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History

In the evolution and history of anesthesia, cesudsl
eanegthesis is 2 for cry from the early discov ries snd
uses aof snesthesis. Vslerlius Cordus, s botanist of grest
Promise, who wss born in Prussia in 1515 and died at the
age of twenty-nine, is credited with the discovery of
sulphuric ether. (54)

Three hundred snd soms odd yesrs lster Dr. long,
noticing the effect of laughing gss on the young village
sparks, sdministered ether by inhalstion to remove a
smell cystic growth from a pastients neck. Following this
there was a great desl of experimentation done by Sir
Humphrey Davey in 1800;Horace Wells, a dentist of
Hartford,Conneticut, in 1844; Thomas Green Morton; and
Sir James Simpson.(51) The work of these gentlemen soon
making
the medicsl profession snesthesis conscious.

The first local snesthetic discovered wss coceine. The
glkaloid wes 1solsted in 1850 by Kieman, s pupil of
Wohler.(16) Wohler noted that cocaine was bittaer to the
taste and hed o peculisr effect on the nerves of the ton-
gue, mgking it numb snd almost devoid of sensation. Von

Anrep in 1879 studied the pharmocological sctions of

coceine snd found that asfter subcutsneous injections the

skin overlying the injected ares became insensitive to
the prick of s pin. He recommended that thls compound

might by useful clinically ss sn local snesthetic. His

suggestion wss not acted on, howaver, snd credit for the



discovery of local snesthesis 1s usually ascribed to Freud
and K3ller. A populsr story relates that these two inves-
tigators were sesrching for a morphine substitute, and in
the course of their studies on cocailne K8ller acciden-tally
got some of the drug in his eye and fortunatelynoted the
resulting anesthesia.

The first accounts, (12), though vague and uncertain,of
anesthesia produced by the introduction of a cocaine
solution into the extradural space of the vertebrsl cansl
are found in the first memorable experiment by Corning.

In 1855 he attempted on dogs and then upon humans to inject
a solution of cocaine into the vertebral cansl as a thera-
peutic meesure without sny thought of obtsining surgicsl
enesthesias. Corning did not mention in his report the
escape of cerebro-spinal fluid dufing the injection,
prob-ably because he did not clearly distingulsh between
the extradural and the subarschnoid space snd injected the
solution into the former. He sttributed the distributionof
the anesthetic snd the possibllity of obtsining s block
anesthesla of the splnal roots to the circulstion of the
blood end lymph as being cspsble of transporting the sol-
ution over some distasnce into the vertebrsl cansl proper.

The first attempt of the 1injection of sn sanesthetic
solution for surgical purposes into the extrsdural space of

the sacral segment of the vertebrsl csnsl wrs first



made by Csthelin in 1500. He proposed the injection of
normal saline into the sscrsl csnsl for purposes of
sllsy-ing certain nervous manisfeststions connected with
urin-sry trect enuresis in boys esnd girls, tsbetic crisis,
etc.(33) E®Bncouragei by some success in this endeavor

he tried to induce anesthesia by injecting in s similsr
menner but wes unsuccessful. Cathelin described the method
now known ss caudsl snesthesis. This conslists of the 1n-
Jection of the sn sthetic solution into the sacral csansl
through the sacrsl histus. The method of Cathelin did
not at first have many followers, and only gained many
exponents after being populsrized by Lawen in 1910.

The motive which has favored this form of enesthesis
has been the avolidance of diffusion of the anesthetic
solution in the dursl sac, thus eliminating a series of
disturbances which frequently follow subaraschnoid spinsl
anesthesia. The method seemingly to dste gives the best
form of gnesthesis for the sscrsl snd pudendal plexuses and
1s & precise method for regionsl anesthesla of the
sacro-perineel region.

Coceine, the first drug to meke local snesthesia g
Prectical possibility, has been strongly criticized be-cause
of the danger of polsoning.(19) This was due at first to
the strong solution used and laster to faulty technique, too

rapld injection, or imperfect control of



the circulation. Cocsine, like all other anesthetizing
drugs 1s a protoplaesmic poison, forming with protoplasm
an unstable combination which breaks down slowly, after
which, the tissues return to their normal condition and
resume their normal function. It hes practically dis-
Ppeared,from general use.

Novocaine, discovered by Einhorn, was first clini-
cally tested by Braun in 1905. It was widely extolled
by him and soon becsme Gqulte generally sdopted, end it
1s st the present time used by a grest meny. It is from
seven to ten times less toxic than cocaine, and it's
solutions stand boiling and keep for a long time with-
out deteriorating. This drug snd other newer less toxic

cocaine derivatives such ss:metycsine sre the ones

most popular in the caudal method of today.



Anatomlc Characteristlcs

The sacrum normally 1s composed of the union of five
sacral vertebrase which unite et times with the fifth lumber.
It is a cuneiform bone, flattened, with a marked anterior
concavity. It unites in its inferior extremity with the
cocecyx. (12)

The snterior or the pelvic surface of the sacrum lssmpoth
and markedly curved anterlorly. In a vertical
line on the two sidss about two cm. from the midline sre
found four to five anterlor sacrasl openings, through
which run the enterior branches of the sacral nerves.
The posterlior surface of the secrum 1s of special interest
to the snesthetist. It is very rough and is con-
vex in two directions, especizlly in the vertical aoxis.
It presents the medial longitudinal crest, which 1s
readily pslpsted posteriorly end which is formed by the
. fusion of the spinal processes of the sacrsl v ertebrse.It
pressnts three to four snd, at times, five prominences
representing the superior limits of the sacral histus
end 1s of the most importsnce to.the snesthetist.

On the two sides are two other verticsl crests,
which are less prominent and more difficult to palpste.
Of these, the more external corresponds to the line of
fusion of the transverse processes, the more internal
to the line of flusion of the srticuls: processes. Be-

tween one and the other are found in s longitudinal



series four or five postior sscrsl forsmins, which sre
smaller then the snterior snd thru which pess the post-
erlor branches of the secrel nerv:s.

The sscral hiatus, or the inferior sperture of the
sacral cangl, is limited below, sccording to classsical
anatomic descriptions, by two secrsl horns, which ss s

rule point downward to meet the horns of the coccyx.
They ere formed by the articulsr process of the fifth
sacrasl snd 1ts posterior srches which hsve not fusei in
the midline. Above, the hliatus 1s limited by the spinous
process of the fourth sacrsl vertebra. Usually, it has
an inverted, U:or V, form with msrgins thast are more or
less prominent, being closed by a figrous layer, which
1s very resistent. This anatomic slitustion, though it
has been described ss common, is found in only twenty
to thirty per cent of cesas, and very frequently one of
the following common veristi - ns is found:(12)
1. The histus 1s displaced downwesrd, due to the fusion
In the midline of the srches of the fifth sscrsl. 1In
such g csse 1t 1s limited sbove by the prominence of this
fusion, and below on the ¥wo horns of the coccyx.
2. The hiastus may be displsced upwsrd, dus to lack
of fusion of the fourth, third, or even the secona sacral

segment.

3. Rerest of sll is complete lsck of fusion.



The sacral cansl 1s of prismatic form sbove and

semilunar below, with an anterior concsesvity, which narrows

very raplidly from sbove downwerd. Its snterior wall
formed by union of the bodiss of the sacral vertebree
1s relatively rough, while the posterior wall resulting
from the fusion of the vertebral lsmina 1s smooth. There
exists, ss stated, frequent sanomslies of the closure of
the posterlor wall. Very frequently the vertebrsl cansal
pr sents lestersl devistions and other variations of its
usual curv s. At times 1t presents a marked narrowing 1i..
the sntero-posterior axis with connective-tissue septa
which dre dense and at times even ossified. this re-

presents a very unfavorable condition or the

penetrationof the neeile and the homogeneous diffusion

of theinjected solution.

The sacral cesnal contsins connective tissue and adi-
pose tlssue rich 1n vessels, and the sacrel nerve-roots,
covered by finger-like digltstions of the durs mater, which
run downwerd and in s lateral direction toward the sacral
foramine. The ‘splnesl ganglia sre found in the cenal
and not in the sscrel foremina.

The dural ssc extends downwsrd ss lIow as the level
of the second sscrsl segment, rerely lower. One pay
calculate that in one or two percent there is the possi-
bility of penetration of the dursl sac with the needle

inserted in the sacrsl hlatus, even 1f thlis 1s not made



beyondthe third sacrsl segment. This conhndition will be
observed on the occassions in which cerebrospinal fluid
comes out of the needle, signifying that either:-the sac

hes been perferate. or the meningeal covering of one of

the nerve roots penestrsted. It is very important to
recognize this possibllity in order to avoid the
injectionof dangeraus quantities of the anesthetlic into

the sub-arachnold space.

It can be shown by injections that colored flulds
injected into the sacrel cansl never sppesred in the spinal
canal or colored the upper part of the cord, showlng the
complete isolation of the two parts of the ceanal from one
another by closure of the dura mater.(33) &So that al-
though the nerves are transmitted from the spinal cansl
down into the sscral csnal:- there is no other communicstion
between the two. This fact marks the distinction between
this method of securing anesthesis snd that termed spins
anesthesia, In which the fluid is injected directly into

the spinal canal.

'{.'hompson(54) following experiments upon @adavers
used by the University of Texas& Juniors at Galveston
con-ducted an experiment to determine the level reached
by diffusion of a stalning fluid. Fifteen bodies were

usad, in each case 30 c.c. of aqueous solution of eosin
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was injected into the sacral cesnal. A needle 6cm. long
was used in esch csse. The dissection of the sscrumand
spinal canal was made immedistely, and as soon as the
date in this reglon wss obtsined the splnel canal and
cord were exposed 1ln the thoracic region opposite the
spine of the scapula (3rd thoraclc vertebrae). Roughly
speakin, In every case, in half an hour, the sacral and
lumber regions of the cord were exposed, and at the end
ofan hour the dorsel region was laid bsre.

Anatomicel Findings:

No. of Diss. Rm. Lowerend of Dura Nster Upper Level of

Fluid
3 3rd Sacral Vert. 3rd. Thor. Vert.
26 2nd Sacrsl Vert. 3rd. Thor. Vert.
7 Junct. of 2 & 3 Sac.
Vert. 7th cervical
9 .+t % 6th Thor.
11 ond Sacral 3rd Thor.
S 3rd Sacral 6th Thor.
15 2nd Sacral lst Sacral
17 Junct. of 2 & 3 Sac. 7th Cervical
Vert.
23 and Sacral 3rd Thor.
19 2nd Sacral 3rd Thor.
R0 9 10th Thor.
13 2nd Sacral 3ré Thor:

1 3rd Sacral 3rd Thor.
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Junct. of 2 & 3 Sac. 3rd Thor.
Vert.
Dem. Body 3rd Sacral ?

% Some students did not have time to dissect above

3rd Thoracic.

In the work of Grodinsky and Best(18) of a simi-
lar nature, 1t was found that the position of the body
msde no difference in the levels reached. This was at-
tributed to the fact that the extradural space 1s filled
with a loose aredlar fatty tissue which absorbs some of
the injected fluld and also prevents the solutlon flowing
as through an empty cavity.

The nerve branches that descend thus from the spinal
into the sacral canal are called the sacral nerves. From
the sacral canal they pass through the sscrsl forsmina
out into the pelvis, forming the sacral plexus.(33) The
chief divisions of the sacrsl plexus are the sciatlic and
pudic nerves.The pudic terminates in three branches;
namely, (1.) the dorsal nerve of the penis (2.) the
perinesl nerve (3.) and the haemorrhoidal. These supply
the skin, scrotum, structures of the penis, perineum,
prostate and bladder, and the inner surface of the thighs
posteriorly. A structure exclusively supplied by a
nerve may be gsnesthetlized by deadening that nerve, but
when the structure is supplied by another nerve also,
the deadening of one nerve does not suffice for anesthe-

sia; the collsteral nerve holds the tissues in a sensi-

tive condition. This accounts for the Ifact that the
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lower extremitles are not made anslgeslic by anesthetiz-
ing the sclatic nerve. Collsterel ilnnervetion maintains

sensiblllity.



13.
Physiology

Caundal snesthesia as formerly stated involves the
introduction of a locsl anesthetic solution through the
sageral histus into the peridursl space below the point
et which the durs mster closes sbout the filum terminale.

Thompson, Shaw, Grodinsky, and Best(54), (51), (17),

(18) and others have shown that fluilds deposited extradur-
ally do not penetrate the meninges. The work of the last
two investigators indicates that to act on nerves sbove
the third sacrsl, an anesthetic agent deposited in the
sacral cansl must pass out the intervertebral foramina
and come in contact with the nerves distal to the spinal
ganglia, to which the dura extends.

Cardsl anesthesia 1s, therefore, a form of regionsl
anesthesia snd is quite different from spinsl anesthesia.
Ats advantages over other forms of regional analgesia
lies in the fact that with 2 single needle inserted only
once bilateral snalgesia can be induced up to any level
desired. In addition, caudal analgesia has for the
relief of pein all the advantages of spinsl anesthesia
with none or few of the dissdvantages. It produces par-
alysis of only the perineal muscles, however, &nd does
not provide the sbdominsl relsxation attending spinal
anesthesia. Lack of abdominal psralysis 1s of course, a

dissdvantasgze in abdominal surgery but an advantage in
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obstetrical use since the pstient would not lose volun-
tary expuisive power.

The level resched by fluild injected into the sacrsl
canal through the sacrgl hiatus 1s largely dependent on
the volume of fluid employed. Grodinsky and Best (17),(18)
found s definite order in which effects are observed, an
order which 1s also followed in the relstive segmental
levels attained. PFirst to appear, and highest to extend,
i1s hypalgesia without significent impairment of other
senses. As hypelgesia progresses to snalgesia, hyper-
thesia to touch appears. Hingson snd Edwards (14), (21),
(25) have confirmed these findings and have observ 1
further that diminution of temperature snd propriocep-
tive sensation occurs later and to a lesser extent. They
found that with the exc ption of the muscles innervated
by the last two or three sacrel segments, motor weskness
does not usually appes® before seversl hours ond does
not become extreme. The third, fourth, snd fifth sacral
nerves lle within the sacral canal for seversl centimeters
distal to their ganglia snd are therefore exposed to a
more intense action of the snesthetic agent. This prob-
ebly accounts for the eerly snd complete paralysis of the
muscles of the pelvic floor seen with caldal anslgesis.

Harris(go) shows by his experiments that the more
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rapid the sbsorption the more toxic are the symptoms
produced. The more rapid the sbsorption the less msrked
the anesthesia, for it requires a certain length of time
for the drug to act. Thus he advocestes the use of sdrena-
line with novocaine to increase the degree and durstion
of anesthesis. When the anesthetic solution is brought
in contact with ths nerve, 1t penetrates the nerve and
interrupts or blocks the passsge of nerve impulse at that
point. If the nerve be a mixed one affserent impulses are
blocked before efferent. If the blocking is complete
no afferent impulses can travel along the nerve at that
point of blocking; hence no sensations having their origins
in the region supplied by the nerve blocked can be per-
ceived. Sensatlons are of seversl kinds; touch, pain,
tempersture, pressure, etc. When a nerve 1s blocked, the
sensations are not all lost.at the ssme time. Pain 1is
lost first, and pressure lasst. The prick of s pin may
be recognized after it ceasses to be at all painful, asnd
pressure can usually be recognlized after touch is lost.
Despite the psucity of information concerning the
mechanism of locael anesthesis, it 1s known that certain
nerve fibers are more susceptib;e than others. As has
been mentioned it i1s found that in a mixed nerve the

sensory fibers are blocked esrlier then the motor, and



16.

when the proper concentration of anesthetic is applied
to a nerve, i1t 1is possible to block completely the sensory
fibers without abolishing the transmission of motor im-~
pulses.(16) It has been established that there is a
definite order in which the fibers in a sensory nerve
are effected by local anesthetics. The sensation of
pain is the first modality to disappear and it is follow-
ed in order by the sensations of cold, warmth, and touch.
Various theories have been set forth to explain this dif-
ference in susceptibility. For a long time {t was thought
that the phenomenon was due to a difference in the chem-
ical constitution of the fibers. Then Gasser and Erlanger
(15) noted that when pressure is applied to a mixed
nerve the resulting anesthesia of the motor and sensory
fibers appears in a sequence opposite to that observed
after block by anesthetic drugs, namely, the motor fibers
are affected before the sensory. They then demonstrated
by the use of the cathode ray oscillograph that fiber
size 1s the main factor in determining the relative
sensitivity to pressure and to chemical anesthesia.
After cocaine is applied to a mixed fiber, the gamma
waves (from small cutaneous afferent fibers) are the
firstand the alpha waves ( from large fibers) the last
to dissppe&r. Inasmuch as cocaine probably acts by

chemical combination with the nerve protoplasm, it 1is
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logical that the smaller fibers which present the
greatest surface per unit of volume are the first to
be anesthetized. This concept receives support from
the observation that if a local snesthetic 12 applied
to the vagus nerve, the smsller efferent csrdioinhibi-
tory flbers are blocked before the larger fibers which
carry afferent respirstory impulses.

The incorporation of epinephrine in the anesthetic
solution for caudsl anesthesla 1s so frequently prac-
ticed that 1ts action should also be rightly given a
short discussion. The duration of actlon of local
snesthetics 1s proportional to the time during which they
are in actual contact with nervous tissus. Consequent-
1y procedures which localize the drug et the nerve great-

1y, ;prolong the period of anesthesia. Cocaine itself
constricts the blood vessels and therefore prevents its
own absorption. For this reason, the durstion of cocaine
snesthesla 1s grester than that of most anesthetics which
do not causs vasoconstriction. The addition of
epinephrine to local snesthetic solutions greatly pro-
longs and intensifies their actions. In clinical prac-
tlce, therefore, the injection of a local anestheslia is
usually accompanied by epinephrine or one of its sultable
synthetic congeners. A concentration of 1:25,000 to
1:50,000 of eplnephrine performs duel service. By de-
creasing the rate of absorption €plnephrine not only

localizes the anesthetic agent at the desired site but
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also allows the rate st which the snesthetic is destroy-
ed in the body to keep pace with the rate at which it
enters the circulation. Thus a toxic concentration is
not reached.

Dunlop(13), a Fellbw in Anesthesia at the Mayo
Foundation, became interested in the work done on the
fate of local anesthetics in the body. According to the
litersture he compiled it was most generally accepted
that the liver was the. site of destruction of the locsal
anesthetics due to work done in producing artificial

injury to the liver of cats by means of phosphorous and
chloroform anesyhesia, and showing that these cats were
rendered much more susceptible to intravenous in]jec-
tions of coceine, procaine, and tutocsine than heslthy,
untreated animels. Dunlop in attempting to prove or dils-
prove this assumption ran three perfusion series with
procaine on normal, heslthy dogs; these three were a
heart-lung circuit, a heart-lung-1limbs circuit, and a
heart-lung circuit with the sddition of the liver. . The
results in the heart-lung prepsration demonstrated that
procaine 1is progressively, although slowly, destroyed
and converted into its end-products by the tissue pre-
sent, in the sbsence of the liver. On the other hand,

there was a decrease in successive samples of the smount

of procains present in the blood; on the other hand
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there was an Iincrease in the end-products, as can be
represented by pera-aminobenzoic acid. This destruction
wes, as stated, slow; treces of the drug persisted
unchanged even after four and s fourth hours of per-
fusion.

The effect of adding hind 1imbs to the heart- lung
clrcuit wes not very marked. In all samples there was
only & little -less of the drug present than in the cor-
responding samples from the heert-lung circult, and this

could well be the result of absorption snd removal of
more of the drug from the blood by the extrs tlissue pre-
sent. 1Inactlve skeletal muscle, then, apparently takes
little part 1n the detoxiflcation of procailne.

The additlon of the liver to the heart-lung cir-
cult, however, gave striking results. In the three ex-
periments conducted, procalne wes entirely destroyed
wlithin one and a fourth hour, in one case within forty-
five minutes. Here 1t was definltely not a question of
the smount of tissue 1n the circuit, for although pro-
calne rapidly dilsappeasred from the blood, the end-products
accumulated equally rapldly, remalning-in the blood.

The liver, then, elthough not essentisl, detoxifies
procaine much more efficlently and repidly than other
tissues, chlefly muscle, thet were studied. The question

thus may be ralsed as to the advlisabllity of adminis-
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tering large amounts of local or regionel enesthetics
of the cocaine derivatives to persons suffering from

severe hepatic injury.



Technique of Administration 21.

A freshly sterilized one per cent solution of
novocaine gives satisfasctory results. Vserious sddi-
tional drugs used by others such as the addition of
6 to 8 drops of adrenslin, to 1000cc, to deldy sbsorp-
tion may or may not be of benefit, but are not essential.
(49)

The injection 1s best made with the patient lying
flat on the abdomen, with a small pillow und r the hips.
Since the sacral segments are fixed, there 1s no advan-
tage to be galned by the lateral position with acute
flexion. The lateral position with acut flexion, however,
1s preferred by Hingson snd Edwards in sdministering
catdal snesthesia to obstetrics patients.(22) In ob-
taining results the injection of the sacral cansl 1is
more importaent than 1s that of sny of the foramina, and
fortunately this 1s the easiest of locslization. 1In the
average case the sacral cornua can be palpated with com-
parastive esse. It wlill be recslled that these cornua
are present as s result of the lack of fusion of the
lamins of the fifth sacral segment, and the sacral hiatus
or opening into the sacral canal, therefore, lies between
these two landmerks. A small calibre needle of the
type ordinarily used for spinel puncture serves well.

The introduction of the needle 1s b st preceded by

the production of a d rmal wheel of novocsine with s
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fine hypod rmic ne@dle, in the mid-line snd just below
the level of the sacrsl cornua. Faulty direction of the
needle 1s the cause of more feilures than is improper
location of the point of introduction. The needl 1is
best maintained et an sngle of sbout forty-five degrees
with the skin surface until the point is f 1t to pens-
frete the fibrous meémbrane covering the sacrsl hiatus
and to strike the bony floor of the sacral cansl, 2 or
3 mm. beyond. The operstors end of the needle 1s then
depressed until the shaft comes to be approximately
psrallel to s tangent to the curve of the sscrum at the
point of introduction. As the needle 1is further intro-
duced ‘1t may be necessery to slightly elevate or to
further depress the end in order to avoid the point
striklng the roof or floor of the censl. The curve of
the cansl mekes e tapplng of the dursl sac s very rare
occurrance, yet it should be routine to watch for the
appearasnce of cerebrospinal fluld during a short inter-
vel oftime between withdrawal of the stylet end in-
Jection of the novocaine solution. Dr. Davis (10), (11),
(9) in his his injections preparstory to prostaste opera-
tions routinely injected into the sacral canal 40 cc.
This should be injected slowly, though the fluid should
flow in eesily, with no force upon the plunger necgssary.

Since the necessity for force lndicstes sn improperly
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placed needle, the sase of introduction.of the fluid
is an accurate iIndex of the success of the anesthesia.

The above iIn the technical sense of the word consti-
tut s caudsl snesthesia, but 1In the urologicel work of
Davis, (9) (10) (11), Scholl, (49), Meeker (36), Hunt (26)
Judd (30), Shaw (57) the injection of the posterior sacrsal
foramina has become pert of the procedure in bladder
and prostste work. The techniqgue belng practically the
same among them.

The location of the posterior sacral foremina is
usually more difficult. The operator 1s aided by the
anatomical fact that the openings of the sacral foramina
upon either side gll be in the same straight line, and
that for all practical purposes they are equidistant
from one another. In the sverage individual the poster-
ior superior iliac spine mey be resdily palpsted, and
the second sacral foramen located st a point about 2
cm toward the mid-line aend one cm. below. The line of
all five foramina may then be determined by connecting
the above described point with & point loceted just out-
side of and below the sacral cornu upon the corresponding
side. This latter point locates the notch for the fifth
sacrsl nerve, the injection of which may be omitted in
cese the epldural injection has been successful. The

division of the distsnce between these two points into
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. three equal parts willl locats the sltes for injection

of th third end fourth foramine. The first may be
located a corresponding distance above the second. H re
agalin, the direction of the nsedle 1s of importance.
Easch needle should b 1I1ntroduced at epproximately a
right angle to a tsng nt to the curve of the sscrum,
rather than perpendiculsr to the skin surfesce. Ordilnary
Luer ne 41 s, sbout 18 gauge 2nd 2 in. in 1 ngth will
well serv the purpose. 7Tt is convenient to use saveral.
The introduction of each neeile should b pr ceded by
the production of 2 d rmel wheal with a fin hypecd rmic
needle. A foramen 1s rarely located by th 1initilsl
stab. It 1s ssldom nscessary, howsver, to mske more
than 2 singl skin puncturs, for the reason fhet it 1s

_possibls to "fe 1" the bony surface of the sacrum as

the point of th needle comes 1ln contact at s v ral
clossly related polnts, before finally droppling into

the foramen. The not infr qu nt irregulsrity in size
end dir ction of th post rior foramina often gives
difficulty 1n Introductlion of the needle. This 1s a
frequent cese 1n foramina with ov r-henging bony 1lips.
The Introduction of the needle into the foremen 2 dis-
tence of 1 to 11 cm. below the dorsum of th sacrum is

sufficl nt.
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Fair sized vessels accompany the nervse roots through
the foraemina, and 1t is good procedure to sllow a short
interval of time before injection to swalt the possible
appearance of blood through the needle. Upon these few
occsessions it 1s possible to withdraw the needle slightly,
and then make the injection with no ill-effect.

In accordance with Meekers technique (36) (30) the
routine has been the injection of approximately seven,
six, five, and four c.c. of one percent novccaine solu-
tion witnin the first, second, third and fourth foraminsa,
respectively. The skin incision should be postponed for

a period of not less thsn thirty minutes after the
initial or epidursel injection.

Lewls (33) cites ssdifficult cases for caudsl anes-
theslia the obese,the very nervous, the hystericsl, and

children. Lsewen =after his first clinicsl use of this
method advised against its us 1in the aged, but these
seem to be the very cases in which it 1s especially
advantageous. It has made operstion possible in 2 num-
ber of cases debilitsted snd decrepit from advanced sge
and the ravages of urlinary obstructlion and sepsis, 1its
freedom from shock and other depressing influences making
1t particularly desirsble for this class of cesses.

Just as with the uge of drugs for any purpose and

by sny method, so there 1s a certaln variablility in the
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effectiveness of this method for producing esnesthssia.
Aside from individual suscsptibility, there may be other
ressons explsnatory of this. The capacity of the sacral
canal may be lsrge or smsll, requiring s grester or

lesser amount of fluid to fill it and exercise the
pressure-effect on the nerves that alters the sffectiv-
ness of the asbsorption.

In referring to the toxlcity of novocaine, a wide
variety of typlcal poisoning symptoms have be enlisted
by early workers such as Laewen. Lewls states that only
rarely 1n his series of 85 csses 1n which caudsl anes-
thesia was usedby him prior to 1916 were symptoms of
nausea, sweating, snaemla, rapid pulse, fréquent res-
piration, feeling of oppression, snd haze in front of
the eyes noted, and that these symptoms could be avoided
by making the injections slowly.

In Germany Barbey (2) as eerly as 1920 begen the
ewakening comments regerding the comparative disregard
of the secrdl method of ansstheslia which has fina'ly
begun sweeplng this country in the last five to ten
years. He comments on the technic b ing simpler than
nerve blocking, snd the by -effectsmilder than with
lumbar anestheslia. He was obtaining complete anesthesia

in 91.8 per cent, end failure in only 2 per cent.
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Caudal Anesthesis in Urology

Epldural secral snesthesls as applied to urology or
general surgery has 1ts chief advantage in the elimina-
tion of post-operative shock and other dangers incident
to the use of ether or gas. .In thls respect the patient
1s directly benefited. A second advantage of great in-
direct benefit to the patient, is received through the
opportunity for time and dellberstness afforded the sur-
geon. Under local snesthesia there 1s no urgent indica-
tion for haste. The operator proc eds more carefully
and deliberately with his dlssection, he 1s able to avold
treuma to tlssues and has the opportunity for better
exposure and hemostssls. And finaelly, the first few
post-operativeidays fellowing local anesthesla are ac-
companied by far less discomfort and gastro-intestinal
dlsturbances.

The dissdvantasg s of caulsl snesthesla snd the
objections to its use should be also tasken into con-
slderation, for this method is not without 1ts dangers
and its remot mortal;ty, due chiefly to the possibllity
of toxic sbsorption. Furthermore, there are patlents
whose mantal make-up 1s such to entirely preclude the
successful employment of locel anesthesla; end th r are
many operations of such extent and such snatomicsl

. relations as to ess ntlieally require a g n rel enesthesls.
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The chief hind rance, however, to the mors general adop-
tion of local anesthesia, and to the developement of
this method to a wider field of usefulness is due in a
large measure to the reluctance of the average busy
surgeon to devote the time and attention essential
tosuccessful application.

The adventages of this type of snesthésia in
"prostatectomy are obvious. Primarily this operation
deals with 0ld age; often with advanced o0ld age with-the
accompanying cardio-vascular snd renal changes; to say
nothing of the renal injury resulting from chronic urin-
'ary r tention and infection. These pstients are, there-
fore, doubly handicapped, and to recover must survive the
combined 111 sffects of opergtive traums, infection,and
hemorrhage. The elimination of the aided insult of

general snesthesla 1s, therefore, well worth the effort.

The mortality of sacral anesthesia_is a negligble
factor. In a series of 120 cases reported by Dsvis(10)
there were no 111 effects whatever. He contends that the
complete perineal operation mey be done painlessly
following the use of 2 single injJection through the
sacral hiatus, although the small percentag of cawes
in which imperfect anesthesie is obtained may be further
minimized by supplementing this single(caudal) injection
by injections through the sacral foramina; the so-called

secral block. Davis also states that sacrsl anesthesla
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1s of distinct sivantege in hemostasis in minimizing
the immediate hemorrhage (probably through a lowering
of blood pressure), and in permitting time for the care-
ful 1ligstion or suture of bleeding points.

In Scholl's (49) report of sacrsl snesthesis usedon

one-hundred and fifty patients in the Mayo Clinic,one

hundred asnd forty were considered satisfactory,

the remaining ten were failures. The fal lures were due
in 7 cases to either individual resistance to novocaine,
or to errors in technigue; 1in two ca ses to anatomic
deformities of the dscrum, snd in 1 case to the exten-
sion of a malignant process into the sscrsl csnsel.
An estimate as to the infrequency of mishap follow-
ing the sacrsl or extradural injection may be obtasined
from the work of Zweifel (58), analyzing the reports
of ten fatallities occuring smong 4200 ceses, and conclud-
ing that in only three of these was the anesthesia re-
sponsible. In these three, death was salmost immediste,
resulting apparently from scute procaine poisoning.
The use of newer drugs such s metycaine may reduce this

small percentage even further - the test of time proving

or disproving this.

In a1l urological reports there is almost universal
consensus of opinion that the numb r of fsllures can be

reduced by spplying a more carsful technique with the
resulting success of introducing the needle through the
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histus into the lumen of the sacral canal. Another

common error is the omission of an interval of time between
the injection and the incision. Unsuccessful snesthesia
will be obteined unless a period of thirty to. forty
minutes be allowed to elapse, which represents the time
probably necessary for the pen tration of the dursl

sheaths of the nsrves. Proper selection of caeses, and
pre-operative hypodermic narcosis when necessary, will
largely reduce the percentage of so-called failures.

As mentioned above, th re is great sestisfaction to
the surgseon during the prostate opsration in the know-
ledge that time for operstiv deliberatness and hemo-
staslis may well be afforded without danger to the patient.
Consequences and complications resulting from prolonged

anesthesia need be given no consideration. Of grester
importance, however, 1s the fact thet with sacral an s-
thesia, these patients pass through no period of post-
op rativ shock. Thelr condition upon returning to
bed, a3 messured by pulse, respiration, color and general
appearanc , 1s not essentlially ch anged from that prior
to operation. To observe one of these patlients reading
or esting during the aft rnoon following operstion 1s
not unusual. Furthermore the sum total of post-opera-
tive discomfort and pain is less, presumably due to a

p rsistent analgesic off ct. The pain caused by the
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removal of the hemostatic bag twenty-four hours later
and the gauze if present is in no way comparable to the
pain produced by a similar procedurs following genersl
anesthesia. 1In the Davis series of prosteatectomies (9)
the average number of dasys before (1) sphinctsr control,
(2) urethral voiding and (3) closure of the perineal
fistula was five, seven, and twenty ons respectively.
There is, thserefore, no resson to believe that sacral
anesthesia interf rs in any way with wound healing or
with the return of the normal function of urination.

Objsctions to sacral anesthesia appesr to be largely
two in number: (1) The injection of the sacral canal
requires a fair degree of technicsel skill and practice,
and the method is time-consuming in that an interv=al
must elapse betwesn injection and incision. (2) There
occurs the vary occassional case of inexpliceable failure
to obtaln satisfactory anesthesia.

The solution of novocaine should be made up fresh
for each case. The novoceine, in combination with
sodium bicarbonate and sufficient sodium chloride to
give & normal salt solution, is kept in powders. Scholl
(49) gives the following proportions:

Sodium Bicarbonate 0.15
Sodium Chloride 0. 10

Novocaine 0.60
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Thirty cubic centimeters of distilled water 1is brought
to a boil in a glass flask over an alcohol lamp; the
flask removed and the powder dropped in. The solution
is then brought to a boill and allowed to cool. Six-
tenths of a gram of novocaine in 30 cc of water makes
a 2 percent solution. The addition of sodlium bicarbonate
mekes a strongly hydrolyzed solution which diffuses more
readily through the nerve sheaths and produces an anes-
thesia of gr ater intensity and longer durstion than that
with novocaine alone. After the addition of the powder
the solution is not allowed to boil for more than s
few seconds since the acid blicarbonate resdily changes
to the strongly alkaline carbonat which mey produc
gangrene.

Epidural sacral an sthesls 1s particularly applic-
able to bladder and urethra procedures. The bladd r
and urethra are supplied by two sets of nerves, the
sacrsl and the sympathetic, both of which contain affer-
ent and efferent fib rs. The sacral branches sre the
most importsnt, they form the hypo-gastric plexus which
ramifies over the bladder, supplying the unstriated
muscles of the blsdd r, urethra and corpers cavernossa;
other branches from the sacrsl plexus, especially the
pudics, form the motor path to the stristed muscle of the
urethra. The sympsthetic branches are of importance. They

arise from the lower thoracic and upper lumbar
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roots, passing through the splanchnic nerve to the in-
ferior mesenteric ganglion, then through the hypo-
gastric nerv s to the bladder. Blocking the sscral
nerves produc s in most cases complete snesthesia of
the bladder andurethra, though in an occassional case
distension gives moderste pain.

One of the most satisfactory fi 1lds for sacral anes-
thesia is the anesthesia obtained in Irritable, inflamed
bledd=rs, specially of tub rculous origin. The results
in this class of cas s are remarkable. In contracted
painful bladders which must bs emptied every ten to
fifteen minutes, the instrument is passed painlessly,
the anesthesia permitting s distention of from 100 cc
to 150 cc during the entire examination, without a ten-
dency to discharge. There 1ls a paralysis of the sensory
arc, and the reflex spasm that often makes a complete
examination impossible is absent. The patient rests
quietly; the sterterous bresthing ahd the shifting
bladdsr walls of a patient under de¢ep narcosis 1s absent.

It is possibl 1in thesa cas s to sdd the additional
ounce or two of fluid which produces a distention suffi-
clent to flstten the folds of mucoss and =xpose the entire
surface of the pnlaedder. With a2 knowledge of the =pprox-
imate duration of the anssthesia and of the sbsence of
undesireabls after-effects on the pstient, the operator

is able to carry out a t chnically complet examinstion
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without the haste so often necessary when a different
anesthesia is us d. Bladders that hold prsctically noth-
ing may rsadily b- dilated sometimes to 1£0 cc. Over-
distention occassionally causes the pstlent some dis-
comfort, necessitating a pertisl smotying of the bladder.
In such instances compl t= anesthesis of the sacral
nervss ls usually obtsined, but the sensation of dis-
tention 1is ecar d through the sympsthetic nerve to the
upper lumber roota. Thes minor branches to this segment
mey readlily be blocked by injecting a small smount of
cocaine in solution through the urethre into the bladder.
This type of anesthesia is ideal for the application
of radium needles. The nsedles are inserted through the
perineal tissue from 4 cm. to 6 cm. into the malignant
rostate. Nearly sll carcinomatous proststes are encased
in a thick, resistant, fibrous, or malignent capsule.
It 1s impossible, by local applicetions, to snesthetlze
this capsule sufficiently to sllow the needles to vass
through without pain, and 1t 1s also difficult to elim-
inate the deep pressure pains caused by the needle
passing through the boardlike, mallgnefit- and fibrous
tissues ¢f the gland itself. After blocking the sacral
nerves, the anestheslia of the perineal tlssues, the pros-
tate and“its coverings 1s so complete thet the needles
ere ofter inserted without the knowledge of the petient.

More radium needles may be inserted than when & locel
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inflltration snesthesia is used, the redium containing
tips are more sccurst ly pleced, and the fleld of oper-
ation 1s not obscured from the edema of the Inflltrated
solution.

While 1t 1s impossible to fulgurete the msjority
of benign paplllomss of the bladder without an exten-

sive eanesthesia, there 1s an occassional case in which
the mucoss 1s too irritsble to permit sufficient disten-
tion or extensive fulguratlion. Sacral snestheslis 1is very
satisfactory in these ceses, permlitting an unhurried
complete operstion.

Radium emsnations inserted into the bladder through
the cystoscope cause no paln, put an irritable cysititis
1s often present, especislly in ceses of extensive, solid
tumors, and anesthesia 1s necesssry to psrmit suffliclent
distention rorsatisfactory observstilon.

In case of 1litholapaxy, when wsshing out stone
fragments, it 1s necessary to remember that the muscula-
ture of the bladder 1is partislly pasralyzed and cannot
readily expel the weter and perticles of crushed stone.
An evacuator 1s of sstisfactory use in overcoming this
difficulty.

The temporsry paralysis of the internsl sphincter

muscles may produce a slight incontinence, dilssppesring

with the return of sensstion. This paralysis of the in-



36.

ternal sphlincter is readily seen in X-ray plates taken
after the injection of an opaque medium, the cystogram
resembling thest seen in connection with lesions of the
spinal cord. (49) 1In occsssional ceses there is slso
paralysis of the lower end of the ureters. Observad
through the cystoscop the meatli (uret rsl orifices)
are gaping and flscid; if tougched with & ureteral catheter
they contract and assume their normsl appesrance, but
readily relax again.

Crowell and Thompson(8) give high recommendations
to the use of sscrel esnesthesia in their series of its
usse in 33 consecutive prostatectomies where with one
exception they found it without sn unpleasant result st the
time of operstion or following the operstion. They state
its applicetion ss simple and easy, snd its dangers
insignificant. Theinfluence lassts from 3 to 8 hours
snd does away with the gastric disturbsnces and pulmonary
complications which frequently follow a general anesthe-
tic. They now use it as a routine and find it very
advantageous in cases of arterioselerosis, cardiec and
pulmonary complicetions and in cases of high blood pressure
due to nephritis.

Hunt of Mayos (26) who 1s an advocster of supra-pubic
prostactectomy gives in his 1921 report to theclinic the

combined transsactal and abdominal infiltretion



37.

withnovocsine as being his ideal snestheslis.

Munger end Wrenn (41) in the Veterans Administration
facility at Lincoln, Nebraska hav 1nstigated the routine
use of caudal anestheslia in all male cystoscoplc exam-
inations to do away with the fear-complex engendered by
a former cystoscopy or caused by the recital of some
other patient who has been through th experlence and
ls esger to tell his *friends of the extreme severity of
the ordeal. Caudal anesthesla 1s ¢ rtainly not always
necessary for simple cystoscoplc examinstlons. Howev-r,
this 1s a field where we flnd the grestest varletion in
the sensib 1ity of patiénts. Wher~ the urethra and bled-
der are falrly normal, simple observation of the bladder
and catheterization of the ureters may be carried out
with a comparatively small amount of psln under locsal
anesthesia. If the operstor remembers that the local
snesthesla applies only to mucousmembresne and does not
relieve the palin ceaused by the distension of the mus-
culature of the posterior ur thres, he will see that local
anesthesla 1s not as satisfactory as caudal anesthesla.
The patlents upon whom the caudal technique was used
were not selected; they were all veterans rsnging from
36 to 76 years, who presented the followingpathological

conditions:
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Pyoneph®osis Hunner Ulcer
Vesical cslculus Rensl Tumor
Tuberculosis-renal and Renal dystopia bilat rsl

urcgenital
Transur thral resections Congenitsl horseshoe kidney

Uretersl calculus Obstructions of prostste,
all types
Renal calculus Diegnosis undet rmined
Uret ral Strictures Atrophic kidney, congenital
Pyelonephritis (mixed Bifid Kidney, unileteral
infections)
Hydronaphr051s

Patients Recelving Ceaudal Injections

Sex No. of No. of Successful Successful%
patTents injectIons

Male 114 130 128 97.4
Unsuccessful~% No. of Reactions Resctions
2 1.53 )

The few failures 1llicited wer attributed to : (1) Insuf-
ficient time allowed petween injection and operation(2)
Too rapid injection (3) Improperly pliscea neesaie (4)
Lack of using fresh solution (5) Lack of having needle
high snough.

In regard to the r actions, 'in one casse there was
e marked reasction in the form of deep excitement, follow-
ed by a drop in blood pressure, cold clemmy skin, and
marked perspirastion, with loss of motor function,dyspnea.

This condition lasted but 2 few minut s snd was promply
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relieved. In two other ceses there wes s sign of transi-
tory restlessness snd dyspnes. All of these patients
soon returned to normal condition. There were no 1in-
fections and no sloughs.

A 1 percent sterile novocsine solution was used and
30 to 60 cc. were injected slowly, teking from & to 10
minutes. It was found that by the use of sodium smytel
and morphine sulphat ss s premedicsnt that only arout
one-hglf the gmount of novocseine solution was necessary.

Johnson (28) (29) .hes used caudel and transsscral
block anesthesia in over 900 urologicsel ceses and states
he has naver had s death attributseble in any way to the
anesthetic. Over 3000f these injections were for perinesl
prostatectomies. His citations gs to advantages, dis-
advantages, and tschnique coincide so closely with those
set forth by Dr. Davis esrlier in this section that
their listing would be for the most part repitition.

Tuohy end Adams (55) of Mayo's substesntiste the
sdvantages snd disadvantages as have be n set forth in
this section on csudel snesthesia in urology. They list
thelr preference for metycaline end have found thst the
5cc. ampoule of solution of 20 per cent metycaine 1s
us2ful. To the contents of this smpoule are added S&

cc. of physlologic solution of sodium chlorid , the
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temperatur of which is maintained at about 37.5%.

The content of another ampoul containing 1 cc. of

pinephrine 1:2600 1s sdded to the solution of mety-
caine and sodium chloride. The vasopressor agent may be
omitted from the solution 1f the patient has ccronary
disess , severe hypertsnsion or thyrotoxicosis.
Campbell (4) gives an inter .sting report on the

us of csudel anesthesli on 83 boys between the a2ges of 4

yeaers and 14 years. He confined the us. of the procedure

to cystourethroscoplc exemlnstion and trans-urathrsl
surgery. The latt r Includes 1lectro-raesectionof

postarior urethral valves snd of th Dbladder outl t

as well as fulguration of daep urethrel papillomata.

The indlcati.ns for, contraindicstions to, and ad-
ministrative technique of caudsl block er fundement-
ally alike 1n juveniles and adults. In a gr at many

children the use of caudsl block will eliminate genersl

an:sthesia. Thils is psrticularly desirebl when the
question of anestheslia delays or forblds the esrly
establishment of the correct disgnosis and the
instltu-tion of adequate treatment. The majority of
childrenover 4 years of age are coop rative. 1In this
group the esse of administration and the results strongly
recommend caudel block. In the 10 vercent fallure

Campbell had the
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blamed the feilure on himself and not on the method.

The urologlist, more often than any other operator,
deals with persons having low kidney function. An
anesthesia that will not appr clebly Incr sse the -orkof
*he kidneys, such ms sacral anesthesla, is 2 desirsble
asset. As an e2id to urology, sacral snesthesis, psrmitt-
ing exemination and operations on dis ssed bladiers snd
its sppendsges without discomfort or risk to the patient,
offers an exceptionally useful field to the urologlstand

deeerves to be more generally employed.
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Caudal Anesthesis 1in Surgery, Proctology

Hingson and Southworth (21) (23) stste that in
the U.S. Marine Hospital, Steten Island, New York, the
treatment of Varicose veins has long been a problem.
Thelr experienc 1ndiceted that phlebectomy using the
Mayo stripper has been the method of choice in s par-
ticular group of their pstients. This was due to the
impossibility of getting their patisents, who are for the
most part msrchant seamen, to r turn for the frequent
follow-up examinations required when varicosities are
treated by ligation and retrograde injection. Also,
in that group of patients who have had recurrences of
varicosities after ligation and retrograd 1inj ction,
they conslid red indicstions for phlebectomy. The tech-
nical difficultl s of phlebectomy are dus lsrgely to the
necessity of working on all sides of an extremity at
one sitting and st the same time maintaining the strict-
est &sepslis. 1In the past this hss been accomplished
only by having an assistent hold the extremity in a
position that 1ls oft n awkward and strained.

Hingson end Southworth (21) due to the fact that
the flexlible s inal nsedle could be left in situ safely
for long periods, tried continuous caudal snesthesia
for use in phlebectomy. Because of the sel ctive affin-
ity of the local anesthesia. agents for sensory nerveé

roots, the patient suffers no nsin but has enough
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muscular control snd position sense 1in the lower
extremities to cooperate with the operator in holding
his legs in positions fevorable for operative procedures.
They believe that this method has all of the asdvantages of
spinel anesthesis without any of the disedvanteges.
Through this method they were sble to get the patient
to cooperste with the operstor in shifting and holding
positions necessary for the removaldlong end tortuous
varicosities that often encircle the extremity. The
longest surgical procedure for which this method was
used by these men was four hours and the shortest two
hours. The highest dossge of the drug metycaine in a
1l percent solution was 265 cc. end this wss used in the
4 hour case. The znesthesis in th patients did not
extend sbove the umbilicus. They used the method for
20 surgical petients with satlisfsctory results in sll
of them. Most of thess patients had bilat ral phlebec-
tomies or bilateral hernioplssties. Howaver, the

procedure worked sstisfactorily in an appendectomy, a
prolonged operstion about the s2nus in which plestic repair
was necessary and in a vaginal hystersctomy.

The systemic effscts sre about the sesme ss would
be expected from sn Inflltrstion of the seme amount of
esnesthesis locally. In some cases the blood pressure

rises sbout 15 mm. of mercury snd in other csses it
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falls about the same emount. The pulse and respirstion
show minimum chenges. The patlient is sble to move his
lower extremities throughout the operstion; some noticea
diminishing muscular pow r as the asgent Infiltretes the
anterior roots. Pstients generslly eat their mealson
the day of operstion and may receive.limited amounts of'
water during the operation. Only rarely is s vaso-
constrictor drug such as ephedrine necessary to fortify
the blood pressure.

Reuther (48) of Chicago reports th use of ceudal
anesthesla in a series of 40 csses in which he relates he
finds csudsl snesthesis a satisfactory method of
anssthesia for almost all proctologic op rations. His
only contraindicaficns sre inf:ctlons in the site of in-
Jectlion. He prefers the use of 2 percent metycsine as
a standard technic. Proceine and mstycsine wer used
with two s ries of 20 csses each. Using an alksline
procaine solution, he had 5% percent fallures; with a two
percent solution of metycesine there were no failures.

Mentzer (39) gives a report of a series of 100 cases
in which he used metycaine caulal gnesthesia in
proctologic surgery and found it sdequat for all
proctologic procedures’'snd for many procedures in the
genito-urinary, gynecologic and obstetric fi lds. He

believes metycaine has proved its superiority over



novocaline in mesting the following cualifications for

a psrfect locsl snesthestic:

1.

The drug must produce a diffusibles, complet sand
lasting anesthesia.

Following systemic sbsorption it should be less
toxic thsn cocaine in proportion to its ameathetic
power.

It should not produce irritation and psainful in-
filirastion or ceuse local tissue damage but should
be ebsorbed without aefter eff cts, such as hyp
r-esthesis, exudation or necrosis.

It should be soluble in water, and its solution
should be steble.

It should be reedily sterilizel by hest, pref rably
in solution.

Unless more pow rfully anesthetic, snd at the same
time, less toxic than sny known substance, the
sub-stance should be compatible 1in solution with

adrsene-line.

In his series Mentzer found matyceine used s&s sn ceudsl

enesthetic, produced psrfect anssthesia in 90 percent

of 110 proctologic casas and psrtial anesthesia in the

remalning 10 per cent. Anesthesis was complete in an

averags of 11.6 minutes. The technic is simple (Mentzer

cites how in the series the sacral censl wes entered
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by seven different physicians with no previous ex-

parience with this method.) The snesthesia 1s intense and
prolonged and wesrs off gradually. The level of snesthe-
sls produced by this m thod and agent 1s hizh enough

to p rform any snorectsl opserstion. The only complication
was nausea with occessional vomiting which occurred in

15 per cent of the cases (nausea wal less frequent when
ephedrine sulfste was giv n immedistely bef ore snesthe-
tization wss started.) The only contraindication cited -is
that of the often mentioned infective process over

the site of the sacrsl histus.

Causey (6) who worked with Block of Chicago on many
of the 2,000 cases of csudel =an sthesis which w re run
there, cit.s that in Chicago snd in his own .ractice his
experience with this type of anesthesis includ s snsal
fistula., and fissure, cryptitils, pspillitis, zaectlinotomy,
hemorrhoius and -rocid ntie (2 cas s) done sccording to
th. Mikulicz t.chn.gue with from 10- 12 cm. of the r ftum
b ing removed with entir sast_sfsction. With tHe prop r

procedure end training of the op.,rator few fallures

result - between3 - 4 %¥. He was impress d by th uick
ana complete anesthesis 1th s gr st r degree of ssf ty.
The sphincter was often completely relsxed in 3-5 m'n.
after the withdrawsl of th» needle and in some csases there

wvas en instentsneous relexstion. In this relsxas-'
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tion there 1s no need for the stretching of this
nuscle which might 1st r result in unwanted results.

- Cempbell (5) of the Meyo Clinic emphasiz s the
importanc of preliminary m iication in ceaudal end trane-
sac?al block sanesthesie 1n order to bring the patient
to op .ration free of fear and snxlety. He sivocstes the
sdministration by mouth of sodium p ntob rbital 1z to

3 greins on edmission or several hours b fore operation.

L

This 1s repest 1 a half hour before operstion end =
hypodermic injsction of morphine sulphate 1/6 to 1/4
grain 1s glven immedlately preceding removsl of the
patisnt to the operating room. He uses this method of
snesthesie in operstions for hemorrhoids, anal fistula,
and fissure, for perinasl prostst ctomy, cervical dila-~
tation, sand so on. He stat s thst in his opinion regard-

lass of weight end physicsl condition of 'the petient,
this 1s the snesthesia of cholce for opsretions on the

anus, rectum, and erinsum of the adult.

Sword (52) studied a series of between 350 and 600
caudal transsacrel blocks 1n Grsce Hospitsl, New Heven,
Conn. and wes impressed by the value of the procsdure,
tegretting the fact thet so many of the lesding surgeons
end sanesthetists in Americs ere satisfled with routine
generel enestheslia. Thls serlies has bsen divided roughly

into three main groups:
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l. The urologicsl service, 50 cystoscoples, 180
sb-dominal proststectomies in which sbdominsl fleld
block was employed, 47 transurethral resections;
2. Surgicel service, 87 hemorrhoid ctomies, 62 poster-
ior resections, 94 fistulas snd fissures, 17 Kresskes.
3..Gynecological ssrvice, 3¥ vaginsl hyster ctomles,
48 vaginal repairs, including perineorrhophies,
cystocoele and rectoceele, dilatation and

curattege, 27 sbdominel sections with sbiominal

field block, 10 cas es in which there wss pertiel or

complet cardiac decompensation.

These enesthetics ere sdministered by various members of
the Department of Anesthesis. Reactlions wer negliblein
those cassas in which the needle wes prop rly pleced and
the extra time factor was the only drawback cited

in this serises. It may be that the extradural technique
described by Odom (44), in which novocaine is inj cted
into the epidursl space through the s cond lumbar vert -
bree to sllow higher sbdominel surgery, may replace
ceudal trsnssacral block as it definit-:1ly sesves time and
limits the numb r of n edl punctur s, though for uro-
logical and rectal rrocedures it doas not seem to give ,
the advantageous sphinctar relaxstion thet is deslred.

Baptisti (1) on the other hand ststes that &ccording

téoxporzmcntsconductuioncadaverswithinjoction

fluids and by clinical observation that these investigations

indicate that by caudal edministration the anssthetic travels
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to a high level, particularly if s high csudal techniqueis
employed or the agent 1s injected with a mod ret
degree of pressure. Under such conditions he has been

A3

eble to produce lower sbdominesl snd pelvic snesthesis
identicel with that produced by @dom (44) and others who
have edministered the sgent into the epldural space through
the second lumber interspsce. His conclusions seem more
logicaelly drswn from experiments conducted and are sub-
stantisted by the work of Hingson, Edwerds (14) (22)

and others.
Mentzer, Alien and Farrer (38) in e report of 327

cas 8 iIn the Jsckson Memorial Hospital in Miemi, Floride
l1ist metyceine sas the snesthesis of choice in proctolo-
gic surgery, when given caudsally; which method has provena
sefe snd efficient one in their hands. Ceudal snes-theslsa
in this series was not combined with transsacral, but
consisted of a single injection into the secral cenal.Pre-
operative sedation in the grester proportion of this series
consisted of 1% to 3 grains of nembutsl, glvenorelly snd
1-6 to 1-3 grains psntopon, (or its equivalent in morphine)
given hypodsrmically. The lest 44 ceses received 1-150 to
1-100 grains hyoséine in sddition to the nembutsl snd

morphine. Two strengths of metycaine

solutior weres used, 1 percent and 2 percent. The first

100 cases received en average of 45 cc. of a 1 perc nt
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solution, as did 19 of the other 185 patlents., An

averare of 20c.c, of a 2 per cent solution was 1lnjected

166 times 1n the complete serles, The average time of

inductlion until complete sensory anesthesla was obtalned

when 1 per cent solution was employed was 11,6 minutes;

this time was 10,8 minutes when a smaller quantity of

the 2 per cent solution was used, Perfect anesthesla

was obtalned 1n 91,5 per cent of the patients, Reactions

attributable to the anesthetic, such as mild shock,

accompanied by fall in biood pressure, nausea and

vomiting, occurred in 15 per cent of patients receliving

the 1 per cent solutlon and in 9 percent of those receiv-

Ing a 2 per cent solutlon, with the exception of the last

44 cases, They recelved 1-150 to 1-100 grains hyescine

in addition to the nembutal and the morphine, ‘There

was only one .reactlon in thls group of 44 cases,
Neely(42), (43) reports he has been using epidural

anesthesla by the sacral route for abdominal operations

in selected cases for four years and has had no fatallties

or any serlous reactions, He particularly recommends

1t for patlients with obstructive uropathies to whom one

doés not wish to glve anesthetics that are renal 1rritants,

It glves wonderful relaxation of the muscles for operations

on the stomach, gall bladder and bille ducts, The method

gave him a satisfactory anesthesia of the entire abdomen
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and lower thorax, and also of the lower extremities,
the anesthesia lasted from forty-five minutes to two
hours or longer, The absence of post=operative gas
pains and distentlion was a particularly noticeable
feature in his opinion, His technique varies only in
that he uses 10 to 30c.,c, of bolled warm 2 per cent
solutioni of novocalne and then as much of a 0,5 per
cent solution of novocaine up to 1l00c.c., as 1s necessary
to produce the anesthesia for the incision and manipu-
lations, He prefers this method due to the likelihood
of more concentrated solutions giving unpleasant reac-
tions,

Onhauser(45) of Winnipeg, Canada lists from his
experience caudal anestheslia as being his first choilce
in both urological and proctologic procedures when
they necessitate the use of an anesthetic, He states
that in these particular fields of surgery this method
fulfills the requirements of a good aneshtetic:

(a) safety (b) efficiency (c) economy (d) no unpleasant
after-effects or complications,

L, BE, Moon(40) of Omsha has made caudal anesthesia
a routine procedure in his proctologic practice, and
states he has found it more efficacious than any other
method he has tried, In proctologic procedures the

maximum sphincter relaxation obtained is a highly
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desirable feature, The absence of vomiting and strain-
ing, plus the cooperation of the patient, are valuable
aids in avoiding the complication of post-operative

haemorrhage,



53.

Caudal Anesthesia in Gynecology

Apart from the kidney and ureter, all the organs of
the pelvis derive their sensory innervation from the
pudendal plexus, originating from the sacral nerves and
the coccygeal nerve, to which are added contributilons
from the sympathetic system. The visceral branches of t he
pudendal plexus, chiefly derivedfrom the 2nd, 3rd, and
4th sacral nerves, are joined by fibers coming from the
hypogastric plexus and from the sacral portion of the
sympathetic chain to constitute the pelvic plexus of
which the hemorrhoidal, vesical, prostatic, cavernous,
and uterovaginal plexus are smaller dependencies, The
external genitalla receive thelr sensory nerve supply
from the pudendal plexus by means of the pudic nerve and
pudendal branch of the small sciatic which distributes
filaments to the skin of the posterior aspect of the
scrotum, the urethra, the greater part of the vagina,
the labia majora (posterior aspect of this), and the
labia minora, The labia majora is also supplied by

branches of the ililoinguinal and genitocrural nerves,
sometimes by the iliohypogastric nerve also, These
nerves originate chiefly from the 1lst and 2nd lumbar
nerves, The perineum and anus also receive their sensory
innervation from the pudendal plexus by way of the pudic

nerve and the pudendal branch of the small :sclatic neérve,
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The coccygeal plexus 1s distributed to the posterior
part of the anal region, This description of the puden-
dal plexus shows that it 1s almost solely responsible
for the pain in the pelvic organs, perineum, and external
genitalda, and that it can by reached by inj)ecting all
the sacral nerves, But 1t must not be forgotten that
the surgical procedures carried out on one of the pelvic
organs are unavoidably and indirectly extended to the
structures to which these organs are attached, It is

therefore necessary ‘to make provisions for a much wider

zome of anesthesla than is actually needed for the
organs alone, The routes of approach to the pelvis must
also be considered, If the perineal route 1s selected,
the injection of the sacral nerves need not be supple-
mented by local infiltration or by the field block, but
if the abdominal route 1s chosen, anestheslia of the
abdominal wall 1s indispensable,

Robinson(47) first used a 1,0 percent solution of
procaine in normal saline th which had been added five
drops of adrenalin chloride, The amount injected varied

from 30c.c, to 100c.,c, Later he has started using 20

to 40c.,c, of a 1,5 per cent solution to which has been
added five drops of adrenalin hydrochloride solution,
He states he had fewer reactions with a smaller amount of
anesthetic solution and has observed no increase in the

percentage of faillures,
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In operations on the cervix, the caudal block with
30c.c. of 1.5 per cent solution of procaine when success-
fully induced ordinarily produces a very satisfactory
anesthesia, Pulls on the cervix must be gentle and
gradual, so as not to give rise to too much discomfort
referred to territorlies beyond the anesthetized area,

Anesthesia for plastic operations on the vagina
are induced as are those on the cervix, For the repailr
of vesico-vaginal and recto-vaginal fistulae the caudal
block glves very adequate results, The simultaneous
anesthesla of the anal sphincter and the lower end of the
rectum makes the caudal block the procedure for the re-
palr of the most extensive perineal lesions, however,
the per cent of occassional fallures to produse anesthesila
by means of caudal block may be reduced by 1ts assocla-
tion with transsacral block,

For the excision of benign tumors of the labla
majora, Robinson (49) uses the field-block procedure,
by which the tumor 1s circum injected with the 0,5 per
cent solution of procaine from several points of entrance
placed around it, Operatlions about the meatus of the
urethra and those ‘involving the anterior portion of the
genlitalda are best performed after anesthesia of the
vulvar orfice, including the labia majora, Anesthesia

1s induced in the following manner: After performing
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the sacral block by injecting 30¢.c., of the 1,5 solution
in the sacral canal the patient is placed on the back
and two wheals are raised, one on each side, over the
pubic spines. Through these wheals a long needle attach-
ed to the syringe filled with 0.5 per cent solution, is
passed first in a direction perpendicular to the surface
of the skin, then more and more obliquely, distributing
the solutlion in the subcutaneous tissue of the pubic
eminence and genito-femoral fold, lateral to the labia
majora, The publc injeptions are meant for blocking the
nerves approachling the labia majora from the inguinal
region, The occassional fallure to produce anesthesia
by ‘this means may be reduced by subcutaneous injections
of 0,5 percent solution, made between the anal and vag-
inal orifices,

In operations for internal or external hemorrhoids,
caudal block with 30c.c, of the 1.5 per cent solution
gives a good anesthesla with partial dilatation of the
of the anal gphincter, It has a marked advantage over
local infiltration in that the injection is made at a
distance from the operative field. The percentage of
fallures to produce caudal anesthesia by means of caudal

block may be reduced by its associlation with branssacral

block$ *however, this is better discussed under the sec-
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tion of caudal anesthesia 1in urology.

In operations for uterine prolapse, cystocoele,
and hysterectomy the caudal block 1is generally induced
by an injection of approximately 30c.c, of a 1,5 per
cent solution of procalne; however, these operations are
usually best accomplished by the adjuvant of transsacral
block, Caudal block alone is seldom adequgte in an ex-
tensive operation of this type,

In other operations of the female genito-urinary
system, caudal block anesthesla has been generally falrly
well abandoned, In abdominal hysterectomy, operations on
the bladder, adnexa and Caesarean section when regional
anesthesla 1s desirable the injection of 0,5 per cent
of solutlon of procaine along the line of incision 1is
sufficient in the majority of cases,

Sims(50) has used caudal analgesia routinely on his
service at the Loulsiana State Uni, Medical Center since
1628 and reports that it has proven most satisfactory in
his hands., In no case was it necessary to supplement
the sacral injection with procaine infiltration, In four
cases there were reactions which produced an increase in
the pulse rate and kabored breathing, These symptoms
cleared up without treatment. They were noticed just after
the beginning of the injection and 1f the procedure was

delayed a few minutes the injection could be continued,



This method was used in 300
cedures?

Dilatation and Curettage
Conization of the cervix
Biopsies

Application of radium
Cauterization of the cervix
Amputation of the cervix
Anterior colporrhaphy
Excision of fistula in ano

Hemorrhoidectomy

58.

cases in fhe following pro-

Vesico-vaginal fistula

Com, laceration of Perineum
Perineorrhaphy

Excisions vaginal fibroma
Posterior colpotdmy

Plastic repair of urethra
Excision vulvo-vag, gland

Cauterization of chancroids

Following the technic found so much in use in uro-

logic procedureg, many prefer a combination of caudal

coupled with transsacral anesthesia in gynecological

procedures,

for this procedure for the following reasons:

Magid and Klein(35) state their preference

With the

combined method the anesthesia 1is longer; in not a few

subjects the posterior segments of the sacrum fall to close

end 1n these cases the anesthetic i1s deposited in the

ligament and a complete anesthesia i1s not obtained when

the sacral block alone is employed,

Again, with a trans-

sacral block alone, it has been found that the sacro-

coccygeal plexus 1s at times not well anesthetized,

This method was used by Magid and Klein in the -Bronx

Hospital, New York for all types of plastic gynecologic



operations such as trachelorrhapies, rectoceles, cysto-
celes, and rectovaginal fistulas. It has provided in
every way the anesthesia desired during the procedures,
and is approved as in so many reports on the favorable
post-operative effects,

Wong(57) of the Department of Obstetrics and Gynec--
ology of the Peiping, China, Union Medical College
recommends the value of sacral anesthesla to those
many surgeons in China who have thelr hands tied when
they come to cases needing operations because of the laek!
of assistants and anesthetists, He has found caudal
anesthesia a highly desirable method for gynecological
procedures and has used it for the following types with
great success:

Dilatation and Curettage  Hemowrl.oldectomy

Insertion of radium Execision of bartholin
Cauterization of cervix gland abscess
Incision and drainage of

Tracheloplasty perineal abcess

Sturmdorff's operation Excision submucous fibroid

Perineorrhaphy Excision carcinoma of wvulva
Plastic operation for

Excision urethral carbuncle
atresia of vagina

Cauterization of papilloma

Removal of cyst of vulva of vulva, vagina, and cervix
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Caudal Anesthesia in Obstetrics

For more than thirty years single-injection caudal
anesthesia has shown 1tself a safe and useful procedure,
Lundy(34), for instance, reports its use in more than
15,000 cases at the Mayo Clinic, In his opinion it is
one of the most satisfactory technics available in the
whole field of anesthesia, 1In spite of this and similar
opinions, caudal analgesia has not been widely popular-
ized outside the fields of urology and proctology,
Largely responsible for 1ts lack of use have undoubtedly
been the rather high incidence by some users to obtain
analgesia,

Hingson and Edwards(1l4) were impressed with the
anesthesia produced by a single peridural injection
into the lumbar area and in the sacral canal of 2 per
cent metycaine iIn a series of 30 obstetrical deliveries
and 200 surgical procedures, They found this single
injection method of peridural anesthesia to be very
satisfactory for delivery after complete dilatation,
but sought to develope a procedure that would relieve
the barturient of that distressing and exhausting
experience throughout the early stages of labor. They
decided to combine the advantage of the continous
method with the safety, simplicity and e fectiveness of

of the extradural nerve block by using the sacral hiatus
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approach to the sacral canal and the peridural space,

The Hingson-Edwards technic is applicable to all
forms of surgery below the level of the umbilicus,

Its only disadvantage for abdominal hysterectomy 1is
lack of relaxation of the abdominal wall, In thé field
of '‘general surgery, caudal anesthesia is eminently
sulted to operations on the lower extremitiés, including
amputation, The patient is even able to hold his own
leg up during the latter procedure, It gives a prevelw
of the effect of alcohol injection of the lumbar svm-
pathetics and is useful as an anesthetic procedure for
alcohol injection, It may also prove valuable in the
handling of war injuries of the lower extremities, in
which severe pain may be a contributing factor in the
onset and severity of shock,

While continuous caudal anesthesia is a distinect
advance in the field of surgery, it is a complete revo-
lution in obstetrics, Edwards and Hingson have used
the method in upward of 600 deliveries, 1In their exper-
ience, i1t has the following advantages:

1, There is complete relief of pain beginning five to
15 minutes after injection and continuing as long as

necessary, .

2, Consciousness and voluntary motion on the part of

the mother are not impaired,



- 62,

3, There 1s no iInterference with uterine contractions,
4, The respiratdry and other vital mechanisms of the
child are not obtunded,

5, The period of labor appears to be shortened in most
cases,

6. The management of unfavorable fetal positions 1is
facilitated,

7. Postpartum hemorrhage is minimized,

8. The incidence and severity of maternal postpartum
complicatlons are reduced,

9, There is no adverse effect on the course of res-
piratory or pulmonary dilseases,

The Innervation of the Uterus and Birth Canal in Preg-
nancy:

These actions of the new method can probably best
be understood in the light of the innervation of the
structures concerned in childbirth, Figure 1 illus-
trates the nerve supply of the urerus and birth canal,
Cleland(7) showed that the pain of labor consists of
two parts, that of uterine contraction and that of dis-
tention of the Wirth canal, It is evident from a study
of Figure 1 that anesthesla extending as high as the
eleventh thoracic roots will block all sensory 1 -pulses
from the uterus and birth canal, and i1f anesthesia 1is
not allowed to reach as high as the 6th thoracic roots.

uterine contractions will not be impaired,
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FIGURE I

The sensory nerve fibers of the uterus are shown
in red, They constitute visceral afferent fibers and
are functionally independent of the antonomic nervous
sustem although coursing through the pelvic, hypogastric
and aortic plexuses before connecting with the dorsal
root ganglia of the eleventh and twelfth thoracic nerves
in which their nerve cells are located, The insert
shows details of the connections. The sensory sup ly
to the cervix and upper vagina travels in the sacral
parasympathetic nerves shown in green, It is also
functionally independent of the autonomic system, The
sensory and motor supply of the lower ¥agina, perineum,
and pelvic floor travels in the perineal and pudendal
somatic nerves, All of the spinal (somatic) nerves
are shown in yellow,

The motor supply of the uterus is autonomic and im-
volves both sympathetic and parasympathetic efferent
components, The sympathetic division is shown in purple
with the exception of the part concerned with uterine
motility which is shown in blue, Clinical evidence
indicates that the motor fibers fo the uterus leaves
the spinal cord at higher levels than the tenth thoracic
nerve whence they pass through the aortic, hypogastric,

and pelvic plexuses, Visceral efferent fibers believed .

to be motor to the circular muscle of the lower uterine
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segment and cervix and possibly inhibitory to the re-
malnder of the unterus travel through the parasympathetic
relvic nerves shown in green,

Clinical study verifies that (1,) blocking of the
sacral nerve roots :abolishes the paln of distention
of the birth canal, paralyzes the skeletal muscle of
the perineum, and abollshes tone in the smooth muscle
of the cervix; and (2,) extending the block to include
the eleventh thoracic root abolishes the paln of uterine
contractions without 1mpairing thelr force., It suggests
that extending the block to the sixth thoraclc nerve or

higher may impalr the strength of uterine contractions,
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After the esccoucher hss msde e thorough.survey

of the csese and 1is convinced that the true labor valns
of the first =tage of labor have begun, the petlient 1s
prepsred for continuous camdal snesthesias. If the
patisnt 1s a primiperse, snd & labor of sev rsl hours

1s exp ctel, the anesthesle. may be started with th
petisant in her hospitsl bed. Such a course may also

be selected with the multipers in whom the accoucher

has found dystocie or protracted lsbor. Parturients

who by thseilr course snd physicel findings give indlcstion
of esrly 4 liveries sre tr nsferred immedistely to the
d=1iv ry room. No sedatlion 1s gliven suc’ es3 barbiturates
unless thers is extreme nervous tension with asnxlety

on the part of the p-tient. The progress of lsbor under
continuous caudal anslgesis 1s somewhat different from
thet where this method 1s not us d. C«rvical dilatation
is usually rapid in both primiparss snd multipsras,

end the firast stage of lsbor is materislly shortensd,

an effect epper-ntly due lzrgely to cervicsl end perinesl
relaxation. Likewise the early rart of the second stage
1s fscilitet d. The #nd of the second stag 1s definite-
ly prolonged since uterine contractions slone are seldor

ad quaete for the finsl deliveTry. Thus precipltstion



i1s seldom se.n. While unaware of her uterine
contrac-tions and lacking in any compulsion towerd
streining,the parturient 1s sble to use her ebdominal

muscles, snd spontansous delivary 1s possible 1f she

will make expulsive afforts during '"pains". Howevar,
the cervixand perinesl tissues are so completely
relexed thatoutlet forceps 2nd 1f necessary .pesiotomy
are relative simpl e procedures. The lack of expulsive
desire
1s 1n meny veys en s2dvantage to the sccoucheur, since
the patient 'is bl @ to cooperate fully in giving him
complete control of the .rogress of the hesd over the
perineum.
With this technic especisl cere 1s necesssry to
clear the respirstory pssssges of ths infsnt st the
first possible opportunity, for the bables are resdy

to bresth the inatant their noses have crossed ths

perineum. Thils quick onset of raspirstion 1s one of the

striking features of the method. Fetel hesrt tonesin
the seriss were checked frequently and in no instence
did the snesthetic effect the rate or rhythm. The
bables without exception cried vigorously at birth,
with no spsciel form of resuscitation necesssry. 1Itis
believed that with this method of msna 'ement the in-

cid -nce of snoxls gnd ssphyxlia neonatorum is definitely

67,
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reduced, since the baby 1s not under the influence of
any ﬁarcotizing or anesthetic a'gent. It 1s believed
that the reticulo-sndothelle]l system of the mothear, the
plecente, end the maternal liver all serve as a tridle
filter to »revent any of the drug from reaching the

fetus,

The repld s paretion snd xpulsion of the plsc nts
from the uterus wlthout the aiministretion of, 6 oxytoclcs
18 8lso r mnrkable. The aversge measured blood loss
has baen 37 to 90 cc. Often that losf from the pilsio-
tomy wouni exceed in volume thst lost from th ut rus.
Postper*um comolications er conspicuously asbsent. The

average length of time the Hingson and Edwards

( 2) patisnts wer under this form of snastheslis wss

six hours. For many of theze p tients inclu ing the
srimlpare whom comprisad slmost two-fhirds of the
petients, this was the entir length of lsbor, since some
cases were blocked early before cervicsl dilata-tion
oceurred. The ov rage dose of metycsine for all ceses was
two end one-hslf grams. The shortest durationaf
anesthesls was one hour and forty-five minutes. 1In

8 case of 3ystocia the snasthesls ves used for twenty-
sight hours snd thirty minutes. The lsbor was terminated
by the use of low outlet forceps, with delivery of a
vigorous, healthy infani without injury to the mothers
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systemlic condition. During this veriod over eight grams
of metyceine was used. The blood pressure of the
mother veri 4 constantly between 105 end 120 m.m. Hg.over
65 and 80 m.m. Hg. During this time parturient
the gstient had several hours of sl p and was able to
teke flulds freely. In none of the cases was there an
alarming fall in blood pressure. There was no eviiences
of systemic intol :rsnce to the drug or of toxic resction.
A few patients did become nausested with occassionsal
emasis during hard contrsctions of the uterus. Even thes
-cases w re able to tek. amell gquentities of food and
fluids during the subsequent course of labor.

In working out this rrocedure Hingson and Edwerds

(22) have used novocsine, pontocaine, eucupine, nuper-
caine, snd metyceine in verying concentrestions. They
finally chose metycaeine for continuous cesudsl asnalgesiab
cause of low toxicity, rapid onsst of sction, and
uniformity of resuXts. For surgical procedures they
use 1 percent metycalne in stérile isotomic salt solu-

tion ‘with epinephrine side~d in the proportion of 1 cc.of
1:2,600 epinephrine hydrochloride per 2Q0 cc. solu-tion.
For obstetrics they employ 2 13 per cent solution without
epinephrine. The lstter druz tends to inhibit uterine

contraction. Lundy (34) also advocetes mety-
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caine as the preferred solutlion for sacral block enesthe-
sia because of its repid action end prolonged duretionof
effect, an opinion based on an xperience of more then
15,000 csses.

The low toxlcity of metyceine when us d for con-
tinuous caudsl snesthetic is shown by the Hingson and

Edwards dats. Thelr sversge total dosage 1in obststrics

was 200 cc. of 13 per cent solution or 2% to 3 grams.

This repressants approximstely 7.5 mg. per kilogram of
body weight per hour. The largest totsl dossge was
spproximetely 1l grams over a perliod of thirty hours.

No toxic manisfestations of sny description were ob-
served in either surglcsl or obstetric cases.
Further-more, metycaine 1s not incompstible with the
sulphonemide group of drugs, differing from procsine and
other sgents containing the pare-sminobenzolc acid
nucleus.

This method of snesth.sizs 1s definitely
contrein-idicsted in disproportions between the size of
the fetus and the birth canal, in plscents previa, snd in
patients with gross deformities of the spin=,
psrticularly in the region of the sacrum. As hss be n
previously mention 4, lo¢al infection s~ound the sacral
histus and history
of sensitlivity to the snelg slc agent preclud~ the useof
the method.

Complications in the Hingson snd Edwerds (22)series

were as follows:
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Broken nesdles - Esrly 1n thelr series of casses, this
happened four times in the first 6& cases. The patlents
moved the hips 1n such s wey as to bend the head of
the needle back upon itself. Now speclsl msllesble
nsedles. which b nd rether than breask are used snd
trouble from this source csan be elimineted by dis-
cerding the nesdle sfter use in several ceses.
Difficulty in Insertion of Needle into the Sscrasl €anal-
This difficulty has be n amply discussed in the
sectlon conserning ceudsl snesthesis 1In Urology.

The difficulty is propor‘icnal to the gmount of
deformity of the sacrum snd t ehnic of the operator.
Hingson and Edwards bslieve that such g condition

as to result 1n fallure occurs in lsss than 1 per

cent of all ceses.

Unilstsral Anesthesis - There was snesthesls on one
side to the midline from the psrineum to the umbillicus,
but eppraclistion of pein on the other sid . This
phenomenon in the few ceses 1t sppssred was explsined
by supposing that the point of the n«edle hed deviest-
ed too fer laterslly, perhaps over one of the snterior
sacral forsmins, so thst all of the enesthetic pgth-

ed more of the nerve trunks on one side. It wss
proven in 211 of these 1nstsnces that by merely:

rotating the needle over to the opposite side 211
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pein was relieved. The possibility of a median
fibrous rephe extending from-the dura to the perios-
teum end ligam nts of the spinsl column 1s to be
considered.

Minor systemic complsints - Two patients complsined
of temporsry hesdache lesting only momenterily =3 the
first injection of gnesthetic wes msde. Nearly ellof
them described vague pressure s nsations in the legs
with the first inj ction. It is felt thet both these
complaints cen be prevented if the initisl injection
1s mad slowly over a five minute period. However,
80 often the lebor pasins are so severe that the
petient would willingly tolerate this slight
dliscomfort 1n order to obtaln relief from the more
acute palns of lsbor. 8ix petients compleined of
dizziness during, and for a fer minutes after, the
initisl 1njection. Careful check of pulse rate snd
blood pressure during these episodes did not reveal
anything sbnormal. A few patlients had cresmps in the
cnlves of the legs nesr the end of the perlod of
anestheatic action of the drug. These were promply
relieved by message and a subsequent injection.
Backache - It 1s well known that women during the
latter months of pregnancy do not 1llie 6n thelr backs

because of pressure rhenomena snd because straighten-
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ing the lumbodorsal curve casuses them pain, since

they gradually have assumed a hyp erumbsr extension

L

strut! of pregnancy .
After injection of the anestheslis these pstients can

as a8 part of the mechanism of the

lie on their bscks without pasin. However, when they
do assume this unnasturel position for s.varsl hours
they developws midback pain sbove the level of the
uoper lumbar limit. This is bell ved due to the
stretching of the splnal ligaments. These pains have
bsen relisved by having the patients lie on the side
except for exemination of fetal heart sounds end
rectal examinations for advance of the fetal head.

If the pstients do lie on their bsascks for long perilods
the sev rity of the backache is reduced by s small
pillow in the lumber arsa to maintain the exeggerat-ed
lumbsr curve.

Continuous caudsl analgesis is greatly facilitsat

-ed by suitsble sppsratics. Figure 2 shows a schematic

apparatus with the needle properly plsced in the sacral

censl. As has been mentioned especisl mallesble needles

ere used in order to prevent breskage. when the patient

moves sbout, snd which srediscsrded after use 1n several

cgses.

The technique for giving continuous caudal analgesia

differs enough from that described 1n other fields in
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F1GURE 2— Apparatus with needle preperly

placed in sacral canal.
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which caudal anesthesia i1s used to merit a description

of this procedure. The following is the Hingson, Edwards
(22) (24) technic which is fundamentslly accepted end
used by the majority who follow thi- procedure. The method
is Initiated only efter lsbor 1is well established,
cervical diletation has begun, snd the pstient fesls a
need for relief of paesin. The pstients should not be
glven continuous caudal snesthesis while experiencing

8 relatively comforteble early labor. The proceduras
should be resserved for the relief of pain rather than of
discomfort.

The only technical difficulty of the method is
insertion of the special needle into the sacral canal.
This 1s in most patients much easier than lumbar punc-
ture, but in a few with sacrasl anomalies, it may be
difficult or ev n impossible. The Sims position is
used for the obstetricsl patient; the surgicsl patient
prone. All the precautions of surgicel asepsis sare
taken.

The secral hiatus is ususlly located 13 to 2 inches
above the tip of the cocecyx, the end of the thumb readily
finds the U or V shaped notch of the normsl sacral hiastus.
If the sacral hiatus 1is sbnormal or cennot be palpsated,
an asttempt at caudal injection should be made by one

already experienced in the technic. When the hiatus
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is found, the middle figger of the left hand chani,es plac
wi‘h the thumb and merks the spqot for reising the initisel
skin wheal.

The metyceine for inj ction 1n obstetric patl nts

i1s dissolved or dilutesd in sterile isotonic sslt solution

to a concentration of 1} per cent. Ampoules "Netyceine“
no. 313, containing 1 gram in 5 cc. of water, are es-
pecially well suited for this purpose. The contents

of two ampoules =added to 125 cc. of ssline solution
ayleld a 1} percent solution.

"ith 8 few cubic centimeters of this solution, skin
snestnesia 1s obtained by raising ¢ sxln wheal with a

25 gauge needles end infiltreting to the sacrococcygesl

l1gament with & 2 inch, =22 geuge needle. The specisl
malleebl 19 gauge needle 1s then inserted in the
mii-line in the direction of the htatus at sbout a forty-
flve egree angle with the skin. As scon as the bevelof
the needls nlerces the sscrococcygesl ligament, 1ts
reinforced metal collar 1s d~pressed through an src of

1l to 3 cm. 2nd the nr+dle 1s thrust slowly snd evenly
into the sacrsl cansl in the midline where its bevel

should be inferior to the lowast extent of the dural ssac.

A short section of tubing with a specisal aaapter

'
1s then slipped over the collar of the caudal needle.

A Luer-Lok Syringe 1s securely attached to the edapter,
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and careful sspiration is p rformsd. Crit ria for proper

position of the needle are summea 1zed in Tabl 1.

AI

B.

CI

D.

Table I.
Needle nutside of sacral censl if:
1. Injection of solution causes palpsble swelling
superficisl to bones of sacral region.
« No relisf of psin in thirty minutes after in-
Jection.
Needle 1in sacral cansl but in subsrachnoid space if:
1. Spinal fluid cesn be aspirated.
2+ Injection of 8 cc. of solution is follored with-
in ten minutes by some dsgre- of both relief
of pain and loss of motor power in 1 gs.
Needle 1n sscral cenal but in blood vessel if:
1. Pure blood 1s repestedly espirsted.
Needle plsced properly extradurelly in sscral csnal
if.
1. None of foregolng noted.
Patient experiences sense of fullness or & s-
comfort in one or both legs during rapid
injection.
3. Loss of pain sense to pin prick occurs in a
progressive manner beginning at tip of coccyx

and extending gradually forward on perineum and
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up anterior abdominal wall. Ansaslgesie should reach
almost to umbilicus in twenty minutes.
4. Abdominal uterine cramps ar r=1ieved within five
to fifteen minut s as the skin snelgesis resches
the distribution of the =2leventh thorscic spinsal
segment.
5. Sympathetic vasomotor psralysis in legs, marked by
vasodilatation and flushing, cessation of sweating,
and incresse in skin temperature of soles of fe t,
i1s ndbted within five to fifteen mlnutes after 1in-
jection. This often occurs on one side several
minutes earliser than on the other side.
It should be pointed out that fallure to rc<cognize a
subarschnoid position of the needle may leed to massive
and possibly fstel spinsl snesthesia. If there 1is any
question of puncture of the dura, & trial injection of
8 cc. of solution (lemg. metycaine) may be made ss out-
lined in Taeble I. Intravenous injection of the solu-
tion may have serious consequences. Puncture of the
durs or repeated aspirmations of pure blood contraindicste
"absolut 1y the use of caudal analgesia.
After it is certain that the needle is in neither
a blood vess 1 nor the subarachnoid space, the free end
of a specisl four-foot rubber tubing is secured over the

collar of the csudal needle ( see Fig. 2), all eir having
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been displaced from the tubing of the previously es-
sembled apparatus with the metycaine solution. ''ith
the palm of the left hand firmly pressed over the dorsum
of the sacrum, enough of the 13 percent solution is

inj cted to bring the told volume in the sacral canal

up to 30 ce. The criteria listed under D of Table I

are next watched for. 1In some women with unususlly
lsrge sacrel csnals, 30 cc. may not reach s sufficiently
high level to relieve the pain of uterine contraction
and the injection of as much as 0 cc. additional may

be necessary.

Analgeslia resches its maximum level in twenty to
thirty minut s snd then begins to recede. Supplementary
injections of 20 cc. every thirty to forty minutes will
ke p the avera e patient free of pain. However, it is
iesirsble to individuslize dosage, sand this 1is greatly
facilitstsed if the level of snalgesis to pin prick is
followed on the antsrior abdominal wall. When the level
fells more than sn inch below the umbilicus on either
side, a supplementsry injection should be mede. Usually
the level is higher on the side on which the pastisnt
is lying. 1If this difference amounts to more than one
spinal segment, the pstient should be turned to 1lis on

the low side before the injection is made. The volume
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or frequency of supplementary injections should bse
reduced if the level of analgesl reach s the xyphoid.
Extension of the analgesic effect to th sixth thoracic
segment or higher may weaken the force of ut rine con-
traction.

The mechanics of delivery can be csrried out accord-
ing to the pref rence of the obst trician. However, it
will soon be noted that extreme relesxation of the cervix
and perineum are features of ceudsl analgesia which
grestly facilitste the handling of sbnormal presenta-
tiogs, including occiput posterior and brsech. The
former frequently turns itseslf to anterior if enough

time 1is given.

The patient 1s ususlly given s supplemsntary in-
jection just before delivery is undertaken, regardless
of the intsrvel since the previous one. This assures
adequate gnelgesie for any procedure thet may be nscess-
ary. The needlé is left in place until the patient is
ready to return to her room. 1In some patients a finsl
injection i1s given 2t that time, for otherwise there may
be bitter complaints of afterpasins from women who have
been free of pain during their entire lsbor and. delivery.
In the opinion of Hingson and Edwards all of their few

fallures have been bhechnicsl, due to failure to
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deposit the metycaline solution in the peridural space
within the sacral canal. Success has been uniform in
all cases in which it wss known the needle was properly
placed.

An interesting report is published by Lahmann and
Mi tus (32) in which they ran a series of 400 cases at
the Milwaukee County General xnospital by the use of
single injection caudal snesthesia. They inj cted an
average of 25 cc. of metycaine in the sacral histus
after laebor wss well under way snd the cervix well
dilated. The technic i1s the same as tnat described by
Hingson snd Edwards except the nsedle does not remain
in place in order to facilitate subsequent inj ctions,
and after the single inj:ction the needle is removed
and the anesthetizing procedure 1s terminated.

In this series of the first four hundred cas s 1n
which caudal anesthesias was used, 368 were primiparas
and 32 multiparas. Of the 368 primparas, 293 were
delivered by low forceps and episiotomies, 8 by mid-
forceps and episiotomies (including 1 Duehrssen's in-
cision), 10 delivered spontansously with a perineotomy,
6 were forceps deliveries without episiotomles, and 20
were breech deliveries - in 4 of which the breech was

broken up and extracted. 1In 17 caeses transverse blad s
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were spplied. Seven occiput post riors faliled to rotste
aftear two hours at compl te dilatation. Two of these
were delivered face-to- publis; 2 were rotat 4 by Kjelland
forceps; 3 were turned by the Scznzoric mansuver. One
primipara was delivered by a low cervical cesaresn
section performed entirely under caudal snesthesia. 1In
one version snd extraction, the caudasl block was found
Insufficient 2nd wss of necessity augmented by ether.
®wo of those delivered without an episiotomy susteined
a first d gree laceration. Two of the prims;asrses h=ad
twln pregnsncies., Of the 32 multiparas, © had outlet
forceps 2nd episiotomies, 4 had a mid-forceps delivery,
3 were rotsted by the Scanzonic op ration, 8 w re ver-
mittel to deliver spontaneously, 4 w re delivered hy
low forc ps without an pisiotomy, end 2 had assist 3
br«ech deliveries. 1In one pati nt, caudal was administer-
ed for a Voorhees bag insertion, and in another 2 low
czrvicel ¢ sarean section wes p rformed ntirely under
caudal an:sthasis. In this sasries of 400 ceses, 4 were
cardliacs, 2 w re patients with moderately sdvanced pul-
monary tuberculosis, snd 2 eclamptics.

The reeults of this serlss of 400 cases are as
follows?

(4 plus) Anesthesia of the perineum. Loss of con-
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traction pain.

(& plus) Anestheslia of the perineum. Pstl nt
aware of contrsction ein.

(2 plus) Anesthesis of the perin um. Doss of
caontrection pain. Petlent exp rienced 72in when
traction with forceps wes acplled.

(O) Complete feilure.

Guid=d by these-criteria, the results could be

grouped numerically ss follows:

Cases
(4 plus) : 348
(3 plus) : 31
(2 plus) : 10
(0) . 11

Fallures agasln sre attributed to the inablility to
locet~ the sacrael histus.

Within the first five minutes after th =seneésthetic
1s administered, the outcrlies of the women in lsbor are
suddenly stilled, and the psrturient who only a2 f w
moments before had b-en writhing in pain, becomes
quiet-ed. Sinc= the excitomotor reflex, due to pressure
of the pres=nting pert on the perineum, 1s abolished,
the petient loses the urge to beesr down; insteasd, she

be-comes mentally at -ese and physicslly comforted. Yet
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the rhythmic ut.rin. contractions continue painlessly,
with the same fr guency and durstion as before, though
with & possibl: diminution in their intensity. Sev.rel
minut s sfter snalgesis 1s obtained, snesthasis of th
perin.um develops. In tests for t loss of cutsneous
senssgtion, which  r= meds by grasping the skin with

en All.s forceps, the developement of snesthesia wss
cosistently found to bagin in the r:gion of the anus
end then spread fanwise upward towsrd the symphysis
pubis, backvard over the sscrum and glutesl regions,
and lat rally along the inner aspect of the thighs -
the sum effaect being s "Saddle" anesthesis. Simultan-
eously, the musculature of the pelvic and perineal floors
becomes com lestely relexed., Even in primipsres, the
lubriceting examining hend cen be easily admitted for
such obstetricel menipuletions as mutuel rotstions,
decompositions, and the like. Such relaxstion grestly
facilitetes the spplication of forceps and reduces the
incid«nce of vault tesrs. Sensation in end control of
the lower limbs 1= unaffected. There 1s no effect what-
soever on the fetus. Furthermore, the third stags of
lgbor 1s unslt red: 8s 1In only one instance was more
than a simple crade of the uterus necessary to express
the placenta. The blood loss sgppears to be less than

that accompenying e d+~1iv ry under ether anesthesis,



since the relaxing effect of the ether on the myometriumis
sbssnt. The return of sensstion occurs inv rsely to the
direction in which it extended - beglnning at the periphery
of the saddle zone and advencing coneentric-ally toward
the anus. The postpsrtum period is unaltered.

In this series of 400 cases, ths asversge quanity of
solution injected was 25 cc. The average onset of enes-
thesia was 7.4 minutes between the time of injection and
the time when the anesthesis became svident about thesnal
raegion. The sverasge duration of anesthesle was
one hour and twenty-nine minutes . No remsrkable in-
flu nce of the metycsine on the blood pressure wes noted.
Untoward vasomotor, respirstory, snd gastrointestinsl
gymptoms and signs such ss tachycerdis, pelpitation,
hyperpnes, pallor, nauses shd vomiting were not ob-

s rged in eny of the ssrles..

Lahmenn ond Mietus (32) thus conclude that caudel
block offars a feasible and efficacious snesthesis for
op rative obstetrics. It permits the ut.rus to contract
peinlessly; it relsxss the.pelvic floor end enesthetizes
the perineum. It is hsrmless to both the psrturient
ani her newborn. It permits the normal seperstion of
the plscents and involution of the pelvic orgsns. All the

untoward side effects of inhslatlon snesthesis are
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absaznt - there is no ~xcitement stsge, no nauses or
vomiting, no danger of explosion. It lends 1itself wellto
the obstetricsel service in which drop-eth r, possib

-ly administred by ‘sn untrained int<rne or nurs , 1is the
only other available sn+sthesie. It csn be us 1 without
feer in patients 'ith pulmonary, csrdiac, or renal com-
plications.

Bourqu (3), who has besn usin. novocein by the
epidurasl route since 1923 in rectal surgery, tried caudsl
block in doing p rineorrhophies and in surgery of the
cervix uteri. This proved so satisfzctory that he tried
it in a series of over 100 maternity cases wh rs it
proved so efficaclous thet 1t hss besen & routine in
Laxeside Hospltel for the past four y ers without s
single complication. Occassionslly there 1s not
complete relief from palin, but in a1l casses relief has
been sufficlent to warrant the use of the method.

In contrast to the sbove glowing reports it 1is
interesting to note the report given by Kelso (31) in
1929 in which he drsws hils conclusions from s seri s of
34 cases. The series seems too small to g ive an ade-
quate survey of the method; Kelso admits difficulty in
learning the t chnic, of which his 19 fsilures out of

34 ceses bears out; his conclusions seem weskly sub-
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stantisted by logiec and clinicel desta, but ss stat d
above srs Iinterssting in the light of the enthusissm

by which this method is received by most other obstetri-
ciens who have wsed it for sny length of time. He us:d
from 30 to 60 cc. of § per cent novocsine injected in
the sscrel histus. The following conclusions were drawn
from his series:

1. The aaministration of csudal snesthesis in ob
-st trics 1s technicelly difficult end results are not
uniform. It should be given only under the strictest
preceutions and therefore csnnot be wused ln the esver
-age home delivery.

2. There 1s difficulty in timing the sdministrstion,
sinc it is often given too late in multipesrse and too
esrly in primiperes .

3. Csudel snesthrdie produces & certein amount of
in rtia in prectically every csse, from a very slight
reduction to a complete abollshment of the uterine
contractiocns, necessitasting operative deliveries for the
completion of the labor.

4, It produced finite toxic manisfestsions inthe
mother snd, with but 1ittl question, is the csuszeof
fetel distress.

5. It does not reli ve the psin from th uterine

contrsctions when an inertia does not develops. Since
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these pains ar gppra ently slmost =as dist}essing as

the psin from 4 livery of the head ov.r the perineum,

adequste relief is not obtained for, the pstient.

6. In the light of these conclusions caudsl snes-thesis
is not sstisfactory for spontsneous 4 liveri s.
Captain Hopp (25) of th Army Medical Corps in a

r view of the xt nsiv work done with casudsl snesthesia

sets forth the following conclusions: "It is possible to

produce *peinless labor" for some 6 to 10 hours by rep
oted caudal block znesthesis using 40 cc. of a 2 percent

procaine hydrochloride solution per injection,with as

gr at or greater fstal and mat.rnsl safsty than by sny
other method of obstetric snalgesis, amnesis or
snes-hesie. The i1desl anesthetic, of course, would be
one that would produce prolonged aneslihesia with single

injection without loss of the safety factor. The
method ¢ rtainly des rves further employment by obste-
tricians.”

Poole (46) of Englesnd after a review of the
litera-ture and sfter a series of 32 ceses in which he
used single injection camdsl snesth sis 1lists his
findingsas follows: (1.) The use of a regional
anesthetic eliminstes certaln ef the dissdvantsages
common to the general snesthetics and hypnotics. Sacrel

snesthesis
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is a practicsl form of regionsl snesth sia for ob-
stetric us . (2.) The technique of sacrel enesth siais
not difficult, but practice is required for consistent
success. (3.) - Percaine, 28 to 45 cc. of @ 1 p r cent
solution, in normal ssline, provides en anesthesias of
satisfactory guality; such an an sthesia:-is sddquate
for internal menuel manipulations or for suture of the
perin um, but may be insufficient for delivery by for-
ceps unless this is essy. (4.) The everage duration
of anesthesla is 4 hours. (5.) Uterine contrsctions
following injection msy decreases , but resppsar strongly
within helf sn hour provided they were strong and re-
gularb fors injeaction. (6.) Ob sity is e
contrainiicetion, mechanical difficulties meking the inj
.ction difficult or imzossible. (7.) The method is free
from.complications to wmother ena child.
Greedy and Husseltine (27) have run s short series
of 20 cases with continuous ceudels 1n thilr obstetrical

‘practice end verify quite cil>sely the findlngs of

Hingson and Edwards (74). They differ only in believing
that the more intricate procseiure s such ss forceps ro-
tetion or version should not bs done by this mathod due
to the meximum uterine relexetion which they desire

end which they do not beliave is obtsined by this
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mathod. They aciknowledge thseir limited expsrisnes
with this method, howsver, and do not set this down

a3 an asbsolute contrsiniicastion.



91,

Conclusion

Caudal anesthesia, although a comparativelv new
method 1n the long history of anesthesla, 1s forcing a
focl of attention upon its usefulness dus to the remark-
able results accorded 1t by the many surgeons and phy-
sliclans who have given it a falr trial, Its usefulness
and efflcaclousness in the fields of Urology and Proc-
tology has been well known and has been practiced with
increasing popularity in the last forty years, Die
to the age groups and debilitated condition of the
patients 1t has proven 1deal in these filelds in regard
to the low systemic insult and minimal post-operative
effects sustained as a result of its use, ith an ade-
quate anatomical knowledge of the structures involved
and a falr degree of technlical skill 1t 1s a falrly
simple method to apply. In general surgery 1t has proven
equal to other methods in selected cases, giving the best
results in lower abdominal surgery. Its use in abdominal
surgery 1s only now in the pioneering stage, and more
time will have to be alloted and more data accumulated

before 1ts worth in these procedures can be more fully
evaluated, In Gynecology it has proven a boon to those
surgeons who are hindered by lack of assistants and anes-
thetists, Coupled with transsacral block it has proven

as adequate or more so an anesthesia as any other method
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for gynecological procedures, belng used by a large number
of gynecologists at the present time in preference to
general anesthesia and by a still larger number coupled
with the use of local infiltration, Its greatest reve-
lation has been 1n the field of obstetrics wherein the
continuous caudal metho@ of Hingson and Edwards has
plunged the country into heated discussions of its merit
with the aroused interest of the laity forcing the 1issue,
Single injection caudals in obstetrics have long been
used with only ample success as to be practieed by a
minority, The results of competent men in the field of
continuous caudal anesthetic have been so successful in
my opinion gs to warrant a more comprehensive knowledge
and acquired techmical skill in this field by more obste-
triclians, The main disadvantage of the method 1s the
prohibitive cost of time, assistants, and equiptment
which 1s necessary to effectively carry out thls proce-
dure; the time and facilities of most men, especlally
in the present war crisis, making the acquisition of

the methad 1impossible even 1f they desired the procedure

in thelr obstetrical armamentarium,



Bibli#igraphy

1, Baptisti, A, Jr, Caudal Anesthesia in Obststrics,
Am, J, Obst, and Gynec, 38:642-650, Oct,'39

2, Barbey, A, Sacral Anesthesia, ab, J, A, M, A,
78:1854, June 10,'22

3. Bourque, N, O, Sacral Anesthesia (procaine
hydrochloiide) in Obstetrics, M, Rec, 142:497-498,
Dec, 4, '35

4, Campbell, M, F, Caudal Anesthesia in Children
(procaine hydrochloride in transurethral instrumen-
tation), J,., Urology 30:245-249, Aug,'33

5, Campbe&ll, ~, C, Sacral Block and High Caudal Block
Anesthesia, Proc, Staff Meet,, Mayo Clinic 10:667-
672, Oct., 16, '35

6, Causey, H, A, Caudal anesthesia in Proctologic
Surgery, Jo, Arkansas M, Soc, 38:206-207, Mar,'42

7, Cleland, J, G, P, Paravertebral Anesthesla in
Obstetrics (experimental and clinical basis), Surg.,
Gynec, and Obst.,, 57:51, 1933

8, Crowell, A, J, and Thompson, R, Sacral Anesthesia
in Perineal Prostatectomy, Jour, Urology 8:81,
1922

9, Davis, Edwin Perineal Prostatectomy (with par-
ticular reference to sacral anesthesis and to hemo-
stasis), J,A,M,A, 83:1988, Dec, 20, 1924

10, Davis, Edwin Perineal Prostatectomy Under Sacral
Anesthesia, J,A,M,A, 88:784-786, Mar,12, 1927

11, Davis, Edwin Perineal Prostatectomy Under Sacral
Anesthesia, Nebr, State Med, Journal, Vol, 10
1:8, Jan,'25

12, Dogliotti, A, M, (translation by Scuderi, C, S.)
Anesthesia (narcosis, local, regional, spinalé,
First Ed, Chicago, Ill., S.B. Debour Co,, 1939

13, Dunlop, J,.G. Fate of Procaine in bog, Proc,
Staff Meet, Mayo Clinic 9:241-244, April 25,'34



14,

15,

16,

17,

18,

19,

20,

21,

22,

23,

24,

25,

94,

Edwards, %, B, and Hingson, R, A, Continuous
Caudal Anesthesia in Obstetrics, Am, Jo, Surgery
57:;459, 1942

Gasser, H, S, and Erlanger, R, Role of Fiber
Size in kstablishmént of Nerve Block by Pressure
or Cocaine, Am, Jo, Physiol, 88:581-591, 1929

Goodman, L, and Gilman, A, The Pharmacological
Basis of Therapeutics, Sixth Printing, New York,
The MacMillan Co;, Jan,4l

Grodinsky, M, An Experinental Study of Sacral
Nerves and Their Sheaths, Anat, Rec,, 38:161,
1928

Grodinsky, M, and -Best, R.R, Sacral Anesthesia--
An Experimental and Clinkcal Study, J, Urol,,

.22:187, 1929

Gwathmey, J, T, (in collaboration with Baskerville,
C,) Anesthesia, Second Ed,, New York and London,
The MacMillan Co,, 1925

Harris, M, L, Nerve Blocking, Surg,, Gynec,
and Obstetrics 20:193, 1917

Hingson, R, A, and Southworth, J, L, Continuous
Caudal Anesthesia, Am, Jo, Surgery 58:93, 1942

Hingson, R, A, and Edwards, w, B. Continuous
Caudal Anesthesia During Labor and Delivery, Anesth,
and Analg, 21:301, 1942

Hingson, R, A, and Southworth, J, L, Contin-
uous Caudal Anesthesia (In Phlebectomy for Varicose
Veins), Am, J. Surg, 58:93-96, Oct'42

Hingson, R, A, and Edwards, ., B, Continuous
Caudal Aneskhesia in Obstebrics, J,A,M,A, 121:
225-229, Jan,23,'43

Hopp, E, S. Painless Labor--Caudal Block in Obste-
trical Anesthesia, Mil, Surgeon - 89:675-685,
Oct,'41



95,

26, Hunt, V, E, Surgery of the Prostate, Minn,
Med, 4:544, 1921

27, Husseltine, H, C, and Gready Jr,, T, G,
Continuous Caudal Anesthesia in Obstetrics (pre-
1lim, report), J,AM,A, 121:229230, Jan,23,'43

28, Johnson, G, M, Caudal and Transsacral Anesthesia,
Anesth, and Analg, 15:115-119, May-June '36

29, Johnson, C, M, Caudal and Transsacral Anesthesia,
California and vYest Med, 45:48-51, July '36

30, Judd, E. S. and Meeker, Wm, R,  The Value of Sacral
Nerve Block Anesthesia in Surgery of the Prostate
Gland and Bladder, Jour, Urol, 9:395, 1924

31, Kelso, J, ¥, Caudal Anesthesia in Obstetrics,
Am, Jo, Obst, and Gynec, 18:416-419, Sept,f29 -

32, Lahmamimm, A, H, and Mietus, A, C, Caudal Anesthesia:
Use in Obstetrics, Surg., Gynec, and Obst, 74;63-63,
Jan, '42

33, Lewis, B, and BarEels, L, Caudal Anesthesia in
Genito-Urinary Surgery, Sury., Gynec, and Obst,
22:262, March, 1916

34, Luondy, J, S, Clinical Anesthesia, p.l1l36, Phila-
delphia, W, B, Saunders Company, 1942

35, Magid, M, O, and Klein, !/, Gynecologic Plastic
Surgery under Sacral-transsacral Anesthesia, Am,
Jo. Obst., and Gynec, 8:79-83, July '24

36, Meeker, W, R, Regional Anesthesia in Surgery of
the Prostate Gland and Bladder, Journal-Lancet
44:1, Jan.l, 1924

37, Meeker, ', R, and Bonard, B, &, Regional Anes-
thesia in Gynec, and Obstetrics, Surg,, Gynec,
and Obst, 37:816, Dec, 1923

38, Mentzer, C, G, and Allen, R, and Farrer, F,
Metycaine in Proctologic Surgery (report of 327
cases in which metycaine was used 4s caudal anesthesia),
Bull, Jackson Mem, Hosp, 3:21-24, Jan,'4l



39,

40,

4],

42,

43,

44,

45,

47,

48,

49,

50.

51,

96.

Mentzer, C, G, Metycalne as Caudal Anesthesig
in Proctology (report of 100 cases), J, Florida
M, A, 27:331-335, Jan, '41

Moon, L, &, Advantages of Sacral Anesthesia in
Rectal Operations, Am, J, Surg, 38:267-268,
Nov, 124

Munger, A, D, and Wrenn, S, M, Routine Caudal
Block (procaine hydrochloride) , M, Bull, Vet,
Admin, 12:41-43, Julv '35

Neely, J, W, Epidural Anesthesia' for All Abdom-
inal (Acute) Operations, Anesth, and Analg.
8:324-326, Sept.,-Oct, '29

Neely, J,. W, Epidural Anesthesila for All Abdom-
inal Operations, Texas State J, Med., 23:805-80¢,
April '28

Odom, C, B, Revelw of Page's Epidural Anesthesia
(procaine hydréchloride with a report of 100 cases?,
New Orleans M, and S, J, 88:618«627, April '36

Onhauser, V, F, ' Use of Caudal Anesthesia (novo-
calne and procaine hydrochloride)in Urology and
Proctology, Canad, M,A,J, 31:51-54, July '34

Poole, W, H, Sacral Anesthesia in Obstetrics,
Jo, Obst, and Gynaec, Brit, Emp., 48:84¢98,
Feh, '41

Robinson, L, F, Caudal Block Anesthesia in Gynec-
ology, Anesth, and Analy., 9:281-284, Jlov,=-Dec,
130

Reuther, T, F, Caudal Anesthesia in Proctology,
Internat, Clin, 3:183-188, Sept,'!'38

Scholl, A, J, Sacral Anesthesia in Urology,
Jo, Urol, 6:149, Aug,, 1921

Sims, H, V, Sacral Anesthesia (caudal block)
in Gynec,, South M, J, 28:908-911, Oct, '35

Shaw, E, C, Epidural Anesthesia for Perineal
Prostatectomy (An experimental and clinical study
with report of 100 consecutive cases), J, Urol,
15:219, March, 1926



52,

53,

54,

55,

57,

58.

97.

Sword, B, C, Caudal and Transsacral Anesthesisa,
Am, J, Surg, 34:539-543, Dec,'36

Taylor, J, S, History of Anestheslia in America,
U, S, Nav, M, Bull, 16:461-465, Mar,'22

Thompson, J. E, An Anatomical and Experimental
Study of Sacral Anesthéesia, 4Ann, Surgs 66:718,
1917

Tuohy, E, B, and Adams, R, C, Sacral Block
Anesthesia with Specilal Reference to Urologic
Practice, Anesthesia and Analgesia 19:291-292,
Sept,-Oct, '40

aters, R, M. Evolution of Anesthesia (Mayo
Foundation Lecture) Proc, Staff Meeting (Mayo
Clinic) 17:428, July 15, '42; 440, July 29, '42

Wong, A, I, H, Sacral Anesthesia in Gynecology,
Nat, M, J,, China 16:723-729, Dec '30

Zweifel, E, Fatalities after Sacral Anesthesila,
Abstr, Jour, A, M,A, 74:1138, 1920



	Caudal anesthesia
	Recommended Citation

	tmp.1670608803.pdf.cT_Dn

