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Foreword

Dr. Charles Pannett (1834), Professor of Surgery at
the University of London, has voiced the prevailing opinion
of surgeons at large when he summarizes the problems of
spinal snesthesia, "Two uncertainties dominate the situa-
tion: the extent of the anesthetic field vroduced, and
the magnitude of the fall in blood pressure."” It is the
problem of the vascular hypotension encountered in this
type of anesthesia that 1s the céncern of this paper.
Especial attention is given to the cuestion of the patho=-
genesis of the phenomenon because of its significance as
8 basis for the rational clinical use of subarachnoid an-
esthesia. Throughout, established experimental evidence

iz felt to be more sound than purely clinical opinion.

The drawbscks of spinal anesthesia, of which hypoten=
sion is probably the most grave, have but recently stimu=-
lated such vitriclic condemnation as that of Bevan (1933);
despite such enthusiastic praise as that of Babcock (1934)
and a8 host of others. Even in the clinic of Bier, first
to use spinal anesthesia in Europe, the method is no long-
er in use (80), while in thousands of clinics its use is
gaining constantly. Unguestionably, spinal anesthesia is
firmly entrenched as an operatiye adjunct, because its
accompanying advantages of remarkable relaxatian, absence

of interfering distended loops of bowel, and smooth post=
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orerative course have attracted great numbers of prominent

surgeons to its use.

Within the past few years, however, discerning experi-
mental evidence and clinical observation have placed 1t
upon a more rational basis for true advence. Because much
of the recent investigstion has been toward the analysis
and control of the justly alarming hypotension, the subject
is felt to be a timely one. It has not been attempted to
advocate any éertain theory, technie, or drug, bﬁt to pre=-
sent the most authoritative opinion upon these subjects.
Except when the reference 1s from an indirect source, the
name of the author, followed by the year of his aréiclé,

is given.

The historical resume preceding the discussion is o
rather general consideration, largely clinical in nature,
of the development of spinal anesthesia. The more spec-
ific advances vpertaining to the question of blood preszsure
changes are mentioned under the appropriaste divisions of

the tovic.

Through constant usage in the literature, the term
"spinal anesthesia” has become so identified with the
more correct term of "subarschroid analgesia®™ that the lat-
ter terminology is rarely encountered. Undoubtedly, the
second designation is superior, both to describe its physic-

logic effect, and to distinguish it from other types of



block about the spine - sacrel, caudal, varavertebral,

and more recently, the peridural block advocated by Dog-
1iotbi (1934). Case (1928) urged the abandonment of the
term "spinal anestheesis" because of the stigma of prejudice
that has existed in the lay mind against this type of
anesthesia, a prejudice that 1is engendered, he thinks, be-
cause of the word "spinal". However, in this monograph,
noattempt is made to exclude the looser term since it is

so frequently encountered.
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From the rscent Wide;snreed use of sninsl anessthes
for surgical vurnoses, and the animated controversy that
pervades. the current literature on the subject, one is
apt to consider it a new development. Actually, however,
it is now half & century since its introduction by J.
Leonard Corning of New York (1885). Although subarachnoid

lock is called "Bier's Wethod" in Germany, Corning anti-

civated Bler by fully fifteen years.

-

That Cocrning was the first to block the spinal cord
1s evident from his article in the New Vork Medieal Journal
Vol. XLII, pg. 483, "Spinal Anesthesia and Local Wedication

3 "

of the Cord”. After saying he 1s oresenting & nrocedure

t of novelty, he continues, "Some
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determining whether the locasl medication of the cord was
withis the‘range of vractical achisvement. The drug made
was the hydrochlorate of cocaine.....I decided to
inject the anesthetic between the svinous nrocesses of the
lower dorsal vertebrae.....] hoped to vroduce a temporary
condlition of things analagous in its vhysiologlcal conse=-
guences to the effects observed in transverse myellitis or
total section of the cord..... Whather the method will

sver find asvnlication as a substitute for etherigzation in

W

genitourinary or other branches of surgery, further
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experiesnce alcocne can show Be the destiny of the observa-

88 seemed to me, on the whole, worth

ct

tion what it mey, 1

recording.”

In 1896 Bier, in Cermany, wishing to amnutate the

=

foot of s vatl ent unable to take inhslation anesthesis,
recalled Corning's observatlions, and using cocaine, ver-
formed the first sctual surgery under spinal anesthesia.
So enthusiastlic was Biler at the success of the analgesis,
that he and his assistant, Hildebrandt, sdminisgtersed the
anesthetic to each other in order to deccribe their sen

s

tions. Three yesrs later, Bier revorted a series of six

o

cases Iin which he had used svinal anesthesia clinically
Months later, Tuffier, in France, ignorant of Bier's work,

nerformed svninel anesthesia under identicsl conditions.
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he main staendard for clinical

There has bsen some controversy as to who performsd
the first overation under svninal anesthesias in Amserica.

Talt and Calglieril, or Matas. The confusion arose from

m

the fact that although the first named surgeons performed
an overation for osteomyelitis on October 26, 1399, they

did not rewort their case until April, 1800, whiie Matas,
as early as December 30, 1892, opublished his sccount of a

hemorrhoidsectomy performed on December 10, 189%¢.(Matas,1928)
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The introduction of Foreau's stovaine in 1904, and

other anesthetic drugs of less toxicity than cocaine, gave

e}

5
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a decided iwvetus to srinal anesthesia. To 1900, Jonnesco
and his vunils had overated uron mors than 700 vpatients,
end some 8,000 opsrations in sl1l had been credited by this

method. (81)

Esvecially active Iin this country were Babcock,
Guathmey, and Morton. Babecock began using sninal anesthesi
routinely'in 1904, and experimented with light and heavy
anesthetizing solutions. In England, Barker, McGavin,

Leedham=Green, and Tyrell Gray pioneered in this field.(81)

The technics which became asdonted were the diffusion

nulle technic of Tuffier, mentioned sbove; a diffusion pro-

greassive technic of Le Filliatre; the general spinal snes-

.l

thesia technic of Jonnesco; and a diffusion homogene, or

tnjection brusgue technic of Delmes. (80)

R

The World War afforded an excellent ovportunity to ob-
serve spinal anesthesis in surgery, and very favorable
results were reported, such as those wentioned by Crile

(1934 ), where the danger of onerative shock was a vital

factor.

Pitkin's articles, in 1927 and 18628, on the control of

A

srinal anesthesis rene

sty

<3

ed interest in the light and hesavy

4

anesthetizing

4]

solutlons long used by BRabcock, and in the
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use of strychnine, first tried by Gwathmey and Jonnesco,
but discarded by the latter after 16 years of usé. ¥ostenr

3

¢ advo-

pede :

chamnioned head and neck surgery under the *techn
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cated by Jeonnesco for many years. Thesse

o
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r » together

A

with those of Labat, Sise, and others which apvneared the
eame year, stimalated universal interest. Encouraged, in-
greasing numbers of surgecns adopted sninalvaresthesia,
until today it 1s the anesthetic of cholce in clinics

throughout the world.
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Pathogenesis

The rhenomenon of s sudden fall of blood nregssure
was among the early symptoms asssociated with sninal anes-
thesia. Biler (1829) noted it, and Tuffier and Hallion

de

{1900) mentioned it specifically, and advanced a theory to
explain its cccurrence. ZEarly observers noited that 1t was
at times very great, but thought it of seCOﬂdary immortance,
since the danger of resrirateory fallure as a result of the
diffusion of the drug %o the brain overshadowed the gravity
of the circulatory disorders. The cardicvascular devres~
sion was thought to be one of the card nal symptoms by
which the toxicity of the drug made itself manifest. (49)
The observation of its oécurrence has been cormon knowledge

since that time, though the mechanism of 1ts »production

long lay in obscurity.

In 1929 Evans described the blood pressure changes that

ocecurred with a tyrnical sninal snssthetlic as follows:

(a) A slight risevduriﬂg the lumbar puncture and the
nericd of injection. This wey last from 5 te 158
minutes, and is due to the puncture and excitment.

(b} Yext, & ovreliminary fall, smaller in sextent than
=
{c¢) Then the maln fall in blood vnressure which will

vary directly with the height and concentration
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CoTul (1634) has given this nicture of the vascular
changes: The typical curve consists of & prelimirnary fall,
beginning a few ssconds after injectioh, an intermediste
rise within 2 minute or two, and & secondary fs

begins in from five to twenty minutes after the injection

and whose duration is longer and roughly provportionate

The magnitude of the hyrotension is a variable, de-
vendent urnon several factors later considered. Suflfice

1t to sey &%t this time that 1t may nge from only an ine

so aptly expressed it "the blood pressure was nothing over
zero'. Experimentally, Perguson and North (1932) found an
average drop of 58 per cent of the originasl vressure, using
dogs 1in their observations. Clinically, Hymasn (1933) in a
study of 3,000 srinal anesthesisa records found s drén in
92.4 per cent of the cases that averaged 10.38 mm. of

mercury, the megnitude of the drov verying directly with the

height of the original systolt pressure.

anesthesisa from an emvnlirical to a
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This present veriod in which the vathologic, physioclogic
X

and chemic changes are Investigated in the most Imrportant

ere of spinal anesthesia, according to Vehrs (19% ).

A& concention of the neuro~anatomy and rhysiology of
the blood pressure control together with an understanding
of the rvharmecologicel aection of the anesthetic drug uvon
that neuro=-snatomy and vhysiology forms a neceséary back=
ground for an exnlansation of the nathegenesis of blood nres~
sure control. Hvens (1929) gives this description of the
neuro=-anatomy involved: Under normal csnditions‘the blood
vessels throughout the bedy are under the influence of
tonic constrictor impulses conducted by sympathetic nerves.

These imvulses have their origin in the medulla wherse they

are controlled by a vasomoctor center.

They vasc dowrn the cord as far s the dorsal region
and leave 1t *hwovgh the anterior roots. 4&s the white rami
cormunicebes they vass to the ganglie of the sympathetic

hich extsnds slong each side of the anterior

c
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nortion of the vertebrsl column. Fronm

[

distributéd according to thelr destination.

nerves They ascend the sympathetic trunk to the superior
cervicel ganglion, from which fibere arilise which vass along

the carctid artery and its branches to the hsad.

hese ganglia they are

10
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) The Tibers supvlying the uvver sxbremity leave
! ; £ J

after lsaving the grey rami, joln the cervical nsrves that

form the brachial pnlexus.

{c) Tne fibers supnlying the lower extremities and

ot

verineum lsave the cord with fthe eleventh thoracic Lo the
third lumbar nerve roots. They pass down the symvathetic

cral

"D

trunk to ganglis whose flbers enter the lumbar and ss

{4} The fibers supplying the viscera leave the cord
with the lower seven thoracic and the unper three lumbar

the white

= . 1 4 ol - 3+
sympethetic trunk to the s=olszsr nlexus and other large intra-

abdominal genglia. Trom these intra-abdominal ganglia

the blood vessels of the viscera.

et
<3

fivers arise which suppl

These are a vart of those fibers which, after lsaving the

nerve rocts, go to fomm the splanchnic nerves.

The background of the investigetionsof the anesthetie
drug reaches back to Majendied descrintion of the cerebro-

soinal circulation in 1825, Tn 1889 Nierman i1solsted the

and shortly after, in 1882, Sehraflf reported its local

analgesic nroverties, Next, Rohin Virchow and von Monokow
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descerib-ed the intricste subasrachnoid cerebrosninal cir-
culstion. Weed then asdvanced the description of its embryo-

logie end mature structure, giving the anatomic naths in

b
)

the brain and cord by which crystalloids were carried to

1 -

the nerve roots, nerve Fibers, and nerve cells Yy the

Dixon, Koch, Santessin gave the basis for proof and the
laws which govern sensory and motor selectivity for the
cocaine series, and further showed a measure of difference

B

of szlectivity between the sensory and motor nerves, and the

7
sequence of block hy novocaine of the fibers of each system.’
(80). CGasser and Erlanger (1929) studied tracings obtained
by photogravhing the deflexion of a galvoncmeter string

nroduced by an electricel lmpulse vassing through nerve

fibers. The curve produced by such an impulse is charscter-
istic, and 1s similar to an electrocardiogrann in its wavs

tracings. Certain waves can be ldentified as dus to motor
immulees, others sarrecr LD be sensory in nature. These
investigators showed that a cocanized nerve pnroduced a trace

ing in which the motor wave remalned intact, but the sensory

e

wag obliterated. Rensom and Bishon investigated and classi-
fied the nsrve sction surrents, and Evans e¢lsssified their
response. Babcock experimented with both light and heavy

novocaine soclutions in small amounts. (80)

£
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racerebral fluid circulation, novocaine fixation was

not considered as combining extra- and intracordal block in
spinal anesthesia, but was described as simple sextracordsl
nerve root block. Bxtra- and intrscordal ncovocaine fixsation
or transection of the cord was described by Vehrs in 1951
and 1933, who also performed chemlc guantatl a.analysis of
noveocainized cisternal fluid around the nerves and centers
of the brsinstem. CoTul and “tandard (1932) corroborated

these findings. Thompson (1934) made further chemic studies.

Ferguson and YNorth (1932} measured the fall in blood
nressure 88 a result of severance nerve bDlock or both in
segmental biloc k of the sympathetic nerve fibers. (80}
Tundy snd Essex (1931) have reported the vsthologle changss
produced by novocaine in the cords of dogs. Davisy(l@ﬁl)

Lindemulder (1932), Rosenbloom and Winograd (1831} (1934

Yos*er snd Fasman {19034) me additional studies.

Vehrs (1931) desecribed regional sensory spinal snal-
geslia and general sninal snesthesis through extra- and intrsa=-
cordal blocky; Crodinsky and Baker {(1933) brought forth the
firast real chemical preoof of transection of the nefives and
cord in subsrachnoid nerve block. Using Beber's novoecaine

diszo =tain, they demonstrated vrenetration ol the cord by

the novocaline and that anesthesia way be the result elther



nf action unon the nerve roots or upon the sensory tracts

within the cord and brain. Vehrs (1934) graphically depilct-

ed the speed of nerve fixation, and gave the boundaries of
SQnsory and motor blcock together with the concentrations
of novocaine-which produce it. He also dliscussed the
chemistry of novocainization and denovocainization of the

spinal fluid in regional and general spinal anesthesia,

In the light of these investigations, how, then, does
the anssthetic drug act upon the neuro-anatomy previously
descrived to produce vasomobor parssis? Let us first con~
sider the architecture of the cerebrospinal circulation.
Vehrs(1934) has described it in this fashion: The cerebro=
spinal arachnoid system consists of & communicating net-
work of channels, surrounding and permeating the cord and
vbrain. The surrounding spaces are the subdural and arach=-
noid svaces. The internal spaces are the ventricles, the
agueduct of FaIIOpius and the central canal of the cord.
Virchow and Robin first described these penetrating chane

nels as vascular channels, surrounding the arteries and

lined with pia cells. The arachnoid lies between the art-

ery and pia, containing cerebrospinal fluid, communicating
with the perineural spaces arcund each nerve cell and fiber
within the brain and cord, snd with the subasrachnoid spaces

around the brain and cord.

Having accepted a proven pattern for the cerebrospinal
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subarachnoid circulation around and within the cord, it is
easy to follow the effect of novocaine diffusion in that
filuid. Physiologic block of all sscending and descending
afferent fibers with total paralysis below the point of
block, as in the compartment subdural block as performed

by Ferguson and North (1932), is just as sufficient proof

of the correctness of the anatomic descrintion of the arach=-
noid by Virchow, Kobin, and Weed as in the intraneural and
intracordal stain reaction of Grodinsky and Raker (1933}, as

Vehrs (1934) voints out.

Let us next review the attempts that have besen made to
explain and clarify the vascular hypotensin itself. First,
Tuffier and Hallion (1900}, noting rise in pressure on stime
ulation of the splanchnics, advanced the theory that it was
due to action on the cord and nerve roots., However, Doenitgz
(1903) and Klanp (1904), working independently, thought ab-
sorption into the circulation to be the causative factor.

Heineke and Leewen (1908) conclﬁded thet the drop in
blood pressure was duetg direct gction upon the nerve
centers rather than to absorption-of’the drug into the cir-
culation. With intravencus injection of cocaine they found
only a short, lmmediate fall of blood pressure, but an im-
mediate, intensive, long-lasting fall in the pressure with
subarachnoid injection. Injection below z ligature placed

about the upper thoracic cord caused only a slight fgll; in=-

jectien above the ligature caused abrupt, severe fall of



s

A,

186

ve due to accumulation of blood in the capillarics of the
relaxed skeletal mﬂscles, and stressed the intlmate rela=-
tion of blood vrescsure and costsl paraivsis, & thecry later
corroborated by Featherstone {(1924). Smith and Porter (1¢
following a now »ld =nd discarded thecry of traumatic shocks
found a greater fall in blood »ressure when the anesthetic

was confined to the thoracic as compared to the lumbsar and

cervical regions, and hence assumed that the varalysis o6f

s "splanchnic nool" was the causative factor.

atures also confined

e
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3
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Schilf and Zie
anssthia to the various reglions of the cord. The sharp

thoracic fall they also attributed to naralysis of the splan
ehnics. Babcock (1925) refers to this svlanchnic narslysis

g5 the main cause of lowered blocd nressure. Bower and

Clark (1926) noted,afber cervicsl iniection of stovaine,

o
[

g devression of bBlood vpressure following & devnression of res-

piration, snd concluded that the alterations of blood ores

{te

OIl .

i

sure were secondary *to a respirstory devres

be exnlained on the basgsis of splanchric paralysis. Division
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of the splanchnics produced only slight alteration of the
general blood pressure; and the typlcal £all of spinal

anestheslis could be prcduced in animals with both splanch-
nics severed. There was alsc slowing of the heart. The

entire vasomotor system participetes, they decided, in

jus]

vasodilitatlion, and the degree of bloocd pressure depression

Fa L) K3
f

is in direct ratic to the number of white raml anesthetiged.
Kremer and Wright )1932) sectioned tihe splanchnics with

gimilar findings.

Bower, Clark, Wagoner, and Burns (1932), wor%ing along
the lines of thelr 1926 sxperiments, atiributed the fall
in blcod pressure with thoracic &nd cervical injections td
interference with resplration and the loss of sucking
action of the chest upon the right side‘of the heart. Lyo-~
cardial Wéakneqs, and not vasomotor paralysis, then, would

g

e the cause of the hypotension. Seevers and Waters f1932}
slso spoke of the effect on the hesart, with the collection
of large amounts of blood in the dilated perivheral vessels
leaving less tec return to the auricles; hence a diminished
cutout.

Isenberg and Lundy (1832) pointed to resiratory paral-
vsis, and found, in their experience, that if artificial
respliration was continued after complets respiratory paral-
ysie, the blood pressure would remain satisfactory. CoTul

and Standerd (1972) concluded thet vrocaine through direct



action on the medulla produces resplratory and vasomotor
attributed

paralysis when injected Into the clsterna mabna, an& ghe

fact that varalysis of the resplratory center occcurred

°

first to either the suvnositicon that the veasomobtor cenkter

3

15 sibher not exnosed anstomically to the procaine, or
tha% it 1s more resistenﬁ.

Grodinsky and Baker (1833) found & drop in blood pres-
sure before a depression in resniration. A typlecal fall
in blood prsssure cccurred desvite artificial respiration.
They concluded that any theory placing the mechanism of
blood pressure fall upon & basis of myocardial weaknesss
resulting frem interference with respiration, was untenable.
They adfmitted that this letter phenomenon occurred, but

only in a concomitant relation to blood pressure fall rather

tha

oy
]

in one of cause and effect. They also granted that,
with complets cessation of respliration, there is an addition-
gl sharp fall in blood pressure {(after a preliminary anox-
emic rise) due to cardiac failure, but that this was a
terminal vhenomenon and not the ordinary fall compatible
with safe anesthesis. Since they found no change in total
blood volume, they contended that the usual fall in blood
pressure must have been due to reduction in » ripheral
resistance; hence the anesthetic must have affected the
vasomotor system, the only accessible parts of which being
the vasomoﬁor center in the medu’la oOr the wvasomotor fibors

within the cord orf nerve roots{preganglionic sympathetic

fibers).

18
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AVﬁOMGQQLVG wmecnanism is the neuroco-vegseltabtive system. They
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the cause of vascular hypotension during and after

o

t

£
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e

spinal anesthesia is vegetative hypvo~amphotony, vredomine
ately symvathetlic, which devends on the anesthesia of the
medullated nervous elements forming conseguently an integ~
ral part of the anesthesia. Spilnal anesthesia not only
paralyzes the motor elements controelling muscular contract-
icn, or the sensory elements of the medulla, but also paral-
yzes indifferent degrees the Tunction of the vago-sympathe
etic Végetative medullary centers. They contend that the
veria®nllity of the hypotension, conditions of intraspinal

injecticn being equal, depends fundamentally uvon the var-

iable state of vegetative equilibrium in diffsrent patients.
Thompson {(1934) emphasizes that the collapse of clrcu-

circulaetion is the result of an extensive action of the

drug cn the nerve elements of the filaments of the spinal
cord, wnroducing paralysis of the coséal respiration. The
results of +these effects are & loss of wvascular tone. and
changes in circulatory mechanlisms, for which compensation

anmot be made by the central nerveous system. He advances

the following obsevatlons in suvport of nhis contentions:
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3

nressure, rroduced before and after induction of spinal
enesthesia by drugs which ceause & rise or fall of blood

-

zrgssure, demonsbrated in the animsls studlied that the

<

(2) pPs r£¢ys;s of the vital centers of reswpiration

snd vasomotor control, produced by nprocaine injechted into

maintained throughout the period of paralysis. Were the
respiratory fallure nroduced solely by waralysis of the
centers, recovery would teke place far more guickly and

in a different manner than 1ls actually the case.

2

(%) Cisternal fluid obtained st the time of resniratory

failure following swinal anestheslia did not centain enough
nrocaine to produce an effect on the centers cof an intact

.

animal when inijec

of blood pressurse did not take vlace, or was rrevented

ot

ed intec the ventricles.

2

ration did not occcur when a fall

}J-

'...v
C/J

4} Paralysis of res»

s

by preliminary administration of ephedrine.
(5) Recovery of respiration was preceded “n all instan-

ces by imorovement in the circulation.

CoTui (1934} explains the typical blood pressure curve,

the novocaine
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solution in thse imm ity of +the injesction ~is to
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lg of—the sprinal nerves which, o

2

cause paralyse
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snd Buzisnu (1934), and others admit this effect to be
important, but Thompson (1934) denies that it is =z factor

in the average anesthesia,

2
i

Careful investigation and observation hes given de-

cided weight to all these factors,save the first mentlon-

ed of predomnin ilng splancihnic psralysis. While asuthor-
ities sre at verisnce as to the relative value of the in=-

. Fal é —
21l picture of ths re-

O
ct
Y

dividusl factors asg & part of the tc
sulting hypotension, it is apvarent that the enswer té this
problem is well on the way to solutiocn. It is perhaps
unnecessary to reiterate the fundamentsl preeept that was
emphasized at the beginning of this vaper that an under-

starmding of the pathogensis involved must form a basis for

the rational 2linicel use of subarachnoid snesthesia.
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then with ether, an inzcidernce of 2 ver cent in the Former,

-+

comvared with 1.:

o]

3 per cent in the latter. Xordenat (1834)
reports one death in 139 cases from whabt he ¢alls cardio-

lepse~-probably a better term than cardio-

r

respiratory

of

[¢)

o}

vesculer collapse, in view of Thompson's (1834) contentions.

gelesco and Tzovaru (1933), anslyzing the fatality in

120,000 spinal mnesthesias, attribute 23 to cardiovascular
llavse. Thelr mortality rate was one death to every

5,992 snesthesias. In 35 ver cent of their fetal cases they

report the apparent cause was respirstory failure.

Burch and Harrison (1930) and Domenech-Alsina (1932)
have shown the mechanism whereby conditions of sangulnery
depletion, of intoxication or cachexia following their
casﬁal diseases are always agpravated by the hypotension due
to the analgesis paralyzing the medullery centers. Doyle
(1934) includes these conditions in his list of contraindi-
cations for spinal anesthesia. He also includes hypotension
and myocardial degenerastion as conditions in which the fall
of blood pressure in spinal anesthesis may precipitate
cardiovascular collapse. Horine (1934); in discussing an=
eathesia in heart disease, does not advise spinal technic
in rheumatic, hypertensive, syphlitic, arteriosclerotic, or
thyroid heart disease, or in cardiac arrhythmias. It is ef

interest to note here that the fatal case of cardiorespir-
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atory collapse reported by Kordenét (1934) was a2 hyperthy-
roid. The other case he reports (not fatal) was in & patient
whose electrocardlogram showed definite coronary sclsrosis.
In passing, it may be also mentioned that Kordensat,.guoting
the work of Davis (1931), whe showed the hemolytic and
myelitic action of certain anesthetic drugs, suggests that
possibly the intricate mechanism of cardiac enervation may.

be harmfully affected in high level spinal anesthesia.

Horine (1934) comments on the problem of hypertensive
heart disease: "I am well aware that certain surgeons ad-
vise spinal anesthesia in hypertensive indivuals. However,
it has been proven that the constant accompaniment of an
essential hypertension is a generalized arteriolar scler-
osis, Iﬁiﬁﬁe arterioclar change vrobably precedes and is
responsible for the elevation of the pressure. Thus in
order to vrevent cersebrel anemia, which would result from

the decreased blood supply through narrowed arteridles,

0

the pressure is elevated. Since cerebral enemis is appar-
ently the cause of death in spinal anesthesia it does not
seem logical to court possible disaster by employing a
method which would produce a sudden and prolonged reduc=
tion in blood pressure thus destroying a protective mech-
anisma." In contrsst, Hyman (1833) reports that he has
used spinal anesthesia in 28 ceases at the Wilkin Foundation

for the Study of Heart Disease in order to reduce blood

pressure in cases of threatened cerebral hemovrhage, and
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that he considers it a safe as well as beneficial procedure.

‘To summarize the effects of the vascular hypotension,

© there is ample evidence thgt there is retarded circulstion,

g point brought out in the previous discussion df the per=-
ipheral vaSoparesis, intercostal paralysis, and slowing

of the heart rate, and supported by specific authofity (see
preceding section). The resultant stagnent anoxia has

has been demonstrated by Seevers and Waters {(1932) and Co
Tui (1934), although long assumed present by clincians,
such as Evans (1929), Roeder (1932), etc. Tissue asphyx=
iation 1s present throughout the body, but is especially
manifested in-the brain as bulbar anemia, and'in the heart
as myocardial embaressment. 'Eoeder{1952), as practically

allsurgeons, believes the bulbar anémia ‘s main factor in~-

causing - resirdtory depressionj Thompdon: (1934} orings out

experimental evidence. Seevers and Waters (1932), Rower
et al (1932), Kordenat (1934), and others emphasize the

cardiac picture.

Cardiovascular collapse may result, and death may
ensue. Frazier (1934), Kordenat (1934), and Angelesco and
Tzovaru (1933) bring out this part of the situation. In
toxic, cachexie, and cardiac patients, the hypotension aggreve
ates the pathological condition; Burch and Harrison (1930},
Domenech-Alsina (1832). Hence, these are contraindications;

Doyvle (1934}, Horine (1934).
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Control

Only with & conception of the foregoing ramifications
of the cause an& effect of the hypotension as a basis, can
the matter of its conbtrol be spprochaed in & scientific
menner. The subject readily reso lves 1tself into two divi-
sions; prevention, and treatment. Under the»first will be
considered those meassures that may be taken to prevent the
occurrence of an alarming fall of blood pressure; under
the second will be considered those measures that may be
employed to combat a cardiovasculsar collapse which may be
either actually present or dangerously imminent. Princi-
nle, rather than technic, is the cardinal concern in the

ensuing discussion.

In order to prevent serious hypotension from occurring
during the operation, a number of prscautiors can be taken,
each atﬁending with a greater or lesser degres of efficacy.
The rationale of the following will be consldered: (1) the
cholce of an anesthetic drug causing a minimal fall in
blood pressure, {(2) the use of & basal anesthesia least
augmenting the hypotensive action of the anesthetic drug,
(3} the limitation of the height of the anesthetic field,
(4) the administration preoperatively of a hypertensive or
stimulating drug, (5) the administration preopsratively or

coincidently with the operation of intravenous fluid, and
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(6} the use of the Trendelenburg position.

Marvin (1933) said, in considering spinal asnesthetic
drugs, "The ideal anesthetic is still being sought, and the
day is not far distent when, in my opinion, it will be found."
A long series of drugs have been varaded before the surgeon,

2ll tried enthusiastically for a time, but most largely dis=-

.carded. Marvin, and Doyle (1934), supply the following:

Cocaine, first suggested for surgical use by Koller in
1884 and used by the first pioneers of spinal anesthesis,
wes early abandoned in most clinics because of its high
toxieity, although, as Babcock (1934) points out, it is still
the anesthetic of cholce at the (Genseral Hospital of the

City of HWexico.

Stoveine, prepared by Forneau in 1204, and brought in-
to general use by Barker in 1206, has enjoyed great pop=
ularity, especially in France. It is powerful and it pro-
duces marked muscular relaxstion. There are, however,
certain disadvantages in that it is mere Ilrritating to
commective tissues and nerve fibers. Headaches of rather
severe intensity are noted after its use. It deteriorates

raplidly, and must be kept in speclal containers.

Tropacocaine hydrochloride has been used quite exten=
sively in the past. It has & toxicity of about one half

that of cocaine, but the duration of its zacbion is shortere.
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To be effective, it must be used In & fairly concentrated
solution. Recause of its high toxicity and rather uncert-
ain apalgesia, tropacocaine hydrochloride has been grad-
uselly discarded, as have apothesine, alypin, beta eucain,
and tutocaine. Ilagarus, Pick, and Rosenthal (1933) dis-
agrse with this opinion of Varvin'’s. Reviewing 1000 cases
operated under tropacocaine hydrochloride, they find it
gsafer and more dependable than other agents employed.

They gay 1t 1ls easy to administer, and is free from unto=-
ward effects. Cardio-respiratory shock is less apt fo ccecur

than with other agents, as are nausea and headsache .
g

Spinocainé, devised by Pitkin (19273, is & combination
of procaine hydrcechloride, strychine, alcohol, and normal
saline. It gainéd a wave of popularity at first, but of
late haes been more replaged by procsaine hydrocnloride.

The fact that 1t is of lighter specific gravity than the
spinal fluid caused severalaccidentsAthat could have besn
avoided if more care and precsution hed been used, snd had
better instruction been given for its installation. The
claims for its complete control sound plausibie, VMarvin
and Doyle botheadmit., Pitkin's (1927) main recommendation
for the vpreparation is that it will control hypotension
through the action of the strychnine and through the use
of the lighter specific gravity to limit the field of
anesthesis, WMerbury (1930} reported that it was prefer-

30 to 10 over Labat's recommended agent.in 92 hospitals
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of over 100 beds. Stout advocated it in 1929,

Apothesin, Pitkin (19287) says, gilvés:a peéerfect anes-
thesisa and complete relaxation; tactile sensation is not
constantly impaired. Primarily, there is very little vaso=-
moter disturbance. Its absorbabllity is slow and réﬁarded*‘
Secondarily, or one or two hours after injection, it produces
2 severe vasomobor disturbance. (ases have been reported
without more then a 10 or 15 point drop 40 minutes after

3

inject

£

i

on, and two hours after injection the pressure had
droppe@d to zero. This secondary action does not occur
with any other drug but butyn. At times i1t is impossible

5

to raise the patients head for 24 hours after the injection.
Pitkin dismisses both apvothesin and butyn as too dsnger-
ous to use. Since this report little attempt hes been to

revive the drug.

Neothesin, however, does not have this delayvd action,
and has been used with some success by & number of surgeons.
Ite use is still guite restricted. Marvin (1933} reports
thet it is less toxic than nupercaine but mdére toxic than
pvroceine hydrochloride or pantocaine. It caused an aver-
age fall in blood pressurs of 20 to 30 points, = slcwing of

the heart, and asppreciable respliratory depression.

Nupercaine (percaine}, because of its ability to pro-
duce long anesthesia, has been widely used. Wesﬁ (1933)

says 1t is the favorite anesthetlic £6r spinal use in Eng-

A
H
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land. He claims it can be used in very dilute sclutions
which are less gapt to cause & fall in blood pressure due

to vesomotor parelysis than stovaine or procéine hydrochlor-
ide., Marvin (1933) found it was more toxic than neobhesin,
vrocaine hydrochloride, or pantocaine. He also found it
caused an average fall of blood pressure of 30 to 50 points,

r of the other three

H

a larger fall than that produced by an
drugss, and that it caused appreciable respiratory deprese-
gion, and slowing of the heart that was guite marked. Holder
(1934) recommends a mixture of nupercaine and novocaine,
elaiming less pressure drop with maintenance of a constant
level giving fewer subjective symptoms during anesthesia,
due to & decrease in individual susceptibility to the ef-

fects of the nupercaine.

Procaine hydrochloride is the American brend of the
game s&lt that is known in Germany as novoecaine and iﬁ
France as neocaine. Einhorn discovered i+, {(as novocaine),
end Braun intréduced 1t therspeuticslly in 1905. Pitkin
(1927) ecleimed it (novoceine) affeéted the vasomotors less
than any other drug in use at that time. ILabat (1930)
recomrended 1t (as Heocaine), reporting no deaths from
its use since its introduction in 19216. Marviﬁ (1933)
found it to be less toxlc than nupercaine or neothesin,

but more toxiec than pantocaine. Doyle (1934) and Babeock

(1934) think it the least toxic, however, of zall agents,
g

a8

nd strongly advocate its use. WMarvin found it produced
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g 20 to 30 point average fall in pressure, caused only
slight slowing of the hesrt, and hsd no effect of respiratory

depression.

Pantocaline is & comparatively recent drug in the fleld
of spinal anesthesia. Warvin {(1833) is one of the few
to publish any comprehensive work upon 1%, although a numbsr
of surgeons have enjoyed marked success with 1ts use
Brown (p. ¢.) has employed it in some 300 operations, and
plans a3 revort advocating it afiter additional observations.

ar .

Yarvin found only & very slight drop iIn blood pressure av-

i

eragling below 10 points, no resplratory depression, and
no slowing of the heart. He consludss, "Pasntocaine offers
everything that procalne hydrochloride will accomplish, and

has the advantage thet 1%t does not lower the blood pressure.”

e

Pantoeaine, then, may easily be his "ideal anesthetic" for

which surgery is seeking.

Even from as superficial & survey es the foregoing,
it seems apparent that a juditious choice of enesthetic
agent is an impdrtant step in the prophyvlactic control of
alarming hypotension. The matter of ecare in its use, of
course, can not be overstressed. Babcoék (1934) has said
that he would prefer cocaine, used carefully, tc procaine

hydrochloride (his favorite), used carelessly.

Tue use of basal anesthesia preceding the subarachnold

technic has been widely u sed, and was initisted largely

m
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because of its success in inhaiatiom technic. While thers
is little indication that basal aﬁeéthesia actually prevents
hlood preésure fall, there is evidence that after certain
basral anesthetic drugs the hypotension of the spinal

s

anesthetlic is augmented.

In 1928, the beginning of the "renaissance", so to
speak, of spinal anesthesia, most of the leadirng clinic-
ians incorporated it as an integral part of their partic~

ular technic. Pitkin gave 1/4 grain of morphine sulphete

]
w0

and 1/150 grain o copolomine, claiming it in no way in-

tensiféd the snesthetic, but did ellay fear snd spprehension.

Labat gave 1/6 grein of worphine sulphate and 1/300 grain
of scopoi mine, making the same claim. Babcock recommend=
ed 1/6 grain of morphine and 1,/100 grain of hyosine; Koster
said he had used 1/4 grain of morphine and 1,/150 grain of

stropine.for sixteen yesrs.

Doyle (1934) uses one of the berbiturates, nembutal,
the night before, and agsin one hour before, theoperation,
following the second dose(4 1/2 grains) with 1/4 grein of
morphine sulphate and 1/150 grein of scopolomine after 15
minutes. He contend the preoperstive use of the barbilitur=-
ates hasnot as yet been fully appreciated, and he uncompro-
misingly recommends them bveceuse of his own favorable ex-
perience. Clting Tatum, Knoefel and Cattman (quoted by

Downs and Hddy), Swanson, and others, he says 1t has been
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established that barbiturates detoxify cocaine and its
derivatives. Rhino-laryngologists, he points out, routine-
ly administer a barbiturate preliminary to the use of coc-
aine or novecaine. He suggests that not a few of the un-~
explained sudden deaths immedlately following subarachnoid
block may be due to novocaine poisoning or sensitivity.

In addition to this and the aquileting effect, he also élaims
the barblturates diminish nauses and vomiting due to de=-
preassion of ﬁhe vital centers. Though he does not schtually

say sos, this implies that that there would be less danger

of vascular depression.

Y

CoTui{1933) vpresents the antithesis of this view. He
just as uncompromisingly éondemns the barbiturates. EX -
perimenting on dogs, he found that sodium amytal narcosis,
whether light or heavy, produced akmarked reduction in the
lethal dose of novoceaine injected into the cisterna magnsa;
hence they would be contraindicated. In contradiétinction
to Doyle's last contention, it would fellow that there would

be greater, rather than lesser, danger of vasculer depres-

sion. HRagsdale (1934) agrees that the barbiturates are
contraindicated; he does administer morphine and scopolo-

mine, however.

¥orphine, on the other hand does not share CoTui's
condemnation. This investigator, in the same series of

axperimente, showed that small but effective doses of mor-
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phine, morphine-~scopopomine, snd morphine~avertin medication
glven prior té cisterns magne injection did not cause a det-
erminable decrease in the minirmum lethal dose of the novo-
caine. larger doses of these pre-anesthetic drugs, however,
did cause apprecisble decrease. The inference 1s easily
mede. The average dose given clinicelly 1s small and
nrobably has no effect, then; smaeller doses would be the

vreferable.

West (1972) brings up 2 further considerstion. He
repofts that Profesgsor Sebrechts of Bruges, Belgium, in
whose clinic¢ spinal anesthesla has been uéed in more than
51,000 cases, thinks that patients sre of two types - one
sensitive to spinal anesthesia, and the other resistant.

One hour before operation, he gives an injection of wor-

phine and scopolomine. If this injection renders the

'y

patient very sleepy, he is regarded as "rachi-sensible",

H

~

and the dose of enesthetlic drug (vercaine) reduced, and
a subcutaneous injection of ephedrine given. If, on the
other hand, the premedication has no calming effect on the
netient, he 1s regarded as "rachi-resistant", and a larger

dose of vercaire is given, but no ephedrine.

Summing up the evidence, it would avppear that the
usual morphine combinaticons of basal anesthesia do not
intensify the drop‘in blocd pressure of the spinal anestheb~-

ic drug, and may even be beneficisl in indicating whether
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the patient 1is sensitive or resistant to the anesthetic.
As to the barbiturates, opinion is divided; further work
will have to be done before a definlte conclusion csn be

reached.

Experimentation has demonstrated that there are sev=-
eral factors which determine the height of the anesthetic
field produced, and, hence, the fallin blood pressure.
Consideration speclifically of the detalls of technic of
administration, and of the theories of spread of the drug
within the subarachnoid space, is advisedly not within
the scope of this paper. Babcock (1934) has urged reten=-
sion of whatever well-developed technic the surgeon may

have been using with definite success.

In 1928 the articles of Pitkin, Labat, Koster, and
Bvans on the conbtrol of spinal anesthesis were responsible
for reawakened interest in both the operating room and the
laboratory. The literature of the ensuing seven years
has been .filled with attempts to satisfactorily correlsate
clinical and experimsntal observations so that the extent
of the anesthetic field may be under the full control of
the surgeon. When thils has bsen achleved, inhelation an-

esthesia will have been robbsd of one of its chief advan-

tages over subarachnoid block.

Two main schools of technic developed; the Pltkin

and the Labat. Stout, Babecock, long an author@ty on
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administration, Sise, and others too numerous to mention
have nelpsed to build up a profound respect for technie in

trhe mind of the average surgeon. Among the most illuminating
recent contribuﬁions dealing with control of the field |
have been tﬁose of Grodinsky and Baker (1833}, Panﬁett

(1934), CoTul (1934), Bahcock (1934), and Vehrs (1934).

Grodinsky and Baker state that the height of the gnes-

ot

hesia is dependent upon (1) the volume arid contration of
the solution, (2) the rate of injection, (3) the position

of the patient, and, to a lesser degree, (4) the site of
injection. Pannett concludes spread of the drug depends

on (1) diffusion, (2) gravity, (3) volumetric displacement,
and (4) mechanical commotion. CoTul has named three factors;
(1) graviﬁational flow, (2)leveling, (3) molecular diffusion.

Babeock and Vehrs have pointed out enatomical considerstions

of the humen spine that must be kept in mind.

Whatever the methoed or mechanism of control of the
field of anesthesis may e, indication for limitation is
suggested by the pathogenesls of the complication of
vasomotor paralysis. KXoster has long advocated spinal an-
gsthesia for head, neck, and thoracic surgery.{1928).

He says 'there 1s no pressure (i.e. blood pressure) too
low to stand operation', and 'it does not matter how great
the fall in vpressure may be'., However, this disregard of

the gravity of hypotension is not shared by other surgeons.
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Iabat (1928) declares that surgery in the reglon advocated

by Koster is unsound.from a clinical standpoint. Seevers

and Waters (1932) say, "Grave cardiovascular changes occur

28 a rule in blocks that involve the chest. As the thorsx

is implicated, two important factors enter into consider-

ation, (1) additional paralysis of vasoconstrictor fibers,
.

and {2) intercostal nerve paralysis." They conclude. that

rational use of sninal anesthesia implies Mimit
the block tc exclude maior thoracic involvment. Any method
dependent for 1ts safety on selective paralysis of sensory
as cpposed to motor nerves, esvecially when motor compon-
ents are phrenic, deserves little considerstion. 4 blood
pressure so low as to reguire pslpation of the abdominal
gorta to determine whether the heart is still active is
hardly compatible with what is ordindrly considered to
constitute good anesthesia', Bower et al (1932) conclude,
"Safe asnesthesia is the opreservation of epicritic and pro-
topathiec sensation about the level of the sixth rib. Above
this .cardiasc and resviratory smbarressment may develop.m
Vaxson {(1934) says, "Untoward symptoms can be avoided by

holding the upper 1imit of anesthesia to the costal margin®

Regarding the extent of safe blood pressure drop,

s

Foss and Schwalm (1933), comparing fatalities with ether
and with splinal anestheslia, agree with Bower, Clark, and
Burns (1933), who say, "The death of & patient whose blood

pressure drops more than fifty per cent, or who develops
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respiratory sembaressment, within twenty minutes following the

s
s

1iection, and who does not react to within twenty-five per

»

cent of the normal before the operation is finished and
subsequently devlops secondary shock and dies, is an anes-

thetic death."

The great balance of evidence, 1t can be seen, is for

fed

imiting the anesthetic field below the thorax, for only in
this way can the dangers of vascular disturbance be held

to a minimum, other things being equal.

3

o

The use of hypertensive drugs pricr to the anesthetic
to forestall blood vressure fall was first suggested by

Gwathmey(1903) and Jonnesco (1909), strychnine being the

drug used. Jonnesco abandoned its use, but Pitkin (1927)
incorporated it in his "spinocaine™. Although the adher-

ents of spinocaine cleim 1t retards blood pressure drov,

the profession at large has turned elsewhere for a hyper-

P

tensive drug. Qabcoox (1925) ~ and in all later zrticles =~
declaras it valueless, after experimenting with it since
for many years, The use of caffeineand atrovin, largely

as hesart stimulants, and;of pituitrin also have few ad=-
herents. Pannett (1834) suggeét atropin again, but admits

he has no experimental proof. Frazier (1934) dismisses

all these drugs as of no use.

The ackncledged vperipheral constrictor, epinephrine,

was first suggested by Doenitz (1903) and Xlapp (1904).




About that time Babecock (1934) began its usé. and still
regards 1t as the only stimulant of rmuch value. Used

in the anesthetic solution, he says it 1s not effective,

as is true of the other drugs previously tried. Intra-
miscularly, however, 1t is an efficient prophylazectic. The
assertion that the action of adrenalin is too transient to
be of value 1is untrue, he declares. Its pveriod of 15 to
30 minute stimulation is usually longer than the period

of intense depression from spinal anesthesia. By careful
graduated or-continuous use of this drug, tThe stimulating
effect can be nrolonged for hours, he points out. Bower

et 2l (1932} found adrenalin did not vrevent the associated
gardise dilitation they encountered experimentally in dogs.
Grodinsky and Baker (1933) recommend adrenalin, pointing
out that 1te vperipheral vasoconstriction should compensate
for the vasomotor paralysis at the cord. Frazier (1934)

and Kordenat (193%4) claim epinephrine 1s of no value.

Abelson (1934) says its use is not essential.

Ephedrine, also a vasbconstrictor acting at the sym;
pathetic myoneural junctions, is the drug wmost widely ussd,
and has been the talisman of safety for manvy. Chen (1928)
rediscovered evhedrine, and Ockerblad and Dillon (1927)
brought it to surgical attention. Chen and Schmidt (1950)
brought out that the effectiveness of ephedrine appreafs
to be due to its ability to (2) increase the perivheral re-

sistance by constricting arteriols and (b) increase the
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minute volume output of the heart by direct acticn on the
cardiac muscle. Seevers and Wabkers {(1932) claim that it
may actually depress.the heart, yet in their conclusions
grant that it is sometimes efficacious. Bower et al (18932)
give the same results as with epinephrine, but Ferguson

end North (1932) strongly advocate it. They gave ephedrine
to dogs in doses of 2 mg per kilo of body wéight prior to
the subarachnoid injection, and noted a rise of 17 mm Hg

in the blood pressure and no cataclysmic fall. After 5
minutes there was an average depression of 3.5 mm; at 20
minutes there wes an sverage devoression of only 19.5 mm,

or 13 per cent, compared with aadepression of 51.8 per

cent in dogs that had received no evhedrine. The maximum
effect comes, they say, when ephedrine is administered
about 10 minutes before the anesthetic. The§ say, as do
Grodinsky and Baker (1933), that since vesoparesis takes
vrlace at the preganglionic sympvathetic fibers, it is pos-
sible, using evhedrine, to stimulate the post ganglionic
fibers, or nmyoneural junctions, and produce vasoconstriction
and a rise in blood pressure. Angelsco and Buzianu (.v¥54)

and Thompsuin (1934) urge the use of ephedrine.

On the clinical side, Pitkin(1%27) injected ephedrine
while infiltrating for the puncture. Stout (1929) used
rmuch larger doses. Labat (1928) refected it. Babecock

(1934) thinks the use of ephedrine is based largely on

"nysteria", and denounes the experimental evidence save



=28

that of Seevers and Waters, alrsady guoted. He claims that
evhedrine greatly increaseses the work of the heart; becsuse
it raises the bilood pressure and heart rate 1s no reason
the anesthetic 1s safer. Babcock says. no one has reported
as low a mortality from spinal anesthesia with evhedrine

as he has reported without evhedrine - 10,000 injections
between deaths. Concluding, he says, "In my ovinion such

& potentlially dangerocus drug should no longer be used
routinely". Doyle (1934), however, uses 1t routinely

as do manj others, injecting it intramuscularly 10 to 15
minutes before the subarachnoid injection. He says, "Clin~-
ieally we have found that the initial effect of the drug

1s to raise the hlcocod pressure 10 to 30 points, and that
following the block the vressure falls gradually, in con=-
trast with the sudden drop encountered if such medicaticon
has been ommitted." Some authorities, such as Abelson
(1834), do not incorporate 1t in their technic even when

no other stimalant is used.

Of the three hypertensive drugs in present use,
strychnine, epinephrine, and evhedrine, the first is used
only in spinocain, and then supplemented with ephedrine;
the second 1s used by some men but is not a strongly
used routine procedure; the third enjoyvs wide advocacy
but has been sharpely attacked. It can hardly be =said
that the principle of the use of a drug to conteract the

hypotension of spinal anesthesis is @ flrmly entrenched

46




47

procedure - some clinicians have altogether abandoned its

USE.

Supplementing the blood volume befors the anesthetic
nas been tried, thouh never used very extensively. Burch
and Harrison (1931) found the injection of rather large
amounts of physiologicel salt solution vprior to the spinal
anesthetic was qulte effective in controlling hypotension.
Seevers and Waters (1932) polint out thst the solution ﬁb
be effective must be given while the vessels and heart are
rhysiologicelly intact, that is, either prior to or through-
cut the anesthe$iaﬁ Few c¢linicians or anesthetists report

its routine use, however, as a purely prophylactic method.

The sixth measure suggested for preventing & drop in
pressure, the Trendelenburg position, is the most universe

ally used of

)

11, Tabst (1921) gave the first demonstra='
tion of the vosition in this country as an adlunct to
spinal technic at the St. Vary's Hospital of the Mayo Clin~-
i¢c in October, 1920. The writings of Iabat, Evans, and
Koster, especially those of 1828, popularized the position.
Prior to that Ulme, precautions were taken to keep the pat-

ient's head elevated for fear the sclutions of higher

sP

¢}

cific gravity than the spinal fiuild would gravitats to
the medullary centers and there affect them adversely.
The retionale urged for the adontion of the Trendelenpurg

position wes the relief by dependent position of the cer-
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ebral anemia occalsioned by the fall in blood bpressure.

T™wo varistions of the Dosﬁém were used as prophylactic
measures - the irzed*ate Trendelenburg, that 1is, &as soon
as the anesthetic was administered, and the delayed Trendel-
enburg, that is, after about ten minutes from the adminls~
tration. Labat urged the irmmediate, as did Babcock (1e25)
and Pitkin (1827) when light solutions were used, saying
it was the most important part or his technic. XKoster
(1928) also used 1t at once. Stout (1929) used the delayed,
advising a wait of ten minutes in the horizontal position
to allow the anesthetic to become "rixed". OGrodinsky and
Baker (1933) also urge this precsution. Hvans (1928)
reserved the position for the trestment of cardiovascular
collapse. Sise (1929) used the position as soon as a smell
dror in pressure occurred. At the present time, most
surgeons enploy it to greater or lesser degree. Doyle
(1234) routinely uses the immediate position, for example,

as does Kordensat (1934).

(1934) says the first advocates of the position

&3

oTul

‘J.

fde

had little experimental basis for theil adontlon of it. To
test whether the position was advisable, he injected novo=-
caine solution through a lumbar site, and found the lethal

dose in the Trendelenburg vosition was only about half

tes the work of

;,_Jt

+hat of the horizontal vposition. He ¢

Zr N

Grodinsky and Baker (1833) showing a cephalad spread of
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spread of dye In cadavers in the Trendelenburg vosition as

of for his contention that the vosition is zct=

i
c
-
o
3
o}
&
d
3
@]

ually harmful. WVaxson (1934) also agrees that the position
is contraindicated. Thompson (1834}, however, still ad-

3

vises the position. Further experimentation seems indicated.

It has been pointéd out in the foregoing discussion
of the prevention of vaacular hypotension that there is by
no means agreement among suthorities as to the most effi-
cacious measures. The fact that there is such controversy

indicates healthy intersst, and sugers well for the future

of spinal asnesthesia.

After cardiovascular collapse has occurred, or when
it seems iminent, numerous procedures have been resorted
to, with varying success. Of these the following six now
strongly advocated will be discussed; (1) the use of drugs,
(2) the use of oxygen, with or without carbon dioxide,
(%) the use of artificial respiration, {4) the use of fluid

to increase the pblood volume, (5) the use of blood trans-

fusions, and (6) the use of the Trendelenburg position.

As to the use of drugs, stimulants such as ammonis
and ether have been found to glve a rise in pressure on
inhalation. Nost observers, such as Pennett (1934), men-
tion them, but agree that the rise they give 1is small
and transitory. In shock thelr central stimulation 1is at

least an ald to recovery, but they can not be depended upon
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as & primary messure.

Epinephrine is more commonly used as .a means of combat-

e

T

¥

ng shock than for preventing it. It may be injected intra-
nmascularly or subeutaneously, given intravenously, usually

in salire infusion, or injected directly into the heart.
Babcock (1%25), as did most of the first users of spinal
anesthesia, empleoyed it, giving intravenously a 1 to 1000
golution ~ 3 minims in a physiological salt solution.

Bower et al (1932), however, found it ineffective in pre=-
venting cerdisc dilitation in their experiments. Roeder
(1932) advises its use, QS‘doiGrodinsky and Baker (1933).
Kordenaf {1934) thinks it ineffect. Abelson (1934) advises

its use in saline and glueose solution.

Ephedrine also has strong suppor

[y

« CoTul and Standard
(1932) say, "When complete paralysis occurs, artifiéial
respiration and the intravenous injection of ephedrins

are effective means of resuscitation." Seevers and Waters

{1932) and Ferguson and North (1932} recommend 1t, but show

T
3
S
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s less effective gfter collapse has occurred than before.
Grodinsky snd Baker (1933}, Abelson (1934}, Ragsdale(1934),
and Kordenat (1934) all advise its use, but Babcock (1934}

contends that experience shows 1t 1s unreliable when s

-t

real emergency occurs. CoTuil (1934), experimenting on dogs.,
injected ephedrine hydrochloride intravenously (2 mg. per

kilo body weight) within the first 5 to 10 minutes after
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the blood pressure reached shock level. The injection
caused the blood pressure to maintain 1its level of about
100 mm. and over for 1 to 2 hours after the injection, that

E

is, until recovery.

Drugs ars used,.apparently, by most clinicians, and
regcommended by most investigstors. The amount of good
they do is debateble, but they do afford an ocvportunity to
the surgeon to at least make an honest effort to remedy

]

the situstion.

The administration of oxygen, or carbon dioxide and
yg
alds X . .
oxygens, through relieving the respiratory embarressment.
Roeder (1932) directs particular attention to this method,
saying administration of 5 to 10 per cent carbon diloxilde

in pure oxygen will essist In maintaining the blood pres-

ion

ot

sure ir most instances, and in meintaining the circula
of blood when heart contraction ceases. Seevers and Waters
(1932) recommend the inhalztion of oxygen even throughout
the operation. Certainly the experiments of CoTul (1934)
proving the anoxemia of the blood, long assumed, would

bear out such a practice. Frazler (1934), Kordenat (1934),

and Abelson (1834} recommend 1ts use.

Artificial respiration is in a like category. If res-
piration ceases, 1t is at once indicated. Gray and Parsons
{1911) first stressed the intimate relationship of bdlood

pressure to costal parsalysis. They found a disasppearance
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of mach of the circulatory hyvotension when an sdequate
to and fro type of srtificial respliration was established.
Seevers and Waters (1932) made similar findings, though

Grodinsky snd Baker (1933) did not. {(The last named congid-

in

73
b

ratory embarressment a secondary factor.) Burch
and Harrison (1931} reported 1t wes the most effective

means of combatting cardiorespiratory foilure. CoTul and
Standard (1932) urge its use. Isenberg and Lundy(1932).

with complets respiratory paralysis, found artificisl resp-

3

<

iration effective in keeping animals 10 hours with 1ittle

O

chenge in bloed pressure or pulsé rate. Clinically, Pitkin

(1928), Babecock (1628).(1934), Evans (1228), and Xordenat

(1934 ) especially advise it.

Obviouslys if respiration has ceased, or is about to
ceases some measure must be taken to restore seriation of
the blood asnd resumption of the circulation. Artificial
respiration and the administration of carbon dloxide and

oxygen afford excellent means of accomplishing tligse ends.

Raising the fluid content of the blood by saline

intravenously 1s a method adopted because its repeated triasl

in other types of shock. It may be noted that In a normal
circulation it is at best difficult to increase the volume
of the circulation of the blood, since the solution passes
so quickly into the tissues. Althouzh the shock heré is

largely neurogenic, the suggestlon of Beevers and Waters

o2
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{1832), that the permeablility of the vessel walls may

be altered by the time gollapse occurs, should be borne

in mind, CoTul (1934) found the bloocd pressure in shock
dropped to its former level as soon as saline wes discon-

tinued. To be effective, then, 1t must be continued until

b

the patlent is well recovered, though it has been suggested
that cardiac staslis may result from too grest a volume.
Babeock {1934) and Abelson (1934) use intravenocus fluid,

incorporating adrenalin. Xordenat (1934) also considers

1t an-.efficaciocus method.

Blood transfusion accomplishes the same purpose, prob-
ably more effectively as 1t 1s better retained intravas-
cularly. It has been recommended by some c¢liniclans, but
the obvious difficulty of having a donner ready for instant
use, and the delay and exvense (to the patient) are marked

disadvantages. CoTul (1934) found immediate drop of pres-
g S

o]

sure when transfusion was discontinued. As blood trans-
fusion can not be continuous, as saline can be, 1t 18 =

rather poor way of combsatting the shocks.

Some readily available solution, such as physiological
saline,or glucose, is apparently the best agreed method
of treating cardiovascular shock by increasing blood volume.

Tt is, however, effechtive only while being administered.
; g

The Trendelenburg position has long been extolled

as & means of treating the vascular collapse, and is con-

'




sidered by many to be imperatively indlicated. The surgeons

o

3 :
who popularized 1t « Labat, Evdns, and Koster - have report-
|

ed excellent result? from its use. Evans (1922) places the

patient in this position only when shock occurs, bubt then

advises it at onces; the others incresse the position as
signs of collapse aﬁnear. This latter procedure is follow-
ed by practicaliy a1l who use it as a prophylactic measure.
Sise (1932), Grodinsky snd Beker (1933), Doyle (1934),

and Abelson (1934) allare emphatic in advising the use.of
the position. On the exverimental side, ILundy and Essex
(1931) tested the position and reported it was of 1ittle
value. Seevers and\@aters (1932}, though 1little trial was
made of 1t, recommend it. CoTuil (1834} again brings up

the contention that there 1s very little experimental nroof
for the efficacy of the positicon in remedying the shock.
Fifteen minutes after the develoment of shock, he placed
the dog in the’Trendelenburg position. The lowering of the

>

head caused a rise of about 20 mm. of blood pressure last-

ing for less than a minute and falling again to its prev-
ious level. This was, he gald, to be anticipated, as the

raising of the distal part of the body had the effect of

driving the blood accumulating in the distal veins toward

the heart, thereby i for the moment its output.

CTQ

But, says CoTuil, T re is no lasting improvement in the

circulation. The use of the head down position in other

]

forms of shock 1s useful becszuse this transient improve-
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ment causes an improvement in the medullary centers which

is reflected in an increased tone of the circulation,
whiech, in turn, improves the centers further, thus breasking
the vicious cyecle. Bub, in order that this improvement may
cccur, the nervous pathways to the circuletory system,
namely, the vasomotor nérves, mist be intact. In spinal
anesthesia these nerves are paralyzed and the measure there-
fore futile. Among clinicians, Maxson (1934) is one of

4

the few that agrees with CoTul that the Trendelenburg

osition 1s a procedure of no merit shock. Pannett (1934},
although he does not follow CoTui's line of reasoning,
suggests that the Trendelenburg position is inefficient,

and thet raising the abdomen and legs 1s a better proced~

ure.to follow.

Of the methods used to combat shocks there is the most

i

disagreement on the matb

cr

er of the use of drugs and bthe use

of the Trendelenburg position..Thls disagreemen®t will no

doubt stimulate further experimerntation and observetion,
end it can bhe predicited that within a few years this prob-

lem, together with the other controversial problems of
spinal anesthesiz, will be solved to the satisfaction of

surgeons snd leboratory workers as wells.

[83]
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Summary and Conclusions

o

Spinal anesthesia -~ or, more properly, subarachnoid
analgesia - is by no means an established and undebated
procedure, despite its wilde spread use. While firmly
entrenched as a surgical adjunct, there is still a defin-
ite note of controversy running through the literature.
Espeecially 1s this so of the vital problem of the cause,
effect, and control of the alarming vascuiar hypotension
that accompanies the use of this type of block. The
problem has been the concern of surgeons‘since the incep=-
tion of sninal anesthesia; fortunately, of late vears,

it has also drawn the sttentlon or the puysiologist, the
pathologist, and the chemist, and now the important process
of correlation experimental and clinical evidence is taking

place.

By the ciltatlon of competent authorlty, the history,
pathogenesis, effect, and control of the vascular hypotene-
sion have been developed in the foregoing discussion. The
sunmation here given indicates the gist of the papser.

History:

Spinal anesthesia isg & procedure now half
a century old. It owes its discovery to Corning, of New
York, and its iIntroduction to clinical surgery to Bier,

-

of Germany. Interest has waxed and waned in turn, until

1827 aend 1828, when the asrticles of Pitkin, Babeock, Labatb,

and Koster occalsioned popular interest, and instigated

971
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a renaissance of spinal anesthesia. Since then 1ts use
has besn constantly growing, until today it is 2 univer-
sal surgicsl procedure.

Pathogenesls:

Experimentation has quite definitely
shown that the snesthetlic drug ects directly on the nerve
roots, tracts, and medulla; an extra- and intracordal block.

Five factors have been suggested as causing

oy
<

the hypotension
because of this action:

(1) Parslysis selectively & the splanchnics, with & for=-
mation of a “svplanchnic pool" of the blood.- m explanation
not substantiated by expsrimentation.

(2) Paralysis of the vasocconstrictors fibers of the seg-
rments reached by the snesthetlic, with resultant dllitation
of the peripheral vessels Involved.- an explanation well
established as a factor of prime importance,

{(3) Paralysis of the intercostel {and phrenic nerves, at
times ), with a diminished aspiratory action of the thorsax

1,

sending less blood to the heart - an explanation also

well proven ss an important factor.

(4) Paralysis of the accelerator nerve to the heart, allow-
ing the vagus to restrict heart action - a factor well es~-
tablished, but of importance largely emi¥ In high blccks.

() Paralysis of the medullary centers - a factor established

as thoroughly possible, but alsc of importance largely in

high blocks.




Authorities disagree as to the relative value of these

four factors in the causation of the hypotension. The
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welght of evidence would indlcate that the

é.u‘.

named are the predominating influences in the avserage an~-
esthesia. In any event the action 1s apparently cumulative;

that is, the higher the block the greater the effect.

Effect:
As 8 result of the vascular tension, there 1is
a diminished circuldtion and a stagnant anoxis, causing
tissue asphyxiation throughout the body, a condition man-
ifested éspsocdally in the braln 2e bulbar anemia and in the

heart as myocardial embarressment. The bulbar anemla adverse-
ly affects the resplratory cenbter - one of the factors in
respiratory deovression - and the vascmotor center, thus
setting up a vicious cycle. As the condition 1s augmented,
cardiovascular collapse may result, and even de@thg The
cardiovasculsr collapse here encountered is & type of
neurogenic shock, a condition differing from hemotogenous
shock in that the circulating blood volume remains intra-
vescular. Concomitant with the stagnent anoxias in this
type of shock there is reduction in cardiac cutpub, and
diminished resistance to the effects of hemorrhage,

In the sangulinary depletéd, the toxiec, the cachexic.
and the cardiaze patient, the hypotension of the anesthesisa
aggrevetes the pathological condition; hence these are
are contraindications to administration. Possibly in the

selected cases, hypsrtension may be benefited, however.
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Control:
The problem of the control of the hypotension

readlily resolves 1tself into two divisionss prevention,

and treatmént. In order to prevent the occurrence of hypo-

C

tension during the operation, the following points are
considered, chiefly from a standpoint of rationale:

{1} The chelce of an anesthetlc drug causing & minimal
fall in blood pressure. Cocaine, stoveaine, tropacocaine
hydrochloride, Pitkin's spinoccein, apothssin, neothesin,
nupercaine, procaine hydrochloride, ard pantocalne are
considered. Of these, procaine hydrochloride, most widely
used of the drugs, and pantoceine scem to be the least
toxle, and to have the least effect on the blood vnressure.
Spinocaine, nuperceine - alone or combined with novocaine-
and tropacocaine hydrochloride have considerable adherents
who claim minimal vascular effects for theilr particular
(Z2) The use of basal anesthesla, While preliminary narcosis‘
apparently does not prevent blood pressure fall, certain
nercotics seem to influenceta further fall. Morphine sul-
vhate with stcpolomine and with other adjuncts are widely
used and seem to have no derogeatory svidence against them
expericentally. ALz to the barbiturates, some c¢laim they
detoxify the anesthetlc drug and depress the medullary
centers; hence they are indicated. Others claim they rend-
er the medullary centers more susceptible to detrimental

effects of the anesthetlc agent; hence they are contrain-
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dicated. Further experimental and clinical sbhservation is
advisable.

(3) The limitation of the helgnht of the anesthetic field.
Gonsiderable expsrimentation has ﬁointed out several factors

that influence the fiéld height ~ limitation of the fileld

is one of ths prime concerns of every technic. However it

is done, the great preponderance of evidence is for limite

ation at ths thorax or mid-thorex, since the higher the
anesthetic paralysis, the greater the fall in bHlood pres-
sure. Operations above this level hold too much danger

of cardiovascular and respiratory collapse,

—~~

4} The administration vreoperatively of stimulating or
hypertensive drugs. Caffeine, atropin, and pitulitrin have

proved of little valuvue, Strychnine

pote

s ingcorporated in
gspinccaine, but has little other use. Its beneficial sffect
is guesticnable. ZXHEpinephrine and ephedrine both should be

f value as they acht on the postganglionic fibers {(the myo-

O

neural jurctions) to offset the psralysis of the pre=-
gangiionic vasomotor fibers. Epinephrine has been the
logest used; scme extoll its action, others condemn its
effects as too transitory. Ephedrine hes perhaps more ade
herents, and more experimental evidence to support its use.

Vanyv clinicians use 1t routinely, claiming excellent results.

The questlon 1s raised by one surgeon whether mortality

statistics bear out 1ts use -~ he claims they do note and

that it-should be abandeoned as & dangsrous druges

o
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} The administration vreoperatively or coincidently with

——
(&)

the operation of intravenous fluid. This has been found
to be efficacious, but must be used before the operation

while the heart and vessels are physiolegically normal, or

‘must be gilven continuously throughout the operation. It

is not been widely advocated clinically as & routine pro-

cedure .
(6) The use of the Trendelenberg vositlon. Since made pop-
Dlar by Labat and Koster 1t has been s part of practically

k)

2chnlics a8 a measure to combat cerebrsal sznemia. Sonme
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rgeons use the immediate Trendenburg, using it as scon
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ners use the delayed Trene

2

¢
cr

H

s

s the snesthetic 1s iniected; o

ot

] il the drug becomes "fixed". Recent

un

jo))
€]

nburg, waibtin

&

o
o

12

investigation brands the Trendelenburg vosition as zactually

harmful, endangering the patient.

Treatment of present of Iminent cardlovascular collapse

de

s discusged under these six proceures, rationzle again

"y . 4 "y
ation:

=

heing the chief conside

b

(1) The use of stimulating drugs. ALmmonia or ether inhal-
ation gilves a transitory rise; it is of value only as a
supplementary procedure. Epinephriné may be given intr-
muscularly, subcutaneously, intravenously, or intracardially.
Usually it is administered intravencusly in normal seline

as a vehicle. Results are reported as sxcellent. Ephedrine

is more often used, and is usually glven intravenously.

Lxperimental and clinical evidence show it to be of great
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value, though one vnrominent surgeon contends 1t fails too
cften in a crisis.
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The inhalation of oxvgen, with or without carbon diox~

'_Jt

ides This is highly recommended as & rational procedure
to combat anoxemlsas snd resviratory dépression, thus maine-

taining blood pressure., It is strondy advocated experi-

r effective.
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mentally, widely us:
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{3) The use of artificial regspirstion. If res spiration

ceases, 1t 1s obviously imperative. Investigators claim

it will eliminate most of the hynotension. It iz a part

L

of practically all regimes of C¢rdlov scular shock treat-

ment. Aerlation of the blood and resumptlion of more nearly

o]

adeguate circulation resulb.

1

(4} The use of fluld to increase the blood volums. This
measure 1s almost slwesys used in this type of shock, saline
or saline and glucose belng employed. Experiment shows 1t
must be continuocus to be of any value, =g the blood press
sure drovps when 1t 1s discontinued.

(BE) The use of blood transfusion. Though veolume would be
petter retained by this methed, the difficulty of arrang-
ing for 1t, the delay occaisoned, and the sxpense involved,

together with the fact continuous administration 1s impos=-

sible, dismiss this measure as impractical ordinarily.
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the Trendelenburg position. This is the

ost hig
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hly recommended emergency teatment of &ll, and though
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xtolled clinically is ucndemneﬂ experimentally as useless.




e,

T,

A

Pl




s,

o
o

N

W
.

10.

13.

Bibliography

Abelson, L. Reducing mortality and morbidity in spinsal
anesthesia, WYed. Rec.,140:476-470, Nov. 7, 1934.

Angelesco, C., and Buzoianu, 3. Pathogenie de 1'hypo-
tension arterielle dans la rachianesthesie. ILyon Chir.
31:389-414, July=-Aug. 1934.

Angelesco, C., and Tzovaru, &. Hypotension syndrome in

“spinal anesbthesia. Rev. de chir. Bucuresti., 36;18-30
Jan.~fFeb. 1933,

Babcock, W. We Blood pressure in reletion to spinal
anesthesias. Anes. & Anal., 4:222-227, Lug. 1925.

Babecock, W. W. Spinal anesthesia, an experience of
twenty~four years. Am. J. Surg., 5:571-578, Dec. 1928.

Babecock, We. Wa Spinsl anesthesis in fact and fancy.
Surg. Gyn. &0bst., 52:94-100, July 1034,

Bier, A. Versuche ueber Jocainsirung desRueckenmarkes.
Deutche Ztchr. f. Chir.,51:361, 189%.

ical

Bower;dJ. O., Wagoner, G., and Clark, J. H. Clin
nesthesia.

and experimental investigations in spinal &
Anes, & Ansl., 5:95=105, VMar.-Apr. 1926,

Bower, J. 0., GClark, J. H., Wagoner, G., and Burns,
Jo C. Spinsl anesthesis: summery of clinical and
experimental investigations, with practical deductlons.
Surg. Gyn. & Obst., D4:882-897, June 19323,

Bower, J. O., Clark, J., H., and Burns, J. C. Svinal
anest heaia' new technic adevtaple to the beginner.
J. A, ¥ . AL, 100:245-247, Jan. 28, 1933.

Brown, A.J. Persondl communication.

Burch; J., and Harrison, T..R. The effect of spinal
anesthesia on the cardzac output. Arch. Surg., 21:330
1930.

Burchs, J., Harrison, T. H., and Blalock, A. 4 compar-
ison of the effects of hemorrhage under ether and under
spinel anssthesia. Arch. Surg., 21:693-6897, 1930.

ons Ts Rs» The ef}e cf the ad~-

ﬁurch, Jes rris
ratlo of fiuid on the fall in blood pregsure

minist

{'Jn

[e>)

[N




R

AR,

18.

ot
el
*

fav)
Av]
s

caused by spinal anesthesla. Arch. Surg., 292:1045
June 1831.
Cage, J., T Tumbsr anesthesia; remarks based on 1100

g . aj
cases. Am. J. Surg., £:815-819, Dec. 1028.

Chen, XK. Ko A new drug, ephedrine. J. Pharmacol. and
Exper. Ther., 26:83, Zept. 1925,

Chien, ¥. K., and Schmidt, C. Ta Evhedrine and related
substances. Mediclne, 9:i1-117, Febh 1930,

Corning, J. L. Spinal anesthesia and local medisation

CoTui,F. W., and Standard, S. Experimental studiles
on subarachnold anesthesla. Surg. gyn. & Obst,.,
4.2-./0"297, 1 52@

CoTui, F. We Effect of different narcotics and narcotic
conbinations on minimum lethal dose of procaine hydro=-
chioride intracisternally. J. Pharmecol. and Exper.
Therap., 48:223~228, June 1833.

CO?U»:.L s F - W’ ® »ur
ig. énes. & Anse
13:183-122, Sept

ther studiss
les 15:143=1

in subarachnoid anesthes-
1, July-Aug. 1934.,

ol
L

rile, G, Comment on-Relabtive hekits ol . gbinal angsthes~
iz £rd ether.(Foss and Schwal m) J.A. Ve L., 101:1716.,
T OV e 5;8, ]93»30

G

Davis, L. , Haven, H., Given, J. H., and Emmett, J. The
effects of spinal anesthesia on the spinal cord and its
membrenes. J. A. M.A.,97:1781, Dec. 12,1931.

Dogliotti, L. Hecent methods of analgeslia and anesthesia
¥ed. Rec., 140:347-350, Qct. 3. 19343

Doenitz, A. Koka 1n15ierun des Rueckenmarked unter Ver-
wendung von adrenalln.muenchen. med.dchnschr. 34; 1452,
1803,

Domenech-Alsina, F. Les incidents graves immediats de
la rechianesthesie leur pathogenle et leur traitwment.
J . de Cbll’ .y 46(}.!)”1 3(30, ert - 1\/L~~ -

Doyle, J. C. The pro and con of subarachnoid block:
an analvsis of 1124 cases in the Yospital f the Good
Semaritan, 1930 to 1832. Anesu & Anel., 15:118-121;
May-June 15754,




o

R,

56,

Na]

~
L

40 .

65

Evans, C. He Possible complicetion with spinal anesth-
esie; their regognition ard the meesures emvlioyed to
prevent and combat them Am..%. Surg., %; 581-593,
Dec. 1928.

1 anesthesisa. Paul B. Hoeber, New

b

<
o)
)
o]
-

(]
»

]
L]

0
[}
Ho
;ia

Feathsrstons He Ae A& ecritical resvort on 100 cases of
spinal anesthesia with tropacaine. Proc. Roy. Soc. Ved.s
},7:1, 192‘1‘.

uson, L. Xe» and North, J. P. OCbservations on exper=-
tal spinal aresthesia., Surg. Gyn. & Obst., H4:
e6U4, April 1@32.

mtﬁm
Hmm

Foss, He Ley, and Schwalm, L. J. Helative merlts of
spinal anesthesia and ether anesithesda. J. &. M. A.,
101:1711-1715, Nov. 28, 1933,

Frazier,i Postoperative pulmonary and circulatory comp=-
iications cof spinal anesthesia. Xentucky M. J., 322
174-181, Mer. 1934.

Gesser, M. 5., and Erlanger, J. The role of fiber size
in the esataeblishment of & nerve block by pressure or
cocaine. Amer. J. Physiol., 88:581-5%91, Mey 1828.

ated with lumber puncture and tnﬂ induction of

Grey, L., and Parscns, H. T. Blood pressure variations
asg i
spinal anesthesia. Quart. J. Ved., $;3539, 1911.

Grodinsky, M., and Baker, C., P. Spinal ancsthesia; a
clinical and expserimental study. Surg. Gyn. & Obst.,
57:187-205, hAug. 1933,

Heineke, H., and Ieewen, A. Experimentelile Untersuch-
ungen ueber Lumbalanaesthesle. Arch. f. klin. Chilx.,
81:373, 1906,

Heolder, H. G. Mizxtur
intradural block anesthes
40:95=-07, Feb. 1834.

vocaine and pubero ine
2, Cslif,. and Wext. Med.,

@

0

N
[N ,_j

hn

Heorine, E. F. Anesthesia in Heart disesse. Anes. and
Anala., 13:129-131, May-June 1834.

Hyman, &£. S Spinal anesthesia in hyvertension. J. 4.
Y. A., 101:1410-1411, Uet. 28, 1833,

Isepberg, E. M., and Lundy, J. Studies in spinal anesth-
esia. Proc. Staff Veet. Mayo. Clin., 7:225, Apr. 13, 1932.




>
0

™
(®]

(]
€]

9]
2

(o1

sonnesce, T. Remarks on general svinal anesthesia.
B—fit; }"«‘Ted, J.o; I\TOV’ 13, 19\’:)9-

Zlapps. Aur spinalen Ansesthesis, Deulbche med. Wehnschr,.,
30 62 6, 1904.

Kordensl, H. A. Cardio-resplratory collapse incident to
gpinal anesthesis. ¥il. Surg., 129-135, Sept. 1934.

Koster, H. Spinal snesthesia; with special reference to
its use in survevy of the head, neck, and thorax. Am.
dg L.Bhrgn, 5 5 ”070’ Dec: 1928.

Kester, H., and Kasman, L. B, Histologic studies of the

pinal cord following spinel anesthesia. Am. J. Surg.,
25:277-280, Aug. 1934.

Kremer, M., and Wright, S. The effects on blﬂcd pressure
of section of the splanchnic rees. Que J+ Exper.
Physiol., 21: 31v§ March 1932.

Labat, G. Spinal anesthesia. Ann. Surg., 13: 187, 1821.

Lebat, G, Elimination of dangers of spinal anssthesia.
Ame T Surg“ 5:625“6%2, T)J\J. 1888,

Labat, G. The trend of subarachnoid block. Surg. Clin.
N. Amers, 10:127, June 18930,

ozenthal, A. A.
gl anesthesis; ob=-
8. Ann. Surg., 97:

Lazaf:’ius; Js\ .Q.&y P{C}'{z Ca Jn, d
Tropacocaine hydrochloride in spin
servations based on 1000 operatl
T52«765, May 1833,

Leriche, K. Spinsl anesthesie. Presse med., 351205
1928,

Tindamulder, ¥. G. Spinal anesthesiem; 1t
céntral-nervous.system, J. A. M. A., 90
16, 1932.

g affect on the
:210-212, July

T

Tundy, Je« S., and Essex, H. B. Response of blood pressure
to ephedrin during spinsl anesthesis in dogs. Proc.
Staff Yeet. ¥ayo Clin., 5:301-334, ¥ay 20, 1851.

Tundys, J. B., Essex, He. B., and Kernchen, J. We Exper-
iments with anesthetics; lesions of the spinal cord
in degs produced by dose of procaine sufficlent to
cause permanent snd fatal paralysiu. Proc. Staff ¥eet.
:\’:Z‘lyo 2lin., 8:88-88, Feb. 8, 1833.

Marvin, F. W. Present stetus of various spinal snesthsetics
and thelr clinical ucefvlmess. J. &A. ¥. AE., 101: 1475~

14’7‘7, NOV# 4) 1{335n

G



e

L

i,

o
g

o
[99]
®

it
O
®

(6}
-
*

&
pet
L]

(921
o0

™
N
L]

[8}]
H>
L ]

)]
[o1]
»

¥arbury, ¥,

10181021,
Matas, E
Am. J.

Maxson, L. H
anesthesla.

Pitxin, G. P
Ved. Socs N

Pitkin, G. P

.

5 [ o -
Surg., 5:1537=55

T

» Concerni
gurﬂ .3 5

Fom
fa.n..-

Al, &

-
LS

-

¢ OO

£S5 .

nd 2

2 &
hes
O

1
£

y

(GRS T

g

a4

Nelson,

I

-
fie due

i
’ 6.1215~1m13, Dec. 1

Dillon, T.

J.

ne

Ao M.

Controllable
28: 435

T
ed e

N

Regsdale, H., C.
139:

Wed. RKecas,

Rosenbloom,
studies of
I1linois ¥.

Roeder, C. A

anesthesia.

Schlif, EH.,

senkung beil der Lumbalanaes

T

LL

E3

» o

Jes

H

"4:)8 »

outro lable
Dac.

"2
s

Factors

15-17,

&3

and
the effects
26:82-83,

192

Jan

L

Ll

spina
2.

1

an

e
-:), l(}uzﬁ

Winograd,

of

arbon dioxi
Aris J e, SUrE ey

and Ziegner, H

u,uif P 150' -3:)33

Seevers, V. D
culatory chan
99:861-0689,

Sise: La F;
N. Y, State

uiSe; L. F.
J. Clin. Nor

L)-lii th, G ° ::' -3
the cat. Am.

Stouts RB. B,

s 8
D07 -

&
o)

i

Cy 2
(o]

£

S D_’

1924.

and Wat

nal

nal

. hAmer.

2
of ¥

1

L
o

01

e

ers

-

2

gapinal

A

e Ma

216

B R

July 1934.

de as an

31

R
2504

spinal enesthes
1827. ’

of safety in spinal anes

Bxp
thesi

Junct

14:454, 1932,

Das

R. .

1-7{)2 .

stheizs for
2 Octs }_)

Wesen

8 during splilnal ane
te 17,

thesls.

(=

1922,

ontrol

2 +
18, e

thesia.

to spinal

der Blutdrucke
Arche.

of

. klin.

abdominal operations.

blood pDressure.

June .1932.

9]
¢t
.
6]
o
G
et
=y
o

87




&8

74 . Spangler, P. E. Spinal anesthesis in general, nuper-
caine in particular. Vest. J. Surg., 42:597 Oct.,
548, Nov. 1934.

75 . Stragnel, G. Fifty vears of spinal aneasthesia. MVed,

Fec., 141:179~180, Feb. 20, 1835H.
e

76. Thompson, X. W. E&plnal anesthesia, an experimental
study. Surg. Gyn. & Obst., 58:852-860, May 1934.

77. Tuffisr, M. M.y and Hallion. Effets circulatoires des
injections sous=arachnoidiennes de cocaine dans la
region lombzlre. Compl. rend. Soc. de blol.,52:897,
1900 «

78, Vehrs, G. Heart beat and respiration in total novo-
calne analgesia. Northwest. Mede 30:256 June, 322
e.j u 1 '}T 19 9 1 -

7¢. Vehrs, G. Unicon of nerve tissue with novocalne in spinal
an SthGSi‘- N h+%w$uur Eed-, 52:155“158, Aprg 1935.

PN

80. Yehrs, G. Some of the chemic secrets of the subarach-

&

noid space during spinal anesthesia. Northwest. Med.,
B33%:511-318, Sept. 1934.

21, Welton, T» . The past, present, and future of spinal
anesthes 5:833-838, Dec., 1928.

»
-
A

L. Am. J. Surg., 5

T

82, West, Gen. J. We. Spinal anesthesia, J. Roy. Army lled.
Corps, 61:545, July 1933.

58. Bevasn, A. D. Comment on - Present status of ethylene. {by
EGPb, I’ 0} Jn An ko As} 1@1 1719) NOVﬂ 283 1935

(]

L

PN




	Vascular hypotension in spinal anesthesia
	Recommended Citation

	tmp.1402672584.pdf.6ocA9

