method of introducing ether intravenously was first
introduced by Burkhardt, and his immediaste successes encour-
roged others to follow. (83) At the Berlin Surgical Congress,
Kummel was able to report ninety cases., In no case of the
ninety did post-anesthetic vomiting occur, although in a
large number of the cases the operations were done for ab-
dominal disesases of the gravest kind, Burkhardt used an
ordinary infusing apparsatus containing a 5 % solution of
ether in normal saline, He allowed enough of the solution
to run in to produce anesthesia, then interrupted the stream
until the patient showed signs of coming round, when the dose
was repeated, (83)

It was soon realized that the interruption of the stream
brought with it a tendency to thrombosis in and =bout the
cannula, To counteract this disadvantage two vessels were
arr=nged, either of which could be connectec with the cannula
separately; one contained ether solution and the other held
normal saline, In this case, the continuity of the stream
was maintained with the saline in the intervals between the
administration of ether. The great objection to methods of
administration by periodic doses is that it is necessary to
produce a greater concentration of the anesthetic in the
blood after each dose than 1s essential for adegquate anesth-
esia. (83)

This principle was fully emphasized bv those to whom is




owed the introduction of the Vernon Harcourt anpar:stus, The
chief modification introduced into this apnaratus by Felix
Rood, (R3) wes an indicator rendering possible a minute
graduation of the in-flowing s*ream, The sppsratus consists
of an unver reservolr to contsin & supply of the solution,
This reservolr is connected by a rubber tube to = regulating
chamber, This chamber besides scting as a regulator also
scts as an indicator, And, slthough the stream of fluid is
interrupted so thet its rate of flow can be seen, the vress-

ure at the same time is not interrupted, but is transmitted

continuously to the top cushion of =zir contained sbove the fluid

in the regulating chamber, The fluid then passes from the
re~sulating chamber to the warming chamber and so on to the
cannulsa,

Ether is soluble in normal scline to the extent of 10.8
ver cent by volume., It was found thrt with a 10% solution of
ether, a tr:snsient hemoglobinuria occurred. (83) On account
of this, Rood used a 5% solution, s#nd found that no hemo-
globinuria followed, In order to be still more certain that
there wrs no blood destruction, & number of specimens of the
blood were tsken st intervals throushout several administrat-
ions, These were examined microscopically, s#nd showed no
hemolysis, These should be sufficient grounds to sy that
there 1s no blood destruction by this method of anesthesia,

The ususal preparation of the arm takes place, znd a
little local anesthetic is injected and the vein exposed and

the cannula tied in, Strict asepsis must be used, When the

14,




cannula is fixed into the vein the solution is &t first allow=-
ed to flow in rapidly, the regulating tap being turned full on.
Induction of anesthesia is usually quite smooth and rapid, three
or four minutes being the average time, {33) According to

Rood, strugcsling during indivction is rare, The ordinary signs
of anesthesia, of course occur-- automatic respiration, muscular
relexation, and abolition of reflexes, As soon as the smooth
anesthesia is esteblished, a little experiment will enable one
to arrive at the minimum amount required, and the apparatus

can be set to deliver this amount, (71) The noticesable

features of this anesthesia, according to Felix Rood (83),

who seems to have been an authority on this type of anesth-
esia, were the regularity and smoothness, and the ease with
which the anesthetic could be administered, and the great

- rapidity with which the patients responded to slight alter-
ations in the dosage.

The striking advantzg-s of the method are seen in those
cases where the patient is in a condition of extreme inanit-
ion, These patients often leave the table in a much better
state than they were in before. So that in any case in which
the patient 1s likely to be benefited by a saline infusion
either as a means of relieving shock or hemorrhage, or if
shock is expected, this method has given excellent results.,

The relaxation obtained by this method, states Rood (83)
of the #bdominal wall, is quite equal to that produced by
any other anesthetic, excepting stovaine, and for any type of
case in which ether as an anesthetic ig not contrzindicated,

this method has the one great advantage of absence of un-



pleasant after-effects., Some of the records of the German
surgical clinics show thaet this is a marked feature of in-
fusion enesthesia, Kummel reported ninety ceases, and in no
case did post-anesthetic vomiting occur. Rood (83) was not
quite as fortunate in his cases, but out of 136 cases only
A vomited at all, and of these, three were cases in which
blood had been swallowed during the operstion.

Of course, in reading any of the literature on this
subject, one must remember that when this method was used
it was far before anyone had even dreamed of the discovery
of the efficacy of the barbiturates intravenously, and so
it did seem quite marvelous to them thst they had found a
new route and method of administering anesthesia without the
0ld bug-bear of post-anesthetic nausea and vomiting,

As a general criticism of the method, it was sugeested
by many that it was too complicated a procedure. Rood (83)
admits this, but states that any great simplification of the
technique or apparatus might lead to the adoption of an im-
promptu method with possible disasterous results. It must
indeed, have been a huge and clumsy piece of apparatus, but
from the records it must have also been a feirly efficent
mode of administration,

Schlesinger, (71) in his discussion of this mode of
sdministration, stated that intravenous methods of giving
ether had & very definite but limited application. At this
time the battle wes waging over the superiority of ether
over hedonal when given br infusion, and he claims that the

adventaces of ether over hedonal were that the patient came



round more rapidly; that ether was excreted by the lungs =nd
caused much less bleeding, and that no vomiting occurred with
this method. He also stated that thrombosis, if 1t occurred,

was due to faulty technique.

One of the questions that immediately comes to the reader's

mind, is how much was the total amount of ether introduced by
this method in attaining anesthesia? Schlesinger (71) makes
the following statement concerning this point, "The ether
solution is allowed to flow rapidly until the patient is anes-
thetized, which requires about 10 minutes of time, and 8
ounces of the solution, After anesthesia is established the
r:te of administration is much slower, about 16 ounces of the
solution per hour being ordinarily sufficent." Felix Rood,
(76) reports one case of 33 hours administration, in which
4% ounces of ether and 4% pints of saline solution were used,
and several cases of over two hours duration. Flagg, (79),
states that the amount of the solution administered depends
upon the duration of the anesthesia, and that this amount
varies from 500.-3500. c.c., with 1000. c.c. per hour being
the average,

H, Kuttner, (74) one of the first to use the method
In surcerv, cautioned against the dancer of air embolus £nd
thrombosis, but these danrers were grestly diminished by the
con*inuovs flow svstem, Govane's advocacy, (74) of the plan
of introducing the ether and saline into an 2rtery was not
well responded to; indeed, the zdvantsoes czlaimed for the

method hardly counter-balanced its obvious dangers., This

17,



much hed teen demonstrated in the very enrly days of sther
anssthastia, b7 Flourens and Claude Bernard. Professor
August Bier, Dr. J.L. Ransohoff, and others sought to avoid
these perils by localized intravascular injectlons of various
drugs cut off from the general circulation bv tichtly fitting
bands, but this procedure was of limited apnlication. (74)
At this time, intravenons infusion was confinex to the use
of ether, hedonal, and less frequently with that of parald-
ehvde. (72) At this time also, Chloroform was employed in
this way, but it was found to be so highly dangerous, that
it was soon cast aside b~ those in search of new Intravenous
-nesthetics., The infusion avparatus used for all of these
drugs wss the same, and the apparatus was such a unigue and
complicated mechanism, that I think that it would be of
interest to take it up here, in a more det:siled manner,

is stated before, F.S. Rood (76) elaborated the apparatus.,
Tt consisted of a glass reservoir capable of holding about 3
oints of saline containing ether, this reservoir was controll-
ed br a stopcock and connected by a rubber tube with a reg-
ulating chamber. This chamber had three openings, one
unitineg it with the reservoir, one connecting it by a rubber
tube with the warming chamber controlled by the stopcock,
end one that sdmitted =ir, and yet was capable of air tight
occlusion by means of a rubber stopper. When the reservoilr
tap was opened s£nd the regulating chamber tap was closed, the

saline ether solution entered the regulsting chember and as

18,




soon as this was half full, the air inlet was closed by insert-
ing the stopper. As a result the air in the chamber became
compressed by the fluid in the chamber, so th: t the fluid, as
it esceped from the regulating chamber into the warming
chamber was under pressure, and so pascsed in a continuous flow
into the tube connected with the cannula, The warming chamber
was immersed in warm water, the object being to warm the sal-
ine to a temperature below that at which ether escapes in
bubbles. This chamber had its egress tube nearly half-way
below its summit so that any zair or volatilized ether would
rise to the top of the chamber while only fluid went through
the egress tube,

In administering ether thusly, full flow was permitted
at first and in a minute or so the patient'!s bresth would
smell of ether, and anesthesia would rapidly follow. The
ether supply was then lessened, but cessation of flow was not
allowed because of danser of clotting in the cannula and sub-
sequent danger of embolism. It need hardly be pointed out
that the utmost vigllance was necessary in watching the signs
of anesthesia, lest the flow be too great and ultimate death
occur. Koenig, (74) and others asserted that fat-l accidents
often resulted from excessive quantities of saline-ether
entering the circulation by over-sight. It has been shown
that saline solution rapidly leaves the blood vessels, and
Professor Bayliss, (74) proved that the addition of gum
acacia prevented this, so bringing un the change by many,

and substitution of the Bayliss gum saline as the vehicle

O



for ether.

This method while now frowned on, and laughed at, at one
time was thought to have the ultimate of desirable qualities
and may have had as enthusiastic following as some of our
present day drugs have, Many thought that the possibilities
of this new anesthesia would be unlimited, By this method
anesthesia was induced without strugeling or discomfort, it
was light in character, and the patient resumed consciousness
within a few moments after cutting off the ether solution,
and so little wonder that it was thought to be a new snd
wonderful discoverv and a boon to future anesthesisa.

Buxton, in his book "Anesthetics", (74) states, "the
type of patient that suggests saline infusion to stave off
shock 1s peculiarly appropriate for intravenous etherization.
Abdominal sections, especially in acute cases, are quite
sultable. The young and the aced lend themselves equally to
it if due care is tuken to limit the amount infused to the
capacity of the patient", He evidently was a firm believer
in the efficacy of intravenous ether, but to me, the joker in
the above quotation lies in the last 16 words, for that is
exactly where intravenous ether fell down, and most of the
products that supplanted or succeeded it, as someone's idea
of the ultimate of desirable qualities in producing anesth-
esia, also lost face and failed in that respect of dosase and
1ts determination in individual cases. There are many men who
even staunchly hold to the principle that one of the basic

requirements of an anesthetic is that it does not conform to
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the title, "a fixed dose drug", and »s will be shown later,
their reasons for sdherence to this princinle are quite
sound,

Flagg, (79) sums up the cuestion of intrsvenous ether-
lzation with the following points in reference to the
reletive advanteges and disadvantages of its use, The
advantages are =«s follows: 1, Ide&l control of the ad-
ministration; 2, It is not devendent upon the rate or
the denth of the respiration; 3, The minimum amount of
the anesthetic is employed; 4. There is little or no
curmulstive action; 5, The technique is sufficently com-
plicated to exclude thoughtless experimentation. The
disadvantages of the method are: 1, The general anesth-
etic must be preceded by an operztion under local anesth-
esia; 2. The preliminaries to the administration of the
anesthetic involve a loss of much time and, from this
point of view, the method is impractical as a rontine in
the large hospital; 3., The proper administration implies
familarity with the surgical technique required; 4, The
blood pressure is raised, the bleeding is incressed and
the fluid has a tendency to collect in the abdomen; 5,

It 1s &n open cuestion as to the harm done bv the injection
of a normel saline solution in the bloodstream of a normal
. healthy patient; 6, The possibility of sentic thrombosis
must be considered; 7, This author believes thest there is

a tendency towards pulmonary edema,
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HEDONAL

In the extensive search for new derivatives of the
known drugs, the discoveryv of Hed&nal was maede, Hedonal
wgs mede from the secondary methyl-propyl-carbinol bv
hesting it with urea nitrate under pressure, Thus, it
was a derivative of urethane, and possessed the chemicsal
formila CB6H1302N., It was used quite extensively for the
productioh of anesthesia by intravenous infusion, but
unlike its cousin, urethane, it was soon discarded, snd
fell into disfavor a few years after its discovery. (70)

Hedonal is a white cryst:1lline solid, stable at the
ordinary temneratures, Its solubility in wster at 100.
degrees F., is 1 in 100., and it readily crystallizes out
of a2 saturated solution in long, fine needles. This
solution can be boiled without the properties of the drug
being affected. However, prolonvted heating diminishes
the concentration owing to the volatilization of a certain
smount of the compound,

In 1910, Professor Federoff, of St. Petersburg, suggest-
ed the intravenous administration of hedonal. (77) However,
since 1900 this drug had had some vogue as a hyonotic; it
had also been given by mouth (in several Russian clinics)
as a precursor of chloroform and ether with satisfsctory
results. Reports of its use asva seneral enesthetic first
sppeared in Russian journals, & preliminery note was nub-

lished in German in 1910, and in the following year the



technique employed, was described by Jeremitsch, with the
details of sixty-five cases, (77) Later, at the Congress
of the German Surgical Association, Federoff contributed
a brief account of 530 cases collected from three Russian
clinics, The high-light of the report wss thet there was
no deasth directly attributable to the anes*hetic in the
series,

Experiments on animals by Dreser (77), showed that
hedonsl had 10 times the hvpnotic effect of urethane and
twice that of chloral; he found that the respiration was
no matefially affected in conditions of deep nercosis,
although it did cause & slicht fall in the blood pressure,
Dreser noted that the drug had a diuretic action, which
was attributed to the theory th+«t in the hody the substance
was broken down into urea, carbon dioxide, and water.
Lamnsakow (77) carried ot further experiments, and found
that in dogs and rabbits, a dose of 0,4 to 0,5 grams to
the kilo of body weicht produced general anesthesia, and
that the respiratory and cardiac rhythm remained regular
under this dose, When he gave toxic doses, the heart
continued beating, :fter paralysis of the vasomotor center.
He considered that the presence of the amino radical antag-
onized the varalytic action of the drug.

Federoff and Jeremitsch, after having satified them-
selves by experiment on animz1ls, adopted the use of hedon-
al as an anesthetic for man. They employed an interrupted
infusion method, a 0.75% solution in normal saline was

Injected under air pressure. The needle was inserted into
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a superficial vein, and sufficent of the hedonal solution
wes iInjected to produce anesthesia; the needle was then
withdrawn and reinserted if a prolonged anesthesia was
necessary. The results obtained were, on the whole,
sstisfactory, but less so when leg veins were injected.
C.M. Page, (77) whose apparatus for intravenous infusion
was later modified by Z. Mennell, used this means of ob-
taining anesthesia in a number of cases, and regsrded it
as a valuable method, However, he did caution against its
employment in what he chooses to call "unsuitable cases",
Page found that the average amount of hedonal solution
required to produce anesthesia was 500, c.c., and that the
induction period ranged from 2, to 13, minutes, He found
that the narcotic effect of the hedonal nersisted for a
long time after the infusion had ceased, and remarked that
this was a very undesirable feature of the method., Another
undesirable feature was the fall in blood pressure and the
appearance in a great many cases of cyanosis, Pace voints
out as a possible danger the onset of cyanosis, and Federoff
recorded some instances of temporary cessation of respir-
ation., (77)

Hedonal, as supplied by Baver, is dissolved in normal
saline at a temperature of 70, degrees F., to make a ©,75%
solution; the resultant fluid is filtered once, boiled for
five minutes, and stored in sterile flasks. The contents
of the flask are warmed up to about 140. degrees F,.,, and

voured in a tank, which is furnished with a thermometer



gauge and tspped exit tube., From the latter runs a yard
of pressure tubing; in the course of this a dropper is
inserted; it terminates in an ordinary fine infusion
cannula, Before infusing, the temperature of the fluid
in the tank is reduced to about 115, degrees F, The
usual exposure of vein is done, and the canmula tied in,
The fluid is run in at a rate of 50, to 150, c.c. per
minute, The rapidity of flow can be accurately controll-
ed by regulating the tap of the tank and watching the
flow through the dropper.

Within a minute or so of the commencement of the
infusion, the natient becomes drowsy, and often yawns; he
hes a subjective feeling of w:rmth asnd well-being, the face
flushes, and if the infusion is too rapid a certain degree
of cvanosis arises. (77) Then follows a period in which
the patient appears to be in a state of deep natural sleep,
and this state quickly merges into one of deep anesthesia,

The amount of fluid necessary to induce anesthesis
varied considerably-- e.g., 40. c.c., sufficed in a child
aged 10 months; 1,000, c.C. Were necessary in a hesvily
built man, aged 25; the average dose necessary in an
adult was found to be 500, c.,c, As stated before, the
period of induction varied from 2. to 13, minutes.

The r:te of return of complete consciousness is slow
snd varisble, and to most of the experimenters this was
recognized as a serious draw-back to the use of the drug,

Usually the patient slept for six to twelve hours after the



cessation of the anesthetic and then awskens, Drowsiness
often persisted for twenty-four hours., In some articles,
T noticed caseg where numercus *imes emotional disturb-
ences occurred, ani -~ veriod of excitement came on an hour
or so after the operation., This too, is certainly a auite
undesirable feature, On‘further reading, I found numerous
cases where vomiting and headache were comnon occurences.

Some of the dansers of hedonal anesthesia are cvanosis,
nostoperative excltement, and resnirsatory failire from over-
dosage, Federoff, (77) reported that temporary stopnace
of respiration occurred in eight of 530, cases, but that
after the use of artificial respiration, normal breathing
started again, Some of the other undesirable features
noticed were the orolongation of narcosis after the operat-
ion, esvecially with reference to the possibilities of
inhalation of vomitus.,

The sponsors and champions of hedonal administration
claim the following advantages in i+s use. The technique
i1s simple, the solution is rexdily handled and steriliz-
ed, and the active part is not volatile, Here srises the
question as to the relative advantage or disadvantase the
volatility of the drug offers. To me it seems as though
volatile drugs should be safer, because of the more. prompt
and effieent elimination attained by way of the lungs. As
one can see by looking over the advantages listed above,
any and all of them, are certainly open for arcgument, and

far from convincing. The rest of the advantages given by



those championing this drug, I will merely s*tste, without
comment, and the reader can take them for what they are
worth in his consideration, Page, (77) concludes with the
statement that, "the anesthesia attained is of & steadr and
complete type, the relaxation of the muscles is remarkable
being often as good as that given by sninal snesthesia,
The respiratory movements are steady nd quiet, The re-
moval of the :nesthetist from the scene of the operation
in herd and neck ceses 1is é distinct advantage. The quiet
sleep, insensitiveness to pain, and :bsence of straining
#re other :dv:ntages," There are other statements, too
numerous to list, but one of them that I found listed as
an sdvantace, seems to back-fire and act as conclusive
evidence as to the drug's undesirability., The statement
is s follows, "owing to the comvaratively slow rrte at
which the drug is excreted, ve v small cuantities of the
solution suffice to maintsin anesthesia when once it is
completely established," (77) The fact that it is slow-
lv excreted seems to me a distinct disadvantage, because

I believe, at the nresent *ime, the general consensus of

opinion is that the fester the rate of elimination, the less

toxic the drug becomes, and the more desirable it is as
an enesthetic,

It was found that hedon:al infusion was unsuitable
for cases in which pulmonary engorgement or a gross
cardiac lesion existed, for operations upon the air-
vassages, «nd for pztients with high blood pressure,

The experiences of the grester share of those working

27,




with this type of anesthesia, confirmed Burkhardt's views
of the danger of intravenous hedonal. (75) Not only have
great complications arisen from its administration, but
deaths have resulted from its use. (74) A discussion on
the use of hedonal, held before the Wedical Society of
London, provoked somewhat diverse views, but the consensus

of ovinion was against the use of intravenous hedonal, (78)
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SOMNIFAINE

The men who have done considerable work in the field
of snesthesia with this drug, and those who have been its
chief advocates, are, in the vast majority, workers on the
Eurdpean continent, Comparatively little literature on
this subject has been written by clinicians of England
or the United States, and the use of this drug has never
been accepted, in these countries, with much enthuslasm,
This drug is really a combination of two hyonotics which
are derivatives of the malonyl-urea group. The two sub-
stances are diethyl-barbituric acid and allyl-isopropyl-
bzrbituric acid. This combination received considerable
attention in Europe since 1921, but seems not to have
interested the profession in this country to any great
extent.

Its origin, in 1920, is credited to Redonnet, and
Cerne was the first to use it in relieving the vpains of
labor. (19) During 1921-1923, Bardet and v, Cleisz
developed its clinical use in obstetrics, and Fredet
and Perlis used it in minor surgery, later extending 1its
use to major surgery. Since then, there have been in the
foreign literature quite a number of articles by verious
authors., The results reported have heen variable, 1In
1925, H.M.F., Behneman after seeing an article on its use
interested 0.H., Schwarz of Washington University in the

drug, Before trying it clinically however, Schwarz



wanted to have some experimental data available, and
Behneman and Woodmansee undertook an investigation of
the substance at Washington University, St. Louis,

under the direction of the Department of Pharmacology.
Their results were not published and clinical use of

the drug was not attempted. However, I, Macdonald, (60)
states that in 1926, in France, the experimental and
clinical researches of Fredet and his associates on the
use of somnifaine, or somnifene, as the drug was known
in France, seemed to show that in intravenous injection
for surgical anesthesia, the general anesthesia was
reduced to an extreme minimum, and in some cases it was
eliminated entirely. Hewer, (58) in his general discuss-
ion of anesthetics, states that since the Great War, the
intravenous injection of somnifaine has been practiced
in France, to a certain extent, but the excitement seen
was regarded as too detrimental for its common use,

The drug, as said sbove, is a combination of diethyl-
barbiturate snd allyl-isopropyl-barbiturate, in 2, c.c.
smpoules, containing 0,10 gram of each drug in the form
of a diethylamine salt., The solution is rendered stable
by the addition of small amounts of alcohol and glycerine.
Recently, a new form has come into use in ampoule form,
in wnich the allvl-isopropyl-barbiturate is the only
constituent., This form was advocated bv Fredet, (19)
and I, Macdonald, (60) Acecording to the foremost worker

on this drug in the United States, JT.H. Fjelde (19)




the reason for the preference of this new drug, over
the use of the old combination, i1s that the diethyl-
barbiturate in the old drug, was eliminated rather slow-
ly, and had, therefore, a delayed =nd vrolonged effect
which, in the opinion of most, was undesirable,
Allyl-isopropyl-barbiturate has the highest lipoid
solubility of all the barbiturates so far known, a feat-
ure which according to the most up to date conceptions,
(19) is of prime importance as regards the hypnotic action.
Due to this high degree of lipoid solubility, it acts
very quickly, so that sleep arises within a few minutes,
According to the literature, allyl-isopropyl-barbiturate,
is about five times as hypnotic as, for instance, diethyl-
barbiturete, while its toxicity is not increased in the
same ratio as its hvpnotic influence. According to J.H,
Fjelde, (19) on the other hand, this hypnotic influence
does not last longer than desirable in the ordinary cases,
because the elimination of the drug, from the system pro-
ceeds rapidly. This drug should, therefore, leave the
patient free from prolonged after-effects, a feature
which is of great Importance in general medicine, and also,
owing to the rapid elimination even of large doses, the
cnances of cumulative effects should be likewise oreatly
reduced, when the drug i1s used over long periods of time,
Later on, in the clinical consideration of the drug, we
will see if this holds true for this dri e,

Fecdonald, (60) states that the interesting research
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done by Fredet, demons’rates that the seat of action of
Somnifaine is chiefly in the nerve centers, while J.H,
Fjelde, (19) is even more specific, and claims that the
action seems to be exerted directly on the sleep center,
The drug 1is carried by the red cells, for which it shows
a special affinity. It is fixed with predominence in
the nerve centers, but is retained to only a very slircht
degree by the liver, kidney, and other tissues. When
introduced into the blood, it is eliminated unchanged bv
the kidneys, and elimination commences very soon after
injection, (19)

Somnifaine, in non-toxic doses, but of sufficient
strength to produce anesthesia, exert only a slight effect
on the respiratorv and cardiac centers, and the blood
pressure also shows very little alteration. Fijelde
says that there is a slight lowering of the pressure
after injection, but that this quickly recovers., The
liver function likewise is not altered, That the glyco-
reculatory mechanism is not affected, was demonstrated
by svontaneous glvcosuris after injecdtion of sugar,

Fjelde's interest in the intravenous form of obstet-
rical an:sthesia led him to obtain the drug, and in
October, 1926, with Kent E,. Darrow, he started to use it
in various surgical conditions., He also used it in about
100. obstetrical cases, and states that the results were
senerally good. In surgery, he usually combined it with

local or caudal anesthesia, or ethylene, the latter



combination was the most frequently used,

In using somnifaine in surgery, there are two distinct-
ly different phases of its use: first, the preoperative
preparation for ethylene anesthesia; and, secondly, actual
anesthesia for abdominal operations, or in combination
with a local anesthetic, To Fjelde, (19) the first one
1s the more important method, because by its use, he has
practically eliminated the use of ether, and does every
type of =bdominal operation with ethylene alone. He
claims this to be a distinct advantace because of the
occasional difficulty in obtaining good relaxation with
ethylene alone., He states also, that the use of this
combination of somnifaine and ethylene cuts down the
ethylene necessary to one to two rallons ver minute, instead
of the usual two to three, and the nercentage flow is cut
to one half the maximum, supposedly, when fifteen to
eighteen per cent oxygen is used,

The technique of Fredet's method, as stated by I.
Mecdonald, (60) is as follows: 1, A hypodermic injection
of morphine is given, verying from a minimum of 1. Cg. up
to 2. cg. as a maximum, It is advanta~eous to sssociate
scopalamine with the morphine in doses varying from two-
thirds mg. up to three-quarters of a mg,, according to the
weight of the patient, and whether his general stste is
cachectic or satisfactory. 2. From 20 minutes to 40
minutes later, after the morphine-scapolamine injection,

the intravenous injection of allyl-isopropyl-malonyl urea



is made very slowly; 3 minutes, at lesst, should be

snent in the injection. The dose is calculated accord-
ing fo weight, age, and the genersl state of the patient,
Generally, in fairly robust adults, 1. cg. per kilogram
of body weight is used, never passing 0.07 gram; In the
aged or cachetic patients, 0.04 or 0.03 gram should be
enough, Ampoules of the drug were obtainable containing
0.01 gm, in each cubic centimeter of water., 3, Five
minutes after the infravenous injectioh a smsll amount

of chloroform or ether weas given to permit the incision
being made about 10 minutes after the intravenous inject-
ion, During the operation the meneral anesthetic could
often be dispensed with, to be resumed should the pnatient
move and at the end, to facilitate the suturing of the
wound,

According to Macdoneld, (60) postoperative vomiting
was very rare, and the patient awoke four to five hours
after operation to fall asleep quietly asain, He does
admit that excitement was frequently observed, and this

seems to be also the point that most clinicians found to

be unfavorable to its use. Macdonald used this anesthesis

in 33 cases during a period of 2 years, and, although it
did not revnlace routine methods, it was his choice in 2
types of cases,--when the patient was a bsd risk from
pulmonary complic:tions or from probable hepatic and
renal insufficency, and again wher he was ceértain that

the operation must be prolonged.

In the Cardiff City Mental Hosnital about 50 cases
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were treated with Somnifaine during a two year interval,
The results, according to Quastel, (103) were definitely
encouraging except in so far as toxic symptoms, including
the production of ketosis, were demonstrated in a larce
percentage of the cases, The toxic by-effects were often

so slarming thet it became necescary to discontinue the

treatment, It was felt, however, thaet the success obtain-

ed in the pnrolonged narcosis treatment of many cases of
mental disorder warranted a search either for new drugs,
which would produce sufficently deep narcosis without the
demonstration of toxic by-effects or for a modification
of the then present methods of obtaining nesrcosis, which
would diminish or eliminate the toxic action.

The toxic effects of narcotic treatment with the use
of somnifaine, have been described bv A.M. Meerloo, and
M. Muller (103), These include bulbar symptoms, such &as
derancements of swallowing mechanism, indistinct speech,
atexia, tremor of the lips, and vasomotor paralysis., A
frequent accompaniment of vprolonged narcosis 1s the de-
velopment of ketonuria, which becomes more marked as the
narcosgis proceeds, Doubtless, the effect has much to do
with the actual dosame of the nercotic, certain patients
responding more vigorously than others. In the past, it
has always been considered advisable, according to
Quastel, (103) to cut short treatment with somnifaine as
soon as a definite ketosis has been produced, and con-

sidering the drug as a whole, he states that he believes
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it is very :dvisable to entirely dismiss it from clinic-
al use, until some change has been made whereby the
present dangerous toxicity has been decreased to a very

considerable degree, or better yet, eliminated entirely.

*



P~RALDEHY DE

From the formation of the word, we would expect to
find that aldehyde had been named bv the Arebian alchem-
ists, On the contrary, the drug is of comparatively new
discovery and was nsmed by Liebig, (110) who contracted
the name alcohol-de-hydrocenatum, to aldehvde, Aldehvde
is prepared from alcohol by the action of mangenese di-
oxide +nd sulphuric acid gently heated together, Paral-
dehyde is formed by polymerizstion or linking together of
three molecules of aldehyde and is rrepared by adding a
small proportion of pure sulvhuric zcid to acetaldehyde,

Paraldehyde is a clear, volatile, inflammable liguid
h:ving an unpleasant penetrating odor and a disagreeable
taste, It is soluble in cold water to a greater degree,
than in hot water, It mixes freely with vegetable or
mineral oil, It freezes at a comparatively high temper=-
ature with formation of a white solid. According to
Cushny, (72) paraldehyde is a polymer of ethyl-=ldehyde,
resembles alcohol in its effects, though it is a much
more powerful narcotic, and rarely induces any symptoms
of excitement. It does not effect the heart directly,
even in large doses, and has no such effects on the vrotein
metabolism as h:s been observed under the prolonged use
of chloral, The pulse is slightly slower and the carbonic
acld exhalec is less than normel, These changes, however,

are due to the muscular movements being lessened and are
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hardly creater in extent than the changes that occur in-

netursl sleep., (72) According to Noel, (72) very large

quantities have been tzken without fatal results and in
fact without any more serious consequences than prolong-
ed unconsciousness,

Paraldehyde h:s been extensively used as a hypnotic
and sedztive, especially in the treatment of acute alco-
holics and for controlling the violently insane, It is
commonly stated to be the safest hypnotic known, (110)

Tt acts first on the cerebral centers and later on the
lower parts of *he nervous system, It has no deleterious
effects on the circuletion, respiration, blood pressure,
or metabolism, It is excreted unchanged, lesrecely through
the lungs but partly bv the skin and kidneys. The rensl
effect is a mild diuresis, There are no known subsidisry
effects on the functions of other organs.

Dr, George A, Elliott, (110) formerly of Butler
Hospital, now at the Connecticut State Hospital at Middle-
town, has made an intensive study of blood chemistry
following the intravenous injection of paraldehvde, He
injects from six to nine c.,c. of pure paraldehyde as an
anesthetic for minor operations. Paraldehyde is itself
a powerful antiseptic snd nezd not he sterilized, 'The
anestheslia appesred almost immediately and lasted for
several minutes, long enough for dental extractions and
various minor operstions, There was complete relaxation,

some fall in blood pressure and some resnirstory depress-



ion. The blood was taken for chemical exeémination a half
minute after the injection and at intervals during the
next twenty-four hours. Blood sugar was undisturbed,
Non-vorotein nitrogen was unaffected, Creaztinine wss also
unchanged, The coagul:tion time was reduced from an
averaze of three minutes to ninety seconds, ‘'here wis

no bleeding after dental extractions, a pulmon-ry hem-
orrhage frequently could be checked, and hemorrhage from
& wound of the hand ceased after oral administration of
prraldehyde,

The hypnotics vury in efficiency and 1in safety., They
vary in effect on conscious percention, on reflex sctivity,
and in their relief of pain. Pure hyovnotics, as barbital,
procduce sleep, Sedatives, as »araldehvde, in sddition to
their hypnotic action, have a powerful an effect on relief
of pain that their snalgesic action overshadows their
hypnotic effect. The immediate result of the administrat-
ion of a narcotic is often stimulation rather than sedat-
ion of reflex activity., In some subjects, therapeutic
dosage of narcotic relieves pain but has no hyovnotic nor
sedstive action. On the other hand, administration of a
pure hvonotic in the presence of severe pain will usually
not result in hyonosis, but in a state of active delirium,
These considerations indicate that narcotics are not ideal
pre-anesthetic hvpnotics and that the pure hypnotics are
not suitable for relief of postoverative vpain and dis-

comfort,
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Noel, (72) has the following method of administrating
peraldehyde intravenously. Starting at fir~st with small
doses, 4., c,c, of the pure drug were injected into a vein,
Almost before the syringe was empty the patient was uncon-
scious, He slept naturslly for about two hours. Sub-
sequently 8, c.c, were injected with satisfactory results.,
It was found, however, that the pure drus caused a certain
amount of loc:1 discomfort and coughing, and it was there-
fore diluted with suline to form a 10% solution. One
hundred c.c. of this solution produced in about 40 seconds
an anesthesia lasting about twenty minutes, and suitable
for minor surcical procedures, Paraldehyde, while scting
temporarily as an anesthetic, had a prolonged hypnotic
effect, considerably reducing the amount of ether sub-
sequently required, Being volatile, it was rapidly ex-
creted by the lunegs, and this, says Noel, (72) is an
important element in the safety of the drug, and an ad-
vantege which could never be claimed for the use of hedonal.

In comparison with avertin, paraldehyde has less
effect on conscious vercention and memory, less effect in
relief of pain but a greater depression of reflex activity, ;
(110) The paraldehyde patient mav come to the oper: tion
apparently conscious and responsive to painful stimuli but

will develop musculcr relaxation in the presence of severe

operstive stimulation under a very small dosasce of the
anecthetic, Paraldehvde does not depress the respiration,

does not affect the blood pressure or metabolism, It is



generally conceded that it is without eff=ct on the liver

&nd kidneys, and does not influence blood chemistry, It

has a marked hemostatic effect. In comparison with svertin

the margin of safety 1s very great, and the expense is
almost negligible, (110)

In comparison with morpnine, pasraldehyde is a nower-
ful sedative but is inefficent in analgesic action. It
does not deoress the respiratory center and does not
stimilate the vomiting center., It does not abolish the
protective coushing reflex, and it does not check secret-
ions nor diminish the flow of urine, on the contrary, it
is & mild diuretfc. In comvnarison with morphine, paral-
dehyde has a very great margin of safety.

Paraldehyde is an efficent pre-anesthetic hwpnotic,
showing a minimum of deleterious effects upon the organs
of the body and their functions, Its margin of safety is
several times as great as that of morphine or avertin,
but less than thet of the barbiturates, and for thet
reason, with the introduction of the barbiturates, it was
soon dropped from clincal use, in favor of the more bene-

ficial adventages found in the use of the barbiturates.
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BARBITUR4TES IN GENERAL

For vears the medical nrofession has looked forwerd
to the nossibility of = drug that would numb the sensor-
ium and make the vatient oblivious to his surroundings
and yet not act in a deleterious way on any of the vital
organs, Thierfelder and von Mehring, (99) in 1880 made
the observation, which was later confirmed by others, that
the sleep producing action of alcohol was related to the
number of ethyl groups present, A few years later,
Schmiedeberg conceived the idea of producing a nitrogen
containing hypnotic, knowing that intravenous injections
of ammonia preparations raised the blood pressure, Then
Schmiedeberg succeeded in preparing urethane; and, follow-
ing in the order named, paraldehyde, amylene hydrate,
sulvhonal, trional and chloroformamide were produced,

It was then observed that the intensity of the hyp-
notic action of sulphonal depended upon the number of
ethyl rsdicals linked to a centrs1l carbon atom, and for
this reason Fisher and von Mehring, (99) in 1903 success-
fully completed the synthesis of a nitrogen-containing
compound., This substance was prepsred by treating di-
ethylmalonic acid ester with ures and sodium ethylate,
The preparation was placed on the market under the name
of "veronal", the generic name of which is "barbital",
Since thut time a large number of barbital derivatives

have heen prepared, differing one from the other largely
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in the substitution of one or both hydrogen atoms by

other radicals, It is possible to develop a creat

number of these substances, §
In 1924, Fredet and Perlais, (99) two Frenchmen,

succeeded in inducing general anesthesia with the barb-

lturic acid series., They used a mixture of di-ethyl

allvl-barbiturate (trade name "somnifene"). This was

administered intravenously. 1In 19927, Bumm, following

the lead of Fredet and Perlais, used a barbituric acid

derivative intravenously. This compound he believed de-
composed more readily than somnifene., He utilized sodium
sec-butyl bromopropenyl barbiturate, (trade name is
"pernokton"), He believed that the elimination of the
pernokton wss more rapid in the body :nd would permit =
more rapid recovery from the snesthetic than would be
possible with the other vreparation,

In 1926, Page and Coryllos, (63) used sodium amytal,
sodium iso-amyl-ethyl—barbiturate, to nroduce general
anesthesia in animals,

All derivatives of barbituric acid have certain

characteristics in common whieh have long been recognized:
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l. They are primsrily hypnotics; only occasionally will

amounts ordin rily producing hyonosis produce analgesia or
enesthesia, Sufficiently larse amounts will induce anal-
gesia and anesthesia in both animsls and man, However the
dosage of such amounts precludes their routine use in

man. (64) 2, There may e a marked variation in the




effects observed with a given amount in the same or diff-
erent patient, This variability of action hes made it
difficult to select the proper dosage, 3, The amount
required to produce a given therapeutic effect bears
apnroximately the same relationship to the fatal dose in
each of these vsrious compounds, in their clinical applic-
ation. 4. All members of the barbituric acid series may
depress the respiratory and circulatory systems when
amounts large enough to produce deep hypnosis are admin-
istered. 5., Comparatively large amounts of any of the
derivatives of barbituric acid may produce hallucinations,
and so forth, when the amount excreted or destroyed reaches
a certain level,

Zerfas, (64) points out that derivatives of barbituric
acid have many characteristics in common, but differ largely
in toxicity, and rate and manner of elimination, Lundy, (87)
has recently mszde an exhaustive review of the literature
on this subject. The therapeutic margin of safety, bzsed
on exverimental animsl work, hes been determined for a
great many of these compounds. In clinical medicine we are
interested to know the proportion of the fatal dose that
will be required to produce a given effect., For all
practical purposes that relationship is about the same for
all the commonly employed derivatives of barbituric acid,
Diethyl-barbituric acid, (barbitel) is frecuently cited as
being the least toxic of these compounds, mainly because

the amount required to produce death in animals is relatively
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large. Should one desire to produce a given effect short
of the f:tszl dose, the amount of barbital required would
bear sbout the same relation to the fatal dose &s that of
a compound considered two or three times as toxiec. Should
subsequent sub-lethal amounts of barbituric acid be given
before the enftire amount was eliminated each time, barbit-
al would ultimately prove decidedly more toxic than those
compoundé eliminated or destroyed at a faster rate.

Fitch, and his associates, (95) state that there seems to
be 1little advantage thet can be claimed clinically for the
intravenous use of one barbiturste over another, excent in
so far as the szdvantage lies in differences in duration of
depression and in the total quantity of the drug that the
orgaenism mist destroy or eliminate.

According to Friedlaender, (67) most of the barbit-
uric acid derivatives such as veronal, amytsl, allonal,
inpral, luminal, noctal and pernocton have been tried out
experimentally and clinically &nd their action has been
similar in the humen being and in animals; namely, as
sed:tives, analgesics, or hypnotics, depending upon the
amount administered, The toxic reactions of individuals
to the various barbituric acid derivatives are essent-
ially the sszme, with the exception of pernocton and
noctal,

The use of the derivatives of barbituric sacid es
anesthetics and hypnotics has been closely studied in

the last few years, especially in the United States, and




the literature is now extensive, (66) Iundy, (85) quotes
no fewer than 466 references. As regsrds the nse of the
barbiturates in human surgery, one may draw the following
conclusions: (95) 1. The employment of a barbiturate as
the sole anesthetic is inadvisable., 2., As basal hypnot-
ics the barbiturates are among the most valuable drugs
available, 3. The suitability of a barbiturate as a
besal hvpnotic depends largely upon toxicity, and short-
ness of action. The greater the toxicity the smaller is
the dose required, and the smaller the amount of the drug
to be detoxicated or eliminated.

The barbiturates can e adm'nistered in one of two
ways, either by mouth or intravenously. The former route
has the advantage of simpnlicity, but accurate dosage, which'
1s escential for successful anesthesia and which varies
with each individual patient, is difficult to obtain., The
intravenous method is commonly employed, because it allows
the minim+=1 effective dose to be determined accurately., (69)
With this, a solution of the chosen drug is injected at a
predetermined rete, ceasing when consciousness 1s‘1ost.

The duration of administration varies according to the
toxicity of the drug employed; it is shortest with Pernocton
and longest with Amytal. (69) A warning, however, wss
issued by the Council of Pharmacy snd Chemistry of the

American Medical Association, regarding the intravenous

administration of barbiturates., It is stated thet these

comnounds require lsrge amounts of alkali for solution;
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amytal, for example, requires a degree of alkalinity the
equivalent of a buffer solution with a pH of 9,5, end
therefore this drug, and for that metter any other barb-
iturate, will not remain in solution with the chemical
reaction of the blood., (69) The compound is precipitated
and then there is a foreign body, in the colloidal state,
within & sensitive colloidel system,--nsmely, the blood,
whose physio-chemical properties znd phvsiological
functions are unintentionally and undesirably affected,
R.C. Garry, (69) states that this action, which is not
peculiar to the barbituretes, is probably responsible for
certain reflex effects =zrising either from the disturbed
colloidal equilibrium of the blood or from marked alkalin-
itv of the injected solution, or both., These intravenous
reflexes which may be invoked by irritation of the depress-
or nerve endings or of the vagus nerve terminations in

the viscera, and which result in sudden circulatory =znd
respiratory disturbances, are unnecessary and undesirable;
they complicate the ordinary hypnotic action of the barb-
iturates, and submit the patient to additional risk,

In view of these facts the Councill of Pharmecy znd
Chemistry maintains that any advantages thaet can he pro-
cured by giving Barbiturates can be vrocured bv giving
them by the mouth; and that, in the present state of know-

ledge, the intravenous route should be reserved for only

emergencies and for those cases in which oral administrat-

ion is phvsically impossible. The wisdom of this attitude

- ‘




is senerally recognized, for, although 1t is not in harmony
with the favorsble opinions, based uvpon clinical invest-
igation rather than upon rharmacological experiment, origin-
ally entertained regarding the intravenous administration

of these compounds, it is in the best interests of 'he

patient. (69)




AMYTAL

One of the most recent derivatives of veronal is
amytal (iso-amyl ethyl barbituric acid). This drug was
" first described by Shonle and Moment (62) in 1923, and
w: s promptly used by Page, (63) in pharmacological ex-
perimentation, At first the difficulty of preparing the
soluble sodium salt of amytal delaved the use of this
drug as an anesthetic for human beings., Very recently
however, the presence on the market of the sodium salt
of amytsz1l in stable form has permitted its wide applic-
etion as an anesthetic in man, (64) A full description
of the clinical use of the barbituric acid croup of drugs,
both in surgical and in non-surgical cases, may “e found
in the Proceedings of the Staff Meetings of the Mayo
Cliniec. (85)

Intravenous administration of a 104 solution causes
a very r&pid onset of anesthesia, but the injsction must
be carried out very slowly, because of severe circulatory
disturbances. In man, 20-25. mgm, ver kilogram of body
weight is sufficient for complete surgical anesthesia,
and 12,-20., mgm. per kilocram of body weight is adequate
to lower the dose of such volatile anesthetics as ether,
or nitrous oxide and oxygen, to 2 of the usual amount
required, (85) Stormont, Lampe, and Barlow, (86) working
on rats, showed that premedication with amytal or other

barbiturates permitted the production of full snesthesia
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with a lower percentage of nitrous oxide and a higher
percentsge of oxygen than is usually necessary,

In man there is a vost-anesthetic sleep, and drowsi-
ness; governed by dosare, for 12,-72, hours, This con-
siderably increases the necessary nursing attention.
Neither in animals nor in man sre there siens of post-
operative distress, (87) The statement bv early workers
that carbohydrate metabolism is unaffected by amytal,
made this drug the anesthetie of cholice during the wave
of experimentel investigation into carbohydrate metabol-
ism which followed on the discovery of insulin. This
sweeping claim for amytal as a true "physiological"
anesthetic has not stood the test of time., Glucose in-
jected intravenously is not removed from the blood at the
usual rate, presumably due to inhibition of the storage of
glycogen in the liver, (88) However this may be, there
seems to be a general consensus of opinion that amytal
anesthesia hss a less disturbing effect on carbohydrate
metabolism than the majority of other anesthetics in
general ucse, This may be not without significance in
anesthesia in man if damage to the liver is feared,.

As is to be expected, amvtal lowers the body temp-
erature, certainly by enforced inactivity and possibly by
a direct depressor :ction on metabolism. All barbituric
ecid derivatives sre respiratory sedatives. Amytal, how-
ever, in anesthetic dosage, does ﬁot greatly diminish the

§ minute-volume of respiration, and the respiratory center

i' .




remains sensitive to carbon dioxide., (89) Amytal has a
definite toxic action on the heart, and this is more mark-
ed the more rapid the adminis*ration., (90) For this
resson rapid intravenous exhibition of the drug is fraught
with denger. The blood pressure falls rapidly, and one
hour or more mey elapse before it regains its previous
level, This fall in blood pressure is due both to dilat-
ation of the heart, with reduction in minute-output, and
also to vaso-dilatation. (91) ILarge doses administered
rapidly may cause heart block, ventricular fibrillation,
and death, In clinical use, amytal lowers the systolic
and diastolic pressure, and this fall in blood pressure

may be alarming if the administration be rapid. (85)

Because of the great controversv over the use of amytal

in Obstetrics, the following information may throw some
li~nt on the subject: 1in vitro, amvtzl, even in high
concentration, has no effect on the movements of the
guinea pig uterus, snd the response to "pitocin", is
unaffected, (92) Amytal has found greast favor and has
been used successfully in many obstetrical clinics,
Barbituric acid derivatives do not all react in the
same ways; they are excreted in variable amounts and with
variable sreed. Amytal does not anpear as such in the
urine of dogs, whatever the route of adrinistration., (93)
There seems to be no detrimentsal effect on the kidneys,
and like other anesthetics, amytel inhibits water diur-

esis. (94) The known effects of amytal on lesboratory




animals are correlated with the more recent experiences
of amytal as an enesthetic in human beings. Although
amytal h: s been definitely disappointing as an anesthetic
in ohysiologicael research work, vet, when proverly used,
its pharmacological actions may be of no hinderance to
its use as an anesthetic in man., (84)

The effects of sodium amvtal on the circulatory system
eare somewhat dependent on the smount, rate, and manner of
administeration of the drug. It is possible by the rapid
intravenous injection of sub-lethal doses of sodium amytal
in eanimals to produce death or an immediate fall in hlood
pressure to alarming levels, Lieb and Kulinos, (97)
state that sodium amytal when given intrasvenously to
laboratory animals, depressed the circulation and produced
a orolonged temporary parzlysis of the vagus to *he heart,
which lasted from one to one and a half hours, Shafer,
Underwood, &nd Gavnor, (98) have confirmed these find'ngs
reported by Mulinos., They also fourd the fre:steet slowing
from stirmlation of the vagus 'n decerebrate animals and
the least in those just under amytal, while intermediate
slowing was observed in dogs under ether, The blood
pressure increzsed following stimulation of the vagus
under amytal, i1f the vagus carried a greater number of
pressor impulses. Lundy, (87) and others have observed
an incre:se in blood pressure in two cases following
the intravenous administr:tion of sodium amytal to their

surgical patients,
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As a rule, following the inftravenous injection of
sodium amytal in man 2t a comparatively slow rste, one
c.c. ner minute, a decrease in both the systolic and the
diastolic blood orescure occurs, ususzllv durine the time
the drug is being injected, and becomes most marked when
the patient loses consciousness, Mason, Baker, and
Pilcher, (99) reported that tne systolic pressure in 211
but a few instances fell to an average of 30, mm, of
mercury, and the diastolic to an averarse of 15, mm,
during the induction of snes hesia, but returned to normal
levels early in the operation., Patients with hypertension,
those who are mrrkedly sclerotic, and patients who sare
debilitsted from chronic illness, may show much greater
decreases in blood pressure, even to alérminq levels and
subsequent death,

James Poe, (57) states that because of the possibility
of a great fall in blood pressure, elderly patients with
seneral arteriosclerosis and hvpertension are considered
unsatisfactory subjects, as the fall in blood pressure
may have serious consequences, and hence the dose should
be very much lim*ted, if used at all, in these cases.

Animels given fatal doses of sodium amytzl died of
resnirstory failure, which usually precedes that of the
circulatory system, though failure of both sometimes
occurs simultsneously, varticulserly if the drug is in-
jected ravnidly. Isenberger, (89) in a series of exper-

iments on animals designed to show the effect of narcotics



on the function of resniration, found that moderate doses
of sodium :mvtal resulted in a slight decline in the rate
of respiration accompenied b~ a compensatory increase in
denth., Small doses of morphine siven preliminsry to
sodium amytal seemed to render the action of sodium amytsal
more uniform as well as more intense, and thus reduced the
amount of both sodium amytal and morphine required.
Isenberger, (89) also calls attention to the fact, however,
that morphine may be chiefly responsible for the changes
in the respiration observed after morphine and sodium
amytal have been given in sequence in therapeutic doses;
also, that basal narcosis, as a result of the proper ad-
ministration of sodium emyt:l in combination and sequence
with morphine preceding the administration of a genersl
anesthetic, such as ether, and full surgical anesthesia
with relaxation, were safely and easily established and
adjusted, /it the same time, there appneared to be retain-
ed 2 definitely higher degree of respiratory reserve than
when ether zlone, or ether preceded bv morphine alone,

was used to a state of similar degree of anesthesia and
relaxation,

Clinical observation of the administration of compar-
atively small amounts of sodim amytal for pre-anesthetic
preparation of patients h:s been described, and follows
closely that defined for animals, The respirations are
usually regular in rate, but sre frequently reduced in

amplitude. There was 1little chenge in the color of the



skin, although a slight degree of cyvanosis has been noted.
Mason, Baker and Pilcher, (99) call attention to the
development of a flush of the skin, sometimes resembling
a febrile reaction.

When the drug'is injected intravenously the induction
of sleev is rapid and quiet., Drowsiness, noted by droop-
ing of the evelids, yawning, snd slurring of words, comes
on after the administration of 3,-9, graeins, These same
authors a2lso noted that as the dose was increased the
vatient became reflexly hypersensitive, and finally enter-
ed a vrofound state of narcosis, The pupils became con-
trected and in some cases fixed, so that they would not
react to light., The corneal reflex was diminished and
the gag reflex remained intact, The knee jerks were often
exagoer-ted during the period of hvperesthesia, In this
state, patients sometimes became restless, if stimulated.

The period of unconsciousness may last anvwhere from
3.-6, hours, depending unon the amount of the drug given.,
"hen & sufficient eamount of the drug was‘eliminated or
destroyed, the patients passed throush a mildly restless
period of comparatively short durstion, in which thevy
were disoriented, moved aimlessly about, and uttered in-
coherént statements, During the following hours they
continued to be drowsy, and slept at intervals,

L.G. Zerfas, (684) states, "in our earlier work, we
used sodium amytal in approximately 100, cases as the

sole anestnetic, It was soon apvnarent that the marked




depression upon the circul-tory and resniratory systems
carried with it certain dangers wh'ch would not warrant

its gmeneral use, The greater pronortion of the patients
were restless and delirious for a period of time, which
added further to the difficulties of its emvployment as

an snesthetic agent, #lso there were no clean-cut

criteria for judging the dosage when administered in such
amounts". This drug and other barbituric acid derivastives
have heen employed in smaller doses to a definite advantage
in the nre-anesthetic preparation of the patient.

Holman and Palmer, (100) state that the occasional
restlessness and the mild delirium after operstion are a
definite disadvantage, but are usually absent when amytal
is administered in smaller doses, ranging from 7,.,-12.
grains., In their experience with the intravenous admin-
istration of the drug the drop in blood pressure is a
distinct disadvantage. Even with small doses this drop
may be alarming, and mzyv be sufficient to warrant post-

. ponement of the operation. They think it mav be an evidence
of an individual idiosyncrasy to the drug, and its

possible appearance makes frequent observations on the
blood pressure during the administration of the drug
imnerative, They conclude from thelr experiences with

its use in 150, cases of seneral surgery, that sodium

amytal provides the normal induction of a natural sleep

without the apprehensive struggling of a conscious natient.

There was noted a marked reduction in the postoperative

L ]
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nausea, struggling, and pain, In operations upon pnstients
with exophthalmic goiter, and upon very apnrehensive,
excitable nutients, sodium amytsl hus, they believe, a
very definite place in anesthesia, and may be used in
doses of 7,-12, grains with definite advantage to the
patient,

lason and his associates, (99) using sodium amytal
intravenously, called attention to the variation in
individual susceptibility to the drug. They found that
the minimum dosage required barely to er:se consciousness
vsried frequently from 3,-9., grains, illustrating the im-
practicability of estimating the prover dosage. From their
experience with its use in 305, cases, thev conecluded that
when the drug was used for the pre-anesthetic preparation
of the patient, with a dose just large enough to make the
patient lose consciousness, it gave more satisfaction than
any other drug used, In patients with hyperthyroidism,
#snd in those who were nervous, it gave the most satisfy-
ing results. When the drug was given slowly and the ad-
m'nistration stopped as soon s the pztient lost conscious-
ness, thney considered that no serious or untoward effects
would be experienced., They sugsest the followi- g surgical
indications for its use: hyperthyroidism, and 1:parotom-
les in which it is desirable to have relaxation with
ethylene; kidney ovnerations, using sodium amytal suvp-
lemented by ethylene; to produce unconsciousness where-

ever there is an emotional element of any degree before
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any type of operation; for the control of postoperative
delirium or excitement; and as a pre-overative measure
to promote rest in hichlv toxic goiter cases,

The uses of this drug for purroses other then ore-
anesthetic preparstion of the natient, include the control
of convulsions as observed in tetanus, eclampsia, status
epilepticus, strychnine poisoning, and cocaine and pre-
caine poisoning, It has also been used in controlling
patients with delirium tremens, unmanageable mental cases
and various postoperative psychoses,

In the field of anesthesia, patients who are poor
anesthetic risks may be considered noor risks when sodium
amytal is used for o-re-anesthetic preparation., Patients
with hypertension, hypotension, generalized arteriosclerosis
and those who are emaciated are vpoor subjects for the use
of sodium amytal., Patients with pulmonary infections,
lung abscesses, and bronchiectasis should not receive
enough of the drug to interfere with the gag reflex, and
it is better o» the whole to use very small amounts, 3.,-6,.
grains, preferably without producing a total loss of
consciousness, The drug should also be given cautiously
or not at all, following very large doses of morphine, or
in those patients particularly sensitive to morphine and
similar drugs, The intravcnous administration of the drug
should be stopvned at once if an acute drop in blood press-
ure or & m:-rked decrease in the mmplitude of the respirat-

ion occurs., The intravenous metnod carries with 1t certain



disadvantages, such as the dangers from too ranid ad-
ministration, more aci te respiratory and circulstory de=-
pression, and the technical difficulties and dangers
inherent in intravenous administration of drugs. However,
the effects are obtained a2lmost immediately; the minimum ‘
amount required for the individual patient may be judged
more accurately; and the rate of eliminstion or destruct-
lon proceeds at a faster rate, As is well known, no fix-
ed rule can be used for calculating the dosage, and
individual varlations exist in man., This one point alone
is sufficient to contraindicate the use of barbituric acid
derivatives in large doses., It is considered, however,
thet doses of 3,-9. grains, not exceeding 15, grains, are
comparatively safe limits for the clinical use of sodium

amytal. (84)



PERNOCTON

The desired qualities in obstetrical anesthesia are

those of general anesthesia with important additions,

These additions are: 1, The anesthetic should not interfere

with uterine contractions; 2. If possible, it should per-
mit reflex abdominal muscle contractions; 3. It must not
effect the foetus, It was the search for a drug that
would fill the above pnrerequisites that led to the dis-
co#erv of the barbiturate called pernocton, and until the
advent of pernocton, it could not be said that such an
anes*hetic, with the partial exception of nitrous oxide,
existed.

The extent of anesthesia is determined by the con-
centration of the anesthetic in the blood and tissues,
and the appropriate concentration is such thet the
cortical cells are depressed, but the medulls, with its
respiratory and cardisc centers, 1s not so affected, (68)
Pernocton is a 10% solution of thé sodium salt of second-
ary butyl-B-bromallyl barbituric acid, It is a white
crvstalline substance soluble with difficulty in water,
but readily in alcohol,

Animal experiment has shown fhat acetonyl barbituric
acid is the fragment of the pernocton molecule which is
excreted in the urine, and this revresents only one-fifth
of the amount administered, that is, the remainder is

destroved in the body. Moreover, an enimel cen be fed




with acetyl acetonyl barbituric acid with the result thst
only & small portion can be recovered from the urine,
~pointing to the fact that the molecule cen be oxidized
by the organism, (68)

The chemical formula of pernocton is C11H1403N2BrNa,
It was in*roduced in Europe and has been extensively used
there during the last ten years, It hass a2lso been used
recently in this country in both s rrsery and obstetrics
with good results, It apvears to have an adventage over
the other barbiturstes because of its early detoxication
within the body, snd hence is without the prolonged sleep
end depression that so often follows the use of the other
hvpnotic drugs of this type. Pernocton has also the ad-
ventage of stability when in solution and hence is pre=-
parei in a sterile solution, readv for immediate use, (57)
Pernocton h&és been in use in Germsny since 1927, (58)

Its advantage over sodium amytal and nembutal is thst it
is stable in solution so that no mixing or dilution is
necessary,

Pernocton,.by the introduction of the -CH2-CBrzCHZ2
group, acauires one of the most desireble attributes of a
good hypnotic, the nronerty of ranid decomposition or
alteration to noh-toxic substances within the tissues,
According to R.F, Matters, (68) one of the most signif-
icent structur-l szdvantages is the presence of the sec-

ondary butyl radicle which by its asymmetric carbon atom



similates naturally occurring molecules. The toxic margin
with pernocton is very high; intravenous administrstion to
rabbits gives a rstio of 1:10 for average nasrcosis dose,

Intravenous administration is desirable in that it
sdmits of ebsolutely sccurate dosage and rate of absorpt-
ion by the nerve cells, Intramuscular or enteral admin-
istretion is uncertain in this respect and, although
necessary when more dangerous compounds are used, it is
not important in pernocton anesthesia, except perhaps for
additional amount which are given intramusculerly mainly
because of the slower absorption, (68)

Its initial use was tried in asylum nractice, and
the first clinical knowledge of its value is due to Bumm,
head of the Surgical Clinic at the Charite, Berlin,
Germany. (Taken from R.F. NMatter's report, (68)) Bumm's
first review of 100. cases begins'the literature.upon this
subject., Since then, 1927, until Aopril, 1930, two hundred
thousaznd cases of clinical administration have been report-
ed., In giving pernocton, it is very necessary that one
should induce by sugeestion a satisfactory mental attitude
in the patient., The dose of pernocton is 1, c.c, ver
12.-15, kilograms of body weight, the rate of injection
being 0.75 c.,c. per minute,

The method of administration now most universslly
adopted was originally taken from a psper by Brammer, of
the Universitats Frauenklinik, Freiburg im Baden, whose

1500, pernocton deliveries have been completed and of
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these he has esvecially analyzed 225, cases to detefmine
the best procedure, In the sz:me paver is given a minute
analysis of the results of pernocton anesthesia as used in
other clinics, and he indicates especially the following:
(taken from R.,F, Matter's discussion of the original paper
in German, #68) "Goldschmidt states that 3.5 c.c, is the
lowest amount that suffices for a case, Vogt uses 8,8 c.c.
es an initial intrsvenous injection, and after 45. minutes
gives 4, c.c, Intrsvenously, in addition. He scys there
are no 111 effects, Mutz gives 3,5 c.c. intravenously
and 1,5 ¢c.c, intramuscularly., He says that anesthesisa
lasts for three hours." Brammer states that using 5. c.c.
of pernocton, it was found that the intravenous route was
many times more efficacious than the intramuscular routej
he considers that the latter has a variable rate of absorpt-
ion, He further advises that in orimipsrae the pernocton
should be given when the os is "five shillings" dilasted;
the cervix in multiparae should be dilated only "three
shillings". The average duration of the "twilight sleep"
for the sincle dose in 72, women was found to hre 2,5
hours, snd the average duration in 28% wes 1,45 hours,
In 807 of Brammer's cases the anesthesia lasted for 3,
hours and the smnesia was complete,

Matters (68) makes the following conclusions: 1,
Pernocton is a sultable obstetrical snesthetic; 2, It
has been abundantly tried and fulfills 2ll the require-

ments of obstetrical anesthesia; 3, The results he



obtained corresponded closely with those published in
Europe; 4. Quiet surroundings and careful sugegestion

‘re essential to the technique; 5, The intravenous

route is the more exact and suitsble method of injection,
while the more slowly absorbed intramuscular injection is
used for additional doses to maintain the concentration of
the anesthetic in the blood,

Friedlaender, (67) states that the psychological ex-
planation of sleep is the theory which best lends itself
to an explanation of the action of pernocton. As will
be shown later, the method of giving pernocton includes
preparation for hours, even days before the advent of
the operation, The patient is nrepsred by sugrestion
for what to expect and is told how plessant and harmless
pernocton is. This suggestion &s & preliminary is very
essential, for it induces a state of mind which is the
first step to beneficial sleep., (87)

Pernocton directly paralyzes the recentive ability
or rather the ability to synthesize idezs and impressions
and thus produces narcosis., The narcosis induced bv this
drug 1s one sten beyond natural sleep, for the individual
cannot be roused by ordinarv stimuli. Pernocton is described
"bv some as a paralyzer of the ability to concentrate on
limited number of stimuli. Pernocton belongs to the group
of hydrocarbons, all of which possess the ability to pro-
duce narcosis in varyving degrees of toxicitv and effect-

iveness., As a general rule, "all other factors being
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equal, the effectiveness of actlion of a hydrocarbon in-
creases with the length of the chemical side-chain.," (67)
A 1limit to this rule is soon reached, for the longer the
side-chain, the less voletile, soluble, and sbsorbable
the drug becomes, It can resdily be seen that an insol-
uble, non-volatile, and non-absorbable drug, no natter
how powerful it 1is, is of no uce,

Pernocton has an especially effective length to the
side-chain; not too long as in amytal, where the variat-
ion in solubility of different lots is due to the excess-
ive length of the side-chain., Another factor enhancing
the value of pernocton is the halogen replacing one of
the hydﬁggen atoms., (67) Bromine supnlies all of the
benefits of tne halogen, at the same time lacking all the
dangerous qualities of the other halogens, In short,
pernocton, according to its advocates, contains all the
factors making for therapeutic effectiveness and has no
determinate qualities such as undue toxicity or difficulty
of manac-ment,

This is really highly debateable and only the opinion
rendered by those who champion the use of pernocton, The
relatively slignht toxicity of pernocton as compared with
the other barbiturates is due to the rapid decomposition
of the drug in the body. This same author, (67) who so
strongly champions the use of pernocton, also made the
following statements which have a bit of a éonfradictory

alr to his previous conclusions: "From the beginning of




our investigations we hed in mind the two main factors,
ease of control and harmlessness on one hand, and pre-
servation of the patient's constitution on the other,
Because these two factors were not found in anv one of
the anesthetics known today, we sought for and obtained
the desired results by combining pernocton with an in-
halation anesthetic, vreferably ether." (67)

Pernocton's use, therefore, is principally that of
basal anesthesia, or an induction mecium, followed by
ether, With this combined anesthetic, somatic sensibil-
ities are to a creat extent eliminated., Complete anesth-
esia with pernocton is never attempted by the wise, states
one author, The determination of the proper dose depends
upon the weight and the vpsychic condition of the natient.
As & rule, 1, c.c. of the 10% solution of nernocton per
12.5 kgm, of body weight will be sufficient to put the
patient into a deep sleep in from one to two minutes.

Examinations too painful to the patient to be carried
out without an-sthesia, =:nd minor surgical operations c:n
be made under *the influence of pernocton. The drug h:s
been used in cases of ~eneral surgery, in ovperations uvpon
the thyroid eland, stomsch, gall-bladder, appendix,
kidney, prostate, ete. In 700. cases reported by Bernard
Friedlaender, (67) there was not & single fatalitv, snd in
only 4, cases were there found an excessive amount of excit-
ability which was belleved o leve baen due to an improper

techinigque, namely, too rapid injection of the drug.




The method for the intrsvenous injection of pernocton

is as follows: 1. Pernocton is a hypnotic to be used

[#2]

intravenously. If used in ravenously 'n the nroper dose,
instent sleep is produced with the elimination of all
sensation; 2, Its principal use is for induction and the
supcort of an inhalation an:zsthetic and it serves to avoid
all psychical disturbances of the pztienty 3, The sverage
dose need not be more than 1, c.,c, to 12,5 kilograms of
body weight; 4, The intravenous injection should be
stopped even if the full dose has not been given; 6, In
fifteen to twenty minutes after the injection, a small
amount of ether may be given to the patient by inhalat-
ion; 7. The normal sleep after overaztion may last from
two to five hours, reducing postopersztive pain to & mini-
mum,

The conclusions that I reached, after reading most
of the available data, which is enormous in amount,
concerning pnernocton snd its use are as follows: 1.
Pernocton, in chemical structure, combines *he advantages
necessary in anesthesia in the possession of & long side-
chain and a halocen replacement of *he hvdrosen atom with-
out suffering the disadvantages of similar compounds,
namely, insolubility, toxicity, etc. 2, Pernocton pro-
duces a state closely rela*ted psvchologically to natural
sleep, with the sdded benefit of rendering the subject
impervious to external stimuli, 3, Pernocton should be

administered in g dosage relative to the body weight,




4, Pernocton should never be administered in doses

great enoush to abolish the reflexes, In rmajor operations
it should be used as an extreme hypnotic for induction, and
combined with a small amount of ether., 5., Pernocton may

be used effectively as the sole asnesthetic for painful
examinations, and minor surgical operations, but the

danger in this sole use of vernocton is great. 6, The

700, cases with no fatalities and onlv 4. cases where
extreme excitability was present are seemingly fair evidence

of this drug's beneficient effectivity



NEMBUTAL

Nembutal, sodium ethyl methyl butyl barbiturate, has
the characteristics of the barbituric acid series more
clearly developned than any other barbiturate, It is
about twice as toxic =zs sodium amytal, (96) and its
action is much shorter., Lundy, (96) states that it is
more cedative than hyvnotic and thst it causes delirium
and restless-ness less often than other barbiturates,
Nembutal (Abbott) is suponlied in ampoules (gr. 7%) for
intravenous use after being dissolved in distilled water,
10, c.c.

For the injection a 10. c.c. syringe is used with a
fine hyvnodermic needle, and the solution is injected at
the rate of about 1, c.c. per minute, When administered
infravenously the injection need not be begun until 10,
minutes hefore the time of oper:stion, for the effect is
guickly and accuratelvy obtained, ©No calculation of dose
on a body weight basis is necessary, the amount being
determined by the progressive effect during injection.
The solution should be freshly vnrepared and quite clear,
The injection should be carried out st the rate of about
l. c.c. per minute, a close watch being kept on the
p-tient throughout., The patient's resvonse to aquestioning
becomes gradually more =znd more indistinect and without any
period of excitement, the pstient passes into a quiet

sleep, The dose is the minimum amount necessary to



produce this effect aft-r slow and careful injection.

The minimal dose in Magill's series of clinical cases, (66)
was grains 3, and the maximum was grains 74, When sleep
ensues after intravenous injection respiration is quiet,
diminished in amplitude, and normal in rate, It h&s been
stated by some that a fall in blood nressure taokes place
during the injection of a barbiturate, (85) but other
experimenters such as Magill, (66) find that with nembutal
the fall in blood pressure is trivial or absent in =11
their cases,

During the course of the operation after ‘ntravenous
injection the amount of the supnlementary anesthetic re-
quired is less than with orzl or rectal administration,
This, s%ys Magill, "is clearly the result of the more exact
dosage bv the intravenous route." And, perhaps it is due
to this more accurate dosage that a survey of literature
reveals that the post-operative effect following intra-
venous injection is more marked than with oral or rectal
administration, Drowsiness or sleep from 1l,-5. hours
after operation is the usual course, with hazy memory for
events during th=t period.

In order to compare the results obtained with other
barbitur~tes, I.W. Magill, (66) administered sodium amytal
intravenously to 23 cases, and pernocton to 15 natients,
All of these natients were adults, Induction of pre-
onerstive sleep with sodium amytzl compared favorably

with nembutal, but the recovery period was much longer,
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Pernocton has heen reckoned equ:l to nembutal in toxicity,
and the recovery veriod was about equal, (95)

It is in the intravenous use of nembutal that the
greztest advantage over other methods of administration,
lies, By this method it is possible to determine the dose
accurately during injection of the drug. Here, again, the
reaction of the patient seems to bear little relation to
age, body weight, or habits. Intravenous injection of a
drug in connection with anethesia is open to criticism as
an unnecessary complication not unattended by danger, If
injection is carried out carefully and slowly, with asept-
ic precautions, 1t need involve little more risk, and
certainly no more discomfort, than a hypvodermic injection.
From the adult patient's point of view, a prick with a
hypodermic needle 1s usually expected before an operation,
snd to many it 1is more acceptable than the retention of a
rectal injection of any kind, Intravenous injection of
nembutel is available, further, when rectal premedication
is ruled out by the nature of the operation. It requires
a minimum of apvraratus and preparation., The following
might serve to summarize the subject: 1, Intravenous
injection of nembutal provides a pleasant method of
bridging the gap between consciousness and unconscious-
ness, before general ancsthesia. 2, The amount of
anes*hetic subeequently reQuired is diminished, &, Post~-
overctive nausea snd vomiting are diminished or absent.

4 The chief disadvantsage is postoperctive restlessness

[



in & small percent:ge of cases, about 10%. (95)

It has recently been well established that there is
great variability in duration of the sedstive and hypnot-
ic actions of different members of the barbituric acid
series, As regards hypnotic action they have thus been
arbitrarily divided into "long-acting" and "short-acting"
barbiturates, Sodium iso-amyl-ethyl bsrbiturate, (sodium
smytal) is a good examnle of the first, and nembutal may
be taken as tvpical of the short-acting barbiturate
hyonotics.

In surcical cases experience of a good many has
proved that a short acting barbiturate, having a brief
hypnotic sction, is safer and more satisfactory than long
acting barbiturates, In general, Volwiler, (59) says,
the long acting barbiturates are antispasmodic and hvpnot-
ic with a durable hypnotic action; the short acting barb-
iturates are antispasmodic and sedative with hypnotic
sction of short duration but of sufficient length to cover
the neriod between administretion and the induction of
surgical sznesthesia as well as of the operation itself.

In medics1 cases, he points out, a short acting hypnotic

is often preferable because the hypnotic effect is still
long enough to assure hours of rest for the pautient, yvet

the nroduct 1is eliminated so rapidly that there is much less
likelihood of '"hangover", more commonly exnerienced after
the long-acting barbiturates. Furthermore, the barbiturates

of the short acting series are characterized bv the fact




that a smaller dose produces a very intense if more fleet-
ing action, This means a2 more rapid elimination and a de-
creased tendency to any possible toxic or other undesir-
sble effects, with & wider margin of safetv.

#dhile in laboratory animals general sursical anesth-
esia has been induced successfully bv the employment of
barbiturates alone, a resume of the literature shows that
clinical sttempts have not been uniformly satisfactory
for the human subject., The general opinion of clinicians
i1s that the barbiturates find their field of usefulness as
hypnotics and as pre-anesthetic sedatives,

A pharmacological report bv Fitch, Waters, snd Tatum,
(95) covered an accurate laboratory and clinical comparison
of sodium amytal and nembutal, as well =s the German prep-
aration, pernocton, These investigators, (95) found that
to produce sleep in an ordinary previously morphinized
individual, 0.6-1,4 grams of amytsl, 0,4-0.8 grams of
pernocton, snd C.2-0.5 grams of nembutal wers required,
They &lso found th-t both the period of postoperative
sleep and the postoverative excitation were distinctly
less with nembutal than with the other two barbiturates.

Dr. John S, Iundy, (87) reported clinical confirm-
ation of the pharmacological observations of Fitch,
aters, and Tatum. (95) Based on his observations on
several thousand cases in the WMavo Clinic in which
sodium amytal or nembutel were employved he found thst the

latter is essentially an antispasmodic and sedative,



with less delirium incident to its use than with the
former, Moreover, it is twice as effective, thus ver-
mitting smaller dosage, and the period of recovery is
only half as long. Dr, Lundy, (87) concluded that the
nembutal is particularly advantageous in obtaining pre-
overative sedsztion regardless of the final anesthetic
used and in cases in which it is desired that the barb-
iturate effect should be of short duration, Barlow,
(86) in exvperimental work on rzts has found thaet pre-
medication with 22.5% of the lethal dose of nembutal
intensifi=~d the anesthetic prope~ties of nitrous

oxide. He, (86) concludes, "correlation of the premed-
ication values of avertin and the nine barbituric acid
derivietives indicate that the order of efficiency from
high to low is as follows: nembutal, avertin, dial,
allonal, neonal, phanodorn, pernocton, luminal, amytal,
and barbital,"

Dr, I.W. Magill, (66) administered nembutal =s a
bzsal hvpnotic to 262 surgical patients, the intravenous
route being used. When nembutal is asdministered Intra-
venously the effect ie rapid, scys Volwiler; (59)
responses to questions gradually become more indistinct
¢nd, without any period of excitement, the patient passes
into a quiet sleep, DNone but a trivisl fall in blood
pressure was observed by Dr, Magill, (66) in any case
in which nembutsl wss administered intravenously, By

the intravenous method the amount of supplementary snesthetic




required was less than with oral or rectal sdministration;
also the postoperastive sequelae were more marked following
intravenous than following oral or rectal administration,
Some degree of restlessness postoperatively wes noted in
only 13 cases., Dr, NMagill, (66) regarded nembutal &s the
most outstanding anesthetic drug ¢nd one sure to be of
great value in medical practice, i.e., in epilepsy,
convulsions, eclampsia, delirium tremens, hysteris snd eny
nausea.,

In discussing Dr, Magill's paper, Sir Fr:ncis Shipwsy,
(104) s:=id that there cseemed to be a great future for
nembutal; he wrs using it constzntly and saw no dissd-
vantaces from its use. Dr, Stinlev Rowbotham, (105)
unhesitatingly endorsed Dr. Magill's conclusions in regard
to nembutal, He has administered it in 108 cases and
stet~s that comprsred with his experience with sodium amytal
and pernocton there is no doubt thet it is the best of
the three drugs. In the majority of his cases there was
a fall of 10,-15. mm, in the systolic blood pressure with
nembutal whereas with amytal, the fall wss usually double
this amount, and postoperztive restlessness was decidedly
more merked, With pernocton, he reports thst the results
were even more unsatisfactory. Dr, Jas. Riddell, (106)
states that as & nreliminary sedative in nervous pstients
he found nembutsl valuable and easier to emplov than avertin
ver rectum. In his experience also it is preferable, in

obstetric practice, to sodium amytal, intravenously or

75,
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orally.

John D, Graham, (107) states that the advantages
possessed by nembutal are minimal dosace, more rapid
elimination, greater freedom from after complications, and
less tendency towards extreme restlessness or delirium,
However, valuable as the drugc is intravenously, in
gynecological surgery, he states, it like other intra-
venous drugs has no nlace in obstetrics, but is very
effective and efficient in this field when given intra-
miscularly,

John S. Lundy, (6) in his report on nembutzl states
that 1t is definitely sedative, antispasmodic and, of
course, hymnotic. He reports a series of 2,300, cases
in which nembutal was used intravenously to onroduce
énesthesla, 1In this series ,5 grams of nembutal was
first dissolved in 7,5 c.c. of water so that the concen-
tration was one grain per c.c., For adults the solut%on
wss Injected at the rate of 1, or 2, c.c. per minute,

The effect of the first grain was hardly anparent, After
two grains were given the patient spoke of a definite
effect; after three grains there was a general feeling of
verce and well-beings; after four grains, the patients
usually fell ssleep but were not anestheﬁized; after five
greins the prtients were more deeply asleep but not anesth-
etized; after six grains the vpatients were in beginning
anesthesia; after seven grains snesthesia was usually

aprarent and after seven =nd one-half grains there were



few ceses in which anesthesia was not comnlete.

Georze Carroll, (5) champions the use of nembutsl as
a sedstive for preliminiry medication to local, general
snd epinal anesthesia, He states that in preparing the
patients for operation, as in emergencies, sccidental
and traumatic injuries, the rapid effect, small dosage
and short duration of effect is advantageous. Also,
while nembutal is not ‘ntended as & lone anesthetic,
properly graduated dosage will produce a degree of anesth-
esia under which much can be done without additional use
of other agents, He, (5) states that in properly select-
ed cases under skillful manipulation, extensive surgery
may be done with the employment of locel infiltrstion or
a very small emount of inhesl:tion snesthesia. Its use
in local and spinal rnesthesia has been found to raise
the tolerince to normal &nd reduce to a minimum the
liability of disagreeable resctions and sequelae, and
the recovery period is rapid, due to the small amount
of &nesthetic required, and is usually uneccompanied by
nausea or vomiting, with & period of sedation lrsting
several hours,

Where time is an element of consideration, this intra-
venous method 1s most satisfactory. According to Carroll,
(5) considersble lattitude in dosage was found necessary
due to the individusl reaction, where effectiveness wes

observed to very with age, and ceneral physical condition

and the dose required to produce sleep was best determined




by the rate at which the subject became unconscious. As
regards the nembutal solution itself, he points out that
the solution should be freshly ovrepared for etch case as
it hydrolyzes in aqueous solution, and only perfectly

cleer solutions should be used, 1In his cases, there has

heen no nauses or vomiting, the blood pressure frequent-

ly fell clightly et first, onlv to return to the previous .

level or above in a short time, The resnirations became
lessened in amplitude, the rate slowed, but no cyanosis
was ever observed.

The contraindications are, as in seneral anesthesisa,
the aged, high or low blood pressure, arteriosclerosis
and unstable cardio-vascular systems, pulmonary involve-
ment or edema about the neck or throat. Carroll, (5)
stetes that the chief dangers are broncho-vneumonia, and
vostoperative pulmonary edema, but th:st these are noted
only after excessive doses, and that nembutal should not
be given sfter large doses of morphine, nor should it be
given except in smaller doses in the presence of known

kidney impairment.
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EVIPAN

As the chemists of the firm Riedel did not succeed
at the time, in spite of indefutigable efforts, in re-
moving the exciting properties of the anesthetic per-
nocton injection, by modifying the neture of the solvent,
it was, as a result, taken for erasnted that the excitat-
ion of reflexes was a proverty of all berbituric acid
derivatives, so that we had practically given up the
hope of finding an injectable anesthetic suitable for
practicel use,

Nevertheless, Weese (44) succeeded recently in dis-
covering evipan-sodium, a derivative of barbituric acid,
which does not noscsess the undesirable properties of all
injectable anesthetics known up to now, particularly those
of amytal and pernocton; on the contrary this new product
shows a considerably cfreater solubility, as well as the
proverty of a more complete splitting up and decompnosition
of its molecule within the organism,

Evipan-sodium is the sodium salt of evipan, i.,e,, of
N-methyleyclo-hexenyl-methyl-barbituric scid, which latter
substance wes produced by Kropp and Taub, and was introd-
uced at the time by Weese, Weese, (44) reports that in his
exneriments with evipan, he was impressed bv the most strik-
ing fact that in compzrison with other derivatives of barb-
ituric acid, this particular one cgused an extraordinary
rapid and deep sleep without after-effects.and without
causing any symptoms of excitement, ¥Weese also noticed

at the time, that the margin between its minimum anesthetic



and toxic doses 1s very large and that only several
enesthetic doses have a fatal effect, On the bssis of
these observations, efforts were mede to create an
injectable anesthetic for the purpose of short anesthesisa,
which resulted in the oroductior of a sodium sz2lt of
evipan,

Evipan-sodium, also called endorm, is a whitish sub-
stence readily soluble in water, Organic solvents have
also been found recently, in which evipsn keeps permanent-
ly. (44) The manufacturers state for instance that the
evipan concentrate represents a 33%% solution of the sod-
lum salt in methyl-diglycol. Consequently, there was at
first, for practical purposes, two different kinds of
ampoules, i,e., 1. Ampoules containing a definite weight
of the sodium salt, for the preparation of a 10% aqueous
solution. 2, Ampoules containing a 333% solution of
evipan-sodium dissolved in methyl-diglycol, which had also
to be diluted before use with 10, c.c., of sterile water,
so as to obtain a 10% solution, The lstter form is now
the usual form, and the one that is used commercially.

Weese, (44) seems to heave searched from the very
beginning for a product for producing a short general
enesthesia by injection, 1In fict, he directed his
attention meinly to the rate of decomnosition of the sszid
substince, As a matter of fact during the last few vears,
both phermacologists and clinicians heve reslized thet

the elimination of an anesthetic agent calls for very
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careful consideration and represents a much more import-
ant factor when considering the spnlicebility of a prev-
aration than the factor of the difficulty of absorption
bv the circulation.

The curve of evipan-sodium anesthesia, is similar to
that of all injection anesthetics, and as sh~wn recently
by Rehn and Killian, (45) for pernocton in their critical
survey of our an sthesla processes, the rising is verv
steep and depends not only on the concentration and on
the total dose of the product, but particulsrly on the
rate of injection, If this is made with moderate speed,
the anesthesia curve runs ‘n such s manner that the action
gives the me:=sure both of the speed of the injection and
of the dose injected, However, the culminating point of
the depth of sleep and the anesthesia curve is always
attained after the end of the injection, i.e., after
from 5-10 minutes a point if reached which must be taken
into consideration. On the other hand the downward curve
of evipan-sodiﬁm anesthesia, when compared with that of
other barbituric acid derivatives, is extraordinarily
rapid, so that both experimentally and clinically, when
using medium doses, one may reckon upon the awakening of
the patient after 15-30 minutes,

The liver must be considered s the principal de-
toxicating organ, seeing thst experiments have shown that
hepstectomised animels, or animals which hrd been poison-

ed with phosvhorus and whose liver was consequently very
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damaged, awoke much more slowly. According to Weese, (44)
evipan-sodium is hardly destroyed in the blood, the kid-
neys &lso do not participate in the process of detoxicat-
ion of chemical decomposition., He found traces of unchang-
ed evipen-sodium in the urine, Animals which had been
submitted to repeated anesthesis over a period of several
months exhibited no manifestations of tolerance, nor could
sny injury of the organism be observed,

The exceedingly good results obtained with animals,
encouraged the experimentzl application of evipan anesth-
esia to human beings, Evipan-sodium anesthesia has been
used bv one author alone, H, Killian, (44) in over ten
thousand cases without any certain case of desth having
become known. Generally speaking, everything thst hss
been learned regerding evipan anesthesia when apnlied to
animals, has been confirmed with human beings,

The packases intended for use in clinics contain
each, two ampoules, i.e., a small ampoule with a quan-
tity of dry evipan-sodium or with evipan-éodium diss-
olved in methyl-dielycol which is just sufficient, when
mixed with the 10, c.c, of sterile wat-r contained in
the 1lsrger ampoule to make the solution ready for use.

The technigue of the injectioh is extremely simple and
requires no special preliminarv knowledge. The only
importsnt point is the difference as compsred with
injections of pernocton, Seeing that evipan-sodium

1s much mo-e soluble and much more easily decomposed,
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it is not necessary to maintain such a slow rate of inject-

ion vs 1In the case with pernocton, On the contrary, ex-
perience has shown that, when inducing evipan-sodium
anesthesia, it is possible to influence the durstion

of anesthesia and the depth of sleep by an adequate

rate of injection. The indications of the various authors
show that they hav~- not &ll carried out the injections in

the same wsv, but that there are slight differences, &t

the start, the firm that manufactured this product, set
cown a fixed rule for dos=zge on the kilogram per body
weight scale, However, all those who have tasken up the
new method and have expressed an opinion, agree that it
is neither desirable nor necessarv to fix the dose in
relstion to the bodyweight of the patients,

H, Killian, (44) adopted the method of determining
the dose &according to the anesthetic effect. He gives
a maximum dose for a single injection. Thus Ernst
never exceeds 9, ¢,c, of evipan, whereas Baetzner
mentioned 10, c.c, as the highest permissible dose
per injection., Only Holtermann, (44) who likewise
considers 10, c.c, &8s the normsl maximum dose, has,
at different times, injected, in Iindividu:l cases,

15. c.c. of the 10% solution without ever having ob-
served any visible damage., Other workers are said to
have injected even from 30,-60, ¢.c, without any harm,

For an =verage evipan anesthesia, in which sleep

mist last from twenty to thirty minutes, in order to

(o)



adapt the rate of injection to the purpose, about 3.-4,
c.C, are injected in *the first minute during which the
petient quickly falls zsleep, and an additional 3.-4;
c.c. are iInjected fractionallv, in such a way that the
respiraetion snd color of the sitin sre not materially
modified during the injection. The total dose required
for every individual dgse is adjusted during the injection
in accordaence with the depth of sle<p, i.,e., the inject-
ion is simply stopped when the operastor has the impress-
ion that the patient's slesp is deep enouch, Naturally,
the dose is regulated in zccordance with the phvsical
condition and the age of the patient,

Injections have been made in patients sufferings from
diabetes, from disezses of the hesrt, lungs, liver and
kidnevs without any undesirable effects so that one can
conclude that evivnan constitutes a preparation which is
p: rticulsrly suitable for patients who are seriouslv ill,
(44) In these cases, evinan snesthesia replaces especially
the strong inhsl:tion anesthetics, avertin, regionsl and
spinal anesthesia; it also r:nlaces ges anesthesia with
ethylene or nzrcylene when dealing with arterio-sclerotic
natients or rypnotic subjects.,

If it is desired to use evipan only with a view to
initiate eznesthesia with other anesthetics, such «s gas,
ether, chloroform, remarkablv small doses will render the
patient unconscious, Three to four c.c, of the original

solution are often sufficient even with patients of a
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strong constitution. Furthermore if it is simply desired
to perform to & short operation, such as can be carried
out under ethyl chloride anesthesia, it is recommended
ﬁo inject a small dose of svipan comparatively quickly
1.6e, 3.-5¢ Co.C, Within one minute, observing closely
the patient's respiration, The above dose passing quick-
1y into the blood stream, produces within a surprisingly
short time a depth of sleep corresvonding st least to
the first section of the tolerance stage., (44)

The distribution of this compsrstively smell dose of
evipan in the tissues and its decomposition take place
so rapidly that after five minutes, alresdv the quantity
present in the blood is no longer sufficient for anesthesia,
Consequently this mode of application of evipan makes it
poasible to obtain & light =nesthesia of three to five
minutes duration, which, in contradistinction with anesth-
esias of the same degree obtainea with gas or ethyl chloride,
causes no unpleasant subjective reazction whatever for the
prtient, with excevotion of the injection itself, and
contrary to what happens with gas nercotics, the patient
remainsg in a slightly drowsy condition for sbout an hour,

The cases of cessution of respiration observed
occasionally with evipan anesthesia must probszbly be
attributed to the preliminzry administration of lorge doses
of morohine or similar active pnroducts, a fact which has
escaped the attention of some observers, (43) As evipan

anesth=sia is not only complete, but sets in within a




very short time without discomfort for the patient,
there is not the slightest reason for influencing pure
evipan znesthesia by the use of alkaloids, The admin-
istration of a preanesthetic agent his also been abandon-
ed by most clinicians

Holtsrmann, (44) gives the most exact description of
the symptoms of evipan anesthesia, After evipan inject=-
jons the respiration as & rule does not remain at ‘he
normal level, but as the depth of sleep progresses, the
breathing becomes simultaneously slower and somewhat
deeper, According to the clinical measurements, during
the period of increzsing anesthesia a transitorv depress-
ion of the respiratory activity takes place, which in-
creases with the speed_and voluﬁe of the injection., As
with all preparations of that nature, it fi-st manifests
itself by a diminution of frequency which is coﬁpensated
by a deepening of the successive respiration with a
comparatively swift fall of the functional activity
which in many cases caused slight cyvanosis or even a
temporary failure of the respir:stion of a non-dancerous
character, The modifications of the respiration sre there-
fore the best guide for correcting the sneed of injection.
After the respiretory depression which takes nlsce during
the first few minutes, that function is usually socn re-
stored and a moderzte hyperventilation msy take pnlace

during the second half of the anesthesia,




The blood pressure falls during the injection and
gener&lly returns to a level which is 5,-15, mm, of
mercury below the original figure, thus practically néver
causing any great anxiety. The falling blood pressure
devends entirely on the rete of injsction. The quicker
and more carelessly the injections are mide, the deeper
is the initisl fall, As in the case with sll such anesth-
esias, the pulse rate increases somewhat, simultaneously
with the modifications in the blood pressure; the average
ircrease as given by Holtermann, (44) is from 10-30 beats
per minute, but according to Killian, (43) the pulse rate
generally falls sgain somewhat when the toler-ance s*age
is re«ched and goes back to avvroximatelv the norm=l rate
according to the nature of the intervention.

Generally speaking, only very seldom have complications
been observed in the use of dvipan, Only on a few occasions
have disturbances of the respirstions bteen observed at the
end of the injection, these being probablv due to a too
rapid injection into oversensitive subjects, Baetzner, (44)
reports that in isolatcd cases, after completion of the
injection, the face of the patient became bluish and the
respiration shallow,‘a condition however which quickly
passed off,

Up to the present time, evipan anesthesia has mzinly
been used for light an-sthesia or short anesthesia; end
only to smaller extent for full snesthesia in cases of

surcgical interventions of average severity., In complete




agreement with the views of most elinicians, Ernst, (44)
emphasized that its slight influence on the circulation
and respiration, as well as its comparative harmlessness
as regards liver and kidneys, permit of its use to the
widest extent; that generalanesthesia with evipan 1s now
possible with old patients with damaged hewrt, in whose
case surgeons hesitated up to now to use other methods
of anesthesia, Disesse of the excretory organs =nd of the
liver have not disturbsd up to now the favoreble course
of anesthesia, nor has the anesthesia had any prejudic-
ial influence on the course of the disease, even when
the same pastients have been subjecte: repeatedly to
evipan anesthesis at short intervals,

As no symptoms of hsbituation apvpeared, evinan
anesthesia according to *the experience of all authors,
can be resorted too as often &s desired and can con-
sequently be repeated without danger on the ssme patient,
Evipan anesthesla is used mainly for short anesthecia
or for the inducement of full snesthesia with gzs or =
mixture of gas and ether. An exact specificstion of
indications has not been possible up to now, seeing that
no particular contraindications in the surgical field
have come into the literature., However, the mode of
action of the pnroduct, as shown in pharm cological
experiments, we would anticipate with & fair degree of
certainity that restrictions in the use of the preparat-

ion will be necessary with natients with diminished
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resviratory surface or otherwise impaired ventilation;
s1so, in the case of sub-uremic pnatients or subjects
suffering from severe liver affections. The onlv in-
fluence on the field of indications is in regard to the
duration of sleep, if, for the above mentioned reason, 1t
is not desir:=ble to make use of additional doses, It

can at any rate be stated that, generally speaking, evipan
enesthesia replaces light and protracted ethvl chloride
eanesthesia, s1so solesthin anesthesia, light éther anesth-
esia, short ether anesthesia, and to a certzin degree also
gas anesthesia,

If we now summérize all the data relatine to the new
preparation, we cuin ascert that evinan takes a pre-
eminent place in comparison with a1l the iInjection vrepar-
ations of the barbituric scid class used uv to now, on
account of its being easily soluble and of its r:pid de-
composition, and that it will gain 2 predominant influence
in the field of anesthesia, Whether it will supnlant
entirely pernocton wnich produces a considerably longer
sleep of lesser depth, remains &n open question for the
time being.

The statistics which have been compiled up to now
include over 15,000. cases in which evinan has been used
mainly as a 1light or short anesthetic with onlv one certain
case of death., These statistics are so extremely favorable
that one cannot only recommend the method with conviction,

but can predict a great future for it in all of the fields

o




in which short, or light types of anesthesia are desired.,
In conclusion it may be said that evinan affords an
sxcellent, quick scting anesthesia for short operations,
Likewise, 1t is &« reliable induction anesthesia for major
overations., The smaller amounts of the added anesthetic
then used to deepen the narcosis is an advantage, Evipan
can be successfully combined with ether, nitrous oxide,
local or lumbar anesthesia, The evipan affords & com-
nlete stage of tolerance, its action is short and certain,.
the post-anesthetic sleep is short, bad after effects are
rare, its action is safe if the contraindications are
observed, and the technique is simple, If evipan is
properly used and with the caution advised by those
clinicians acquainted most closely with it, one will
only be able to reccommend it. (44) M. Babcock, (81)
does not se=m to be of auite the seme ovinion as to
the contraindications, and states that the contra-
indications for its use are so definite that he believes
it will find but a limited field of usefulness. Hypo-
tension, severe pulmonary infection, heart lesions, and
patient's sufferins from wasting diseases, he thinks
shonld not be given evipan. Ches, F, Hadfield, (80)
states that he h:s tested out evipan, and found it
quite favorable and issued such = report. He also states
th=t evipan has been well received after much thorough
discussion by The Joint Anesthetics Committee of the

l Roval Society of Medicine, Lieber, (23) states that

-
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the drug evipal, is new only in the sense that it has only
recently become available in this country. He says that
it hes, however, been exfensively used abroad, and in two
years from the time of its 1soletion by Kraft and Taub,

it hed been administered well over 60,000 times, All

of this work, seemed to him to show that this drug wes

indeed one of the most valuable anesthetic agents known.,




NEWER BARBITURATES

Increase in the vse of intravenous anesthesia has
been delaved because of lack of & suitable agent, but at
times when a genersl anesthetic 1s needed the intravenous
method is the best; (20) for example, if the cautery or.
disthermy is to be used, and thus an inflammable asent
would be dangerous, or 1f portability is of importance.
For intravenous sasnesthesia the barbiturates, particulsr-

have been employed. (87)

lv,
It was stressed by Lundy, (85) and others, that
nembutal wes different from the other barbiturates in
common use, in thet it was a relatively shorter acting
drug. Then, still shorter acting barbiturates were
sought, and most of what follows will deal with two
of the newest barbiturates introduced quite recently
bv John S, Iundy and his co-workers,

In 1934, Lundy (20) began to use a still newer
type of barbiturate, sodium ethyl l-methyvl butyl
thiobarbituric acid, employment of Which was attended
by fair relaxation, short anesthesla, quick recovery,
and absence of restlessness in almost all cases, (20)
With the exception that oxygen is replaced by sulvhur,
this asgent is the same as nembutal, This drus is
aprroximately 33-50% stronger than evipan, It comes
in an ampoule, together with a companion ampoule of

sterile water. The solution used is 10%, and must be

i

O
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clear,

Another barbiturate, sodium allyl secondary butyl
thiobarbituric acid, referred to elsewhere as "barbiturate
B", has been used in & few cases with results similar to
those obtained with sodium ethyl l-methyl butyl thioharb-
ituric acid. To évoid the long chemical names, I shall
revert to terms used ®lsewhere and alreedy mentioned in
this paver; thus, sodium ethyl l-methyl butyl thiobarb-
ituric ccid will be called barbiturate B. Although
barbiturate B is less potent than barbiturate A, it is
about as potent as evipan, Lundy, (20) prefers barb-
iturate A to barbiturate B in surgical cases for the
same reason thet he prefers nemrbutal to sodium amytal
for surgical cases; because he wishes to use a minimal
amount of drug to produce a given effect, anticipating
that, at leastin the average patient, the effect will
be characteristic and thet in the unusual cease, fewer
varistions will be noted then if a larger gquantity of
another drug h:d been given.

The method of giving barbiturate A and barbiturate B,
resembles that used in giving evipan, An empty stomach
is desirable, if not essential, and if the patient has
mterial in the stomsch, it should be emptied. To ad-
minister barbiturate A safely, the dose is two-thirds
to a half as much &s the dose of evipan, In asdminis-
tration, the airway must be kept patent, Respiration

may be depressed, and it is not sufficient to see the




respiratory movements; there must be evidence of respiratory
exchange, Lundy, (20) puts a’wisp of cotton over the nose
and mouth and observes its motion,

The advanta~e of these short-acting barbiturates
over other generai anesthetics, and over certain locel
anesthetics, is in proportion to the brevity of the
operation, Operations or painful procedures, especially
minor ones, lasting up to ten or fifteen minutes, zre
satisfactory fields for these drugs, (20) For ambul-
atory petients undergoing distinctly minor operations,
local anestnesis may be preférred, If the operation is
of longer duration or is & major one, it is onlv in spec-
1el caces thet these short-scting arcents ere paerticularly
useful, For example, barbiturate A has been used quite
satisfactorily to produce anesthesia for three and & half
hours, in a case of brain fumor complicated by pulmonary
tuberculosis, Although, according to Lundy, (20) thirty
four and one half grains were given, there were no ill
effects, A Magill intratracheal tube provided an sir-
way; it also furnished a means of artificial ventilation,
and of administering an anesthetic by inhalation, if these
had become necescary.

Barbiturate A is useful in small doses, to produce
unconsciousness for induction of anesthesia by inhalation,
particulcsrly 1f patients heve facial defects, Short zct-
ing barbiturates are indicated for intravenous adminis-

tretion to control convulsions induced by local anesthesia,




Lﬁndy, (20) seems to differ from a great many other
workers, in his opinion of the value of ovre-medicetion.

He states that he hass found it advantageous to give
morohine hypodermically, and nembutal by mouth, in small
doses, to adults, preliminary to administration of the
newer barbiturates, especially in the use of barbiturate B.
With barbiturate A it is less important to give preliminary
medicetion, because of the increased potency of the drug.
He states, however, that less of either drug will be need-
ed if preliminsry medication hes been given than if it

has not been given., He cites the examnle of patients,

who have had morphine, nembutal and atropine == medication
before administration of barbiturste A, awakening in the
course of the operation, giving no evidence of pain at

the time, and answering questions readily, and then hav-
ing no memory of either pain or the questions afterward.
This maintenance of analgesia in the nresence of return

of consciousness was not noted in gll ceses in which pre-
liminary medication had been given, but was never noted
unless preliminary medication hed been given. (20)

The patient does not perspire when these new agents
are used and, in some cases, there has been noticeable
absence of postoperative shock. The blood pressure falls
when a lerce dose is administered, The patient, accord-
ing to Tovell, (11) usually awakens quietly and there is
seldom eny nausea or vomiting., Also, he stetes that as

the drug is given intermittently, the effect following




administration of each successive dose is increased, Un-
consciousness produced by & large dose is of long duration,

These newer barbiturstes, are of such comperatively
recent origin, that extensive literature concerning its
use, and efficiency are not obtainable, Not enough work
has been done on them, at present, to warrant a logical
decision as to their applicability to clinical medicine,
For this reason, I am presenting them only as an example
of some of the results obtained by those who are in a
constant search for a new ideal drug, which when given
by the intravenous route, will produce an anesthesia of
the most desirable quality. The ideal agent for routine
intravenous anesthesia hes not been found, s yet, but
the availsble agents have been found by most, to be

satisfactory in certain types of cases,




GENERAL CONCLUSIONS

Among, clinicians, there is & rreat deal of interest
in this guestion of intravenous anesthesia. Inhelstion
anesthesia has been brought to a high state of usefulness;
local and regional anesthesia too, hzve been so perfected
that they are useful and safe, anc rectal anesthesia by
the use of avertin, has advanced also., Intravenous
anesthesia, using ether in saline solution, has remained
undeveloped, The long-acting barbiturates were not safe
because they produced restlessness that sometimes was
difficult to control and tended to vroduce npulmonary edema
and bronchooneumonia, Now, we h:zve drugs that permit
quick induction of anesthesia by the intravenous method
which, in some cases, also produce analgesia,

Despite all of the improvements &nd vrogress that hes
been made in the last twenty years in the field of snesth-
esia, surgeons, chemists and pharmacologists are still
seeking the ideal znesthetic, None of the previously
discussed druss quite fit the picture or messure up
completely to the st:ndards of this acme of anesthesia,

No single standard csn be held up as the requirements of
the ideal drug, but after a peruszl of various discuss-
ions of this subject, I have attempted to compile an
srbitrary set of stindards. 1In relieving the petient

of pain and mental anguish during the oneration, the

idesl anest etic will not bring added terrors of its own.




The patient will not remember the anesthetizing process
as a hideous nichtmare, and the worst part of his operat-
ive experience, The postoverztive nausea of ether still
remains one of the most revolting memories that the patient
retains,

Secondly, the ideal anesthetic will induce anesthesia
as gently, as quietly and as naturally =s sleep itself,
No longer will the patient be plunged into a seemingly
endless eternity after a short period of consciousness,
and therefore terrifying, strugsle against suffocetion.

Thirdly, it will be an anesthetic without irritat-
ion to organs of the body in its administration and
elimination, It will not add to the hezards of the
operetion by inimical effects of its own such &s ether
oroduces in the alr nassages, chloroform upon the liver,
srnd cocaine upon the nervous system,

ifter a thorough Investipgation of #lhile probler of
(trerytivg anesthesie through the enmployment of the
intravenous route, and after resding articles, pro and
con, sponsored by enthusiasts of euch side of the questilon,
T have, myself, ratiher reached an "on the fence" attitude,
and although I definitely am of the belief thet anesthesia
solely br this route, is not at present a vlausible ides,
I do think that there are certain indications, previously
discussed, which definitely offer a field for intravenous

anestnesia, The old theories and oractices of employﬁng

ether, hedonsl,somnifaine, paraldehyde and isopral, =zre

>



definitely outmoded, and although they once were used
fairly extensively with success, 1 believe that we can
dismiss them from the finzl analysis, as merely being of
historical value, and useless in the light of practical
present-day modes of producing anesthesia,

The next group of drugs of importance can be
summ: rizel under one heading; the use of barbiturates
intravenously, My present belief is that the use of the
barbituric acid derivatives administefed intravenously
promise to offer a worth-while addition to the armament-
arium of *the physician. I doubt the adventage to the
surgeon of the uée of thnse derivaetives which result
in many hours or days of depression. I believe that the
use of the guickly detoxified barbiturates do slightly
constitute, a very valuable background upon which to
superimpose general anesthesia, None of the barbituric
acid derivatives, at opresent availeble, appesrs to be
a true anesthetic substance, and hence should not be
considered for the replacement of the well established

volatile and controllable anesthetic,

N
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