Spinal Anaesthesia,
with

Special Reference to Neurological Complications.

A Thesis submitted for the Degree of Doctor of
Medicine, University of Glasgow, A

by Robert Nielson Sinclair, MeBe yCH.Bo sDelhe




+

- (
+( 0

( 1
##234 56.
¢ C- - (
L, &

5 &( &

2

+)

## $%& %

+ -

) -

( 71()

#H#2.

0

, t)

% (

2



Spinal Anaesthesia,

with

Special Reference to Neurological Complications.

Section

Section

Section

Section

Section

Section

Section

I.

IT.

I1T.

Iv.

Ve

VI.

V1iI.

CONTENTS

Introduction and Historical Survey.
Anatomy and Physiology.
Pharmacology.

Neurological Complications.

General Apccount of Spinal Anaesthesia,

" Clinical Section.

Conclusion and Summary.

Bibliography.

19.

39.

7.

112.

146.

155.



Section TI.

INTRODUCTION AND HISTORICAL SURVEY.

Spinal anaesthesia is a most valuable form of anaesthetic
practice, and in the opinion of the author its patent
advantages and potentialities are often overlooked because of
misunderstanding and miérepresentation of the facts. Two
factors, present in the mind of patient and surgeon alike,'
have been responsible for conferring on this method of
anaesthesia a relative unpopularity. These factors are -

(1) that there is a danger of residual paralysis or other
neurological complication, and (2) that the operative
conditions will subject the patient to mental stress and pain.

The object of this thesis is to demonstrate that serious
or permanent neurological complications do not occur with
proper technigue, and that spinal anaesthesia has a valuable
and well-defined place in the anaesthetic repertoire.
Moreover, in some cases spinal anaesthesia has advantages
over general anaesthesia and over cther regional techniques.
It may be combined with a light general or intravenous
supplementary anaesthetic to the complete satisfaction of
both patient and surgeon. In addition, spinal block has a
useful part to play in the diagnosis and treafment of
peripheral vascular insufficiency and other diseases.

It must be understood that it is not advocated that
spinal anaesthesia should be used extensively in place of the

many other satisfactory anaesthetic methods in current



practice, but only that the employment of z spinal
anaesthetic in a suitable case need not be prevented by ill-
founded fears.

By spinal anaesthesia is meant the injection of a local
anaesthetic drug, such as procaine or amethocaine, into the
subarachnoid space in the lumbar region. The expressgion
'gspinal anaesthesia' is neither an exéct definition nor a
desirable term. In the first place, the result of the
injection may be either anaesthesia or analgesia, depending
on the intensity of the block.. Analgesia is the loss of
sensation of pain alone, the other sensations - touch,
temperature, pressure, muscle-joint sense - remaining more
or less unimpaired, while anaesthesia implies loss of all
sensation. In the second place, the word 'spinal' has
ﬁhfortunately acquired in the 1ay mind an undue sigﬁificance,
and the author would support the suggestion made by Case
(1928) that the expressioﬁ *Jumbar anaesthesia' be used when
it is necessary to refer to this method in the patient's
presence. In scientific writing the term subarachnoid nerve
block might be better.

The clinical materiai to be presented was obtained
during the period from January 1939 to December 1950, when
1,335 spinal anaesthetics were administered by the author,
first as whole-time anaesthetist af Stobhill Hospital (1939
to 1943), then as visiting anaesthetist to The Victoria
Infirmary and The Glasgow Royal Maternity and Womens'

Hospital (1944 to 1947), and ultimately as whole-time
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consultant anaesthetist at The Victoria Infirmary, Glasgow
(1948 to 1950). In all these 1,335 cases, no neurological
complications were detected during their stay in hospital,
apart from transient headache and one case of diplopia
lasting a few hours. One further case complained, after
her return home, of radiating pains,in the right leg, which
persisted for one month and then completely disappeared.
These cases will be described later. Further, a careful
re-examination of 76 of these patients some months after
their discharge from hospital confirmed the belief that
neurological complications -~ meningitis, paresis or weakness
of lower limbs, paraesthesiae, areas of sensory loss,
incontinence of urine or of faeces, etc. -~ did not occur in
this series. This is in contrast to the published reports
of some other workers who report incidences of such
complications as high as 13%, and these reports will be
critically studied, together with the pathology of the lesions.
Catastrophies following spinal anaesthesia have undoubtedly
occurred, but only, it is submitted, as the result of faulty
téchnique, or lack of appreciation of the relevant anatomy,
physiology and pharmacology. In a similar way, disasters
can follow the misapplication of any medical or surgical
procedure.,

| The history of spinal anaesthesia is particularly
instructive. It shows that spinal anaesthesia has not been
static, but has progressed and improved in all its aspects

since its inception in 1885. A short study of its earlier
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cheq?ered career does much to explain the survival of some
antipathy towards it. It was in 1885 that Leonard Corning
of New York produced spinal anaesthesia for the first time
by accidentally piercing the dura when experimenting with
cocaine on the spinal nerves of a dog. He later gave
spinal injections of cocaine in the human subject to pass
urethral sounds. In 1898 August Bier, the German surgeon,
had 20 mg. of cocaine injected into his own subarachnoid
space. Satisfactory anaesthesia of the legs resulted, the
only after effect being a headache. Later the same year,
Bier administered a spinal anaesthetic to his assistant
Schmeiden, again producing anaesthesia of the legs. In thé
following year, 1899, Tuffier and Sicard extended the scope
of spinal anaesthesia to include the performance of
operations in the lower abdomen.

The promise of these early experiments so encouraged
others, whose knowledge and experience in this field were
but slight, that unjustifiable and indiscriminate use was
made of this method. Thus in 1902 Morton of San Francisco
reported 253 operations under spinal anaesthesia, of which
eight were above the diaphragm and one was the excision of
the maxilla. The same year Te Fillifltre of France
practised total spinal anaesthesia based on a technique
which included the withdrawal of very large quantities of
cerebrospinal fluid. Jonnesco (1909) attempted to relate
the level of anaesthesia to the height of the dural puncture.

He recognised four puncture levels - viz., middle cervical,



upper dorsal, middle dorsal and dorsolumbar, thus
jeopardising the integrity of the cord and interfering with
respiratory function.

As a result of the high toxicity of cocaine and the
reckless techniques of séme operators, spinal anaesthesia
soon acquired a reputation for high morbidity and mortality.
In spite of the work done by a few isolated workers of such
merit as Dixon (1905) and Barker (1907), spinal anaesthesia
now languished until 1921 when it received a stimulus by the
work of Gaston Labat, who employed spinal anaesthesia
extensively. Dixon made an important contribution to the
pharmacology of local anaesthetic drugs by pointing out that
cocaine has a greater affinity for sensory nerves than for
motor nerves. It is on this fact, now known as Dixon's Law,
that much of the later techniques of high spinal analgesia
is securely based. Barker realised the significance of the
injected solution being heavier than cerebrospinal fluid,
and fhe important part played by gravity, in association with
the normal curves of the spine, in the dispersion of the drug.

In 1904 a drug called 'Stovaine' was introduced which,
while it was less toxic than'cocaine, nevertheless has had an
adverse effect on the reputation of spinal anaesthesia
becauge it was capable of damaging the nerve roots and the
spinal cord. The use of this agent persisted in some clinics
until as recently as 1940, and was responsible for a definite

incidence of neurological complications, as will be shown

later. It is interesting to note that Stovaine was



6.

synthesised by the Frenchman Fourneau (Fourneau = a stove).
With the introduction of procaine by Einhorn in 1905, a
suitably non-toxic agent was now available.

A second and greater wave of popularity occurred in
America about 1927. This was largely the result of the
enthusiasm and persuasive influence of George Pitkin. Pitkin
made a very real contribution to the advancement of this form
of anaesthesia by the introduction of a fine bore needle with
a short bevel. In America at any rate, the method was taken
up too widely by those of insufficient experience and
knowledge, and for a short while was immensely popular, The
inevitable result was that once again spinal anaesthesia
acquired a reputation which has done much to delay the
appreciation of its true worth in careful hands.

In recent years the increasing tendency to leave
anaesthetics in the hands of specialigst anaesthetists, the
4more critical selection of patients, and the introduction of
solutions of low concentration and isétonicity, have produced
results which justify the claim that spinal anaesthesia be

re-assessed as a safe and valuable method.



Section IT.

ANATOMY AND PHYSIOLOGY.

The subarachnoid space filled, as first described by
Cotugno in 1764, with a "collection of water about the brain
and spine", is the Grand Canal of the central nervous system,
across which the radicles of all nerves pass on their way to
the periphery. Within the confines of this closed space,
impulses to or from any part of the body may be interrupted,
and here, easily accessible and in a simple and orderly
arrangement, lie the anterior and posterior roots of all
spinal nerves, containing motor, sympathetic, and sensory
fibres. in this part of their course the nerve roots are
devoid of epineural sheath and are therefore readily affected
by minimal amounts of local anaesthetic drugs, the cerebro-
spinal fluid which bathes them providing an ideal medium for
bringing the anaesthetic agent into contact with the nerve
elements.

The subarachnoid space lies between the pia mater -
which closely envelops the brain, spinal cord and spinal
nerve roots - and the arachnoid, which is closely applied to
the dura mater, The cranial portion of the subarachnoid
space extends over the whole brain surface, and communicates
with the ventricular system of cerebrospinal fluid through
the Foramina of Tuschka, situated one on each side of the
lateral recesses of the fourth ventricle. It is doubtful

whether the mid-line forameniin the roof of the fourth



8.

ventricle, as described by Magendie, exists in man (Merritt
and Fremont-Smith, 1938). The spinal portion is in direct
continuation with the cranial portion and extends downwards
within the bony vertebral canal from the Foramen Magnum to
the level of the second sacral vertebra.

The anaesthetist is particularly concerned with the
spinal portion, which forms an elongated sac enclosing the
spinal cord and nerve roots and conforming to the natural
curves of the vertebral column. In the early embryo the
nerve roots pass straight outwards to their respective
intervertebral foramina which are directly opposite to them.
Later in foetal life and in early childhood, the vertebral
column increases in length at a greater rate than the
spinal cord, so that the latter gradually assumes a higher
position within the vertebral canal. By this process the
nerve roots require to pass more and more obligquely down-
wards to reach their foramina of exit. This obliquity 1is
most marked in the case of the sacral and lumbar roots, and
least so in the case of the upper thoracic roots. By the
time growth has ceased, the spinal cord ends opposite the
lower border of the first lumbar vertebra or the body of the
second lumbar vertebra. This is represented graphically in
the following diagram, which illustrates the lumbar and
sacral roots proceeding vertically downwards and forming the
Cauda Equina, Exceptionally, the termination of the cord (the
conus medullaris) remains as low as the lower third of third

lumbar vertebra, even in the adult.(Needles 1935).
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It will be seen from the preceding diagram that lumbar
puncture should always be performed at a level not higher
than the third lumbar interspace, to avoid all possibility
of damage to the cord, and at a lower level in the case of
children. For a successful tap.in the lumbar region the
spine must be flexed (and the dura put on the stretch) to
open up the spaces between the vertebral spines.

The nerves of the cazuda equina are not taut, but hang
loosely in thé cerebrospinal fluid, and are easily pushed
aside by a needle. In the upper part of the cauda equina
there is a median interval (the cisterna terminale) between
the roots from the two sides of the cord and containing only
the non-nervous filum terminale, and it is in the region of
this median interval that lumbar puncture is usually carried
out.

The subarachnoid space is not a simple fluid-filled
space, but on the contrary is much interrupted by the nerve
roots themselves, by the denticulate ligaments, which are
processes of pia stretching from the 1ateral aspect of the
cord to the dura, and other pial septa, so that it may be
likened more to the interior of a rubber sponge than to a
gsimple tube of fluid. These anatomical features ensure a
thorough mixing and dilution of the anaesthetic drug in the
cerebrospinal fluid, and in part explain the slowness and
difficulty with which all except high concentrations of
drugs reach high segmental levels.
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Diagrams illustrating a Transverse Section of the Spine
and the Segmental Origins of the Cutaneous Nerve Supply of
the Body follow.
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The cerebrospinal fluid originates from the choroid
plexuges within the ventricles. It is now generally held
that it is secreted by the cells of the choroid plexus,
although previously the view that it was a dialysate in
equilibrium with blood plasma, the choroid plexus acting as
a dialysing membrane, received consideration. Re-absorption
takes place via the Pacchionian bodies and arachnoid villi
into the venous sinuses, and also by the spinal veins (Evans
1949).  According to Adriani (1945) some is also absorbed
info lymph channels along the perineural spaces. While there
~is no active circulation of cerebrbspinal fluid, in the sense
that the blood circulates, there is a continuous slow
absorption and replacement of the fluid, and the spinal
portion of the system shares in this interchange by reason of
its communication with the cranial portion and thence with the
ventricular system by way of the foramina in the fourth
ventricle. Vehrs (1934) believes that there is a slow upward
circulation of cerebrospinal fluid through the central canal
of the cord into the fourth ventricle. The spinal sub-
arachnoid portion is, however, relatively stagnant - an
important safety factor in spinal ahaesthesia. This
relative stagnation is reflected in the fact that cerebro-
spinal fluid from the lumbar region normally contains more
cells and more protein than fluid from the cisterna magna.
Drugs are rapidly absorbed from the cerebrospinal fluid into
the blood stream.

The total volume of cerebrospinal fluid is 100-150 ml.,
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and Maxson (1938) states that it is renewed about seven times
in twenty-four hours. Monrad-Krohn (1948), quoting Masserman,
says that renewal is completed three times each twenty-four
hours. The exchange is so slow however, that it has no
practical bearing on spinal anaesthesia. Pitkin (1927 and .
1929) and Vehrs (1934) give the gquantity of fluid in the
spinal subarachnoid space to the level of the Foramen Magnum
as 20 ml.

Cerebrospinal fluid is a clear, colourless, saline fluid,
normally at a pressure of 60 to 150 mm. of water, in the
recumbent position. It is slightly alkaline, having a pH of
7.6 to 8.1, and has a specific gravity of from 1001 to 1009,
average 1004 to 1006. As obtained by lumbar puncture from
the normal individual it may contain up to 3 lymphocytes per
c.mm., and its chemical composition is as follows (Walshe
1949):-

Protein 20 - 40 mg. per 100 ml.
Glucose 50 - 80 mg. per 100 ml.
Chlorides 725 - 750 mg. per 100 ml.

Certéin changes are said to occur in the composition of
the cerebrospinal fluid as the result of spinal anaesthesia,
and will require to be considered because of their possible
relétion to0 neurological complications, Iienhoop (1936)
found that the albumin content rose until the 18th day, when

it was nearly double its normal figure, and there was a
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slight rise in globulin. Thorsen (1947) stated that every
spinal anaesthetic is followed in the first 24 hours by an
increased cell count. HMerritt and Fremont-smith (1938)
stated that spinal anaesthesia was almost constantly followed
by an inflammatory reaction of the cerebrospinal fluid,
evident within a few hours and disappearing in 4 to 7 days.
The cell count varied from a few white cellé to 2,000 or
more per c.mm., chiefly lymphocytes, the protein was normsl
or increased. The sugar might or might not be increased.
The colloidal gold reaction sometimes showed a slight change.
Backer-Gréndahl (1934) studied the fluid from 138 cases. He
found a pleocytosis in 65% at 24 hours, in 30% at 48 hours,
in 184 at 72 hours. The highest cell-count in his series
was 1950 per c.mm., the protein content was increased in 33%,
the sugar content increased in 69%.  Jason, Lederer, and
Steiner (1930) exemined the cerebrospinal fluid 12 hours
after spinal anaesthesia in 14 cases. Only one failed to
show a pleocytosis of 12 cells or more per c.mm., the
highést count being 8C0 cells per c.mm. Backer-Groéndahl
(1934) demonstrated that patients anaesthetised with
Percaine (Nupercaine) had a smaller increase in cells than
those in whom procaine was used. It was this temporary
rise in the cerebrospinal fluid cell count which led many

writers to call the condition chemical or aseptic meningitis.

This is the normal meningeal response to mild irritation,
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but at the same time there is no dividing line between this
state and low degrees of septic meningitis. No symptoms
are produced by this cellular increase.

It is interesting to note that in the author's series
of 46 cases in which lumbar puncture was performed 24 hours
after spinal anaesthesia, these changes just described were
not manifest, except in one case. This will be discussed

in Section VI, Clinical Section.

The relationship between the specific gravity of the
cerebrospinal fluid and the specific gravity of the injected
anaesthetic solution is one of importance in the practice of
spinal anaesthesia. Thus a solution which is heavier than
cerebrospinal fluid (hyperbaric), when introduced into the
subarachnoid space, will gravitate towards the lowest point.
In the same way a solution lighter than cérebrospinal fluid
(hypobariec) will rise towards the highest point in the sub-
arachnoid space. With = patient lying supine on a 1
horizontal table, the third lumbar vertebra marks the
highest point of the lumbar curve and the fifth dorsal

vertebra the lowest point of the dorsal curve.
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This diagram illus?rates this principle applied to
solutions injected at the third lumbar interspace. A
hypobaric solution will tend to remain at the highest parts
of the lumbar curve (L.3-4.), while a hyperbaric solution
will gravitate in part towzards the sacral region and in part
towards the lowest point of the dorsal curve (D.5-6.). With
‘a patient in the upright position, hypobaric solutions will
naturally rise and hyperbaric solutions fall.

Whilst these simple concepts are fundamental, there are
‘modifying influences. Mention has already been made of the
baffle-like action of the nerve roots and the‘denticulate
ligaments. The more thoroughly the injected solution is
mixed with the cerebrospinal fluid, the.more its specific
gravity approximates to that of the cerebrospinal fluid.
Purther, as it passes on in the direction dictated by gravity,
the anaesthetic is removed from solution by fixation in the
nerves. These two processes have the same result - viz.,
that the farther the solution travels the lower its anaesthetic
concentration becomes and its specific gravity approaches
closer to that of cerebrospinal fluid. This brake action
slows and ultimately stops the spread of the anaesthetic.
Thus a hyperbaric solution, introduced in the lumbar region
of a patient in the Trendelenberg position, cannot reach the
upper dorsal segments in the same concentration as that
originally injected from the syringe, and this has been

demonstrated many times in the author's own experience.
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It is the author's practice, for gynaecological
abdominal operations, after the injection of a hyperbaric
solution immediately to place the patient in a 40°
Trendelenberg position. The level of motor paralysis does
not exceed the level which would have obtained had the
patient remained horizontal, although the level of sensory
loss rises two or even three segments higher than would have
been anticipated without tilting of the table. The reason
for the rise in the sensory level, but not the motor level,
is that the sensory fibres are more susceptible to cocaine-
substitute drugs than motor fibres, and are therefore
affected by weaker solutions. The work of Koster et al.
(1936) gives experimentél backing to this clinical
observation, and this has also been the experience of
Minnitt and Gillies (1944).

The anterior and posterior roots contain autonomic
fibres passing to and from the sympathetic ganglia. Block
of the spinal nerve roots up to the level of the first
thoracic segment will include block of the sympathetic
chain and the splanchnic nerves, which arise from the
fourth dorsal to the first lumbar sympathetic ganglia. A
diagram is appendéd to show fhe éomatic and autonomic

connections of the spinal nerve roots.
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Section III.
PHARMACOLOGY.

General Properties of Local Anaesthetic Drugs.

Pharmacological Action.

Drugs Used for Spinal Anaesthesia.

Experimental Pharmacology.

Composition of Preparations - Additions and Adulterants.

Toxicity of Procaine.

Choice of Agent.'




20.

Section IIT.

PHARMACOLOGY.

Since the inception of spinal anaesthesia,numerous
local anaesthetic drugs have been used from time to time,
but only those which have achieved wide acceptance -~ viz.,
Cocaine, Stovaine, Procaine, Nupercaine, Metycaiﬁe and
Amethocaine, need be considered here.

Each of the synthetic drugs, especially prodaine, is
known by several synonyms, some of which are commercial
trade names which are very similar both in print and to the
ear., Thus the hydrochloride of para-aminobenzoyldiethylamino-
ethanol is variously called procaine (B.P. and U.S.P.),
Novocaine, Ethocaine, Planocaine, Duracaine, Neocainé,
Syncaine, Scurocaine, Spinocaine, Kerocaine, but these
preparations differ in composition, concentration, total
dosage, specific gravity etc., and as a result considerable
confugion has arisen and errors have occurred. As this
drug is almost universally known among anaesthetists as
procaine, this name will henceforward be adhered to in this

thesis.

1. General Properties of Local Anaesthetic Drugs.

There are three groups of drugs for spinal anaesthesia.
(i) Esters of benzoic acid: e.g. Cocaine, Stovaine,
Metycaine.

(ii) Esters of para-aminobenzoic acid: e.g. Procaine,
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Amethocaine, etc;
(iid) Quinoline derivatives: Nupercaine.

Local anaesthetics, except cocaine, are synthetic
preparations and not of plant origin. However, they
resemble alkaloids closely and respond to some of the tests
for alkaloids. All form salts with various mineral écids,
usually HC1. They are crystalline, acid in solution and
stable. The base is precipitated by alkalis and the
tzlkaloidal!' bases of local anaesthetic salts are liberated
by hydrolysis, and being highly lipoid soluble are readily

taken up by the lipoid-rich nervous structures.

2. Phaermacological Action.

Local anaesthetic drugs within the QUbarachnoid space
act upon the fibres of the nerve roots, causing physio-
chemical modifications of their functions and temporary
physiological section of the roots. Anaesthesia is
‘accompanied by decreased electrical conductivity, by decrease
in the action potential and by reduced permeability to salts.
A simple concept of anaesthesia is that the local anaestheﬁic.
agent stabilises the surface layers of the nerve fibres and
thus prevents the changes necesséry to the generation and
conduction of nervous impulses.

Although Vehrs (1934) states that solutions of procaine
cause physiological trans~section of the cord, the majority
of ansesthetists do not accept this view (e.g.Evans (1949),
Hewer (1948), Minnitt and Gillies (1944) ), and define spinal

anaesthesia as a blocking of the nerve roots and not of the
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spinal medulla. Coloured substances injected into the sub-
’arachnoid space only faintly tinge the external surface of
the cord, but impregnate deeply the roots which issue from
it, (sebrechts 1934). Anaesthetic drugs behave the same way;
the diazo-reaction for procaine shows that procaine penetrates
deeply the entire spinal root but affects only the periphery
of the cord, up to a depth of 0,25 cm. (Evans, 1949). While
this question has not been settled conclusively, it appears
to the author reasonsble to assume that with the concentrations
of drugs ordinarily used, the degree of penetration of the
nerve will depend on its diameter. Thus the anterior and
posterior roofs (and more particularly their rootlets of
attachment to the cord) will be penetrated and blocked
completely, while the spinal cord with its much greater
dizmeter will be penetrated about its periphery only.

Three tyﬁes of mammalian nerve fibres are described, and
their susceptibility to local anaesthetics is given in the

accompanying table (Galley 1950).
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Effects of Spinal Anaesthesia upon the Three Types

of Mammalian Nerve Fibres.

(After galley, 1950).

Type of Fibre.

Tunction.

Effect of blocking
Spinal nerve or
nerve roots.

"A" FIBRES (a) Skeletal motor Eag Muscle paralysis.
fibres. b) Loss of touch
Large myelinated (b) Fibres from touch sense.,
(1 to 204 ) endings. (¢) Loss of stretch-
(¢) Proprioceptor - reflexes and
Susceptibility fibres,e.g. from muscle tone. Loss
to local muslces, tendons, of joint sense,etc.
anglgesics + joints,ligaments (d) Analgesia to sharp
and periosteum. pain (e.g.cutting
(d) small fibres sub- and referred shoot-
serving pain of a ing pains).
sharp shooting (e) Loss of thermal
nature. appreciation.
(e) Small fibres sub-
serving thermal
sensations.
"B" FIBRES a) Vasodilatation.
b) Loss of sweating.
Myelinated Most preganglionic ¢) No reflex action
(1 to %/L) sympathetic fibres of pilomotor
(involuntary auto- muscles.
Susceptibility nomic motor fibres) (d) Cconstriction of
to local such as the white bowel and relax=-
analgesics ++ rami. ation of certain
sphincters.
(e) Lowering of B.P.if
block includes
4 segments above L.I.
"C" FIBRES (a) Some pre- and all (a) Some sympathetic
. . post-ganglionic aralysis as above
Unmyelinated,i.e.. sympathetic motor grey rami unaffect
naked axon fibres (grey rami) ed by subarachnoid
cylinders. (b) Afferents mediat- block).
(<c1m) ing dull aching or(b) Analgesia to pain

40% of posterior
nerve-roots fibres
are in this
category.

Susceptibility
oca

0
anaIge S1CsS +++

(e)

burning pain.
Afferents mediat-
ing thermal
sensations.

(e)

due to cutting or
burning, deep limb
pain, and pain
from viscera.

Loss of thermal
appreciation.
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It will be seen that some preganglionic fibres and 40%
of}ﬁosterior nerve root fibres are non-myelinated 'C! fibrés
and are susceptible (+++) to local analgesics. Most
preganglionic fibres such as the white rami are myelinated
'B! fibres, susceptible (++) to local analgesics. Nerve
fibres to skeletal muscles and proprioceptive fibres are
large myelinated 'A;, having a susceptibility of one plus
only (+) to localvanalgesics. Heinbecker, Bishop and
O'Leary (1934) carried out extensive investigations on nerve
blocking with procaine, and they summarise the order in which
fibres are blocked with increasing concentrations df procaine.,
Sensory fibres are blocked in the order - cold, warmth, pain,
touch; vasoconstricting fibres before cold; motpr fibres
between pain and touch; sensibility to deep pressure and
muscle-joint sense at the same time as touch. The order is
therefore:-

(1) VASOCONSTRICTION.

(2) COLD, WARMTH, PAIN.

(3) MOTOR.

(4) TOUCH, DEEP PRESSURE, MUSCLE-JOINT SENSE.

Gillieé (1950) and Griffiths and Gillies (1948) state
that 0.2% procaine blocks preganglionic sympathetic fibres,
0.5% procaine blocks sensory fibres, and 1.5% is required

to block motor fibres,

The general effects of spinal ansesthesia on the other
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systems of the body are now outlined briefly. There ié an
early increase in skin temperature below the level of the
block. A fall in blood-pressure occurs, probably due to
paralysis of the vaso-constrictor fibres with post-arteriolar
dilatation, and this fall is roughly proportionate to the
height of anaesthesia. Also, when the anaesthesia reaches
the upper thoracic segments, the cardio=-accelerator nerves
arising from T.I, to T.5. are blocked, the action of the
vagus is therefore unopposed, and bradycardia results. The
respiration becomes slower and more shallow, depending on the
height of intercostal paralysis. The gut is contracted,
there is increased peristalsis, and the sphincters are
relaxed. The sphincters of the bladder, however, are not
relaxed, and the penis is often engorged and flaccid due to

paralysis of the nervi erigentes (S.2. and 3.).

3. Drugs used for Spinal Anaesthesia.

(1) cocaine (Methyl benzoylecgonin).

This is a natural alkaloid derived from the leaves of
the South American plant Erythroxylon Coca. It is a rapid-
acting and potent local anaesthetic, and has a narked affinity
for sensory as opposed to motor fibres, but it has many
disadvantages as an agent for spinal anaesthesia. Aqueous
solutions are unstable and decomposed by heat, boiling, and
autoclaving. It is highly excitant to the central nervous
system and many patients have an extreme susceptibility to

this toxic action. Primary cardiac failure occasionally
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occurs in susceptible subjects. It has been entirely

abandoned in favour of safer drugs. Its structural formula

is -
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It was discovered however, that not all of the large
cocaine molecule took part in the localvanaesthetic action,
but that the latter was due to the presence of the benzoic
acid radicle, benzoyl (encircled by the dotted line), in
combination with a nitrogen-containing group. This benzoic
acid radicle forms the keystone on which most of the
synthetic local anaesthetics are based, with the exception of
Nupercaine which is a quinoline derivative.

(ii) stovaine (Amylooaine.B.P.) is benzoyl - ethyl -

dimethylaminopropancl hydrochloride.
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This drug, in aqueous solution and at the strengths
used (i.e. 5% and 10%), produces a most intense block of all
gsympathetic, sensory and motor fibres in ﬁhe spinal nerve
roots. It is still used in some guarters, in spite of the
fact that long ago it was shown,(Maxson 1938), that its
repeated use could cause permanent paralysis in dogs. The
clinical use of Stovaine over the years has left a’trail of
neurological complications. Pitkin (1928) states that
severe pains in the legs ("stovaine tabes") may occur as
the anaesfhesia is passing off. Ferguson and Watkins (1938),
in an examination of the literature prior to 1935 found
reports of 16 cases of neurological sequelae attributable
to spinal anaesthesia, and of these 7 followed the use of
Stovaine, 1 followed the use of procaine, and in 8 the
anaesthetic drug was not specified. Dinsdale (1947) reports
6 examples of lesions of the cauda equina, following the use
of Stovaine for subarachnoid block. Minnitt and Gillies
(1944) meke the general statement that there is some evidence
that Stovaine, and Duracaine (10% procaine in 15% alcohol

with water) are especially liable to produce neurologidal
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sequelae.

Pitkin (1928) subjected dogs to spinal anaesthesia,
with 5% Stovaine solution, and in gll cases histological
evidence of trauma to nervous tissue was found, i.e.
perivascular round-cell infiltration, swollen axis
cylinders, and degeneration of the anterior roots was
produced; no such reactions occurred with 5%, 10%, or 20%
procaine solutions., This latter part of pitkin's
conclusions regarding procaine does not agree with the
findings of MacDonald and Watkins (1938) who, experimenting
on cats found that 104 of the animals were permanently
paralysed by 5% solutions of procaine., Nevertheless, on
abundant cliniéal evidence, Stovaine has been shown to pe a
more irritating drug than procaine, and has largely been
abandoned for this reason.

(iii) Metycaine (Neothesin) was first used for spinal
anaesthesia in 1931. It is a little more potent and has a
more prolonged action.than an equal weight of procaine. It
is used as the hydrochloride in 10¢% solution and is a white,
crystalline powder, easily soluble in water, alcohol and
chloroform. Its solutions are stable and resist boiling.
It has attained a moderate popularity in America, but has not
been used extensively in this country. Chemically, it is

gammz, - (2 methyl piperidino) propylbenzg?fe.
3

. |
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(iv) Procaine ié perhaps the drug most frequently used at
the present time, and is the one which has been most
thoroughly investigated in connection with spinal anaesthesia.
It is a synthetic preparation, the hydrochloride of para-

aminobenZoyidiethylamino-ethanol,

///Csz
v d e —o—ch—em-nd ™ ha
I \CzHs

- 0

It is a white crystalline substance freely soluble in
water and in cerebrospinal fluid. Its solutions are not
- affected by boiling, although there is some reduction in
potency, estimated at 10# following autoclaving at
temperatures exceeding 110° centigrade. It is 1/5 to 1/7
as toxic as cocaine, The usual doses employed clinically
lie between 50 mg. and 200 mg., dissolved in cerebrospinal

fluid to make a 5% solution.

(v) Amethocaine (Pontocaine, Anethaine, Decicaine,

Tetracaine). This is one of the more recently introduced
(1931) synthetic local anaesthetic drugs of a similar
structure to procaine. Tt is para-butylamino benzoyl

dimethylamino=-ethanol.
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It‘is used in the form of the hydrochloride which is a
white powder, freely soluble in water and in cerebrospinal
fluid. Aqueous solutions are stable and can be boiled or
autoclaved without decomposition. The potency of
amethocaine is approximately ten times that of procaine and
the maximum dosage by spinal injection is 20 mg., the
concentration used being 1%, or less. It is said to
affect the white rami communicantes less intensely than
procaine.and so produce less fall in blood-pressure.

(vi) Nupercaine (Percaine, Cinchocaine) was introduced in

1929 and belongs to a different chemical group from the drugs
already described. It is a quinoline derivative - viz.,

alpha - butyloxycinchoninic acid diethylethylenediamide.

H
o=c — N{ C2Hs
| \CHz—CHz -N
CH C CiHs
/7 N/ \
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It is employed either as a 1 in 200 hyperbaric solution
or a 1 in 1500 hypobaric solution. This was the first true
'lightt' solution available. It has a slower onset but more

1ésting effect than procaine. This drug is highly toxic
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but so potent that only very small doses are required, up
to 15 mg. It is readily inactivated by traces of alkali

which must be carefully excluded from needles and syringes.

The duration of effect of amethocaine is longer than
that of procaine but not so long as that of Nupercaine.
Bieter, McNeary, Cunningham and Lené (1936) give the
duration of anaesthesia produced by minimal comparable doses
in rabbits as -

Procaine 16 minutes.
Amethocaine 25 minutes.
Nupercaine 41 minutes.

In the authort's experience, the average duration of
effective anaestheéia with these three drugs is 45 minutes
with procaine, 90 minutes with amethocaine and 120 minutes
with Nupercaine. This statement requires some further
elaboration however. Thus after injection of 0.4%
amethocaine solution for high spinal block, the anaesthesia
rapidly attains its maximum height at the 2nd. thoracic
segment. After a short peak period, the level of anaésthesia
gradually recedes seguent by segment, so that the duration of
effective anaesthesia up to the level of the 5th. thoracic
segment will be one hour, but up to the level of the 10th.

thoracic segment will be as long as two hours,

* * * * * *
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4, Experimental Pharmacology.

Iundy, Essex and Kernohan (1933), experimenting with
procaine on dogs,have shown that it is the concentration of
the procaine solution as it comes in contact with the nerve
roots which is the important factor in determinihg the
production of irreversible changes in the nervous structures,
and not the total dosage. They produced the following
results;:-

5 ml. of 17.5% solution ( 876 mg.procaine) ~ No permanent
_ | ‘paralysis.
5 ml. of 20% solution (1000 mg.procaine) = Permanent
‘ effects, extending to mid-
| thoracic region.
5 ml. of 25% solution (1250 mg.procaine) =~ Permanent
. effects, extending as far
as the cervical region.
10 ml. éf 12.5% solution (1250 mg.procaine) - No permanent
| effects.
2.5 ml, of 50% solution (1250 mg.procaine) - No permanent
effects.

The histological lesions demonstrated were in the
periphery of the cord, where there was degeneration of the
myelin sheaths, which were swollen, nodular and fragmented,
and this was associated with the formation of large vacuoles.
The axis cylinders shared in this degeneration. The nerve

roots were not affected, and there was no inflammatory



reaction of the meninges.
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As a result of this work, ILundy

recommended that in clinical practice the concentration of

procaine solution should not exceed 5%.

MacDonald and Watkins (1938) have shown that the

concentrationsof procaine which are used clinically in man

cen produce protracted cauda equina syndromes in cat.

They

heve also shown that the incidence of such palsies in the

cat rises with the concentration of procaine employed, as

will be seen from the following table:-

Relation of Concentration of procaine HCI.

to Incidence of Symptoms. (Cats).

% Conecentration,| Number of Number showing % paralysis
animals. paralysis.
2.5 20 0 0
5.0 20 2 10
10 56 24 43
20 8 4 80*

* 3 died acutely.

5. Composition of Preparations - Additions and Adulterants.

Many of the proprietary preparations for spinal

anaesthesia contain, in addition to the anaesthetic drug,

adulterants in the form of sugar, alcohol, glycerine and

other substances.

These substances are added in order to
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make the épecific gravity of the solution greater or less
than that of cerebrospinal fluid, so that advantage méy be
taken of posture and gravity in controlling the level of
anaesthesia, This practice is of doubtful value,
particularly if alcohol is added to lighten the solution.
The behaviour of such a pseudo-hypobaric solution within the
subarachnoid space is problematical, aé the alcohol may
separate out -~ part company as it were - from the main
solution, transforming it at some indeterminate time from a
hypobaric solution to a hyperbaric one. Also, the alcohol
may act on the nerve roots chemically or pharmacologically.
The use of gum acacia tends to delay the diffusion and
dispersion of the anaesthetic solution, and thus keeps fhe
full original concentration of the drug in cbntact with the

cauda equina for an undesirably long time.

6. Toxicity of procaine.

Ferguson and Watkins (1938) reported 14 cases of the
cauda equina syndrome following spinal anaesthesia, where
‘heavy' Duracaine had been the preparation used in each case.
This is made up as follows:-

Procaine HCL 0.1 G. per ml. (i.e. 10% procaine).
Gum acacia 0.002 G. per ml, |
Glycerine 0.0416 G. per ml.

In 15¢% ethyl alcohol, aqueous solution.

The question arose ~ could the lesion be due to the
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alcohol or the glycerine, or was the procaine itself
responsible? MacDonald and Watkins (1938) investigated
this problem with cats as experimental animals, and obtained

the following results:-

ToTAL NoT PARALYSIS OF) pocniysis | TeraL %
INTEcTeD, | PARALYSED, z‘lzbf’:’:f"s °"°;’f)jf PARALYSED.| pARALYsED,
Alcohol and
Glycerin. 23 23 0 0 0 0
'Heavy!
Duracaine. 23 10 9 4 13 56
10% Procaine
(*Planocaine')| 10 5 2 3 5 50
10% Procaine
(*Novocaine') | 23 17 4 2 6 26
5% Stovaine
(Baker) - 10 4 0 6 6 60

These workers draw the obvious conclusion that the toxie
ageht which is responsible for the paralysis is the procaine
itself, and that other anaesthetic agents, e.g. Stovaine,
can a2lso produce paralysis. One further point was made -
viz., that the results tabulated above support the view that
the lesion is not caused by the trauma of the needle, as no
cases of paralysis occurred following the injection of alcohol
and glycerin in 23 cats, while palsies frequently occurred in
the other groups injected with anaesthetic drugs. This will

be elsborated further in the section devoted to neurological

complications.
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T. Choice of Agent.

At the present time the choice of an agent for spinal
anaesthesia lies between procaine, Nupercaine and
amethocaine. Bieter, Cunninghamn, Ienz and McNeary (1936)

give the following therapeutic or safety ratios:-

inimal Lethal dose %.
u 2l L # for intrathecal injection

Minimal Analgesic dose %, in rabbits.
Procaine 6.6 : 1.
Nupercaine 11.4 : 1.

Amethocaine 30 e 1.

It is desirable that a preparation for spinal
anaesthegia should be isotonic with cerebrospinal fluid.
Maxson (1938) states that either hypotonic or hypertonic
solutions are irritating to the meninges and nerve roots.
Dinsdale (1927) draws attention to the fact that Chaput's
104 solution of Stovaine is no less than twelve times
hypertonic; he giveé the following %able of physical
properties of some common preparations,(to which 5% procaine

in cerebrospinal fluid has been added).
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Preparation. Specific | pH. | Concen- Tonicity in
. Gravity. tration. relation to
C . S - Fo
Stovaine (Chaput) 1080 4.7 104 12 x
Stovaine (Barker) 1030 - 5¢ 2 x
Spinocaine 1000.5 4.5 10% -
'Heavy'! Duracaine 1028 - 10% 2 x
Heavy Nupercaine 1024 5.0 0.5% >1
Light Nupercaine 1003.8 6.0 [0.067% <1
Metycaine 1014.3 4.5 |  10% -
Spinal 'D' (amethod 1025 4,9 14 >1
caine)
Spinal 'D' Isotoniq 1018 5.0 0.4% Isotonic
%amethocaine) '
Procaine in C.S.F.| 1015 T.4 5% 2 x

It will bé observed from the preceding table that
Spinal 'D! Isotonic (i.e. amethocaine 0,4%) is the only
isotonic solution listed, and that it is also a dilute
golution. The specific gravity is 1018 (i.e. hyperbaric)
and the pH 5.0. Each ampoule contains 20 mg. amethocaine
hydrochloride in 5 ml., normal saline. Hunter (1945) has
shown that the minimum effective spinal concentration of
amethocaine is 0.1%. This solution (0.4%), while of
greater concentration than the minimum effective

concentration, is nevertheless still a dilute solution. A
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A solution of 1.0% amethocaine is used successfully by
some anaesthetists, but this concentration is unnecessarily
high. -

Spinal 'D!' Isotonic solution satisfies the
pharmacological and clinicel criteria which a spinal
anaesthetic drug should possess. As unduly concentrated
solutions in contact with the nerves of‘the cauda equina
appear to be the main case of persisting lesions, and,in
addition, as either hypertonic or hypotonic solutions may
be irritating, the author believes that this isotonie
solution of 0.4% amethocaine is the one least likely to

lead to neurological complications.
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Section IV.

- NEUROLOGICAL COMPLICATIONS.

1. INTRODUCTION.

Spinal anaesthesia has been held responsible for such a
formidable array of neurological complications, that,if taken
at face value, it would be sufficient to deter all but the
most intrepid from employing it. Many ahaesthetists and
surgeons are dissuaded from using spinal anaesthesia because
they believe the risks of sequelae are real and appreciable.
The author, as a result of his experience, believes that with
careful technique, and using low concentrations of drugs,
there is no need to fear untoward results.

The literature is confusing and contradictory. On the
one hand Sebrechts (1934) writes - "So far as I know, it
(paralysis) has never been observed in wards where spinal
anaesthesia is a routine method," and "on the basis of our
personal experiences and of that of all those who regularly
use spinal anaesthesia, we can assert positively that the
careful injection into the cerebrospinal fluid of a substance
which is little irritant, never causes symptoms of paralysis."
On the other hand, Lindemulder (1932) stated - "One must
advance the theory that all spinal anaesthesias produce an
acute myelitis. This condition lasts a few hours and may
leave the patient with complaints of pain and paralysis for
a period. The fact that there may be certain definite

residuals from this method of anaesthesia must be recognised."
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It is said that John B. Murphy so strongly disapproved
of spinal anaesthesia that he advocated that it be prohibited
by law, but Lundy, from the Mayo Clinic, denies that spinal
anaesthesia properly performed can result in any neurological

complications.

2. LITERATURE,

Thorsen (1947), basing his figures oni2,493 replies to a
questionnaire sent to patients who had a spinal anaesthetic,

gives the following incidence of complications:=

Headache ‘ 24
Diplopia‘ ’ 2;4%
Back=-pains | , 19%
Weekness of the legs T%
Numbness in the legs 13.3%

Disturbances to bladder and rectal function 13¢%

These figures, as Thorsen himself points out, are highgr
then the true incidence, as it is impossible tb avoid leading
questions in a questionnaire. Graham and Brown (1939) put
the frequency of headache ét 4%, and Jarman (1934) at 1%.
Jerman gives the incidence of "paralysis" as 0.01%. '

| Schildt (1947), in an extensive review of over 60,000

cases of spinal anaesthesia during a three year period, found
6 cases of protracted or permanent neurological lesions, all
following‘the use of 1 in 1500 Nupercaine solution. He
therefore assesses the incidence of injury at 0.01%, but

concludes that the advantages of spinal anaesthesia are so
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great that they counterbalance the risk of injury. He
attributes the lesions to a chemo-toxic effect of the local
anaesthetic drug on the spinal cord and its membranes.
MacdonaldCritchley (1937) in opening a discussion on
the neurological sequelae of spinal anaesthesia at the Royal
Society of Medicine, gives it as his opinion that a very
significant number of such complications are complétely
overlooked by surgeons and anaesthetists. Minnitt and
Gillies (1944) in their text-book, and referring to such
complications, also make a comment along similar lines. They
say that to state that one has not seen such complications is
only half an answer, because one has probably not looked for
then. It was these remarks of Critchley, and of Minnitt
and Gillies, which stimulated the writer to undertake a
careful follow-up of his spinal cases before their discharge
from Hospital, and in some cases by re-examination after a

period of 6 months - 2 years.,

3. LIST OF COMPLICATIONS REPORTED.

The following complications have been reported:=-
Headache.
Paralysis of the sixth cranial nerve.
Bladdei and rectél disturbances.
Impotence in the male.
Weakness or paralysis of the legs.

Areas of sensory loss about the perineum, sacrum

and legs.
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Paraesthesiae of the legs.

Radiating pains in the legs.

Prolapsed intervertebral disec.

Trophic lesions. |

Transverse and ascending myelitis.

Late proliferating arachnoiditis.

Septic meningitis,

Before the writer's own clinical material is described,

an examination of the reported néuroiogiéal sequelae will be

made, They can be broadly grouped under four headings, viz:

1. Headache.
2. Neuro-toxic lesions.
3. Sepsis.

4, Prolapsed Intervertebral Disc.

(1) Headache.

(a) Mode of Production of Headache.

August Bier, the German surgeon, must have been one of
the first to appreciate that headache can occur in association
with spinal enaesthesia. In August 1898 his assistant
performed lumbar-puncture upon him, with the intention of

proceeding to produce anaesthesia with cocaine. Unfortunately

~the needle and the syringe did not fit; the attempted

angesthesia had to be abandoned, but a large quantity of
cerebrospinal fluid escaped as a result. Bier was confined
t0 bed for nine days on account of headache, which became

intense when he sat upright. Although Quinke had been
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practising lumbar-puncture for seven years before this, and
must have observed headache, yet it was left to Sicard in
1902 to postulate that the headache which followed spinal
anaesthesia was due to the 1umbar—puncture pef se, and the
consequent 1;%kage of cerébrospinal fluid. This theory has
recurred and has been developed in the literature up to the
present day, and is now widely accepted as the principal
cause of post-spinal headache. As would be expected, many
other causes have been suggested, but these have not borne
critical study. They range from iodine cafried into the
cerebrospinal fluidAfrom the skin via the lumbar-puncture,
to psychoneurosis (Watson, 1943), and include decomposition
products from the aznaesthetic substance, puncture
haemorrhages, vaso-motor disturbances (Harrison, 1936), and
disproportion between the intracranial arterial pressure
and the pressure of the cerebrospinal fluid, with increased
vascular pulsations (Ericsson, 1947).

It is well known that simple lumbar puncture in patients
who had no previous headache, produces headache in a
proportion of cases. Parker (1929), Heldt (1939) and
Davenport (1939) estimate the frequency of headache following,
and as the result of,vsimple lumbar-puncture at 154 to 444%.
Thorsen (1947) reports the incidence of post-spinal headache
in his series of 2,493 cases as 24%, while the incidence of
headache in 100 control subjects subjected to lumbar-puncture

without anaesthesia was 41%. He explains the higher
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incidence in the control group, by the fact that, not having
had an operation, they were ambulant and active earlier than
the spinal anaesthetic group. This early resumption of the
upright position would encourage the continued drainage of
cerebrospinal fluid away from the puncture-hole in the dura,
because the pressure of cerebrospinal fluid in the lumbar
region is greater in the vertical position.than in the
horizontal position. He has further shown that headache in
the spinal anaesthetic group was more frequent in those
patients who got up within the first three days than in those
who remained in bed longer than three days. In contrast to
the relative‘frequency of headache foliowing lumbar-puncture,it
is quite unusual following puncture of the cisterna magna.

Two significant facts strongly support the theory of
seepage of cerebrospinal fluid as the cause of post-spinal
headache. The first (A) is that the dural puncture hole has
been proved to remain patent in some cases up to eleven days
after the spinal anaesthetic. The second fact (B) is that
the epidural space normally exerts a "negative" pressure (i.e.
less than atmospheric pressure). These two supporting facts
will be considered separately in more detail.

A. Persistance of dural defects.

Weed et al (1919) demonstrafed that a suspension of
lamp-black injected into the subarachnoid space of animals
could later be found in the epidural space. Ingvar (1923)
injected methylene blue solution intraventricularly and was

able to observe that it remained in an intradural position
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except when a lumbar-puncture had been performed before the
injection of methylene blue, in which case it could be
demonstrated staining the fat of the epidural space. In
addition, he examined the dura of a seven=year o0ld girl who
died of tuberculous meningitis. This girl had lumbar-
puncture performed at eight, five and one day before her
death. He was able to verify histologically the persistence
of a defect in the dura at the site of the last lumbar-
puncture. Leriche (1928) observed during the operation of
laminectomy that leakage from the dura was visible to the
naked eye in two cases where lumbar-puncture had been
performed a few days prior to the laminectomy. Thorsen (1947)
carried out thorough investigations in order to demonstrate
the persistence of dural defects after spinal anaesthesia.
Post-mortem examinations were perfqrmed on 15 patients who
had died 1 to 11 days after spinal anaesthesia. The dural
sac was exposed, and a solution of methylene blue injected
in the lower thoracic region. When the dural sac became
expanded, a blue-coloured jet of fluid was seen to issue, in
10 of the 15 cases,from a point-like dural defect correspond-
ing with the site in the lumbar region of the injection of
the spinal anaesthgtic. In one case two puncture-holes were
detected, In 7 of-these 10 cases the fistulae were verified
histologically by serisl sectioning as a traumatic dural
lesion produced during life. As a further experiment

Thorsen injected a sterile lamp-black solution into the

subarachnoid space of a comatose woman dying of cancer. Thisg
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was done seven and a half hours before her death. At post-
mortem examination the epidural space was found to be
impregnated with lamp-black from the level of the first
sacral vertebra to the eleventh thoracic vertebra. The black
staining was most concentrated in the areolar tissue under
the ligamentum flavum and along the spinal nerves passing out
through the intervertebral foramina., Microscopical
examination of the epidural tissue showed that intracellular
phagocytosis of the black granules had ocecurred.

.B. Negative pressure in the epidural space.

Most anaesthetists are famlllar with the fact that the
epidural space exerts a "negative" pressure relative to
atmospheric pressure, viz:- 750 mm.Hg. The writer has
frequently demonstrated to students the sharp hiss of air
entering the needle as the point of the needle, with the
stilette removed, reaches the epidural space. Odom (1937)
devised a small glass indicator containing a fluid meniscus
for attachment to the hub of the needle, When the meniscus
moves towards the needle the epidural space has been entered.
Pitkin (1946) used a small glass U-tube manometer for the
same purpose., More recently Macintosh (1950) has introduced
e small rubber balloon attached to a male record mount., The
spinal needle is partlally inserted, the mount attached and
the balloon 1nflated with a small amount of air. The needle
is again advanced and as the epidural space is entered the
balloon collapses. Heldt and Maloney (1928) show that the

negative pressure is from 1 to 18 . mm, Hg.
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(b) Types of Headache.

It appears that there are two types of spinal headache,
which may be distinguished. both clinically and pathologically.
i) headache due to high cerebrospinal fluid pressure, and ii)
headache due to low cerebrospinal fluid pressure.

i) If the meninges should become infected, the cerebro-
spinal fluid becomes turbid, is'uhder increased pressure, and
headache is evident. Short of septic meningitis, sterile
anaesthetic drugs by themselves can produce meningeal
irritation, with increased cell count, increased cerebrospinal
pressure and headache. This was formerly described as aseptic
or chemical meningitis, énd was thought to occur frequently as
the ordinary response to spinal anaesthesia. Jason et al
(1930) state that the cellular content of the cerebrospinal
fluid is increased in most cases following spinal anaesthesia,
a count of 800 per c.mm. being not infrequent. This hyper-
tension of the cerebrospinal fluid typifies the first type
of spinal headache, but it is rare with present day technique
and drugs.

ii) The second type of headache is characterised by
hypotension of the cerebrospinal fluid, and is due to leakage
of the fluid from the dural puncture to the epidural space.

It is comparatively common. Thorsen (1947) made determinations
OI cerebrospinal fluid pressure in 21 patients with post-
spinal headache. He took the normal value of the pressure

in the horizontal position to lie between 75 and 150 mm. of

water. TIn comparison with these normal values, he found
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hypotension present in 17 of the 21 cases, the pressures
being between O and 50 mm. of water. In one case the
pressure was within normal limits, in two cases it was
~increased (155 and 160 mm.water), and in one case the
determination was unsétisfactory.

(¢) cause of Pain.

Ray and Wolff (1940) in America,and Pickering (1939)
in this country, have made a considerable investigation into
the precise cause of the pain in headache. It has been shown
that dilatation and stretching of blood-vessels within the
cranium are primarily responsible, but the scalp and
meninges play an important part in the mechanism of some
headaches. Stimulation of a pain-sensitive vessel situated
above the tentorium leads to headache which is mediated by
the trigeminal nerve and is referred to the anterior part of
the head, while pain provoked in a similar manner from
structures below the tentorium is chiefly felt posteriorly,
being mediated by the glossopharyngeal nerve and the upper
three cervical nerves. A swelling of the brain or a slight
descent of the brain causes traction on the cortical veins
connecting with the venous sinuses. It would seem reasonable
to suppose that either decreased or increased cerebrospinal
fluid pressure within the ventricles could result in such
traction on vessels. Thus most headaches arise from
disturbances of vascular structures, the main mechanisms

being distension, stretching, and traction applied to intra-

cranial arteries and venous sinuses.
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(d) Character of Headache.

A strikingly uniform picture is presented by the cerebro-
spinal fluid hypotension syndrome following spinal anaesthesia.
The onset never occurs during the actual spinal anaesthesia
nor in the succeeding few hours. Generally the headache first
appears on the second day after operation when the patient
begins to move freely in bed or to sit up,and it is relieved
by resuming a slight head-down position. It can be demonstrated
that the headache can be either relieved or accentuated by
alternating 2 Trendelenburg position with a sitting position.
It can nearly alweys be completely banished by placing the
patient prone and raising the foot of the bed, as in this
position leazkage from the dural sac must be minimal. The
headache is most frequently frontal and behind the eyes, or,
less commonly, across the vertex. There may be aching at the
back of the neck but this does not necessarily imply mening-
ismus. TIn quality the headache may be described as a feeling
of heaviness or of tightness, and is usually of very slight to
moderate intensity. The cerebrospinal fluid pressure is low
and the cell count is normal. It is rather more common
in women under the age of 40. It persists from one to ten
days. The mildness of the headache is so typical that any
complaint of severe headache following spinal anaesthesia,
especially if it is occipital and not relieved by lying down,
should meke one suspect that one is dealing with the "hyper-
tension" type of headache due to meningeal irritation. Such

meningeal irritation may be due to the anaesthetic agent
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itself or to infection.

(e) Prophylaxis.

The prophylaxis of spinal headache depends on three main

factors.- viz., 1. Prevention of sepsis.

2. Reduction of irritation.

3., Limitation of leakage of cerebrospinal

fluid.

1. The prevention of sepsis: It is axiomatic that
scrupulous asepsis must be preserved.
2, The reduction to a minimum of chemical or physical
irritation to the meninges may best be effected by using
non-irritating drugs in iso~tonic solutions of low
concentration,as hyper- or hypotonic and concentrated
solutions are irritating.
3+ TLimitation of leakage of cerebrospinal fluid. Thislcan
be achieved by the following measures.

(a) The avoidance of lacerating the dura by multiple
punctures.

(b) The employment of fine-bore needles, having a
diameter not exceeding 1 mm. will ensure that the
puncture-hole is as small as possible and trauma
to the dura is minimal.

(c) Both Labat (1928) and sise (1928) have emphasised that
the needle should be inserted with the bevel facing
laterally. The dura is composed of white fibrous

and elastic tissue, arranged in bands or lamellae,

whieh for the most part are parallel with one another
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and have a longitudinal arrangément. If the pevel
is directed to one or other side, it can wedge apart
the longitudinal fibres without cutting them in its
entry through the dura. On the other hand, if the
bevel of the needle is transverse, the longitudinal

fibres will become divided.

DIAGRAM. (AFTER LABAT. )

\ipm l
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. SHOWING THE BEVEL DIRECTED LATERALLY
INNSINUATING 1TSS WAY THROUGH THE

LONGITUDINAL  FIBRES. .

SHOWING THE BEVEL IN TRANSVERSE POSITION
CUTTING THE LONGITUDINAL FIBRES.

It is important to insist that a horizontal position
be maintained for the first 24 hours after lumbar
puncture, and also that the patient be confined to
bed for the two days following, if this is consistent
- with the surgical requirements. If, in the interests

of a particular patient, the surgeon desires
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ambulation by the second post-operative day, then
spinal anasesthesia is not the correct choice for that
patient. Spinal anaesthesia should never be given to
out-patients or 'over—nighﬁ' cases. It is the
author's experience that careful attention to this
precaution will do more to prevent the occurrence of

spinal headache than any other prophylactic measure.

(f) Treatment.

The treatment of established hypotensive, puncture-
leakage, type of headache (and the great majority of spinal
headaches are of this type) is first and foremost the post-
ponement of sitting up until the symptom has disappeared and
does not recur when the patient again elevates his head and
shoulders. This, btogether with a simple analgesic, such as
aspirin, phenacetin and caffeine tablet (B.P.C.), is quite
sufficient to alleviate these headaches, for they are mild.
The intradursl injection of normal saline has been recommended
by several writers and results in temporary relief. The
writer does not support this treatment for the following
reasons:~ it involves a further dural puncture which might
behave in the same way as the original puncture, producing
legkage of cerebrospinal fluid and thus prolonging the
syndrome; it is more difficult to be confident of complete
asepsis with the patient in bed in a ward, rather than in an
operating theatre; the effect is only temporary; it seems
unnecessary as the symptom is controllable by posture and

fades in a few days. Treatment by intravenous injections of
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distilled water, and by drugs such as posterior pituitary
extracts and ergofamine tartrate, have not been found
satisfactory.

If one is convinced that one is dealing, exceptionally,
with the hypertensive cerebrospinal fluid type of headache,
then lumbsr-puncture may provide relief and the intravenous
injection of 50 to 100 ml. of 50% glucose or 2 ml. of 50%

magnesium sulphate is retional.

(g) sixth Nerve Palsy.

There is another unusual sequel of spinal anaesthesia
of which mention should be made in connection with
alterations in the pressure of the cerebrospinal fluid, and
that is parslysis of the sixth cranial nerve (abducent).
This is quite rare, but in those cases where it has been
reported, it aslways occurs in association with headache. It
is imposéible to assess the incidence of this complication.
Sebrechts (1934) says that it no longer occurs, and Tovell
(1933) has seen two instances in 7,000 patients at the Mayo
clinic. Mecdoneld Critchley (1937) has also only come
across two cases,. both complaining of concomitant headache.
Thorsen (1947) has personal knowledge of eight cases, one
of which occurred after = diagnostic lumbar puncture (the
cerebrospinal fluid was normal). It may be
unilatersl or bilateral, and, paralysing the lateral rectus

muscle of the eyeball, produces a medial squint end
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inability to externally rotate the eye. It appears about
the second or third day after lumbar puncture, is

accompanied or preceded by headache, and always completely
resolves in a few days to a few months. It is, therefore,
both on account of its rarity and its benign course, more |

of interest than of importance.

Evans (1949) states that sbducens palsy is associated
with meningitis, but the writer can find no support in the
literature for the cases following spinal anaesthesia
heving been due to meningitis. As it is always
accompanied by headache, and can occur after simple lumbar
puncture, it seems reasonable to postulate that it has the
same etioclogy as post-spinal headache - viz., a slight
displacement of the brain due to alteration of pressure
of the cerebrospinal fluid in the subarachnoid space and
ventricles with consequent traction on the nerve as it
passes over resistant structures.

The sixth cranial nerve pursues a long and exposed
course within the cranial subarachnoid space. It turns
sharply over the petrosal ridge of the temporal bone and
may suffer temporary pressure and loss of function as a
consequence, One thing is certain - it is not due to the
direct action of the anaesthetic drug reaching the abducent

nerve. There is abundant evidence that only gross overdosage
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of anaesthetic drugs can reach the cranial subarachnoid spaces
in sufficient concentration to affect sensory fibres, far less
this motor nerve. Iesions of the 5th, Tth, 8th, 9th and 1llth
cranial nerves have also been recorded but even more rarely
(Minnitt and Gillies - 1944). The writer has been especially
interested in reports of diplopia and squint following spinal
anaesthesia, but despite a careful watch for this phenomenon

for twelve years, he has observed it but once.

g22 Neuro-Tox;g ILesions.

There is now a body of indisputable evidence that local

anaesthetic drugs are capable of damaging the cord, the nerve
roots and the meninges. This has already been referred to
in dealing with the pharmacology of the drugs and some were
shown to be more damaging to nervous structures than others.
Further, the concentration of the drug was shown to be all
important.

Experimental Lesions in animals.

In 1908 Spielmeyer injected Stovaine (amylocaine hydro-
chloride B.P.) into the subarachnoid space of dogs and apes
and found degeneration of the roots and of the peripheral
portion of the cord, and retrograde changes in the énterior
horn cells. His work has, in the essentials, been confirmed
repeatedly by later wofkers.

Wossidlo (1908) also used Stovaine in rabbits. The
lumbaer region of the cord was examined from one to twenty-four

hours later. Chromolysis and swelling of the cells of the
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anterior horn was found, and was maximal in two hours, scarcely
any normal cells being seen at this time. Improvement was
noted after six hours, and the cells had returned to normal

in 24 hours.

Pitkin (1928) confirmed the deleterious reactions.following
Stovaine (perivascular round-cell infiltration, swollen axis
cylinders‘and degeneration in the anterior roots), but found
none after procaine.

Lindemulder (1932) also described degenerative changes
in the spinal cord and nerve-roots of patients dying soon
after the administration of spinal anaesthetics.

Meningeal Reaction.

Davis et al (1931) carried out extensive investigations
into the effects of procaine and Nupercaine when injected
into the subarachnoid space of dogs. Each dog was injected
with one ampoule or 6pe full human dose = the amount or the
concentration was not stated. The dogs were killed and
examined at varying periods from one, two or three days up to

about ninety days later. The most constant change was a

meningeal reaction; it was an inflammatory reaction in the
arachnoid with a thickehing of the membrane and an exudate of

lymphocytes, most marked in the lumbar and sacral regions.

Early temporary changes in the ganglion cells of the grey> !
matter were noted, and swelling and fragmentation of the axis
cylinders. Degeneration of the myelin sheaths was also |
observed. (In the dogs killed later, i.e. after ninety days, |

scarring of the arachnoid was seen.)
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Backer-Grondahl (1934) examined the cerebrospinal fluid
of 138 patients operated upon under spinal anaesthesia, using
either a 3% solution of procaine or a 1 in 1500 solution of
- Nupercaine. In 65% of the patients an increased cell-count
was found after twenty-~four hours. The largest number of
cells was 1,950 per c.mm., while three patients had a
count of more than 500 per c.mm.. The lowest figures were
found after the use of Nupercaine. There was no demonstrable
relation between increased cell-count and headache.

These lesions then, produced by local anaesthetic drugs
within the subarachnoid space, and studied mainly in the
experimental animal, consist of the following changes:-

(a) Chemico-lytic injuries to the ganglion cells of the
spinal cord, particularly in the anterior and antero-lateral
horns; they have most often been found to be temporary
changes. (b) Similar injuries to the axis cylinders of the
nerve-roots and especially to the posterior and lateral
columns; they also affect the periphery of the medulla with
subsequent demyelinisation. (c) Meningeal abacterial
inflammatory reaction, with thickening of the arachnoid and
an exudation of lymphocytic cells; this reaction may subside
or develop into cicatrisation and fibrosis of the meninges.

(4) Perivascular round-cell infiltration.

In assessing the above evidence, the following points
must be borne in mind as they modify considerably the
conclusions which may be drawn from these researches, In

the first place, the earlier workers used Stovaine as the
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anaesthetic agent. This is now recognised to be an irritating
and toxic drug. The lder workers, e.g. Davis et al (1931)
employed doses of procaine and Nupercaine in the experimental
animal which were excessive compared with the clinical dose
on a weight to weight basis., Further,in the experimental
animals used (dogs, cats, rabbits) there is considerably less
cerebrospinal fluid surrounding the cord and roots than there
is in man, even in proportion to size, and therefore a much
smaller amount of cerebrospinal fluid is available for the
rapid dilution of the injected drug than is available in the
human patient. With the less toxic drugs in use at present
and their employment in low concentration, the reactions tend
to be limited to the meningeal reaction. Nevertheless there
are infrequent reports of serious neurological lesions in the
literature.

The Cauda Equina Syndrome.

Most of the permanent or protracted nerve lesions
reported in the literature (weakness of legs, bladder
disturbances, patulous anus, impotence, anaesthesia of
Perineum and sacral areas, etcz) are indicative of damage to
the lumbar and sacral nerves which form the cauda equina,

The vulnerability of the cauda equina is due to its proximity
to the site of injection, where it receives the full
concentration of the drug as it leaves the point of the
needle, before dilution and dispersion can take .place.

?erguson and Watkins (1938) record fourteen cases which

developed a cauda equina syndrome following the administration
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of a spinal anaesthetic ("heavy" puracaine - 10% procaine
with gum acacia and glycerine in 15¢ ethyl alcohol.)
Thirteen of these cases occurred wifhin a period of twenty
months. Their first case is quite typical of the series,
and is quoted from their paper as an illustrative example:-
Case I, F.J., male, age 17 yearé, was admitted to
Manchester Royal Infirmary, August 18th, 1933, suffering
from acute appendicitis and spreading peritonitis. Operation
was performed under spinal énaesthesia for which "heavy"
Duracaine was employed. Following operation there was

absolute retention of urine and incontinence of faeces.

Examination revealed - absence of left ankle jerk; diminished
sensation to pin-prick over the 'saddle' area; diminished
calf tenderness and hypalgesia of the left leg; marked
fibrillation in the left lower limb and to a lesser extent

in the right; anal sphincter tone absent. The patient made

a good recovery from the abdominal condition. Urine was not

passed spontaneously till the twelfth day. On September 2lst,
1933, the patient reported that there was now no rectal
incontinence but, on the contrary, there was a tendency to
constipation. He suffered from frequency, passing urine every
two hours by day and twice during the night. Within a few -
weeks urinary function returned to normal.

This patient was examined on four occasions between
September 1933 and January 1936, during which time he was well,

bowel and urinary function were unimpaired, and good anal

sphincter tone had returned.
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On examination in January, 1936, it was found that there
was no bladder or bowel dysfunction; the left ankle jerk gave
only the slightest flicker, and there was diminished sensation
to pin-prick in the t*'saddle' area.

Ferguson and Watkins conclude that the run of 14 cases
within a short period was due to the employment of "heavy"
Duracaine. They postulate that the gum acacia and glycerin
contained in this preparation results in the procaine being
held in contact with the nerves of the cauda equina in high
concentration for an undue length of time. The procaine
exerts a neuro-toxic effect, possibly in particularly suscept-
ible patients.

The concentration of procaine in heavy Duracaine (i.e.
10%) is unduly high. TIundy (1942) recommends that the
concentration used clinically should never exceed 5%. Animal
experiments with procaine show that, clinically, thé safety
margin is too narrow, and concentrations often used to
produce spinal anaesthesia in man approach too closely the
concentrations shown to produce permanent lesions in dogs.

Macdonald Critchley (1937) describes eight further
characteristic cauda equine lesions following spinal
anaesthesia. One of these cases (case VII), quite typical
of the syndrome, is cited here. - The patient, a man aged
40, had a leg amputated under 'Planocaine' (procaine)
anaesthesia. Thereafter fetention of urine and foot-drop
were noticed, Knee and ankle=jerks were unobtainable on

the remaining limb and the plantar response was extensor.
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Later the knee-jerk returned. Sensation was impaired over
the outer side of the calf and leg. Tlexion and extension
at the ankle-joint were almost impossible. The abnormal
signs, together with difficulty in passing urine and in
.defaecation, were present when the patient was examined two
months later. It should be noted, as pertinent, that the
concentration of 'Planocaine' (procaine) employed in this
case is not stated by Critchiey.

Acute Degenerative Myelitis.

Cases of acute degenerative myelitis have also been
recorded as a complication of subarachnoid block. The reports
of this serious development are few and the condition has
usually resulted in death, Apart from the fact that only a
small number of cases of acute myelitis are recorded, it is
sometimes difficult to establish a direct connection between
the spinal anaesthetic and a myelitis occurring some weeks
later. The possibility lies open that it is by mere chance
or coincidence that a patient who has received a spinal
anasesthetic is struck down some weeks later with an acute
ascending myelitis, but in such circumstances it is not
unnatural for the physician and the patient to connect the
one with the other, and most likely they may be right.

The following case is described by Russell Brain (1937)
as one of myelomalacia following spinal anaesthesia, The
patient was a man of 33, a pastry-cook. Apart from suffering
from chronic bronchitis, his general health was good. He

was admitted to hospital on account of a displaced right
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semilunar cartilage, and on September 3rd, 1934, this was
operated upon under a épinal anaesthetic = Spinocaine
(procaine 10%). He had no symptoms until a week after
the operatibn, when he complained of pain in the lumbo-
sacral region of the spine. He made a good recovery from
the operation and was discharged from the hospital, walking.
Nearly a month aftér the operation, he began to have pain
in the left knee and increasing difficulty in walking. He
had to go to bed and developed a feeling of numbness in the
left foot, which gradually spread up the leg. At the same
time the right leg became weak and the pain in the back
increased so that he had difficulty in turning in bed.

This pain spread upwards and became severe and gripping
round the waist. He was re-admitted to hospital on
October 24th and on that date developed retention of urine.
On examinstion on 8th November, the fundi, pupils and
cranial nerves were normal.  In the upper limbs there.was
slight symmetrical wasting of the small muscles of the hand,
with moderate weakness of movement. There was marked
weakness of flexion of the spine on the hips and the patient
was unable to sit up unaided. = The abdominal reflexes

were absent. In the lower limbs there was moderate
wasting of all muscles and this was symmetrical. Bilateral
foot-drop snd almost complete flaccid paralysis of both

lower limbs had developed. The knee and ankle-jerks were
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absent and the plantar responses were very feeblj flexor.
Slight impairment of appreciation of light touch over the
dorsum of both feet and considerable loss of sensibility
to pin-prick over all the sacral segmental areas was noted.
- There was gross loss of postural sensibility in the toes

of both feet and the vibration of a tuning fork was not
appreciated over the feet or the left shin. Retention
of urine and obstinate constipation were present. On
October 30th, examination of cerebrospinal fluid yielded
the following results: Protein 270 mg. per ml.,

globulin ++, no excess of cells, Wassermann reaction

. hegative. Subsequently there was no change in the patient's
neurological condition and he died on December 24th, 1934,

from complicating infection.

Pathological examination showed a massive softening of
the spinal cord maximal at the level of the upper part of
the lumber enlsrgement. There was brownish-grey
discoloration and extreme softening of the lower part of the
12th thoracic segment, which extended caudally to the upper
part of the 2nd lumbar segment. Below this level the
softening gredually diminished. The pia over the posterior
surface of the sacral segments was replaced by a plague of
opaque grey exudate. Apart from this there was no
macroscopic evidence of meningitis. Sections of the 3rd
and 5th lumbar segments showed complete necrosis of the
grey, and almost complete necrosis of the white matter.

Only occasional myelin sheaths were seen and most of the :
glial cells were destroyed. The most striking histological
changes were those present in the pial bloo@ vessels and in
the small perforsting arterioles in the periphery of the cord.
Both the medium-sized and the smaller arterioles had under-
gone partisl or complete hyaline necrosis_which gave a
positive reaction for fibrin. The anterior and posterior
spinal arteries were unsltered, except over the 5th lumbar
segment where each posterior spinal artery contained a
crescentic mass of unorganised thrombgs. Qhere was
endophlebitis of meny of the larger pial veins. At higher
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levels of the cord, the histological changes were similar
but less intense. The portions of peripheral nerves
examined showed no abnormality.

The pathologist concluded that the massive softening
of the cord was secondary to the severe changes in the pial
and perforating vessels. There was no evidence of direct
trauma to the cord at the time of the spinal anaesthetic,
nor of meningitis nor haemorrhage. As there was no evidence
that Spinocaine (procaine) cazused vaso-constriction of
vessels, the pathologist considered the most likely explanation
was that the patient, a pastry-cook, had become sensitised to
foreign protein, and that the Spinocaine (containing gliadin,
a wheat protein) caused a hyperallergic arteritis. Russell
Brain mentions the possibility of a virus infection
introduced at the time of the spinal anaesthetic, although
the pathological changes described do not appear to support
such a view,

Reported ILesions.

Nicholson and Eversole (1946) published details of a case
which they took to be due to a virus infection. The patient,
a man of 30 years of age, had obvious chicken-pox two days
before operation. Immediately following operation, he
presented all the symptoms of a transverse myelitis of the
upper lumbar region. He had complete motor and sensory loss
below the waist, with loss of bladder and rectal function.
This patient made a gradual recovery over a period‘of six
weeks. The case was interpreted as a myelitis caused by the
chicken-pox virus, with the spinal anaesthetic acting as the
exciting agent.

Brock, Bell and Davison (1936) report seven instances
which they have personally observed of neurological
complications after spinal anaesthesia. They were examples

of meningitis, cauda equina lesions and one case of iransverse

myelitis which had a fatal issue.
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Kennedy, Effron and Perry (1950) report 5 cases of the
cauda equina syndrome, 6 cases of adhesive arachnoiditis and
1l case of a cerebro-vascular accident, following spinal
anaesthesia, These cases came to their attention in a
neurological unit serving a large and populous region of
Americé, and in presenting them they conclude that grave
paralysis is too often the sequel of spinal anaesthesia. In
6 of these 12 cases the concentration of the local anaesthetic
agent is not stated, in 2 cases even the name of the drug is
not given, and in only 1 case is the dosage mentioned‘
(concentration omitted). In one case the lesion followed the
use of a 5% solution of amethocaine, i.e. a concentration
twelve timés as great as that employed by the author. In
thevcases of late adhesive arachnoiditis there is no
indicagtion whether or not sepsis had intervened. The
cerebro-vascular accident followed a period of cyanosis and
apnoea lasting 1 to 2 minutes. Due to the dearth of highly
relevant details of administration, it is impossible to assess
the true significance of the occurrence of neurological
lesions in these cases. The concentration of the
anaesthetic drug is so frequently not stated, and without
this vital piece of information these reports are valueless,
for it has been shown unequivocally that too high a

concentration of the drug readily produces permanent damage

t0 nervous tissues.
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(3) Sepsis.

It might seem sufficient to say that infection of the
cerebrospinel fluid and the meninges should never occur. This
is true and obvious, but it is worth while studying the
occurrence of meningitis following spinal anaesthesia, its
incidence and mode of production, and then considering whether
the possibility of this complication arising is sufficiently
real to contre-indicate the use of spinal anaesthesia. The
exact incidence of infection is not known and reports in the
literature are scanty. This may be due to an understandable
reluctance to publicise a mishap which reflects on the
festidiousness of the technique, or else the incidence may be
very low. The writer's observations of several large series of
spinal anaesthetics in the‘teaohing Hospitals of a large city,
and his participation in some of them, lead him to think that
meningitis need never occur. Nevertheless Ericsson (1947) in
Sweden, where spinal anaesthesia is used a great deal -
Ericsson puts the number at 25,000 to 30,000 in a year -
estimates the incidence of meningitis at 1 in 400 cases.

Literature - Reports of Cases.

Infection of the cerebrospinal fluid comes about in the
same way as infection of any other region of the body during
a surgical intervention - viz., by contamination. The normal
cerebrospinal fluid contains none of the antibodies normally
present in the blood, nor do any of the antibodies acquired
as the result of vaccination or immunisation by disease enter

the cerebrospinal fluid through the intact choroid plexus or
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meninges. (Merritt and Fremont-Smith 1938). However, if
there is an inflammation of the meninges as the result of
infection or the injection of chemicals etc., a small amount
of the antibodies in the serum may enter the cerebrospinal
fluid. While the cerebrospinal fluid and meninges may cope
poorly with infection and the consequences of infection are
grave, there is no reason to think that infection (i.e.
contamination with organisms) occurs more readily here than
elsewhere in the body. The actual technique of spinal
anaesthesia is simple and uncomplicated, and the exposure of
tissues and fluids could hardly be less.

A studj of the available literature reveals some
interesting features. The mosf striking feature is that
cases tend to occur in definite outbreaks which cease when
the aseptic technique is scrutinised and revised. Barrie
(1941) reported eleven cases which occurred within three
months among 96 patients operated upon under spinal anaesthesia
at a large provincial hospital. The cause was traced to a
defective bacterial filter for the sterile water supply. The
use of such filters was later abandoned for a more perfect
aseptic technique. No definite organisms were identified
from the cerebrospinal fluid of these cases, so that the
organism must have been éttenuated to such a degree that it
could not be cultured, or a virus may have been responsible.

Another outbreak occurred in the Middle East in 1942
among British Service personel. Kremer (1945) reported seven

cases of meningitis within a year from three Hospitals. All
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seven cases eventually came under Kremer's care in the Middle
East. Six of them followed spinal anaesthesia with 1 in 1500
Nupercaine, and one followed a diagnostic lumbar puncture
(the cerebrospinal fluid was normal at the time of the lumbar
punCture). The cases which followed spinal anaesthesia ran
a prolonged course, and all but one developed a late
arachnoiditis causing blockage at some level of the spinal
subarachnoid space, usually in the lumbar region. One
patient succumbed, and another, after a long illness, was left
with some physical and marked mental deterioration. The
organisms cultured were Ps.pyocyanea and atypical B. coli.
These cases were carefully investigated with a view to
detecting the lapse in asepsis. Ampouleslof 1l in 1500
Nupercaine, some from the same batches as those used in the
cases which developed meningitis, were examined and found
sterile. The extraordinary fact emerged, however, that
organisms could be cultured from every other fluid used for
spinal angesthesia. Bacteria were found in the local
anaesthetic solution used for anaesthetising the skin prior
to lumbar puncture, in the'spirit used for sterilising and
storing syringes, and in the 'sterile' water used for rinsing
the syringes before use. |

Frankis Evans (1945) describes two fatal cases of
meningitis. The spinal anaesthetics were administered within
three 6ays of each other in the same operating theatre, by
the same anaesthetist. Ps. pyocyanea was the organism

cultured in both cases. The syringes and needles were kept
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in sﬁirit and rinsed with cold sterile saline before use.

The source of infection was not traced in these two cases,
but some time previously in the same Hospital, Ps. pyocyanea
'had been found in 'sterile' distilled water which was stored
in a Winchester jar. Anpoules of heavy Nupercaine from the
same batch as that used in the infected cases, were examined
and were found to be sterile, Evans suggests that the local
anaesthetic solution used for anaesthetising the skin may
have been contaminated by a syringe which had been rinsed out
in water infécted with Ps. pyocyanea.

Medico-legal Aspects.

The proper sterilisation of needles and syringes has now
acquired a medico-legal significance. In April 1947 the High
Court awarded £12,000 damages against a Hospital Authority to
a young man who contracted meningitis after a spinal
anaesthetic (B.M.J.1947.1.660, and B.M.J.1948.2.446), This
case hinged round the question of aseptic technique and
methods of sterilisation of instruments in spinal anaesthesia.
The opération, manipulation of a fractured femur, was carried
out with the patient in his bed in the ward, the needles and
syringes being brought from the operating theatre. The house
medical-officer acted as anaesthetist. The patient develore d
permanent paralysis of both legs and incohtinence of urine.
Ps. pyocyanea was found in the cerebrospinal fluid.

A nursing sister gave evidence that immediately after use
a syringe was rinsed with water, soaked in pure lysol and then

in methylated spirit and finally placed in a glass container
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with formalin tablets. So far as she knew, the normal
procedure had been followed in the present case, but there
was no satisfactory evidence of this. A consulting
surgeon stated that he considered these precautions
inadequate. Complete protection could only be given by
sterilisation with superheated steam in an autpclave. Since
this accident he had given instructions for sterilisation of
needles and syringes by autoclave. He thought that
infection could not be introduced into the spinal canal
without a breach of technique.

Lord Justice Bucknill stated that there was sufficient
evidence that the patient's injury was directly due to the
spinal injection and the cause of the disease was negligence
and brezach of duty by the Hospital Authority's servants in
failing to carry out proper aseptic precautions.

As a consequence of this ruling there is a clear
inference that Hospital Authorities (and in some cases the
practitioners concerned) will find themselves in a dangerous
situation if meningitis should develop after spinal
anaesthesia where the strictest aseptic technique, including
sterilisation by autoclaving, has not been practised.

It has already been shown that spinal anaesthetic drugs,
especially the earlier ones used can produce an aseptic
meningeal irritation with an increase of protein in the
cerebrospinal fluid. Such & condition might well favour

the growth of any organisms which gained entrance to the

subarachnoid space.
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Weed, Wegeforth, Ayer and Felton (1919) put forward
experimental evidence to show that if a bacteriaemia is
present, lumbar puncture at this time can result in infection
of the cerebrospinal fluid with the same organism. These
findings were substantiated by Remson (1936), but it has
been found that it requires a very heavy bacteriaemia to
produce this result. That spinal anaesthesia is contra-
indicated in sepficaemic conditions is well established.

This cannot be the explanation of the cases reported by
Kremer, four out of seven of whom were healthy young soldiers
undergoing repair of herniae.

Late Proliferative Arachnoiditis.

It has been stated that, without any clinical history
of septic-meningitis, symptoms apparently due to a late
proliferating arachnoiditis can, very rarely, succeed a
spinal anaesthetic. Thorsen (1947) describes one such case,
the direct sequel he argues, of the aseptic irritative
reaction of the meninges to irritating drugs. This patient
was a woman aged 60 who died three years after a gastric-
resection performed under spinal anaesthesila (Nupercaine).
The nature of the lesion necessitating the gastréctomy is
not stated, nor are any further details of the anaesthetic
technique. The anaesthetic was uneventful and the patient
was completely free from all symptoms for four months. She
then complained of weakness of the legs. The cerebrospinal
fluid was normal and a diagnosis of neurosis was made.

Paraplegia gradually developed, with diminished sensibility
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below the 12th thoracic segment,and bladder paresis.
Repeated examination of the cerebrospinal fluid was negative.
The Queckenstedt test gave no evidence of spinal block. The
patient'died of bronchopneumonia three years from the date
of operation. Post-mortem examination revealed a chronic
proliferative arachnoiditis and evidence of a previous
myelitis. In the lower thoracic and lumbar regions the cord
was alternately thin and thick and of a flaccid consistency.
In the lumbar region the cord was surrounded by a thick
membrgne of fibrous tissue in which the nerve-roots were
embedded. In the thoracic region the fibrotic arachnoiditis
was not so pronounced.

Hewer (1933), in discussing Ashworth's paper on the late
complications of spinal anaesthesia, briefly describes a case
anaesthetised with 1 in 1500 Nupercaine, injected at the level
of the first lumbar interspace. This patient developed pains
and weakness of the right leg, and at laminectomy nine months
later, the lower part of the cord and the upper part of the
cauda equina was constricted by a fibrous sheath.

The writer has no knowledge of any such late complication |
developing in his cases, nor did septic meningitis occur in |
his series. The occurrence of septic meningitis as a sequel
to spinal anaesthesia is very rare in this country. Falkner
Hill (1945) quotes his series of 8,000 spinal anaesthetics
with no evidence of meningitis. Skin sepsis in the lumbar
region is an absolute bar to the employment of spinal

anaesthesia. and septicaemia is a strong contra-indication.



75.
Provided these contra-indications are observed and a
fastidious aseptic technique is carried out,there is no

Justification for aVoiding spinal anaesthesia on the grounds

that septic meningitis might be a sequel.

542 Prolagsed'Intervertebral Disc.

Wilson (1949) records the case of a young soldier
operated upon for a prolapsed intervertebral disc which was
apparently the sequel of lumbar puncture and spinal
anaesthesia. In November 1945 he was treated in a Military
Hospital for the surgical cure of an inguinal hernia, spinal
anaesthesia being attempted. At the time of lumbar puncture
he experienced shooting pains down both legs, but the
subsequent analgesia was unsuccessful. Thereafter he
complained of persistent backache and left sided sciatic
pain. X-ray examination demonstrated narrowing of the disc
space between L.4. and 5. Forward flexion of the spine was
greatly diminished, but there was no disturbance of
sensation and the reflexes were intact. TLaminectomy was
later undertaken and revealed marked protrusion of the 4th
lumbar intervertebral disc and nuclear material escaping
through a pin-hole opening. The 5th lumbar spinal nerve
roots were being compressed by the herniation of the disc.

It might be doubted whether a single needle-puncture
could of itself be sufficient to produce prolapse of the

disc, but if this is so, there is a clear implication that
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the technique of lumbar puncture must have been very faulty.
It is obvious, when one considers the anatony of the
vertebral column, that lumbar puncture should in no way
involve the intervertebral disc, as the needle should never
reach the posterior longitudinal ligament of the vertebral
bodies, let z2lone the disc. In order to traumatise the
posterior longitudinel ligzment and the disc, the needle
must completely traverse the subarachnoid space and emerge
anterior to it.

¥ % x x %

Lest the foregoing zccount of neurclogical seguelae
should lezve 2 distorted impression of their frequency and
severity, it is necessary to state that there are many
reports of large series of spinzl anzesthetics with no
serious or permenent complications. Thus Stein and Tovell
(1935) stete that in over 10,000 cases of spinal anaesthesia
undertzken in the ¥ayo Clinic, there hzs been no case of
permanent palsy and that areas of zltered sensation which
may occur in the legs are zalways of a transitory nature.
Shimberg {1935) notes that in 14,073 epinal anaesthetics
administered to veterans in Washington, there were no
permanent peraplegias, two cases of non-specifiec meningitis,
three cazses of transitory peripherzl neuritis and no cases

of permanent sensory loss.
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Section V.

GENERAL ACCOUNT OF SPINAL ANAESTHESTIA.

1. The Development and Trend of Spinal Anaesthetic Practice.

The evolution of spinal anaesthesia can be traced by
reviewing briefly the more important techniques introduced
from time to time. These different methods illustrate the
many ways in which the anatomical factors, physical and
pharmacological principles,and technical details have been
combined by successive anaesthetists.

(1) Decompression and Barbotage, with Total spinal
anaesthesia.

The technique of TLe Filliftre (1921), which dates from
1902, employed 1 to 3 c.c. of a 13% solution of cocaine and
was based upon dispersion of the initial dose by decompression
of the spine and by barbotage. ILumbar puncture was performed
in the fifth lumbar interspace and up to 30 ml. of cerebro-
spinal fluid was withdrawn and discarded. The cocaine
solution was then injected with frequent barbotage. Total
spinal analgesia was produced by the maximum dosage. This
was a hazardous method because cocaine readily gives rise to
acute poisoning; because decompression mey produce a
‘pressure cone'; because the respiratory effects of high
blocks were not appreciated. Such limited success as this
method attzined was due to the fact that cocaine has a

marked sensory selectivity, leaving the motor function

comparatively unaffected.
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(2) Gravity control.

Barker (1907). Here for the first time the principles
of gravity control were clearly enunciated and beéutifully
exemplified. Barker used a heavy (hyperbaric) solution of
5% Stovaine (specific gravity 1030). The patient lay first
: ih the lateral position and immediately after the completion
of the injection was put horizontal and supine. A pillow
was placed under the lumbar spines, and pillows supported
the head and shoulders. The dorsal curve was thus
exaggerated and the heavy solution flowed slowly towards the
most dependant part, i.e. towards the fifth dorsal spine.
This technique was a great advance on the preceding ones, but

the toxic and damaging Stovaine was the drug employed.

(3) Procaine crystals with Cerebrospinal fluid as solvent.

Labat (1928 and 1930) had a great influence on the
development of spinal anaesthesia. DProcaine had now come to
the fore as the drug of choice and Labat insisted on a simple
and straightforward preparation. He recommended .1 to .2 G.
procaine crystals dissolved in cerebrospinal fluid, with
barbotage for upper abdominal requirements. He varied the
height of puncture from the fourth lumbar interspace to the
twelfth dorsal interspace, depending on the desired level of
anaesthesia. The other outstanding feature of his technigue
was his avoidance of ephedrine or other vaso-pressor drugs
and his reliance on the early adoption of the Trendelenberg

position for combating any fall in blood pressure.
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(4) Pseudo-hypobaric and viscid solution.

Pitkin (1928) devised a solution of procaine artificially
lightened with alcohol to make its specific gravity less than
that of cerebrospinal fluid and made viscid by the addition
of prolamine (starch paste). The solution, which he called
'Spinocaine' had the formuls -

' strychnine sulphate 0.0022 @.
Procaine (Novocaine) 0.195 G.
Prolamine (starch paste) 0.13 G.
Alcohol 0.324 G.
Normal saline g.s. ad 2.2 c.c.
Specific Gravity 10005. (hypobaric).

Pitkin claimed that the viscid character of this solution
prevented diffusion of the drug in the cerebrospinal fluid and
he visuaglised it floating within the subarachnoid space "like
the air bubble of =z spirit level". This preparation, which
had great popularity in America, permitted the immediate
adoption of a Trendelenberg position, although Pitkin's
conception of the behaviour of the injected solution was not
.entirely correct. It seems likely that the alcohol in the
solution would very quickly separate‘out, leaving the active
part of the solution nearly iso-baric with cerebrospinal

fluid.,

(5) volumetric Displacement,

Howard Jones (1930) introduced the first truly light

(hypobaric) solution in the form of a 1 in 1500 solution of
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Nupercaine, the specific gravity of which is 10037 at body
temperature. The principle of volumetric displacement is
applied and a large volume of dilute solution is injected.
The injection is made with the patient in the lateral
position, no éerebrospinal fluid is withdrawn, and the
patient is then placed prone for six minutes. This

- manoeuvre allows the hypobaric (light) solution to soak the
posterior roots. At the end of this period the patient is
turned to a supine position with a 5° Trendelenberg tilt.
The dosage of the 1 in 1500 solution varies from 10 c.c. to
18 c.c, for upper abdominal surgery.‘ A guide to the
volume required to fill the subarachnoid space to the level
of the fourth dorsal roots is obtained by measuring in
inches the distance from the seventh cervical spine to the
interiliac line; this measurements minus 4 gives the volume
of light Nupercaine required in cubic centimetres in adult

males.

(6) Seventh Dorsal "Sighting" - A4 Precision technique.

Lake (1932). This is an interesting modification of
the preceding technique. It is designed to secure greater
precigion of control in the placing of the local analgesic
solution and to reduce the volume required by placing a
smaller volume exactly where the nerve roots which supply
the operation area lie. It thus avoids the necessity of

filling the entire subarachnoid space up to the level of the

highest roots which regquire to be blocked. The injection
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is made with the patient prone, pillows being placed under
the lower part of the chest and with the head slightly
hanging over the end of the table to produce a well marked
dorsal curve. A black horizontal line is painted upon

the operating theatre wall and the table is tilted until

the seventh dorsal spine, as "sighted" against the black
line, is the highest point of the dorsal curve. - The
considerable variations in the bodily contours may
necessitate tilting the table either up or down in order to
bring the seventh dorsal spine uppermost. With the seventh
dorsal spine accurately placed 9 c.c. of light Nupercaine
will £il11 the subarachnoid space from the first lumbar to
third dorsal segment, and will provide adeguate anaesthesia
for upper abdominal surgery. Both the Howard Jones and the
Lake techniques give excellent results, but the amount of
manoeuvring involved is time-consuming and they have tended
to be replaced by more expeditious and equally satisfactory

methods.

T. Timed ascent of light solution.

Etherington wilson (1934) used an entirely different
and intriguing method of controlling the level of analgesia
with light Nupercaine. The injection is made with the |
patient sitting upright and the light Nupercaine deliberately ‘
allowed to rise "like smoke up a many=-flued chimney" for a
predetermined number of seconds, after which the patient is
Placed in a 15° prendelenberg position which halts the

further ascent of the solution. The dosage and timing for
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a patient of average height is given as follows:-
Low block - 12 c.c. - 40 seconds sitting up.
Medium block - 13 c;c. - 60 seconds sitting up.
High block - 14 c.c. - 80 seconds sitting up.

8. Rachi-Sensitivity.

Sebrechts (1934) bases his technique on the theory that
individuals vary in their susceptibility to local analgesic
drugs. Those who exhibit greater susceptibility than
normal he terms "rachi-sensitive" and those who show abnormal
resistance he calls "rachi-resistant". This susceptibility
to local analgesic agents varies according to race. The
Anglo-Saxon is more rachi-resistant than the Latin. Further-
more, there is an individual variation which Sebrechts
believes is familial. He quotes the experience of
anaesthetising a father and four sons, all of whom proved
rachi-resistant. His procedure, in brief, is to administer
5 c.c. of 1light Nupercaine every five minutes until adequate
angesthesia is attained. The needle is left in situ until
the dosage is complete; it is then withdrawn and after a

further five minutes the operation is commenced.

(9) Combination of Drugs.

The znatomical and physiological principles on which spinal
ansesthesia is based were now well established. The
important factors in technique were known to be the location

of the spinal puncture, the force and rate of injection,

barbotage, volumetric control, gravity control and combinations
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of these. The attention of anaesthetists was turning to a
search for the best drug. Cocaine had been abandoned,
Stovaine almost so, and procaine was holding the field.
Nupercaine, Metycaine and amethocaine were now introduced.
Romberger (gquoted by Maxson 1938) utilised a combination of
procaine and Nupercaine in order to benefit both by the
prompt onset of anaesthesia induced by procaine and by the
prolonged duration of effect of Nupercaine. He dissolved
100 mg. of procaine crystals in 2 c.c. of a 0.5% solution
of Nupercaine, the resulting solution being hyperbaric
(specific gravity 1018). The principle of gravity control

was then employed.

(10) Continuous Spinal Anasesthesia.

Lemmon and Paschal (1942) introduced the method of
serial or continuous spinal anaesthesia. A special
malleable nickel spinal needle is left in situ throughout
the operation and small doses of procaine are introduced
from time to time. It enables minimal dosage to be given
without fear of inadequate anaesthesia or of the disappoint-
ment of the analgesia wearing off before the completion of
the operation on the one hand,and the risks of overdosage
in a susceptible patient on the other hand., After lumbar
buncture in the lateral position, the patient is turned on
to his back. A special mattress is required in which there
is a gap to receive and protect the projecting hub of the

needle, The needle is connected by fine tubing to a
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syringe conveniently placed near the head of thé table.
Lemmon uses a 5% solution of procaine, the initial dose of
which is 100 mg. to 150 mg. An average of 50 mg. procaine
is required every half-hour to maintain anaesthesia. A
modification of this technique is to thread a fine nylon
catheter through a special Tuohy needle and withdraw the
needle, leaving the catheter in situ within the subarachnoid
space. The catheter is then connected by tubing to the
distally placed syringe.

The method seems an admirable one, but so far the author
has refrained from practising it. There is more opportunity
for technical mishaps to occur, such as the needle becoming
disconnected from the tubing while in an inaccessible
position, with risks of sepsis occurring during the

subsequent manoeuvres.,

(11) Tmotal Spinel Anaesthesia.

With the advent of the most recent development, total
spinal snaesthesia, the wheel has turned full circle and we
are back to one of the earliest episodes of spinal anaesthesia.
This was the concept of Le FilliZdtre in the first decade of
the century and is now re-introduced by Griffiths and
Gillies (1948), but with significant differences. Their
method is based on a fuller and more comprehensive under-
standing of the problems involved and on neuro-anatomical
and pharmacological knowledge which was denied to their

Predecessor. The necessity of complete control of
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respiration to prevent anoxia is now appreciated and the
signifiéance of the fall in blood-pressure has been re-
assessed., Griffiths and Gillies developed this method
primarily for the operation of thoraco-lumbar sympathectomy
in order to provide the surgeon with the almost bloodless
field which so greatly facilitates his task. This new
technique is far removed from the *shot in the dark' method
which Le FilliZtre and others practised, to the jeopardy of
their patients, in 1902.

Anaesthesia is induced with intravenous thiopentone.
Lumbar puncture is then performed in the second lumbar
interspace and 150 mg. to 250 mg. of proczine dissolved in
3'ml, to 4 ml. of cerebrospinalAfluid is injected intra-
thecally. The patient is turned on his back and the table
immediately put in a steep Trendelenberg position. An
inhalation of 100% oxygen is then commenced and continued
throughout. The greatest importance is attached to
respifatory function and this is assisted or controlled as
required. No vaso-pressor, such as ephedrine or Methedrine,
is used as this would defeat the purpose of the method.

Death as the result of high spinal block is due to
paralysis of the motor nerves supplying the muscles of
respiration, with consequent anoxia, and not to paralysis of
the sympathetic vaso-constricting nerves, Griffiths and
Gillies believe that the temporary hypotension of high spinal

block is innocuous in the healthy subject, provided that
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efficient oxygenation is maintained. Vehrs (1931) states
that the heart will continue to function by virtue of its
inherent rhythmicity, as long as it receives adequate oxygen.
Several thoughtful workers in the past had already held to
the belief that respiratory inadequacy was the primary danger
in gpinal anaesthesia, Amongst them were Fergusson and
North (1932), Seevers and Waters (1932), and Maxson (1938).

With correct dilution of local analgesic drugs,
differential blocks may be administered to sympathetic and
sengory fibres, ‘but leave motor fibres unaffected at least
in the higher segments., The method of Griffiths and Gillies
is essentially a total sympathetic block, with lesser degrees
of sensory and motor paralysis, designed to produce the
maximum fdl in blood pressure and so permit surgery with the
minimum blood loss.

It has been demonstrated by Bradshew (1936) and by
Milwidsky and De Vries (1948) that in high spinal block the
resulting fa2ll in blood pressure is due to paralysis of the
sympathetic innervation of the arterioles, with consequent
arteriolar dilatation. This effect leaves the capillary
bed unimpaired, the dilatation of the arterioles actually
increasing the blood flow through the arterioles and
diminishing peripheral resistance. There is, moreover, a
quick return to normal pressure when the effects of the
spinal anaesthetic have dissipated. wWith hypotension due

to blood loss znd shock the capillary bed is affected and
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may be irreparably damaged. It would appear, therefore,
that hypotension is of serious c¢linical import only when
the causative factor is haematogenic and when the integrity
of the capillaries is imperilled and that it is relatively
innocuous when due to neurogenic factors. The clinical
experience of Griffiths and Gillies has confirmed this and
they have found that an adequate circulation can be
maintained, irrespective of blood pressure readings and
during extreme hypotension, provided there is a pressure
gradient between arterioles, capillaries and veins, and
provided also that adequate ventilation of the lungs is
ensured, In total sympathetic block, the arteriolar

resistance is greatly reduced; under such conditions a

pressure of about 30 mm.Hg. suffices to maintain the capillary

circulation, provided that the total blood volume is within
normal limits and inherent capillary tone remains unaltered.
An efficient circulation of oxygenated blood in the
capillaries ensures adequate cellular respiration and
metabolism, and promotes effective venous filling. These

facts are shown diagrammatically on the following page.
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2. Covering Anaesthesia.

The practice of combining spinal anaesthesia with some
form of light general or ‘covering' anaesthesia is inereasing
in frequency and in many units is ordinarily a routine measure.
This is a major factor in overcoming the reluctance, frequently
encountered, to employ or to submit to spinal anaesthesia.
Subarachnoid block is the basis and mainstay of the combined
anaesthesia; covering anaesthesia provides relief from mental
tension, guietness in the operating theatre and control over

the oxygenation of the patient.

The general anaesthetic agents used for this purpose are

short-acting intravenous barbiturates and nitrous oxide. In

the small doses required to produce the lightest levels of

unconsciousness - for complete analgesia and relaxation are t
secured by the spinal block - these are innocuous and non-
toxic. They produce none of the disadvantages of complete
and deep general anaesthesia. The most recent development
is to produce uncoﬁsciousness with intravenous thiopentone
before the lumbar puncture is performed and thereafter to f
continue the state of light sleep with nitrous oxide and |
oxXygen. Thugs the very real psychological barrier to spinal ]
anaesthesia is removed from the minds of patients, many of
whom remain unaware of the nature of the anaesthetic
administered. However, in the overriding interests of
their safety, the advantages of unconsciousness must be

denied to patients with a full stomach or vomiting as the
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result of intestinal obstruction.

3. Armamentariunm.

The armamentarium required for spinal anaesthesia is of
the simplest character - viz., a lumbar puncture needle, a
syringe and an ampoule of local anzesthetic agent. This
very simplicity of apparatus might lead one to assume that
the procedure itself is stereotyped and inflexible. But
indeed the possibilities of variation are very great. The
selection of suitable needle, syringe znd drug; the wide
variety of techniques used to control the resultant
anaesthesia; the various methods of sterilisation of hands,
skin and agents - all these provide a number of variables,
the permutations and combinations of which allow the
anaesthetist considerable flexibility. It follows there-
fore that not only must the anaesthetist have a sound
knowledge of the anatomy and physiology of the subarachnoid
space and of the pharmacology of the drugs used, but also
considerable discernment is required that the correct choice
may be made and all factors combine to produce the optimum
effect with the least disturbance to the patient. Moreover,
the finesse and dexterity with which the manoeuvre is
performed must obviously influence the results, both
immediate and remote. It is too often assumed that the
administration of a spinal anaesthetic consists only of taking
a syringe and needle, finding the third lumbar interspace and

injecting therein the appropriate amount of znaesthetic agent.
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It is this deceptive simplicity which eneourageé an
inexperienced person to attempt this method on occasions when
he is aware that he is not sufficiently skilled to produce
satisfactory anaesthesia by other means. Any bad effects
which follow are then conveniently attributed to the method
and not to the administrator.

The lumbar puncture needle should be 7 cms. long and
made of stainless steel. Its external diameter should not
exceed 1 mm, (22 British Wire Gauge). It should have a sharp
point and a short bevel cut at an angle of 45°, and have a
well fitting stilette. Both the Howard-Jones and the Pitkin
needle conforming to the above requirements are satisfactory.
All-glass syringes are ideal but the glass nozzles are
fragile and easily damaged. Syringes with glass barrels and
all-glass pistons but with metal end pieces are very
satisfactory. The unequal rate of expansion with heat
between a metal piston and a glass barrel is apt to cause
difficulties; The syringes used for spinal anaesthesia
should be strictly reserved for this alone, and used for no
other purpose whatever (and especially not for diagnostic
lumbar-puncture).

A Hagedorn needle is useful for making a preliminary
nick in the skin, or an introducer may be used. An
additional hollow needle may be required for aspiration and

mixing.
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4, Tumbar Puncture Technique.

The technique of lumbar puncture does not require
detailed description here. It suffices to say that the
third lumbar interspace (Quincke's point) or the fourth
lumbar interspace (Tuffier's point) should be chosen. It
is unnecessary to considervhigher interspaces as at these
levels a spinal anaesthetic can be made to attain any
desired height and the spinal cord is not exposed to the
possibility of injury. The middle line should be adhered
to striectly throughout. The subarachnoid space is reached
at a depth of 5 cms. in the average zdult, The anaesthetist
soon learns to appreciate the sudden feeling of lessened
resistance when the tough interspinous ligament has been
Passed, and the second but less marked feeling of 'give' as
the dura is pierced. The author has occasionally heard a
distriet crack-like sound as the dura is pierced.

The approach through the midline of the back is the one
most commonly used, but a lateral approach is also described -
viz., the needle is inserted half-an-inch to one side of the
midline, with the object of avoiding the tough interspinous
ligaments. This was Quincke's original recommendation and
the lateral approach is still preferred by some experienced
anaesthetists, but it has two disadvantages. Firstly, the
network of veins surrounding the dura is denser here than

in the midline, consequently puncture of a vein is more apt

to oceur. However, as it has been shown by Pitkin (1928)



94.

that the cerebrospinal fluid pressure is greater than the
pressure in the dural veins, puncture of a vein will produce
minimal bleeding into the cerebrospinal fluid. Nevertheless,
even a drop of blood entering the needle, if it is not
allowed to be washed clear, will by its alkalinity neutralise
some of the acid anaesthetic solution and the red blood cells
may be irritating to the meninges. Secondly, the point of
the needle is more liable to touch one of fhe posterior roots
of the cauda equina, causing a momentary shooting pain down
one limb, The writer has found the strictly mediah approach
satisfactory in every way.

Lumbar puncture is carried out with the patient either
in the lateral position or in the sitting position, depending
partly on the subsequent technique of spinal anaesthesia to
be carried out and partly on the individual preference of
the anaesthetist. It is usual to place some gimple dressing
over the skin puncture wound, although Babcock (1928) with
his extensive experience of 25,000 cases and who applies no
dressing whatsoever, has never seen sepsis of the puncture

wound.

5. Sterilisation.

The sterilisation of the necessary equipment, the
anaesthetist's hands and the skin of the patient's back is
of the highest importance. The routine must allow no

opportunities for lapses in aseptic technigue. In the
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authorts opinion 'dry' sterilisation must be used. Wet
needles and syringes,‘such as those presented in a dish of
water after boiling, and wet hands,may introduce a medium
for bacterial growth. Dry sterilisation in an electric
oven or auvtoclaving the complete requirements (including
ampoules and files) are both satisfactory. The anaesthetist's
arms and hands must be thoroughly washed and dried on a
sterile towel, and most authorities recommend the use of
sterile rubber gloves. The patient's back must also be
washed with soap and water and dried, preferably by a nurse
or assistant. 1t is then swabbed with an antiseptic such
as amino-acridine or 'Cetavlon' (Cetrimide B.P.C.,) followed

by spirit and finally dried with a sterile swab.
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