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PREFACE

ANY of the more enthusiastic accounts of eprdural
I \/ l analgesia were written before the advent of curare and
the great advances 1n anaesthetic practice that have

accompanied the ntroduction of the intravenous relaxant
drugs and there 1s liitle doubt that if these accounts could be
written agamn to day they would be presented with greater
reserve Nevertheless, this study originated as a reaction from
the himitations of the relaxant techmques, these notwith
standing therr virtues, contribute nothing to the solution of
the problems of operative blood loss and post-operative
analgesia and encumber the anaesthetist with the treatment
of paralyuc apnoea

During the past half-century a great deal has been wntten
about epidural analgesia, but 1t s widely scattered through
the literature and to the beginner, seehing confidence 1n the
experience of others, the task of appraising the techmque
1s formidable This book 1s based on the records of 1,000
personal administrations dve®®a period of five years, and 1s
ntended to present the available information on the subject, and
to relate 1ts theory and practice ¢gp known physteal, anatomucal,
and physiological facts There 1s still much that 1s unknown
about the epidural space and epidural analgesia, and for this
reason 1 have 1 d to be op ve except where my
own experience has forced me to take sides i a doubtful 1ssue

When using a new or a different technique the anaesthetist
1s eptirely dependent on the attinde of s surgical colleagues
In this respect 1 have been singularly fortunate, and 1t 1s a great
pleasure to acknowledge the encouragement I have recewved
from them

I am grateful for much gained 1 discussion with other
anaesthetists, notably Professor R R Macintosh, Dr J Gillies,
and Dr R Bryce Smith, and especially Dr C J Massey
Dawkuns, who was among the first to use lumbar epdural
analgesia m England and whose experience 1n this field 15 so
widely recognised

T am 1indebted to those authors and publishers who have
gwen permussion for the inclusion of various rlustrations {eited
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Vi PREFACE

1 the appropnate legend), and particularly to Professor R
Walmsley for kindly allowing me access to his anatomical
specimens and for providing the photograph shown in Fig 1

My thanks are due to Dr C J Harwood Lustle and Dr D
P King for carrying out eosinophil counts, to Mr N Cridland
for checking the statistics 1n Chapter VI to Dr J H Baud for
radiographs, and to Mr E S Peacock for his care and skill n
preparing the photographs

Dr J M Hamill has read the manuscript and proofs, and
his mnvaluable criticism and advice have smoothed many rough

passages
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CHAPTER 1

INTRODUCTION

HE epidural space * region of fat and blood vessels
I between the dural envelope of the spinal cord and the
bony walls of the spinal canal began to attract clinical
attention at the turn of the last century Within this narrow
space mjected solutions track up and down, and outwards
through the 1ntervertebral foramina offering opportunities to
the radiologist and the anaesthetist The space may be entered
between the lammnae of the vertebral arches (the “spinal ”
route), or from below through the sacral liatus only the
former approach concerns us 1n this book
Epidural analgesta of one sort or another has been
practised since 1901, when Sicard* and Cathelin  of France
popularised the sacral approach Corning® has been credited
with being the first to use the method m 1885 but from tus
own description of the two experiments he carried out 1t 1s
evident that he netther intended nor achieved a genuine ep:
dural 1njection  After the favourable reports of Sicard and
Cathelin Tuffier_attempted epidural analgesia by the lumbar
route latet 1n the same year' ‘5)511[ Tus lack of success and the
natural difficulties of locating a space two to four millimetres
wide at a depth of ten to twenty times that amount discouraged
all further attempts for many years In 1913 Heile tried to
revive the 1dea of high epidural blocks by approaching the
spinat canal laterally through fhe intervertebral foramma
mstead of by midhne puncture(.f)HexIe used this approach for
surgical analgesta and for therapeutic purposes but his method
does not seem to have had much following outside Germany
In the meantime, the caudal route became established as the
only safe approach to the epidural space and there was a
tendency to limt the field of anal to the area supplied by
the cauda equina®since efforts to carry the bloch higher met
with very vanable results owing to the wade vanations of the
sacrum and 1ts foramina

4 Extradural  “Pendural and Epidural  are synonyms Althoueh
the first of these 1s probably the most correct etymolog cally Em
dural s the shortest and tnips most read ly from the tongue
1 1

w198



2 SPINAL EPIDURAL ANALGLSIA

Ths state of affairs continued until 1921 when Fide] Pagés”
renewed mterest 1n the midline umbar approach pointing out
the icreased ease of access and wider applicability of this route
as compared with the caudal route  Pages method of :dentify
ing the epidural space was pnimarily tactile demanding great
dextertty from the operator 1 order to detect the * feel ™ of
the needle passing from the ligamentum flavem wto the
epidural space The degree of skill required for Pages’ method
was clearly a limiting factor to the techmque, and other
workers set about establishing mechanical substitutions for
manual dexterity These refi gradually developed, and
1t 1s now possible to obtmin a very high success rate 1n Tumbar
epidural analges:a without possessing an unusual sensttivity
of touch

Spinal epidural analgesia has never enjoyed a wide papu
larity in Britain, the possibility that the elements of hazard and
virtuosity mght be associated with 1its use have been sufficient
to exclude the techmque 1n favour of better tnied methods
With the advent of neuromuscular blocking agents, local
njection techniques of every sort have suffered a dechne, and
any form of regonal analgesta must be able to withstand
severe scrutiny 1f it 15 to survive m competition with the safety,
sumplicity and efficiency of the intravepous relaxant drugs

In my opmnion, however, spmal epidural analgesia 1s a
simple, safe and eflective method, having certain definite
advantages over current relaxant techmiques, in a hmited field
of surgery, as well as possessing a number of therapeutic appli-
cations ‘The method provides a prolonged dslferential spinal
block without the disadvantages of a subarachnoid injection,
1n which analgesia and reflex flacaidity exist in the presence
of ummpaired motor power This 1s a state of affairs which
1s particularly desirable 1n abdommal surgery, since full spon
taneous respiration ¢an continue 1n spte of a completely
relaxed abdomen, and the unique combination of complete
analgesta and normal vital capaeity persists 1 the early post
oprTEive Phese Vampws deess of asolar hynatension are
also obtamable, so that blood loss 1s dimmshed and operative
conditions improved—a point of some 1mportance n proced
ures mvolving extensive dissection and surgical extirpation
Apart from these surgical derations, epidural




INTRODUCTION 3

have therapeutic applications tn virtue of the sympathetic
blockade which they snduce

What of the difficulties of the method, and the 1nctdence of
fallure? That there 15 a defimte farlure rate cannot be denied,
but it 1s, or should be, a small one I find that my own incidence
of failure, using a standardised techmgue, varies between 1
per cent and 1} per cent, with a total number of fourteen
failures 1n over 1,000 cases, if I varied my techmque the failure-
rate would be higher Later in this book emphasis will be lad
on the necessity for the anaesthetist to make things easy for
himself, that and the abiity to be careful, 1s the only formula
for umiform success A failure rate of this magmtude 1s accept
able If one could not be assured of achieving success 1n more
than 95 per cent of cases 1t would probably not be worth
while retaining the method for routine use, but the odd 1 per
cent that does go astray will be pardoned for the sake of the
results 1n the other 99 Even the failed epidural (when intended
for surgical purposes) 1s not beyond redemption with the
relaxant drugs, which are always at hand to provide a good
second best at short notice

Although eprdural analgesia can be used 1n a wide field of
surgery, including the chest and upper limbs, the real indica
tions for 1its use are to be found n major surgery below the
duaphragm, and as a therapeutic measure 1n a variety of pawn
ful and vasospastic conditions Tt 1s favoured for thoracoplasty
by some, but 1n my opinton mdications for epidural analgesia
seldom anse as first choice 1n chest surgery, superior results
bewng obtained by ather methods Epidural analgesia should
not be used ndiscriminately, but 1t 1s a good method for many
purposes, and 1n certain circumstances the best, and 1t 15 a
techmque which demands the serious attention of all anaes
thetists who _are prepared to give the care necessary for its
satisfactory employment
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CHAPTER II

ANATOMY

ITHIN the cramum, the endosteal and meningeal
-\ ;; ; layers of dura mater are closely united, but below the
foramen magnum the two layers separate, the outer

becoming the periosteal liming of the spinal canal, while the
nner layer forms the spinal dura mater Between these two
layers lies the ep:, extra , or pert-dural space The spinal canal
1s trrangular 1n cross section, and the epidural space 1s widest
in the midline posteriorly, mn the lumbar region averaging
about 5 mm between the igamentum flavum and the posterior
surface of the spinal dura Owing to the obliquity of the verte
bral lamnae, the depth 1s increased shghtly 1n close proximty
to the infertor border of the lamina

The boundaries of the epidural space are —
Above The foramen magnum where the periosteal and spinal
layers of dura fuse together Below The sacrococcygeal mem
brane In front The posterior longitudinal ligament covering
the posterior aspect of the vertebral bodies and the nterverte
bral discs Behind The antenor surface of the vertebral
laminae and the ligamenta flava Laterally The pedicles of
the vertebrae, and the intervertebral foramma

‘The ligamentum flavam 1s a landmark that 1s intimately
concerned with the induction of epidural analgesia It 1s
composed of tough elastic fibres disposed 1n a vertical direction
connecting the upper and lower borders of adjacent lamiae
It 1s thinnest in the cervical region, becoming progressively
thicker lower down the spine, and 15 thickest 1n the lumbar
region  The lying diately super
ficial to the llgamenmm flavum 1n the medsan plane, 1s another
landmark which 1s thickest and best defined n the lumbar
TR

CONTENTS OF THE EPIDURAL SPACE
1. The Spinal Dural Sac, with its segmental prolongations
covering each pair of spinal nerve roots The dural tube tends
to hug the antenior wall of the spinal canal, so that the anterior
portion of the eprdural space is narrow while posteriorly the
5
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FIGLRE 1
Transverse section of spine between Ist and 2nd lumbar vertebrac
of three year old chdd (x35) D Dura mater thickest postertorly
Emdural space wider posteriorly than in frant
(Phatograph ¥¢ diy supphe ! by Professor R Waln slew)
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3 SPINAL EPIDURAL ANALGESIA

space 1s much wider The dura 1s thickest postenorly  Fibrous
strands pass from the postenior longutudinal ligament to the
anterior aspect of the dura, anchariag 1t 1n place  In the upper
cervical region the spinal nerve roots and their dural covertngs
pass horizontally to their respective intervertebral foramina, but
lower down they become more inclined, owing to the discrep-
ancy between the length of the spinal cord and the spinal canal,
until the lower lumbar and sacral roots are almost vertical
Dural prolongations sheathe each parr of spinal roots enclos
mg a small subarachnoid cul-desac, and end by adhering

CUT LIGAMENTUM FLAVUM

OURA MATER —

THIN AND CLOSELY
ADHERENT TO DORSAL
SURFACE OF DORSAL
ROQT GANGLION

QYT SumFacE aF
PEDICLE REMOVED
70 SHow DURAL
SLEEVES

/ VERTEBRAL
BODY

Fraure 3
“The dural cul de-sac surrounding a parr of sptnal nerve roots

closely to the distal portion of the spinal ganglion at the pomt
where the anterior and posterior roots fuse to form the “ nerf
de conyugatson ™ or first part of the mixed nerve, and here the
dura 1s shightly thinner postertorly Beyond this powt the
nerve 1s covered by permeunium  The termunations of the dural
cuffs occupy different positions sn relation to the mtervertebral
foramen at different levels In the cervical Tegion thus termina

Lo ~ e AR



ANATOMY 9

1t 15 related to the internal aspect of the foramen, and n the
lumbar and sacral regions 1t lies entwrely within the sacral
canal

2, Spmnal Artertes.—Arteries derived embryologically from
the intersegmental artenes enter the mtervertebral foramina to
supply the osseo ligamentous spinal canal and the spinal cord
In the adult these artertes artse from the vertebral the ascend
g cervical, deep cervical, intercostal, lumbar and 1ilio lumbar
arteries They anastomose with therr neighbours above and
below, and across the midline, and lie chiefly in the lateral
parts of the epidural space

FIGURE 4
Transverse section through a thoracic vertebra
showing the vertebral venous plexuses
‘G ausd ate v

3. Epidural Veins —The internal vertebral plexus, draining
both cord and canal, lies mainly 1n the antero lateral parts of
the epidural space 1t has nich segmental connections at all
levels, and opens into the ntervertebral verns which pass out
through the intervertebral foramina and end 1n the vertebral,
posterior ntercostal, lumbar and lateral sacral vemns Through
this venous network increased intra abdominal and intrathor
acic pressures (as in coughing or stratming) are transmtted
to the epidural space Under the stress of these pressures the
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emdural vemns distend and dimanish the eflective volume of
Jas the epidural space, so that if coughing occurs
g during, or immediately after, epidural mmjection
Q the solution tends to spread more widely than
usual
¢ Above, the vertebral plexuses commumncate
with the occipital, sigmoid and bastlar sinuses
© (Willis, 1664) * This primitive venous network
ff forms a vascular highway between the pelvic
and cramal cavities, and 1t has been shown

25

2

3
Yy

Ficure S
Dugram from Thomas Wil book  Cerebri
Anatome (1664)' showing the connections of the
internal vertebral (eprdural) venous plexuses
A Venous [0op at the feve] of the foramen magnum
BB Connecttons between the vertebral plevuses and
the cranial sinuses (occrpital sigmord and

J5AS
e

S5

St

asHar,

CC Channels conoecting the junction of the verte
bral plexus and vertebral veins to the mternal
Jugular vein

DD Vertebral veumns

ce Tnbutanes from the vertebral plexus (o the
vertebral veins

(ﬂfg f Intervertebral vems

hhkh Vens of the spinal cord connecting with the
nterna) vertebral plexus

mt Segmental commussural vessels Epposite each
vertel

PPV

Q

'S

<

OO0

A

that during abdominal compression material
injected mto the dorsal vemn of the pems can
be made to travel up the eprdural vens to the
cramal smuses (Batson, 1940} It has been
suggested that this alternative route to the
caval venoys dramage of the pelvis explains
the frequency of cercbral emboli and vertebral
metastases from primary lestons 1n the pefvis

4, Fat—The contents of the spmal canal
fie cushioned 1 a packing of semu flud,
fobulated fat Solutions njected 1nto the emdural space trach
up and down between the fobules of this fatty areolar tissue

Aldnanaaay
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ANATOMY 1

The amount of fat 1n the epidural space tends to vary with
that elsewhere 1n the body, obese patients having a well-stuffed
and capacious epidural space

5. Lymphatics,—Lymphatic networks, surrounding and
draining the dural cul-de sacs, empty mto longitudinal channels
1n front of the vertebral column

OUTLETS OF THE EPIDURAL SPACE

A study of the outlets from the eprdural space 15 important
The patency of these outlets will determine the speed with
which 1njected substances pass out of the space, and hence
the height to which epidural injections will travel, and also
the quantities required, and thewr persistence in the space The
portals of exit are the intervertebral foramina, and the lym
phatic and venous drainage routes

The Intervertebral Foramma.—There are fifty-eight fora
mna 1n all The arealar tissue around the exit of the inter
vertebral foramen varies in density accordmng to age In the
young 1t 1s soft and tenuous, but with age it undergoes 1ncreas
g condensation, and can form a defimtely recogmsable
structure Dr J Forestier, working with dnied specimens,
describes 1t thus —*“As the nerve trunk leaves the interverte
bral foramen 1t s an easily d ble fibrous sheet
which forms a sort of fibrous operculum to the external onifice
of the intervertebral foramen*® ¢ Due to the effect of age
decreasing the patency of these main escape routes, 1t may be
expected that a given volume of solution will travel further,
and persist longer, in the aged than 1n the young

Lymphatic and Venous Drainage,—Injected solutions are
absorbed quite rapidly by the eprdural veins In 1901 Cathelin
showed that methylene blue appeared in the urine sooner when
wyected epidurally than when ad d by the
eous route Absorption from the epidural space s delayed by
vasoconstriction, or d hed venous blood flow The former
can be brought about by adding adrenaline to the epidural
solution, and the latter by the use of controlled vascular hypo-
tension
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SPREAD OF ANALGESIC SOLUTIONS IN THE
EPIDURAL SPACE AND THEIR SITE
OF ACTION

In 1901 Sicard* snvestigated the spread of coloured solutions
mjected through the sacrococcygeal membrane of dogs and
human cadavers, and he found that the extent of the spread
depended on the speed of injecuion and the quanuty jected
Tn 1904, Stcard and Cestan injected indsan ink suspensions into
the subarachnord spaces of one group of dogs, and the epsdural
space of another* Ten days later they found that there had
been no passage of ink either from within outwards, or without
inwards across the dura 1n the group with epidural ingections
the ik particles stained the space with large black tracks and
spread outwards through the intervertebral foramina and along
the lymphatics to the regional lymph glands

Kray studies of the flow of solutions m the epidural space
mjected via the Jumbar route of living subjects were first
carried out by Sicard and Forestier 1 19217 using ltprodol In
his thests, Forestier descnibes the passage of the heavy ol
outwards through the intervertebral foramina, and the mfluence
of gravity in determuning the direction of spread Farr repeated
this work 1n fresh cadavers, using aqueous sodiwm 1odide as a
solution more likely to simulate the behaviour of local anal
gesics 1n the eprdural space He found that the whale eprdural
space was filled by 118 cc mjected through the sacral canal,
and that 89 cc extended up o the fourth thoracic segment*

The exact site of action of epidural analgesics 15 not clear
but three possibilihies exist® —

1 Diffusson occurs across the dura mater to the subarach
noid space and cerebrospinal flud, effecting a true “ spinal ”
analgesia

2 “The drugs act durectly on dural-covered nerve roots in the
epidural space

3 The nerves are affected distal to ther dural sheaths
after they have left the ntervertebral foramna, producing 2
paravertebral block

For a long time the experimental evidence seemed to indicate
that the last of these possibilities was the most likely, and
epidural analgesia was regarded as anm cfficient way of
producing an extenstve bilateral paravertebral block ** This
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opimon was based chiefly upon some experiments by Bertocch:
demonstrating the poor dialysing power of post mortem dura
mater,” and the failure to recover any local anaesthetic from
the cerebrospinal flmd of a patient under eptdural analgesia **

More recently, however, 1t has been shown that during per
fusion of the subarachnoid space of live dogs 1t 15 possible to
recover up to 10 per cent of the dose of analgesic drug
placed 1n the epidural space, and that four mnutes after an
epidural njection of 2 per cent procaine the concentration of
procaine 1n the cerebrospinal fluid rises to 0 8 mg /ml (a con
centration sufficient to depress nervous conduction) ** Further-
more, the region of the dural cuffs has been shown to be
particularly favourable to the passage of particulate matter **
Indian 1nk suspenstons with particle size of 04-15 p readily
pass out of the subarachnoid space, through this area, into the
surrounding eprdural tissue, and thence to the regional lymph
glands (Fag 6) With collosdal carbon this passage takes less
than half an hour ** It seems reasonable to suppose that if
coarse particulate matter can pass out with such ease through
the “nk-cuff " area, the relatively tiny crystallodd molecules
of a local analgesic solution should be able to find their way
m through the same region, n the reverse direction

By using two spinal catheters simultaneously, one 1 the
epidural space and the other in the subarachnoud space,
Frumin et al found that 1n man significant concentrations of
procaine appeared 1n the cerebrospinal flmd after epidural
mjection The nse and fall of procaine concentration m the
cerebrospinal flurd was associated with the waxing and wamng
of climcal analgesia (see Fig 7)** They found that shin
analgesia was present when the concentration of procaine n
the cerebrospmal flud rose above 0015 per cent, and this
figure agrees closely with the findings of Helrich et al, who
thamed that QO prx cent 8 the theeshald concentration of
procaine for effective subarachnoid analgesia' The expern
mental conditions of ths imvestigaton do not completely
exclude the possibility of errors arsing due to leskage of
procaine solution around the subarachnoid catheter, never
theless the results are highly suggestive, and add strong support
to the body of circumstantial evidence in favour of the passage
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of epidural solutton across the mtact dura mto the subarach
nowd space

FIGLRE 6
Diagram_of sprnal nerve root {rabbit) and ns surroundmg
" ink-cuff,” follawing the imgection of indiznnk 1ata the
subarachnord space
a, smnal cord, b, subarachnoid space, ¢, epidural connective
tissue, d, dura mater, & mk partictes i subarachnoid cul—dc-
sac; f, wmk particles 1 epidural connective ussue £ fine lym;

channels draining epidural ussue, T nodes of body
wall, 1, spmal nerve, }, Xongﬂudmzl ymph  channel
Ubrioriey and Fi'd Journal of Auatomy I9i9)

My own chmical observations confirm the impression that
an epidural Injection acts in some way within the spinai canal,
and not beyond in the paravertebral spaces. On page 81 is
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a correlation table for the size of dose required and the age
of the patient. It will be seen that there 1s a strong inverse

%
0 020
Concentestion
of Procaine
weSE gois //

Epucseal. wpectiont 20 40 &
20wl of 2% Procaine Minaites
<
@
]
2 2% Procaune
z
<
| \

E 0 02% Procawne i CSF

==
FIGURE 7

Recovery of procaine from the cerebro spinal fluid after epidural
mection (see text)
{Drawn from datt by Frumin et ol , Journal of Pharmacology 1953
relationship between dose and age (the greater the age the
smaller the dose). This suggests that with increasing age the
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FIGURE
Spread of solubions m the epidural space

{a)

Man aged 70 Height 5ft 7in
26 ml of analgesic solution
m)ecm& between L, L,

the zate of 05 ml/sec fol
lowed by 55 ml of Neo
hydnol (Flwd)  Analgesia
complete m nll scgmenu up

8

®)

Man aged 76 Herght Sft &n

6 mi of analgesic mlunon
m]ec(cd besween [,
the rate of 015 ml fsec., fcl
Jowed by 525 ml of Neo-
Analgesia
complete in a!_]rscgmcnu up

)

Note that opaque so]unun does nat track out atong the intercostal
necves 1 the rud thoracie region although analgesta 1s complete
i1n that distnbution (X rays taken 1 hour after tnjection )
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ntervertebral foramina become less permeable, and so hinder
the escape of epidural solutions so that a given volume travels
further up the spinal canal and caunses a wider area of block
In some cases a dose of 27 ml or less has produced a block
of all segments below the second or third thoracic segment
for a period of three hours (a total of forty to forty two spnal
nerves) it 1s scarcely possible to imagine even the most efficient
paravertebral block lasting so long on a dose of less than 07
ml per nerve

Radiographs of the spine taken after the epidural injection
of radio-opaque material encourage the notion that epsdural
analgestcs act intraspinally rather than in the paravertebral
spaces Five or six milliitres of a non viscous opaque o1l were
mjected through the eprdural needle immediately after a dose
of local analgesic, so that the oil could spread out along the
track of the aqueous soluuon and outlime uts passage through
the intervertebral forammna Radiographs were taken one hour
later The results of two such cases are shown in Figure 8
It will be seen that although a constderable amount of trans
foraminal spread has taken place in the lumbar and upper
thoracic segments, none has occurred in the muid thoracic
region and yet 1n one case analgesia was complete at all levels
up to the second thoracic segment and in the other up to the
fourth thoracic segment showng that spread into the para
vertebral tissues 1s not a pre requisite of successful epidural
analgesia
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CHAPTER I

PHYSIOLOGY

ERVE fibres differ 1in size, function and anaesthetic

I \I susceptibilities  Fibres of small diameter have a rela-
tively large absorptive surface area 1n relation to their
volume, and lLttle or no myehn sheath, and so are more
susceptible to the effects of local analgesics than larger fibres,
since the volume of a nerve increases as the square of 1ts
radis, while its absorptive surface-area has a linear relation
to the radws Fibres are classified broadly as A, B and C
fibres, according to their size and functions, the largest and
most heavily myelinated of these being the motor fibres with
a dameter of about 20 mucrons??® Strong analgesic

TaBLE t

RELATIONSHIP OF NERVE FIBRE SIZE TO FUNCTION
D ANAESTHETIC REQUIREMENTS

- FuNeTION v A;’PNYOX. concn
an e | of Nupercaine
Fire | DUETER o 1n epidural

Motor Touch Temp Somatic Visceral Effer | space toeffect
blockade

a 20 + > 1/600
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c 2 171500
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Blockade required
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surgrcal analgesia

Blockade required

therapeutic purposes
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solutions interrupt all varieties of fibre, while progressively
weaker solutions spare increasing numbers of the larger nerves
m order of stze, producing varymng degrees of differential
block, as outhined m Table I

For surgical analgesia the nerve block should include as
many pain fibres as possible from the operative field The
presence of a motor block 1s unnecessary since a full afferent
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FIGURE &

Differential neural biockade in the upper abdomen
Correctly chosen concentrations of analgesic solutons \block
the afferent pathways but spare the motor nerves Reflex
flaccrdity results but the intercostal muscles can stll respond

1o impulses from higher centres

blockade interrupts the reflex arc and produces reflex relaxa
tion despite the persistence of an intact and potentially active
final common motor pathway In fact, a motor block may be
undesuable, for instance, 1n upper abdominal surgery inter-
ruption of motor as well as sensory nerves produces a certamn
amount of respiratory embarrassment and pulmonary stasts, by
elumnating lower intercostal activity, whereas a differential
sensory block gives full abdominal relaxation mn the presence of
2 normal tidal exchange, since the respiratory muscles can still
function normally mn response to stmuli armving from the
resprratory centre {see Fig 9) For therapeutic blocks, intended
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to control conditions arising from disordered autonomc func
tion, the autonomc afferent B fibres and the smaller C fibres
are concerned, and here the patient will be grateful for the
mimmum amount of numbness caused by the injection as well
as being able to retain the power of his Irmbs, for this purpose
weak solutions are chosen, 1 order to spare all but the B and
C fibres

In the absence of motor paralysis, the modifications of
physiology which accompany a differentsal epidural block are
all those associated with wmterruption of autonomic pathways,
and the extent of these modifications will depend upon the
number of segments anaesthetised The changes which concern

the anaesthetist most closely are those of the cardiovascular
system

BLOOD PRESSURE

Vascular tone 1s maintamned directly by the vasomotor
nerves emerging 1n the sympathetic outflow between the first
thoracic and second lumbar segments, and mdirectly through
the secretion of adrenal medullary hormones 1n response to
stimuli mediated through the splanchme nerves It may be
expected, therefore, that the interruption of sympathetic nerves
produced by an epidural block will cause a fall of blood
pressure 1 proportion to the segmental involvement of the
block 1In the past there has been considerable confusion of
thought over this point, and 1t has been claimed by some
authonties that epidural analgesia, unhke subarachnowd anal
gesia, spared the vasomotor nerves 1n some way, so that blood
pressures were very little altered, even in the presence of a
high sensory block3 ¢ s ¢7?8 Others, notably Clay Shaw,?
Abajan ® and the German writers Deneche,! Duttman,)” and
Goepel,* observed falls of blood pressure comparable to those
found in subarachnoid analgesia, and my own observations
have been i accordance with their findings ¥

Figure 10 shows the relationship between the upper limit
of shin analgesia and the fall of mean artental pressure 1n 120
consecutive cases of lumbar epidural block It will be noticed
that there 1s a lmear relationship between the height of the
blockh and the new level of blood pressure, the degree of
hypotension depending entirely on the number of segments
mvolved and not on the imtial height of the blood pressure
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The onset of hypotension 1s apparent 1n the falling diastolic
pressure before any change in the systolic

These falls of blood pressure may be masked in the
conscious pauent Page and Taylor have shown expenmentally

O T T T T T T

t . j

MEAN ARTERIAL PRESSURE
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Upper LEVEL OF ANALGESIA

Fiaure 10
Relation between blood pressure and the scgmental
volvement of the cpidural block 1n 120 patients
(Laght general anaesthesia used 1n every case }
The Mean Arterial Blood Pressure 1s expressed as
the anthmetic_mean of the systolc and dastolic
pressures O=Pre operative resting level @ =Lowest
level after mduction of ep dural analgesia

that the 1solated brain can act as a pressor organ® b and
clinically, consciousness alone may have a marhed pressor
effect Ina few cases the blood pressure 1s sustatned at normal
levels after a moderately high epidural block, but as soon as
light general anaesthesia 1s induced the mean artersal pressure
falls to a level determimned by the segmentdl extent of the
block, and nses again immediately the patient awakes {sec
Fig 11} The behef that epidural analgesta does not lower
the blood pressure may have ansen from the observation of an
unusually high proportion of such cases in centres where 1t
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15
an;l’:;;::]t:m to use epidural analgesia alone without generat

Siice debasement of the blood press
accompanmiment of high epidural blugk, :re}s ‘f\e:es;;murﬂ
consider the safety, or otherwise, of such falls and the ;ymm
that should be put to them, 1 order to avord the occurrence
of 1schaemic anoxia 1n any important tissues

When Gnffiths and Gillies first popularised the practice of
controlled vascular hypotension by total spinal block, systolic
pressures of 40-50 mm Hg were considered safe }xovxded
there was adequate ventilation and oxygemation® It was
argued that the level of systemic artersal pressure 15 immaterial
provided adequate capillary circulation exists this 1s ensured
when the pressure at the arteriolar end of the capillary exceeds
the sum of the venous pressure and the colioid osmotc
pressure of the plasma, a total of about 32 mm Hg 1n normal
man Artenal pressures tn excess of 32 mm are expended
solely in avercoming the peripheral ressstance, and when this
15 removed by vasod! a systolic p a httle m
excess of 32 mm will suffice for tissue requirements While
the maw prnciple wmvolved 1n Gillies” proposal 1s still vald,
there has been a tendency to adopt a higher value for the
lowest permmssible level of blood pressure, particularly with
regard to the following organs —

Heart.—Reduction of the perpheral resistance opposed to
carchae action Teduces the amount of work done by the heart,
and so lowers the heart’s own demands for blood and oxygen
But, 1 the presence of atheroma, coronary flow may be
relatively inefficient, so that a disproportionately high perfusion
pressure 1s required wn order to mamtain an adequate myo-
cardial crrculanion, and systolic pressures below 60-70 mm
Hg may not be safe Osher has shown that n the dog’s heart
a2 rapidly increasing dispanty between coronary resistance and
coronary flow occurs at pressures below 80 mm¥, the
additional smpedance of atheromatous coronary arteries will
tncrease this disparity stll further The anoxaemic test has
been recommended s 1 pre-operative measure (o untmash

p d coronary Ti y%® A 10 per cent oxyzen
muxture 15 breathed for five to ten minutes while electrocardio
graphie tracings are taben Depressian of the S-T segment,
exceeding 2 mm 1 Lead 1V, or a total of 3 mm in all leads.
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1s taken to indicate anoxia of the subendocardial muscle and
the presence of coronary insufficiency, although a negative test
does not necessarily exclude coronary disease Besides the
effect of blood pressure on the myocardium, paralysis of the
efferent cardiac sympathetic nerves affects the heart rate
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FIGURE 12

Relation between perfusion pressure and
coronary resistance and blood flow (dog)
Coronary resistance mounts steeply at
pressures below 80 mm Hg
C4f1eriOsl er Amerieen Jowryat of Pluslofogy 1955

Cardio accelerator fibres anse from the upper five thoracic
segments, and so mvolvement of these segments results in
bradycardia, and pulse rates as low as 60 per minute are
commonly found

Brain.—Of all the tissues 1n the body the bran 1s the least
able to withstand anoxia  Electroencephalographic studies m
conscious subjects suggest that the limut of tolerance s
approached at systolic pressures of 50- 55 mm Hg n normal
subjects, while 1 arteriosclerotic patients this 1s higher, at
70-80 mm Under barbiturate anaesthesia, however, the
safety margn 1s probably extended, since cerebral metabolism
fand hence oxygen demand) 1s reduced by 30-40 per cent
under light thiopentone narcosis *
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Liver.—A large proportion of the hepatic blood supply 15
second hand via the portal vewm, with s oxygen supply
depleted by the prior claims of the gut When these claims
are high (and testil movement 15 active under epydural
analgesia), pracucally the entre oxygen supply to the lver
has to be carried n the relatively small amount of blood
arriving from the hepatic artery Tf flow through the hepatic
artery becomes imadequate for the total needs of the liver,
local tissue anoxia will result, with the production of vaso-
depressor material = ® and a tendency for the vascular hypo-
tension to persist, moreover, lasting liver damage may occur
Observations on the liver during laparotomy under epidural
analges1a suggest that the critical perfusion pressure for
normal lwers 1s 1 the region of 60 mm Hg systolic, and
in the presence of liver disease this threshold 1s probably
higher =

Kidney.—The cut end of a ureter has been observed
squrting a vigorous stream of urine while the systolic pressure
was steady at 75 mm Hg With mean arterial pressures below
50-60 mm secretton of urine 1s dimumished and may cease,
but normal renal hel 15 app t flected by
pressures as low as 40-50 mm, and urine secretion recom
mences when the systolic pressure nises above the filtration
level 2

Eye.—Thrombosis of the central artery of the retina has
been reported following the 1duction of profound hypotension
by the methomum drugs 1n the head up position, but with
the horizontal or shightly head-down position used 1 epidural
analgesta thus disaster 15 less likely to occur at comparable
levels of blood pressure Here 1t may be noted that in patients
with hypertensive retinopathy, the reduction of blood pressure
accompanying high blocks produces a marked change i the
appearance of the fundi, arterial spasm and rregularilies are
rehieved, and venous b less pr d For
example —

Man of 59 with arteriosclerosts and blood pressure of 170/100
Pre-operative ophthalmoscopy showed severe venony TSN
arterial * copp g and mod focal
of the artenes After mduction of eprdural anaesthesia the blood
pressuse fell to 70/50 and the fundt presented the {‘ollowmg appear
ance great reduction of venous mipping and “copper winng,
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although both were stll present to a shight extent Complete
absence of focal spasm

Body Temperatare.—Paralysis of the sympathetic system
terferes with the heat regulating mechanisms n three ways
Adrenaline secretion falls, so that basal metabolism (and hence
heat production) 1s lowered, and at the same time sudomotor
paralysts and cutaneous vasodilatation occur 1n the segmental
distribution of the block Absence of sweating tends to raise
the body temperature, while peripheral vasodilatation tends to
lower 1t However, vasodilatation 1s very much less efficient
than sweating as a means of losing heat, and so there 1s a
tendency for heat retention to occur in warm surroundings
This 15 seldom sufficiently marked to cause a noticeable nise of
temperature, but 1n a hot theatre, or n the presence of fever,
an additional mise of 1°-2°F may result When keeping a
watch for temperature changes, carefully taken axillary
readings are adequate for practical purposes A rise to 104°F
calls for active cooling measures to prevent cerebral damage
from hyperthermia, when 1ce packs round the neck and upper
chest and a fan directed on the head are effecuve  While the
necessity for such steps 1s extremely rare, the possibility should
be borne 1n mind 1n hot climates

On the other hand, temporary suspension of the peripheral
heat regulating machamsms can be exploited to facihitate
mduction of hypothermia, 1n cases where a lowered metabolism
may help to decrease tissue demands 1n the face of a depleted
supply, for example 1 oligaemic shock In an ambient tem
perature of 68°F the rectal temperature commonly falls to
96°-97°F after a high epidural block, without any active
cooling measures beyond removing clothing from the patient’s
lower imbs Skin temperature readings are unreliable when
surface cooling 1s being carred out, and rectal temperatures
should be taken, preferably with an electrical thermometer

Case —Man of 45 1 oligaemic shock from repeated massive
haematemeses for emergency gastrectomy Pale, sweating  Pulse
rate 115 per minute’ BP 78/? Rectal temperature, 1002°F
Epidural block induced to T, T, under hght thiopentone and
mtrous-oxide and oxygen narcosts and the legs exposed Rectal
temperature fell to 962°F Awoke immediately after operation
but did not shiver or complain of feehing cold Uneventful recovery
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RESPIRATORY SYSTEM

It has been pointed out that a correctly chosen differential
epidural block does not interfere with the muscles of Tespira
tion However, the respiratory passages must be considered
The bronchial tree 1 supplied by dilator sympathetic nerves
and constrictor parasympathetic nerves so 1t might be expected
that a block invelving the sympathetic alone would leave the
parasympathetic constrictor action unopposed, causing broncho-
constrichion and resp Yy pedance during op
and a tendency to atelectasis afterwards For some reason,
which is not at present clear, bronchoconstriction does not
occur, 1 fact there 1s an opposite tendency for bronchral
relaxation to accompany the onset of epidural blockade, and
in emphysematous pauents with an exwsting element of
bronchoconstriction the change of resprration may be quite
dramatc, as tn the following case —

Man of 73 for laparotomy, fat, barrel chested and shghtly ortho
proeic with a productive morning cough Heart enlarged exprra
tory rhonch all over both lung fields blood pressure 155/85 After
a slow induction of anaesthesta with 450 mg of thiopentone
marmtenance was continued with 6 litres of mtrous oxide and 2
Itres of oxygen per minute. Despite a clear awrway respiration
was laboured, with grunting forced expiration and marked sub
costal effort Cyanosis was present and the feeble excnrsions of
the anaesthetic bag reflected a poor tidal exchange Lumbar ept
dural ipjection was then carried out with 36 m! of procame
nupercaine muxture, between L, and L. Within 15 minutes the
blood pressure had fallen to 68/40, cyanoss had disappeared and
resprration changed to a free gentle movement with excursions
of the bag approxwmately doubled 14 hours later shie analgesia
extended up to the third thoracic segment

1t was thought that the beneficial effects of eptdural block
tn this type of patient might be explaned by the work of
Schweitzer and Daly, who showed that vascular hypotension
1S ac d by b hodil brought about through
baroreceptors n the carotid sinus*® ® ¢ 4 They showed that
falls of perfusion pressure 1n the carotid sinus released vagal
bronchoconstrictor tone, while rasing the blood pressure
increased bronchal tone  Another possiility may lie in the
reduction of pressure 1n abnormal anastomotic channels within
the emphysematous lung 1t has been showa that 1n emphysema
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and bronchiectasis thrombosis of the termimnal bronchial
artersoles leads to the opening up of anastomoses between the
bronchial arteries (arising from aorta) and the pulmonary
artenes, so that systemic pressures become transmitted to the
lesser circulation, and the pulmonary arterial pressure becomes
abnormally high® "¢ There 1s an mverse relationship between
pulmonary arterial pressure and oxygen uptake from the
lung ™ The normal mean pulmonary arterial pressure 1s about
18 mm Hg, and a nse to 55 mm causes a fall of oxygen
uptake of approximately 30 per cent Hence a reduction of
systemic arterial pressure will cause a fall of pressure in the
bronchial artenes, and 1n cases with patent broncho pulmonary
anastomoses a fall of pulmonary artenal pressure will follow,
with an mcrease of oxygen uptake However, the hypotensive
effect of eprdural blockade cannot be the sole cause of the
improved respiration, since a return of laboured breathing does
not follow restoration of the blood pressure For example —

Man of 64, with carcinoma of the prostate * Chronic bron
chitis,” worse 1n the winter, narrow, fixed type of chest, blood
pressure 120/80 After a slow induction with 500 mg of thio-
pentone, followed by mitrous oxide and 25 per cent oxygen tidal
exchange was poor, with expiratory effort and cyanosis was present
Eptdural mjection of 23 m! of 12 per cent xylocaine between
L, and L, was followed by a fall of blood pressure to 85/50 and a
change to free rhythmical respiration with increased tdal
exchange and an absence of cyanosis 8 mg of * methedrine ”
were then given intravenously, and the blood pressure rose io
130/75, but despite this respiration remained satisfactory, and there
was no return of expiratory effort

Bronchial dilatation might be caused through absorption of
the adrenaline 1n the epidural solution  However, examples of
mcereased tidal volume have occurred when there was no
adrenaline added to the solution An explanation may lie n
the breaking of some vicious circle, through the dimimished
number of afferent sumuli arnving from the thoracic segments
wnvolved 1n the block But whatever the cause, the effect 15
both beneficial to the patient and productive of quiet operating
conditions

KIDNEY

The effects of blood pressure changes upon the kidney have

already been mentioned (see page 26)
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The expenimental work of Trueta Barclay, Franklin, Dansel,
and Pritchard presented in their classic work * Studies of the
Renal Circulation,” has shown that the arteries of the outer
cortex are more writable than those of the proumal parts of
the renal artenal tree, and 1n certain condittons of stress reflex
cortical vasoconstriction occurs, shunting the greater part of
the intrarenal circulation through the medulla, thus causing
cortical 1sch # Cortical 1sch causes anurta and if
sufficiently intense and prolonged, may lead fo death from
uraemia and mecrosis of cortical tissue  Thus mechamsm 1s
claimed to underlie the aetiology of the anurias of traumatic
uraemia, septic abortion, concealed accidental haemorrhage,
etc The éxpenimental counterpart of these conditions, the
cortical vasoconstriction of *tourniquet shock,” 15 prevented
by division of the splanchme nerves, and 1t 1s suggested that
sympathetic blockade will have a similar protective effect m
the chnical manifestations of this reflex phenomenon If this
suggestion 1s correct, sympathetic blockade by the epidural
route should be a beneficial prophyl: during the
operative handling of urogemtal structures, as well as a curative
factor if mnstituted early enough 1n the course of a reflex anuna,
before 1schaemic tissue damage has occurred 1n the cortex

UTERUS

The extrinsic motor nerves to the body of the uterus anse
from the fifth to tenth thoracic segments, while the sensory
fibres enter the cord at the eleventh and twelfth thoracic seg
ments During labour a block of T,, will allow vigorous yet
painless uterine contractions to proceed Blocks above T, wll
slow the process of labour, although the intrinsic mechanisms
of the uterus can still carry the process of labour through to
completion, and uterine retraction 1 not imparred

STRESS
The stress of an abdominal operation causes a marked fall
of curculating eosinophils 1 panents with normal .adrenal
cortical function® When the operation 1s performed undier
peneral anaesthesta the eosmophit fall commences within an
hour of the imtial mcision, and is greatest after the fourth

hour
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Three groups of patients were tested for ther eosmophil
response to operation The first was a control group, under
general anaesthesia, and these had a typical fall, greatest in the
fourth hour The second group had lower abdominal operations
conducted under ugh epidural block and hght general anaes
thesta In these patients there was no vagal stimulation, since
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Figure 13
E to modified by afferent
blockade

Group 1 Controls Five patients under general anaesthesia
Normal eosinopenic response to stress commencing after 1 hour
and almost complete after 4 hours
Group 11 Exghl patients Lower Iaparolomy under =p|duml

b]ock and light general bl
Note delay 1 fall of clrculalmgﬂ_cosmopluls un!ll the block

Group Il Seven patients Upper laparotomy under epidaral
b]ock and hght general auaesl esta (paru:.\l afferent blockade)
to those m Group I

mampulations were confined to the lower abdomen, and so
the afferent nerve block was complete The eosinophil counts
showed a delayed fall so long as the central nervous system
was shielded from afferent sumul by the epidural block, but
with the passing of thus shield there was a prompt fall of
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eosinophils, and one and a half hours after the block had dis
appeared most of the eosinophils had followed suit (see Fig
13) The third group had upper abdominal operations carried
out under eprdural and light general anaesthesia and 1n these
patients afferent stimuli could reach the central nervous system
through the vagi This group showed the same type of response
as group 1 * Certam conclusions on the role of afferent stimuly
m the mechamsm of the stress response can be drawn from
these findings, but they do not concern us here As far as
practical anaesthesta 1s concerned these experniments seem to
show that a complete afferent block does soften the blow of
the stress response, and the body 1s spared the bombardment
of operative sumuli untl the strain of surgery 1s passed, the
wound closed, and blood loss at an end This shieldmg from
afferent stumult 15 most marked 1 lower abdominal operations,
and others where vagal stmulation does not take place and
1s reflected by the tranquml yet alert appearance of patients
returning to bed after the most extensive procedures

* Experimental Methods —Oxalated blood samples for eosinogh 1 counts
were taken after induction of anaesthesia (with ev pan or thiopentone) and
before (he start of operatton Further samples were taken 4 hours
and 4} hours after the first mctston In Most cases an extra sampl- Aas
taken at 2} hours Adrenaline was nat added to prolong the effects ¢ the
eprdural solutions since adrenaline itself it amounts of 03 mg causes a
marked fall 1 the eosinophit count All cases were done 1n the afternoon
or evening to avoid errors due to the normal durnal vanation of the
eostnophil count Half of the eosmophil counts were carried out by a
modification of Discombes eosin-aceione method and the other half by
Randolph s phloxine-propyiene glycol method
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CHAPTER 1V

EPIDURAL PRLSSURES

UCH 1ch has been spilt in the protracted discussion
centred around the problem of pressure differences

m the epidural space Janzen stumbled across the
problem aceidentally 1 1926 while undertaking careful mano
metric of brospinal fluid pressurest The
manometer 1n use was filled with 2 mercuric 1odide mixture of
high specific gravity, so as to measure pressure changes with
relatively little alteration of volume within the apparatus
Janzen was surprised to find that during the performance of
Tumbar puncture his manometer registered a negatn e pressure
and then, after overcoming a shght elastic resistance, the
negative pressure gave way to the expected positive pressure
associated with subarachnowd tap, and cerebrospinal flud
flowed out of the needle Janzen was intrigued by this curtous
phenomenon, and after investigating 1t 1 thirty mine patients
and several cadavers he reached the following conclusions —
1 The degree of negative pressure obtainable depended
upon the type of spinal needle used Blunt needles gave greater
negative pressures than sharp ones, and needles with side
openungs gave better readsngs than those with end openings
2 Slow and careful mtroduction of the needle gave the
greatest negative pressures The negatve pressure could be
d or d hed b d g or withdrawing the

needle

3 Greater negative pressures were obtamnable with low
cerebrospinal flud pressures than with tugh ones (e when
the dura was less distended and resistant

From these facts, and his post mortem dissections, Janzen
was satisfied that all his observations could be adequately
explamed by dimpling of the dura by the needle pomt, the
negative pressure bemng an artefact arising 1n the eprdural space
as the advancing needle point dented a cone of resthient dura
within the unyselding walls of the spmal canal (see Fig 14)

This careful work, and the logical conclusions drawn from
1t, passed unnoticed and two years later Heldt and Moloney

34
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Janzen's observations on epidural negative pressures Negative pressure
wncreases as the needle 1s advarced, until the dura 1s pierced and csf
flows out A Sharp needles pierce the dura easily and produce hittle or
B Blunt end openung canulas cause good
comng but do not lmnsmltk?rcssurc changes C, Pressure changes are

best observed using bluat,

g needles (A th 1958)
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rediscovered the phenomenon that Janzen had descrsbed ® The
latter workers thought that two factors were at work m
producing the epidural negative pressure Fuslly a true™
and normally existing negative pressure which was somehow
supposed to defy Nature’s abhorrence of a vacuum and to
exist from early foetalhood They claymed that the © true ”
pressure measured between -1 and - 18 mm Hg Secondly,
a *“spurious’ negative pressure was added to this such as
Janzen had described, caused by the advancing needle pornt,
and the total negative pressure could amount to anything up
to - 30 mm Hg, or even higher It was not made clear how the
“1true ” and * spurious " pressures could be distinguished and
there 15 Iittle doubt that 1t 1s impossible to do so Heldt and
Moloney made one sigmifi observation which strongly
suggests that the negative pressures they observed arose from
small volume sources, such as would be caused by localised
ndentation of the dura within the spinal canal By means of
a two way tap on the epidural needle they were able to wject
hquid 1nto the epidural space and measure eprdural pressures
at the same ume They found that the injection of small
amounts of saline (less than 6 ml) completely abolished the
negative pressure

Six years after Janzen's description of the creation of an
aruficial negative pressure m the epidural space, Guueerrez, of
Buenos Auces, turned the phenomenon to a practical account
by using 1t as a landmark n performing emidural njections
Instead of a2 manometer, Gutierrez placed a drop of flud m
the hub of the necedle, so that the hanging drop would be
sucked 1n when the space was entered He called this the
“signa de gota ™ or “sign of the drop,” and the test became
one of the most popular for identifying the epidural space,
despite the admission of 1ts orginator that it could be cherted
1n only 82 per cent of cases

Albert Bonmot, of Grenoble (1934}, was the next to turn
Ius attention to the queston of epidural pressures, and he
confirmed Janzen’s finding that a decrease of ccrebrosgxs:’xl
flmd p was d with an of © 3
negative pressure 1n the extradural space These results werc
obtained when the position of the body was ad)usted so that
the site of puncture was at a higher level than the rest of the
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body For instance, upper thoracic punctures were done m
the sitting position, with the neck well fiexed, and Tumbar
mjections n the lateral or prone posttion, with the head low

The matter was not allowed to rest here, and further specula.
tion, mnnocent of experimental backing but nevertheless quick
with creative possibilities, followed In 1936 Zorraquin sug
gested that the negative pressure observed was not an artefact,
but occurred naturally, and was induced by two forces trans
mutted to the epidural space 1via the mtervertebral foramina
One, he suggested, was abdominal 1n origin and constant 1n
nature, produced by the drag of viscera suspended from thesr
mesentery, the other vanable and intermttent, produced by the
transmitted intrathoracic negative pressure of snspiration® In
the same year Odom suggested that the negative pressure was
created by flexion of the spine® He claimed that bowing of
the back lengthened the spinal canal and increased its volume,
thus causing a temporary negative pressure sn the epidural
space However, this hypothesis 1s not 1n accordance with
the facts demonstrated by Reid and Sherrington m 1890 when
they showed that flexing of the spines of cadavers produced
a considerable diminution, and not increase, i the volume of
the spinal canal 7

The next sertous expenimental work was done by Eaton of
the Maye Climce, 1n 1939, using a water manometer 1 living
subjects ® Eaton made three observations —

1 The negative pressure increases as the needle advances
across the epidural space, until the moment when the dura
15 punctured

2 If the needle 1s halted after recording a small negative
pressure, and the pressures are then equalised, further advance
will produce a further fall 1n pressure

3 An epidural puncture was done, with a manometer
attached, 1n the 4th lumbar interspace, and then a second
epidural puncture was made 1 the 3rd interspace, and a blunt
stilet was passed down the second needle He found that by
advancing the stilet, negative pressures up to - 14 cm H.O
could be repeatedly obtained, the pressure returning to zero
when the stilet was withdrawn (sece Fig 15)

Eaton concluded that his observations were 1n agreement
with those of Janzen, confirming that the epidural negative
pressure 1s an artefact
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In 1947 one of Zorraqun’s suggestions found an echo in
.some'observanons by Macintosh and Mushun at Oxford. By
Injection experments and dissections they demonstrated the

FIGLRE 15
Eaton’s expeniment.
Demonstrating that epidural negative pressures are caused by commg of
1he dura, and are proportional to the degree of indentation (see 1ext)

free connections that exist between adjacent and contralateral
paravertebral spaces, via the epidural space, and they restated
Zorraquin's conclusion that the intermittent thoracic negative
pressure of inspiration must therefore be transmitted to the
epidural space.? They pointed out, however, that this negative
pressure would be quickly damped down by the fat and areolar
nissue in the extradural space, so that the negative pressure
wave would not be transmitted far from its site of origin Later
Macintosh (1950) added further confirmation to this, when he
showed that after comrest placement of the medle in the
epidural space, his balloon indicator {see Chapter V) could
be partially reinflated by asking the paticnt to cough.!®
Another Oxford worker, Bryce-Smith, carried out some
important manometric observations in the same year.® He
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TasLe II
EFFECTS OF COUGHING DEEP BREATHING, AND JUGULAR
COMPRESSION ON LUMBAR EPIDURAL AND SUBARACHNOQID

39

PRESSURES
Jugular
At Deep
Coughing Com
Rest pression Breathing
mm HO | mm H,0 | mm H,0 | mm H.0
Case One
csf press 65 +105 +260 No change
cpidural press 0 07 + B —4
Case Two
csf press 170 +178 — No change
epidural press 0 + 3 — =2
Case [hree
csf press 25 + 70 +245 No change
epidural press o + 9 + 10 -8
Case Four
csf press 75 + 85 +210 No change
epidural press 0 + 3 + 2 -2
(From Bryce Smuth, 1950 Ancesthesia)
TasLE 11T
PUBLISHED FIGURES FOR EXTRADURAL NEGATIVE
PRESSURES
N
egative Prossure | -po(a Recorded Type of
ype o
Observer Df;"?::cﬂ:ﬂ on Negative Pressure Manometer
(mpmmpH,O) nmm H,0) used
Janzen (1926) —_ 0 —400 Mercuric Jodide
Sp Gr 32
Heldt & Moloney
{1928) — —10 - —408 Mercury
Sp Gr 136
Bonnot (1934) —_ —60 - —~160 Water
Eaton (1939) -— 0- =140 Water
Lawrence (1948)'2 - =20 - ~170 Water
(Depending on
bluntness of
needie)
Bryce Smith
{1950) ~2- -8 Q- —110 Water
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took simultaneous manometer readings from two needles
placed m the subarachnoid and epidural spaces at the same
ntervertebral level mn the lumbar regon and found that
although coughing and pugular compression raised both ¢sf
and extradural pressures. deep inspiration lowered the epidural
pressure without change of ¢sf pressure (see Table 1D

Having dealt with the manometric findings of several
workers, 1t 15 helpful to review them together, and a glance at
Table I reveals two mteresting facts

Firstly, 1t will be noticed that the * Total Recorded Negative
Pressures ™ can be arranged 1n two groups those around 400
mm H.O mahing one group, and those between 110 and
170 mm H.O faling mnto the other The lower group of
readings were obtained with water filled manometers {specific
gravity =1 0, while the manometers used 1n the higher group
contained iquids of relatively high specific gravity The latter
type of manometer undergoes less volume change at a given
pressure than the former, so that it 1s more suitable for record-
ng true changes of pressure from small volume sources This
suggests that the pressure changes being measured do 1n fact
anise from a small volume source, such as would be created by
Tocal dimpling of the resiient dura within the ngid walls of
the spinal canal

Secondly, tf we look at Bryce-Sauth’s figures for pressure
changes associated with deep mspiration, 1t will be seen that
the values obtained are msignificant when compared with the
“Total Recorded Negative Pressures™ And so, even 1if the
“ hanging drop ™ test did depend upon puncturing the epidural
space tn phase with a deep mspiratton (an unlikely event 1n
practice), the amount of negative pressure obtamned by
respiratory movements would be slight and of Ditle account
compared with the negative pressure ansing from comng of
the dura

Some observations of my own support thus view Epidural
punctures were attempted n sixteen patients. using the
hanging-drop techmiue, with needles of varying sharpness (sce
Chapter V) The patients were sitting up for four to five
munutes beforchand, so that the full hydrostatic effect of the
column of cerebrospiaal flud would distend the dura as much
as possible  The spine was kept as straight as was compatible
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with performing a lumbar puncture The needle was intro
duced 1n the 2nd or 3rd lumbar interspace, and advanced only
during the expiratory phase of respiration, so that intrathoracic
pressure would be positive rather than negative at the moment
of entry nto the eprdural space Despite the unfavourable
conditions, & vigorous positive * drop ” signt was obtamed in
ten of the cases Moreover, after eliciting a positive sign, the
needle was halted and the empty hub recharged with a second
drop, and then a further advance made In eight of the cases
the hanging-drop sign was positive a second trme, and 1n one
of these (using a moderately sharp needle) the sign was positive
eight times 1n succession before the needle pont finally per
forated the dura and cerebrospinal fluid flowed out ™ There
can be Iittle doubt that mn these cases the negative pressure
effects were caused solely by dimpling of the dura

That a positive drop sign need not be an mfallible index of
correct extradural location but may anse falsely from muscular
movements, 1s shown by the following case —

A man of 76 was very restless during the msertion of a
spinal needle on which a hanging drop had been placed for
demonstration purposes During advance of the needle the patient
moved contnually and could not be induced to remam stidl
Suddenly the drop was suched n with considerable vigour and this
was demonstrated to the onlookers as a sure sign that the epidural
space had been entered But further advance towards the subarach
noid space was blocked by bony resistance and on remserting the
needle it was evident that the first msertion had been arrested at
a relatively shallow level by the dorsal surface of a vertebral
lamina and the epidural space had not in fact been entered

Figuerredo reports that this false negative pressure sign 1s
relatively frequent ¥

To summarise, 1t may be concluded that although respira
tory movements can cause a negative pressure in the Lumbar
epidural space, they do so only when the mnspiratory effort 15
great, and even then their effect 1s small In practice, during
quiet tespiration nearly all negative pressure effects i the
lumbar region are due to coning of the dura by the advancing
needle point

In the thoracic region on the other hand respiratory
negative pressures are probably transnmtted effectively to the
local epidural space, and this may explain why a positive
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dropsign 15 obtaned more frequently by high thoracic punc
ture than 1n the lumbar region! (see Chapter V?
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CHAPTER V

IDENTIFICATION OF THE EPIDURAL SPACE

GENERAL REMARKS

O the beginner the 1dea of passing a needle through one
I and a-quarter to twoand a half inches of tissue and
halting the point accurately m a narrow space a few
wide, 15 discc ging  And so it s as well to begin
by saying that, given care, the procedure 1s much less difficult
than 1t seems But a steady hand and a certain amount of care
and attention to detail 55 essential for success if the anaes
thetist 15 neither able nor willing to supply these 1t 1s better
not to attempt the techmque It 1s easy for an otherwise
admirable techmque to become discredited by careless practice
The epidural space 1s a region of loosely bound tissue, pre
senting litfle resistance to the propagation of hydrostatic
pressure changes enclosed n tissues which are highly resistant
to the tra n of these ct Methods of identifying
the epidural space depend, 1n one way or another, upon the
recogmtion of the passage of the needle tip from tissues of
ugh resistance to those of low resistance
The lumbar approach to the epidural space was tried by
Cathelin! and by Tuffier” at the beginming of the century, and
was abandoned as unreliable In 1921 Fidel Pagés® re
examned the problem and proposed certain methods for the
accurate recogmtion of the space His chief sign was purely
tactile 1n nature, depending on the sense of “ give ” that 1s felt
by the operator when the point of the needle escapes from
the tough ligamentum flavum into the epidural space He
recommended making the puncture laterally, 1 to 11 cm from
the mudiine, widy the devel of the needfe directed mediaily
In this way the bevel of the needle, the ligaments to be pierced,
and the surface of the dura mater are all parallel, and Pages
clamed that recogmition of the higamentum flavum was facilt
tated, and puncture of the dura avoirded, by the tncreased
resistance presented by the flat of the bevel However, 1t will
be noted that the epidural space 1s much narrower 1n 1ts Jateral
43
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parts than medially moreover the vertebral veins TURMNg m
the antero lateral parts of the epidoral space are more able
to damage 1 the lateral than 1n the merhal xppronch Once
“THe meedle Was in place and 1o Cerébrospinal Moid ran out

FIGURE 16
Pagés approach

The needle 1s ntroduced [ 1} cm

from the midlne with the bevel

fac ng the medan plane parailel

10 the ligamentum flavum and the

surface of the dura Note that the

ep dural space 15 narrow at ths

¢ pont and the ep dural vems are

1 able 10 npary
the position was confirmed by attaching a syringe of fluid and
attempting 1njection A lack of resistance indicated that the
point of the needle was correctly placed and clear of the
dense hgamentum flavem

Pagés’ confirmatory sign of lack of resistance to injection
was later developed by others In 1921 Swcard and Forestrer!
apphed eptdural smjections of radiopaque substances to the
diagnosts of spinal canal abnormalties They 1dentified the
epidural space by attaching a syringe of fluid to the needle
and attempting wnjection continuously while advancing the
needle through the higaments {1¢  before the ligamentum
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flavum was pierced) Dr Jacques Forestier 1n his thesis of
1922, describes the sign thus —* On peut dedwre que la pomnte
de P'arguille est bien placee st 'injection de la solution de
cocamne 2 la seringue qui etait penible devewnt auss: aisee que
st Paiguille etait dans la cavite sous arachnoidienne "»*
Another method of identifying the emdural space, and
which 1s menttoned only to be condemned, 15 that of punctur
g the dura and then withdrawing the needle into the space
until no more cerebrospinal fimd flows Cathelin first
attempted this technique 1n 1901, and abandoned 1t as un
relable Later the method found its way nto works by Pages
Giordanengo 7 and Doglhiotts, all of whom condone 1t on the
ground that the pressure gradient is from the cerebrospinal
flud outwards 1nto the epidural space so that substances in
the latter are unlihely to find their way agamst the stream
through a SIWWt
quickly seals itself off Bonmiot® and Gitierrez! are very
outspoken in their condemnation of this method and there 15
Little doubt that they are right There 1s nothing to suggest that
dural puncture wounds do seal quickly, in fact all the evidence
points to a slow repawr over a period of days ¥ and the local
1ise of pressure 1 the epidural space may temporanly exceed
“that of the_cerebrospinal fluid, and so force a dangerous
amount of analgesic fluid 1nto the subarachnoid space, produc
ng a total spinal block
I recall a case where this occurred during an attempted
caudal block The theca extended to an abnormally low
posttion, and cerebrospinal flmd was tapped after the caudal
needle had been introduced only two centimetres The needle
was withdrawn until cerebrospinal fluid ceased to flow (the
pont was then only just within the sacrococeygeal membrane),
and 25 ml of 1 500 amethocaine solution was mnjected slowly
without a prelminary test dose All the signs of a total spinal
block followed but after treatment with a pressor drug and

*(Translation 1t can be deduced that the needle point is well placed
if injection of cocaine solution in the syringe which was difficult becomes
as easy as if the needle were in the subarachnoid space ) The solution
under ‘pressure was functioning both as an indicator 1o the operator and
as an atraumatic instrument to push the dura away from the advarcig
needle point aptly deseibed by Dr Sicard as  un mandnn hquide  (ze
“fluid trocar ) The test was later populansed by Dogl ottt 10 1933 * and
15 known as the loss of res stance test™ It will ba considered 1n greater
detar! later 1n the chapter



46 SPINAL EPIDURAL ANALGFSIA

nflatton with oxygen for half an hour the patient made an
uneventful recovery

It may happen that the dura 15 punctured sccerdentally
dunng the induction of an epidural bloch In that case if
epidural analgesta 1s particularly preferred to a subarachnoid
block, 1t may be justifiable to persist in attempting epidural
block, provided the second puncture ts performed one or two
swmﬁ—orgﬂm'@_s@_ and mjection 15 made
very slowly at the rate of [0 ml_per minute In this way an
excess of pressure will be avorded 1n the immediate vicimty of
the dural wound, and will be less Iikely to cause the passage
of anmalgesic solutton into the cerebrospinal flid  However,
1t 13 probably wisee to abandon the proceduce altogether, of
convert the iny to a subar: d spinal hetic

The exstence of a real or apparent negative pressure 1 the
epidural space has already been discussed (see Chapter IV)
Gutierrez" and Soresi” were the first to apply intetnal pressure
differences to the identification of the space, and they devised
the “ hanging-drop sign ™ This stmple test involves placing a
drop of liqmd 1 the open hub of the spinal needle dunng its
mtroduction  As soon as the needle prerces the higamentum
flavum and enters the epidural space the drop of hquid 15
sucked 11 When seen for the first tume this sign 15 very
startlmg and convincing, but it 15 said to be present in less
than 85 per cent of cases when the lumbar approach 1s used.
and therefore lacks relmbiity However, this sign appears
to be positive more frequently i the upper thoracic regton
when the favourable type of biunt wide bore needie 15 used
This 15 a fortunate tendency as the thinness of the interspinous
and yellow ligaments 1n the upper thoracic region makes the
“Joss-of resistance ” test extremely difficult A number of
developments of the simple * drop ™ test have been made, and
they will be considered under details of “ Techmque’

TECIHNIQUE
PRELIMINARY PREPARATIONS

Scrupulous asepsts 1s essential because dural puncture 15 2
i

ble hazard of the
The anaesthetist should *scrubup,” and don stenle gown
and gloves, as for a surgical operation An autoclaved eprdural

p
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drum (see Chapter VI) s then opened by an assistant, and the
anaesthetist lays out his own trolley with a covening of sterile
macintosh and towel from the drum, thus avoiding the use of
Cheattle’s forceps, and the assistant pours some 1 per cent
1odine mn spurit mnto the gallipot

The patient 15 then placed in the lateral position and the
thighs flexed on the trunk, and the full length of the back
exposed After swabbing a generous area of skin with sodine,
the anaesthetist marks the site of puncture with his thumb
nail, and scrubs the site over with a second 10dine swab

GUTIERREZ’S HANGING DROP TEST

The skin at the site of injection 1s prerced with a Size ntro-
ducer, or a straight cutting needle The epidural needle, with
stilet 1n place, 15 then mntroduced strictly 1 the midline, and
in the sagittal plane, as for a subarachnoid puncture, to a depth
of about 1} cm The stilet 1s then withdrawn, and a drop of
analgesic solutron placed 1n the hub of the needle The needle
1s now advanced very carefully and gradually through the liga
ments, held by the forefinger and thumb of both hands, while
the little fingers and hypothenar eminences are steadied against
the patient’s back In this way the operator can resist any
tendency of the needle to jerk forward after prercing the tough
ligamentum flavum (see Fig 17

Since 1nspiratory movements do transmmt an inerement of
negative pressure to the epidural space, albet a small
one, 1t 15 as well to take advantage of the fact, and advance
the needle only during the inspiratory phase of respiration,
watching the hanging-drop Aeenly all the tme There 15 no
need to distract one'’s gaze from the drop 1n order to watch
the respiration, for the respiratory movements are clearly felt
by the operator’s hands braced against the patient’s back As
soon as the blunt needle poimnt escapes from the resistant liga
mentum flavum 1nto the epidural space, a sudden sense of
“give " 15 felt, and the hanging-drop disappears 1nto the shaft
of the needle It 1s of the greatest importance to check the
advance of the needle istantly, as soon as these positive signs
of epidural puncture are fi lest the of
sudden release from resistant tissues should dnve the needle
onwards through the dura, 1nto the subarachnoid space
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Gutierrez s test has the cardinal wirtue of stmpheity the
necessary equipment being reduced to the bastc essentials of
a sptnal needle and syringe Various refinements of this fest
mvolving accessory apparatus have been recommended

FicLre 17
The hang ng drop s gn of Gutierrez.

Janzen and Bonniot used liquid manometers while Ontenadn
favoured an aneroid because of 1ts more constant volume
Zorraquin™ used a spherical glass mdicator containmg a drop
of liquid and bubble of air attached to the hub of the needle
The most practical of these accessories 15°Gdom s indicator 1
This 1s a small length of glass capillary tubing ground to fit
the hub of the spinal needle {see Fig 18) A drop of liquid
placed in the lumen of the tubing gives a very sensitive indica
tion of p h ed by the needle pomnt
However, a badly fiting indicator 1s worse than useless since
1t may admt air around the taper jont and so fail to regster
any change of pressure when the epidural space 1s entered

\/ 1.0$S-OF RESISTANCE TEST OF SICARD AND
FORESTIER AND DOGLIOTTI
Since this test depends upon the recognition of a sudden
release of resistance accompanying passage from the tough
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ligamentum flavum 1nto the epidural space, the change 1s more
readily experienced with a large bore needle of low ternal
resistance, than with a fine bore needle of
high mternal resistance A short bevelled
18or I9 BWG (125 or 110 mm dia
meter) spinal needle 1s used If care and
local analgessa are used, needles of this
calibre cause no discomfort to the conscious
patient, while finer needles with a higher
mternal resistance of thewr own increase
' the technical difficulies by giving a less

exact end pomnt to the test
. The needle 1s tntroduced to a depth of
| 1 14 em, as described mn the * hanging
1 drop™ test, and the stilet removed A 10
|

ml or 20 ml syringe 1s filled with water
normal saline, or amalgesic solution and
attached firmly to the hub of ths needle
1 Personally, T use the contents of a 20 ml
ampoule of 1 1500 nupercaine then 1f the
panent 1s conscious, a little of this solution
P can be used to anaesthetice the shin and
‘ deep fascia  Pressure 1s now exerted on the
- plunger of the syringe, and syringe and
IGLRE 18
Odoms  mdeator Ne€dle advanced together So long as the
(using a drop of needle pomt 1s 1 the ligaments there
s“llx‘"(‘,f;:fg:::,g"h 15 a relative or absolute resistance to
injection, but as the point emerges from ths
figaments nto the epidural space, the plunger surges forward
as resistance disappears, and mnjection becomes as easy as dis
charging the syringe 1nto an empty space A large syrinee 1s
easter than 2 small one for thus purpose If a 2 ml syrnge
used, and the higaments are diffuse, moderate pressure on the
plunger may discharge the contents of the syringe before the
ligamentum flavum 1s reached, making repeated refills necessary

A firm, braced gnp on the needle, and a slow. controlled
advance are the most essential conditions of this technique
All jerhy movements must be avoided, and the needle halted
instantly the epidural space 1s entered For this, stance and
the position of the operator's hands are important, and different

v



FIGure 19
The loss of res stance test lateral view (r ght hand d gr p)

Figire 20
The loss of reqistance test I)mm above (r ght handed
gnp)
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from those adopted for ordinary lumbar puncture or the
“ hanging-drop ” techmque Although the procedure can be
carrted out adequately from the sitting position, the standing
position 1s preferable, adopting the stance of a riveter at work,
with the head and eyes over the work, rather than behind 1t
The needle 1s firmly grasped between thumb and forefinger,
at the junction of hub and shaft, with the hand supinated and
the back of the wrist and hand braced against the patient’s
back (see Figs 19 and 20) Ths hand must be rock steady
to supply both a gradual, controlled, forward movement to
the needle, and an instantaneous braking force as soon as the
epidural space 15 entered The other hand holds the syrninge
and the thumb exerts contimuons firm pressure on the plunger
sensing the different resistances encountered during the needle’s
advance This hand 1s almost entirely concerned with support
g the syringe and nterpreting the sigmificance of changes i
resistance to injection, the slight forward motion that 1t imparts
to the needle 15 counterbalanced by the other hand braced
agmnst the pattent’s back Once the space 1s entered, the
syringe 15 disconnected from the needle by a gentle rotary
movement, and confirmatory tests carried out

The depth at which the epidural space 1s encountered varies
considerably Gutierrez kept extensive records of the distance
between the skin and the epidural space in 3,200 cases, and
Figure 21 1s a histogram drawn from his results My own, much
more Iimted figures, accord with this distribution the distance
between shin and epidural space bemng greater 1n the lower
lumbar than in the upper lumbar regton

The tesstance encountered during the needle's advance
differs somewhat from patient to patient, but the vanations
fall into roughly three groups —

1 The where to appears

)

complete through all the ligaments
2 Resistance n the imterspmous hgament 1s moderate, but
quite ably present, b greater when the liga
mentum flavum 1s reached
3 In some lithe and muscular subjects, after a fairly marked
mtral resistance, 1njection becomes easter at an unexpectedly
shallow depth, pr bly due to a th of the l
tissues 1n the neighbourhood of hypertrophic muscles This
dimmution of resistance s only relative, and quite different
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i character from the vacuous semsation imparted by a true
epidural puncture If injection of the full analgesic dose 1s
made at this stage, flind under pressure im the tissues tends to
drip back when the syringe 1s disconnected 7nd the patient
will probably suffer from bachache the next day If the needle

FREQUENCY

2 3 4 5 8
DEPTH IN CENTIMETRES

Frouse 21
Frequency distnbution of the dstance between the skin and
epwdural space 10 the lumbar region (Based on Gutierrez s figuses
obtamed from 3200 cases}

1s advanced a httle deeper, reststance increases as the lign

flavum 1 J, and then disappears suddenly
when the epidural space 1s entered  This difficuity of pseudo-
Toss-of resistance 1s not frequently met, but 1t can be confusing
when 1t does arise, pacticutarly if fine bore needles are used
With wide-bore needles differences of resistance are more
readddy appreciated, and identification of the epidural space
can be made with much greater confidence

MECHANICAL AIDS
In 1922 Sicard used a blunt cannula within the epidural
needle. m order to dimnsh the risk of injuring the dura Once
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the epidural space was identified by the loss-of-resistance test,
the sharp necedle was withdrawn and the cannula advanced a
further 1 -2 mm to ensure that its opening lay well within the
space. Forestier, who worked with the late Dr. Sicard, also

)

A B
FIGLRE 224
The Macintosh needle

A blunt spring loaded indicator-stilet 1s smpelled forward when
the pomt of the needle passes from resistant hgaments nto the
epdural space A Dura mater B Lig flavam

L — FEmE

FIGLRE 228
Drawing of internal construction of Macintosh needle
(Britiah Medieal Journatt

used the same principle, but preferred to have the needle inside
the cannula, so that he was left with a larger cannula in the
epdiurdy s diver e treeliie wis wilrtirwn s

Tn 1932 this principle was adapted by Ontenada His cannula
was about half a centimetre longer than the needle, and needle
and cannula were advanced together, with pressure applied to
the cannula. As soon as the needle point pierces the hgamentum
flavum, the cannula, freed of resistance, jumps forward into the
epidural space. Being blunt the cannula pushes the dura away
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without prercing 1t ¥ Although this 15 an mgenious

must be regarded as a retrogression rathergthan anm:fg\lzz‘rjmlé
on Sicard’s ongmal techmque for the bland * mandrin
liqude ™ or “lIiquid stilet ™ formed by the stream of fluid 1n
the loss-of resistance test has been replaced by a traumatc
shaft of steel, which although blunt may yet injure the dura

o R — e e

{

| 1l

- FIcuRe 23
The 11ké syring=
(Schaveiz med Wa ir)

Macintosh’s extradural space indicator (see Fiz 22} 15 a
further refinement of Ontenada’s method With this tstru
ment the outer needle 1s held by the winged fingergrips and
the blunt ndicatorstilet 1mpelled forward by the action of 2
small spring when the epidural space 1s entered ¥ In patients
with well-defined ligaments this gives a very pretty indication
of correct epidural puncture, but i others, where the ligaments
vary in density, shght inward movements of the stlet may cause
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confusion, and tempt the anaesthetist to halt the needle at too
shallow a depth

Goepel® uses a graduated blunt stilet to palpate the dura in
difficult cases, whenever a reflux of injected solution raises
doubts that the dura may have been pierced This graduated
sound has a blunt rounded end and bewng delicately held
between finger and thumb, 1s probably a safe and effective
means of confirming that the dura 15 intact

Brunner and 11ké? have devised a spring loaded syringe for
use 1 the oss-of resistance test, pressure bemng apphed to the
piston of the syringe by a spring, instead of by the operator’s
hand (see Fig 23) The synnge discharges automatically when
the needle enters the epidural spice In their paper describing
this tnstrument they report two failures i 105 cases (certainly
no mmprovement on the 1-14 per cent failure rate to be
expected after a little experience with the Sicard Doghotti
method) For those who care for simplicity, a light and effective
substitute for the 1Iké syringe 1s made by stretching an elastic
band over the end of the piston handle of an ordmnary syringe

Macintosh’s balloon indicator® employs a small arr filled
balloon to signal entry into the epidural space The balloon
15 mounted on a Luer or Record adaptor, and has a thick
walled neck and a thin body The eptdural needle 1s placed
1n the spinal ligaments, and the balloon attached and inflated
by 1myjecting 2 ml of arr through the thick part of the wall
with a fine needle On entering the epidural space the balloon
deflates (see Fig 24)

Withathe exception of Goepel's sound, each of these devices
has 1ts own particular disadvantage, and they all have the
cardinal fault of substituting complexity for simphcity of tech
mque, and a predetermined mechanical force for the delicacy
of the human touch With the Sicard Doghiottt method, on
the contrary, a clear interpretation of the needle’s position can
be made as slight changes of resistance 1n different parts of the
ligaments are transmitted to the thumb pressing on the plunger
of the syringe The operator feels the plunger surge forward,
and sees 1t move, and thus the sensation 1s tactide as well as
visual, and carries greater conviction than purely visual signals
received from insentient apparatus
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CONFIRMATORY TESTS OF EPIDURAL PUNCTURE

Having placed the needle correctly n the epidural space
1ts posttion must be confirmed by carrying out one or more of
the following tests —

1 Aspiration with a 2 ml synnge (suchion 1s greater with a
smell syninge than with a large one and therefore more likely

QURA

. LIGAMENTUM FLAVUM

)
T k]
“/}3!

£

s

FIGLRE 24
Macintosh s balioon ndicator
(4 sesthessad

to asprate ¢sf or blood if the dura or a vem have bsen
punctured)

2 Inject 1-2 ml of wir through the syrnge, and agan
asprate The awe should go in casily, but nothing should return
on aspiration



IDENTIFICATION OF EPIDURAL SPACE 57

3 The Test Dose.—It 15 recommended that a small amount
of analgesic solution should be imjected, and the patent
observed for the following five to ten minutes If subarachnoid
puncture has nadvertently occurred, mjection of 5-10
ml of 1 600 nupercaine will cause spinal analgesia, and the
patient will soon be unable to move his feet On the other
hand if no motor or sensory paralysts 1s present after five to ten
munutes, 1t 1s safe to proceed with the mjection of the full
quantity of epidural soluttion This test requures that the
patient should be conscious while epidural puncture 1s per-
formed But in many ways 1t 1s preferable to induce general
anaesthesta before puncture rather than after it The perform
ance of epidural puncture 1s quicker under general anaesthesia,
since no infiltration with local analgesie ts necessary, and the
operator 1s untroubled by movements of the patient, or fear
of inflicting pamn or distress (although when carefully done,
the procedure 15 pamnless 1n the conscious patient) The test
dose can stll be carried out on the unconscious patient by
testing for falls of blood pressure nstead of using motor or
sensory patalysis as an indication of high spinal block Any
marhed fall of blood pressure occurring within five minutes
of mnjection indicates a subarachnoid block This test, how
ever, requires the assistance of a second person who can be
relied upon to take accurate blood pressure readings, and such
help may not be available Alternatively, the presence of an
active knee jerk can be used as a sign that subarachnoid block
has not taken place

In other writings on epidural techmque the test dose has
become entrenched as a rehiable safety measure, but it would
be a puty 1f 1t were to be accepted as such and so induce a
false sense of secunity 1n the anaesthetist, encouraging him to
relax lis caution and gentleness once the test-dose had been
carned out Careless handling of the needle wiile attaching
or detaching of the syringe during the final eprdural injection
may thrust the needle point onwards through the dura, and
so cause a subarachnoid block after all tests for correct
posiioning of the needle have proved satisfactory

While extremely hesitant 1n recommending others to aban
don the use of the test<dose, I must confess that I gave up
using 1t after a very short acquaintance with the techmgque,
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and since then tn over 1000 admimstrations I have not had
cause to regret domg so  There have been no aceidental mtra
thecal 1njections, the patients could be anaesthetised before the
block was performed, and the saving of time has been very
considerable  But omisston of the test-dose is safe only if
obtuse bevelled and wide bore needles and unremitting care
are used  With fine, long bevelled needles, the up may pene-
trate the dura, and although the pomnt 1s not advanced far
enough to allow aspiration of csf, some epidural solution
may be forced through the small puncture wound into the
subarachnoud space during injection

If the worst should happen, and a large part of the emdural
dose should aceidentally find 1ts way into the subarachnowd
space, all 1s not lost, and the outlook although potentally
fatal, should give no great cause for alarm, if the case 1s
handled properly In the event of massive subarachnoid mjec
tion a total sprnal block results, wath profound vascular hypo
tension, and paralytic apnoea Cardia¢ arrest from medullary
mbition does not oceur, but wili follow from stagnant and
anoxaemic anoxia unless the vascular and respiratory paralyses
are treated Therefore, artificial respiration, and restoration of
blood pressure with pressor drngs 15 all that 1s required, until
the effects of the massive dose of spmnal analgesic become
reversed by the normal venous excretion of substance. from
the spinal theca,” a process that 1s aided by the mamntenance
of a normal blood pressure

“ Drip-Back ” Tests.—Occasionally, after wjection of 10-15
ml of epidural solution, a few drops of flwd dnp back from
the needle, despite a negative aspiration test The flud may
come from one of threg sources —

1 The subarachnoid space has been entered, and the flud

iscsf
2 The needle has deviated from the mudline into the
extensor muscles of the spine, and a relative loss of resistance
has been mustaken for the more marked loss of resistance of
the epidural space The solution hns pooled under pressure
between hsste planes and 15 dripping back from there
epidural space has been entered correctly, but injec-
uoi };I:;ebegn too l":lppld i relation to the distensibihity of the
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epidural space This has caused a temporary build up of local
epidural pressure, and back flow of solution

In order to decide the origin of the dripping fluid two tests
are described —

1 Allow the drops to fall on the back of the bared wnist
Cerebrospinal flurd 1s warm, snjected analgesic solutton at room
temperature will be cold

2 Chenucal Tests The drops can be collected 1n a test tube
containing a reagent which will give a spectfic colour change
when the analgesic solution used 1s added to 1t A colour
change 1n the reagent then indicates that the hquid dripping
back 1s undiluted eprdural solution, and not cerebrospinal flud

For example, procame can be detected by means of the
diazo reaction because 1t contains an aromatic ammne group A
solution of mitrous acid (produced by mixing sodmm nitrite
with hydrochlonic acid) and ¢ naphthol changes from yellow
to red on the addition of procamne

In practice, the stmpler test of Gutierrez of allowing the
drops to fall on the bared wrist 1s quite adequate, and does
not require any extra asststance

As already mentioned, Goepel’s dural sound may be used
to confirm that the dura i1s mtact The sound 1s marked at
intervals and after passing 1t to the exact length of the needle
1t 1s carefully advanced a few mullimetres further, with the
hightest touch, until 1t can be gently * bounced ™ against the
restlient dura

If dural puncture has been excluded, and the cause of the
reflux of solution lies between a misplaced intramuscular injec
tion, and too raprd epidural injection, the puncture should be
repeated 1n the same interspimous space n the following way
The depth of the needle 1s noted, and the needle 15 withdrawn
until the point lies 1n the subcutaneous tissues The shaft 15
then carefully re aligned 1 relation to the sagttal plane, and
reinserted A fresh loss of resistance at the same depth as
before confirms correct placement 1n the epidural space

INJECTION OF SOLUTION
There 15 a considerable nise of pressure in the epidural space
duning injection of solutions, and this pressure change 15 trans
mitted to the cerebrospinal flmd within the dural sac ®
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Unless injection 15 made slowly, uncomfortable feclings of
vertigo and fulness 1 the head are caused in the conscious
patient  Even with slow injections at the rate of 0 5 ml /sec,
or less slight dizziness lasting a ninute or so may occur and
the patient should be warned of this so that he will not be
alarmed  The presence of fimd tracking round the spinal roots
also gives rise to paraesthesiae m the legs the patient exper1
encing a sensatton of warmth, or of water runming down the
legs 1f the likelihood of these sensations are explatned to the
pattent beforehand, they will cause him no worry if they do
anse, and moreover they will confirm his confidence mn the
knowledge that the anaesthetist has nsight into his experiences
and1s * with fum all the way *

Even 1n the anaesthetised patient a slow wnjection 1s prefer-
able to a rapid one  With rapid mjections flud 1s dispersed
widely but thmnly throughout the epidural space, so that
althongh the resulting block 15 extensive, 1t Jacks body and
1s of short duration  With slow mnjections there 1s time for the
solution to pool evenly 1n larger amounts 1n any given area,
with the result that the block tends to be more localised, but
longer lasting, since there 1s a greater volume of sofution to
be absorbed from a more limited region of the epidural space
1t follows that, provided mjection 1s made slowly, the pertod
of analgesia will be related to the volume of solution injected
since large volumes will provide a great-r é.pot of drug from
which analgesic absorption can continue

SITE OF PUNCTURE

Many works on epdural analgesia attach considerable
mportance to the choice of njection level, 1 order that the
dose of analgesic should be kept smali, and the area of anal
cesia Itmuted to the field of operation  Thus, puncture between
C, and T, 15 recommended for upper thoracic operations,
between T, and T, for upper abdomtnal work, and T, to L,
for lower abdominal and lower hmb operations  Tn my opinion
this distinction of imjection sites 1S unnecessary, with the
possible exception of high puncture for upper thoracic work

Injection 1n the lower thoracic and lumbar regions s easy
and certain owing to the favourable inclinations of the verte-
bral spines, and thickness of the nterspinous ligaments mn that



IDENTIFICATION OF EPIDURAL SPACE 61

area, while the block can be carried up to any metameric
level by increasing the volume of analgesic solution The
quantities of solution necessary for ngh blocks via the lumbar
route are well within the toxic range and there 1s hittle virtue
1n limiting analgesia to an area beyond which the surgeon’s
hands may stray, for any abdomnal operation 1s hhely to
become an exploration of the whole abdommal contents It
18 true that a localised block will mvolve less sympathetic
ram and so cause less fall of blood pressure than an extensive
one, but a fall of blood pressure may be desirable 1n wtself {see
“ Controlled Hypotenston,” Chapter VII), and 1n any case such
falls are easily controllable by the use of pressor drugs More
over, mud thoracic puncture 1s difficult and uncertain, owing to
the slope and overlap of the vertebral spines, and anything that
adds to the difficulty of the method must be nigorously avorded,
for 1f eprdural analgesia 1s to merit a place 1n routine practice
the failure rate must be extremely low, m order to justify its
advantages and compete with the highly efficient intravenous
relaxant techmgues

For these reasons puncture 15 best performed between T,
and L,, and only rarely do indications exist for using the upper
/lhoracsc approach between C, and T, Severe scohiosis or
« kypho scoliosis cause spinal deforrmties which may deter the
anaesthetist from attempting epidural puncture However,
these cases present no real difficulty if the site 15 chosen
correctly The point at which transition takes place from the
pumary to the secondacy cutvature s usually between the
twelfth thoracic and first lumbar vertebrae, and at this pont,
where angulation and rotation of the vertebral bodies 1s
mimmal, eprdural puncture 1s no more difficult than 1n a normal
spine
Raised cerebrospinal flmd pressure distends the dura and
narrows the eprdural space, therefore the position of the patient
should be such that the site of puncture 1s above, rather than
below, the mam bulk of ¢sf, 1n order to take tension off the
dura, and allow 1t to be displaced more readily However, this
must not be carried to excess, for if accidental dural punc.
ture should occur, and if the cerebrospinal fluid pressure 1s low
enough at that pornt, a “ dry tap ” may result, thus encouraging



62 SPINAL EPIDURAL ANALGFSIA

the operator to place the full dose of his epid

within the subarachnoid space pidusal solution
For the lumbar approach the patient should be Iymg on his

stde with knees drawn up and back flexed 1n order to open

up the wnterspinous spaces and facilntate entry of the spinal

needle  The table 1s tlted so that the line of the vertebral

Y
Y

| BENCNES I
FIGuRE 25
The sitting position for upper thoracic punclure
The neck 15 flexed with the head tucked under the
assistants chn and the shoulders firmly gripped
Puncture 15 being carned out n the first thoracie
mterspace  Odom 's ndicator 1s 1 use s the loss-of
resestance test 15 d ficult in this situation

column shows a slight head-down inclination, thus avording
excesstve cerebrospinal flurd pressure at the site of injection,
more tilt 15 needed for broad shouldered men than for broad
tupped women This procedure allows the dural envelope to
fall away castly from the wallis of the spinal canal when the
needle pomnt enters the epidural space, and at the same time
sufficent Jocal c¢sf pressure remains to make subarachnoid
puncture obvious should st occur acadentally
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For upper thoracic punctures the patient should be sitting
up and securely supported by an assistant, with the nech
flexed, 1n order to bring the 1njection site to the hghest pont
(see Fig 25)

The orientation of the needle bevel 1s of no consequence 1n
the lumbar region, since the needle 15 ntroduced almost at
night angles to the long axis of the spine But 1n the upper

FIcure 26
Relation of bevel to dura when needle 1s 1nserted at
an apgle
A Incorrect The bevel faces upwards and the pont 1s
liable to pierce the dura B Correct The bevel faces
nwards parallel to the surface of the dura C Tuohy
needle correctly onentated so that the curved shoulder
les towards the dura

thoracic region, where the slope of the vertebral spines makes
1t necessary to introduce the needle at an angle, 1t 1s 1mpor
tant to direct the bevel towards the dura, so that the pomnt 1s
discouraged from piercing 1t With the Tuohy needle (see
Chapter VIII), on the contrary, the rounded shoulder 1s
placed next to the dura, so that 1t can function like a ski during
its advance, and slide harmlessly over the surface of the
memnges (see Fig 26)

Conclusion.—Puncture 15 safest in the lumbar region
Successful puncture 1n this situation 1s most likely if the patent
15 10 a horizontal, or shghtly head-down position, and 1f the
Toss-of resistance test 1s used

High thoracic puncture calls for exireme care, smce the
spinal cord 1s so vulnerable Puncture between C, and T 1s
best carried out with the patient in the sitting position, one
of the negative pressure signs should be used, as the loss-of
resistance test 1s difficult 1n this region

Mid thoracic puncture 15 difficult and should be avoided
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CHAPTER VI
DRUGS AND EQUIPMENT

1. DRUGS

HE ideal analgesic agent for the single-dose method
Tof epidural injection should be quick acting, sure 1n
effect, and sufficiently long lasting to outhve the most
protracted surgery With the mmdwelling catheter technique the
last of these ts unnecessary, since repeated wjections through
the catheter can prolong analgesia mndefinitely It should be
possible to autoclave the solution used or the solute and
solvent separately, without loss of potency and the pH and
tomeity of the iyected solution should be suffictently near that
of the body flids to avord nerve damage in the event of
accidental subarachnoid mjection
PROCAINE, Novocame, Planocaine (p amtnobenzoyl
diethylamnoethanol) The crystals, but not solution, may be
autoclaved
Of all the analgesic drugs 1n common use this 1s the least
powerful and has the shortest duration of action The
duration of action, even when prolonged by the use of a vaso
constrictor, does not exceed one to one and a half hours It
must be injected as a 2 per cent or stronger solution when
used by 1tself, and 1t has the disadvantage that its molecule
contains a p aimno benzoic acid group and so antagomises the
action of sulphonamide drugs When used by the single-dose
techmque 1ts only value 1s to hasten the onset and deepen the
intensity of analgesia of a slower-acting but more persistent
drug such as nupercane, by mixing the two together, for this
purpose a solution of about 15 per cent 1s effective (a ! gram
ampoule of procamre crystals with two 30-ml ampoules of
nupercaine makes a2 16 per cent solution of procame mn
nupercaine)  Otherwise the use of procamne 1s confined to the
indwelling catheter techmique, but even then 1t seems more
rational to use more powerful and fonger acting drugs
Procaine 1s a primary aromatic amine, and so gives the diazo
5 65
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reaction  Gutrerrez made use of this fact as a confirmatory
s1gn of correct epidural mjection {see page 59)

AMETHOCAINE, Pontocaine Pantocaine  Decicaine,
Tetracaine (p butyla t y! diethyl ethanol)  The
crystals, but not solutions, may be autoclaved

This 15 a more satisfactory drug than procaine being more
powerful and considerably longer acting The 1 500 solution
1s satisfactory for surgical analgesia, and lasts for about two
to three hours The drug 1s supphed n 100 mg ampoules,
and can be autoclaved, and the crystals are readily soluble in
water or saline, and so the solution can be prepared con
vfemimly on the spot by adding 100 mg of erystals to 50 m!
of saline

XYLOCAINE, L Lad {w-drett 26-
dimethyl mhide) Verystable Sol may be laved !

If xylocaine had a longer action 1t would be the 1deal drug
for epidural use It has the swiftest action of all analgesic
drugs, producing effective analgesia within six to twelve
minutes of epidural 1mjection, and the quality of analgesta 1s
itense  As with other analgesics, duration of action 1s
dependent upon concentration, and Figure 27, based upon
data published by Crawford, shows how these two f{~ctors
are related for xylocaine * It 15 useful for operations that are
Iikely to take less than two and a half hours, and 1t 1s the drug
of choice for operations carrted out in the conscious patient,
for instance, caesarean section Solutions stronger than 125
per cent cause ncreasing degrees of motor paralysis, and so a
concentration of about this amount should be chosen 1n order
to obtain the full benefits of a differential block A 12 per
cent solution appears to be 1deal, and this 15 readily prepared
by muung the contents of 2 30-ml ampoule of 2 per cent
xylocame with a 20-mt ampoule of water or saline

NUPERCAINE, Cinch , Percane (butyl-oxy
numc acid dicthylethylenediamide)  Stable, solutions can be
antprdavad, This. s the. langest acting analgesic available for
epidural use, with a duration of three to four and a half hours
A solution of [ 600 1s widely used, but tlus 15 barely strong
enough to give complete sensory amalgesia 1n all cases Tl:c
block obtamed with this gves quite
reflex relaxation and quiet operating conditions,

h

q
when
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combined with light general anaesthesta, but if the patient s
to remain conscious xylocamne 1s preferable since the latter
gives 2 more 1ntense analgesia  The analgesic effects of 1 600
nupercaine can be augmented by adding procaine or ametho
caige to the solutron, but the liumts of safety may easily be
exceeded by gwving two toxic drugs simultaneously because
their toxic effects may summate, and 1t 1s wiser to avoid such
mixtures altogether

200 r T T T
un
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Relation between duration of analges:a and concentration
of xylocatne with and without the addition of 1 100000
adrenaline
(From dtla by O B Cratoforl Anestiensology 193

When an epidural catheter 15 m place (see Chapter VIID),
it 15 possible to compare the degree of spread and duration of
action of different drugs 1n the same patient Comparisons by
this method show that xylocaine spreads less predictably, and
tends to produce a more widespread block than nupercaine

To summarise (see Table TV) For swiftness of effect. and
miensity of analgesia, xylocane 1s the drug of choice, but sts
cffects do not last more than one-and three-guartets to two and
a half hours, and so 1t cannot be used for long operations
unless an eprdural catheter 1s inserted  For long operations
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nupercaine 1s preferable, but the dose required 1s usuall larger
than that for xylocaine When covered by light genera}, anages
thesia the 1 600 solution 15 sufficient by 1tself, but xylocaine
1s preferable in conscious patients

TabLy IV

COMPARISON OF CONCENTRATIONS AND EFFECTS OF
DRUGS IN THE EPIDURAL SPACE

Concentrations
1 Cn"“m;am’m Speed of | Duration of

Drug or o e
Sensos f nset ction
Block Sympalhelic |fimutes)|  (Hours)
Procaine 20-30% | o5 109, 15250 1 1
Amethocame | 02% (1 500) ]0066% (1 1500) | 15 25 2 3
Xylocaine N 02% 0759 6 12| 132
Nupercawne 1 600 1 50001 1500 1 1000 | 20 30 3 4%

‘The Induction and Duration times are those obtained with the stronget range
of concentrations and with the addition of adrenaline 1200000 1 150 000

PROLONGATION OF EFFECT

Increased duration of action will result from any measure
which tends to retain a depot of analgesic drug 1n the epidural
space and, as d1n they ding chapter, the
of large volumes 15 one way of dong this, aithough the
resulting spread of analgesia 315 unnccessarly wide The
measures to be considered now are those which aim at slowing
the rate of removal of the mnjected drugs

1. Local V: Addition of a (ctos
drug to the analgesic solution constricts the epdural
vessels, and reduces the quantity of blood flowing through the
epidural space, and this reduces blood stream absorption  The
pure rictor effect of drenal might mahke 1t
appear the most spnmable drug for this puspose  However,
noradrenaline 1s destroyed extremely rapidly by amine oxidase
and so 1ts effects as a local Ictor are very
Adrenaline 15 destroyed more slowly, and its effects are more
lasting  Ampoules of adrenaline hydrochlonde may be stenl
1sed by faving, with only neghgible Joss of potency, thus
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EFFECTS OF THREE HOURS HEAT ON POTENCY OF
ADRENALINE AMPOULES*

{pH 42 solution 01% pot b h
After 3 hours at 100° potency 15 95%
" w o 115° - 94%

.o 1200 ., . 85%

A strength of 1 200000 to 1 150,000 (03-04 ml of
1 1000 solution 1 60 ml) 1s effective, and prolongs the
duration of anaesthesia approximately 25 to 50 per cent For
laminectomy, where it 1s desirable to have the maximum

iction and b mn the epidural space tself,
the strength may be increased to 1 100,000 to 1 85,000
©6-07ml n60ml of solution}

2. Vascuolar Hyp —It 15 1 ble to suppose that
a reduced blood flow, 3 upon 2 low blood pressure
will delay absorption from the epidural space A strong
chcal impression that this does accur 1s based on a number
of cases where unexpectedly long penods of analgesia (up to
five hours) have been associated with long periods of hypo-
tension 1 the region of 60-75 mm Hg systolic

3. Viscous Solutions.—The low wviscosity of water allows
aqueous soluttons to disperse widely throughout the epidural
space, while soluttons with 2 lngh viscosity might be expected
to travel more slowly, and so provide a more localised and
segmental form of anaesthesia  Denecke was the first to apply
this 1dea tn 1937, using serum, and later 5 per cent gelating, as
the viscous agent  Stnce the block was to be 2 steictly localised
one, confined to six or seven segments i all, 1t did not matter
greatly from the respratory pomnt of view if paralysis was
complete 1 those few segments Accordimgly, the concentra
tion of local anaesthetic 1n the mixture was inereased to very
strong proportions, strengths of 0 3 per cent and 04 per cent
amethocaine being used With this concentration, and doses
of up to 15 ml, Denecke obtaned analgesia lasting five to
seven hours and limted 1n extent to three segments on each
side of the injection site

In 1941 German chemusts synthesised the macromolecular
polymer * Periston ™ {polyvinylpyrrolidone) as a plasma substi-
tute 1n wound shock, and Duttmann made use of this substance
mstead of gelatine, since it was more easily stored and
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sterihised and gelatine was 1n shore supply Duttmann s results
were sumilar to those of Deneche, a dose of 14 20 m] of
a 03 per cent solution of amethocame providing segmental
analgesia for five to six hours® Further modlﬁca;xcng of the
techmque were made by other workers Goepel ncreased the
concentration of amethocaine to 05 per cent 1n a 6 per cent
solution of “ Periston,” and reduced the dosage to 6-12 ml*
Buchholz and Lesse preceded the njection of wiscous
solution {or * plombe,” as the Germans call 1t) with a larger
volume of saline, 1n order to open up the tissue spaces m the
epwdural cavity ahead of the viscous m1ss?

The total experience of these writers and others using
simtfar viscous solutions, Tuns nfo many thousands of
cases,” # ¥ and so their findings demand considerable respect
but nevertheless the principles involved deserve carcful
scrutiny The use of highly concentrated viscous solutions 15
based on the assumption that small quantities, injected sery
slowly, will remain localised at a given spinal level and so pro
duce a very limited area of intense analgesia for a long time
This would be acceptable 1f one could be sure that the dose
would rematn localised, but as the epidural space 1s so vartable
1t 1s 1mposstble fo guarantee that 2 comparatively small dose
will not spread much more widely than expected If very con
centrated solutions are used, and spread does oceur, undesqars ¢
motor paralysis wiil follow in a corresponding area with a
resulting dep of respiratory fi For this reason
1t has seemed to me preferable to adopt @ more cautious
approach and employ concentrations withun the range used for
smple aqueous solutions Moreover, Deneche’s techmque
demands the performance of a nud-dorsal puncture for upper
abdominal operattons 1 order to localise the * plombe ™ to
the segmental nerve roots mvolved This 1s dufficult and since
failures are more likely to oceur, 1t 15 an undesirable techmque
In order to ensure the maximum success rae, miection should
be confined to the Temon where it 15 easy, namely, the lower
thoractc and lumbar region Larger volumes than those used
by Denecke are necessary when njection 1s made at a distance
from the segmental level at which the block 1s desired, 1n fact
the volume required approaches the amount needed for sunple

aqueous solutions
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With these points 1 mund, I have used a solution of 14 per
cent xylocawne and 1 100,000-1 150,000 adrenaline, with
75 per cent polyvinlpyrroldone This conceniration of
viscous solution 15 greater than that used by the German
worhers, 1n order to leave no doubt about its effectiveness
The mjection was made very slowly, as recommended by
Buchholz and Lesse, at the rate of six seconds per millilitre,
and yn many cases an even longer period was taken over the
myection The following conclusions emerged —

SPREAD OT ANALGESIA —This was slowed, but the ultimate
spread did not appear to be Iimited 1n extent

SPEED OF ONSET OF ANALGLSIA —This was also slowed
Using xylocaine, analgesia took ten to twenty five minutes to
become fully developed, instead of the usual six to twelve
mmutes with plain aqueous solutions

DURATION OF ANALGESTA —This was prolonged, but not to
the extent observed by the German workers with their con
centrated solutions The greatest prolongation appeared to be
about 15 to 30 per cent of the average duration observed with
aqueous solutions

Some case notes may help to 1llustrate these pomnts —

Case 1 —Woman of S1, height 5 ft 4 in, 16 ml of viscous
solutron 1mjected between spines of L,-L, Injection was made
very stowly n the honzontal position, at the rate of 7 seconds per
miliitre, with a pause of 2 mmutcs after the first 10 ml 8 minutes
after pleting the ded up to the tenth
thoracic scgment and after 20 minutes analgesia had spread to the
seventh thoracic segment  Analgesia persisted for only 2% hours

Case 2—Man of 27, height 5 ft 8 1n, 39 ml of viscous solution
jected between T,,-L,, at the rate of 6 seconds per mullihitre
At the end of operation, 2} hours later, analgesia was present up
;10 the fourth thoracic segment Total duration of analgesia 3%

ours

Case 3—Woman of 82, height 5 ft 1 1, 15 ml of viscous
solution 1njected between L.-L,. at the rate of 6} seconds per
mulliktre  Analgesia extended up to the second thoracic segment,
and persisted for 3 hours

Thus, 1t is doubtful whether the use of viscous solutions 1s
worthwhile when normal concentrations of analgesics are
employed The individual anaesthetist must decide whether
the slight profongation of effect justifies spending a longer time
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over the mjecton and warting for the delayed onset of
analgesiay

EQUIPMENT
““Take trouble and trouble will not take you It 1s a wise
plan to adopt the pessimistic view that an intended eprdural
mjection 1s a potential subarachnoid puncture and prepare
accordingly, with all the care that would be used for an elective

I e i
T B

Fioure 28
Contents of ep dural drum ready for use
(Me ticine DiTustratet)

intrathecal block In order to heep ascpsis as fully controlled
as possible, all materials for use should be autoclaved together
1 a single drum, at a pressure of 20,1b per square inch for
_/twemy minutes There 15 some doubt whether detergents
should be used to clean syringes and needles before sterilisa
tion if subarachnord blocks are to be done, since cases of
myeliss have been reported which may possibly be due to
traces of detergent remaimng in the syringes 1t
After the drum has been opened by an assistant, the anaes
thetist, scrubbed up, and gowned and gloved as for a surgical
aperation, can lay out his own 1njection trolley without fear
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of contamination from carelessly used Cheattle’s forceps The
drum should be packed so that on opemng 1t the following
articles appear in this order —
Mackintosh sheet and towel, to cover njection trolley
Three or four towels and towel clips or one window towel
to drape the patient (with careful techmque these may be
dispensed with)
Gallipot, for 1 per cent 1odine in-spinit, to sterihise the skin
Injection pack, contaiming swabs, syringes, ampoules and
needles, ete
Figure 28 shows an injection pack unrolled and ready for
use The contents may be vanied to swit the anaesthetist’s
mdividual preferences, Odom’s 1ndicator, Macintosh needles
etc, bemng added as required The pack shown 1s suitable for
eprdural or subarachnoid blocks, and contains —
20 ml Record syringe
5ml Luer syringe, for use with Luer fitting Tuohy needle
2ml Luer syringe
Luer Record syringe adaptor
2 x 30-ml ampoulesof 1 600 nupercaine
1 x 30ml ampoules of 2 per cent xylocaine {plamn)
1 x 3ml ampoule of 1 200 nupercaine, in case a
“ heavy spinal ” subarachnosd block 1s dectded upon
8 1 x 20-ml ampoule of I 1500 nupercaine, to anaes
thetise the skin, and for use as a seeker solution n the
Sicard Daghott: loss-of resistance test
9 1 x 1ml ampouleof I 1000 adrenahne hydrochloride
10 2 ampoule files
11 Gauze swabs for pamnting rodine on the patient’s skin
12 Assorted needles An intradermal needle to rase the skin
wheal, and a hetise the sub tissues Two
filling needles A blunt eprdural needle A sharp, fine,
Howard Jones spinal needle, for subarachnoid blocks
A Tuohy needle for passing epidural catheters (see
Fig 29)
13 36 1nches of vinyl plastic tubing for use 1n the continuous
eprdural techmque

. P RN

DOSAGE
There are many vanables in the anatomy of the extradural
space which make 1t smpossible to prejudge the upper level of
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;};el:ﬂgcl;sstz‘ z};:cura{ely as m a subarachnowd imjection and
: ell to consider the range of analgesta and the
muts of accuracy required
ma‘jrt;rms?lsrt zﬂSeg l!n “}:;::h (fpldural analgesia 1s indrcated (1 ¢
ke o %ry clow the diaphragm) 1t 15 destrable to carry
evel of analgesta up to or beyond the mud thoracic region
By this means the whole abdominal wall 15 rendered insensitsve
and a proportion of the sympathetic outflow 1s inferrupted, so
that controlled hypotension can be used i required Tt does
not matter 1f an excess of solution 1s imjected carrying the
block mto the upper thoracic, or even the cervical regton, for
the concentrations of drugs are chosen to produce an auto-
nomic and sensory block while allowing the motor fibres to
escape, so that respiratory paralysts 1s impossible however far
the solutton travels Thus, 1n most cases the anaesthetist amms
to produce a block up to the mnd thoracic region, and his
margin of permusstble error lies from there upwards

‘There are two unportant anatormeal factors which determme
the height to which a block will travel (1) the volume of the
eprdural space, and (2) the size of the escape routes from 1t

The volume of the eprdural space 1s greater mn a tall man
than 1n a short one and so a given volume of solutron will
have less effect in the former than wn the Jatter Fluids escape
from the space by way of the intervertebral foramina (and
more slowly by venous absorption), so that small volumes of
solution will travel selatively farther 1n patients whose mter
vertebral forammae are stenosed by the calafying processes
of age or arthutss than 1a the young and supple

The extrinsic variables under the control of the anaesthetist
are —

1 The level of injection

2 The volume of injected solution Large volumes wiil
travel farther and remam n sirw longer than small volumes,

3 The speed of injection Rapid injection forces the
solution farther upwards and downwards in the epdural space,
but spreads 1t out more thinly than after slow injection Thus
a gven yolume njected rapudly will produce a more extensive
area of analgesia than the same volume mected  slowly,
although the duration of analges:a will be shorter, since the
volume of solution 15 widely dwspersed and more quickly
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removed by venous absorption In the conscious patient, slow
mjection causes few subjective sensations beyond occasional
paracsthesiae, or feelings of warmth or cold in the legs
whereas rapid ijection gives nise to unpleasant symptoms
The rapidly increased epidural pressure diplaces the dura, and
causes a temporary nse of csf pressure, with sensations of
vertigo and fulness 1n the head 1In the unconscious subject
rapid njection causes a momentary tachypnoea

4 Gravity Sicard and Forestier noticed the marhed effect
that gravity exerts on hiptodol solutions 1n the epidural space
and to a lesser extent lighter solutions are influenced 1n the
same way A steep head-down tilt helps to carry the solution
towards the head, while the sitting position tends to hmt the
upward spread

Three of the extrinsic vanables can be standardised —

1 Epidural puncture 1s eastest between the second and
third or third and fourth lumbar spines and one of these
spaces should be chosen routinely, unless a specinl condition
such as scoliosis indicates the choice of a different level

2 The speed of injection should be slow and steady at the
rate of about 05 10 ml per second for aqueous solutions
and 02 ml per second for viscous ones

3 On most occasions a shght head<lown tlt of 5° 1s satis
factory This reduces the pressure in the lumbar portion of
the dural sac, and so makes dural puncture less likely during
mtroduction of the needle, but is not steep enough to cause
any gravitational effects

The volume of eprdural solution 1s the only remaining extrinsic
varable, and this must be chosen to smt the probable mtrinsic
conditions to be found 1n a patient of that particular s1ze and
age The factor of probability ansing from individual vana
tions n eprdural structure must be reiterated, for 1t 1s this that
makes dosage a matter of approximation, rather than the
subject for hard and fast dosage-tables Nevertheless this
limitation 1s of little practical importance, provided there 1s
a clear understanding of the principles involved

The volumes of solution commonly used vary between 15
ml and 50 ml A few illustrative cases will serve to show how
dosage vanies in different patients —

1 Alarge youngman, 6 ft 21n tall for partial gastrectomy
It was expected that the eprdural space would be large and
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the escape routes frecly patent, requinng a large dose of
SOI;‘IIOI‘I 48 ml were mnjected between T,, and L, Anaigeua
toT,

2 Frail old woman of 80 for Judets operation to hup
Height 5 ft 2in At this age, and n the presence of arthrius,
the intervertebral foramina would probably be considerably
stenosed, preventing leakage of solution from the epidural
spa'Ic.e 24 ml were injected between T,y and L, Analgesta
toT,

3 Heavily budt man of 73, for retropubic prostatectomy
Hewght 5 £t 4 i This man was active for his age, and his
wtervertebeal foramina probably patent to a considerable
degree 32 ml ingected between L, and L, Analgesia to T,

Some statisties of age, hexght and dosage 1 116 surgical
cases will show how these factors are refated The speed of
injection, the drug used (nupercaine), and the viscosity of the
solution were the same in every case The degree of spread
was found by testing for the upper level of analgesia immeds
ately after the operation was completed

The ratio

The amount of solution injected .

The number of segments 1nvolved, above the site of 1njection

gives an arbitrary expression of dosage in terms of aul lires
per spmnal segment affected above the site of mjccuon The
patients were unselected, except that operations lasting for
more than two-and a half hours were excluded from the seres,
on the assumption that a sigmficant regression of the level of
analgesia might occur after that time

Table VI, correlating height and dosage, and Table VII,
correlating age and dosage, have been compied from the
preceding abservations, and they reveal the following facts —

Height and Desage (Table VI) —Inspection alone shows
that although there are wide luvuts for dosage 1 any one class
of heaght, there ss a deffaste tendency for greater dosage
requrements in the taller classes The correlatton coefficient.
calculated from Table V, 15 033, and this 15 three tunes the
standard error of the cocflicient (SE =0 11), showing that
there 15 2 sigmficant association between heght ard ncreased

dosage
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TABLE V
EPIDURAL DOSAGE
Heh SNo of b
Case Level of | Dosen eight |Segments| Dose l:
No | Ase | Hash lnccuon) “mi | Sl | dedar | degeen
Injection
1 62 5 27| Ly,-Ls 35 T. 10 3s
2 48 6 0" | Li-L, 46 T, 11 42
3. 51 517 ) Ll 37 T, 9 41
4 44 5 4! TaLs 41 Te 8 5t
5 43 5 97 { Tula 46 T 10 46
6 41 5 47| Tl 41 T, 8 51
kS 67 5 5 Tl 37 T, 3 46
8 61 5 6" | Tu L. 40 T, 9 44
9. 48 117 | Ty La 45 T, 10 45
10 49 5 57| Tl 44 T, 10 44
11 52 510" | Ty Ly 45 T, 10 45
12, 51 S 771 T T 43 T, 9 47
13 41 5 9| To-Tu 42 T, 8 52
14 49 57117 | T Ly 42 T, 10 42
15 42 5 77| Tl 43 Ts 10 43
16. 73 5710”7 | Ty Ly 38 T, 10 38
17. 53 5 47 | Ty La 43 T, 11 39
18 49 7 Tula 42 T. 8 52
19. 69 5 57| L,-La 38 T, 12 31
20 39 6 0" | L-L. 48 T, 9 56
21. 26 5 77| Li-Ls 42 T. 8 52
22, 36 107 | Ty Taa 42 T, 10 42
23 52 5 6" [ TurLe 40 T 8 50
24 27 5 77| Li-L, 45 Te 7 64
25 36 s51u"| T, L 46 T, 9 51
26 59 5 87§ Ly-L, 40 T 10 40
27, 40 502"} Tirla 39 T, 1 355
28. 50 5 3" | Tw-L. 40 1, 10 40
29 65 510" [ Ly-L, 38 T, 1 345
30 33 5 9% ) Tu-Tu 45 T, 8 56
kil 42 5 9% | Tyla 41 T. 8 51
32 3 s | Li-L, 40 T, 10 40
33 30 1" Tl 40 | T, 9 44
3 70 5 8 L,-L. 39 Te 1 39
35, 26 5107 | Ly-L, 46 T 8 575
36 48 5 17| Tyl 40 Ts 10 40
37 64 5 4] L,-L. 37 T: 8 45
38, 49 510" § Ly-L, 42 T, 9 46
39 38 4173 Tyl 37 T, 8 45
40 73 6 0” [ Tl 38 T, 10 38
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EPIDURAL DOSAGE [cnntmued)

[ ! [ | o
Case ‘ A ‘ Hogh |Levelof | Dosen Hum ‘Scngenlsf Dosen !
! Amlg Stte of Stgmcm]
| ' njccuon l
4 s s L] s T 5 |
42 65 |5 9| L-L ) 35 T 8 437
43 65 5 3| Li-L,{ 39 T 11 354
44 5 6 0| L, L,| 48 T. 10 48 |
s | s | selnnl 2| onolow | a2 |
b 58 51| Li-L, | 35 T 10 35
47 44 S50 Ly-La | 39 T " 354
48 55 577 Li-L | 18 T 1 354
49 45 $ 4Ty LeL ) 25 T 8 32
50 65 59| Li-L/| 25 T, 6 41
5 Ay 3 ) Ll 26 Te ¥ 325
52 61 50"l L L] 35 7 12 29
53 60 62 ) La-L.| 30 T 6 50 |
54 57 59| L-L,| 40 T [ 333
55 6 5 83"l L,-L.| 30 T 9 333
56 46 530 Lol | 4 T n 40 !
57 42 5 6 Li-L| 3 T 9 43
58 42 $7l L L 4 T. 8 54 |
59 51 5 770 L,-L, 40 ‘l
60 51 58| Tl | 43 |
61 30 54" Thn Ly 40
€ 43 § vl el | 40
63 80 5 4 Ty, L, 24
64 60 2 L-L,|
65 59 6 0% | Tu L, 4s
66 67 510" T L, 38
7. 58 6 3| L,-L, 30
68 85 5 6| Tul, 29
6 83 5 5| L-L,| 27
70 65 suv] L-L| %
7 4“4 s 17| T Ly 42
k] 50 s 3| L,-L, 38
7 70 s Li-L,( 37
74 36 6 17| Ty Tyl 45
75 70 5 77{ L-L,| 36
7% 27 58" L-L | 3
77 36 501 Le-Llo3s
78 42 Tu-L, 3
” 38 L,-L, 42
80 61 TiTal 40
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EPIDURAL DOSAGE (cantinued)

79

No o
Segments Dose in

Height

Case Levetof Doscin |

Age Hewght of from ml per
Ne , Nasection omi | Analg  Sitcof |Segment |

‘ ] | ] yccuou
T L = T 1 ‘ 16
82 8 1T T, W T 10 a4
83 74 L L| 30 T, 10 30
84 | 70 ‘ l L, L, 37 T 12 ] 31
8s 7 LL, 7, T 12 22
86 a3 L Ll % T, 1 354
& i LoL ! a2 T, 10 a2
88 23 T,L 40 T, 10 40
® o s [T & T, It 40
%0 34 L L & T, 8 525
91 51 LL T, 12 366
92 | & jLoLow T, 1 335
3 | 7 | L L,‘ n T, no o2
%% | 8 L oLl T, 10 27
95 T L Ll 38 T o34
% & LoL, 35 T, 8 a3
pohl o BEE R og ol
L L 9 12 3

99 1 “o Lt = T, 11 347
100 30 T.Li % | T i 40
101 52 | L L, 37 T, 10 37
102. £ L. L, \ 2 T, 10 42
103 4 | L L 40 T, 12 | 33
104 3 [Tar ! o | 1 8 | 5o
105 @8 | T, L, 3= ( T, 10 38
106 a LL, &1 o] o3ss
107 37 L L 3 T 9 43
108 5 [ Lol 38 | T no| o |
109 6 LLl & T, o | 42
10 51 lcn| » | = wo1oass
1t 75 J P LoL| 32 T, 1 29
:llg 2y L L i 30 T, » 25

a L L] 3 T, 9 39
114 63 ; Tis Lj 30 T: 10 30
115 2 L L | 46 T, 10 46
116 79 | L. L,I 40 T, 13
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TanLe VI
CORRELATION OF HEIGHT AND EPIDURAL DOSAGE IN 77 CASES
(Analgesic Solution—!1 600 Nupercaine)
—_—m— T
Dosage tn ml per Spinal Segment above the
Site of fnjection
Height Total
—
20 [ 25 | 30 1 40

6 5
6 3"
6 2%
1

6 0"
s

t
5 9

|
]
]
CERE
HEBOE
|
|

E

2

3

J
2{7
|
|

™

i
Py
TOTAL| 2 , 1l |

Age and Dosage (Table VII) It 1s evident that the degree
of association between age and dosage, shown mn Table VII,
15 much stronger than between height and dosage 1 Table V1
Every patient under the age of sixty needed more than 30 ml
per segment (above the site of mnjection) and every patient
over e\ghty needed less than 3 5 ml per segment

The lated correlation coeffi for age and dosage
15 056 (1e, six times the standard error of the coefficient
SE =009 Therefore, there 15 a very sigmficant inverse
relationship between age and dosage, and age 1s much more
important than height 1n detenmiming the dose required
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TasLE VII
CORRELATION OF AGE AND EPIDURAL DOSAGE IN 116 CASES
(Analgesic Solution—1 600 Nupercaine)

Dosage 1n ml per Spinal Segment above the |

Site of Injection ‘Tom

Age —
20 25’30[35 40 45 so 55160 |

08| 1 20 1| T T T T TT
709! 1 ‘ 3 s 3 “ 6 2 1 1
60 69 ‘ ER AN | 6 | 2 v 2
50-59 Pags s s 1t | 2
w-eo| | ‘ a8, 9 a4 7 ‘ 2
30 39 | “ rle 1 3 2 |16
S L b by s
TOTAL’ 2| s ‘21 ERES lxz s ‘ NI

Formula for Dosage.—An approximate working formula for
dosage (for nupercaine) can be calculated from the seventy seven
cases 1n which both height and age were measured The multsple
correlation coeffictent for Dosage (D), with Age (A), Height
(H), and the number of analgesic segments above the vertebral
level of 1njection (8S), 15 0 698, which 1s sigmificant, this means
that D can be calculated from A, H, and S, within a reasonable
margin of error The regression equation for calculating D
15—

D= -46619-0312A+1 102H+2 9228*
or, more sumply,

Dosage, in m! of {Height 1n inches +10%) +(3 times the
1/600 nupercame= | number of spinal segments to be blocked
above the vertebral level of mnjectron)

[ Age u;):ars +47]

It will be appreciated that one of the components of this
formula, (S), is an arbitrary, hybrid measurement, being a
*1 am indebled to Mr Nigel Cndland DM, DO(Oxon) for the
calculation of this equation
¢
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figure derived from two pomts on different reference systems,
namely, a spindl segment and a surface landmark on the
vertebral column  Nevertheless, when injection 1s made 1 the
lumbar region, the caleulation gives a rough practical guide
to the expected dose of 1/600 nupercaime, to within, perhaps,
four or five millilitres As mentioned earlier, xylocaine tends
to produce a more widespread bloch than nupercaine, and
although the extent of analgesia obtained with xylocane often
follows the calculated dosage for nupercatwe, 1 many cases
the block extends 20- 40 per cent farther than expected

Examples —

1 Fat woman of 60 Height 5ft 21n It was intended to block
all segments below the third or fourth thoracic segment  Epidural
mjection with /600 nupercame was made between the second and
third lumbar spmes (therefore S, the number of spinal segments
to be blocked above the stte of mjection=11)

The 1 dose of (68+33) - (20+47)=34 ml
36 ml of 1/600 nupercame were mpected and analgesta reached to
the intended level

2. Lean youth of 19 Height 6 it 1 m The upper ot of
analgesia was required to lie between the ninth and tenth thoracic
segments  Injection of 12 per cent xylocaine was made between
the third and fourth lumbar spines (1 e, S=6 segments)

The calculated dose {on the basis of the formula for nuper
came)=(80-18)—(6~47)=45 m! In fact, only 34 ml of 12 per
cent xylocaine were mnjected, and yet analgesia reached the
mntended Jevel
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CHAPTER VII

THLC BLOOD PRESSURE

N Chapter 1IL 1t was shown that epdural analgesia 1s
accompanied by a fall of blood pressure 1n proportion to
the number of vasomotor segments tavolved with high
blocks, the anaesthetist must decide whether to exploit or
correct the induced vascular hypotension according to the
nature of the case It 1s impractical to make hard and fast
rules for all types of patient, but broadly speaking three courses
of action are open {I) The blood ‘pressure may be kept
elevated at normal levels throughout the operation (2) A

d degree of hyp may be allowed, to a level
of 80-100 mm Hg systolic (3) Full hypotenston may be
actively sought to the lowest safe level of 60-65 mm Hg
systolic, for the purpose of producing an 1schaemic surgieal
field? It must be constantly yemembered that tolerance to
anoxia 15 fess at low pressures than at normal levels of blood
pressure  Therefore, if the pressure 1s allowed to fall, a clear
airway must be guaranteed at all times, and all upper
abdominal cases should have an endotracheal tube passed, to
avoud the danger of anoxma from laryngeal spasm, and on no
account must a head up tilt be allowed, or a dangerous degree
of cerebral anaemia may result

If the blood pressure 1s run at reduced levels sharp fluctua

tions should be avosded as far as possible, and a gradual return
to normal be aflowed to follow the slow scgmental regression
of analgesia The careless use of pressor drugs leads to sudden
gusts of hypertension which are apt to disturb early clot forma
tion, and cause unnecessary cozing from cut surfaces

Absoloie Contramdications fo Vascular Hypotension—

1 PreGNANCY —Foetal oxysenation may be jeopardised by

low levels of maternal blood pressure Patents for caesarean
sectian uader eprdural analges)a should always seccive a
pressor drug early on before the blood pressure has fallen
This does not apply to cases of eclampsta, where an epudural
block may be induced with the specific ntention of reducing
an abnormally hugh blood pressure to normal levels

84
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2 Loss OF WHOLL BLoOD, OrR BLOOD CONSTITUENTS —
Patients 1n a state of compensatory vasoconstriction, as n
haemorrhage from a bleeding gastric ulcer, should not be
allowed to suffer any further fall of blood pressure It 1s
arguable that anaesthetic methods 1nvolving sympathetic block-
ade should not be used at all in these cases However, I
have employed epidural analgesia 1n a number of severely 1l
patients for emergency gastrectomy for haemorrhage, where
the surgeon took up to three hours over the operation, and
the results were equally good, if not better, than would have
been expected by using other anaesthetic techmques

3 COMPENSATORY VASOCONSTRICTION IN THE PRESENCE OF
A Fxep Carpiac Outeut —For 1nstance, 1n chronic con
strictive pericarditis a high venous pressure helps to maintain
the restricted cardiac output If sudden vasodilatation occurs
cardiac diastolic filhing may become madequate, and cardiac
failure result This sequence of events 1s thought to underhe
the cause of sudden death that sometimes occurs mn cases of
constrictive pericarditis during induction of anaesthesia with
thiopentone However, the vasodilatation that follows an
epidural block 1s less hazardous, since 1t 1s less precipitate and
gives more time for vascular adjustments to take place

Indications for Checking the Hyp at Moderat
Levels (80-100 mm. Hg systolic).—These apply to a large
group of patients and nclude the majority of cases for major
surgery below the diaphragm A moderate degree of vascular
hypotension dimimishes cozing and blood loss, while a sufficient
head of pressure remarns to ensure that bleeding from vessels
of any consequence 1s adequate to attract the surgeon’s atten
tion T have not seen any harm come to patients of all grades
of physical condition between the ages of sixteen and mnety
two years when the systolic pressure has been confined within
these timuts, and the need for blood replacement has been
much less than would have been expected at normal levels of
blood pressure Therapeutic blocks for hypertenstve cardiac
fatlure, or dissecting aneurysm of the aorta fall mto this class
(see Chapter IX)

No matter what complicating conditions exist, this level of
blood pressure scems to be perfectly adequate for all cases
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patients can safely be taken to even lower levels 80 mm He
systolic should be regarded as the lowest permussible level of
blood pressute 1f any vascular or parenchymatous abnormal
ties are present I am aware that some anaesthetists with wide
expenience m the techmque of controlled hypotension may
consider this a high imit particularly when metabolic demands
are lowered by barbiturate anaesthesin but it atiows a safe
margin without detracting from the merts of the techmque

Indications for Full Controlled Vascular Hypotension down
fo 60 75 mm Hg systalic —This eroup 1s confined to cases
where the surgeon req an {ly dry op field
and where the patient s condition does not contraindreate such
low levels of hypotension 60 mm Hg systolic should be
taken as the lowest permussible level for there 1s some evidence
that hepatic vascular wsufficiency occurs below this point (see
Chapter IID) In order to ensure an adequate cerebral circula
tion a horizontal or slight head-down position should be
observed and 1t must be re-emphasised that on no account
should the panents head be raised while the pressure 15 low
either during operatton or afterwards in the ward Failure
to mstruct the nursing staff on thus pornt may result n postural
syncope and dangerous cerebral anaemsa if the patient s
propped up 1n bed immediately after operation

It 1s my smpression that at any given level of blood pressure
surgieal bleeding 1s less under epidural analgesia than when
the methomum drugs are used as the hypotensive agent and
since an epidural block lasts Jonger than a subarachroxd
gection I would give it first place in the hst of effective hypo-
tensive measures

PRESSOR AGENTS

Hypotension which cannot be restored to normal levels at
will 1s uncontrolled and dangerous If the blood pressure 15
allowed to fall means must be at hand to raise 1t again
mstantly* for this posture and vasopressor drugs are used

Posture —In the absence of vasoconstrictor tone a hmb will
become emptied of blood sf 1t 1s raised and filled when 1t 15
lowered Hence raising the lcgs or the adoption of a head
down tilt will dram blood from the legs mto the ‘rcst of xhv;
body causing a sort of i and an of
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blood pressure  The rise of pressure obtainable by this method
15 not great, seldom exceeding 5-15 mm Hg systolic for a
10°-20° tilt A carresponding fall takes place when the hort
zontal position 1s resumed and so a very careful watch should
be kept on the blood pressure when the patient 1s strarghtened
out from the lithotomy or Trendelenburg positions, lest an
undue fall should occur at these times

Vasoconstrictor Drugs.—These are the chief means of
stabilising the blood pressure at required levels Many pressor
drugs are available, but the anaesthetist 1s well advised to
become familiar with one or two well chosen drugs, rather
than confuse himself with a variety of pressor agents of
different potency and selection should be made mn favour of
those which do not give mise to tachyphylaxis on repeated
mnjection In the presence of hypotension absorption from sub
cutaneous or intramuscular injection sites 1s capricious and
delayed, and so, for a quick and rehable effect, the intravenous
route should be used

When the patient 1s unconscious and the greater part of the
sympathetic system interrupted, most of the normal compen
satory vascular mechamsms are abolished and a great augmen
tation of response to vasoactive drugs occurs” 3 Hence only
very small quantities of vasopressors are necessary, and this
diminishes the tendency to the development of drug tolerance ¢

Ephedrine.—Dose 5 mg - 60 mg Ephednne has a central
cardiac action as well as a peripheral vasoconstrictive effect
and 1t also has a shght cerebral simulating effect Tolerance
and reversal of effect tend to follow repeated injection

Methedrine, (d methyl amphetamme, d-desoxyephedrine
“Pervitin*) Dose § mg -50 mg  As with ephedrine there 1s
a cardiac action as well as a peripheral effect, and the cerebral
stimufating effect 15 marhed, but there 1s much less tendency
to develop tolerance As with other pressor drugs, the indi
vidual response varies widely, but on an average, 5 mg
produces a 25 mm Hg elevation of the systolic pressure within
two-and a half munutes and the pressure then gradually
declines to its previous level, or a little above 1t, after twenty
minutes When used 1n small doses, the cerebral simulatng
effects do not appear to be a disadvantage esther durning or
after anaesthesia  If the operation 1s unexpectedly short, and
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the blood pressure sull low when the surgeon has finished, the
final mtravenous injection may be combined with a larger
intramuscular dose, so that on return to the ward the more
slowly absorbed mtramuscular depot will tide the patient over
a potentially hypotensive period

There are numerous other effective sympatheticomimetic
drugs obtainable, and the reader should refer to the appro-
priate pharmocolagical works 1f he wishes to explore this field
further In practice, methedrine gives very satisfactory results
as a long acting pressor agent

Adrenal and Noradrenaline.—Many synthetic pressor
drugs do not show a pure peripheral vasoconstrictor action,
but 1n addition have a stmulating effect on the heart tself
Since the fall of blood pressire 1n spinal block 15 due to pery
pheral vasodilatation 1t 15 logtcal to use a drug which has a
pure vasoconstrictive action, without any direct effect on the
heart Noradrenaline 1s such a drug  Noradrenalme, natural
product of the adrenal medulla and physiological transmmtter
of adrenergic nerve action, 1s @ powerful and very transient
vasoconstrictor$ without any of the cardiac or metabolic stumu-
lating effects of adrenaline Owing to 1its evanescent action
1t 1s necessary to gtve the drugin a continuous saltne dnp  The

f: ST da h of 4 ml of the I 1000

solution mn 1 hitre of saline, making a solution containng four
micrograms per millilitre However, this 1s too strong for most
purposes and 1t 1s very difficult to run the dnp slowly enough
to keep the blood pressure within reasonable hmits A coneen
tration of one or two micrograms per millilitre 1s more manage
able and quite adequate

The 1ntravenous adrenaline drip, 1n a concentration of
1-250,000, and popularised by Frankis Evans,® has played a
useful part 1n the past, but has now been supplanted by nor
adrenaline, since the powerful metabolic and cardiac effects
of adrenalne are unwanted, and perhaps even harmful, 1n a
purely hypotensive situation

For practical purposes. methedrine, or some other long-
acting sympath such as phrine or pholedrine,
gtven as required 1n repeated small doses, 1s the most con-
vement type of agent to use 1 most cases, and the shght
disadvantage of their side effects, which 1 many ways 1s more
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academic than practical, does not outweigh their convemence
and ease of admmistration The noradrenahine drip 1s best
reserved as a powerful but rather fussy trump card for use 1n
the occasional methedrine resistant patent or the bad risk
case where very accurate control of the blood pressure 1s
necessary at the outset

[
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CHAPTER VIII

CONTINUOQUS EPIDURAL ANALGLSIA

AVING shot hus bolt with a single epidural mjection,
H the anaesthetist creates a zone of analgesa lasting

for three to fourandahalf hours, and no more,
and 1if the surgical task extends beyond this period general
amaesthesia and relaxants must be used as required, to
allow completion of the operation 1t 1s obviously undesirable
to change techniques during the course of an operation,
and 5o 1t 1s preferable to keep the duration of analgesia
under continuous control when unusually difficult and lengthy
procedures are planned This can be _done by placing a
plastic catheter m the epidural spaceéll/ Then continuous
amalgesia can be prolonged for as long as necessaty by
mtermittent injections through the catheter For therapeutic
blocks, where the duration of the blochade must be measured
n days rather than hours, the catheter may be left 1 place
for a week or more, so that the patient 1s spared the discomfort
of repeated jections

TECHNIQUL
With the caudal approach to the epidural space, via the
sacral hatus, the long di b the sacral b

and the dura allows a straight needle to be used, but 1n the
lumbar region the eprdural space 15 so narrow that a semr-stul
catheter thrust across 1t impinges on the dura at right angles
wath little chance of ghding harmlessly to one stde, and so may
myure the dura The Tuohy needle with curved directional
Huber pont overcomes tius difficulty (see Fig 29) * A sufficient
change of direction 1s imparted to the catheter to allow 1t to
slide off the dura and travel up or down the epdural space
according to the way the tip 1s orientated

Catheters are made thirty six to forty inches long by cutting
from lengfhs ot 1 mm “pore vinyl Prsue wWomz* T Prew
material ts emnently suitable for the job, being tough, phable,
of strictly umform thickness, and unaltered by steam steriliza-

« Made by Becton Dickinson and Company Ruotherford New Jersey
A
20
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tion Polyethylene tubing 1s unsatisfactory for epidural use since
its calibre 15 altered by heat stenlization, and the catheter
becomes too thick to pass down the needle Moreover, many
antiseptic solutions make polyethylene very brittle, so thataf the
catheters are sterilized 1n these solutions breakages may occur
within the epidural space Vinyl plastic tubing softens with
heat but 15 moderately hard when cold, and so m order to make

W mmas e e w v e i e -

A B
FIGLRE 29
Epidural catheters introduced through straight and curve
potnted needles Note the gentle curve imparted to the catheter
by the curve pointed Tuohy needle A Dura B Lig flavum

the end of the catheter as atraumatic as possible 1t 1s as well
to smoothe off the square cut ends on a prece of emery paper
before sterilizing  The catheter 1s coiled, tied loosely with tape
and placed 1n the eprdural pack, along with the other nstru-
ments for autoclaving

If the catheter 15 tied too nghtly kinks may result, which
prove troublesome when threading the catheter through the
Tuohy needle A better way of packing the catheter 1s as
follows 2

The plastic catheter 15 stfened by threading through it a fine
wire stilet from a child's ureteric catheter Catheter and stilet
are then threaded through a length of latex rubber tubing of
the size used for intravenous drips, and an inch or so left pro
truding at each end The stilet 15 then withdrawn, and the
catheter and rubber tubing coiled round the inside of the
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epidural drum, taking care that the rubber 15 not kinked any
part of its course After autoclaving, when the catheter 15
taken out of 1ts rubber sphint, 1t wall be straight, unkinked,
and easy to handle

The Tuohy needle 1s introduced 1n exactly the same way
as for a single-dose tnjection and once the 11p has reached the
epidural space the needle 1s gently rotated until the bevel points
upwards or downwards, according to the direction that the
catheter 15 to travel In the upper thoracic region, where there
1s more obliquity of the spmes than i the lumbar region, 1t
1s better to ntroduce the needle with the opeming ponting
upwards {so that the rounded shoulder of the Huber point
can shde over the dura), and leave the opemng pointing head

wards, otherwise rotation of the point through 180° might
cratch or perforate the d Catheters will often continue

for a short way in the direction 1n which they are started but
they tend to be deflected by the many blood vessels and nerve
roots that lie 1n thewr path, curling up or doubling back n the
reverse direction to that intended, and sometimes even passing
out through an interveriebral foramen (Fig 30) In an
endeavour to pass the catheter tp up or down to any desired
segmental level, wire stilets have been used, 1n order to impart
the necessary nigidity to the catheter ¢ But the 1dea of a ngid
catheter blundering 1ts way blindly through the delicate labyr-
nth of epidural vessels 1s not an attractive one, court ag as it
does the Hikelthood of eprdural § and the

absorption of injected Jocal analgeste solution through the open
ends of torn blood vessels Post mortem examunation of the
eprdural space in patents who have had catheters 1n place at
the tume of death shows that some slight venous dimage 1s not
uncommon, and the use of a stiffening stilet to force the
catheter in any given directton 1§ likely to make thus damage

much worse

Ideally, 1t 1s destrable to be able to place the catheter tip
opposwe any predeterauned segment, so that the zone of block-
ade can be restricted to the essentral mmmum  This 1s partict
larly the case for some Tocahsed therapeutic blocks (for
mstance, the pain rehef of acute pancreatins involving thoracic
segments 7, 8 and 9) But to do this the catheter must either
be inserted at a high spinal level or forced upwards for long




FiGLre 30
Transforaminal passage of the epidural catheter a cause of failure
Radiograph of nylon catheter antroduced between the first and second
thoracie spines 02 mi of “Neohydnol (Flmd)” injected, i otder to
outhne the catheter A. Catheter curled up m the epidural space with
the tp protrudiog under the firt nb B Catheter bas been withdrawa
3% inches The tip 15 now lying in the epidural space
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distances from a lower level in the lumbar region Pancture
m the mud thoracic region (T, T,) 1s difficult owmng to the
obliquity and overlap of the vertebral spraes and lamunae, and
so should not be attempted In the upper thoracic region,
between C, and T,, the nterspinous spaces can be opened
widely by acute flexion of the neck and successful puncture 1§
relatively easy, provided the hanging-drop ™ techmique 1s used
and the patient 15 siting up, as explained 1n an earlter chapter
the ligaments are too lax and diffuse 1 the upper thoracic
spine to provide a reliable lossof resistance test  Buchingham
and his associates claim that the drop sign should be present
in every case at this level, if carefol techmque and blunt wide
bore needles are used ¥ ¢ But in my experience this 1s not so,
and 1 do not consider the sife to be safe enough for routine
use The cord 1s very vulnerable at this level, and a careless
movement, or too deep advance of the needle 1n the absence
of & positwe drop-sign, mught cause syrepasable damage and
paraplegia  The alternative, of placing an unsuffened catheter
1n the Jumbar region, 1s easy and safe, and from there any
spmal segment can be blocked by merely mcreasing the dose
of local analgesic In the interests of safety and success
therefore, the 1deal of locahsed placement should be sacrificed
and the Iumbar route used as a routine, and the occurrence of
a widespread block should be accepted as an unfortunate
necessity 1n cases where high spinal segments are attacked
Once the Tuohy needle 1s 1o place (Fig 31), and the usual
confirmatory tests for correct placement have been made the
catheter 1s mspected for absence of kinks and occlusions (Fig
32), and then gently threaded through the needle with one
hand while the other steadies the shaft of the needle (Fig 33)
As the catheter tip passes from the bevel of the needle into
the epidural space there may be a slight resistance owing to
the bevel beng nsufficiently_advanced snto_the space and
aryally_occluded b wgin_of the ligamentum
avum, but a gentle rotation of the catheter overcomes this,
and from then on, further advance 15 ummpeded During this
manoeuvre the conscious patient may complan of paracs
thesiae as the tip of the catheter shides past the dural<oyvered
serve roots When using a plamn unmarhed plasuc catheter 1t
ss often difficult to judge exactly how much of the tubing
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FIGURE 31
Introducing a Tuchy needle in the lumbar reg on us ng the
loss of res stance test (left handed grip)

FIGYRE 32
Test ng the ep dural catheter to exclude blockages
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has been threaded up the needle It 1s helpful to slide a small
sterile rubber marker along the tubing (a diaphragm from a
Gordh needle, pierced 1n the centre, does well), to a pornt
about eight inches from the end that 15 to be inserted, then
when the catheter has been passed until the marker reaches
the hub of the needle one can be certain that an adequate
length of tubing lies within the spinal canal, (see Fig 34.

FIGLre 33

Threading the catheter through the Toohy needle
Aspiration and 1njection tests are made down the catheter
before the Tuohy needle is withdrawn, (Fig. 35). In order to
do this a syringe adaptor of some kind must be fitted to the
distal end of the catheter; the Tuohy-Borst adaptor has been
designed for this purpose, but it tends to twist and strangulate
the catheter lumen. A well-fiting hypodermic needle is simpler
and equally effective. Two or three millilitres of local analgesic
solution are injected as a fest dose and to ensure that the
catheter 1s not blocked in any part of its course, and aspiration
is carried out to check that blood or cerebrospinal fluid does
not flow back from either venous or dural puncture, The
syringe adaptor is then temporarily removed from the end of
the catheter, and the Tuohy ncedle carefully withdrawn with
one hand while the catheter is steadied with the other (Fig. 36).
The patient is then tested for absence of subarachnoid block. If
awake, he is asked to move his legs, and if unconscious, blood
pressure recordings are taken by an assistant to check for the

b of hyp fon from pathetic blockade and the
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O

FIGURE 34
Ep dural catheter with rubhl:r marker placed 8 inches from
the tp

Fraire 35
Inject on of a test dose wh le the needle s st [} i place
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Froure 36
‘Withdrawing the Tuohy reedle

Fioiie 37
1njection of the main dose after the needle has been withdrawn
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knee jerks are tested If there 15 no evidence of subarachnoid
puncture, the syringe adaptor 1s replaced and the imtal
epidural dose njected up the catheter (Fig 37) The adaptor
1s then sealed with a stenle blocker (made by sealing the lumen
of a male ntravenous drip connection with solder), and held
m place 1n a stenile test tube with a plug of sterie cotton wool
The point of entry of the catheter 1s now covered with a sterile
dressing, and the catheter and dressing securely strapped
place with several lengths of adhesive tape, the adaptor and
test tube bemng brought out above the patient’s shoulder, so
that the anaesthetist can have easy access to them during
operation If, for any reason, 1t should be considered necessary
to withdraw the catheter at a stage before the Tuohy needle
has been removed, needle and catheter must be removed
together for if the catheter 1s withdrawn while the needle 1s sull
1n place the sharp chisel D] ge of the bevel may very
Likely slice through the catheter and leave a portion sequestered
m the eprdural space o
The amount and frequency of subsequent imjections will
depend on the local analgesic used, and the nature of the
condition for wiich the block has been performed 1If a long
abdomrmal operation 15 11 progress wmyjections must be made
frequently enough to ensure a continuous level of analgesia up
to and above the operation site In the unconscious patient
the level of blood pressure 1s a good guide to the segmental
level of analgesia, a steadily nsing level of blood pressure
mdicating a steadily falling level of analgesia, while each
mjection of local analgesic 1s followed by a sharp fall of tension
(Fig 38) With 1 600 nupercaine the intervals between
mjections 1s about forty five minutes to one hour, and with
12 per cent xylocaine about thirty to forty five minutes
Alternatively, a slow drip of local analgesic solution may be
connected to the catheter, and the flow turned on or off as
required  If the catheter has been introduced for therapeutic
purposes, the block need not be intense enough to produce
full skin analgesia, since 1n most cases only the smail sym-
pathetic fibres are concerned, and concentrations of 05-075
per cent xylocaine, or 1/1500-1/1000 nupercamne, are
sufficient There 15 no set rule for the frequency of mjection
mn therapeutic blocks, the intervals between doses depending
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on the strength and quantity of local analgesic injected, and
the nature of the malady under treatment For instance, in
chronic and painless conditions injections can be given four
or six hourly, but 1n acutely painful conditions it 15 important
to maimntain pain relief without intermussion, and 1injections
must be made more frequently at two, three, or four hour
mtervals depending on the mdividual response Table VIII
gives a broad guide to the doses required

Tasre VI
THERAPEUTIC EPIDURAL BLOCK EXAMPLES OF DOSAGE
REQUIREMENTS
Type of Frequency of Injection
Complant | Example "3 3houry [ 34 houty "4 g hourly
—
Acute 0 5-075°% xyl
ar
Acute 1/1500-1/1000 nupercaine
Dissecting
aneurysm 10 15m! 1525 ml
of aorta
Causalgia 1020 ml of —
Vasospasm of legs 05% xylocaine|
Chrome Hypertensive or 171500
cardiac farture nupercame

Each injection must be carried out with full aseptic
precautions, and blood pressure readings should be taken before
and fifteen to twenty minutes after, so that any marked fall of
tension can be corrected with a vasopressor drug If the treat
ment 1S to be protracted and the catheter has to remain 1
place for a long period, 1t is wise to admunister a_systemic
course of antibiotics as an added precaution aganst eprdural
infection Also the position of fhe catheter should be checked
by Xrays to confirm that the tip 1s Iying cleanly within the
epidural space (Fig 39), and not beyond in the para
vertebral tissues, where mection 1s melfective (Fig 30)
02 ml of radio-opaque o1l 1s suffictent to outline the catheter

Finally, a word of caution agamst the use of an emdural

h when a lants are being admumstered As
mentioned earher, a shght of far d ge 1S
almost inevitable during the insertion of a catheter, and
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normally this 1s of no consequence, but in the presence of
anticoagulants a shight ooze may continue indefinnely leading
to a large haematoma formation, and posstble compression of
the cord and paraplegia  For example —

@) (b}
Antero posietior Laterat
FIGURE 39
Radiographs of catheter inserted between thtrd and fourth Jumbar spines
and correctly placed 1n the epidural space 04 ml of Neohydrol (Fluid)

six year old man with masstve venous

used as opaque medium (Sul{ car ol
osis of the leg)

throm|

A man of 72 had his left femoral artery explored following a
femoral embolism The operation was carned out under epidural
block, and an epidural catheter was mserted so that o continuous
sympathettc block could de mamtamed m the Jegs for some dags
1n order to promote the f of a coll; arcul The
patient was hepanmused to avaid further clot formation i the
femoral artery Thirty six hours after operation the patient died
from a masstve haemorrhage into the left leg At post mortem a
large haematoma was present in the eprdural space
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CHAPTER IX
INDICATIONS AND CONTRAINDICATIONS

OFERATIVE ANALGESIA

PIDURAL oanalges:ia has ats greatest apphication
major surgery below the diaphragm The dinimshed
bleeding, quiet operating conditions and absence of inter

ference with respiration are all of benefit during operation
and the early recovery of the patient and perod of post
operative analgesta make for easy nursing on return to the
ward Epidural block 1s to be preferred in all cases where
b hood sprpal \! mught otherwise have been
dered, since the avoid of dural puncture eliminates
all possibility of “ spinal headache * or subarachnoid nfection,
and the greater duration of epidural injections provides for
longer operating time Operations for large abdomunal
tumours under spinal analgesia may give rise to some anxety
on account of the respiratory embarrassment caused by a
combination of diaphragmatic immobility from the distended
abdomen and intercostal paralysis from the spinal block
Under epdural anal 1f the st h of sol 15 ¢hosen
correctly, this danger 1s very much less since there 15 minimal
mtercostal paralysis This pomt is particularly relevant in
caesarean section, Where epidural block 15 ndicated if the
mother has expressed a wish to be awake at the birth of her
child  Vagmal delivery can also be carned out under this type
of block
In some centres a considerable amount of thoracic wark 1s
done under high epidural analgesia injection being made 10
the upper thoracic Tegion between the seventh cervical and
third thoracie spines? ® For thoracoplasuc operations this ss
claimed to be 1deal, providmg imtense analgesta without any
respiratory depresston? But i my experence cpsdural
analgesta 1s not completely satisfactory n this sphere, for two
reasons  Furstly, the taterspinous and yellow heaments are
very attenuated 1 the upper thoracic regton, making the
{oss-of resistance test difficult or impossible, so that relance
104
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has to be placed on the dropsign or Odom’s indicator,
methods which are more prone than the loss-of resistance test
to result 1n perforation of the dura, and are not without danger
in the upper reaches of the spine where the cord 15 so vulner
able If the safe lumbar approach 1s used large volumes of
solution have to be employed to carry the bloch up to the
cervical region, and a careful control has to be kept on the
blood pressure, since vascular hypotension 1s undesirable 1n
patients already on the brink of anoxaemic anoxia both from
their disease and from operative interference with the mechan
1sms of respiration  Secondly, the haemostasis 15 inferior to
that obtained by an efficient combination of paravertebral and
Tocal infiltration and this reason alone should discount the
method mn a situation where absence of bleeding 1s of such
assistance to the surgeon In difficult cases, where the anaes
thetist 1s doubtful about the accurate placement of his para
vertebral injections, and where some form of regional anaigesia
1s preferred to general anaesthesia, an eprdural mjection may
be given as an additional measure to cover any deficiencies
the paravertebral and local mjections Epidural block 1s also
useful in some septic cases where infection of the subscapular
space contramndicates nfiltration methods Apart from this
epidural block has little place n thoracic surgery, for m
thoracotomy absolute control of the lung 1s essential, and there
the intravenous relaxants combined with controlled respiration
are undemably the method of choice

In laminectomy and explorations of the spnal cord a
reliminary epidural block provides excellent operating cond:
me adrenaline content 1s made vather sironger than
wHal (1 100,000 or 1 80000 nstead of 1 200000 or
1 150 000) marked local vasoconstriction occurs within the
epidural space, and dimmishes the troublesome bleeding that
50 often Nampers the surgeon’s work there—"Some anaesthetists
use high epidural anal, for the production of hyp
n cranal surgery I have no personal experence of this
ton of the tech but at least 1t would appear to
be as effective and no more dangerous, than other methods
of producing hypotenstan for the same purpose
Extreme youth would seem to be a contramdication to the
method, at any rate in conscious patients since children do
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not as a rule regard njections kindly, nor remam still long
enough to allow completion of the procedure with safety
However, 1n at least one German clinic the method 1s widely
used on quite young children and babies, and the results are
acclaimed enthusiastically 4

Absolute contraindications to the method are few —

1. Sepsis in the region of the proposed njection Infection
might be carried down to the epidural space and so produce a
peridural cellulitis or abscess Or worse stil, 1f the dura were
accidentally punctured, memingtus might follow

2. Severe Shock, smce the disturbance of autonomic tone
produced by the block might not be adequately corrected by
vasoconstrictor drugs

That 1s the cautious orthodox view, but one which s
becoming modified 1n the runds of many anaesthetists since
the troduction of noradrenaline The powerful and certan
action of this drug allows complete control of arteriolar tone
(provided the patient has not already passed 1nto the phase of
irreversible shock), and despite total paralysis of compensatory
vasoconstrictor mechamsms the biood pressure can be kept
at any desired level by merely adjusting the flow rate of an
ntravenous noradrenahine drnip And so there s no logical
reason why an epdural block should not be used n shock
states, provided that an iniravenous dnp 15 running at the
time, and noradrenalme can be turned on at a moment’s
notice Then, 1f the systolic pressure should fall below 75 - 70
mm Hg, noradrenaline can be run 1, and the blood pressure
stabilised at any desired fevel The author has anaesthetised
2 number of patents m oligaemic shock by this method,
chiefly for emergency gastrectomy for haematemesis. and the
results have been most gratfyiag The presence of complete
relaxation, without respiratory depresston, frees the anaesthetist
from the duty of venhlating an apnoeic pitient, and allows
him o devote his entire attention to the problems of maintain
ing an adequate circulation Moreover, the patients do not
appear fo detenorate during a long operation under these
conditions, and the surgeon can feel free to take up to three
or four hours if necessary, without fearing that slow surgery
swill jeopardise the chances of recovery

Relative contramndications are —
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1. Existing Neurological Disease, As 1n subarachnord anal
gesia, 1t 15 probably wise to avoid the method m cases with
disease of the central nervous system, such as disseminated
sclerosis or spinal syphilis  For although 1t 1s difficult to see
how an epsdural block could have an adverse effect on these
conditions, the anaesthetist will avoid the possibility of
becoming nvolved 1n a “ post hoc erga propter hoc " Litigation
claim should a natural exacerbation of the disease develop
after the operation

2, Spinal Deformties, if exceptionally severe, may prevent
a successful puncture Severe scoliosis does not present an
wsuperable difficulty, if care and imagmation are used to
envisage the rotation of the vertebrae and the correct path of
the needle

THERAPEUTIC ANALGESIA

The ability of a differential eprdural block to produce wide
spread sympathetic paralysis has numerous applicatons 1n the
treatment of disabling and painful disorders of the thoracic
and sacral autonomic outflows The epidural route 1s prefer
able to subarachnoid and paravertebral blocks mn this sphere
because it 1s safer than the former, and technically more certain
than the latter, besides bemng more easily managed as a
conuinuous techmque (by the mdwelling catheter method) if
treatment has to be extended over a long period A broad
outline of the scope of the method, with a few illustrative
case histories, will serve to show how 1t may be apphed usefuily
1 the individual case

HEADACHE FOLLOWING LUMBAR PUNCTURE

Te mear cowse of spomed hesdole appany & e ar
excesstve leak of cerebrospmal fluid, leading to subarachnod
hypotension Restoration of normal csf pressure relieves the
headache Bestdes encouraging the formation of cerebrospinal
flud by liberal dninking, relief can be obtained by bolstening
up the csf pressure from without by epidural injections of
30 100wl of saline®
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ACUTE PAIN POORLY RELIEVED BY OTHER
METHODS

If the pamn 1s of visceral origin, dragnosis must be absolutely
certan before deciding to treat the pain and mask the symp-
toms of a condition that mght require urgent laparotomy For
example —

lic] COELIAG

PLEXUS

PANCREAS

ADA!NAL:)

SPLEEN

FIGURE 40
The pan of acute pancreatits Diagram showtng the nerve
pathways mvolved
{dfter Orrar @ Wirren Lahey Cls Tuil)

Acute Pancreatitis.—As a direct development of the work
of Marion and Mallet Guy at Lyons, the contitnuous epidural

T f splanch lockade has proved an eflective
method of treating the severe pain of acute pancreatitis ™ 8
The spinal segments concerned are the seventh, eighth and
ninth thoracic (see Fag 40}

Case —A thin man of 64 was adnutted complaimng of sudden
onset of acute lancimating pam in the epigastnum  radating
through to the back and down into the groms On examinalion
the patient was distressed, the pulse rate was 70 per minute, the
temperature 98 6°, and the blood pressure 120/80 The abdomen
was nigid mn the upper quadrants and the pomnt of maximum
tenderness was just above and fo the left of the umbtlicus Bowel
sounds were absent, but liver dulness was normal A radiograph
of the abdomen showed that there was no free gas under the
diaphragm  The WBC was 14000 per cumm, and the serum
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amylase 400 umts per 100 ml A diagnosis of acute pancreatitis
was made, and treatment started with amalgesics and antibiotics
Pethidine 1n normal doses failed to relieve the pawm, and so an ep1
dural catheter was nserted between the first and second lumbar
spines and 26 ml of 10 per cent xylocame mjected Analgesia
extended up to the fourih thoracic segment, and the blood pressure
fell steeply, but was stabilised at 120/80 with ntravenous methe
dnne Bowel sounds returned within a few hours Analgesta was
maintained with 10 ml of 1 1500 nupercaine every three hours
but as these injections gave rehef for only two hours the dose was
mcreased to 14 ml three hourly, with satisfactory results The
patient made an uminterrupted recovery, and the catheter was
withdrawn on the fifth day

‘The ganghion blocking drugs, such as the halides of hexa
methonium, also relieve the pain of acute pancreatitis, and at
first sight their use would seem more rational than an eptdural
block, since they interrupt vagal as well as sympathetic
1mpulses, and so duminish the nervous secretion of pancreatic
yjuce However, the methonmum drugs reduce intestinal
motility, and so tend to aggravate the ileus which accompanies
acute pancreatitts, and the analgesia they afford 1s not so
complete as the relief of pain which follows an eprdural block

Dissecting Aneurysm of the Aorta.—Although often
pamnless, these spliting aneurysms can giwve rise to the most
agomsing and ntractable pam that 1t 1s possible to suffer
An epidural block 1s wndicated n this condition, for three
reasons —

I Releef of pam

2 Vascular hypotension, which reduces the force of the
blood “ wedge ” sphitting the coats of the aorta, and so tends
to himit the disaster

3 Prevention of renal vasoconstriction, and subsequent
anuria, which often accompames dissecting abdomnat
aneurysms

Case —An arteniosclerotic cowman of 62 was admutted following
the sudden onset of excruciating hmife ke pamn i the back
radrating to the left flank and abdomen Fourteen months previ-
ously an abdominal aortic aneurysm had been found at laparotomy
and had been strengthened with tantalum gauze, at that time his
blood pressure had been 210/100 The patient was restless and
in the sweat of agony The abdomen was board like, and the blood
pressure 160/110 The pain was untouched by intravenous morphia
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and a diagnosis of dissecting aneurysm of the ao;

rta was made A
single epidural injectson between th t
S 140 s n the first and second lumlzarspx:;z
complete relief of par and the blood pressure fell

o 75/60 aft

twenty minutes  Frve hours later the pain returned but less/scv:rele;
than before and the blood pressure yose 1o 170/110 A second
epidural the mext day gave rehef of pam for five or six hours
and the following day a catheter was 1nserted between the second
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FIGULRE 41

Blood pressure and pmn chart of pat ent with d ssect ng zneurysn o
aomta treated by termuttent mject ons through an indweltling ¢p dural
thet

and third lumbar spines Thereafter the patient was hept almost
entrely pam free for three days by itermiitent mnjections of nuper
came whenever the pam or shamp peaks of blood pressure
threatened to return (see Fig 41) Four days after the catheter
was mserted and about four hours after the previaus wyection the
blood pressure rose to 180/125 and the patient complained of
ternble pam 1 s shoulders In tus steuggles the catheter which
was of polyethylene became nipped between the laminac of his
veriebrae and broke off making further 1njections useless  The
blood pressure gradually faded away. and the patient dred the next
day At post moricm a Jarge dissecting aneurysm and massive
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haemorrhage were found between the coats of the aorta Four
anches of polyethylene catheter was lymg loose 1n the epidural
space

This case would have been better conducted by inserting
a catheter at the outset (but none was available at the time),
and fracture of the catheter would not have occurred 1if a vinyl
plastic had been used instead of polyethylene Also, 1t would
probably have been better to run the blood pressure at a lower
level, by more frequent or larger injections

CHRONIC PAIN

Causalgia, pamnful phantom lmbs, and post traumatic
peuralgias, etc, are pans associated with disordered sym
pathetic action that respond to repeated blockade of the
appropriate sympathetic rarm® The continuous epidural
techmque 1s an alternative to repeated paravertebral blocks

VASCULAR INSUFFICIENCY OF LIMBS

1. Acnte Ischaemia follows thrombosis or embolism of a
mamn lmb artery In order to save the limb 1t 15 necessary
to establish an efficient collateral circulation as rapidly as
possible This 1s encouraged by the removal of sympathetic
vasocanstrictor tone, and 1s most effectively carried out by a
continuous epidural block

2, Chronic Ischaemia occurs in thrombophlebitis and
phlebothrombosis 1* Afferent impulses from the affected vessel
travel to the cord and produce reflex vasoconstriction of
collateral arteries and vemns™ The circulation to and from
the imb becomes inadequate, so that tissue anoxia and
capillary transudation occur distal to the thrombosed segment
Pain, oedema, and swelling of the imb follow After sym
pathetsc bloch, and the abohmon of reflex vasoconstriction,
pam, fever and swelling rapidly subside In these cases
repeated blocks may be necessary (o compilete a cure, and
agam the continuous techmque 1s indicated

RENAL ISCHAEMIA

The value of sympathetic blockade to counteract the
“ Renal Shunt ™ 1n established anuria 1s debatable It 1s widely
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held that after six to twelve hours ureversible damage has
been done to the tubular epithelium and then only fuactional
rest (acheved by a high calorie and low protein ntake) and
tume can work a cure ¥ However, the stopathology of early
anura is still sub judice and when the condition of the patient
does not contraindicate such treatment 1t would seem wise to
give the patient the benefit of the doubt and induce a con
tinuous block, 1 order to prevent the persistence of any
residual cortical 1schaemia and reduce venous back pressure
By so downg there 1s nothing to be lost, and posstbly much
to be gained

CONDITIONS ASSOCIATED WITH HYPERTENSION

Leclampsia.—In frank eclampsia and severe fulminating pre
eclampsta, where there 15 no tume to correct the toxaema by
other methods (such as sodium elimmnation by 10n exchange
therapy), symptomatic improvement follows a reduction of
artertal and venous blood pressures The methomum drugs do
this effectively, but predispose to neonatal deaths from ileus
and pneumoma after delivery Treatment with veratrum
viride (veratrone) 15 also effective, but difficult to manage A
continuous eprdural block controls the symptoms and can be
used to provide the necessary analgesia 1if a caesarean section
15 indicated

Hypertensive Cardiac Faillure.—Blockade of the sympathetic
outflow produces dramatic relief of ths condition and
subjective improvement outlasts the effects of the block  The
“ bloodless phlebotomy * that accomp despread vaso
dilatation reheves strain on the left side of the heart, and
reduces back pressure on the pulmonary vascular bed {see
page 24 Chapter 11D

Case—Iit was proposed to perform thoracolumbar sympathec
tomy on a man of 48 with severe hypertenston and while he was
awaitng admission to hospital cardiac failure occurred ‘When
seen he was cyanosed and dyspnoeic despite being propped bolt

wpneht m bed, and was coughing up frathy sputum The blood

pressure was 255/180, and physical exammation and radsography
showed congestion of both lungs In order to ‘deal with the
pull ry oedema bronch P and cr;:
dural block were carried out as emergency measures under hgz 51
thiopentone anaesthesta 40 m! of 1 1000 nupercame and 1
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per cent procame without adrenaline were 1njected between the
first and second lumbar spines The blood pressure fell to 60/35
1n seventeen munutes, and was then rased to 100/70 by an mtra
venous mjectton of 7 mg of methednne The patent awoke and
expressed gratitude at bewng able to e flat and breathe easily for
the first time 1n six weeks Four hours later the blood pressure
had risen to 220/125 but nevertheless the patient was comfortable
and able to sleep with only two pillows Complete subjective relef
continued for forty erght hours and the patient was relatvely
improved for the followmg three weeks until his operation

It 1s in such cases that these words of Beddoes® find their
true physical expréssion —
“ Deeply have I slept
As one who hath gone down unto the springs
Of his existence and there bathed I come
Regenerate up nto the world again”

* * * * *

In the foregoing the epidural space has been considered
only as a site for neuronal blochade But the works of Batson,
Field and Brierley, Wollam and Millen, and others referred
to 1n Chapters II and III, suggest intriguing possibilities to the
mmagination  As a vascular highway the space spans a venous
route between cramum and pelvis, gonads and bran, the
circulation of the cord passes toand fro across it, and at
the dural cuffs foreign material 1s filtered out from the cerebro
spinal flmd and passed on to the paravertebral lymph glands
With future extension of anatomucal and physiological
knowledge, the epidural space, 1n one or more of 1ts different
roles, may come to have a wider therapeutic application than
at present
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APPENDIX

Since this book was completed three accidents have been
encountered These are briefly described and discussed for
the sake of the lessons that may be learnt from them

Massive Subarachnoid Injection

Case —A well bwlt man aged 54 for parual gastrectomy
Height, 5 ft 7 mm BP 140/80 Winth the patient awake
epidural puncture was attempted between L, and L, using
the loss of-resistance technmique A few drops of flud dripped
back and these were allowed to fall on the bared wnst
The anaesthetist thought they were warm and feared that sub
arachnoid puncture had occurred, but as the flow soon stopped
and repeated aspirations with a 2 m! synnge failed to produce
any more fluid he thought 1t justifiable to 1nject a test dose 9 ml
of a mixture of 1/600 nupercaine and 1/200,000 adrenaline were
mjected  After 2 pertod of 5 munutes the patient was stll able
to move his fect upon command, and so a further 33 ml of the
analgesic solution was imjected slowly At the end of injection
the pattent muttered, rolled fus eyes upwards and became un
consctous  An endotracheal tube was passed under a small dose
of thiopentone (200 mg ) and succmylcholine (25 mg) Respira
tions ceased, the blood pressure fell and the pupils became
dilated A dragnosis of massive subarachnoid injection was made

Treatment —Ventilation was mamtamed by ntermuttent
manual compression of the rebreathing bag, with a 50/50 muxture
of mitrous-oxide and oxygen at a total flow rate of 8 hitres per
minute The systolic pressure was mamtaned above 120 mm
Hg by an mnstial dose of 8 mg of methy] amphetamme follosed
by a slow salne infusion 25 ug of noradrenal
per milhlitre Partial gastrectomy was performed under perfect
operating condittons 1n 13 hours, but the patient remamed
apnoerc for a further 33 hours 53 hours after the 1mtial snjection
respirations were judged to be adequate in volume and the
patemt was affowad o wake o & dscontarenng e Jow of
mtrous oxide The endotracheal tube was removed, and the
patient said, “ I must get on with my breatmng exercises ™ And
he did so  There was no post-operative headache, but there was
some cough and sputum for 2 days The patent was discharged
home mn good health on the fourteenth post-operatne day

3 115




116 APPENDIX

Comment

The anaesthetist should not have distegarded the warmng
sign of a warm reflux from the epidural needle This flud
was obviously csf, and ideas of epidura njection should
have been abandoned immedrately, and the case conducted
under subarachnoid analgesia or an intravenous relaxant

Toxic Reaction to Local Analgesic Drugs

Case —A nervous, obese, emphesymatous man of 66, for
abdomino perineal exciston of the rectum BP 160/85, Hb 82
per cent One leg amputated at mud thigh and the other anky-
Josed at the knee due 1o old battle wounds After induction of
anaesthesia with 400 mg of thropentone and mitrous oxide and
oxygen, eprdural puncture was carried out between L, and L,
The loss of sign was kably posiive, and re
peated aspiration tests failed to reveal any blood or csf An

] solution was prep Js

1/700 amethocawne and 1/200,000 adrenaline 41 ml of this
solutron was injected at the rate of 05 ml per second, with a
pause of more than | minute after the first 21 m! About 15 or
30 seconds after completing the njection convulsive movements
started n the face and neck and spread to mvolve the whole
body 150 mg of thiopentane were injected mto a jugular vein
and the convulsions stopped and the patient became apnocic
The pupils were not dilated

Treatment —An endotracheal tube was passed and artifical
respiration carned out with 100 per cent. oxygen The operating
table was tilted head-down, and an mjection of
methyl amphetamine attempted 1n order to combat the antici-
pated vascular collapse However, the patient had very poor
superficial verns and the only one that could be found was now
obscured by haematoma, and so 30 mg of methedrine were
mjected 1ntramuscularly The blood pressure fell rapidly As
the abdomen was prepared and the surgeon standing ready w2t
was decided that the surest way to restore the failmg circulation
would be to admimster a noradrenaline infusion 1to one of the
Toajor s Wed hvesels e 20 w2 Tapaly vpeand
and a saline infuston 4 ug of to the
muililitre njected into one of the ihac artertes In the meantime
the peripheral pulse had become unrecordable and the pupils
had suddenly dilated (ndicating cerebral anoxia) and the surgeon
reported that aoruic pulsation had ceased Cardrac massage was
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cammed out and about 5 munutes later cardiac action recom
menced at the rate of 30 beats per minute Despite a rap:d flow
of noradrenaline together with a pmnt of blood given 1ntra
artenally the peripberal blood pressure remamned unrecordaple
although caroud pulsations could be clearly felt Five hours
later cardrac action finally ceased

Comment

This was clearly a case of toxic absorption of analgesic
drugs Careful and repeated aspiration throush the epidural
needle had not shown any evidence of venous puncture and
the eprdural solution was injected over such a long period
(23 munutes) that »f the needle point had been 1 a vemn con
vulsions would almost certainly have occurred sooner There
fore 1t must be concluded that the convulsions were due to
very rapid absorption from the epidural space The admunistra
tion of two toxic drugs (nupercaine and amethocaine) at the
same ttme 1s undesirable and must have contributed to the
severity of the reaction The case need not have ended fatally
if the impending vascular collapse could have been prevented
1 time this 1s borne out by the relatively late onset of pupillary
dilatation and by the response to noradrenaline once the heart
had been restarted

Case —A thin woman of 74 for gastrectomy Height 5t 51n
BP 160/90 Epidural puncture was carried out between L, and
L, under light endotracheal anaesthesia Aspiration tests for
blood or csf were negative 36 ml of 12 per cent xylocaine
and 1/150 000 adrenaline were 1njected at the rate of 05 ml per
second with a pause of 1 munute after the first 20 ml 30 seconds
after completing the 1njection generalised convulstons occurred
The face became suffused and the shin of the wpper chest a
mottled purple colour The pupils remained moderately small

Treatment —150 mg of thiopentone and 30 mg of methe
drine were given intravenously Spontaneous respirations ceased
and venulation was mamamed by arbfical resprration with a
50/50 mixture of nitrous-oxide and oxygen Owing to the prompt
admimistration of methyl amphetamine the blood pressure did
not fall and the systohc pr:ssure was mamntained above 120 mm
Hg by a d dnp 3ig of

per mulhil The was leted after 30 muinutes
(lbe patient had an xnoperable tumour) and 10 munutes later
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d T T returned  The endotracheal
tube was removed and the noradrenaline drip stopped The
patient regained consciousness promptly and was able to move
her legs  Analgesia was present up to the fifth thoracie segment

Comment

Blood pressure and respiration were under control from
the outset, and despite a severe toxic reaction the patient came
to no harm The area of analgesia was surprisingly hmited
considering the relatively large dose of epidural solution
myected, for the calculated level of analgesia {on the basis of
the formula on p 81) should have been up to T, Both the
onset of toxic convulsions and the deficit m the area of anal
gesia could be explained on the assumption that a few mill
hitres of solution were njected mnto an epidural vemn instead
of into the eprdural space But 1f this had occurred, convulsions
would probably have started earher than they did

Three lessons may be learned from these cases —

1 The two accidents most to be feared 1n epidural analgesia
are massive subarachnowd 1myection and toxic reactions to the
mjected drugs In both these conditions the end results are
the same, namely apnoea and profound hypatension, but the
behaviour of the pupils 1s different Tn massive subarachnod
mjection the pupils become large owing to paralysis of the
oculomotor nerves, but in toxic reactions they do not dilate
unless cerebral anoxia occurs from untreated vascular hypo-
tension The treatment of the two conditions 1s the same
Adequate oxy must be d by artsficial respira
tion, and vascular collapse must be prevented by the prompt
1ntravenous admimstration of vasopressor drugs

2 The “ Test Dose " can be quite useless if a period of only
five minutes 1s allowed before injecting the man dose

3 Toxic reactions will be less hikely to occur if epdural
injections are mide very slowly and with frequent pauses
If convulstons do occur, 1t 15 essential to obtain prompt control
of respiration and the vascular system Therefore facilities
for such control should alw1ys be ready to hand when attempt

ing eprdural analgesia
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