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SDATEMITY OF THE EXTENT OF NY PERSONAL CONTRIBUTION T0
THE ORIGINAL WORK DESGRIBED IN THIS THESTS.

L wog the sole worker in tho following investigationsie
le The studies concoming the efiects of epidural analgesle on

pulmonery ventilation before, during ond after operation,
2. Tho moasursments of blood loss in gynaccologlesl surgery.
5. The meapurement of the effect of epidural onelgesie on ceonbral

and. poripheral venous pressurs,
bo Tho yvecordings of uvborine action in incow-ordinote lobours by

guard=ving tocograph,

I originated ond wos the principel worlter in the following

investigationss-

1. The studies of acld~baso balonco during epidural analgesio.
Dr. J.G. lone ossisted with this work,

2. Tho nmeasurement of blood loss ab forceps delivery. Dr. G, Wallaoc
ansistod with this work,

3e Tho graphic anolyses of lebour for the assespsment of the offect
of epidural analgesie on incow~ovdinate ulberine action,
Dy, J. Willooks was a joint workey,

ke The observations concerning the effect of opldurxul analgosia on
hyperbonsgion during labour, Dr. J. Willocks worked with me on

thia investigation.

In the investigeblon into the effeets of epldurel anelgesia on

akin oud musele blood £low [ used o heat eloarence epparatus which
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SINMARY OF A THESTS ON EPLDURAL ANATGHSTA
SUDMITLED POR 9T DECREE OF DOCEOR OF MEDICINE

Theore are two distinet seebions in this thesis. Tho first

concerns originel investigetions inbo the effechs of opidural
analgesia on pulmonary vontilation and acld-base balanco, The
second soetlon comprises oviglnel invostigetions inbto various
aopeshs of cpidurel anelgesin in gyneceology end ocbstebrics,

There are elso deseeipblons of the techuigues used, the complilcotions

encountored and a short history of epiduval analgosio.

pidural enalegesis on pulmonary venbiletion
ond geide-bose baloneo

Rosting end momimel ventilation were ecscessed by moasuring

tildol volume, minute volume, vibtel copaolly ond poak expiretory
flow rate, Heasuroments were made before and during bigh opidural
bloek in unpremedicated subjeots, somno of vhom were froe of respirabor
(digease ond some of whom had chronic broncho~pulmonary diseasc., Tidel
and minute volunes were unaffected by epidural anslgosia end vitol
copacity ond peel expivebory flow robe wore enly slightly redueed,
indloabing that paralysis of the respivetory muscles was minimal,
The resulls are analysed sbabisbieally,

Duying lower ebdominal surgery under epidurel anelgesie, tidol

and mwinute volumes varied widely in conscilous patients, bub were



slweys adequate for resting requirvementas, In thoe posteoperabtive
poriod resting ventilation was normol and musimal ventiletion wes
ebout 80 per cont of the prew~oporative level duwing opidural cnelgesie
This finding domonsirates the superiority of epidural enalgesie over
othor types of post-operatlve pein yolief, Opiate drugs roduce
maxdmal ventilation to cbout 30 per cont of noxmal.

Aclde~bose studies by the mioro-method of Astrup conflrmed the
adoquacy of rastlng ailveoley vontilatlon during high opidurel asnalgesi
snd moy be regerded os complimentaxy bo the sbudies of pulmonary
ventilebtion.

The elinical applicetions of epldural anclgesic in pabients with
sovere regpivatory dlscase sro discussed and are illusbtrated by
axanplos from the wriler's experience,

The mode of ecbion of epidural analgosie is discusasd and tho
mothod is conbrasted favourebly with subarachnoid analgesia and
generel anaosthesia with particuler roforence to pulmonary function

and blood goas valuws,

Epidurel asual-sosia i

N gmeecolosy and obgtetiico

The influence of epidural anelgesie on blood loss in
gymascological and obotetrie operations was studied. A hoemoglobin
oxbroction-dilution technique was used for the eocurate measuzement
of tobtal enternal blood loss.

A% QL7 Menchestor oporations end 9 veglnel hysterectomies,
whon epidural anelgesis was administored the blood loss averaged

87 ml. ond 166 ml. respoctively and wes epproximatoly ono third of



the loss recorded undor genoxal ansesthosle with nitrous oxide

end helothono or with nitrous oxide, o muacle relaxent ond
intemmittont positive pressure venbilation., A steilstlecnl

enalysis shows thet profound hypotenslon is not necoasary Loy tho
offective rodustion of bleeding when epidurel snnlgenia is enployed.

A foreeps delivory, opidural analgesie woes essociated with e
moan hlood loass of 274 ml. while pudendel nexve block and general
anaosthesle wors essocluated with losses of A12 ml, and 518 mi.
rospectively. Stotisbicol enelysis of 214 forceps dolivories
showad that the ancesthetle tochnique was the only Lfactor which
slgnificontly influenced blood loss efber normal labour,

In abtempt to clucidate tho nochand.sme by which epidural block
reduces operabive bleeding, oven in the sbsence of significent
artorial hypotonsion, somo atudies of the peripheral cireulation
waro performed., It was demonstratod that the contral end peripheral
vonous presgure are reduced by epiduzrsel block and it is postulated
that tho fell in vonous pressure counbribubes substantially to the
reduction in blood loss ot operation by reducing venous oozlng.

A hegt cleayenve btechnique was used to mecsurs peripheral
bloed flow in the gkin and muscle of the lower limb, Epidural
analgoesia coused o substantisl lnereeso in cubaneous blood Flow
and. & small reduchion in muscle blood £low, The vascular resistonoce
ves reduceod dn skin and inocroased in muscle. Allowancoes were made
for reductions in mean arteriel blood pressurc,

Conblnvous lumbar epldural snnlgesic wes uged in the manogoment



of 224 patients who had prolonged and painful labours due to inco~
ovdinate unbeyine action. The Pactors assoclated with inco-ordinate
labour are snalysed in detall and the high incidoence of wvelative
cephalospelvie disproportion is strossed. Grophic anelysis of
150 lebours demonstrated thot the cerviy ususlly dllates morxe
rapldly efter the indveblon of epidural snslgesia, It appears
that epidurel block has o therapeutic aclion on tho dysfunciional
uberus, ag well as providing complebe relief of pain end distress.
A guard-ring bocodynamoneter was used to demonstrate the lncow
oxfiinato veture of the uberine acbion. It is probable that the
uge of epidurel anelgesin cen oftben safely avoid delivery by
Coosarean section iun incowordinate labour, The perinatal mortality
was 1,3 por cent in this series end is low for cases of this type.
Continuous epidursl analgesie had o beneficisl offect on sevore
hypertension during lebour, The technigue is ezeellent for forceps
delivexy and, in exporienced hends, can be asaefer than general
anaesthesia. The principel hezard of epidural anslgesia in obstetiios
is en oxcessive fall in maternal blood pressure which mey couse

inedoquacy of the ulero-~placental blood flow and foetal hypoxia,



PREFACT

This thesis is based on personsl investigetions inbto diverse

appects of epldural analgesia carrisd out over the last five years
ohd on praoctical experience with tho method in some 1200 cases ovor
seyen years. The subject matter ranges from the effacts of epidural
ahalgas‘sia on pulmonary ventilation and acid-base balance to asgess«
m;mta of the value of the technique in obstetrics end gynaecology.

| The original investigations were stimulated by olinical problems
%ﬂi’l:}.ch arose during anasathetic appointments held in @Glasgow and in
tiha Unitod States of America, The studies of pulmonary function and
sbid-base balence arose from the search for an encesthetic tochnique
wixﬁ.ch had nogligible effects on respiratory funotion and would
t;herefom' bo particularly suitoble for patients with severe respiratory
c‘i:;l.aeaﬁa who had to have abdominal surgery. Such pabtients are frequently
e%moumama in an industrial city such as Glasgor and present soyious
p?;:oblems to the ancesthetist, It is showm that epldural annlgesia,
uiipmce many gonoral onaesthetic techniques, has insignificont effects
on pulmonery vontilation and caxbon dioxide homeostasis, Conbinuous
eipmuma, anelgosia provides excellent post-pperative pain relief with
only & slight reduction in the ability to breathe deeply and cough
offootivoly,

| Yor the last four years the authorts clinicel work has been
principally concerned with anaesthosio for cbatelrics and gimaccologys
Fiavoumble personal experiences with epldural cnalgesis in these fields

iﬂ the United Statos of America encouraged the intyroduction of the
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method into Britich obstebries, whore it had hitherto bheen little
used. In the Quoen Mother's Hospital, Glasgow epidural analgesie

has been in regler use for four yoors. It is believed that thia
hospital was the first in Greet Britain to establich o 2h hour
sorvice by resident aneosthetists for the provision of epidural
anplgesie in labour., AL prosent, 6 per cent of pationts delivered

in the Queen Motheor's Hogpibal receive continuous epldural anelgesio
in the first stage of lebour end 11 per cont of forceps deliveries arve
conductod under epidurel block,

As exporience grew, it beceme apporent that opildurael cnelgesia
offered moxe thon complete welief of pain in labour, Grophie enalysis
off labour showed thet the wate of corvigal diletation ineroased
substantielly in 72 por cent of petients with inco-ordinate uberine
action, following the adninlstration of conbtipuous epidural enslgesic.
Labour was shorbened and Coesareen section was probably avoided in
many patients with prolonged and ineo-ordinate lebours, There were
beneficial eoffects on severe hyporbonsion asnociated with pre-eclompsia.
Substentlel reductions in blood loss at delivery were confirmed by
acourzte measurements of blood loss by & haemoglobin exbractione
dilubion technique. The use of epidural analgesia as an alternative
to general anesosthosia for operative delivery avoids the serious
hezards of vomiting or regurgitetion of stomach contents and the
footus in nob exponed to rogpirvatory deprossant drugs.

In gyneecologlend surgery substantiel reducticns in operative
blood loss wers demonsbrabed when operations were performed under

epidural analgesia. It is shown that profound arbteriel hypotension



18 nov necessaxy for the satisfactory reduction of bleeding. To
esgess the mechanisnms whilch may be concerned in the reduction of
bloeding ot operabion wnder epidural block, obsorvations were made
of cenbral mnd poriphoral venous prossure and pexipheral blood flow
wos measured by o heat oleavance bechnique., It is suggestod theb
the reduced venous pressuro which exists kmﬁngg epidurad block is
an importent foctor in reducing blood loss.

It 4s bvelioved thet, in o nunbor of speclel clreumstancos,
epldural snalgesie has abizdbutes which meke it the bechnique of
cholon, The puccessful conduet of opldural anslgesie brings
satisfaction to the eneesthetist who uses the wmebhod, as woll as
benefit o his patients. The increasing interest which Bribish
anoesthetists have shown ln epldural anelgosis over the last fouw
yeors perheps indlcetes o gyowing awarvenens of the hasards of general
ancvsthosia in certaln clrcumstonces, porticularly in obstobrie
aneesthesia and in anaesthesia i’ar- the vespiratory oripple. There
38 & widespread intorsst in metheds of reducing operative blood loso,
if thege csn be used with safety, The safely and effectiveness of any
anaosthotic technigue are proportional to the skill and exporience of
the encesthotlst and it ln noted with setisfectlon that more end more
aneosthetists are golning exmporvience with epldural anslgesia. The
rigks of epidurel analpesis, elthough different from the risks of
genorel aneosthesie, mey be Just as serious,

A factor which impedes the wider use of epldurel emalgesia by

Bydbish eneesthebtists is the pregeure of work in many operating theobres.



Aneosthetists moy be heavily burdened with woudine and cmergency
encesthesls and the exbre few minutes required to cerry ocut opidural
block may soom to bo unaveilsble. Huch difficultles cen be overcome
andl whon epidural analgesie hap bocome an esteblished port of an
encesthetist's practice, then surgeons, obstotrleoians end the
ancesthetist himseld would not willingly foregoe the advantoges of

opidural enalgesia,

January, 1968,
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THE HISTORY OF TPIDURAL ANALGHSTA.

Tao important events precsiicd the introduction of epidural

analgesie, The first was the inventlon of a funetional glass
syvinge with a hollow needle attoched, by Alexender Wood of
Bdidnburgh in 1863. Syringes snd needles of 2 primitive pattern
had been uwsed by others before this date., Christopher Vren, the
architect and astronemer, had used a quill end a small bledder to
give introvenous injections about 1657 (Dundee, 1956)., The first
dovice with any recl resemblance d¢ & modern syringe wes thet of
Praves of Iyons., This was designed about 1853 and had o piston
which was sorewed dowm on & spirel thread. The hollow needle
soens o have been first used by Francis Rynd, a Dublin surgeon,
about 1845 (Mogey, 1953). Aloxander Wood combined tho hypedormic
needle and glass syringe and abandoned the spiral sction of
Pravaz'a piston, Wood's objective was the injeetion of morphine
divectly into peinful arcas because it wes belleved at the time
that morphine would be locally effective if this was done. Wood
did noto that the general effcets of morphine, cocurred regerdless
of the site of injection.

The scoond precursor of epidural analgesia was the discovery
of cocaine, the first losal enaesthetic. Xn 1859, Nieman and
Lossen isolated puro coeaine from the plent erythiroxylon coce,
Gaedicke had, in 1855, separated the elkeloid in an impure form
from the South Ameriean coeca plant who's leaves were chewed by the

natives for their stimulant offects. Von Anrep, in 1879,

observed that cocaine had & loenl anslgesic action, The first



olinieal use of cocaino was in 1884 vhen Koller used it for
bopical ansesthesia of the cornea,  This was done on the
suggesbion of Sigmund Freud, ol that tive sn opthalmologist,
and bad Freud not gone on holidey shortly after meking the
suggestion, he nighd bave added to his fame by belng the firsh
to uge a looal anaesthotic, Halotead, tho Smerican surgoon, firvst
uded gonduetion analgesia in 1889 when izé injeoted cocuine into
the mandibuler nerve, Halsteed became a cocaine addlelt as the
reoult of his emporiments on hinself with the drug., RBegional
anslgesic besome safey after the introduction of prosaine by
Binhoxn in 1904 and Stovaine by Fourneau {fourneau, & stove)

in the paune yeer. Tho earliest epidurald blocks were done vith
eocnine, Todey, Jignocaine (Cowdh, 1949} and prilocaine
(Viedling 19G0) have replaced procaine in ite turn,

In 1889, Corning an American neurologlst, WQGtea oasaine
in the reglon of the wpinal censl and produced analgesia of the
logs and perineum, IHo technique was o poor one and it was by
good. luel that he injected the cosalpe into the opidural or more
prebebly the suberactnoid aspace {Mesintosh, 1957)e. Corning like
Alezander Wood, was trying to deposit a drug as nesr as possible
0 & paluiul ox dipensed slite and he injeoted covaine betwesen the
aloventh and twellth thoracic spinous procosses of a man sufforing
from “aplnal weakness and seminal incontinence,” It was the German,
Quineke who, in 1891, deseribed the technique of lumbay puncture
viioh is essentlelly that used todsy. It was not undil 1999 that
Bioy of Gormavy and Tuffler of France used Quincke's method %o
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produce the first deliboerate subarachnoid blooks, Macintosh
{1957) vividly deseribes the experiuents of Bier and his
agsiotant Hildebrand, on cach other. One ovening, Bier had o
lunbar punctuye performed on himself by Hildebrand end such
cerebrospinal fluid wag lost. Bler then performed 2 lusbar
puncture on Hildebrand and dnjoeted Smg. cocaine crystole
dissolved in unsterile tap water, Analgesis ensued and wasp
confirmed by the pulling of pubic haly, squeezing of the testes
and hitting the skin with a hammer. To celebrate thi: success,
the porticipents then pat down to dinmer, wine ond clgers. After
this display of Teutonic fortitude, both suffered from headeches
and venmiting for o fow dayss these effocts being atiributed to the
lusbar punsture and the unsterile injeotion rather than to the
other oventn of the evening., When associated with such
complications, suberechnoid enalgesic was unlihkely to be an
acoeptable substitute for all but the worst of general
snacsthetios, Nevertheless, the idea of Vertebral conduction
analgesia wes ottraotive ond stendards of general anacsthesia
were often lew, Epiﬁuralrﬁiﬁék doos not cause headache, an
iaportant aavantagﬁﬁéger éuﬁar&chnaid block even today.

The search for an offective and safe method of conduetion
analgesia contimied and in 1903 two reports of successful epidural
{cendal) blocks weve presented to the Saeietélniologique of Peris,
On 20th April, 1801, Sicard reported on "Les injections
m;ﬂieamentauaea extre-durales per voie sacro-eocoygienne,"®

e
Seven deys laber, Cathelin described "Une nouvello vole

e e
d'injection rechidiennc, Methode d'injceotions copidurales par



1o pweaééé’&u ganal sacre. JApplications a 1'homme.™

Bloard and ﬁaﬁhéiin sean to have worked independantly. FEach
used the caudal approach to tho epidural space., Cathelin dld
try the lunber epproach. s teshnigque was & poor one,
involving subarachbnoid punsture and then withdrawel inte the
epidural space ond he shandoned the lumbar approasch for lack
of success. Later in the seme year, Tuffier slso used the
caudal agpproach auaeéaafu&ly, but had poor results with the
Junbar route,

For some twenty years after 1901, caudal epldural smelgesin
was used mainly in continental Burope and the lumbar approach was
hapdly used at all. Irom Prance, the method spread to Germany,
In 1909 vou Steeckel of Marburvg used caudal enalgosia in
chetetrics and the technique was quite extensively used theree
af'ter at the Preiberg Frauvenklinik by Von Gaze and Sohlimpert,
Lawen (1912) and Heile (1913) tried the lumbar approach but hed
1ittle success due to lack of an acourate method of ildentifying
the epldural space. Caudal snalgesia was £irst used in the U.5.4.
in 1917 by Thompson of Pexas {Hinzson and Hellmen, 1956).

The development of lunber epidural analgesia followed the
desoription by the Bpanilard, Pidel Pagé;, in 1921 of o succesaful
methed of identifying tho lumbar epidural space. Pages' method
was purely tactile, dopending on the sensitivity of the operator's
fingors in detecting the sensation of o needle passing through the

ligementun flavun to enter the epidurel space. This method

requires congidersble dewterity. In tho same yeer (1921), the
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French workeys Slcord ond Forestior intreducsd the loss of
rosistancs method for indentifying the epidurel space., This
method is stilld prohebly the most popular and successful one
avelleble and ia the mothod used by the author, 4 loaded
syringe is ettached to the needle which is  then advaenced
through the spinel ligements, while & constont pressure is
applied to the plunger of the syringe. 4s the needle‘piereea

the ligementun €lavum, injeotion which has hitherto been

alnost lmpossible, becomes very easy. Sicerd end Forestier wore
concerned with the injecltion of radiopaque substances into the
lurbay epldurael speco for dlagpnostic purposes and it remeinkd
for the Itelien Dogliotii to uvso the loss of resistance method
on s large seoale for lusbar epldurel anclgesie. Doglottl reported
his experiences in 1933, the yoar in which Guttisrez, the
Avgentinien, desoribed hkis hengingedrop technigue for
identifying the epidural space, Varicus mechanieal aids were
lator introduced, These included the Odom's indicator (1936),
the spring londed syringe (Brunner and xlké; 1949), the distended
balloon (Macintosh, 1950) and the spking loaded needle (Macintosh
1953). All of these mothods depend for their succesa on the
existanco of o negative pressure in the epidural space, o
phonomenon preosent in only about 81 per cont of subjects in

the lumbey region (Dewking, 1963), Success is not assured with
any of the mechanical methods, although the 19 per cent failure

rateo can be reducod to § per cont by various dovices which

intreduce a slight positive pressure at the tip of the nceedle



{Dawicine, 1963), The loss of veaistance method of Sicard
and Forestior and of Doglioltl lo suceessful in nearly 100
per cent of cases in skilled hands,

M Ampovtent dovelopment in the spplication of epldural
omolgenia hap been it use in obatetries, both es o method of
pein relief in the first stegy of Jabour and sa o technique of
anaepthebls for operative dellvery, The Gerwan workers such ag
Yon Stoecks, Von Gore dnd Schlimpert who used eaudel analgesias
in cobetetrics, in the years efter 1909, wore restyioted by the
chsence of any uethod of affecling prelonged analgesia for the
velief of osin thwoughout lebouvr, (leland, the Omupon
obatetricion, abttenpiod to overcome this problem in 1932 by the
not weally satisfactory method of performing vepeated coudal
blocks in lebours Cleland's other contwibutlon to obstetrie
conductlon analgesic wen the deofindtion of the amatomical
pathweys of uvberine pain. A dmporbance udvanco was the
introdvetion of contlnuous caudal epidural anslgesie into
chatetries by Hingson and Bdwerds in 1943, Theme fmerioan
wovikers ob firet used uwretic catheters vo maintain
onalgeaia for pain relief in the fivst sbzge of labour, for
foveaps delivery and for the conlrol of the bypertension of prow
eclampsia and eclampsics They clalmed, with Justification, that
ipnin 10 no longey a necessary concomiteny of lebour and delivery

Single shot lumbar epidurel enalgesia waes uwsed in obstetrles
by Geaffegnine end Soyler in New O0cloans in 1952. The continuous

lurbay tochnique wag first wed in lebour in 1942 by Flowers,



Hellman end Hingson., @lelend, in the same yesr, described his
corbination blesk which entalled the introductlon of two
cathotors, one inte the lusber epldural spave for Dirst stage
onalgosio and one into the caudel opldural space for onoelgesia
for delivory. This technigue was unecessarily complicated and
has been shandoned., Curbelle of Hawana, also in 1949 used
oontinnous lurbar opidursl anelgesie with ureteoric cathebers.
Fpidural onalgesie, by both candal and lusbar techniques,
15 todoy extensively used in North America for normal and
obhnornal cbatotriss and there is no nore effective method of
analgesia at present cvailablz. American obstetrio practice
differs in some respects from that of tho Wnita& Fingdon,
Porgops delivery is ofton proferred to spontaneous delivery,
deliveries arce condusted by dcctors rpther than midwives end
simost 0l confinemonts take place in hospital., Anaesthetiots
BY'O NOTe fami}iav with epidural smolgesin and nore often provide
& 2h hour resldent obstetric ancesthetie service. The writer knows
of only three British maternity hospitals in which the anaesthetic
staff prnvi&a@ @Ay@gu&&m sorvico for epidural analgesia and it has
been the writer's eim, over the last four years to esteblish o
place for epidural onalgesin in British obstetric practice,
Bpidural analgesls hes never achilaved the popularity in
Great Brdtein which 1% now enjoys in the U.8.A, and Cennda,
Golley used caudal onelgesis in 1944 and o visit by Hingson to the
United Xinglom in 1949 aroused a transient interest inm the use of

continuous condal snalgesia in abatatrias.(ﬁriﬁ, wed.ds., Leading



Avtiole, 10493 Hingson, 1949), Isolated veports of the use of
oandsd and lumber epidurel enalgesie have oppeared (Davkins, 19453
Galley, 1949; Avthuy and Johngon, 19523 Johnson, 19543
Bryco-Smith and Williams, 1958; Ball and Chambers, 19563

Scott and Kyles, 1961), Until recently, epidural analgesia wos
mainly wsed by a Pew enthusissta. There has hovever, been a
steadily inerensing use of lumbar epldural analgesis for
selected indications in the last few yosrs.

The former resistance of most British ensesthetists has
porhaps inovitably been bound up with the urfavourable position of
subarachnoid snalgesia following the reports of serlous
neurological sogmeleas from the latiter technigue, Also there wag
o genaral sabisfaction with the muscle relaxant techniques of ’
genepal snaesthesia in the yeers efter the introduction of curare
into anassthesia, This satisfaction, although still in genoral
Justified, is parheps loss appliceble to certain patients and fo
cartain surgicel precedures. In particular, the patient with
savere chronic bronokitls and emphysema mey fare badly when given
misele relaxansss generasl enassthesia in often anscciated with
troublesome bleeding in pelvie surgery, and in the fleid of
ohstetrie anelgesic and anaesthesis; the general anassthetiocs
and systemic analgesics carry their omm hazords. Epidural
enalgesie 1s being used hy some anaesthetists for the relief of post
operetive pain because it provides excellent analgesioc without

respiratory depression, Other therapeutic indications inclunde

acute pacreatitis, dissecting aneurysm of the acrte,

CO



niscellancous vanospastic conditions end prolapsed intervertebral
disc,

The atetoment mede by Gathglin in 190 hes boen more than
fulfillod. He podd thot cpidurel analgesia was "une methodo
nouvello qui mgr:lte dletre e/t:udié par les chirurgiens et par
les mgﬂesﬁ.m s COMMe pmoéde/d'mlgeﬂm epe/mtoim pour colmer
les douleurs (accouchements douloureux, douleurs des cancers
inoperebles du rootum, ficsures, hemorroidaires).” Cathelin's
list off therapsutic indications hos been extended considerably
oné this thesis i concerned with some aspeets of epidural

analgesie which scemed worthy of study,
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The majorllyy of references uged in the forogoing hiotorieal
review have been checked in the oviglanl, A few of the
early publicotions in fozeign languagesn could not be conaulted

and they srve guoted fyom gne or move of the following souxges.

BROMAGE, P.e 1954 Spinal epiduval mnalgesice Fdinburghe
Fivingatona,

DUNDEE, IV, 1856, Thiopentone end other Thio harbituwrates.
Badinburghe Idvingatono.

HINGSON, Rede -ond HELLMAN, L.i, 1956, Anesthesia for Obatetries.
Phlladelphia, Lippincotls

LB, J.0e 19536 A aynopois of anacstheola (Jrd. od.) Bristol.
WrtahiGe

MAGININSH, R.R. 1957, Dubapy poaeture and spinnld analgosie.
Ldinburghe Livingstonce

SOUIMWORTH, Johe and HINGSON, R.A. 1953, Pitkin's sonduction
anesthesia (2nd ed.) Philudelphla, Idpnincots,



TECITQUES 0F LUMBAR EPIDURAL ANALGRSTA

4 Deseription of the Teechniques Employed in The Investieations
Hhich are Recorded in This Thesin

To avoild froguent wopotition, the detalls of the technigues
of lumboy epidursl analgosio used in the verious invosiigations and
and clinical studies which somprise the bull of thins thesis are
here doseyibed in detall. Tho lopel ancesthetics uned are listed

and the renpsons for choping these particular dyugs are indiooted,

Single shob lumboy opidural snelgesis for surpery

The method now desceribeod wan used for the investigatlions

conceyning ocoldw-base balance, pulmonary ventilation and blood loss
at pynaocologioel operations,

An open veln is firet ensured by inserting an intravenous
neoedle or sebtiing up an intravenous infusion,

A1l equipment, including drugs, is auboeclaved., Tho
anapsthetist sorubs up ond dons a sbterile gown end glovog.

The patient is pleced in o latersl position and tho spine is
flexed, The shkin over o wido area of the back and bubtocks is
eleansed with 0,5 per cont chlorhoxideno (Hibitane) solubion in
an eleoholic base. Coro ls token to avoid oonteminetion of thoe
aneosbhotist's fingers end equipment with ontiseptic. A “spinal”
towel is dyaped over the lumbar reglon,

The level of the 1line jolning the iliac creats ig detormined,



2
Thias line crosses tho L.b=5 interepace. Puncture is usually
porforned ot the L.3-=4 or L.2«3 intevspace. M inbradermsl wheal
of loeal enaosthetic solution is relsod at the midw-point of the
chosen interspace ond a further one or two mls., of this solution
are iujocted subeuteneously. The skin is now pierced with o Sise
introducer which is insexted precisely in the mid-line end at the
rldepoint bebtween the adjacont spinous processes. This foras o
track for Tuohy needle. A 16 8,W.G. (Stenderd Wive Gouge) Tuohy
needle with Iuber point is passed along the ready made trock uatil
the ridge of tho supraspinous ligoment is Pelt. Tho Tuohy ncedle
is advonced through the supraspinous ligement, exactly in the mide
line, until the point lies within the lnterspinous ligament, The
stilette is withdrawn from the Tuohy needle and e 20 ml, glass
syringe containing aebout 10 ml. of loocal ansesthetic solution is
attached.

The epidural space is identified by the losa of roslstance
tochnique (Sicard and Forestier, 1921; Dogliotti, 1933). The hub
of the Tuohy needle ls gripped with the thumb and the Lirst two
fingers of the left hend, while the hand is steadied against the
patlent's back. The thumb of the right hand exerts an oven preossure
on tho plunger of the syringes Tho left hend now advances the necdle
stoadily thwrough the spinal ligoments in the mid-lino, A very slight
inclination of the needle towards the patient's head is employed,
The left hand ugually senges an lncreased rosistance to advance of the

needle when the bough ligamentum £lavum is reached ab 2 depth of



some % ¢m. on overage. The stondy advancoe eonblmues, As tho
opidural space 1o entered, the left hond eppreclatos o suddon
Ugivo" whileo abt tho some time o small quantity of colubtlom is
dischorged from the syringo.

Tests Por insdvertont subarachnold punoture are nov performed,
Aspivation of coxebrospinal £luid (C.8,F.) is attomplod end Loy
this a 2 nl. syringe is preferred. %The syringo is thon detached
ond A2 ony liquid deips from the needle it is allowed to £all onto
the bared hand. Locel ancostheble golution foels cold and G.5.F,
feeln waxm. In cnse of roal doubbt a positive "Doxtrosbiz® Last
for glucose will confirm thet the liguld ls (.8.7. In the event
of o subapachnold puncture, the epldural block is abandoned, The
wrilor hos seon two cases of accldental total subarachneld blook
follow succesngful epldural punobure ofter an inltial subarachnoid
tap,

A test dose for the exclusion of subarachnoid injestion is no
longer used and this le the prochlice of mony oxporxlencwd worlers,
There is seldon real doubt whom the needle io in the subarachnold
ppoce, ¢ toat dose is sometbimes itself inconclusive and there is tho
risk of displacoment of the needlo while walting for tho test dose
to act, In o perconal series of over 900 oplduranl blocks, subarachnoid
injeotion has not ocourred, Subarachnold puncbure occurrod on eilght
occasions, wagy olearly detected and no injection was mode, This
osporience is cubsteuntlaled by veporbed series off meny thousonds of

cases, whore the ineidense of subarochnoid puncbure is botween one



and two per cent but the incldence of suborachnoid lnjoction (botal
spinal blook) is only sbout 0,04 per cont (Choplin and Renmwick, 1958;
Cory end Hehye, 1962; Lund et al, 19613 Hellman, 1965).

Tho looal ansesthetlc solution is nov slowly injected. A rate
of about 0.5 uwl, per soceond is sppropriaste. The Tuohy noedle is
withdravm, the puncture site is sprayed with "Nobeoutone” and o
stovdle dry drossing is applied. The patient s tuxnoed on to his
back and is roady for operaticon in asbout teon minubos. Blood prossure
readings arvo bakom approximately every five mlnufes,

A Light genersl ancesthetic is somobluwe given, espocielly if
tho patient is more than usuelly epprohensive. Gynnecologionl
patlents who reoceive epldural anslgesia for operetions for xepair
of uterine prolapse are ofbon middlo-nged womnen who prefor to be
unconscious. Tho goeneval anecsthetle usuelly glven is o thiopentone,
suxeunethenium, nitrous oxide, oxygen, helothane sequence. An endow
tracheal tube is lngerbed and a very light pleno of ancesthesin i
maintained. It is belioved thet o properly given Light genersl
snaegthotic with o cloar elxway ond adequabte sponbancous ventilation
is likely 10 be sssoslabed with less respivetory depression, hypercarbio

and hypoxaemio than is heavy sedation with nercoties and tranguillisers.

Sontimuous Eplé-0oSribive el fost SUEHORY
and Post-Duorotlve Anelpasia
This wos the technique used in the investigobtions into poste

operabive ventilatory function. It is used when & prolonged operation

ig to bo poxfoxupd or when it is plenned to medntoin postegperative



epidurel analgeslie in the hope of prevonting post-operative
pulmonary ateleotasis.

The epiduvel spacs in ldentified by the method which hag
Just boon descyibed for single-shol epidural analgosioc. A lLee
cathoter (Leo, 1962) with & blunt tip (Moir ond Hesson,1965) is
used o eneble top-up injectliong to be given. PThe modifiod
gatheter tlp was indbroduced by the menufacburers fellovwing
accidontel perforxetion of the dura by cne of the oxiginal shavpe
pointed cothobors. The cabhebor passes essily through o 16 S.V.G.
Tuchy noedle and is advanced in a copholad diroction until the
third naxle hes possed thwough the hub of the ncedle., Abount two
inches of cabhober now lis in the eplddural space, It is possible
o datroduce a greater lengbh of cotheber into the epidural space,
I2 thls is done the cethotor may ourd up in tho epidurnld space,
ingtond of passing upwayds, ond the likelihood of the cothober
pessing out of the epidureal space through en intévarﬁebr&l foramon
is inorceped. {(Sanchez ob al., 1967). I2 tho catheter tip leaves
the epidural space, analgesis will be obgent or locelised %o a
norxor ares on one 8lde only. A lumber insvibtion of about two
inchos of catheber will provide effective emalgesia for uppeyr and
lower abdominel suprgery and for the rellel of posbwoperative pealn,
This has alco been the expericnce of Bromage (1954 and 1967a).
The technically move difficult thoraelic epidural blook has beon
used by Simpson and his colleogues (1961) for post-operative

anelgosia and has the adventage of being less Likely to couse



hypotension,

The epidural cathebor hoving been insorted, the Tuchy needle
4g withdrawn over the cetheter, The cobheter is now conmnected o
o stovile, plastic 50 ml. syringe which has been charged with loeal
angesthotie, This syringe is vow spealed inside o sterile txransparent
bag so thot topsup injeetions con be glven wlthout the need to scrub-
up, {Cole, 1964). A dry sterile dressing is applled to the back and
the catheter ip securely fixed to the spine at thoe point of omergence.
The ecathebeor is then led up to the shoulder or to the flank, whero
the syrioge is taped to the skin, Bactexdal cultuves from epldurel
cotheters which had boen in place for up to 10 days were sterdle
(Barvebn, 1962). The syvinga-in-bag system ensuves sberility,
avolds the need Lo serube-up, pormits patient mobillty and self-
injectlon by the patient is almost impossible.

Thore exe o nunbar of obher ways of npintaining eplduval
enolgosio. MHingson and Bdwerds (19%3) used a multidose bottle,
o 3-way btop ond o syringe. Thoe 0ford Chuck may be used (Simpson
and Salt, 1961), Obhers have used an auboclaved mechenicael dispenser
(Athorley, 1961) end a motor driven syringe with o timing device
(Cox and Sposrsl, 196k), Intemitient injections from a sealed
storile drip apporatus ave currently popular. (Scobt and Walker,
19633 Bura, 1963) ond a continuous infusion moy be used (CGreen and
Dewkins, 1966), These mothods all heve one ox move dlsadvantages.
It may be nocessany Lo scrup-up befors the injecbion, the patlent's

movenent mey be vestrictoed by the apphratus and in tho case of ab leasb
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one type of dwlp apparetus & near faballty occurxred when a patient
sceldentally recelved over 1700 mg, lignocsine (Bdnonds-Seal, 196.)

The weiter has heerd of a podient who himsell gpeedad up his lignoecaino
dxdp ond wes loter dlscovered in e collapsed snd unconsclous state,
Tackily be survived. Gyoon ond Dewkins (1966) veport two ceses of
aceldental overdosage with thelr conbinuocus drip technique.,

Maring long surgleal uvperebions, topeup injeciions are glven
a6 reguley luhexvels and bofore analgesls wears off, When used for
postwoperative analgosla, injectlions ave usuelly glven s soon os
poln rebums and the eplduyeld block is novmally meinbained Loy the
Cipet 2 hours alber opexabion, This mekes considexeble demwpnds
on the snassthebie and nurelng steff and idenlly the patient should
bhe in a gocovery ward. The pobients are confined to bed, but are
sagouraged o move aboub in bad. Breabhlng exercipes are given
and coughing ig snoouraged. Hypobension is varely a problem in

the awoks, octlve pablent who does not stend eracth,

Sontlnuous Tuamboy Boidurel Anslessie In Obstetriocs

The bagic technique is that Juet described Por suvgery and
Tor post-oporetive aualgosie., Because it is difficult Lo oblein
good flexion of the lumbay apine in labe pregnoncy, the epidurel e
pungture is pexfowmed with the pebient in & silting position.

In the pregoant pabient, there is a morve extonsive sprosd of
locel snaesthebic in the spidurxel space (Bromage, 1962; Hehve et 2l,
1965) and doses mush be veduced by sbout one thivd, The grester

spread e probebly due to the engorgement of the epldurel veins



wvhich occours in preguancy end this veduces the volume of the
opidural spave evalleble Tor the spvoad of solubion (Promage, 1962).
During o poinful uterine conbroction the C,.8.F. pressure rises
substentially (Merx ot al, 1961; Vasicka et al, 1962) so theb the dura
moy bulge and furthey reduce the effective volume of the epldural
space. Tho rise in C.3.F. pressure only ocours if the ubowino
conbrackion in peinful and is attzibubeble to generalised meternal
mugenler sobivibty and straining which may be associsded with the
Volsalve menocuvie., The epidural vonous pressure is likely to xise
during muscular activity. TFor these reasons, injection is avolded
during s pelaful uterine contraction.

Top=up injections are given as soon as pain Yeburne and snalgesia
is alwoys mainbeined wnbil delivery. If epnldurel block is belng used
Por the menagement of severe hyperbtenslon during lebour, thon top=up
lnjectlons are pivon when the blood pressure rises. The wise in
hlood pressure ofton ccours before pain retuing.

For operatlive vaginel delivery, a larger dose of local ansesthebic
1o injocted with the petiend ln o sitbing position. To onsuxe
ansesthasle of the lowerx birth cenal it is nesessayy to block the
second, thizrd and fourth sacral nerve roobs, Caczarean sechbion can
be pexfomed under epidural anelgesia, but it bhas been found that the
majordty of patienbs prefer gonoral enassthesis for this procedure,
although most patients who have a foreeps delivewry under epidural
block ave dolighted with the experlence,

Duying lebour, the pablends are encoureged to lie in the laleral
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position becsuse this prevents the supino hypotensive syndrone

of praguancy by evolding pressure on the inferior vensn cave by
the gravid uberus, Blood pressuve, pulse rabe, foebel heart vate
and ubterine contractions ave monitored yegulerly during lebour,
Febention of urine is not waeotmon ond mey be due to chstebvic
couses or o annegthesia of the bledder. Catheberisetion of the
bladder mey be reguired,

Vasopregsor drugs are 4o be avolded duying pregansncy. Alpha
regepbor activeborssuch as methoxanine produce spasm of the ubexine
srberles, footal bradyecardia end tobenlc ubexine coubractions
(Greiss end Van Wilkes, 196h; Vosicke et al, 196L). If o vaso=
pressor drug must be glven, then o dyug such as ophedrine or
mebaramingl, which sets malnly on the myocardium iz preferied
(Behnidor, 1966).

Theso, and obthey aspects of epldural enalgesia in labour are

later digcussed more fully.

Locad Ansesthetle Diuss and Doses

Single-chot lumbay epldurel ansleesie fov surgery

A 1.5 per cont solublon of lignovelns is novmelly used, A
1.5 per cont prilocaine (Citanest) solubion has also besn used and
is equally effective and probably safer, Toxicity of locel ansesthetic
drugs 18 varely o problem with single-~ghot epldural blocks becsuse the
dogas used ere loss than the meximum safe doses. Advenaline 1:200,000

16 uwsually added to the locel ansesthetie solution. The addition of



adrenaline significenbly lowers the blood levels of local snoessthetic
drug ebbainod during epiduysl snelgesia (Bromage and Robson, 1961;
Scobt, 1965) and incrosses the sefe dose of lignocaine from 200 mg.
H0o 500 mg. end the sefe dose of priloceine is rvolsed from L00 mg.

to 600 mz. (Annesthesie Bditorial, 1964), Adrepaline also prolongs
the aeﬁiaﬂ of the local avsestheble diug.

The dose of local anasesthebiec drug is raduced for three prinecipal
ronsons} dncreasing oge, degensretlive voscular disoage and proguancy.
Sex, heighi end welght are of yelabtively minoy lmportance in dctermining
the appropriate dose (Bromage, 1962). A suilable dose of 1.5 per cont
lignooaine solution for & heslthy young man gbout bo have an elective
ebdominal operation would he from 25 ml. to 30 ml, (375 mg. to 450 mg.).
An eldeyly women with avteriocsclerosis might only reguiro 10 ml, of
1.5 pew eent lignocalne (150 mg.) for the seme procedure.

The percenbage strength of the local ansesthetic solution is of
1itéle Amporbance in debernining the oxtent of enelgesia. The samo
welght of drug produces shoub the some oxtent of avalgesin, regardless
of the peveentage strength of the golubtion (Bromsge ot al 1964),.

For the studies of pulmonary funcbion and acld-base balance a
1.5 poyr cent solution of lignoceoine with 1:200,000 adrencline was
used, This solublon was, et the time when the sbudies were carried oub,
the most populer one for épidurael malgesia. This stobement is probably
stdll txue in 1967. The same solutlon was also used for the blood loss

sbudies in gymeeeologleal surgeryv.



Continuous Tanbox Gpldurel Avolpgesis for Surgory ond
Rogl=gporative Anolgenia.

Agadn o 1.5 por cent solublion of ligaocaine with 1:200,000
has boon the looal ansestholic normally used. Prllocaine ds less
suitable Por repoated Injectlon then is lignocalne, becouso
methacmoglobinaenis developa as the total dose of pyiloceine increases.
Visible cyonosis is likely afbor 1,000 mg, of prilocaine and hos been
racorded afber only 600 mg. (Daly et al, 190h; Scobi eb al, 196k
Adamson and Spoerel, 1966), Mobhoemoglobinaenia Ampalrs tho oxygon
cowrylng copacity of the blood, The condition can be reversed by
the intravenous injocbion of somo 4 mle, of mothylene bluo,

Por surgery, the doses of 1.5 per cent lignocolne with adrenaline
ara modified scoording to age and arterxiosclerosis, as described in
the provious section, For poste-operative anoclgesis the writer normelly
uses l.5 por cent lignocedne with 13200,000 adrenaline, ofton moinly
because this solubtion was uwsed for the recent abdominel opesrabtion and
ig therefore slready in the 50 ml, btope~up syminge. Obher workers use
waaker lignocaine solubions for pogteoporative aﬂalgssia‘aﬂd theso elso
appoay bo be sablafecbory (Simpoon et al, 1961, Bumn, 1963). Then
using the safe top-up method of a 50 mwl, syringe enclosed in o stexlle
trensperent bag, the use of sbronger solubtlon in asmelleor volume enables

move doses bto be obtsiundd Lvom the gyringe with equal effect.

Continuous Lumbar Epidural Anplsesis in Obstobrles.

For poin relief in lebour and for all typos of veginael delivery

2 2 per gent solubtlon of lignotalne with 1:200,000 adrenallne has been



the voutlne loeal ancerthetic. The 2 per cent solubion was chosen
mednly hecause of the practiocsl advontage of obtaining moxe
individuel doses from o single syringe when enalgesio ls provided
Por o prolonged lebour., Quibe small volumes of 2 per gont lignoceine
suffice for Piret sbage enelgesio. From 6 mh, (120 mg.) to 9 ml.
(180 mg, ) will zoliove tho peins of labour completely in most cases,
Occaslonelly, in order to relieve severe backeche in the flrst stage
of an sbnormel laebouwr, a lerger dose is required. This is becouso
the backache which may be so distressing in an ocelpito-poglerior
position of the foebsal head or in hypertonic inco-ordinete uberine
actlon, seems to bo transmitied by the sacral nerve wroots, so that

2 more exbtensive opidured block ls required for its wvelief. For
operabive veglnal dolivexry 10 ml, (200 mg,) to 14 ml. (280 mg.) of
2 por cont ligpoceine are injected, to ensturo enalgesia of the
lower bivhh canal.

Prilocaine is considexed bBo bo guite unsuibeble Lor conbinuous
locel aneoestheblc tochnigues in obstetrics because bobh mother snd
foetus will develop mebhaemoglobinaemia, thus impaixing the Coebal

wygen supply by btwo mochanlsms .

Tachyphyllavis, which in this conbeoxt impliss a prograsaive
reduction in the duration of malgesia afier repeabed injections of
local eneesthetic diug, has besn s problem In very long lebouwrs. Some
60 per cont of pabientes who received epldursl anslgesin for mers than
10 hours developod tachyphyllemxis to such a degree that analgesia then

lested for leas then half of the origlnal time, (Moir end Willocks, 1966).



The couse of bthis conditlon is unknown ond changing the logal
anagsthetic agent doos not affect tachyphyllowis when it has once
doveloped, (Bromage, 1967, b).

in view of the cleims made for bupivacaine (Marcaine) that
onelgesle lested for 5 or 6 hours, this drug has now beon used in
o mmell sevdes of 28 conbinuocus epldural blocks in labour., The
vosultas have been rather diseppointing. The average duxation of
anoleesle was 2 hours and 47 mdnubtes. The drug was uwsed in o 0.5 per

cont solubtion combined wilth 1:200,200 adrenaline.

Singlowmshot Tumbay Bpidurel fnalpesio in Obstobrics.

This is sometimes admindstered for foveeps delivery, when 10 mi,
(200 mg,) to M nl, (280 mg.) of 2 per cent lignoesine with 1:200,000
adrenaline ore injected whilo tho pabtlent sibs up.

For Cooparecan Seotion & pingle lumbar opidural injootion of
10 ml, to 1 ml, of 2 per cent lignoceine with adrenaline 13200,000
advonoline provides satdsfacstory operating condlilons in most casocs,
Qocesionelly tractlion roflexes are Gtroublesome and & covering general
anvesthetic would be requivred to block these reflemes. The occourrones
of those rofflexes moy bo yelatod to the gentleness, or otherwlea, of

the oporebor.



PUIMONARY FUNCTION AND ACID BASE BALANCE
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Introduction
In 1984 Sourr first descoribed & patient with coma and

inadequate wventilation af'ter en anvesthetie in which a
misele relaxant drug ond intermitbtont positive proessure
ventilation (I.P.P.V,) had been used, In 1956 Hunter
desoribed siz similar patients, all of whom died, Hunter
wrongly attributed the condition to "noostignine resistant
curarisation.” In 1960 the writor described such a petient
who was sucecessfully treated by 4racheostomy and prolonged
I.P.P. V. (Hoir, 1960), Others have recorded simllar oases
(Young and Mondel, 1959; Brooks ond Peldman, 1962;

Hoir and Reid, 1963). Tho condition is now well recogpisecd
and ie indeed quite common, Oampbell and his colleogues
(1967) treated 202 cases in four years in a vespiratory
intensive care unit and postoperotive raspiratovy
inadequecy was the commonest reason for adnission to their
unit,

Thoe ocauses of pestoporativo respiratory follure include
metabolic acidosis associated with hypovoleaenia and hypotenslon
(Brooks ond Peldmen, 1962), fluld and eloctrolyte imbelance
end pre-oxisting broncho-pulmoncry disesss, Often all of these
aetiological factors crc present and inverisbly anaesthesia
has involved the vse of muscle relexents and I.P.P.V. usually

for abdomingl surgery. True suxzamethonium apnoea was

uncoruon in one large series (Campbell et al, 1967) but this



may simply be a refleotion of the anaesthetic practice of one
particular hospital.

Trontoent may involve the correetion of wmebtabolic acidosie
and olootrolyte deficiencies and the restoration of normal blood
volume by appropriate intravenous £luid therapy. In &ll but the
nildent cascs, assisted or controlled ventilation will be requirad
by endotracheal tuboe or cven tracheostomy.

In Campbell's (1967) scries the mortality in patienta who
doveloped vrospivatory feilure af'ter elective upper abdominal
surgery was 32 per cent and the mortality vrose to 47 per cent after
upper abdominel surgory. In o smaller personal sories (Moir and
Reid, 1963) there were 3 deaths in 10 cuses of respiratory
failure efter abdominal surgery despite treetment which in each
oose included prolonged I.P.P.V. Even if treatment is
suscensful, the mansgement of these pationts lnvolves mich time
and skill and cen tax the rosources of the everage hospital, It
wag expordence with these oases which stimulated the writer to carry
out oortain investigations into pulmonary funotion and acld base
balanoe during epldural analgesia, I epidural analgesia ocould
provide relief of pain snd muscular relaxation for abdominael surgery
vhils not affecting the level of sponteneous wentildation then it
wonld enable high rlsk patlents to be annesthetised without the use
of miscle relaxants and I.P.P.V,

Respiratory failure is alwoys accompanied by carbon dioxide
retention {Conroe et al, 1962). Thet oarbon dioxide 1s a narcotic
was recognised by Henry Hill Hickmen in 1824 when he used the ges
to annosthotise small animals (Keys, 1941). Some 30 years later,



John Snow agein deseribed the narcotic and toxie properties of
carbon dioxide (Foregger, 1960), In their olossic experiments,
Heldone and Smith (1892) showed that the inhalations of 10 per
eont carvbon dioxlde produced stupefoction in the absence of
hypoxia and in 1924 Haldane demonsiratoldl thot hilgh concentration
of gorbon dioxido deprossed respivetion., Waters (1937) rocorded
a:-fatelity due to nisguided postoperative therapy with earbon
dloxide ond oxygen, Nawvach, in 1944 suggested that carben dioxide
vetention might eause ocoma in emphysenatous patlents nlthough such
on occurrence geams to have been first vecognised by Westloke and
his eclleagues in 1955, It is perheps surprising that it is only
gquite recently that anaesthetists have become tzuly awers of the
noreotic and respiratory depressent effects of endogenous hypercaerbia.

Table I shows the valuves Dor arterial blood pﬁ and oavbes
dioxide tension (Pco?) which three groups of Workerﬂ heve found to
be essociated with cema,

IABLEZ

Arterial blood pH and Pnoa values associated with cong

Poo2 Sourco

J—ﬁ ‘ ’ (m’mﬁgﬂ’ ) . o -7
Below 7.1 Above 122 Westlake ot al, 1955.

| Bolow 7.25 | Above 90 | BSieker and Kickham, 1965.

| Below 7.09 | Above 129 0'Reilly, 1960

The values veported by Wostleke et al (1955) are close to those
recorded by 0'Reilly (1960), but Sicker and Mickham (19%6) noted coma
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at a lesaner degree of resplratory acidesis, The discrepancy
moy bo oxpleined on several counts, such as the difficulty in
defining and assessing levels of conseiousness, the influenco of
norcotic and sedative drugs, the effect of hypoxie and the effects
of pil and Pce2 changes acting togother., 1In the postoperative
perdod, the porsistent offects of promediocant and anaesthetic
drugp mey reduce the degreoe of respiratory acidosis required to
¢ause ¢omee The pil end peo? of tho cerobrospinal fluid probably
Influenco the state of consciousness and there is often a
difforenco between blood and cercspinal £lvid acid bose values
(Leading Avticle, lLancet, 1967).

Uhatovor the astiological fasctors in the individual patient,
postoperative respiratory fallure is exitremely uncommon unless
masele relazant drugs and I,PP,V, have boen used, Following
such an snosthetic adequate spontaneocus ventilation cannolt be
established or meinteined end come or semi=-come is associated.

It would seom logioal to seek on otherwvise escooptable ancesthetic
technigue for sbdominal surgery, which aveids the usc of mugle
reloxontes, the sbolition of sponteneous wentllation and the use of
I.P.P.V. Such a ftechnigque would have to provide good muscular
rolazetion and yet permit sdequato spontancous ventilation, The
pecond oriterion exocludes the use of inhaletional anacsthesia of

a depth sufficient for gbdominal muscular rolazation. I really
eff'ective, pootoperative analpgesla could be provided without the
use of rosplratory depressent drugs, then a veluable additionel

essot would be present,



Epidural anelgesie is associated with excellent musocular
relaxation for abdominal surgery, spontancous wantilation 1s prescnt
and if & continuous tochnique is used, then almost perfeot poste
operative anaglesia can bo maintained. If spontoncous ventilation
were adequate during even high epidural bleck, then epidural
anglgesio would satlsfy tho oriteria prepesed., In 1962, no studies
of tho of'fect of epldural analgesia on respiratory funetion before
or during surgery had boen published., It was therofore decided teo
essess the effects of epidwursl analgesie on respiratory funetilon by
moasuring resting and maximal ventilatory espacity end by acid~base

studies, The investigations now to be deseribed have been reported
on elpewhore (Moir, 1963; Molr and Mone, 1964),

In the yoaars before 1962 several writors had expressed the
oplunion that epidural analgesia could provide pain relief and
muzoular relaxation for abdominal surgery without impairing the
acvivity of the respiratory muscles. These opinions were not
besed on objeotive measurements and there was disagreoment on the
maxitun concentration of ligneoaine which would produce this
differentinl block, Southworth and Hingson (1953) stated that
two per cent lignooalne d4id not ocause intercostal paralysis and
Dawkins (1954) believed that the block produced by 1.5 per cent
lignocaine was almost entirely sensory. Bromage {1954) thought
that the dogreo of motor block increased as the concentration of

lignooacine inoreased above 1.25 per cent, lLee (1959) said that

during high spidural bloclk with 1,5 per cent lignooaine the

D9

O



respiratory minute volume might be low and Morris (1960) thought
that 2 per oent lignoocine might well ocuse intercostal paralysis,

Two reports had been published demonstrating a au‘baﬁantial
improvement in ventilation after epidural analgesia in patisnts
who had severely impaired ventilation in association with popt-
operative sbdominal wound pain (Bromegs, 1955; Simpsen et al,
1961)Y, No studies had been done on patients who were free of pain.
3ince abdominal wound pain very substantially depresses ventilation
(Ansconbe and Buxton, 1958), it wes deoided to study patients before
surgery and before administration of any premedicant or anaesthetic
drogs. Any alterations in ventilatory function would then be
attributable solely to the epldural bloek, Sinco epidural
analgesia might be particularly useful in patienta with
bronchopulmonary disease, the study was designed to inolude
patients with normal and diseased respirstory systems.
METHOD

Observations were mede on 42 patients, 10 of whom were
females, All were about to undersgo abdominal surgery and non e
had recelved any premedicant drugs. Thelr ages ranged fron
3% to 7% years (mean 53,2 yoars), their weighta ranged from 52.2kg.
to 89Kz, (moon 68,6Kg) and their heights ranged from 157 om, to
185 en, (mean 168 om,)

8ignificant chronic bronchopulmonary disease was prosent in
12 patients, In three of these the dlsecase was far advanced in
that two had & recent history of coxy pulmonale and one had extensive
bllateral pulmonary tuberculosis with cavitation, The other nine



patients in thia group had s history of chronic productive cough, 36
moderate exertionasl dyspnoea and someltimes wheeszing due to
obstructive bronchopulmonary disease of moderate severity. The
diagnosis wes based on the history, physicel examination,
radiclogical findings and pulmonary funetion studies, All
petients in thie g;rcmp had a low peck expiratory flow rate.

The other 30 patients had no disovericble respiratory disease,

Measurements were made of tidal wolume, minute volume, vital
capaclty and peek expiratory flow rate. The first three observetions
were mede with & Welght®s respiromets~ (Wrizht, 1955). This
instrument has an absolute accuracy of : 7 per oont to 10 per
cent (Byles, 1960; Munn and Bsi-Ashi, 1962). The same
respirometer was used for all cbservations so that it is likely
that any error in absolute velues is a constent one throughout the
investigations and that any percentage changes are sufficiently
aceurate for the purpese of this lnvestigation. Nunn and Ezi-
Ashi (1962) agree that the Wright's respirometer is sufficlently
ascurate for a comparable purpose, the testing of the effects of
drugs or ventilation. Peak explratory flow retes were measured
with a Wright's peak flow meter (Wright ani McKerrow 1959). These
instrunents were used because they are readily availeble and are
suitable for use in & busy oparating theatre by a single-handed
anaosthetist. Vital capaclty and peak expiratory flow rate were
recorded as the mean of threo readings, taeken sfter preliminary
praotice. All measurements wero made with the patient in &

sitting position,
Pationts were visited on the day before operation and the



proposed procedura explained to them and their consent obtalned.
On arrival in the amaesthetlic room, the assessments of
ventilation were nade,

Epidurel analgesia was then induced, A single-shot
ﬁachniqu& wap used in 335 ocases and a continuous technique in 9
onses, Epidural punoture was performed at the 12«3 or L1-2
interspace using the loss of resistonce technique. 1In order to
obtain analgesia extending into the upper thoracic region, a
rather large volume of 1.5 per cent lignocaine with added
1:200,000 adrenaline was injecteds The volume varled with
856, heilght and general heslth of tho patient., The average
volume injeoted was 29,8 ml, (457mg.) ond the doses runged from
20 ml, (300mg.) to 38 ml. (570wg.)e A 1.5 per cent solution
of lignooaine is probably tho most widely used local ansesthetic
soluticn for epidural analgesia, at least in Great Britain and
experience has shown that 1% gives excellent conditions for
abdominal aurgery.

From 20 $o 35 minutes af'ter this injestion, the upper level
of cutancous analgesie to pinprick was assessed. In all cases,
thls lay botwsaen the £fifth and the second thoracic dermatones,
The tests of ventilatory function were then repeated,

The systolic blood prassurs was maintained above 90mm.Hg.
in all cases and & vasoprescor drug (Methoxamine) was given to
13 patients to maintein the blood pressure, This was done,

at leoast in part, because hypotension mey decrease the vital

oepacity, espeoiclly in patients with obstructive lung disease
(Bromage, 1956.). Oxygen wes not given before the completion



of all cbaservations,

EESULIS
Patlonts with no respiratory disease, The alterations in

t1da) volume, minute volume, wital capacity and peak expiratory
flow rate associated with high opidural blak in 30 patients
with normal pulmonary funetion are summarised in Teble &, The
individual results are listed in the Appendix, Teble A,

Papne 2

Hean and percentoge changes in voentlilation during
epidural analgesis in 30 patients with normal lung function,

" Wm*g Tiock | During block | Mean 1 Nean
Mean = Stand. Mean = Stand, [Alterations | percentage
Dewn. Davn, - alteration
Resting N
tidal volumel N | N J
(m-) 573;7"'76'5 5&#05"72'?&9 "‘601 -1,1
Resting
sinmute velune} . .
(nl.) 7898.3=1143 | 7820.3-1172 -78 - 1.0
Vital + +
oapacity(ml) | 3763.7=996.1 | 3501.7~753 -262 «7.1
Peak exp.
mw(ﬁm) wsas-“-'%.% BT1.7280,2 o6 . ~5.0

A statistical analysis was performed using tho Student ¢
test for the asamessment of the significance of the difference
between each palr of mean walues, Only the peek expiratory
flow rate values are significantly different from each other
(P< 0.05). The differecnce botween tho other peirs of means
ars not significant at the generally accepted 5 per eent level,
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The changes in bidal volume and minute volumeo ave
amald and are probably well within the normal vange for the
consaious subject, Emoticnal sitresses in these unpremedicated
pationts who were in unfamiliey surroundings, may have
influenced the resting level of ventilation. A mean veducbion
of 1 por cent in tidal volume and minute wvoluse is of no
practical importance,

The vedustion in vital capacity of 262 ml. (7.1 per cont)
i just ouwbtwlth the yengo of nowmmal variabion of : 200ml, to
250ml, of M12ls (2949) and Comroe and his colleaguwes (1955),
but ip of 1ittle olinjenl significange to the nomul aubjeot.
The maem veduotion in peak ewpiretory flow rate of 2.6 litres
{5 por cond), oltbough stetistionlly sipnifleant, is also of
small elindonl significence to patients with previocusly

normad peals expivatory £low rates,

showe the meandterabions in ventilation observed in 12 pationts
with pre-existing chronic byonchoepulmonary disease. The
individual results ave presented in the Appendix, Tuble B,
Btatistical analysis by the Student t test reveals a
algnificant reduotilon in vital capecity and peak eupiratory flow
wote after epidursl block (P < 0.0L in both instaness). The
ineveasen in minute and tidal volumes are not significant

(P < 041 in both iavtances),



Moan and pevcenbage changes in ventilation durdng epidurel
analgosia in 12 pabtients wilth gheonie broocho-puluensry diseate,

“Beiorg DLOGK | DArAng Dook|  Hean | #ean
Mean - Stand | Nean - Stand] Alterations] percentage
j - B%— ML — wa—.
R@ﬂtm h & & |
tidal volume | 521¢7 = 6842 ) 500 » 708 +18,3 +545
(mi.)
Rezting + o
%ﬁ?ﬁ volung 7207085046 7533wl 05, +23 46 +3 o2
Vi‘ﬁ&l e L »
capacity(ml.)| 2712=597.7 | 2u01=5514h | =231 845
mm(%in.) 25768 7hel | 2270 ~2548 ~347

H"‘,\m

Tne mean vedustion in vitel capeeity {23Iml, or 8.5 per cent)
8 just within the ronge of mormal variation., The abaolute
veduotions dn vital capasily and poak expiratory flow vate in this
group of patients with poor respivatory funebion are not very different
from the absolute reduckiong in the nowmal group of poiient (Tables
2 ond 3)o %he percentoge reduobions ave of course, somewhat greater
in the group with chronic lung discase, It is neveritholess
evident that the alterpbtions in resting ventilabion are negligible
in both groups and thet veduegtion in paximal ventilatory capacity

is negliglble in the normal group and smell in the gbnormal group.

DISCUSSION,
It has been sbown that resting pulmonayy venbilation 1o
unaltered by high epiduvel block and that there is a redustion of only



7 per veont In vifal capaoity and 5 per cent in pesk ewplratory
flow pate in healthy sublects. Before concluding that these
small roducticns In maximal ventilotory performance ave
indications of a corresponding percentepgs reduction in the
power of the respivatory muscles, it is flrst necessary to exepine
the contribution of the various muscles of respiration to
inspilration end sezplration.

Hl@ﬂﬁrmmy@gr&phy has demonzirated that the principal
magclas of lnspiration are the Fifth te the ninth soxternal
intercostal musclus and that at vesting levels of ventilation,
expiration 18 largely o passive process (Jampboll, 19555 Green and
Howell, 1955)., 'The shdominel museles heve no inspiratory
funetion and are usually only invelved in expiration when the
mnimbe volume exceeds 40 litres (Campbell and Groen, 1953),
Then the expiratory flow rate is very hish, the shdominal muscles
hacome the most important miscles of explration, Consequently,

the abdominal masclas are the princlpsl muscles vsed in coughing

and in performing o neasurement of peak expiratory £low rate, The

ebdominsl muscles are also uvsed during a test of vital capacity.
Alshough Wade (1954) thought, on radiologlosl evidence, that about
75 per cent of the ventilation involved in ths pexrfovrance of &
Bast of vital copacity was due to movement of the dlephragm,
Campbell {19562) belioves that net all of this diaphragmatic
novenend is due bo astive contraction of the diaphragn. Some

of the ascent of the diuphresm is probably due to its being

thrust upwards by the intre-shdeminal pressure developed by
contraction of the ebdominal muscles during forced expiration,

35
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From the proeceding observations, it might be predicted
thet if epidural block to aboul the 5th thoracic dermatome
were accompanied by musculer paralysis, thea the vitel cspacity
would bo reduced by ab lsast 25 por cent and the peok
expiratory £low rate would bo reduced by o otill grester
anount. Tho observed dscreoases were of mich lesser degree,

in the presence of intercostal and cbdominal musculer
paralysie, the diaphragn would be the principal functioning
msele of respiration, Precise information is not available
on the reduction in ventilatory cepacity which follows paralysis
of individual respiretory muscles or groups of museles. It
appears that the reduection is often slight and that the bedy
has considerable resorves of muscle power available for
ventllotion. In the normal subject, the ability to perforn
toobs such as vital ocapacity and meximum voluntory ventilation
is not limited by muselo power bocouse the contractlion of the
resplratory muscles is less thon maximel) during the performance
of theso teste (Campbell, 19585). Minor degreen of weakness
of the respiretory muscles or paralysis of only a fow muscles
may simply use up the reserves of muscle povwer and cause little
or no reduetion in the ability to perform btests such as vital
capaciby and pesk expiratory flow rate. 'This nmey be the
situation which exiated during the high epldurel blocks perfornesd
in this lavestigetion,

Detecteble peralysis of the intorcostel and abdominal

maseles is ninimel during epidurel block with 1.5 per cent
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lignoening, yeb when this solution is injected into a mixed
peripheral nerve, profound musouler weakness or total peralysis
commonly ensues, A differential nerve block is usually
pxplained on o general basis of coslier penetrotion of the

smeller pein fibres of 0.5 m. mierous in diameter, in

conparison with the larger motor fibres of ebout 16 microus
diameteor (Swerdlow and Brown, 1961; Cassel end Diamantopolous,
196%; Dromoge and Burfoot, 1966), Weak solutiom of loosl
anaesthetic dmge 8o not affect the large motor fibres., It is
thorefore poatulated that, at its site of ection, the 1.5 per
eont lignecelne solution has become dAluted to o congentration
insufficient to cause motor block but still adequebe for analgesia.
Local ansestbetic solution injected into the lumbor cpidural
spone spread widely eand thelr sites of action ave probably equelly
widespread, From the lunbar epidural gpazee solutions spread

to the parevertsbral spaces, penetrate the dura and pass centrally
aleng the nerve roots and thence inte the cercebyrospinal £luid

ond into the spinel cord itself [Dogliodtti, 1933%; Budin et al,
1951; Frumin et al 1953; Moore eh ol 1958; Usubiasge ot al,

196h). Tt is nobeworthy that 2 per ceny, 3 per cent, 4 per cent
and 5 per cent lignoceine solutions containing the seme rumber

of wmilligrams of drug all produce an apeidural block of tho same
oxtent wnd quelity (Bromage ot &l 1964). This phenomcnon can
als0 bho explained on a basis of finally oguivalent dilution at

the site of eotion. Dawkins (1954) suggestod thet easier

penetration of the thinner dural covering of this postericr nerve

root genklie may explain the predominantly pensory block, but



this, in view of the findings Jjust recelved, cannot be tho
whole explanation for the differentlal block,

The pH of +the losal snsesthetic solutlon and the pH at
its cellular sito of action effect the ilntensity of the block.
A solution of high pl acting at o site of low pH produces the
most intense bloek (Krabl et ol 1940; Lofgron 1948; Bonica ot
ol, 1957), The addition of advenaline to the lignocaine
soclution, as in the present investigation, somewhat intensifies
the slight weokness of the lower liwbs which sometimes ocours
during lumbar epidural block (Bromage ot sl 1964). From
personal obpervation of over 400 lunber epidural blocks in
obstetries in which 2 per cent lignocaine with 1:200,000
adrvenaline was used, weakening of the lower limbs is rarely
pronounced,

The results of o simllar lavestigetion into the efPects of
epldural analgesis on ventilation have been published by Freund
ond his oolleagues (1967), four years after the initial
publicetion of the writert's work, Freund and his co-authors
found & 3 por cent reduoction in inspirvetory copacity and a
2L per cent reduction in expivatory reserve volume during high
epidural bloelk with 15.625 mls, of 2 per cent lignocaine with
1:200,000 advenaline, This work conflams the writer!s
observation of a minimel reduction in vitel capaecity, but the
redustion in expiratory reserve volume appears to indicate a
rathor greater degree of abdominel musoenlar weoskness although

paralysis must bave been far from complete. The difference moy
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have been due to the use of a gironger solution of lignecaine
and o larger lotal dose of this drmug, or to the use of a
dgifferont method of asgsessioeg the power of the muscles of
expiration. Fround measured the maxingn volume of aip
which cen boe exbaled from the resting empivetory level, whereas
the author measured the maximun pate of alr flow during expiration,
Bromage (1954%) has obsevved clinieally improved ventilation
in patients vwith severe owphysema and bronchospasn efter the
onsot of epidural analgesie. DBromage attributmd the
improvenent to the release of bromchospasm, although o high
sympathetic bloeck by leaving the parasympathotic nerves
intact, mizght be expected teo increase rathor than aleviate
bronchospasn,  The beneflcial offect in this group of patients,
which the writer has also detected clinienlly, mey be due to
the inberruption of some unknown reflex are (Bromege, 1967).
Despite these impressions, there was no neasuveehle improvement
in ventlilation in the 12 patients with chronic chsiructive
bronchopuinonary discase in the present series, except that one
of the patients had sn inereasso in peak expirvotory flow rate
from 217.55/min. to 222.51/min,, an incroase of doubtful
significense, It is recognised, however, that clinicel and
subjective improvement in ventilation mey not be assoclated with
an improvement derecoteble by pulmoneyy function tents,
By no means all aspects of ventilatlion were investigated,
Thoro isy however, o good coryelation helween peel explratory

fiow vate and forced explrabory volume (Higgine, 1957; Lockhart

et al, 1960; Tinker, 1961) erd maximum voluntary ventilation
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(Prime 1960). Forced expiratory volume, functional residual.
gapacity and compliance wero measuved by Simpson and his
collengues (1961) during contiaucus epidural analgesia in
tho immediate postoperative pericd. The reduction in these
aspeets of ventilation was elways small vhen compared with
the prow~operative velues.

Finally, a compardison with the known effects of spinal
subarechnoid malgesia on ventllation is useful, The vesultis
of the only ¥hreo published studies (including the author's)
are listed in Table 4. All these results were obtained from .
healthy patienbs before surgery end the ef'fects of premedicetion

hove been oxcluded,

N
‘E«,ﬁ&@mh h‘ !

The Bffeoots of Suborachnoid and Fpilduval Block on Ventilation,

Yy

l Tpddural block ' fuborachneid block
Reduction 7 EAz.athr) % ?E}gberb et al, 1961;
inspivation] 3% (Freund ot al,1967) &7 (Freund ot al,1967
Reduoticn 1h 5% (Author) | 509 gmgbart et ol, 1961;
expiration | 21%( Fround ot al,1967)] 48% (Freund ot 21,1967

{t is evident that maximel inspiratory function is only
slightly dupaired by both suborschnoid and epidural analgesiae.
Thexe is an dmportent difference in the effects of the two
tochnlques on maximal expirvetory function., Suborachnoid
analgesie io assoeclated with e 50 per cent loss of explratory

capocity which is indicoative of considerable weakness of the

abdominal muscles, Ipidural analgesie causes o mich smaller
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reduction in waximel expiratory function, The disereponcy
batween the author's finding of a § per cent reduction in peak
oxpivdory £low rate and the 21 per cent reduction in
explratory rescrve solume absorved by Fround and his colleapgues
{(1967) has already been discussed end may be due to the uso of
a different test of lung funetion and a different strength and

dose of local anaesthetic.

PUTHONARY VENTILATION DURING ARDOMINAL SURGERY AND EPINURAL ANALGRSIA,

The presceding investigation wes concerned only with
patients about to be operated on and who had not received any
promadication, During ebdominal operations, the effoots of
depressant drugs, hypotension, hypovolaenmia, operating positions
othor than the supine and diaphragmatic splinting by packs and
vetractors might bo expected to redues effective ventilation,
In order to assess ventilation during lower abdominal surgery
porformed under epidursal analgesia, Uhe following (unpuwblished)
atudy was carrcied out.

Ventilotion was assessed in 20 women during abdominal
hystoroetomy. The age of the patients ranged from 40 yeors Lo
62 yoors (meoen ape 48,8 years) and the weight renged from
51.5Ke, to 77.3Kg, (moan weisht 61l.3kg.)  All wore free of
serious respiretory or eardiovoscular disease, Bach received
Morphine sulphate 10mg. and Atropine sulphate 0.6mg. by

Intramisculor injection one hour before anaesthosia,

A glogle~shot epidural block was administered ab tho L.2e3



Inborvapaco, using e 1.5 per cent solubion of lignocaine with
1:200,000 advenaline., The dose of lignocelne was fyom 20ml.
(300mz. ) to 28 ml. (420 mg.} aod the mean dose was 24.hul.
{366mz.). Uhen cutaneous analgesie hod extended upwanrds to
ok leoast the Sth thoracic dermatome, the operation was bagune
Intravenons moethoxemine waz given to 3 patients and no other
druge were administered.

The patients wors in the supine positlion during opening
of the ebdomen., On opening the pevitoneal eavity, the
operating table was pub into o 10 degree headedown tilt, In
2ll cased packs were inserted inte the abdomlnal cavity and
& self=retaining ebdouinal retractor wes used.

An gnaesthebic foce=mask was applied to the patlent's face
throughout the operaticn and oxygen was supplied at a flow rate
of 10 litres per minvbe by a Magill enassthetic civcult
(systom A, Hapleson, 1954}, In these eirvcunstonces rebreathing
shonld not oceur if the minute voluwe dees not exceed 10 Jitres
as was the case durlag this investigation (Mapleson, 1954,
Woolmer and Lind, 19%5h, Kodn and Munn, 1967), A Wright's
rogpironeter was placed beobween the nask end the expiratory
valve to measure expilration and tidal and winute volumes were
observed coubinuously.

RESULLS,

The obgerved ranges of tidel and ninute volume during

abdominel hysterectomy performed under high epidural analgesia

are listed in Tabidef in the Appendix,
Tidal volumes wenged from 3860pl, o 1450 ml, in the whole



perivg. The tidal volume of each patient varied from time
to time, These variabtions wore coften substantial and sometimes
appeared to be related to wvarious surgical, ewnditory or wisual
ptimali. Bvery patient had, at some time during the operation,
a tidal volume in excese of basal requiremenbts, The mean value
for the highest recorded tidal wvolume in 20 patients wes 977 nl,
{range 680ml. bo 1450ml.)

The yange of minubte volumes was from 6110ml, to 9840ml,
for the series. Again every patient at some time during the
progedure had ¢ winute volume et least sdoguate for basal
requiremonte. The mean value for the 20 highest recorded
ninmube volumes wos 8413 wl. (range 7530ml. to 9840ml.)

It is concluded thabt, aven a {ter premedication with
Morphine and in a 10 degroe head=down position, healﬁhy;paxients
can maintain adequate resting ventilation during the performance

of lower abdominal surgery under hisgh epildursl blocks

POSTORERAT

™o proceding studies have confirmed the adequacy of
resting spontaneous ventilation during epidural anslgesia
both bofore and during surgery. It hes aleo been shown that
maximel ventilatory function is only slightly reduced by
epidural anslgesia bef'ors opeoration, Becouas an Amportant
application of epldural aenalgesia is in the treatment of poste
epcrative pain, when it is used in tho hope of providing pein

rellief without depression of wentilation and coughing, it was



deecided b0 essess the effects of epidural block on vital
copacity and peak expivatory flow rate in patients recovering
from abdominal surEerya.

This work was done in 1962 and has not been published,

Toelve patisnts were studlied, A1) were eldorly males
who weve baving retropuble progstatectomy. Their eges ronged
feom 59 yveors to 78 years (mean asp 67.3 years), A1l had
pre-axisting bronchopulnonary disesse of the obstruetive type,
assonsiated with a produetive cough, dysvnoea and somebimes
wheeszdng, An indisation of the severity of this respiratory
disease wan be obdained from the pe-~operative lung function
tests in Table B, Fpidural enclgesia was chosen as the
annesthetiec tochnique prirmarily beecsuso of the respiratory
disesase,

Yo premedication was glven, On arvrival in the anasesthetic
poom, vitel cpacity and peal oxplratory Lflow rate were measured
on & Welght's roespirvometer and o Wright's peak flow rate. Results
wore recorded as the average of the three highost readings.

Bpideral puncture was performed at the Li-h o L2«=3 interw
apace and an epidural catheter (Lee, 1962) passed into the
spldursl spacse, A dose of from 12 ml. (180mg.) to 17ml.
(25%ng.) of 1,5 per cent Lignoeaine solubion with 1:200,000
adrenaline was injected through the catheter. The average dose
wos 15ml, (22%mg.), Cubaneous analgesit to pin-prick reached

upwards to bebween the 8th and the 5th thoracic Jdermatomes,



Analgesie wes meintelned throughout the eperetion and for the
first 24 hours eofter cperation by top=-up Injeetions through
the catheter., The potients wore kept in a recovery room

under constont chservation for at least 24 hours, Methoxamine
was given to three patients to mointain the systolie blood
pressure sbove 90mm,Hg,

Retropubie prostatectomy wos performed through a
PPannensteil transverse lower abdominal incision, Botween one
hour and three hours after the opevation, the tests of vital
ecapoecity end peek expiratory flow rate were repeated. Throughout
the recovery perdod, the potients were encouraged to breathe
deeply and to cough up secrobions and o physiotherapist coe

operoted in this regime. No systemic snelgeaie drugs were given,

& hﬁt}&m{é o

The mean values for vital copacity and peak expiratory
flow rete befors and after prostatectomy in twelve patients
with significent respivatory dlsease are shown in Yable 5,
The individual values are listed in Table F in the
Appendlx,

There wes o mean reduction of 217.1ml. (9.8 per cent)
in vitol cepocity between the pre-ansesthetic period and the
early postoperative period when the patients were now under
eontinwous gpidural analpgesia, The mean reduction in peak
expiratory £low vebe between these two poriods was 48.71/min,

{28.6 per cont).



Meon and percontage change in vital opaeity and peak
expiratory £low rate before and after prostatectomy woder cone
tinuous epidural anclgesia.

Belfore M”tw
| Operation Operajion Mean
Mean = Stend Mean = Stand Pevcentage
J J Devn, Dewn, Reduetion, |
Vital capacit + +
{n).) 2218,2=438 1 2001,2=401{ =~9,8%
Peols oxp. flow + N
rate(L./nin) | 20%5,2562 156,5=53 «28,6%

DASCUSSION,

The gexdes is onell but the pabtlents in the series are of
comparable age, all of the sams sex, Bll had the sawe éperablon
and 2ll had failrly severeo respiratory dis eaae.‘ Yhe standord
doviations from the moan values for vital capacity and peak
expivatory flow rate (Pable 1) are small and the conclusions
are prdebly valid,

The proontage reduetion in vital espacity alter cperaticn,
and durlog epldural analgesin (9.8 per cent} 1s alwost identicsl
to the 9.7 por cent reduetion in vibtal capaciiy produced by
opidural block in patiente with respivatory dlsease prior to
operaiion (Table 3, page 34). It is evident that, dnring
gpidural anslgesic, vitel capeacity is only slightly reduced
even after abdowinal surgerye Other workers have
demonstrated o substantial lmprovement in vital capaclty

in the postoperstive peried when gpldurel amnlgesls was then
indueed for the firvat Hime. Tho viteldl sapacily ls reduced

to betweoen 25 per cent ard 50 per cent of normal by abdominal



surgery (Churchill and MoNee, 1927; Beecher, 1933; Bromege,
1955; Anscombe and Bumton, 1958). The vital capacity wan

bo restored to between 70 per cent and 100 per cent of its
pre=cporative value by instituting epidurel analgesia (Bromege,
19553 Simpson et al, 1961). Simpson and his colleagues found
that the vital cepacity could be restored on average to 85 per
cent of its pree-operative value by epidural block after lower
abdominal surgery. This figurc is not very dissimilar to the
suthort's finding of o meen postoperative vital capacity of

90 per cent of the pre-operative velue. The difference may
be a chence finding or may be associated with the fact that

in Simpson's serles, epldural onelgesia was not inetituted
until after the vital apaclty had alresdy follon due to

pain, while in the present series epldural snelgesia was
paintianed continuously.

The benoficial effeets of epldural analgesie may be
contrasted with the offect of morphine, wﬁieh improves the
reduced postoperative vital eapacity by only 10 por cent to
30 por cont (Promage, 1955; Parbrook ot ol, 1964). The
disappointing results with morphine are due ﬁa the fact that
inereasing the eonalgesic offect of the drug also increases the
respilreptory and ccugh depressant action of morphine. Slightly
botter rosulis eon bo obtainod from the inhalation of low
concentrations of nitrous oxide, but the restoration of vital
eapacity is £till much less than s achieved with epldural
block (Parbrook et ol, 1964 Parbrock, 1966.)



The 28.6 per cont average reduction in peak expiratory
flow rate alter operation in the presont series is substantiaslly
gronter than the 9.8 por cent reduction in vitel capacity.
Bromage (1967) also found that peak expiratory flow rate was
reduced to a greateor degree than was vital cepacity. The
explanation may beo that bronchial secretions had already
accumuloted during and after surgery. A vital capacitby
measurement talkes no account of the rate of movement of air
80 that 2 normal volue nmay be recorded if sufficient time
jo available for the slower exchansge of the seme amount of air,
Norrowing of the airways by accumulated secretions would,
however, veduce the pesk expiratory flow rate. Fationts are,
understandably, unlikely to oxpeciorate during a surgicsl
operation and it may be then that secretions acecumulated. The
reduction in peak expiratoryflow rete is probably not due solely
to parelysis of the expivatory museles, becsuse epidural block
itself has been shown to reduce pedt expiratory fiow rate by
enly 5 per oent Ho 10 per cent (see page 32 ).

Parbrook end his colleagues (1964) found that the peak
expirotory flow rate was vreduced to betwesn 20 per cent and
50 per cent of its pre-cperative level efter ebdominel surgery
and that opiates improved the peak {low rate by less thean 20
per cent., DBromege (1967) observed a 40 per cent to 70 per cent
restoration in peak flow rate alter epldural analgesia in the
posteoperative porioed,

Funotionel residual capacity and total compliance are almost



unchanged during epidurcal onalgesis after abdominal surgery

(Simpson et al, 1961).
Thoro is imprespive evidence that epidural enalgesie

is ovseoeletold with muich more effective pulmonary
ventilation after abdominel surgery thon sve systenmic

and inhalational analgesios,



Ap & sequel to the preeeding investigations into the
mechanicel sspocts of pulmonary ventilation during epidurel
anclgesia, It wes decided to assess tho effects of high
epidurel block on the pH, carbon dioxide temsion (Pco2) and
standard blcarbonate level of the blood, Because inadequate
alveolar ventilation will always produce retention of carbon
dioxide in the blood (Comroe et al, 1962), then failure to
doteet o recpiratory acldosis (a rise in Poo2, with or
without o £all in pH) would demonsirate the adequacy of
pulmonary ventilation,

METIOD

Taenty patients (fiftoeen males and five females) were
studied. Their ages ronged from 28 years to 7k yeers (moan
ege 49 years). Their welghts ranged from 62Kg. to 85Kg.
(mean wolght 71Kg.) and their heights ronged from 152 cm, %o
190 em, (mean height 17lcm.).

Bight patients had chronlc obstruetive broncho=-pulmonary
disease (chronie bronchitis end emphysema) whioch was far
edvanced in one patient becouse it was associated wlth cor
pulmonale, The respiratory disecase was moderately severs in
tho othor seven patlents, belng assoclgted with a persistent
productive cough, dyspnoea and gsometimes wheezing, The ascespe-
mont was based on the history, physical examination, chest Xerey

andl sonetimes on lung function tests. The other twelve patients

had no debteetable respiratory or sardiovascular disease,



AlL patients were visited before opevation and the
proposed procedurs wag oxplained. No premedication was
given.

On arvivel in the anaesthetlie room cepillary blood
senples were obtalned by stab puncture of the thumb, Care
was teken to ensuve & free flow of blood without compression
of the thumb., Whole blocd pii, Peco2 and standard bicarbonate
" were determined by the mleree-method of Astrup and his
colleagues (1960) and the monogram of Sizaard Andersen and
Engel (1960).

Tpidural enalgesia was then induced by a single injection
of 1.5 per cont ligmocaine with 1:200,000 adreneline ot the
L.2=3 intovspace, As in the iuvestigation into ventilatory
funetion, a deliborately large volume of local anaesthotie
selublion was Injected in order to obtain & high level of
enalgesie, The average volume injected was 33.7ml. (505mz.
lignoceine) and the vange was 28 ml, to 40ml, (420mg. to
600mg, lignocaine).

Beotween 25 and 30 minutes after the injection of the
1lignocaine solution the upper lovel of cutaneous enalgesia to
pinprick was assessed, The spread of solution wes assumed to
be complete when the level of onolgesie bad not altered af'ter a
further five minutes, The uppor level of annlgesie lay above
the £1Pth thoraele dermatomne in all patients, the rapge being

from the fourth Lo the second thoracic dermatome., A second

capillary blood semple was then taken for acid-~base estimations.
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The systolic blood pressure wos meintained above 90mm,
Hg. and methozamine was given to five patients to countoyw
act hypotension. A free flov of capillecy blood was
obtalned from all patlents, even after the use of
nethoxsmine,

Oxyeen was not given untll the second blood sample
hed been obtained, nor was any dvug, other than methoxamine,
given belove this tlme.

The nean values for pH, Peo2 and e standerd bicarbonate
of capillary bleod ftoken hefore and during epidural block
from twelve patients who had no yespiretory disease are shown
in Table 6. In Table 7, the memn valuos obbeined from the
gight patients with significent chronle brouncho=pulmonary
The individual velues for each of the

dizease are glven,

twenty petients ere llsted in Tebles P and B in the Appendix.

TABLE 6,

pH, Poo2 and standard bicarbonate in twolve patients
without vespiratory diseaze,befove and duving high
epidural block,

, Betore Biock During Blook
¥ean =-3band, Range Néoan - Stend, Range
Deva, ) Devn
pif 740 & 0,026 7.37 t0 T.46]7.40 £ 0,021 7.37 to 7.4k
Poo2(mm.fig. ) {40.8 < b 32 to 48  [39.2 3 3,3 32 to Lk
Stand,Bicarb, +
| (n.Bquiv./5. )| 24.0 = 1.80 22 to 26 23,5 & 0.68 22 t0 24.5




TABLE 7

BOTALEAP AL AP

pH, Peo2 and stondard bloarbonate in eight patients
with chuonic hronchepulmonary disease, beforve and during

high epidural block,

+ Bofore Llock ‘ i N Duwidng Block
Hean =~ Stand. Renge Mean - Stand, Range
Banv. ' Danv.__

pii el - - » 0,055 7,37 to TA4737.39 - 0,035 7.36 to 7.6
Peo2(mm.He. ) | 36.5 = 4.2 29 to 41 |38.9 £ 3.9 28.5 to 47
Stand,Bicarh " , .

(moBaquiv./L) | 25.4 = 2.1 19 to 26.5{22,9 - 1,16 21 to 25

DISCUSSION

o3

Before interpreting the results of this investigation, it

is necessery to consider the range of normality for cepillary

blocd pi, Poo2 end stenderd bicarbonate and to asseas the

validity of uwaing caplllary rather than arterisl blood samples.

The following ranges of nermal

(fable 8),

TABLE 8

al values have been proposed

Normal Values for Blood pH, PcoZ ond standard Bicarbonote,

Pooe $ﬁan§3§ieaﬁb}
pH (mmeHze ) | (meBguiv./5) Source
756 0 Toldif 36 bo Lhi{ 22 to 26 Funn {1962)
7.38 to 7.45] 3h to L6] 23,6 to 27.2] Whitehead {1963}
7.36 to 7.42] 33 to 47 - Sigganrd Andersen
| (1963)
7.35 to 7.45] 35 to 49] 23 to 29 Bradley, Spencey

and Semple(1964.)

The values for pH (7.36 to 7.44.)

quoted by Nunn (1962) ave perhaps the

and Poo2 (36 to hhmm Hg.)

mogt widely accepted normal



values, but it is notieeoblo thet the nmore recent workers
accept & somewbat highor Peo2 as belng within normal limits,
Thore is usually & close relationship belween the pH,
Poo? and standard blearbonate of eepillary and arteorial
blood (Cooper ond Smith, 1961; Doerat and Kennedy, 1965;
Langlends and Wallace, 1965). Docrat and Kennedy found
thet copillary blood Poo? was within & 2,0mm.Jg. of tho
arterial blood Peo2 a nd that the eoplllary blood pH and
stondard bicorbonate were respectively within X 0.025 pH
units and = 0,5m,Bquiv./L of arterisl blood levels.
Capillary bleod sempling is thus normally an ccceptable
alternative to the use of arterisl blood samploé and
ovolds the pisks of erierial punciure. Although the risks
of arborial puncturo are oceceptable where the procedure
is porformed as an adjunet to treatuont, thore would have
been no direct therapeutic volue te the pationts involved
in this investigation and so arteriel puncture was not done,
For volid results, the capillary blood should flow freely
without eompression of the thumb or ear lobe, Cooper snd
Smith (1961) found that the normally good correlation
hotween arteriel and capillary blood acld=base values could
be offected by upsels of the sutonomle nervous system such
ap sveating and marked alterations in heart rate and blood
prossure. Epldural analgesia is associated wlth cutancous
vasodlilatationm although it is unlikely that the epldural

block was high emough to affect the blood flow to the thumb,



(W)
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Tho systollc blood pressure was kept shove 90mm.Hg. in all the
patients studied end slthough a véswmstriotor drug,
nethozamine, was used oocasicnally to prevent hypotension,

the flow of blood from the thumb was always free,

The observed mean values for cepillary blood pH, Peol
and standard bicerbonate in the subjects with healthy
respiratory systems and Jin those with chronic bronchoe
pulnmenary dinease are a1l within any of the ranges of
nornality llsted in Table 8., Thoe overall effeot of high
epidorel snalgesio on acidebase balonce bhas heon insignificant
and there has been no retention of cerbon dloxido (Tebles 6 and 7).

Whem the veluss for cach patient ave considered (Tobles D
and B, Appendix) almost ell of theso values are within sny of
the vanges of noruality proposed in Teble 8,

Auvong the twelve subjects who were froe of respiratory
diseane (Appondix Table B) thers are three Peo? velues which
nay be regarded es normal or as slightly abnormal, Patient
mivber six bad & peo? of 35mn.Hg. before anasesthosis and the
Peo2 fell to 32 mmJih, during epidurel blocks Patient
mrbher twelve hod Peo2 values of 32mm.Hg. and 37mm.lig. hefore
ond duving epidura) analgesis, These rosulis aPe explieable
on 2 besis of mild hyperventilation duse to enziety in
wnrenedicated petlients and favr from indicating respirvatory
depression, they confirm the sadequacy of ventdlation,

Patient nurber cne hoad o pree-snassthetic Peo2 of L8mn,Hp.

which fell to s norml valuo of hbmn Mg, during epldural block,



dmong the eight patients with bronchopulmonaxy
disease (Appendix Table E) there are two instances of a
Llow Pec? (potients nunbers one and two) also explicable by
hyperventilotion due to anxiety. Pobtient numbor three had
a pro-cnoesthetic Peo?2 of himm. g, which rose to L7mn.iHge
during epidursl analgesia, This value mey not be abnormal
(Siggerd Asndersen, 19633 Bradley of al, 1964) and was
observed in o paticent vho had very sovere bronchopulionary
disease ond o higtory of cor puimonale,

With one doubtful coxception, all Pcol and pH walues
observed during high epidural analgesia are indicative of
noprmal ventilation or mild hyperventilation,

In a steady state, isoleted readlings of Peo? should
reflect vespiratory function (Nunn, 1964). The patients
were et rest during the investigetion so that the rote of
metabolice preduestion of carbon dioxide would be low and
fairly constant, The anaesthetic stote was alse
ransonehly steady in thet the level of cutancous analgesia
had been constont for et least five minutes when the
second bhlood sample was taken and major aiéerationa in
bleod pressure and heart rate were avoided, The capillary
bleod Peo2 is therefore o reasonably accurate reflection
of alveolor ventilaetion in the clvoumsiances of the
investigation,

Alveolor hypoventilation alweys ceuses carbon dioxide

rotention (Comros et al, 1962) ond it is therefore



ccneluvded that resting alveolor ventilation iz normelly
adoavate during high epidural bloek, Thi:s oonclusion is in
agreonent with the observation made in the preceding study,
thet resting tidel end minute volume sre normal during
epidural analgesia,

Bpidvral anelgesic is of ten cowpared with spinal
suhorechnoid enslgesin, The available lnformation ebout the
ef'feet of these two techniques on blood gas values may be
usafully reviewed here, Older work has apsociated high
subarachnold analgesis with normal blood oxysen saturation
(Lattoral and Iundy, 1949; Sancette et ol, 1953; Greene ot ol,
1956) and with low bloed oxygen seturabion (Johnson, 1951).
In a caveful investigation, published af'ter the first report
of the presont writer's work, Ward ond his colleagues (1965)
ohgerved normel pil, Ppo2 snd Po2 levels in arterial blood
during both epldursl and suberaschroid blocks in healthy
volmmteers who were not wndergoing surgery. Modom
techniogues of blood ges analysis confirm that resting
olveoler ventilation is sdequate during subarachnoid and
gpidural enslgesia in patients not undergoing surgleal
operations,

During general ansesthesia the blood ges values may vary
widely anccording to the lechnique in usce, unless floguent
mounitoring of blood gases is performed, Spontaneous
voutilation with the more pobtent annosthetic agents is

likely to be assoeiated with a raided arberial Poe2 (Black
and McKsne, 1965; Mavrshall, 1966) unless the inspired.
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oxygen pereentage 1s high, the svterial Po2 may be below 5
normals, Conversely, when muscle relaxants and inbtermittent

positive pressure ventilation are in use, hyperventilation

is often deliberately or secidentally employed with a

gonsequent substantial reduction in the arterial blood

Peo?2 and elevation of the pils Those effects, sowme of them
potentially hernfull, are in marked contrast to the absonce

of change in blood gases during eplidural analgesia.
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APPLICATTONS OF EPTDURAL ANATGRSTA TN RESPIRATORY DISTASE

There ave two principel applleations of epldursl anslgesis in
connacbion with respiretory disease, The fivet ig the use of epidural
enalpesia as on avaesthetic technique when surgoery, particularly
sbdominal surgezry, is required in petients with severs bronchopulmonary
disense. The second ppplicotion is the use of coubinuvous epldural
anglgesia in the management of post-operablyve paln in the hope of

proventing pulunonazy abtelectasis.

Epldural Anslposio Cor Abdomlnal Suyeory

Lo Potients wilh Respirabory Discase.

In 195, Bromsge wyote "Epldural anelgesia is o simple, safe ond
effective moethod, having cerdtein definite advaniages over current
rvelaxant tochnigues in o Limited fleld of surgery, as well as
possessing o muber of therapeubie applicetions.” Bromege went on
to sumnexise the operative indicatliong as "surgery below the daphragn
- where the complete rolaxablon of the abdominel wall ig associabed
with spontensous ventllation, reduced blood loss sud post-operetive
analgesia,” These stobements are trve btoday, although fow ansesthotists
would use epidural anslgesgis roubinely for ghdominel surgery, Leaving
aside the nol unimporbant questlion of wreduced bloed loss, the muscular
ralaxebion, (adequate) sponbaneocus ventiletion end post»;:vpasmtive
enalgesio wmeke eplduval analgesie partioulerly suiteble for abdominal
surgevy dn pabients with respiratory d¢lseese. The adequacy of sponbeneous
venbilation during epldural anelgesis has been demonsbrated (peges 32

to 34 ), as has the minor degrec of impairment of maximal veatiletion,



For the great majority of patients, the muscle velawant
technigues of anacsthosia pfovid@ excolleont operating condlbtions
with safoty. They lend themselves well to the busy opexebing theatre
and ave Femiliar to 2ll modern anasesthetists,. Dpddural analgesia
reguires time and o cerbain expertise, DPobh techniques have thelwr
inherent wisks which diminish as exporlence snd knowledge increase.
For the following ressong it is consldered thet epidurel smalgesie
is specially indieabed in patients with savere vespirabory disease,

There are three principal times when rospiratory complicabtions
mey develop in patlents with existing bwomdhopulmaméfy disease who
are glven a generel aneesthetie which involves the use of musocle
rolexents end inbtermittent positive pressure ventilebion (I.P.P,V,).
The first ds in the course of the enaosthebic, when there may be
d3Pficulby in achieving sdeguate pulmonavy venbllation due o bronchial
socreblons end "elr-brapping” in the emphysematous lung (Reid, 1958),
If alv-tyvapping ovcurs during 1.P.P.V., the intve~thoracic pressure
mey wise sufficlently to dmpelr venous rebturn to bthe heoart, The
second dangery pezlod ovcurs when the enassthobic ls withdyrowm,. 16
moey be difficult ox imyaﬁﬂiblé'tﬂ vegbore adequate spountancous
vontiletlion., This condition of post-operetive respivebory failure
with depressed consclousness (carbon dloxide nercocis, acidoblic coms)
has besn discussed on poges2h to 27ond carvies a high morbality, oven
with elkilled broatment (Cempbell eb al, 1967). The third denger period
ls in the £ivst 2h or 48 hours afber operation, whon pulmonoiy

ateleotasis moy develop.



The use of epldural analgesia for ebdominal operetionsg in
appropriate cozes should eliminabe the problems of mainteining and
msimxﬁ.'ng venbilation during and immedlabely afber ananesthesle, I
gpontanecus ventllabion was adequate for resting yequlrements before
surgery, 1t is likely to remain adequate daxding @jpiﬁ.urél annlgesis
and there can also be no problem of re-~sstoblishing sponiancous
ventilotion in the post-ansesthetic period., Dinnick (1960) with
the considerations just oubtlined in mind, hop gone so fer as to
sbate that "patleats with severe emphysema srxe the only pebients
in whom reglional euslgesie is absolubely indicabod on medicel
grounds® snd Nunn (1958) is alsc inclined vowards this view,

The prevention of atelecbasis is discussed in the following

gection,

Epidural Analdroesio for Posb-operebive Pein Boliof

The relief of post-operabtlive abdominal wound pain is complebe
whoen epldurel enalgesia is administored, end this velief is obtaelned
without clouding of consolousness and with only slight depression of
ventilabion, Pulmonsry functlon is usuelly severely impelved sfter
abdominal surgery and the improvement after the adminishration of
moyphine is slight (Bromege, 1955, Povbrook ot al, 196L), The
improvement after opidurel analgesls is much grbaber (Bromege, 19553
Simpson eb al, 1961; Bromege, 1967) and if epidural enalgesin is
meintained throughout operation saud the enyly posteoperabive phase
then substentisl falls in ventilation do not occur {Muthor, peges 41

to 46 ),



A reletionship belween post-operabtive pain and the development
of pulmonary abelectasis affber chdeminel suvgery is widely accepbed,
and is based on the observed effects of sbdominal wound pain on
vospirabory function and the prestoretion of vespirvetory function
to near wnowmel levels after effective anelgesia., The pabilent with
unbreated posb-operabive abdominal wound pain has a 50 Lo 75 per cont
reduebion in vitael capacity (Chuwvchill snd MeNeil, 1927, Beechor, 1933;
Bromage, 1955, Pazbrook et al, 1964), a 50 to 80 por cend reduction in
peek explratory flow rate (Parbrock eb al, 1964), a 20 por cent
reduetlon in totel compliasnce (Okineks, 19653 Lewis and Welch, 1965) and
a’ 20 pox conb reduction in funcbionsl rosidual capacity (Anscombe,
1957, Lewls & Weleh, 1965), Clinlcal observetion of pebionts with
sovere unbrested obdominel pein corroborates meny of thogse observabtions,
Sueh patients hold the abdominal snd thoracle well rigid to set 2 a
splint and minimise rospiratory movement, The shallow reppivebions
are often grun¥ing ond the sufferer will neither byeathe deeply nor
cough of'fectively., Beosise of the fixed body well, venkilation tends
to ocony within the nomol funelbional vesidual capoelty.

Many othor factorw predispose to atelectasia, Pre~ezisting
respirvetory disesse and heoavy smoking {Palmex, 1961), old age (Dxipps
and Vaun Deming, 19G4), male sex (Bunker et al, 1959), prolonged surgery
(Rovenstedn and Toylor, 1936) end the inheletion of dry goses (Burbon,
1962) eve all essocieted with an incrensed incidence of post-oporabive
abolectasis., A common, but probably ervoneous lapression is that the

incidence of abelectasls varies with different snecsthebic techniques,
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Yhon due allovence is mede for imporbont verisbles such o ege, sex
wipting rospiratory disease and the site of operation the incldence
is olmost the same with verlous dnhalational sgents (Roveastein and
Paylow, 1956; Schmidt and Webers, 1939; Dripps and Ven Deming, 1946),
misecle relaxents (Pumber et al, 1959) and subavechnoid sualgesis
(Dripps omd Ven Deming, 1946), The weosulbs of Dripps end Ven Deming
(1946) are interosbing. Thowe was, in their first series, o higher
incldence of abelecbapis afber goneyal onsepthepla then after
subarachnoid anelgesis, The dlfference wes howevor, dus o the
acblve postwoperabive cove, given only to the group who received
subarachnold enslgesia, The difference disappeared in o second
series in which Dobth groups recsived an active "ativeup” regime,

This second study wes well conducted end illustrntes some of the
difficulbios in assessing any prophylactic or therapentic meosures.
against post-operabtive atelechosia,

Although many factors set the stage for alelectesis, the ultimate

ceuses may be only two., These ere bronchial obstzuotdon with plugs

of maeus or othey forelgn matler, with dilstal absorption of geses and
alveolay collepse (Beker et al, 1951; Palmer end Sellick, 1953) and
underventilation of the vhole lung, or parts of it (Hamilbon, 1961),
I% has heon suggesbed that there may, in some cases, be o loss of
chemical surfactants from the alveclor lindog with congequent increase
in its surface tension and o tendency Tor the adjacent alveoler
purfaces to adhere (Mesd ob al, 1957; Pehitle, 1958), This is believed

to ocour in the wespiratory distress syndrome of the newborn or hysline

£

i
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nesbrane discese (Avexy and Mead, 1959), but has not been demenstvebed
in atelecbasis aftor abdominal surgely.

in practice, posb~oporabive obeloctasis is usually due edther
to a feiluve *{se cough vp bronehial secvelblons ox a failure to ventilate
adequately. A steady lovel of ventilation, whether spontangous ov
gontrollod snd ab the rosting level of tidal volume, if meinbained fox
as Little as twonby minubes produces a progressive fall in lung
complisneoe, o deeyeese in tobal lung volume, o fall in functional
vosidual copaolity snd an increasing venous admizbure offect, (Bernstoin,
19573 Head end Collior, 19593 Finley eb al, 1960; Perris and Pollerd,
19603 Valasguer and Fayhi, 1961). Thege offects ave the resulbs of
widespread vollapse of salveoll and can be rveversed or preveanted by
a few deep breaths, This fixed, lowe~volume btype of ventilatlon,
withoul the ocowsionel desp breath, is commonly ssen in asseciatlon
with smevere abdominal pain and may also exist during genoral snaesthesia
with either apontancous or contyrolled ventilation. Warcollec diugs depross
the nmechanism of the ososslonal desp breath or sigh whioh secems to prevent
the dovelopment off atelecltasls in the normal resting or sleeping subjeot
(Ploree and Garvofolo, 1965; Lgbert end Dendixen, 1964) and the use of
morphine in lavge doses post-oporstively can increase the lnclidence
of abelectasis {Hghort and Bendizen, 1964).

The only mebhod of analgesia which is likely to bhe free of
glgnificent depreossant offects on coughlng and deep breathing is some
form of newrve block, After cbdominal surgery mulbiple bilateral

intercostal or paravertebral nerve block would be needed alb zeguley



intervals and such technlgues arve nobt proctlcal in the absence of
o traly longeooting Joeal ansesthetic ageni, Contivuwous epidural
analgesia is the only veally effectlve sad preacticald bechunigue and
the anelgoesis con easily be maintained Lox 24 hours or lougey. The
tochadoally move difficult thovacic epidural block has been vsed
very successfully by Simpson and hle colloagues {2961) and 1f limited
to the nerve dlstyibution sapplying the upper shdomen, is assoclated
with very 1i%tle hypotension, so thet pabients can de ambulant,
However, oven with the cesler luwbar approach the pabtitnt can move
freely in bed and this has been the approach used by the willter.
There has boen no published evidence Yo date, ithal epidural
enalgesie yeolly does prevend popb-operebive atelectasls in & lorge
controlled serdes, although gll writerson the subject assume that it
dogs so and often quobe impressive individual case hletorias, The
theoretical basis for the use of continuvous epidural asvalgesia is
sound and the writexr con bub add his quote of iLllustrabive oase

historiss,

CASE HIBTORTRS

Gape Nunber 1., A smell, thin mon aged 43 yoars had suffersd from

pulnonery tubersulosls for 22 yeers and how had diffuse bilateral
pulmenary Pibrosis and aveas of emphysema., His vital capocity wes
1360 nl, and his PEV, (one second forced expivabory volume) was

58 per cent of his sobual vitel capacity. While in hospitel for
medicel tweatmont of a poptle uleer he had o massive haomatemesis

for which emergency parblel gestrectomy wos perfoimed, He wasp



snpegbheobised with thiopentone, nitrous oxide eand d-tubocurazine.
TWP.P.Ve wan glven by o Bloose venbilator. The operatlon lasted
for over 2 hours and 2,500 ml, of bloed wore transfused. AL the
gompletion of the operstion he beceme pemi-consclous for a few
mimtes, bub aponboneous ventilotion was obviously luadequate and
& Gracheal was present. Twenby mimtes alter tho completlon
of the operation the patlont hed lost eonsclousness, was cyanosed
when not breathing oxygon end wes in respiretory fellure, A
oapillory blood somple of this bime showed a plI of 7.00 and &
Ptm,;_, of 95 um g, A roglme of I.P.P.JV, was inestibuted and
mainbtadned for 22 hours, Convelescence was slow and ¢compliosated
by vespiratory infectlon end alelectanis,

TFour months later the petient had to bo veanacsthebised becouse
he had developed a subeuscube intesbinal obgbruction due o &
sareinons of the colon, Hoe was glven & conblpuacues lumbar epidural
block wibh 1.5 per cent lignocaine and 1:200,000 pdrenaline md a
barel rvepection was performed. Thexe wes no yosplretory difficulby
end recovery wes uneventPul, Conblnuous epidural analgosia was
medntained for almost 24 bhours afbor operatlon and no posteoperatlve

pulponary complications acourred,

Somment

The Lirst sneesthaeblc, which enballed the uvse of a muscle
rolaxant and I,P.PV., was followed by post-operebive resplretory
follure with severe yespivebory scldogis, Typloally this oneurrsd

afbter energency uppey obdominal surgery in e petlont with severe

Lo
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chronde resplratory disease and probably hypovolaemia. The petient
wight well have died on this oocasion., When weansosthotised with

o conbinuous epidurel block there was no respiratory &lfficuliy
during or ofber opovablon., Thoe uncomplicated second anaesthetic
was given for a lowor abdomlnel opersabion when the paliont was in
reasonably normal £luid and oleotrolyte balence, so that the
circumestances were different in these vespects from those exlsting
on the first occasion and credit moy not go entively vo the epldural

bloclk,

Cage Number 2, A 72 year old men had advenced obstyuslive broncho-
pulmonery dlsease of the emphysema end chvonic bronehitis type., He
had cor pulnonale and was orbthopnosle with the "figh-like" breathing
of advanced enphyseme with elr-trapping. His vitel cepacity was
1140 ml, end hils Zi‘*‘.;ﬁ}.vl was 36 per cont of his actuel vital cepacity.
He was a vexry poor anaesthetic wrisk, bubt himself insisted on operation,
He was enaesbhatised by a colleague for a rebropubic prostatectony,
Thiopentone 200 mg. was followed by nitrous oxlde and d~tubosurarine
and I,P,P.V, wag commenced, Before Lhe skin could be incised, cardiec
arvenst had oconrved. Resuscitation was successful and the operation
wos abondoned. The anassthellst noted difflculiy in performing I.P.P,V.
Despite these events, the patient still Inslated on operstion and
ton doys later he was glven o conbinuous epldural block by the wribter.
The operation end the weovery wovre wneventful, Ipldural analgesiea
was mainbailned foxr 30 hours after opersiion and breslhing exercises

caryried oub,

Gh\.z



Gomnent:
The cardiec avrest under geveral anaesthesle wes thought by

the enaesthetist concemed o have been due o alr-~brapping in aszsociation

with I.P.JP.V, with o consequent steeop ise in intrathoracic pressure

and pevere impeirment of venous rebturn to the heart in a patient who

already hed right heart Pfailure (cox pulmonsle). The prewoperative

rogpirations were of the type associated with loss of pulmonary

olasticity, collapse of simwaeys and distel alr-Lrapping. Hpidurel

analgosie 4ld not further impalr ventilabion noy aggrevate alr-tropping.

In porticuler it @ld not impelr the power of expiyation in this patient.

Gope Number 3, A 35 year old women hed longesbanding bilaberal
mulnenary tuberoulosis with cavibation for which an exbensive
thorvacoplesty had been perxformed six yvears before, She was now

38 wecks pregnent ond was somitted in rasplyatory failure Ho 2
mabernity hospitel. Vhon [ivst sesn she was very drowsy and appeared
to have & superimposoed acule respivebory lufection, Hexr copillary
blood pH was 7.16 and the Poo, wes 105 mm.Hg. Her gonditlion improved
with tracheal suctlon, conbrolled 27 per senbt oxygen therapy and
snnlopblcs and an entiblotic, She had regelned conseiousness (pH now
7.28, '!?602 60 mm. iz, ) whon lsbour begen., ILumbar epidural block was
imposslible bagause of the spinel defomnity due to the thoracoplasty
and 80 a continuous caudal block was performed when labour beecame
painfyl., UNo systemic analgesic dmugs were yegquired and labour
progressed painlessly, culminabing In o foveeps delivery of an acbive

baby. In the pusrperdum, hexr vilal capoeliy was 900 ml., and hor



F,E;Vl was 61 per cenb,
The patient wonb home with her baby ten days lobor, ©She died
Pour months afber this, in another hosplbal, of respirebory follure

precipitated by an asube respirvatory infection,

This pabient hed very litils functioning lung tissue (Vital
capacity 900 ml.) as the result of tuberoulous savilabion and
thoracoplasty, She also had an elemendt of alzway obstruction
(F.E;Vi 61 per cenb). A rvospivaboxy infectlon sufficed to reduce
her vitel capaciby to below the normal vesting tidsl wolume and
caunged repplrebory fellure which, on the second sesasion, proved
fatal, Then lebour begen, It wes decided thot narcotic enalgosics
mi ght woll further depress the already inadequabe respirabions and
that the ausculay offort of a gponbtaneous delivarzy should be avoided
by the use of btho dbhatebyle forceps, A continuous epidural {ecaudal)

bloek provided complete anelgesisn for labour end dellvery,



BLOOD LOSS IN GYNAECOLOGY AND OBSTETRICS




There are soveral methods of estimating blood loss at
operstion or delivery. The ideal mothod should be safe,
acourate to within 2 2 per cont, simple enough for routine
use, rapid and bo oble to estimate the total extornal tlood
loss and not merely the blood on drapes or in suctlon
bottles, The result should not bhe affected by the
presence of liquids other than bloods In some situations,
it may bve desirable to entimate sonocoaled blood loss in the
biesues as woll as the sxternel blocd loss,

The following are the methods of tlood loss estimation
vivich have been used:~

Visual aassecssnent

Serial haonmatoorit estimations

Gravimetric methods (patient weighing and swab weighing)

Extraction~-filution teohniques (electrolyte conductivity

and colorimetric mathods)

Blocd volumes measurements,

Vi Agsessment

This is doubtless the mest widely used method and can be
extromely unreliable, Although perhaps acceptable for clinlesl
purposas in £it advlt patienté vhore the blood loss is not great,



(Thornton, 1963) vieusl estimates may be wildly inacourate

when lovge blood losses nre involveds The surgeon's estimate
is usvally an underestimote (Bruce and Lyter, 1951). The
average error of viswal estimates in a series of surgical
operations was 40 per cent, but some individual errors ware
mach greater (Cullen, 1961)s At forceps deliveries, the
writer found that visual estimote by experienced obstetricians
were, on average, 20 per cent below the true blood loss and
that the estimates mode by nurses were still more inaocurate
(Moir ond Vallace, 1967)s It is diffiounlt to allow for
econtamination with liguids other than blood when meking o
visual assesement of blood loss. No estimate can be mude

of concescled blood loss in the tissue,

eripl Ha ocrit Istimat

These given an inaccurnte estimate of blood logs and are of

little value for olinical or research purposes, The haemotoerit
recding will be lowered by the compensatory increase in plasma
volume which follows acute blocd loss (Stanton et al, 1949),
Gravimetyic Mathods

(2) Batient weishing. This is a clumsy method which entails the
uge of a large weighing table to weigh the patient before and
after the operation, Allowances have o be made for the weight
of dressinge, droins, drip apparatus, insensible water loss,
infused {luide and tisoue excised surgically and the error is
1ikely to be considerable (Thornton, 1963,)

(b) Swab weighing Provided that all the blood shed at

operation is collected on swabs and weighing is done before



drying ccours then sweb weighing is accoptably acourate
(Hoore ot al, 1965.)  Wo account ic taken of blood lost
onto drapes and gowns or onto the floors If there is
contamination with liquids, such as urine, ligquor amnii
or irrigating fluids, then swab weighing will be grossly
inagcurates It is ueuarlly assumed tlmé 1 mls of blood
welghs 1 Gramme, In fact, the specific gravity of plasma
ie 21,0270 and that of red cells is 1.,0293. A cowvoction
factor could he gpplied.

Swab welghing wemld give acceptoble results in i’ér
example, gynaecological surgery, but would be quite
unsuitable for the assessment of blood lops at dellvory when
blood is often widely dietributed and there is usually gross
contamingtion with liquor amnii.

Gravinetric methode cennot assese concealed blood loss

within the tisoues,.

Elood Volume Neag ,
The plasme volume io meassured by injecting intvavenously
o carefully measuved guantity of a dye such as Ivans Plue ox
of radioe~isotope tagoed slbuming 32131 or I135 axe the isotopes
veed, These methods assume that the dye or isotope is
svenly distrilutsd throughout the whole plasma volume within
about ten minntes after injection and that in thia period of
time, there is neither loss of the substonce from the

eirenlation nor metebolism of the substance. The plasma

ooncentrotion of dye or isotope is then assayed and the
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plaema volums caloulateds Theve is a slight tendency for

redioiodine togped albumin to leak from the cirewlation, but

thepe methods are reasonably sccurate if the state of the

circulation is normals In hoemorrhagic shock the

injected substance mey not be evenly distributed throughout

the plasmay s0 that in the very situation where knowledge of

the blood volume would be of greatest clinical value, the

inacouracy ie greatest (Thornton, 19633 Moore et al, 1965),
The red cell mase can be measured by injecting a

known quantity of isotopestagged red cella,. Eithex 03:51 on

32 mey be used to tag the cella,

B

The whole blood volume mey he caloulated from the
heemotoorit and either the measured plasma volume or ved cell
masse This caloulation may be inacourate beczuse the
haematoorit mey vary in different parts of the circulation,
especially in shock: (Albert et al, 1965).

Blood volume measurements ares the only means of measuring
concealed hlood lope into the tissues. This type of blood
loss is high in some surgical prrdedures, In a series of
radical mastectomies the conceanled loss amounted to an extra
25 per cent over the external loss (Caceres and Whittemburg,
1959) and in thoracic surgical procedures, the concealed blood
loss averaged 45 per cent in one peries (Forgee and Smith,
1952).  In other procedures, for exsmple, at forceps delivery
and at veginal hystercctomy, there is no measurable concealed
loss into the tiesues (Pritchard et al, 1960) so that it

becomes unnecessary to use blood volume estimations in order



to assess total blood loss at operation of this type.
Extrogtion-Dilution Techniques

(a) Eloctrolyte Conductivity Mothods, Leveen and Rubricus
(1958) desoribed a method of blood loss estimations based on

the extraotion of blood from swobs and linen by placing then
in o weshing maching, Vhen the blood had been washed ocut
into the water in the weshing machine tub, the quantity of
blood extracted was assessed by measuring the electrical
conductivity of the solution in the tub. The electrical
conduetivity was measured by the Whealstone bridge
principal and was dependent on the oleeotrolyte content of
the blood., This method gives an accurate assessment of
total external blood loss, but the accuracy will be severely
impaived if there is any contamination by electrolyte =
contalning body fluids or irrigating fluids, The method is
therefore unsuitable for most urological operations and for
obstetric procedures.

(b) Colorimetric Methods, Those methods elso employ &
washing machine to extract blood from swebs and linen, The

haemoglobin content of the washetub water is then measured,

eithor directly or after conversion to acld haematin, Goteh

and Little (1924), Pilcher and Sheard (1937) end White and
Buxton (1942) used techniques involving conversion to acid
haenatin and recovery is incomplete with these methods
(‘Thornton, 1963), Currently used technicques involve the

estimetion of hasmoglobin itself, usually by optical



5

donsitometyry (Rose et 21, 1962; Thornton et al, 1963;
Rustad, 1963) and the recovery vate is very close to 100
per cent (Moors et al, 1965; Newton, 1966; Molr and Vallace,
1967).

he technigque used by the wrliter for investigating
vlood loss at gynacoologioal and abatetric opsrations was
8 bonoglobln extraction-dilution technigue and used the
principle of optioal densitonetyy for messurement of
haemoglobin, The details of the technique are now
described,

Technique of Blood Loss listimation with the Rustad-Ohlin Perdomster.
At the end of the operation or after completion of the

third stage of labour and suture of the episiotomy, all swabs,
packs, Grapesg, gowns and gloves were colleoted. Blood spilled
onto the fleopr.was mopped up and in obstetrie oases, the blood
in the plocenta bowl was retained,

A Rustad«-0hlin Perdometer apparatus was used fro the
neasurement of total external blood loss (Rustad, 1963), The
a pparatus consists of o stondard Hoovey washing machine Yo which
has been added a source of light, a photowelectrie cell and a
gelvenonster, By an arrangoment of plastic tubes, there is
o continuous circulation of blood-steined water from the
wash~tud past the light source, As the hasmoglobin content
of the wash water rises, the tronsmission of light diminishes.

The enount of light transmitted ls uwsasured by the photow
electric cell, vhich therefore functions as a

haenoglobinometer for the assessument of the haemoglobin
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conbent of the water in the tub. Dlegram Y illustrates
in schematic form, the principle of the Perdometer.

Before performing sn estimation, the tube of the
washing machine is f£illed with tap weter, up to a mark on
the side of the tub, There is thus alweys o constent
volune(L0 litves) of water in the tub,%o this water is now
added 100 wl. of & detergent solution, The detergent
{*Perdosol?) acts as a haemolytlc agent and assists in
the washingeout of blocd from the linen, The washing
mechine is now switched on for a few minutes while the
weter detergent mizture cireulates past the light sourge
and photomelectric eell, When the galvenometer, connected
to the photomclectric cell has registered a stesdy reading,
for at least three minutes, this reading is regerded as
the zere point for future readings. The galvanometer ls,
in practice, adjusted to & rero reading on the scale,

A11 the blood=stained linen ls now put into the
waching machine tub and any blood clots are added after
flrst bresking them down, The washiug process is now
earricd out for at least 20 minutes, Washing is complete
when 2 steady galvonomstey reeding hag been obtained for
et least five minutes. This reading is an assessment of the
total amount of haemoglobin present in 40 litres of water,
Knowing the hsemoglobin value for the whoie‘bloca pud into
the washing machine {that is, the patient's prewoperative
hoemoglobin value) the blocd loss cen be erleulated from the
following formala {Thornton, 1963).



Blood loss in ml, = « X dilution factor for

patientts Hb,

When uvsing the Rustad«Ohlin Perdonster this caleunlation is wmade
semi~autonatically by the apperatus itself,

The Peordometer hag bsen used by the writey for the aasessment
of blood loss at over 200 gynaccological operabtions and jointly
with one of his obstotric colleagues for the assessment of blood
loss ot over 700 normal and operative deliveries (Vellace, 1967;
Woir and Wallace, 1967; Molr, 1968). Throughout the period of
use, the acouracy of the apparatus has been regularly checked by
assaying a carvefully measured volume of expired blood bank blood,
The recovery rate was always between 97 por cent and 100 per cent,
Becouge contamination of linen with antiseptic, urine, ilquor
annil end meponium was common in obstetric cases, all those
substances wore separately assessed and none gavoe any poesibive
reoding when put into the Perdometer,

Hacmoglobinedilution techniques such as this, are ideally
puilbed to the measurement of blood loss in obstelrics where blood
is widely distributed on swebs, pads, linen, sheots and on the
£lovr, Conteminetion with obther liquids is cowmon, Swobm
welghing could be grossly inaccurate in the circumsbances, although
it gould have been used for the gynaccologleal operations, In
obotetrics, the commenly used method of weighing the blood in the

placente bowl must give o substantial underestimate of the true

blood loss (Moir and Wallace, 1967).



The Perdometer gives o very accurate assessment of
total externel blood losa, even in diffisult eiroumstaences,
such sg obgtetrics end vrolegleel surgery whore other methods
nay be very inaccurate, No estimate of concealed blood loss
within the #lssues cen bo made, It is known, however, that
such loases ore almost nonwexistent at vaginal deliveries,
both spontaneous end operative and at vaginal hysterectomies

(Pritchord ot 21, 1960),



QLOOD LO38 AT FQHQEPS DELIVERY
A Statistical Anglysis of The Influence of Epidural Analgesia,
feneral Anaesthesia, Pudendel Nexve Block and Obstetrie Faotors
on ﬁToEg Loss a

b'ziz Earceﬁs §eliverias.

This investigation was designed to assess the
influence of threo standard methods of anaesthesia for
forceps dolivery on the total external blood loss during
the second and third stages of lebour and repair of
eplsiotomy, DBecause cbstetric, as well as anaesthetic
factors might influence blood loss at forceps delivery,
1t was necessary to assess certain obstetric variables,
In pertiocular, oxytocie drugs, inco~ordinate uterine action
in the first atage of labour, rotation of the foetal
oceiput at delivery, pre-eclampsia and parity were assessed
for their influence on blood loss,

The investigation was performed in 1966, At thet
tine there were only two reports of accurate measurements
of blood loss at forceps deliveries, Pritchard and his
oolleagues (1960) found an average blood loss of 455ml. at
65 foreeps deliveries with episiotomy. They measured external
blood loss and blood volume changes. Thaey found no evidenoe
of concealed blood loss (sequestration) in the tissues,
Newton (1966) memsured external blood loss at 105 deliveries,
most of which were spontancous, but "a few" were foreeps
deliveries, The 28 primigravidae in Newton's series lost,
on average, 625ml, of blood and the 77 multiparae lost 314 ml,

on average. In 1967, Brant measured blood loss by a

o



heemoglobin dilution technlque at 57 veginal deliveries of
which 42 were spontaneous vertex deliveries, 9 were forceps
deliveries, J were breech deliveries and 3 were twin
deliveries., Brant gave no results for mean blood loss,
Neithor Newton nor Brant differentiated between the
various types of delivery in their series, yet as

Wallace (1967) has shown, there is a very substential
difference in blood loss between the various types of
operative vazinel delivery and épontanéoua delivery.,

None of these workers assessed the influence of
anaestheaie on blood loss, and they made incomplets
allowances, or sometimes no allowanoe at all for the
numerous obstetric variables, These reports do serve to
emphasise that the overall true blood loas at vaginal
deliveries is mach higher than is commonly believed and
they illustrate tho sometimes gross underestimates which
are associated with simply welghing such blood as moy be
collected in the placenta bowl, Newton (1966) found that
22 per cent of his heterogeneous group of patients lost
over 500ml, of blood and 21 per cent of Brant's (1967)
uncontrolled group lost more than 500ml. of blood., These
studles do little to eluecidate the causes of bleeding at
delivery.

Several authiors have recordsd their impression that

bleeding is less when delivery takes plage under regional

rather then genersl anaesthesis, Goldman (1959) thought
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that bleeding at forceps delivery was reduced when pudendal
nerve blook was used. Rodriguez (1959) and Hingson and his
collesgnes (1961) commented om the very low blood loss some=
times assoclated with forceps delivery under'epiaural
analgesia, ~ane of these workers used an accurate method
of measurement but relied on visual assessments,

There seemed to be & real nsed for an accurate assessment
of enaesthotic and obstetrio factors which might affect
bloeding ot forceps delivery and so the following investigation
was carried out jointly with an obstetric colleague. The
findings have been published elsewhore (Molr and Wallace, 1967).

The technique and principles of blood loss measurement
with the Rustad-Ohlin Perdometer are described on pages 75
to 78. Eaoh petient's haemoglobin concentration
wes measured, not more than 24 hours before delivery, by
8 spaetrophotometer,

Bloed loss was estimated at 214 consecutive and
‘unseleoted mlid cavity forceps delieries. Medio-latoeral
epislotony was performed in overy case, Bach patient
received an oxytocice drug at delivery of the anterior shoulder
of the foetus, Ergomeitrine 0.5mg. was injecied
intravenously on 120 occasions and 9. patiénts.receivea 1lml,
of Syntometrine (Synthetic oxytocin, § units with

Irgometrine 0,5mg,. ) by intremuseulsr injection., 4

centinuous intravenous infuslon of synthetle oxytocin



(Syntocinon) was glven during lsbour and delivery to 11
pationts,

Ama oathetic Techniques.

One of threo standardised methods of pein relief was
emglqyeé; The cholce of technigue was influenced solely by
anpesthetic and obstetric considerations,

Iupbay Fopidural Anelsesia.
This was used for 52 forceps deliveries, In 46

instences, delivery was performed under a continuous epidural
blook which had been ingtituted duvring the first stage of
labour., The remaining six patients reweived o singlee=shot
epidural block for forceps delivery, In each case, the
local ancesthetlc drug was o 2 per cent lignocaine solution
with 1:200,000 adrensline, The dose of Lignocoine solution
was 12ml, (240mg.) to 14 ml, (280mg.) This doso was
injocted while the petient was in a sitting position and
perineal anacsthesls wes present in every case,

0f the 46 continuous epidural blocks, 28 were administered
for inco-ordinate uterine asetion in the first stege of labour,
Uterine action was normal in the othexr cases.

General Ansesthesia,

Porceps delivery was performed under general anaesthesia
in 71 patients. Anesthesie wes induced with 150mg, to 250mg,
of thiopentone, followed by 100mg. suxamethonium, A cuffed
endotrachael tube was passed. Anasesthesio was maintained with

nitrous oxide and 30 to 35 per oont of oxysen., Muscular
rolaxetion was maintained by intormittent injections of

-



suxemethoniur in 21 cases and with de-tubocuratine in 50 cases,
Intormittant positivo pressure ventilation (I.P.P.V.) wes
porformed by a mechaenical ventilator and each patient's
minute volume was between 8 litres snd 10 litres,

Pudendal Nerve Block.

Bileteral pudendal nerve block and looal infiltration
of the perineum wes used for 91 forceps deliveries, A 1
por cont solution of prilocaine {Citanest) was used., The
total dose injected varied between 25ml. (250mg.) and 40ml.
(400mz.) There was no adronaline in the solution, The
pudondal norve was blocked in Alcock's canal by the
tronsvaginal approach,

Statistical Analysis.

The Student € test is used for assescsment of the
significonce of the differvence betwoen the various pairs
of mean values, A probebility factor (P) of less than
0.05 1s regavded as significant ani a P value of less
than 0,0} is regarded as highly significant,

RESULTS ,
Arnosthetic Technique,

There were 186 forceps doliveries which terminated
labours in which ubterine action had bheen clinically normal
duping the firat stages The blood loss and inoidence of
postportun heemorrhege (bleod loss over 500ml,) in these
186 dcliveries ere shown, accovding to tho enaesthetic

used, in Table 9.
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PABLE 9

The Influence of ansesthesia on blood loss at 186 mid-cavity
forceps deliveries terminating normel labour,

\ Blgod loss (ml.) | Percentage of |
Anaesthetic No.of} Mean « Stand pationts losing
Technique case Devn, Range over. 500 ml,
General anaes*bhesij 7] 518 ¥ 302 50 - 1410 L0
Pudendal blook o1 412 2 246 15 - W30 29
| Epidural analgesie | 24 ] 274 < 58 110 - 390 0

There is o highly siguificent difference (P always < 0.01)
between the méan; blood loss assoeiated with any one anaesthetic
\taahnique and each of the other techniquas.

It is worthy of nobte that no patient delivered under
epidural analgesis lost more than 400ml, of blecd, yet under
general ancesthesie and pudendal block anelgesia, the
incidence of postpartum haemorrhage was respectively 40 per ocent
and 29 per eent, The mean blood loss et delivery under epidural
anelgesia is about half the mean loss when general anasesthesia
ia used,

Beecause it has now been shown that the ansesthetic
technique hes a highly significant influence on blood loss at
forceps delivery, all the subsequent analysis of various
ohstotric factors are performed for groups of patients Qhe all

received the same anaesthetic,

Utering Aetion,

£11 the patients who received general ansestbesia and

pudendal bloock anslgesls had reesonably normel uterine action
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in the first stege of lebour and so no compsrisons can be
nado.

Continuous epidural avelgzsie was administereld to 28
poatlents who had & prolonged firet stage of labour due to
incomprdinate uterine eotion. Comperison with the 24 patients
who received opldurel analgesia end had normal uterine action
shows thet an inco=ordinato fAirst stage of labour is associated
with an increased blood loss at delivery (P < 0.02), The
rosulls are supmarised in Teble 2, UNo patient who hed normal
uterine setion and an epidural block had a postpertum
haemorrhage, while six patients (21 per cent) who had inco-
ordinate nterine action and an epidural block had a blood

logs in excess of 500 ml,

BIR 20

The Infiuence of uterine action on blocd loss at 52 midwocovity
forcepe deliveriles under epldural enalgesit.e

Bfgad.hoss ml, Poroentage of
ﬁean Stand patients losing
Norzal 2 | 27 1"» 58 110390 0
Inco-orvdinate 28] 408 T U4 100-720 21

Becouse it has now been shown thet snaesthesic and
inco=ordinete uterine action significantly affect blood loss
gt forceps delivery, both these factors are allowed for in the
following analysis,

Oxybocie Drupa,

A1l patianté delivered under general anacesthesie recelved



intravencus ergoretrine, so that no compariscen iz possible
within this group.

Thare were 91 patients who recelved pudevdal blook
malgosia end had normal ubterine acklion in the Pirst stage
of lahour, An intramscular injegtion of Syntometrine 1 ml.
was given to 68 of these patients and 23 patlends vocsived
0.5 nge orvpometrine by lntravenous injeetion. A1l injections were
glven at delivery of the anterior shonlder of the fostus, The
Wlood losses assoolated with thoso two oxmybocic drugs are
showun in Table 11, Theore i3 neo statistically significant
diffarence in the blood loss essociated wikth the two drugs.

(P < 0.41)a

2aBLe 11

%e influence of two oxytocde drugs on bloed loss at 91
mld=cavity forceps deliverles under pndendal block

wﬂ. ﬁgaa Toss (mi. ercentage of
tased Moan - Stand atients loging

Oxytocie drug,. Devn Range | over 600ml,
425 = 262 100-910 3]
385 & 2L, 451130 22

The 52 patients delivered under epldural analgesia must be
clesaified acoording Lo the presence or ebsence of incow
ordinate uterine asetion in the first stege of labour ap
well as acecoding to the oxytoesic drug administered at delivery.
Toble 12 shows that when this is done, blood loss is not

significantly influenced by whether intravenous ergometrine or

<



intramisculor syntometrine is usced (P < 0.5 in normal

labour and P < Q. in incoe-ordinate labour),

TABLE 12,

The influence of two oxytocle drugs on blood loss et 52
midegavity forceps deliveries under gpildural analgesic,

f
Type of

Normal,
Normal

Incoe-
ordinate

Inco=
ordinate

0.5 mg.

IM syntometrinej 1k

1 ml.

IV ergometrine

Q.ﬁ mgt

IM syntometrine

1 ml,

lobour in Ds
Pirst stogd Oxytocic dru -5

IV ergometrine

10

16

12

IPemen‘bagge
Blgod loss (ml.) lof patients
Moan = Stand losing
Devn, Ronge lover 500ml,
292 & 6L 110=-390 0
264 £ 72 150-370 0
383 X 180 100-720 19
42 < 69 310-650] 25

It may have been that ergometrine waes administered

intravenously when a predisposition to third stsge haemorrhage

existed, bepause it was hospitel policy to givo ergometrime

0 patients with a history of previous postpartum haemorrhage

end to those who had received an oxytoclic drug during lebour

or for the induekion of labour,

Gontinuous Oxytocin Infusion.
Syntocinon drips were only uvsed with & frequency sufficient

to permlt statistical analysis in one group of patients; the

group who received continuous epléural analgesia for ingo=

ordinate uterine action in the first stage of labour,

Abnormal

=3



uterdne sotion is difficult to elassify on c¢liniecsl grounds
but syntocinon infusions were probabdbly used mainly in cascs
of hypotonic inco-ordinate uterine action. However, not
2ll patients may bave had tho same type of uterine
dysfunetion, The oxytoein infusions wore meintained until
ofter completion of the third stage of lebour,

Table 17 shows the blood loss at delivery in 11 patienta

who received syntocinon infusions end 17 patients also with

incow-ordinete uterine action, who reoeived neo infusion, The

use of a syntocinon infusion Aid not significantly effect
blood loss at delivery (P < 0.4).

TABLE 13

The influenes of syntocinon infusions on blood loss at
nid=gavity foreeps delivery undepr epldural snalgesis in
28 cenes of incoeordinate uterine aetion,

l Percentage
«of] Blood loss (ml.) |of patients
oases| Mean = Stand dosing
_ Devns Ronge | over 500 ml,
Syntocinon infusion| 11 laih 3180  100-720 55
No infusion 17 3397 & 117 130-640 13

Position of the foetal occlput at delivery
Rotation of the fostal ocsciput, either manually ox by

forceps is likely to prolong delivery and may ontall a more
extonsikwe eplaldomy, so that inoreased blood loss might be

anticipated, The foetal heod was rotated from the oeciplto-

posterior or ceeipitowtransverse position in 94 deliveries and

88



the oceipud was in an anterioxr position at 120 deliveries,

In Table W, patients are grouped according to
whethor the oceiput was robtated ow not ab delivery and
according to the type of anaesthesis administored and the
character of the uterine actlon in the firet stose of
labours Although the averege losses were alweys higher
when rotetion of the oceiput wos performed, the differences
are seldon large and are never gquite statisticelly
signifdcont (P < 0.1 o < 0.7).

ZIBIE Y

The influence of rotation of the footal oceiput on blood
loss at 214 midecavity forgeps deliveries.

Anaegthotle of To.0f] Kean =

| Technique, jscciput maeﬂ Devn, Renge  jover 500uml,
General Yes 45 ‘

Anaesthesis Ne 281 168 2235 0-1060
Pudendal T Yes 21421 3259 u5-2080] 28
| Bleck No_ | 7013952225 _110-ui30f 30

Pemen’cage
Rotation Blgod loss (ml.) Jof patients
Stand losing

560 2 < 3h5  150=1420 L2

|

Epidural onalgeolel Yos 101298 £ 81 110-370 0
1o L. ) .u,.F 260 = 58 160-390 | ©
Bpidural analgesl +
(Incomordinate Yes 201 417 U1 100-720 22
labou No 81397 = 36 130610 25
’ Pro-golannnia

Paticnts who had a blood pressure of I40/90 mm.Hg, or
higher and clther oedems or albuminuria at the time of
delivery were considercd %o have pre-echaupsia, Table 15
shows tho blocd losses at delivery according to the presence

o]



or shsoonce of pre-eclampsia, the method of ansesthesic and
the type of uterine actien in the first stege of labour, Pre
eclempsia did not significently affect blood loss at delivery
(P < 0.5 40 < 0.8).

TABLE 15

The influence of pre-sclaupsis on blood loas at 21,
mid-cevity forceps deliveries,

Percentage
Bigod loss (ml.) | of patients
Maesthatic Pre~ [No.,offMean « Htend loaing
L TJechnique, leclempsisjcases|  Dewn, Range | over 500ml,
General Yes |40 [509 £ 324  50-2410 40
jineesthesin No 511526 = 276 2161105 42
Pudendal Block Yes |43 la2z 2206 230-m30| 30
, No . |48 1386 = 237  45-990 o N
Epidural cnelgesia| Yes 9 1258279  110-390 0
Normal lebour No 18 1204 = 9% __ 160-370 O
Epldural analgesia | Yes 13 |3623 158  100-640 25
(Ineo~ordinate No 15 142 - 367 210=720 21
L__lLabour)
Paxi

There were 183 primigravidee and 31 multigravidae in the
pories, These figures are explained by the high incidence of
conditions such as second stage delay and pre-sclampsie in
primigragidae, All but feur of the 52 patients delivered under
epidural anslgesia were primigravidae and so a statistical
analycis 1s not Justified for this group., The blood losses in

primigravidae and multigravidae delivered under general

anaesthesis and pudendal block analgesia are shown in Teble 16.



Although primigravidas lost more blood than mulbigrovidae, the
differences are not statistically significont (P < 045 t0 0.7).

TABLE 16

The influence of parity on blood loss at 162 midwcavity
forceps deliveries,

Percentage

| Blgod loss (mls) |of patients

Anaesthetiﬁ No.0of Mean « Stand losing

|_technioue Paxity loas Devn, Ronge lover 500mle:
Genersl | Primigravidae| 60| 564 = 257 501410 40
angsegthesin Mn) bigravi 309 = 308 300-11204 36
Pudendal 424 3 252 45-u30 | 28
.Rlock 370 - 286 20800 4. .31

Haemoglobin values after delivery

Heemoglobin velues were measured by spectrophotometer,
within the 24 hours preceding delivery and again on the third
dey after forceps delivery in 98 patients, No patient
received & blood transfusion, The mean blood loss in the
whole group wes 401,6ml, The mean reduotion in haemoglobin
value on the third day after delivery, in relation to the
pre~-delivery value, was 1.2¢/100 ml. This respresents a mean
reduotion in the patient's haemoglobin walues of 0.3H/100ml.
for each 100ml, of hlood lost at delivery.

DISCUSSION
The sultability of' haemoglobin extraotion-dilution

tecimiques for the measurement of obstetrio blood loss and
their high degree of accuraey have already been discussed
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(pages 74 o 78 ). The accurasy of the Rusiad-Ohlin
Perdonstor was repeatedly sssessed during this study and
the recovery rate was always over 97 per cent, ‘This is
probebly the most accurate method avallable for the
assessmont of external blood lusse

- Visual estimotbes of blood loss ab delivery may be
substentially lower than the twrue lLoss.  Gullen (1961)
vecorded an average vbseryver underestimate of 40 per cent
ond Wewton (1966) noted a 46 per vent average underestimate,
These ewrors are doubtless due $o the difficulty which even
the expericnced cohserver has in assessing the volume of blood
widely disporsed on linen, on the floor and in the placenta
bowl and in estimating the oxtent of dilutlon of this blood
by liquor sunii,

At 115 Porceps deliverdes dun the present series, the
obstetrician was aesked to make a careful visual estlmete of
blood loss., The average erroy was an underestimate of
286 per cent, but in individual caoscs the error was umuch
greater, In general, the greater the true loss, the
groater was the ervor, The obstetricians were well aware
of the diffleoulties of visuel estimetion and tried %o allow
for these dilfioculties., Estimates by nurses, who usually
measured only the blood in the plagenia bowl, were ovon more
inaceurates These observeiions indicate that roporis

concerming blood loss ab dellvery are of 1little value unless

an acourato method of blood loss ecstlmation is used,



The blood losses in this series may seem surprisingly
large. Under general anaesthesia, 40 per cent of
petimts loat over 500ml, of blood (average loss 518 ml,)
and under pudendal block analgesir, 29 per cent lost over
500ml. of blocd (average loss 412 ml,) The much lower
blood loss (average 27, ml,) and cbsence of postpertum
heemorrhage under epidural anelgesie are striking.

The results of this series taoke no account of
maternal blood lost in the placenta, Newton and Moody
(1961) have estimated that an averaze volume of 60ml. of
wmaternal blood is lost in this way.

All the patients in this investigation had o medlo=
lateral episiotomy and this in itself is an importent
source of bleeding, Wellace (1967) found that o mediow-
lateral episiotuny at spontanecus vertex deliverles was
assoclated with an average blood lose of 130ml, The
timing of the episiotomy at forceps delivery in relation
to traction and rotation of the foetal head mey influence
blood loss, In the present series, timing of the
episiotomy varied with the prastice of each obsteirician
and there is sn impression that early episiotomy increases
blood loss,

Despite the hizh mean blood losses and the high
incildence of postpartum haemorrhage associated with

foroops delivery under general anaesthesia and under

pulendal block analgesia, only seven out of 21, patients



(3.3 per coent) wore given a blood trenofusion, The

physiecal signs of shock wore rarely wecorded. It should

be remembered thet at forceps delivery, there was

sometines only one dootor prasent and that he was conduoting
the delivery and was not in o position to rscord pulse

ratos and blood prespures, Neovertheless it appears that

o previously healthy pregnant woman can of'ten lose up to
1,000 nl, or even 1,500 ml. of blood and show none of the
elagsical signs of aonte blood loss. Such o pationt must be
on the brink of o drastic sudden circulatory collapse,
Brandt (1967) also strossed thab hypotension and tachycardia
ware lote signs of blood loss in healthy pregnant women and
advocatod blood tronsiusion after o loss of 500 ml. and before
hypotension doveloped,

Despite the demonstra tion that average blood losses are
higher than most have believed ond despite the high incidence of
brood losses of more than 500ml., it would he illegonsidorsd to
sugeest any alteration in the traditional definition of
postpartun haenorrhage as & blood loss of more than 20
ounces (or currently, 500ml.) In the absenee: of an
imnediate and acourate assessment, a visusl estimate of o
blood Lossof 500 ml. oalls for action and a reslisation
that the true losa is likoly to be substantially greaters

Although absolute indication for blood transfusion

aro uncommon at foroepa deiivery, blood losses of the
magnitude vecorded under general snaesthesin and pudendal



block anclgesia conbtribute substantially to the development
of postpartum anaemia, The average reduction in
haemoglobin velue in 98 patients wes 1.26/100ml. or
0.36/100m1l. for cach 100ml. of blood loss, On this

bhasis, & patient whose pre~delivery baemoglobin wvalue was
12,08/100m1, and who lost 1,000 ml, of blood at delivery,
would have o postedelivery haemoglobin value of epproxinately
96/100m1., ‘

An appreciation of the true extent of the blood loss at
foreaps delivery when certain types of anaesthesia are used,
poy vesuld in a wider use of blood transfusion in an effort
to prevent or treat shock and postpartum ansemis (Brandt,
1967). Blood transfusion is expensive, may not always be
available and is not without its own risks. Of evexy 200
patients whe receive twe or more bottles of blood, one
patient will develop postetransfusion hepatitis (Brit.Med.J.,
1967, ILesding Article). It bas been sald that there is a
yeorly minimum of 1,500 desths due to blood trensfusion in tho
U.8.4, alone (Jonkins and Graves, 1961), but according to
Joseph (1960) this estimate is too high.

Obstetric haemorrhage remains a major cause of maternal
denths and many of these deaths are avoideble,

The use of a technique of' anaesthesia, such as epidural
analgesia, which substentlally reduces blood loss at delivery,
offers at least three adventages in the reduction of poste

pertun anasemie, the aveidance of blood transfusion and perhaps
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oven in the avoidance of the oceasionsl maternal death from
haemorvhage or the effects of blood trensfusion., It is
essential that epldurel snalgesie be used with

slkill and care so that the complications of haemorrhage
are not merely replaced by the complications of epidural
analgesia,  Although eopidural analgesia may prevent
exsossive bleoding, 1t should not be administered to a
paticent whe has alresdy lost e large amount of blood,

Several variables heve been assassed, btut ondy two
factors significantly influenced blood loss when
sbtatisticnl analysis had been p@nfofm@a. These fachors
were ‘the enaenthetle technigue and the type of uterine
action in the first stape of leboud,

Anapsthetic technigque

Xf pudendal block analgesia is regerded as a control
technique, wnlikely to influence myometrdal activity in the
third stage of lsbovr, thon general aneesthesia was
associnated with inercasecd bleeding and epidural analgesia
was oescciated with reduced bleeding,

ALl the patients who received & general anaesthetic
had the same type of anaesthesia and in all cases only a
very Mght level of narcosis was maintained, There was no
exposure to any of the pmtent ancesthetic agents such as
halothane, chleroform, ether or oyclopropane which are

elinically well recognised as relaxants of the uterine

s elof .



Only four drugs were administered in the couxrse of the
anaogthetie; thiopentone, aitrous oxide, suxsmethonium and
sometimes debubocurarine. There appear to have been no
objactive sindles of the elfhel of thiopentone and nlirous
oxide on the uterus., T4 is widely believed that thiopentone,
at least in dopms up to 250mg., does not ralax the
myomotriun and 1% seems unlikely that nitrous oxide, when
glven with at least 30 per dont of oxygen would reduce uterine
conbrachibility.

| Suzamothoniun was used for intubation ¢of the trachea in
all cases and in 21 cases indermittent injeetions of
suxamethonium were given f'or the walntenance of musculer
relazation, The other 50 patients veceived d=tubocurarine
for this purpose, Felton and Goddard (1966), using intrae
amniotie pressure recordings, showed that suxemethonium
actuelly inereases uterine contractipility, end so it is
very unlikely that this drug would cause uterine postpartum
haemorrhage. There appears to be no evidence concemming
the effect of d=-tubocurarine on the myometrium, In the
prosent series, the 21 patients who reoeived intermittent
suxemothonium injections had an average blood loss of 596ml,
ond the 50 patients who received dwtubocurarine lost 5:i2nl,
of blood on average. This differonce is not statistically
aignificant (P 0.,4) and it is therefore probeble thot

neither of these muscle relaxant drugs ceuses postpartum

haemorrhage,



It might be that general ancesthesin was chogen for the
more difficult end prolonged forceps deliveries and that
therein lies the explenation for the higher blood loss. The
converge that epidural analgesia was chosen for the ensieat
forceps deliveries, would then have to be nccepted, becouse
epidural analgesic was assooiated with the lowest blood losces,
In pragtice, general anaoesthesis was usually given for one or
more of the following indicationmse an occipito postericr or
ocolpito~transverse position of.the foetal head, hypertension
in the pecond stage of labour, foetal distress requiring
irmediate ancesthesie and peychological unsuitebility for
forceps delivery under regional analgesias Some of the esgiest
forceps deliveries were performed under general anaesthesia when
the indicetion was hypotension in the second stuge of labour
and no mechanical difficulty was present,. Some of the
forceps deliveries performed under epidural block were
obstetrically diffioult deliveries,  Table 17 shows the
nunber of foroeps deliveries performed, under each type of
annesthesia, when pre~sclampsis and an occipito~posterior or

'ooﬁipito-transvarae position were preaent,

Inoidence of pre-eclampsie and occipitomposterior
(or transverse) position in 186 mid-cavity forceps deliveries,

tal Cases of :DOPé or OoT;
Ancesthetic nbex predgciamguia position.
General anaesthesis] 71 { 40 55 " } o ,43 (60t)
Pudendal block 91 | 43 4% 2l S%’%

jEpidural analgesig | |
|(Normad daborz) . 1 24 ¢ 9 (3t 1 10 (4




It in epparent that o somewhat higher percentage of the
pationts who recelved o general snaesthetic hod either pre-
eclampsia or an ccoipito~pogterior position and somebimes
both of these abnormalitien. Yet 1t has already been shown
in the course of thie gtudy, that neither pre~ceclampsie nor
rotation of the foetel head at delivery has o statistically
significant influence on blood loss,

It can only be concluded that the explanation for the
higher blood loss under general anaesthesis is not readily
apparent and may lie in an unsuspected effect of one of the
ansesthetic drugs, in a tendency to use general annesthesia
for certain obstetric abhormalities, or in some unknown third
factox.

The reduced bleeding at delivery under epidural analgesia,
in comparison with both general snaesthesia and the "control®
technigue of pudendal block, is almost certainly the result
of the sympathetic demervation of the uterus sssociated with
lumbar epidural anslgesine There is consequently a
powerful, sustained retraction of the uterus in the third
stage of labour which is easily recogniseable on palpation.
This phenomenon has long been known 0 cgcur at delivery under
subarachnoid analgesis and indeed, before effective intrevenous
oxytocic drugs became available, subarachnoid block was sometimes
used in the treatment of pewsistent atonic postpartum haemoxrhoge.

erine nction,

Incomordinate

It hes been shown that, at foreeps delivery under epidural
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analgesia after o prolonged firet stage of labour due to incoe
ordinate uterine aotion, blood loss is significantly higher
than efter a normal fivst stage and forceps delivery under the
same type of anelgesice It would appear that when there is
uterine dyofunction in the first stege of labour, there is
likely to be poor uterine retraction in the third stage.

The explanation for this observation may be in some
anknown inherent defeot in the myometrium or in the
regulation of uterine activity by hormonsl or nervous
mechaniomse When there is prolonged incoeoxdinate labour,
generalised and looal uterine biochemical upset may develop,
Acidogisgy dehydration and electrolyte imbalance wmay further
impair uterine activity in all stages of labour. Mark (1961)
showed, in vitro, that the uterus contmets less effectively
and responds poorly to oxytoein in an acid medium ond watexr
end electolyte studies of Hawkins and Nixon (1958) show thet
dehydration, sodium retention and chloride and potassium
depletions develop in prolonged labour and may ¢ause
secondary nberine inertin.

Opinions in the obetetric literature ave divided on
whethey there is a relationship between prolonged firvet stage
labour and third stoge haemorrhape. Some of the now classic
obgtetric texis, asserted that prolonged labour was o major
cange of poa:{;paxtum hoemoryhege (Munro kerr et al, 19333

Cameron et al, 1939). Fron o selection of more vecent

obstetric opinions, De Boer (1955), Keettell and Pretic (1956)
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snd Rodesch and his colleagues (1965) are of the bolief that
incomordinate uberine sebion in the fivet stage of labeur
predispoaes 40 postpartun haemorrhage, while Morzds(1963) end
Donsld (1964) have not obgerved this relatiomships The
explonation for these vonflicting views may be that most
obstetricians do not now permit labour to continue for.as
long ap was common 30 yeaws sgo. There ip also a growing
awvareness of the need for intravenous therapy during prolonged
labour 5o that water, electrolytes and calories are now more

often supplied in adeguate amounta.



IV

BLOOD L0SS DURTMG MAJOR VAGINAL SURGERY,

A stotistice) analysis of the influence of epidural
analeanie, goneral snaocsthesis, bypotension end ags on
bLogding &t denchester oporation and. vaginal hystersotomios.

In 1966, MolLemghlin wrote that "the cepaclty to ply his
sealpel boldly (but often invisidbly) at the bottom of a
bloodsodden operative field is no longer the hallmark of the
compatent surgeon.,™ Bleeding during najor vaginel surgery
is too of'ten ftroublesoms, i3 occasionally dangerous and seems
at times 40 be influenced by f&s#owﬁ vhich are oubtwith the
knowledge and control of surgeon and annesthetist,

Soveral Amerlican workera have estimated blood loass
during veginal operations and thelr results are summarised in

Teble 17.

PABLY 17,

Mean blood losses durlng major vaginal surgerye

Mean blood

Operation 1088 (ml,)
: e . a2 Buohman, 1953
wechester operation 203 Wexdor, 19659
Vaginal hystereotomy 716 Buchman, 1953
with vagingl repair 772 Wexler, 1959

775 Lagor and Xrieger, 1959
Voginal hystercetomy only 289 & | Copenhaver, 1964,

The high everage volues recorded by these American workers

mey be atbributed ot least in paert, to the prolonged operating

tines which are common in the U.,8,4, These authors give no



detells of the ansestheties used. Thedr series wore
numerically gite small (range 5 to 33 pationts), the range
of individual blood losses was slways wide and btholr meothods
of hlood loss estimation were not always accurate. All
those workers used awab-woighing to assess blood loss,
Buchman (1953) and Wexler (1959) avoided contamination of
drapes and gowng by collecting bleod in a plastic bag and
wolghing this blood and thelr rosults ars prcbebly accurate,
The other workers did not estimate blood shed onte linen,

There appears to have been only onc British report of blood
loss measurement in gynaecologiosl surgery. Loudon and Scott
(1960) assessed blood losses at 96 waginel repair operations
by aweb=-welghing and visuwal estimation of blood on linen and
gowns, Under thiopentone, nitrous oxide ansosthesia with @
migele relazent and intermittent positive pressure wentilation
(T.P.P.V,) the mean blood loss wep 260 ml, Under lumbar
opidural anslgesie with o light covering general anaeathetio
tho mean blood loss wes only 98 mi,

Another British worker, ILinsore in 1961 reported on
ong thoupand gynaccologioal opersbtions performed under induced
hypotension with a ganglion blocking drug ond snacsthesia with
thiopentone, nitrous oxide, & musele relaxant and I.P.P.V,
Unfortunately, Linscre did not meesure blood lesses, bub
merely stated that in 87.9 per cent of oases the opevating
ficld: was: "dry? in 10.5 per cent it was "fair” end in 1.6

por cent it was "wet,'! lLinacre stressed the saf'ety of



hypotensive ansesthesia when the patlent was in a head=down
position,

Tiokenhof'f end Rich (1966) commented on the meaveity of
reports comparing the advantages ond safety of hypotensive
with normotensive snaesthetic techniques, With this fact in
nind, and in the bellef that excessive bleeding of'ten hinders
the performance of delicate vaginal surgery and occasionally
endangers life, an accurate assossment of blood Less was made
at 211 gymeecologleal operations and e statistieal analysis
was performed to asseas the influence of anaesthesie and age
on bleeding, This work was performed in 1965 and 1966 and
s been occepbed for publication (Moir, 1968.)

MEBHOD.

Blood loss estimetions were performed by a haemoglobin
extractione=dilution technique using the Rustad-Ohlin
Perdometoer., The details of the technique are described on
peges 75 to 78 , The accuracy of the Perdometer was assessed
on elght occasions during thia investigation and the recovery
rate for known quentities of blood was always between 97 per
cont anfl 100 per cent,

There were 211 patients in the sories, Ages ranged fiom
37 years to 85 years. The operations performed were 117
Manchester operations (anterior colporrhaphy and posteriop
colpoperineorrhaphy with ampiitation of the cervix) and 9%
vaginel hystereotomies with anterior and posterior vaginal

repailr, Btandardised surglcal procedures were used by the
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surgeons who performed the operations end these surgeons were
all on tho staff of a single gynaecological department.

Each patient's haemolgobin value was estimated
spectrophotometrically within the 36 hours before operation.
Anpesthetic technigues

Premedication was papaveretm(Omnopon) 20mg. with
hyoocine (Scopolamine) 0.45mg. except that patients over 65
years of age received atropine O.6mg. with morphine 10mg. or
Tebmge

One of two standurdised general annesthetics was
administered to 109 patiente and lumbar epidural analgesia
with & light covering general anaesthetic wan given to 102
patients. The epidural hlocks sre subdivided into a
normotensive and o hypotensive group so that the effects
of four ancesthetic techniques on bloed loss at two types
of operation could be asgessed.

. General ensosthes

Annecthesia with thiopentone suxamethonium, nitrous oxide,
oxygen and halothane was uged on 56 ogvasions, The dose of
thiopentone did not exceed 350mge., the inspired hakthane
concentration was 1 per cent or less, and the inspired
oxygen concentration wes always at least 30 per cent.
Spontaneous ventilation was permitted through an
endotrachmal tube comnected to o Maglll ocircuit (system A,
Vapleson, 1954) with o fresh gan flow of at least 8 litren

ver ninnte. Rebreathing in these clrcumstunces is most

10
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unlikely (Meploson, 1954, Woolmor end Idnd, 195k, Koin end
Nunn, 1967).
General angesbhocls with T,P.P.V,.

Aneostheaie with thiopentone (not move then 350 mg,),
nibrous owide, onygen end d-tuboocurarine was admindstered to
55 pationto, T.P.P,V, was performed by o volumoecyclod
nochenieel ventilotor with a non-rebroathing cirouit and &
nagative pressure was not employed durdng empiration. The
tracheo was intubated with o cuffed tube, The expired minube
volume was fwrom 9 to 11 litres ond the inspired oxygen
concontration was at least 30 por cent,

Hypoxaenia wae thovefore unlikely (Slater ot al, 1965).

Singlowahot epidural analgesia was given to 102 patients.
From 10 ml, (150mg.) o 24 mi. (360mg.) of 1.5 per vent lignocoine
solution with sdded 1:200,000 adrenaline was injocted at the L3i=h
or L2«3 lnterspace, The lower doses were given to elderly patients
end to patients with degonerative avbtoriael dlseasce because as age
increases and artexiosclerosis develops, the gpread of solutions
in the epidural space iuercases (Bromege, 1962)., A light goneral
anessthebic was also given using thiopentione, nitrous oxide,
onygen and, 1f necessary, 0,5 per cont halothene vapour was added
to the gas mixbure lnspirved from o Maglll oircuil, The trachea
wag dntuboted, Thig very light general snaesthebic was

glven beceuse of the reluctance of female patients o
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underge najor surgery in the llthotony position while
consolons,.

The pationts who received epidurel analgesia were
olassified, for the present purpose, as normotensive when
the stable systolic bLlood pressure during operation
remained above 80mn.Hg. and as hypotonsive when the stable
avstollic blood pressure ley between O0mu dlgs and 80mm.Hg.
Infeot, some fall in blood pressure cocurred during all
the epidural blodes and in all bul two of the caros clessed
a8 nornotensive, the systolie blood pressure foll to under
110 muWlig,

84 patients wore clossed as noractensivy end 48 weve
hypoﬁenaive. Hypertension was alweys asagoiated with a
warn, vasodilated skin end palpable radial and earotid
pulses, [No vasopressor drugs wore aduinistered during
SUTEeTY.

Blood pressure was monltorad at ten mimate intervels
throughout opsration in all 211 pationts, A mercury
sphyguonanoncter was used for tho patients who received
general anaesthesia alome, An oscillonster was wsed
to measure the lower blood preasurss whilch ccourred under
opidural anelgesla,

Three patients with sdvanced arterial disease and a
history &f ooronary insufficienoy or cerebrovascular accident

were not given gpidural anelgesia. There was no other
exclusion of patients frow o partimlaer ancesthetioc technigue,
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sSULTE o
The resulis are onalysed statistiocnlly Ly the Student %
tent for the eptimation of the eignificance of the difference
betweoen paire of meen velunes., As is conventional, o
Aifference is regarded as significant if the probalility of
the difference being duo to chance is less than 5 per cent
(P {0.08) and as highly significant if the probability is
legs than 1 per cent (P<0,01),

yggg"gatgg per&tiggg

Table 18 shows tho mean blood losses associated with four

a

ansesthetic techniques at 117 Manchester operations.

*j* ingl enee oi ‘- £13) hQ o _on mean b 00K oo < x0
,-f- sater Onerations

Mean Blood loss § Sbaad
Hypotensive epidural 24 sri 64
Hormotensive apidural 30 92 £ 53
N,0, halothene 1 35 212 2 127

Statietical anclysia by the Student ¥ test shows that, with
either type of epidural analgesia, the blood loss is highly
significantly less then the Jose associated with either type

of general ancesthesin (P olways < 0,01), The difference



between the nean blood losses associsted with hyy@tenﬁf%a and
normobensive epitural anslgesie ie not cignificent (¥ <“§.5)
Waen the two genereld ancesthetics are compared, the mean 0ss
assootabed with bochnlgue employing T.P.P.V. is significantly
gegater than the less ocoupelng with nitvous oxide,
helothane and spontencons ventilation (P < 0.05).

Of the 54 patients who reosived epiduzel snalgesia,
T0 por ¢ont lost under 100mle of blood, while caly 14 pew
cent of the 63 potients whe vecdived general anaesthesia lost
as littlo as thise A total loss of less thanm 100ml, of
hlood aver o pexicd of perhaps 45 miyutes produces o dry
operating field.

¥

i

the smallent mean lops in Table 18 is rvegarded as
100 per cent, thon the following sre the relationships

betweon the Lour annesthebic techniguesta

Hypotensive epidural analgesia 300 per cent
Normotensive epidursl snelgosis 114 ver cent
U0y halothane 262 van cond
EQO, valagant, PPV, 353 per cont

The mean blood loss cezociated with epidural snalgesia is

approximately one third of the loss associated with general

anaseasthesine

ho rate of blond lose at lManshesber Overations

Mean blood loss valupes talke no account of varistions in

operating time, o faetor which might influence total blood loss

in the individusl csse., Caloulation of the rate of blooed loes
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(ml. per minute) eliminafcs the offect of different operating
times, The nesn ratos of blood loss associobed with the

four ancestheties are shown in Table 19,

TABLE 1

The influence of anaestheosia on mean rate of bleeling
at 117 Manchester Operations,

No.of Mean rate of bleeding = Stand
Anassthetilc 0386, Devn, (m./minute)
Hypotonsive epidural 23, 1.5 2 0,9
Normotensive epidural 30 2,1 %= 1,2
N,0, halothane 35 5.0 & 2,7
N0, relexent, IP.P.V] 28 6.5 £ 2.5

Stotisticol anelysis reveals that the relationships between
the anaesthetice techniques are now gltered in some espects,
Both types of epidursl analgesia remain superior to both
genoral ansesthetics (P<£ 0.01), but hypotensive epidural
analgesia is now seen to be associeted with a sipgnificantly

~ lowexr rate of Dleoding than normotensive epidural onelgesia
(P £ 0.05) and the difference between the meen rates of
bleoding associated with the two general ancosthetles is not
statistically significant (P<0,1),

If the smallest rate of blood loss in Table 19 is token
as 100 per cent, then the rolationships between the rates of
bleeding with the four anacesthetlcs are t=

Hypotensive epidural ansligesie 100 per cent

Normotensive opidural anslgesia 140 per cont



N0, halothane 333 per eount
Héﬁ, relaxant, I.P.P.V, 420 per cent

The averasge rate of bleeding under epidural analgesie
io between approxmimately one quarter and one third of that

ansociobed with general ancesthesia,

Zhe influence of ace on blood loss at Manchoster Operation.
The ages of the patients in this series of 117 Manchester

oporations ranged from 37 years to 85 years and it seomei

possible thet age might influcnce blood loss.

In Table 20,

the patients receiving each ensesthotic are arbitrarily

gubdivided into those over 65 yeers of age ond those under

65 yoars of age.

TABLE 20

Tho influence of anaesthesla and age on mean blood loas
at 117 Manchester Operations,.

Patients under 65yeard Patients over &5years |
Fo.0f Mean blood loss{No.o Moon lood loss
Anaesthotic oasej =Stend Devn(ml)}Cases)=Stand Dewvn(ml)
Hypotonsive + +
spidural U A =56 9 50 - 1
Normotensive i *
epidural 18 | 106 = 83 12 70 - 29
W,0, halothene| 23 | 255 2126 12 | 131 %105
R0, relaxant + N
I.P.P.V. 18 | 306 «125 10 257 = 207

The meon blood losaes in pationts over 65 years of age

ore always lower than the losses in patients under 65 yeors old,

Thoe mean blood loss in the older age group is almost half that



obsorved in the younger age group in gssociation with two
anaesthotics, hypotensive epidural anelgesia and nitrouns
oxide, halothens ansescthesis, In these two groups only,
the roduetion in mean blood loss with old age ias
statintically simmificant (P<£0.05 and P<0,01
rospectively).

Since age can influence mean hlood loss, it is desireable
to assess the significaence of the differences hotween the mean
bleod losses assoclated with each enaesthetic whon edministered
to patients of the same age group, When this 1ls done, the
differences olready domcnstrated for patients of all ages
(Table 18) ere confirmed, except that the difference between
the mean losses associated with the tuo general anaesthetiocs
coancs b0 be significant (P < 0.2 for those over 65 years and
P. 0.1 for thoso under 6% yoars),

It hes beoen shown that encesthesia ond scmetimes operating
tine and oge influence blecding at lManchester operations, One
final snalysis, taking all three factore into acecount is requlred.

In Table 21 tho mean vatos of bleeding (ml. per wminute) ave
shomm for all anaesthetics ond for cach age group.

Both types of epidurel enalgesia are atill superior to both
types of goneral anaesthesia (P always ¢ 0.01), Hypotensive
epldural enalgesia is sssocinted with a significontly lower rate
of bleeding than normotensive epidural anslgesile in the group
of potients under 65 years of age (P <0.05) but not in the older
age group (P40,3)., Neither technique of generel enscsthesia is



significantly better than the other (P< 0.2) ond so the

poparent supeviority of nitvous oxide, halothane anaesthesia

over the technique invelving I.P.P.V. is not substantiated

whett the variebles of ggo end oporeting time are allowed for,

TABLE 23

Tho imfluenaw of anacsthesie and age on mean rate of
bleeding at ‘117 Manchester operations

No,of Mean blood loss %ean bloci loss

Angosthetic j ospesi< Stand Devn(uml) = 8tand Devn(wl)
Hypotensive > +

epiﬁm‘&l :ui- 1.5 - 1.1 9 105 - GJ'E"
Normobensive % .

ﬁpﬁ.&ur&l l& 2.5 - 1.3 12 106 - 0.7
No0,helothene| 25 | 5.3 £ 3.0 12 | he3 ¥ 2.0
N, 0, rolaxant

19P.P.7. 18 | 6.5 % 2.2 10 | 6.0 % 3.0

Vaﬁ:lmal Hystercotomies.

The influcnce of ancesthesic on meom blood loss at

vaginagl hystercetomy,

The mesn blood lozses at 9 vaginel hysterectomies

with colpoperdineorrhaphy, perforned under Pour anacsthetic

technioves, are shown in Table 22,




TABLE 22

The influence of ansesthesin on mean blood loss ab
9. vaginel hysterectonmies,

r No.of | Meon blood loss Zotand
Anaosthetio cases Dovn, (ml.)
Hypotensive gpidural 24 U & 112
Hormotensive epidural 24 168 = 18
1,0, halothane 21 Wl 2181
N,0, volamant, I.P.P.V.| 25 460 & 18,

Tho mean velues are all approximately twice those
rocorded ot Manchester operations, due to the more extensive
and prolongell surgery, bu§ the relationships beiween the mesn
blood losses arafgimost the same as thoso obscrved ot
%énchaater operations,

Fpidural analgesis ls oagelin asseciated with o highly
significently lower mean blocd less than elther tuehnique
of genoral ansesthesie (P < 0,01), %he aiffrence botween
the méan losses observed with the two genernl anaesthetic
techniques is not significant (P < 0.8); nor is the

difference botween the mean losses uwnder hypotensive and
normotensive epidural analgesia of gignificence (P< 0.4).

Rone of tho 46 patients who received genersl
oncesthosio lost less then 100ml, of blood, yebt 22 (46 per
cont) of the 48 paticnts cporated on under epidural block

lost under 100ml, of blocd.

The nean blood loss at vaginel hysterecctomy under epidural
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anglgesie is approximatvely one third of the meen blood loss
mder general anscesthosla.,

Mecathasia and rate of blood lost at verinal hgﬁterectogz.

To pllow for veriations in operating time, the rate of
bleeding (wl. per minute) was caloulated for cach case, The
meon rates of blood loss for each enaesthetiec technigue

are shewn in Table 23.

The influence of gnacsthesia on mean rate of bleeding
at 9% veginal hysterectomies,

No.of | Moan rato of bleeding &
Ansesthetic enses (ml,/minate).
Hypobtensive opidural 2. 2.0 1.
Formotonsive epidural 2, 2,9 % 2.6
NQQ, halothane 21 5.5 & 1.4,
N0, velazant, T.PP.V,| 25 5.6 = 2,1

The statisticel relationships remain tho same as thone
deononptrated bebtweon the mean blood losses ab veginal
hystereotony., That ig, the only significant differcnce
hetwoen the verious mean vaies of bleeding iz that
existing hotweon elther type of epldural analgoesia and eilther
typo of gemeral anceathesia,

The influence of age on blood loss ab vasinel hystereetomy.

Thore wore L9 paticnts under 65 years of age and 45 paticnts

over 65 yeors old., Table 2 shows that the mean blood loss

aspsoclated with every anaesthetic tochnique was lower in patients
over &5 years of age, This reduction in thoe elderly is
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gtatistically signifisont in thres of the four aenasesthetic
groups (P < 0.01 for both general ensestheties and P 0,05

for hypotensive epidural analgesia).

TABLE 24,

Thoe influcnco of anassthesic and aoge on meen blood loss
at 9% vaginal hysterectomies.

atients under 0F yeavs |Patlonta over G5 years )
No. ' 1 loss . ean blood loszs

Ancesthotic ses |= Stond Devn(ml, )
Hypotonsive i
epldural 12 | 16 2am | 12 122211
Normotensive + &
epidurel 13 267 - 226 11 101 - 59
N,0, helothend 11 580 & 185 10 | 230 2 68
N,0, relaxant + +

When the rate of blood less is ocaloulated for each
typo of anaesthetic within cach age group, the relationships
bebween thoe four onaesthetic technioues romain the secwoe ae
those olready demonstrated by celeuletion of mean losses
end meen rotes of bleeding for the whole group (see

Table 25 0.)



TABLE 25,

The influence of ancesthesis and age on mean rato of bleeding
at 9% voginol hysterootomics,.

Patients under 65 years Paﬁienta ovor €5 *egrg
B rate of bleeding No.of Nean rate o ceding
caseos] -« 8tand, Devn. sagos ]~ Stond. Dewn,
Ansogsthetie (ml./ninute). {ml,/minute),
Hypotensive
epidursl 121 2.2%1.5 12 1.8%1.2
Normotens ive - +
epldural 13 3.7 - 5.2 11 1.9 - 1,2
N,0, halotheno| 11| 6.4 = 1.2 0] %.821.3
1.0, relexant
©ppv. | 13| 6.6% 2.3 12| 3%1a
DISCUSSION

Tho acecuracy of the method of blood loss measurement

used in this study has already been discussed at some length

oen pages 7h to 78

Stotistical anelysis of blocd losses at 211 major vaginal

oporations has shown that bleeding is reduced by two Pactors,

namely tho use of epidural analgesia rather than general

anoesthesin and inereasing ago of the patient, It has also

been shown that, af'ter meking ellowance for age and veriatlione

in operating tine, & technique of general ancesthesia

employing nitrous oxide, halothane and sponbaencous ventilation

in assocliated with stetlstically the same amount of bleeding

a6 & tochnisue employing nitrous oxide, a muscle relaxant

and I,P,

PV,
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During epidurel analgesia, a stable systoliec blood
pressure bolow 80 mm,Hg. usvelly produced o slight further
doorease in bleeding when compared with epldursl anmlgesia
apsociatod with a steble systolle blood pressure betweon
80mm, Mg, oand 110mm,Hg. This reduection in bleoding with
hypotension was usually small and, of'ter making allowances
Por the offecotn of age and oporating times, was statistically
slgnificant in one group only, namely pationts under 65 years of
ago, who bad Manchester oporations, It is concluded that
whatover the blood pressure, epidural analgesle produged
oporoting conditlons which were much superior to those
assoclated with general onaesthesia and that, in practice
the gein from the production of hypotension to bolow 80mnm,Hg,
ig likely to be smell or oven non-existent. It is thus
poasible to reduce bleeding at gynaecologlieal surgery
effeqtivoly by using epidural analgesia, o very light
covering general annesthetle and a saffe degree of hypotension
with vasodilatation, Thoe safety of the technique mey be
enhoneed by the faet thet patients are in the lithotomy
pesition during surgery.

Whon blood loss 18 under 50ml, at an operation lapting
some 50 minutes, the operating field is almost dry and the
surgeon's task is preotly eased. Such operating conditions
mey fairly be described as excellont, When the blood loss is

botween 50ml. end 100ml,, conditions mey be described as very

good and if the loss ie between 100ml, and 200ml. operating
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conditions are usually satisfactory. Tho followlng are
tho percentages of patients falling into these oatogoriles
in the vhole series of 211 operations,

102 epidural blocks §109 general sncesthetlony

245 3% '
51=300 mi, 355% 6%
101-2&0:@1? 23% 17%

Thus, in 82 per cent of epidural blocks and 26 por cent
of general anscsthetios, operating condibions were
sabisfaatory, wory good or excellient,

Redueing the operative blood loss benefits the surgoon
and therefore the patient, The need for bleod trancfusion
is roduced, Blood transfusion is asgoointed with a definite
morbidity and on occosion, fatelity, either from the immediste
or deleyed effects of transfusion (Editorial, Brit, Med. J.,
1967).

There will always be a nunbor of patients in whon bleeding
is troublesong, no mather what ancecsthetic ip chosen., In the
present series of 211 operations, haemorrhage in excess of
500 ml, ocoourved in 22 (20 per cont) of 109 general
onocnthotios and in 2 (2 per cent) of 102 epidural blocks.
Some of this blseding mey be due to factors such as obesity,

hyportonsion, an unusually severe gynaecological lesion eni

poor surgical or enaesthetic technique, Nevertheless, blood



loss of more than 500 ml, was ten times commoner under
geneyal anzoesthesle than epidurel anslgesia.

There were no deaths in tho series and no sorious
corplications atiributeble to any of the anaesthetic
tochniques, There wes no instance of secondary havhorrhage
and tho surgeons were aware of the need for metioulous
hacnostasis when operating under epidural enelgesia,

Among tho many factors which aey influence operative
hleeding ore the srtorisl blood pressure, the vonous
pressure, the arterisl blood Pﬂﬂa end PO,, variations in
regional blood flow due to the aneesthetic technique, the
lovel of the operation site relative to tho right atrium,
obosity, age, tho severity of the discase and the skill
of the asnoesthetist and surgeon,

In vaglnal surgery,bleeding comnonldy tokes the form of
o venous or capillayry ooze and obviocus erterdal bleeding
iz unueuel. Ralsing the peripherel venous pressure is
Likely to increase venous bleeding at operation. The central
and perdphoral venous pressures are raised by coughing and
straining (Hamilton et al, 1944) and by IP.P.V. (Hubay ot
61, 1984, Piorce and Van Dam, 1962), so that a poorly
edminiotored enancsthetic or the use of I.P.P.V. may increasse
venous bleeding, IJNP.V. slows the peripheral venoug blood
flow rate. | Hedgeon (1964) found thot I.P.P,.V. trebled the

venous emptying time of the deep velns of the leg, o finding

which Hodgson thought might be relevont to the dovelopment



of doep venous thrombosis,

In the present sories I.P.P.V. with a pationt minute
volune of from 9 to 11 litres was cmployed. Such a minute
volune is likely to be associsted with a respiratory
alkalosis. The oxygen content of the inspired ges mixture
was et lemst 30 per cend, so that arterisl hypoxaemic was
unlikely (Sla*cax"ét 8l, 1965). This technique of ancesthesis
whe aapsociated with o bleod loss which was not significently
different from the loss which oecourred wlth an ancepthetic
technique employing nitrous oxide, halothane and spentancoun
ventilation., The latter teohnique is usually essoclated
with o moderate vespiratory acidosis (Black and McKane,
1965; Morshall, 1966; Ivanov ot al, 1967) and s minimal
offoot on venous pressure (Caffrey et al, 1968). It 1s
therefore sugsested that any bonefloial effect of the
presumed respiratory alkelosis of IP.P.V, was offsot by
the rise in venous pressure, also due to I,P.P.V. Conversely,
ony aldverse ¢ffect on bhleeding due to vespiratory acidosis
during sponteneous ventilation may have been offset by the
lower venous pressure pevtalning with this type of
ventilation. JI6 is stressed that only moderate hyper=
vontilation wes used with IP,P.V, and that spontancous
ventilation wao unessisted, Loudon and Scott {(19560) alse
believe that a raised venous pressuve is an importent cause
of bloeding in vaginal surgery.

fhoe substantiel reduction in bleeding which was



ebservod under opildural analgzesie although probably in part
due to arterlal hypotension mey also bo attributeble in
importent dogree to a reduotion in venous pressure at the
operation pite. It has beon shown that even with only
nodorate artorisl hypotension (systolio blood pressure
between B0mn.Hg., end 110mm.Hg.), the blood loss under
apidural snalgesie was mach less then that essopiated with
goneral anacathesis, It was 8lso demonstyated that
profound arterial hypotension under spidural anclgesia
(systolie blood pressure below 80mm.Hg.) produced only

& slight and not usually statistioslly further reduction in
blecding velative to epidural anslgesia with moderate
hypotension,

I% 1o suggested that some of theso observations may do
oxpleined by the offeots of the sympathetio norve bloeck of
apidural analgesis on venous tone and venous pressure,
Sympathetio nerve block diletes the veins (Besconsfield, 1954).
Those hypotonic venins are easlly digtensible and the pressure
within them 45 low. Small gravitational foreocs cen now
cnpty those veins (Lurie, 1963). Under epidural block,
oven slight elevation of the oporation site will empty the
hypotonic veins and minimlse venous ooging, The writer has
found thet epidural analgesia reduced central venous pressure
and poripheral vencus pressure, These observations ere

dosoribed on pages 126 to 133,

Copillary bleeding is relatei to tho arteriolar blood

™9
9



pressuve ab o point Just distal to the preecpillery
ephinoters, If the pressure at this peint falls below
the oriticsl closing pressure of tho preocepillary
sphineter, then the ospillurdes wlll be amptled of blood
{Burton, 1954), | A general, ond provided that the
anpeptheble teahgiéue is osseoiated with vasodilatibion,
the oritionl closing preasurs fells synshronously with the
artorisd blesd pressure (Jennings, 1964). Russell and his
solloagues (1962) showed by venous occlusion
plethysinogrephy thet epidural bloch is assoclated with

o grootly inereased cutaneocus blood flow ond a siighﬁy
inercoped muscle blood £low in the leg. The writer has
confipned these findings using o heat-clearance technique
(sec pages 138 to 145 ).

Folkonhof'f ond Rioh (1966) have adaptod the sound and
wollmestoblished phoarmacologleal prineiple that the
optimun done of a drug ie {the ninimum offective dosec. Those
writers state that the oim of hypolonsive anaesthesie iz the
leant degree of hypotension which will ninlmise blesding,
Boltonhof’f and Rioch speck from a subastantial eoxperdience of
hypotonsive annesthesia and thoy atress that the
avoldanes of hypoxie ond ruspiratory acidosis is essentilal
to the saf'e eonduet of hypotensive ansesthesias.

Epldural snalgesie is assooclated with speontanecus

venbtilation vhlech 48 more than adequate fr resting purposes,

a5 hap boon demonstrated in the earlier part of this thesis
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and profound hypotension is not neeeasspry for an ¢ffeotive
vedvobion in bleeding,

It hao been shown, from anclysis of this series of
coses, that petients over 65 yesrs of age umsually bloed
sdenifioontly lese than younger patients. The
dinlnishod bleeding dn tho elderly patients iz probebly
due Ho the low oostrogen levels of theso women and an
associnted veduction in the vasceularity of the genitel
Tractk, -@@sﬁmgg&n& are vasodilators and Nlckersen and
Leo (1965) y?s%;;weé. that {their adminlstration ¢ pre-
menopausal women inewveased operative bleeding. According
to Johngon and Roddick (1956) and Copenhaver (1964.), but
contrary to a widely held belief, there is no
eorrelation botween the doy of the menaotruel cyole and
operative blood loss, ‘

Finolly, the ef'fect of loerlly injected vascconstrietor
solutions on bleeding at veginal surgery should be
nontloned., Loger and Krlegor (1959) and Coponhaver (1964.)
found thet adrensline was offeetdvs whon used in this way.
Desplte the feilure of these workers to ostimate blood
lose which was not cbsorbed onto swobs, the effect of
adrenalineg wes gufficiently great to make thelr resulis
oredibleo, lLocel injections of advensline solutions moy
have dangerous and even ffetal conseoquences. Lazar and

Eriogor (1959) obaorved an incidence of cardiac

arrhythnlos and hypertensien high enough to make them



suggeat thot adrenaline should not be used in older
patients, Cerdiae arrest hes followed the local
infiltration of adrenaline during halothene anacpthesia
{Vorejos, 1963; Delange, 1963; Rosen and Roe, 1963).
Posteriop pitultery extracts are as effective as
adrenaline (Pratt ¢t al, 1960; Dillon, 1962),
Qetopressin is also as effective as adrenaline end
probably sofor (Lazer end Snider, 1966,)



Partly in order to test the hypothesis that one
of the canses of the roduotion in bleeding observed
Auring surgery under epidural amalgesie is o reducticn
in venous tone, it was decided to meesure peripheral
and central venous pressures before and during
epidurel blocks. The results of this study have not
been published,

Ten patients were studlsd., These patients wers all
wonen who wore cbout to have eleotive operations undey
lushey epidural analgesia., Thelr ages ranged from
42 yeavs to 59 years (mean age 50 years). The pationts
414 not havo varicose veins or any other deteotabls
ohnormality of the cardlovasonlar system. No pro-
madisation was glven, The proposed prosedure had been
oxploined and consent obtalned.

On prrival in the snaeothetle xoom, lumbar epidurcl
punocture was porformed at the L4 interspnoe with a
16 8.0.G. "m@mr necdle, Normel salino wes used for the
loss of resistence teet so that no loesl anassthetlc was
injected into the epidural space at this stage. When the
epddnral spece hald been identified, & Leo catheter
{Lee, 1962) was introduced into the spnee., The Tuohy

needle wao withdbown and the epidural eatheber wes
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connaobed to 4 gyringe conbaining 1,5 per cent lignoorine
solution, Adrenaline wes not edded to this solutioen,

No locel anoesthetic wes injectad.

The patient wes now turned into the supine position
ond, peripheral end central venous pressures were recorded,
A short 16 8.W.6, pleatic dntravenous canule {Angloecath)
mas dngerted into a2 veln on the dorsum of tho foot by
pevontoncons puneture. +hls canuls was jJoined to & 3=
way tap, one arm of which wasconnested to o slow normal
saling dnfusion. The othor avn was connceted to a length
of wanometer tubing, gradusted in centimetyes. The zero mark
cn the manometer scale was placed level with the vein from
whieh measurcnments were to be made.

Por the recording of central venous pressures, & 14,8.W.G,
nacdle was inserted into & prominent voln at the elbow and
o plastio canule with o wirve stilette was pessed through
thio noedle until the tip of tho canula wes Judged to lle
in the subclavish veln, the superior wena cave or the
rignt atrivm, The stilette wos withdrawn and the
ocannln was commeeted by o 3-way ftap to 2 manomoter and
to a slow normal soline infusions When the tip of the
canule loy in the right atrium or in a vessel which is in
continmlby with the right atrlum without intervening valves,
5 true conbtral venous pressure could be recoxded (Borow et

al, 1965), Correot plooement was confirmed by observing

a elear venous pulsc ond fluetuations in pressure with



inspiration and explration., The goro mark of the
manonoter soale was placed on a level with the manubriq-
stornel Junetion, This roferones polnt was chosen
begeuse it is olearly identifisble in contrast to the
mld=pxillory line vhich 1ls somstimes used. The
pressuves recorded will thevofore be some Sem. water higher
than the tmue right atrisl preossures.

After a fow minutes at rost, the poripheral and
central venoun pressures wero recorded, Three successive
roadings wove noade ot two minute intervels. The mean
of these three rendings was recopded and is the figure
which oppoors in Teble 26,

Without moving tho patlent in eny way, a dose of 1.5
per cent plain lignoesine sodution wes now injooted
throvgh the epidurs) catheter., The doso of lignoeaine
solution vanged from 17 ml. (255mg.) to 22 ml,
(330 mg.) end tho average dose was 20.)pl. {(502mg.) The
doso of ligneecoine for these heoolthy women was varded
over this quite nevrow renge accoviing to age and height,
Mier an interval of at least twenty ninutes, the upper
lovel of cultaneous onalgesie to pineprick wap assessed. This
Level ranged from the ninth to the £ifth thovacio
dormetonn (mean T.6.5).

Thres Purther readlngs of peripheral ond cenbral

gonous pressure were now made at two mimute intorvels and

the pesultd rocorded as tho meomn of bthe thros readings,
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Arterial blood pressures weve recorded by o meroury
sphygnomenoneter ot intorvels of five minutes during the
procedura. The systolie bleed pressure lay botween
85 mn Mg, and 100mm.Hz. ot the time of tho becond readings.
Mo vasocongtrictor doug wes injeoted and oxygen wepn not
administored.
RESULTS ,.

The effect of epidurael bleck en ceniral wvenous pressure
ond the venous prossure in a veln on the dorsum of the
foot in ten subjeots ls shoun in Table 26, The venous

pregssures ave vecorded 25 the mean of threo readings.

DABLE 26,

The ofTect of lumbor epldural bloeck on eentral and
poeripheral venous pressure in 10 patients.

Tﬁerighor%i venous| Central Venous
JDressure m-ygoga greasuru\gg.ggﬂl
Age | Sonsory Reforef Duringl Sefore §Durlig

Pationtd (vears) level blocki block) block | bloclt
1 W8 7.7 16.3 W.2f 5.2 2.0
2 5. T6 1 . RL2 2.0 k.5 3.2
3 42 7.9 |

.5 w&ﬁ 5.5 4.8

b w7 P.7 17,2 1 15.3] 6.2 | ko0
5 56 7.7 23.5 | 20.2] 2.3 1,5
6 55 7.5 13,0 7.8 4.0 | 2.5
7 59 7.8 21,51 16.0f 3.8 | 1.8
8 L5 7.6 15,8 W5 6.5 5.0
9 46 7,6 w3 4{ 10.00 7.0 | 5.0

10 50 | 2.8 19.0 15,50 4.3 1.5

vl
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These yepults are summverdigod in Teble 27, which
shows the mean values, stenderd devisbions and moan

porcentage changes for the tven pabienbe,

PABLE 27

The meen end perconbage changes in centrel end pewxipheral venous
provours wnder epldurnl wralgesie in 10 potionts

6Fore, biogk Fum Mcae}aL ' o
Meen =Stand (MoantStand) Moon percentoge
i Doy, Down, redustion

Periphoral veonous + "
PYes sure (em.ﬁaﬂ) 16,6m3,7 15 3,1 21.1

Cendtral venoud + +
mpwamre (om,i;iaﬁ) beT3%2.5 3.13%1.4 3349

Statisticol anelyeis by tho Student ¥ tost shows thot the reductions
in poriphorsl and conbral venous pressure are sisnificant

(P < 0.05 in both instances).

DISCUSSION

This omall study hes demonstyatod o fall in peripheral
venous pzrossure in the veing of the foot, and in central
venous pressure In every pabient,

The peripheral venous prossure on the dorsam of the foob
Poll by on average of 3.5 com. water (21 per cent)e. The
peripherel vonous progsure is an improcise wey of assessing
the pemiphoral venous circoulation., The pressure within a

given poriphoral vein may be much infiucnced by loeal



factors such ap posture, the compotence of venous

valves, locel chstrustion to bloed flow and muscle tone,
The pressure must also be effected by the amount of
erterial prossure transmitted acress the eopillaeries,

the veseulaer tone and the circulatory blood volume, Some
of those fastors may have been fairly constent in the
conditions of the study and Shersmoy havo altered as
gpidural block developed. Tho erterial blood pressure
fell, nuscle bone amd movement in the legs mey have
diminighed and venous tone may have decressed. Any or
all of these three factors moy heve produced the observed
refueblon in venous pressuras in the foot.

Centeal venous pressure ie determined by the
interrelated offocts of the pump action of the heart the
eirculating blood volume and the vescular tone (Borow et al,
1965). To this 1ist should be 2dded the offects of
changes in intrathoracic prossure,

In caxreful investigations, Ward ond his collesguen
(1965) end Bonien ond his colleaguwes (1966) found that
sordiee output wes wachenged during epidurel block to the
lovel of 7.5 performed with 2 per cent lignocaine %o which
adrenaling had not been edded, The addition of edrenaline
1:200,000 to the lopel ansecsthetice solution produced a
%0 per cont ineresse in cardiac output, etiributed to the

systenic absorbtlon of adrensline. Bocauso of these

observationg, sdreneline wes not uscd in the present seories



end 1% is opsumed that cardisc outpul wes unaltered, It is
unlikely thet clreunlating bleood volume altered betwsen the
Piret and second sets of observations although there appears
o be no information ovdlable about the effects of

epidural amalgesia on bHleod volume. Thore were probably
no importent chenges in intrathoracie pressures Guring

this study., Ventiletion was spontencous and should bave
beea unaffected by epidural block (Moir, 1963; Moir and
Mone, 1964.).

The reduction in sendrel vencus pressure by & wmgan
value of 1,6 em, in water (34 per cent) wes probably duc to
o veduotion in vagseular tone due to the widespread sympathetie
blockade produced by epldural blook, VWard snd his colleagues
(1965) found o slight decvesse in totel peripheral
resistance during spildural block with plain lignoceine which
indiocated o reduotion in vasenler tone, which mey have been
partislly counterncted by en inereassed vasculer tone in the
porba of the body unaffected by the epidural block. The
writer has obhaexved, by a healeclearonce technigue of blood
flow meosurenont, a substential decrease in reslstance to
blood £low in the lower limbs duving epidural bHlock
(pee pages 13860145 s have Russell and his colleagues
{1962). The velus ore the capacitonce vessels of the
vageulayr systor and in the normel subjeetv com hold up

t0 60 per cent of the civewlating blood volume (Landip and

Hovtonstine, 1950).



The popsible significence of venous prossure in
relation do bleeding ot gmescvlogical purgery has boen
discussed on pages o, where it is suggested
that, when tho velns are dileted and the venous pressure
is low, smaldl grevitational forees, ney enpby these veins
of bloods In this context, 1t should be remombered thab
the quite high pressurcs recorded in the veins of the
foot oy woll be conglderably highor than the prossures
in the velins which mey be cub durdng veginal surgery. 16
is Jkely hovover, that prossure within tho veins of the

gendtel brect also falls during epildural block,



As o further congequonce of an inberest in the

mechanlen of the meducblon in bleeding which occuys
abt opervabions performed undew epidural onelgoesic, 1%
was decided bo sbudy the offoct of lumbar opidural
block on skin and musele blood flow in the lorey
Lirba.

Thero appoars to heve been only one published
investigation into the effects of epidural block on
peripheral blood flow. In 1962, Russoll end his
colleoguos used the voenous geclusion plethysmogrophy
technique evolved by Devoreft and Béholu (AS43) to
moasure the offeots of lTumbar epidural blook on the
blood flow in the sl ond foob of normal subjeobs m:zc‘i-
petients with peripherol vasculexr discase, Thoy
asouned thaet bdlood Plow chenges in the eald
reprosentoed changes in migcle blood flow and that
changes in the blood £flow in the fool wore due to
eubenecus blood £low alteration, Bussell ond his
colleagues ebserved o four~Pold increese in skin bHlood
flow duving opidural block in nomal subjects. There
was no stebtlsticelly signlficant alberotion in muscle blood
flow. In tho patients with poripheral wvasculoy

dlosase, thore weve no slgnificant chengos in skin op
»



muscle blood flev. These resuibs are in general
agveoment with tho proviously observed offeehs of
chendoal block of the Junbar sympathetiec chaln
(Lowilo ond Grant, 1925; Ropport ot al, 1952).

The following lovestlgetlon was cerried oub Jjointly
with Doekor Willliem Thomson, who bed already developed end
toobed the tochnigue used and who provided the epparatus
and much beghmicnl kaovledge and skill, The vemulis of
thin inwstigation; which was porformed in 1966, have
not been yublishod,

The princlple of heat clearencs was aﬁ@lﬁ,ﬁﬁ. to the

measurement of pevipheral bloed o,

o the heal oloarenco tochnigus of blood

According to Gibbs (1933) the rate of hoat loss from
a conpbontly hooted body in & tissue deponds on (a)
tho emount of heat lost by conduckion through sbatic
ticsve ond (b) the emound of heat lost by convechion
by blood flowing through the tisme in close proximity to
tho heatod bHody. Hea® loss by conduetion through statio
tlsoue ocours ab o constant robe, so thebt varlations in the
temeprature of the consteontly heoted body dpend solely on
variations in blood £low,



The consbontly heatod body mey be the bip of & needle
which hos o bullé-in clectric hoater of minube size
(Grayson, 1952; Hencel and Rouf, 195h4; Mowbray, 1959) or o
flot motal dise, aleo conbalning o heater, ond suiteble for
surface applications (Menoel and Bonder, 1956). In tho
prosent study o heatod ncedle was used o measure

magele blood £lows and o small mehal dise was wsed to
moosure skin blood flors.

The needlsc end tho diso else house thermojunctions
for the stcurate reading of bemporabures ot two pointa.
Temperature is recoxded abt the aree of the heaber and ob a
reforeonce point o short distance away and beyond the renge
of the hoator, A temporvature gradient ezists botween the
hooted ond unheated ports of tho needle op dises IU is
this temperature grodient vhich i recorded when o "bload
flow" proading lo made, Phe magnitude of this gradiont
is weletod to the ratie of bleod flov past the heated avea
off tho needle or disc, A lorge gradient slgnifien a lov
rate of heat loss from tho heated aree end therelfore o low
bloocd £low rabe.

Keby (1960) stotes ¥hat all clesrance mothods of blood

Flov moasurenent dopond i the following eguabions
Qg © Qg + By + By + Q

where Q alo the amount of indionbtor entering the tissue in o

136
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given time, Qj ig the amount reteined in the tiseue, Qy is tho
smount lost in the venous blood, @E is the amount oxersted by
obher reubes and Qﬁ is the amount mebabolisled in the tissucs.
Where the indleator is heat, rather than say an isotepe,
QM is zevo, The equation now hecomes:
Qp = Qd + Oy = Oy

QJ ond Qp dopond on the thermal conduetivity of the tissue,
which is comstant for thet tissue (Gibbs, 1933) so the% the

ematlion may aow be writlsn

Y =B+
This 35 o restatment of Gibbs' (1933) principle that, sinecs
tlesue gonduetivity 1s constant, heat loss from o heated
body within thet tissue veries only with the rate of blood
Llow,

The apperatus used in this study wes the Fluvograph. %his
epparatus containg elrecuits which pupply heating eurrents of
from 0 to 30 mA ond uses a heeted needle and surface dise
eleetrode as deseribed by Hensel and Reuf (195,) and Hengel
and Bender (1956). ‘The heading currents are adjusted to
produee & temperature gradlent of shout 3%, between the heatoed
and veference arens of the neeile and dise elsctrode,
Componsating voltages of from O fo 500 uV are avniloble
for backing off the thernocouple oubtputs. Thermecouples
are bullt dnto the neslls for the recording of the temperature
at thoe hested tlp and et & reference point on the shaft of

tho noodle which is out of the renge of the heater, Jinilarly



the dise elesobtrode has o thermocouple at the heated avea
and in this cese two othor Shermocouples in unheated aroas
of the dise. The needle is about 4 inches long and of fine
geuze (aboub 20 §.W.6.) and the dise 1s aboub as lavge as o
pixpence, ﬁ@&ter curvants and compensatlng voltages ore
read on a light spot gelvanometer,

The Fluvograph epparstus used in this study has boen
assessed by Thomson (1966) against widely varied and knowm
flow rates in leborabory conditions and found to be an scourate and
convenlent mebthod of estimating repld changes in pevipheral
blood flow and a method which avolds the uge of vadiow
leotopes,

The apparatus has not beon galibreted in absolute
terms end resulds are read as bempersiure gradients znd are
hest expressed as pervcentage changes from reosting Llood flow,
Where it 1s possible to occlude all blood flow suddenly and
completely to an organ or a liab by the application of o
clomp or Goubtniguet, readings at sero bloold flow ¢an be nade,
The difference botweon the temperelure gradient at sere flow
and at repting flow represonts e range of blood flow of
feom O per cent to 100 per cent, In the present investigations,
the suddem Inflation of a pueumsbtic bourniquat wes used Lo
produce gero blood flow in the lower leg.

METHOD,

Blool flow studles wore perfovmed on six femalc patients

between the ages of 3h years and 56 years {mean 550 blv.d yaara).
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AlL were free of significant Giscese of the
gardiovasceular system and were sbout to heve elective major
gyneseologleal surgevy, ALL had, regelved Papaveretum
(emnopon) 20 mg. and byoseing (Seepelaming) 0.4.5 mg. one
hour before the experiemt began, Tha proposed procedurs
had heen explained to the patient and her consent cbtained,

On arrival in the ansesthetic room a lumbar epidural
puncturs wes performed &t the IS=h interspece with a 16
8oV Muohy nosdle. HMHomial saling was weed for the loss
of resistonce test, so that no loeal smassthebic was injected
at this stage. & Les catheber wes passed into the epidural
speeo, the Tuoby needle was withdwawn and the catheber was
someeted to o syringe contalning 1.5 per cent plain
lignocaine solution, No injestion was nmade,

The patient was now ploced in the supine position,
The dise electrode was seeurely stvepped to the right
great too and the needle sleetrode was Inuevted deeply
into the muscle mags of the calf, The lnsertion of the
needle 1s almost painless, as the wribter knows fvom personal
oxperience, AL least 15 mlnutes weve now allowed to
elepne until the patient felt calm and any twitching of the
ealf mscles had ceased,

Roadings of vesting ekin and muscle blocd £lowwds now
taken,  Immedlately {thereafter, o pneunatio tourmiquet,

which had esriler been positionsd round the thigh, was suddenly,

inflated to o pressuve well above the systolie blrod pressure,
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Readings wevro again talen frowm both slectrodes o¢ zere blood
flow. As bhas been explelned in the preceding scobion, the
veadings whieh were voecorded wore of the bemperabture gradient
betwvese the heated and reference parts of the elecbrodes,

The tourniquet was veleased end from 18wl, {270ms.) to
20ml. €300ms.) of 1.5 per cent lignocaine solution, without
advenaline, was injected through the epldural catheter end
without moving the patient in any way.

Readings ab resting and zere blood flows woere made 10
miautes, 25 minutes aud 40 mlanbos afbor the epidural
injection of lignogalno.,

Bystolic bhd diastolic blood pressures were rocorded by
& mercury sphygmomanonoter at five minubo dntervvals during
the whole investigation, ¥From these readings mean svberial
blood pregsures wers ¢aleulated. The mean arberial blood
pressure i1z the diestolic blood pressure plus one third of
the pulse pressure (Wood, 19%6),

BESULTS .

The temperature grodients obtained from the palred
thernocouples in the skin and musels electrodes hef'ore and
during epidural block are listed in Tables ¢ and H in the
appendix, Also listed sre the percentege changss in blood flow
galenlated from these temperature gradienis and the mean
prterial bleed pressure st the time of each resding.

Feriphersl blood "low depends on the cardde oubpul

the peripheral resistence and the mean avterlal blood
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prosours, Cardiase output was not measured in this study,

but has been found to be unaltered durding even bigh epidural
blook with plain lignoosine solutions {Ward et al, 1965;
Bonica et al, 1966). The mean arterial blood pressure &b

the time of each wecording is known ani the final averago
fell in meon arteriel prescure wes o re@ucetion to 71 per cent
of pre-cnoesthetic level., T4 1ip essumed thet cardisoe output
wae unchonsged,

A propor intorprotation of the observed changes in
poripherel blood flow must toke account of the £all in
meon svderiael blood pressure end eny alterobtions in
voseuler resistanse in tho skin and muscele of the lower leg.
Por this recson axc Tndex of Vasomler Rosistance has been
colonlotod from ench sel of rendings of bleod flow
(tomporature gradient) and meen arterial bled pressure,

Tho nethod of celeulation of the Index of the Vasouler
Resistance 1s given in Appendixz I, poge 271 . Comparisons
hotwoon thoe indises of rosistance onable the dagree of
vesodilatation oy vasosonstrletion to ho esseossed, when dus
allowance hes been made for alterations in blood flow and
blood pressure,

Plgure I 1llustvrates graphically the averago percontesgo
alterations in blood flow, wascular resisctlonce and mean
artorial bleod pressure in shin ond muscle during the
fivet 40 minutes of luwhor epildural analgesle in gix patients,

The percontage changes in vasecular rosistence are the

indlcos of vesenlar rosistance expressed ap percentages.
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Table 28 presents the same results in tebuler form. 14"«'

TABLE 20

Mean chenges in blood flow, vascular reslstance and meen
arboriel blood pressure in 6 patients during epidursl block,

Blood flow Vaesoular | HMean artorisl
Resistones | blood pressure
Time Skin] Mucolel Skin] Musclie -

Bofore blook] 100551 1004 | 1007 100% | 1007 | 78gum.ligd
10 minutes | 196%) 775 | 54| 107 | 76% | 59mm.Hg.
25 minutes | 2167 774§ 367 106% | 73% | STgm.Hg.
4O miputes | 2074 5681 367 133% | 715 | 55mm.Re

™

DISCUSSION

The Fluvograph apparatus has been shown to be accurate
when tosted against widely varying, known £low rates. There
is a tendeney to slow baseline drift in the needlo oleotrode,
Any ineccuracies due to this cen bo olciminated by toking a
frosh reeding ot zero blood flow af'ter each £low rending
(Thomson, 1966). This was done after coch roading during
the prosent invostigntion, wnd indeed o baseline drift was
choerved during some of the studies, Pun to the presence
of banked thermooouples in the skin electrode the tendency
to 4xift is less and in any case,erroriis eliminated by
taking fresh pero flow reedings.

The inereasos in skin blood £flcw durdng epidural enolgesia

wore substantial, Ton ninubes after the Injootion of the loeal

cnocsthotie the cutaneous bleood £low hod approximately
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doubled end venained ob this level until the last declings

wore taken, forty minutes efter tho injoeoticon., The

inorecased skin blood £flow was accompunied by a £all in

vesenlaor vesistance to en overage of 36 pew gont of the

pre=cnacethotio level. Theve was an oversge reduetion in

nmean arterial blood pressuro to ¥ per cent of control

level., Theso are, in geveoral terms, the anticipated

offeets of lupbar sytpathetie block on outeneous hloeod flow

in the Poot (lewis ond Crenk, 1925, Rapapord ef el, 1952).
Rusaell ond bis colleages (1962) cboerved a fourfold

inerosse dn skin blood flow during Iumbar epldural block,

The potential maxdimum inercese in cutanecous bleood flow must

depond on the degres of vasoccongtriction present at the time

of tho opidural block. Vessels which are alreedy almost

moximally dilated cannot be greatly offected by an cpidursl

block. Tho patieats in the writer's serdes had received

papavoretun 20mg, and hyoscins Q.45mg. ond these dwugs may

have affeoted skin blood flow before the epidural blocks

were instituted, BHvasell eud his cowauthors (1962) used

o difforent technlque of bleed flow measurement (plethysmogrephy)

and givo no information about the agents uvaed for opldural

block, the helght of the blocko end the changes in blood pressure.

Tholy patients had recelved no premedicetion. Thore are

therofore several possible expalonatioms for the observation of

a 460 per cent inerease in shinm flow in Ruseell's study and a4

200 per cont Inoreese in the present invostigation.
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The echanges in muiscle blood £low in the prosent investigation
are not always congistont. ITn most cases there was a moderate
pedustion in musele blood flow and by 25 nimtes after
epldural hloek, the musele blood £low hed follen to an
overage of 77 per cent of tho control levsel and by 40
mioubes the £low had fallen further to H6 per vent of the control
volue, Theso reduoctions in musele hlood £low were
accompanied by an increase in vascular resistence within the
moclo. The vesenlor rosistonce had risen to 106 per cent
by 25 mimates and 13D per eent by 40 minutes., While these
chenges wore developlng, the mean arterial blood pressure
wag falling to o final ninisun of 71 per cent of control
valug, Because the mean bHlood pressure fell glong with the
msele blood £lew, tho chonge in Plow are actuelly quite
simall, when the syuchvenous changes in blood presgure are
conpiderad,

The present obseevations were made on patients who were
in the supine posidlon, nol under general avaesthesia and
net undergoing surgery., These petisnts had alroedy
recelved promodication and no adrenaline wan added $0 the locel
annesthetlic solutien beocause of the known eff'eot of adrenaline
on the cordiac output in these elrcumstances (Ward ot al,
1965; Bonles ot al, 1966). Altering any of these factors
alght have affected the results of this imwestigation,
fperative trowna and blood loss wight well affeet poripheral

blood Plow.
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In summary, and in tho circumstances of thio investigation,
thore was o twolold inerease in cubtanecus blood flow and a
substential £21l in cutancous vascular resistence during
epldural anclgesia. There was aleo & slight reduotion in
musele blood £low ond o smell dnoreese in veseulsr resistance

within the muscle.



EPTDURAL ANAIGESIA IN OBSTETRICS
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Gpldurel Ansleesio in Obstotrleg

Since January, 196k, the widter's clinlcal woxis has been meinly
concerned with Obaﬁeﬁrie aneesthesia and swelgosin, From 1961 to 1962
the author had bheon priviloged to work wibh Professor Hingson of
Cleveland, Ohio, who first used conbiswous epidurel (caudal) enslgesia
in lobour (Hingoon and Ddwewrds, 1943). The pein velief efforded by
conbinuous coaufal and lumbox epidural enalgesla was impressive and
seemed to surpass all other typos of analpgosio.

In the lost docade epldursl snalgesis by coudel and lumbaw
ayprogchos has boen extiensivaly used in the U.8.4, ond Coenadn ond
in some lovge contres over 80 per cent of deliveries teke placo under
epidural enalgesie (Hellman, 19653 Moore, 1966). In 1961, Hingson
and his colloagues ostimated thet 200,000 continmous epidursel blocks
are odministered annually bo women in labouxr in the U,S.A. Those
opidural blocks are used mednly in nowmel lsbour and delivery is by
forceps in from 50 pex cont Lo 90 per cent of cases (Hingson ot al, 1961,
Hoove, 1966, Thomson, 1967). In contrast, epidurel analgesls has boon
very 1ittle used in British obstebtrics. There axve sevoyal reasons for
this,

The frequent use of conbtlinuous epldural anslgesia for labour and
delivevy mekes heavy demands on tho anaesthetic, obsbtebric and nursing
steffs, onteils hospitedl confinement for all patients, affects the
practice of chstetrics and necessibabes an obsbobyic seyvico based on
the chetetriclan vather then the nidwife. The roubine use of epidurael

analgoaie oould not be contemplated in o Britloh mabewaliy hospitel,
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nor in the opinion of British obstetriclens would this be desivable.
The oim of Byitish cbgtetzics remalas the spontancous delivery of a
hoalthy child by o heelthy mother, ILven with tuitlon and encourage-
ment, dellvery by forceps ls required in et leost 50 per cent of
lebowrs controlied under epidural analgesio (Moowe, 1966), Thore is
*t:éo, o boliof held by some Uritish obstetricians and ansesthetists,
desplte much conbrary evidence, bhat opldural anelgesie is too
dangorous to be uvsed. The following workers hove zeporbed a total

of over 125,000 epldurel bleoeks in lebour without & mabernel death
(Chaplin and Reawiloh, 1958; DBush, 1959; Bison et al., 19603 Norris

ot al, 1960; Hingson ot al, 1961, Bvans ob al, 1962; lellmen, 1965;
and Moore, 1966). The metemmal morballby vabe assoclabod with the
aspirvetlion of stomach conbents alone wes esbimebod by Dinnlek in 1957
to be 1 in every 3,300 gonerval anacsthebics. Buch figures say much
fox the slill of the American ancesthetliste who administored these
125000 opidural blecks end perheps emphesise the low sbanderds of
oneral snsesthosle Pfor obsbobrics which often exlobed in Grest Britain
before 1957, Stenderds have doubbtless improved today, bubt as Kineh (1959)
pald "Analysis of obstobric ansesthetic deaths reveals that it is nob
the agent thet kills, but the incompetent uge of the sgenbt,”

It was the wribter's bollef in 1904 that epldural emalgesia could
£ind o place within the fromework of o Britlsh obstebiic practice, nob
a8 o roublne methed of analgesis, bub when speclally indleated., Thab
vhis concepl has been fulfilled, ot lesst in one maternity hospibal,

ip due in lerge measuwe Lo the co-opevaetion of the writerx's obstobrie,
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anacsthetic and nursing colleagues while the indicaetiona for epidural
snalgesie were belng doveloped, sometimes by trial and error. I is
thought thet the Queen Mobtherts Hospital, Glasgow was the first British
hosplibal to have a 24 hour sexrvice foyx the dnstitublon end maintenance

of continuous epidurel analgesie. The ¥ecording of dotuiled obstetrie
end ansosbhetic dnformation concerndng, to date, 492 epidaral blocks

has onabled knowledge o be acquizred concexnlng the offects of epldurel
snalgesie in lebour and delivery in patients with obetebric ebnormelitices.

Chuychill-Dovidson (1966) recognlsed the need for a wider
aveilability of resldent enaesthetlc services in British motermity
hospibals, both for the asdministretion of general ancesthesia and
the provision of weally effecilve anaslgosia in lebour, He said "The
provigion of en adequabe servico for pein veliof in labour (organised
by the anassthetic department) ie sbill vexy backward evon in some of
the wealthiest countrios."

Ansosthegie was in ity infency when Sir Jemes Young Simpaon wrote,
in 8.8 "Phe dlstyese and pain which womon often endure while they are
sbtruggling through a Alfficult lebouy ave boyond deseripbion and scem
to be move then humen neluyes would be able to boar undey any olher
elrcumstances.” Simpson believed that "1t is ouyr duty as well as
our privilege to upe all legitinmete means to nitigate end romove
the physical sufferings of the mobher during parburibion,”

Simpson wreote btheme words as a conseguence of his introduction of
chloroform inbo obstotric pracbice and bofore this event he must have

had to obhgserve women ln palniul lobour, somebimes for days at a time,
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while almost powoxidless to aleviabe thelr distwvess. Todey's
obstebriciong do nol expect thelyr pebients to endure such sulfering

L]

for long. Ceesareon section is often uged to temminabe prolonged and
padnful lebour, This operation ls sometimes done for humaniterdion
vother than Lor compelling obsbebric reasons, because no veally
offoctive mothod of gafe and susbainsd paln velief heg been availeble.
Navertheless, mony women exporience considereblo pain in labouw
and. do not always obbain gatisfecbory relief from convonbional
gystemic and inholatlonal analgeslos. A recent study in Shefflield
rocorded thet 40 per cent of recontly deliverod women thought thab
pain relief in lobour had been inadeguate (Reasloy et al, 1967).
There cen be no doubt that epléurel analgesie is effeoctlve and the
statement of Hingson and Hdwards dun 1943 theb Ypein is no longer a
necossery concomnitent of obsbetvic labone and delivery" is ftruc when
epidural analgesino is used, Aubhorltebive fumerican cbstetric opinion
ip convinced of tho value of epiduvral anslgosie, CGreenhill (1955)
wrote "Thers is no move sablisfacbory and pleasent Ltype of mmlg;esia,
in obstetriocs" mnd Bastman (1956) seid thob epidural block “ceymot be
bettared” as & method of analgesia, Although there arc dwporbtent basic
difforvencien betwoen American and Brliish obstelwric policies, the
wrlter and the obsbelyicions with whom he works eve convinced thab
opldurel analgesia has & velusble contribublon to meke to the management
of inco-ondinete labour and as a form of therapeuble sneesthesia in
cortoln obatotyric and medical Jdlsseses whilch may complicabe labour,

When used meinly in prolonged ond abnovmsl lebturs oy as an aid Lo



the manegement of pre~peleaupsise, cordiac end xesplrabory dlscase
during labouwr, the fyequent need for foveops delivery ceases o be &
vaild objection to the use of epliural anelgesia. The grest majorlby

of pabtilents who have recoived epldural analgesio dn the Queen Mother's
Hospibtald would in any case have required foveeps delivery for obstetrio
veasons and At e probeble that some of the pavients delivered by
foroeps would have been delivered by Ceesarean seotion esrliey in en
inco~ordinete lobour (Molr and Willocks, 1966 and 1967),

A nonbor of Pritish snaesthebtlsts and obgtebrlolans hove used
conbinuous lumber or coudel epidurel anslgesie in ceses of lncowordinete
uterine soblon or in the nmaveagoment off severe pro-eclampais end eclampsia
(Galley, 19493 Jolmson, 1952; Avthur and Johngon, 19523 Johason, 195k
Bryoe-Smith end Williams, 19553 Tungball, 1960; Scobt and Xyles, 1961).
By 1954, Johngson hod maneged 7h cases of inco-ordinate utevine actlon
undor continuous coudel annlgesia and ho believed that corvical
dilatation progressed move waplidly efter epidurnl block and that the
neod forr Coosareon seckion was veducsd, Tho obher reported Bribish
savies consint of only a vexy few eanes.

At prasent 6 per cond of all pebients delivered in the Queen
Hotherts Hospiliel, Glasgow bave an epidural blook adminisbered duming
labouy op Loy opewvaiive delivesry, The following obsexvablons were mede
on the 492 epldural bloeks (408 contimuous and & single-shol)
adminieterved between Jonusxy 1964 and December 1967,

The mothod of Jumbay epidural anslgesis used in obabtebyriecs hos

boeen descyibed on pages



COMPLTCATTOND

The followlng complicabtions wore obsorved durdng 492 conasecutive
lumbar epidurel blooks admninistered duiing lebour. Docouse B blocks
were single injections withoul plavement of en epddural cathober, the
figaves for complicotions which are associatod only with coablnuwous
epidural anslgesie are yeloted only to tho 408 continuous blocks.

Thore woxo no mabommal deeths in the perles,
Hypotongilon

This was the commonost complicotion. The systolic blood pressure
£oll to bolewr 90 mm. g, et least once in 36 of 492 blocks (7.3 por cent).
n the sourse of the LOS contimous epildural blecks 2,360 injections
wore nmade and theye wero L5 episodes of hypotonsion so that the inclcéence
of hypotonsion for all cpidural injocbions was 1.9 per cont,

The incidence of hypotension reported by other worlers who hove
uaod epldural onalgeosie in obsbetrles varles Crom 1.3 por cent Lo

26 pox cont (ses Table 29),

Teble 2¢

The reporbted incidence of hypotension
during epidurel annlgesie in labouy,

L Incidence of nypotension | 110, OF GOOO
Hellmon, 1965 1.5% 26,000
Hohve ob al, 1965 1.5% 291,
Cowles, 1965 2.1% 235
Chapiin and Remwick, 1958 35 1,000
Pleming and Campbell, 1959 11.0% 1k
Wioleen ob al, 1962 15,04 213
Hehre and Seyig, 1960 25,07 212
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The widoly varied incldence of hypotension in bthese series mey be
accounted for by dffevent critoxie of hypotonsion (the level of blood
prossure constitubing sigpificent hypotonsion in not elweys stabed),
by the ears with which blood pressure was monitoxed and by the doses
of logal ancesthetios used, It is noticecble that in the reporis
published befofe 1962 the incidence of iwataﬁaim is usuelly much
highor then in tho more xecent reporbs, ITh was in 1962 that Bromage
demonstreted that in proguent women, local snaosthetics spreed more
oxbensively within the epidurnl space ané thal doses should be veduced
by ebout one third during preguancy.

In the writer's sories hypobonsion was almost slways dnmedietely
corvacted by bwrning the petient into the left laberel positicn and
hypotension was therefore usuelly due to the supine hypotensive syndrome
of pregnancy, This syodrome is ebbrvibubed Lo ooclusion of the inferior
vena cava by the gravid uterns, vausing o dimindshed venous veturn to
the heart ond o reduction cerdiesc oubpul,

Kory and his colloogues (1964) in 2 smell bubt ecarefully controlled
series of patients found thet over 80 por cent of women had complote
ouclusion of the inferior vena ceva when in the supine position during
the last trimester of pregnoncy. Yot Holmes (1960,a) cboorved
sdgnifionnt hypotension in the supine position in only 3.6 per cent of
500 prognent women, Oeclusion of the inferior vene cave is nob usuglly

aspociated with hirpotension becasuse venous retum to the hoert con

usually be mainbelned by the vertebrel vonous system. It is suggested that

duying epidurel enalgesis, the inecreese in venous tono which is probably



vequired Por the Foveing of Hlood elong the nearrgror ond more torbuous
vorbobral venous systen mey not alweys ocour, because of Lho effects
of the Jumbar sympatheblic bloock on the velns of the lower limbs,

Sinee the Pact thab hypotenglon during cpldurcl enalgesis in
labouy ds weerly alwsys due to the suplne hypotensive syndrone was
fully epprecleled, patdents have beon encouraged to lie on one side
durdang lebouy conducted under epldural block. As o wesulb of this
policy the lncldence of hypobension has fallen from 19 in the first
100 cases in this sordes Lo 5 in the lash 200 cases (2.5 per cent),

The supine hypobensive syndrome ccours in from 3 per cont to
4 pexr oent of nowmel consclous pregnant women, ab leasst ocoaslonolly,
(Howaxrd ob al, 1953; Holmes, 1960,a) 4is somebimes soen durlag general
onoesthesie (Holmes, 1960b; Crawford, 1965) end has beea vecorded in
18 per cent of 600 subarachnold blocks in obsbebrics (Konnedy et al,
1959} 4

The uge of vapopressor drugs Ho correctd hypobonsion during
epidural avolpgesia iu lebour is hardly ever necessary and 48 besh
avolded (Shnider, 1966), Nethoxamine (Vasosdne) and 2llied alphe
racepbor acbivebors produce spasm of the uberdne srberies, footal
bradyeordio and tetande uberine conbractions (Groiss and Ven Wilkes,
196k ; Vasleoke eob al, 1964). If o vasopropsor drug must be used,
agonts such o8 ephodrine end mebtaraminol which xaise blood pregsure
meinly by inoreasing myccerdisl conbractility, may be sefor (Shoider,
1966), The wribor hes nob used o vagopreassor diug during opidural

anelgesia in lebour for 3 years, Hypotension usuelly wvesponds to tho

A Jdwu
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use of the left latoral position, combined 1f nocossary with elevation
of the legs and the adminisbration of oxygon.

The minimel lovel of meternal blood pressure which is compebible
wibth adequate foetel oxygenation is unknown, bubt hes been stabed by
exporienced olinicians to be about 80 mn.Hg., systolie (Greenc, 1958),
The vasoulor tone of btho utero-plocental eireculetilon is rolevant,
Heemorrhagle shoel, with its ospoolated vesoconstriction and hypo-
voleomio will be aszociabed with a lover raebe of uterine perfusion
then hypoteonsion of the pame degres due o epldural annlgesia (Groiss,
1967). Sympathoblcelly mediebed vascular tone is elmopt non-oxistent
in the vesbing uterine vescular bed (Greiss and Gobble, 1967) so theb
the hypotension of epidurael enalgesia is unlikely to be associoted with
a compensatory vesodiletabion in the ubterow-placental vessels in normal
peblents, It is, thexefore, zaly that when hypolension cccurs under
opidurel block, there is e reduetlon in uterine blood flow which is
roughly proportional to the fall in blood pressurc (Greiss, 1967).

ry
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Accldental popbhosio

Inadvertent injection of lcoal ansesthoblic into the subarachnoid
space occurred on twe occasions (0.4 por cent), This is a high
incidence of this complication, Both injocbicns wexe mede by rogisbrar
anaogthetists, inexperienced with epldural smwelgesle., In one of the
conen, af'ter o successful epldursl puncture, the opldurald cathoter
ponebroted the dure., The cathebors used ab thet tiwe had a sharp tip
(Leo, 1962) and these cabheters axe now made with o blunt bip (Moir and

Hesson, 1965). Doth mothers who received eecidentel spinal onanesthesio



are woll, es ave thelr infanbs.
Raporienced workers in series of many bthousands of cases repori
accldental spinnl ansesthesio In from 0,05 per cent to 0.1 per cond
of lumber epidurel blocks (Choplin end Remwick, 1958; Tioen ob al,
19603 Nowxds ob ol, 19603 Lund e =1, 1961; Hollman, 1965). Only
Carr and Hehre {1962) report subarachunoid puncture by the cotheter.
Prompt and offlcient treatment of socidentel subarachnoid block
ghould prevent serdous complicetions in mobher and child, An open
voin must be socuved before perdoyming eny epldumwl block and
focilities for artifiociel vontilation of the lungs must be lmediately

avallablo.

Spinel Tap

While atbempling epldural puncture, the subavachneld space wes
recognised as hoving been onbored on three occasions (0,6 per cont)
end no injection wes made, This is an accepbtably low incidence of
this complicetion. Obhers have recorded an incidence of spinal taps
of from 0.4 per cent to 3.3 per cont in laorge serics of lumbar epldural
blocks (Bonice et al, 1957; Chaplin end Remwick, 1958; Hehre and
Seyig, 1960; Lund et al, 1961; Carr and Hehre, 1962),

When a subarachnoid puncture had been made end yocognised, the
entire procedure woas abandoned bocause there 18 & yisk of spread of
looal ennosthetic to the subarachnoid space 1 epidural puneturo is
successful ab enother interspace (Bisen ot al, 19603 Bodell ot el, 1962;
Hellmen, 1965), Docouse opidural puncture wes performed in the sltiing

posdtion in this sories of obstebric patients, the eervbrospinal £luid
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pressure in the lunbar zeglon was probably high ond cerebrospinal
Pluld flowed freely oub of the wide-bore Tuohy needle in the bthree

coses in which spingl bap was recognlsed.

Bloody Tap
Bignificant bleelding from an epldural vein was resognlsed on

five cceasions (1 per cont). DBlesdlug usuvally ceased quickly, On

only one ccossion did the tip of the cathetsy rest within o vein, end

the cetheber was successfully vlecsd sfber re-mwmebure st another

interspaco. The engorged epidural velns of progonancy may predispose

to a bloody tap, & complication which is not mentioned by most writers

on epidurel sualegesle in obstebrles, Cheplin end Rewwielk (1958) observed

o bloody tap in 1.} por cent of 1,000 caves and Boedell and his colleagues

(1962) menbion this complication but do nob veecord its incidence rate,

Puravertehenl Possace of the Cebhetern

The enthotor neased auh of tha evddural space through en intere
porevetehy

0l Pagpace of the Gethotes
vortebyal forvemen inbo & pavavertebral space in 5 of 408 continuous

T

epidurel blocks (1,2 per cent), The condltion was diagnosed when no
enelgesie megulbed from uwndoubtedly successful epiduval puncture.
Withdrowing the cathetor slighily and injecting more local anassthetic
produced effeclive analgesia in thiwve cases, Re-puucture wos performed
ot an adjecsnt interspuce in the other twoe cases,

Hehwe ond Seyig (1960) noted parvaverbebral passage of tho catheter
in 1 por ceat of thelir ceses, The likelihood of sn gpidurel cebheter
passing oul of the epidurel space is probably reloted to the introduction

of too great o length of cathelbers ¥hen several inches of catheler are



intzoduced, pocavertobral passego way oveur in 7 per ceut of case

(Sanches ob al, 1867).

Boilure o pans bhe enidurel eatheber.

On Pour cocagions in L08 conbtinuous peidural blocks (1 per cent),
afber appavently successful epidurel puncture, the catheter could not
be passed into the epldural space, When Alfficuldy was expexidenced,
abtempte wore mode to pass the catheter in both cephalad and caudel
ddrecbions and o fresh, mnd therefore stiffor cebhetor Ltried before
sbendoning thils pext of the provedure or performing onother epidural

puncture ab an adjaceont inbtewspace,

Pailure to locate tho epldural space

This ocouxrred on two oceasions in 492 epiduzal blocks (0.4 per cent),
80 thet in conjunction with three spinal taps and twg subasirachmoid
injections there were, in all seven instances of failure to locate
the epidural space (1.4 per cent), This ie a tow faijuve rate, Hosb
workers veport fallure to ldentify the luobar spidurel apace in from
2 per cent to 3 por eont, a figurs which does not include failure due
to suberachnold puncbure, (Hehre et al, 1960; lund eb al, 1961;

Bodell et al, 1962),

Nourolosical Segueloe

ne patisnt developed 2 emall srves of cubeneous aneesthesia in
a veglion of the thigh supplied by the femorsal nexve. Sensation veburned
wlthin ten deys, This complicabicn followed & AifPioult foroeps delivery

and may have been an cbatetrle pelay, Moove (1964) has observed six casos



of demage to the nerves of tho lumboesacrsl plexus by the foetal
hoad or the cbstetrlic forceps and Bisen ond his collesgues (1960)
nobed minor trauma to nerves in 0.3 per cent of 9,500 forceps
deliverice uvndor lumbar epldurel block,

One patilent had o headoche for five days afler an accidentel
spinal tap. The complete absence of headeche eftor uncompliceted

epidural block is o major advantage over subarachnold block,

Drup Reactlong

There wore no toxioc reeetions in this peries. Tho dose of
lignocaine at each injection ranged from 120 mg. to 280 mg, and
wos olways combined with 1:200,000 adrenaline, In the more prolonged
epidural bloclks the total dose of lignocaine was Lrom 2,400 mg. to
3,700 mg., administered over e period of from 18 hours to 27 hours.

At this polat it is pertinent to compare the complications of
lumbar epidural analgesia in obstebries with those of caudel epidural
analgosia. Caudal analgesie is an aliernabive toechnigue which has
not boen entirely replaoced by the lumbar approach,

The ineidence of significont hypotension (systolic blood pressure
below 90 mm,Hg.) wos from 4.4 por cent to 23 por cemt in several sories
of ovexr 1,000 continuous caudal blocks in obstetrics (Bush, 19593
Nellermoe ot al, 1960; De Jong, 1961; Ellis and De vita, 1962;

Evens et al, 1962), The incidence of hypotension is thus very
compareble to that recorded for lumbar epidural blocks, It is somebtimes
stated (Moore, 1966) thet accidentsl spinal anacsbhesle is less 1likely

wlth the caudal technique, Thls statemont is not supporbted by the
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report of Bush (1959) in which thore was a 0.3 per cent incldence
of this complicabion in 15,000 caudal bloclks and De Jong (1961) end
Nellowmoo end his colleagues (1962) recorded 0,1 per cent of
accidentol spinel ancesthotics in lavge servles of coudal blocks.
Hingaon and his colleagues (1961) reported o deabth fyom an
epldurael ehscess Following o conbinuous oaudel block end Bush (1959)
reported o non=fatel case of abacterlal puwulent chemlesl moningltis
after a couded block. Povhaps the most bisorye complicstion rocorded
is the ocourrenco of accidental injection of the Lfootus in ubero with
Jocal eneesthebic on four soparele occasions during attempted ceudel

blocks. Two of those four habios died (Finster ot al, 1965).

The feilure rate for ceudal malgoﬁm io mach higher then for
lunbar epldurel snalgesie oand lies betwoen 8 poy cent (Bush 1959) end
20 por cont (Hingson et al, 1961)., Caudal analgesie enbails the
adninistration of & dose of local ansesthetlc epproximetely twice an
lorge as Ls requived for the lumbey technique (Moove, 1966),

Thoye is therafore no proven advantage for coudel enalgesie and
the high feilure rabe and the larger dose of local anaosbhetic
roquired ere imporbant disadvanbeges. The writer reserves ceudal
analgoesie Cor the cccasional petlent who has severe deformity of the

lumbar spine,
Fachyohyioxis
This term iz hoyo used to mean e foxm of aoube tolerance bto tho
loval ancesthetilc drug ond manifested by o substantielly reduced

durption of ection. This troublesome phonomenon wag observed in
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59 per cont of oconblouous opldure) blocks in which four or more
Sopw-up injections wove »equired, In these cases the durablon of
onalgosie, as essessed by the motheys' subjective response Lo uberine
conbroctions, dimindshed progreseively until in 73 per cent of this
group of pobtients, enalgesia evonbually lasted less thon half os long
oo 45 bad with the firet injections,y Commonly the anclgosie obbained
from the firat dose of 2 per cend lipgeocaine with odroneline lasts
fox a 1ittle over 2 hours and tho snolpesle is porfect, Afbor some
15 hours of lebour, enalgesia mey only last for 45 minubes and e
sometimes loss then porfect,

Tachyphyloaxle has seldom been zeported by other wozlkers, perhaps
boceuse they have uped epidural anwlgesis only for the last fow hours
of normal lebour, wheveas ths mejordby of blodks in the wrlter's
gories wexe adminlsteved for wmany hours during abnoimoel lobours whiech
wera both prolonged and wwsually peinful, Thore sprear to be only
wwo references to Uachyphyloxis iu the literabure on epidural analgesio
in labeur, Bush (1959) nobed o need for more frogquent injections when
lebour was unduly prolonged and Bromege end his colleagues (1964)
monblon that tochyphyloxis occurs occeslonally, It is the writer's
improssion that Stachyphylazis will &ewlgp in alwnost every case, if
labouy 1s sufficiently prolonged, |

The cause of tochyphyloxis is uwnknom, vhen the condition hap
doveloped afbor yepoeted injections of Llignoeeine, changing to
mepivocaine (Carbocoine) or bupivaceine (Mareadne) has been ineffective,

The anelgesia produced by the second locel annenthoebic was also of

limited duration and intensity,
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nacbivation of the lignoocalne ox the edwenaline by subocloving con
be exmoluded as the cause of bachyphylaxis becouse aubocleving effeols
noither lignoceine (Brldenbaugh and Moore, 1964.) nor edyensline %o
which the preservetive sodiunm metebisulphite hes boea added (Do Jong,
1964). This preseyvobive wos prosent in the solubtion used. In-
sobivabion by euboelaving would beo expocted o diminish the anslgosic
effoct of the lignosaine golution at all injectlons, bub in foct, this
ouly ocourrved afvor soveral Injectlons, It would appoer that tachyw
phylexio meet in some way be due to & more ropld vomovel of local
annesthobic from Abs sibe of sotion or to o mowe rapid dotoxicebion,
Whatever ibo cause, tochyphylaxis is a major problem in the more
prolonged obstetric epldurel blocks. The tobal dose of local anaestholle
drug aduniniptered incroasos opidly aad the demands on anecsthetic
sbaf? who aduinlster the tope~up injoctions beecomy heavy, Very occasionelly
it has boen eonsidered adviseble to terminote epidural englgesis in
such clveumsbances. Pexhapz lignoecsine is nob the best local ocnaeathetic
dxug for prolonged eopidural snelgesia and the now longor acting agent
bupivacaine (lMarcalne) may be o move sulbeble dyug., Duthic and his
colleagues (1968) hove used bupivecaine for 't:hi&*‘gy contdnuous epldurel
blocks in labour and fournd theb snelgosie lasted foy three hours and
that thexe was vexy 1itile reduction in the duvadion of snalgesia during
blocks which lasted 15 hours on avervage. The wyiber has observed o
conparsbie duration of actlon with bupivecaine in 26 eplduvel blocks
in labour, bub ea alvoady stubod, has found thelt when tachyphylexis

hag alveady developed with llegaccains, i wuplvacaine is then sdministerved
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the duwation of enalgesie is atill ebnormelly shoxt,

Heborned, ond Porinotel Horbaliby

Thore were no mabornal deaths,

Thore were 49 bablies bom alfber 492 epldural blocks, There wore
two eets of bwins, The perinatel mortelity was 1.82 per cent. Four
infonts were abillborn end six died within one week of delivexy, ‘'Bwo
of the noonatel deaths worxe due to severe mulbtiple congenital abnoye
nelities which were incompetible with life., The corrected perinstel
mortelity is thevefore 1l..5 per conb.,

One of the four stillbirths followed intre-uterine deoath during
a prolonged lebour associabed with an exbrome degyves of inco-oyrdinate
vborine action end maternal distress with gastro-intestinel dlstension,
vomiting ond ketonuvio. Death was due Yo intra~uterine foebal hypoxis
probably assoclated with a poor plecental clreulabion and mabernal,
bilochemiecal upsets. Thore was no foetal bradycardle and no meconium
steining of tho liguor amnil to worn of impendling deeth in ubero and
thls ense highlights the need for informetion aboubt the condition of
the footus belfoxe birth, One infant dled durlng forceps delivery.

The mother had severe prew-sclampsie and the foetal hesrt had been
heard inmediastely before delivery, There had boen foetal tachycerdie
end mecondium steining of the liquor ammii ecarlier in labour. Neithor
of these two shlllbirthe con be atiributed to the use of epildural
enalgosia,

The remedning two stillbirths were {tho twin infents of a patient

who hed severe pre-eolampsie, meternsl distress and o somewhal
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incowopdinate lebour, Bplduwal annlgosio asouapad tho oxbrome
nobeyael dstress and melntained the blood prossure ol neay normal
lovele. On one opcasion, however, the blood pmwssuve Pell to 85 mn.g,
syelolio end thereafber, neither footal hesxt was eudible. Four hours
Ilober twin stillborn lufonts wore dellvewed by forceps. It is 1likely
that in o pablent with previcus hyperbensicn dup to pro-celanpnio,

the trenslont hypebension reducod placentel blood £low to ¢ level
incompabible with feelal ourvivel. The hypobonmive episode ogouyred
while tho pebient wae in the supine pocition fox the purpose of
eupoultetion of tho fevbal hoeoybn and the woight of the lavge uwhbemus
and buin Peolusos mey hove ocouged sovere supine hypotonsion.

0f the five noonotel deatho, o wem due Ho pongenitel ebnomualitlos
Sncompotible with Mfe. Two deaths were vansed by inbracraniel
hoemopshogs, probebly dw to traume ab ALfloult forceps delivery.
Gophalospolvic dloproportion was prosent  these two ogoasiong and
may hoave hod o otcol relobionship not only with the AAffienld delivory
but with the inco~ordingbe uberdne sebion for which gpidurel cnslgesie
woao adnlnistered. The £iflh nconalal deoth cccuryed in o premebure
infant vho woighed only 3 pounds 10 ounces whan bozxn ot 3. weolks
gostation o on uwamerried mother with very sovewre pwow-colampsic, Hone
of theso nwopatel desthe do ebbributed o epidurel snalgesio.
A corrected povinwtel morbalily of 1.43 per cont iz sabiclactory

whon zelated to the obstobric sbuormelltios prosond in noarly all of

the 408 mothors.
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Bmnia

Tho pobontielly fabol complicetions of lumbor opiduveld enslgepsle in
obateobrics arve tobal spinal sneosthesia, profound hypotengion, gross
ovordose of looel cunosthotio diug end opidural abscess or othor
serions nourclogical seguelee. The firet three complicotiong may RALL
the mother, tho fostus or both i€ effective Uroatument is not imuediabely
inptituted, In proctice, the incidenco of most of thene serious
eomplicabione ds very low o num~owisbont in vevenily published wery
lorge sewien of camse, Menblon bes alivady beon mads of 125,000
Jumbar epidurel blocks without e single matermsl death,

The incidenco of most complications, soricus and trdviel, in
the welterts serdes s avorage or loss than everage in relation bo
other published sexden. The &smiﬂ@nﬁé& injection of local anaesthetic
into the subarachneld space on two ccoasions and the bigh incldence of
vhy@aﬁ@nﬁi@n in the esrllor blocks ewve the only complicetions which
ageurved with wndue frequency, Toxle reacbions and sepsis were
ondirely aboenb,

To offwpot tho rdoks of opldurel sunlgesin, thore ore some
fluportent adventiages over gomorel ensesthesle for operative delivory
and over systomic anslgesic dyugs fop thg mlief of pain in labour.
There 18 no visk of pulunonary cepixetion of stomoch conbents, Anslgesic
is almost perfect and ls achioved without the deprossion of respilrabion
in the novboin. There may be on improved uberv-plecontal blood Llow
in cextein pothologliel staton and blood loss of delivexy is

substentially reduoced,
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Gonerel sunsesthesis unbil recenlly secoounted dlwectly for
k per cemb of mademel deoths in Baglend and Weles (Minlstyy of
Hoalth Report, No. 108, 156%) end half of these anaesthetic deabhs
were due to the dmmedicte or delayed effects of regurglibotion or
vomiting of stowech conbtents. There is no reason to belleve thot
the situation hos altered vadically since 1963, Inm 1957 Dimndck
osbinabed thot of overy 3,380 women who roeolived & genoral anaesthetic
Por delivery, ono dled of the inhalation of voemitus, The inhalation
of stomech conbents may ceuse dmpedleds death from esphyxie or dolayed
death fyom the acld-aspirabion (Mendelson's) syndiome (Hendolson 1946).
The situeblon in the U.S8.4., 8% least wnbll rceontly, was wovse than
that in Great Britain, Dumitzu (3060) sboated thet 10 per conb of ell
nebornel doaths were due (o aneosthosls and that more than helf of
these dealhs were due to the pulmonary asplration of atomach conbents
wifler gensral snpesthosia. Philips and bis colleagues (2961) reporied
that botween the yeaws 1945 aud 1958, vomlting wndor general snaesthesia
couged an avorspe of one mabornsal death per year in Beltimore,
Infomablon ig nob evelleble aboud the experience of the mneocsthebisio
ov the agonts used for those fabal anassbhotiocs, but deaths stdll occur
in skiliod hends, wilth modexn techmigues. In tho Light of such figures,
the actuel safeby of epildurel enalgesis fopr the mother is inpressive.

Pockett and his colloegues (1965 )and Farker (1965) have meamxod
moternal and sord blood iigpocoing levels ab dellvery under conbinuous
Jumbar epldurel anelgesia. Footal levels were, on average, helf of

the meternal levels (vange 45 por cond to 80 per cent), Maternal blood
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lignonadne levels wore always below the toxlc level ovon whon the
nothers had recelved over 1,000 mz. of lignoosine, so thal foothal
- bloeod lovels weve aluays weoll within the sufe ronge. Thorve is
thexefore no possibllity of drugeinduced noonatel respiyabory
deprogelon due o epifurel ouslgesia whon porfommed wibh lignocodne,

Using the Apgar scove (Apger 19533 Apser ob ol, 1958) to assess
the conditlon of the nowboen infont, meny workors have obsoyved less
noonetel depression abt delivery under epidural onalgosio than ab
deddvory undor general envonthesis (Apgor ob al, 19573 Bush, 1959;
Priefdmon ob ol, 19603 Niclsen ob ol, 1962; Bodell ot al, 1962)., The
adfPionliy of assossing the offects of anassthebic teclmiques and
agents on the newborn hes boon stressed by Cravford (1962) when he
poinbed out thobt obstetyiec factors often oulwelgh eneesthotic
factors in the ceuseblon of asphyris neonsborum, Noyoover, the
obstetric factors very from omso bo cose, Jomes (1960) thinks thab
it s the pereentage of depressed bobles hozm under any given seb
of circumnlonces which Ls dmportent, Bocausne of bthe varied and ofbon
sovere and multiple obghelric sbnormelitice which oxdsted in most of
the patients dn the wrilor's series, ebbempts to assess tho effect of
opldurel onelgeple on the esonditilon of the newbom infent would be
wnrewarding.

with the ozception of tobal mpinal snncpthesia and o severe Gtoxle
reactlon $o the locol aneestheblie agent, which ere rave complications
of epidurel analgusia, the only heraful effect for the footus in ubero

is the roduction in ubterowplocentel bleod flovw whiceh may accompony
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azeossive mabornnl hypobonsion (Gredss, 1967). Covvestdon of this
hypobengion with vasoproscor dvigs moy agadn dnpelyr ubero-placontol
blood £low bocauss of the assooloted spusm of the uberine avborios
and Getenic contraciion of the ubexus (Vesicka ot ol, 19645 Crelas
ond Von Wilkos, 1964), Only two povdnotoel doaths in tho prosend
sevles of 492 epidural blooks wore in any way atbyibuted Go opiiural
anolgosle. These were the twin stlllibom lofants of o petient who
had severs pre-oclempsin ond whese blood prossure Pell bxiefly bo

85 mndig. systolle, Thevaafbor the fostal henrbs could not bo beard.

Thers is ovidence from rodio-isobope cloarencn studies that
nbero-plocentel blood fAor 4o moh peduced in prolonged lebour due
o inco-ordinste utexine aobion and thot wvhen cpldured anelgesie is
indneed 4o those oiveumstiances, the blood £lor inercases {Johnoson
and Cleybon, 1955). Hpidured swelgoste mey, in casos of incowordinete
uvherdne acbion, not only bwing gboud an dmprovement in ulepine setion
(Johnsen, 19643 Pansball, 1960; Moly and Willocks 1966 and 1967) bub
moy improve onyeonation of the Pootus in uwlero.
A £ineld edvantege of epdduzel snalgosie ds the zeduction in

bleoddng ab deldvery in comporison with delivery under gonozal
enasgbhosie or pudendsl blode enalgepie. The ovidoncs for this

shotonont is prosented elsowhors dn this thosis (pagos 83 and 84).



ZNDECATTONS TOR BETDUBAL ANALGESLA
Mumost a1l of the 408 conbinueus lumber epldurel blocks were
perfommed on pabients vho not only roquired effective yoliel of pain,

bubk who aleo had signifleant obsbobtyde cbnormelity. Bpidurel anmalgosia
wao hardly over usod as o mothod of paln relief in normel labouw,

although this wes oocasionally done for poaticnbs who were ppychologlorlly
I1lesuibed to childbizrth end for unmarrled mothors,

Sompbtlmos more thon one indleabion oxistod for continuous epidursl
analgesic, Proesclompsie and inco-ordinete uberine aotion were quite
of'ten p@wmﬁ: dn the seme pabdient, The primery indiceptions for

conbidinuous epldural onelgesis aro listed in Table 30.

2abloe 30

The Primory Indlcabtions Poy
408 Contdovous Tawbaer Epldural Blooks in Lebhour,

Xnﬁﬁém‘-ﬁimr ' Humber of oages Porcentopge of total
Inco~nrdinete uberine ackion 28k 55,0
Severe hypextension during labour ha 104
Inadequate enalgesie from
convontional methols 132 32,1
Cardlac dlsense 6 1.5
Reaplratory diseaso b 1.0

The 132 patients who rvecelved contizuous epidawed annlpesia becouse
thoy had obialued inedeguato analgesis from conventional methods

(Peble 30) commenly hed su wmsually prolonged and pednfal lsbour, often



apgociated with an oeciplbo-postorior position of the foetal head,.
Most of these patlents were primigrovides,

0f the 82 single-shot opidural blocks, 73 were performed for
delivery by Lorceps oy vacuun exbractoy (venbouse) and 11 blocks wers

adrinisbeored Cor Caosarean secbion,

Continuons eplidursl analgesia wos administered to 224 women who had
a prolonged and poinful firab stage of labour due to incowordinate uberine
aotion, The ecarlier coses in this group have been the subject of two |
provious reports (Molr and Willoecks, 1966 and 1967), The prosond
roport confiims the value of epidural analpgesie in dysfunctionel lebour

in o much largor series of pationts.

Degeription of Cosos

Al1 potients hed dofinitely cbnormel ubewrine action in the flrst
sbage of lebour and convenblonal Yreabtment with systomic annlgesic
drugs, often in leyge doses, bad feiled to relieve the severe pain of
dysfanctional ubterine combraciions, Dilatation of the cervix was
proceoding ot a very slow inbe ond somcbimes hed ceaped altogether,
A1l pabients had, in varying degres, the features which consbltube
the gyndroms of meternal dlsbress. In the severe coses Caesarecon
seotlon was elready boing considered as a method of velleving mateinel
pain cud dletress which hod beocome almost intoleveble,

Inco=ordinate uterine action wes essentially o olinicel diagnosis
baned on the occurrence of utorine contractions of verying fvequency

and strongth which prolonged lebour, failed to diisto the cervix ond
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Podled to produce descent of the presenting paxt of bthe foobus,
Abnornal uberine sction in the first stage of labour nay beo olassifiled
a8 hypotonic ox hypertonic incoeovdinote uberine action or as corvical
dysbocie. In hypertonic ilnco-ordinste uborine sction tho conlrectlons
ave ofton very palaful and the uberus may have a high tonus bebwoen
sonbractione, These poworful contractions do not dilete the corvix
offectively. It appesys thet the normnl polarity of the uborus hasn
baen lost, Intrae-mmniobic pressures are high in gll parte of the
uborus and the synchronous conbpaction of tho upper pole and relaxation
of the lower sogrent cnd corvix vterl which characterdse nowmel lebour
sre ehsont (Alvayes and CaldoyrosBarcia 198.). Hypertonic ineo-ordinatoe
ubeydine actlon is very palnful and ofben ceuses dlsbrossing backache.
This backache appears to hove its exdgin in the ceaviz ulerdl and
bloekade of the snorsl norve roobs is necessory Tor dbs rellef, Tho
groat majority of the 224 patients who recelved epldurel enalgesis for
dystfunctionsl labour had hypertonic inco-ordinete uterdno action,.
Hypotonie incowordinate uborine actlon, or uterdine inerbis, do
not usawlly sssociabad with severs pedn ondubordne contractiona aro
woak and infroquent,. Oxylocin infucions are often uped in this
condition and the ulerine conbyactions stlmulsted by oxytocic dwugs arxe
ofben peinfal, fpidural mnalgesis bas somebimes been glven ia Ghose
clrcumstonces. Sometimes poviods of hyperbonle and hypotonie wberdne
sotion albowmeted in the samp pabient during a long lebour, Thig
phonomenon was also nobed by Jeffooate (1961).

Corvieel dystoela is a rarity snd probebly only occurs when
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thore is & physlcal dofoymily of the cewrvix due porhaps to scarving
and fibrosls. The term coxrvical dystoels has somebtimes, in the past,
been used to dosvribe hypertonic inco~ordineie uterine actlon,

In all coses in this sordes the inco~crdinate nature of the
action of the uberus was confirued by o graphic anolysis of lebour,
using the method of Fricdmen (1955) end in o fow onges the pattern
of utorine activity was wecovded by o btocodynamometer (Smybth, 1957).

The systenlce uvpsets assoglabted with metemel distyess wore
frequently seen and associoted obotetrie abnovmellties wore common,
Tablo 31 shows the velovent cbotebtric findings in 224 pationts ond
Table 32, lists the phyesicol findlngs durdug labouwr, before the

performence of epidural blocl.

Zehlo 31
Obstetric Findings in 224 Patients
with Inco=ordinche Uterine Action,

W0, of paticnts | Perbenbaga
Primigvavidae 211, ol
Age undor 30 yoars 199 89
Hoight 61 inches (155om) o¥ less 86 38
ostobion move than 41 wooks (287 days) a7 L3
Foebal wedght moro then 8ibs (3.63Kz.) 116 52
Occipito=posterior position 145 65
Membrones mpbured for Zhhee Yo LEhra, Lk 51
Mombreanes muptured moro than 48 hrs, 29 13
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‘.'&.‘g?,bg‘, 2 ., 32
Physical Pindlngs st the Time of Epidurel Block
in 22k Potients with Incowordingte Uterine Achion,

" Namoor of CoLos Percentage
r’i’&aﬁw&m&% {over 100/min.) 138 62
Pyroxie (over 99.4°%,57.5°C) 76 3,
Ketonurdia 177 79
Vomiting ag 37
Gasbro~intestinal distonsion 20 9

Ninety~four por aent of patients were pyimigravidez, The
thirbeen patlonts who were nob primigrovides were all in thelr second
prognency and all hed e hisboxy of laco-ordinate uliorine ection in
thelr first pregnoncy. Sovon of thege patientis hed previously been
delivered by Uswserean secbion, snd this operatilon had boen performed
bofore full dilatalion of the coxvix, Those figures confirm thet Incoe
ordinete uberdne action is an sbunormaliby elmost confined fo pyinigvavidae
or to maliiparae whoe have not proviously reached full cervieal dilatation
in lebour., There is no evidence in this serdes to suwvport the belief
that advanclng age is vosocieted wilh en dncreasing incldence of inco-
ordinete lebour, Fight-nine per cent of Lho pabienbs wers under 30 years
of age pad only two pabients (0.9 per cent) wore over 35 yours old,
Priedmen and Sgchiloben (1965) also found thabt ege had no influonce on
tho duvetlon of lsbour in o study of 3,300 primigrevidoe,

That 38 per cent of these women were less bthen 61 inches $all is

provably o repult of the poor aubritional stendards in tho City of



Glasgows Small stature mey be assoclated with a contracted pelvis or
there may be relative cephalow~pelvic dlsproporiion if the baby is largos
Joffooats (1965) noted a relationship between small shobture and inco=
ordinato uterine aection, which is confimmed in this sorieo.

Joffecate (1965) also noted a velationship between posbwmaburity
and inco~ordinate Jebour and ouggoested that poor rolaxation of tho
loweor ultorine segment may cause delgyed onset of labour and poor
utorine action whon lebour does begine Pregnangy had lagted for more
then 41 weoko in 43 por cent of patleonts in the prosent series.

Jarge babies woere common and 52 per ¢ent of bables welghed over
8 pounds at birth, 7he ocourrence of relative cephaloepelvie dlsproportion
vhen o omall woman has a large baby has been strossed (Jeffaocabe, 1961 and
1965), Tuere were 6 patients under 61 inohes in height and 42 of theoe
women (48 por cent) had bables welghing move than 8 pounds,

The faetel ocelput was in the posterior position in 65 per cond
of pationts durdng the first astage of labour, Thin in ltpelf often
causas e rathor prolonged and painful labour, even whon utorine aection
is novmal, The 114 pationts in this group vho had an oecipltowpopierior
position of the foetal head also had incowordinate uterdne aotlon,
Epidural analgesla was also used in many painful labourn assoclabed
with an ecoipito~pogterior position and mormal uterine actlon, Thepe
easop are consldered later, Uhen tho footal occiput lies posteriovly,
o laxgo diameter of the footel head must pass through the neyrowest
diemeteor of the pelvis, Thls mey produce relative cophalowpelvie dlip-

proportlion, which might net havo existed had the oceiput heen in an
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antorior position,

The membrenes were no longer intact ab the time when epiduvel
block was pexformed in 9. per cent of potlenta. The nembrenss hod been
suptured for ob loast 2 houwrs in 6 por gent of petionts, Amnicbomy
had been perfoxmnd for the induction of lebour in 55 per cent of patientso.
The usual fndleations for saniotomy worw pro-cclampsie and postmaturity,
When the membrenes hod been yupbtured for more them 24 hours, an anbiblobie
woe given, Anplcillin was glvon €0 the mejoxdty of potienta in the hope
of proventing Infection in mothew end child, (Blecher ot al 1966),
Recently, cephsloridine hes been used in preforencs $o ampicillin
bocause this drug can produce higher blood levels in the foobus afler
pdministration to the mobhor (Parr and Grehem, 1967).

The averege durablion of labour before the perxlormonce of epidural
block wos 20,4 hours end the avernge durabion of opldnrel enalgesis wes
11,1 hours, As can bo soon from Teble 32, tachycardis end kebonuria were
prosent in the mejordity of petilents, »About one third of ll patients had
vomited more than once and a similay namher hed pyrexia of over 57.5°C,
(99 .is»gli’..) ﬁ'iﬁxfgﬁ; and elinleal oigns of dohydrablion were common. Hawkias
and Wixon {1957) found thet afber 24 hours of lebour the plosma waber
coneenbretlon falls, the soddum level rises and the chloxide and
potassian levela foll, These writers think theb dchydyation and
olectrolyte imbalance wnoy further impair ubterine action. Gastrow
intogtined Allabation ocouresd in 9 per cent of patients and this
condition 18 likely to be nescciabed with sxbensive loss of clechvolytes

ond waber Into the luwen of the gub, The atetistios in Pable 32 are
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evidance of considerable mabteornel moxbidity which da accompenied by

o great deel of pain and menteld dlsbress,

Fho BEtect of Tipddural

noleonis on Prosyess in Lobouw
Progress in lebour wap assessed by grephlcel enalyeis of tho rabe

of cervicel dlletation in the fArpt 150 ceses in thils sexies. The
character of ths ubsrine contvections was assossed in W cases by the

uge of o gusrd-ring tocodynamonsbor,

Spldurel anolgeola was nobt induced wnkil the corvix wan ab leost
4 eme dilobed and once induced, enalgesie was noinbained wntil dslivery,
Lobour had lagted for an average of 2044 hours hefore epildural block
ead the avexage duvabion of epldural nnalgesie was 11,1 hours, Tho
frequoncy, duration snd intonsity of the uterine conbractions were
rocorded by abdomlnal palpation thyoughout lobour. Cervicsl dllatebion
was assessed by veginal exominebions. Rootal exeminsbions were some-
“ines posrformed, but were not used in the assessment of cevvical
dllototion Tor the grephic snelysis of lebour,

To obbtein en objocbive assessment of the rate of progress in
lzhouy before and afber epidurel bloek o groph or Partogrem (Rodesch
gt al, 1965) was consbwuebod in votrospeet fow cach patient, Cerviesl
dilatetion was plobted egelonst time, Friodmwen hes used this method for
the study of nany thousands of labours in meny types of pabients
(Friedmen, 195h, 1955 end 1956; Friedman ond Sachileben, 1961a, 1961b,
19620, 1962b, 19630, 1965b, 1565), Friedmen (1965) from his wide

pxperience, bolleves thet'because dilaetation of the cervix is the
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rosull of all the dviving foroe of ulerine contvapbions acting upon
the uberine conbents and agadnst the rosistence of the mebternel soft
parba® the study of the rale of dllataltion of the cerviy ls "Uhe beost
jmdex of progress in lohour,! Frledmen (1955) feom ox analysis of
500 pomal primigrevid lebours found thelt tho noymal cuvve of corvical
ddlatation du primigravidee i Seghoped, Thers is an inltial lotent
phose of aboul 10 hours duvebion., This ls folloved by sa active phose
which beging when the eeoxvixz is 3 on. dllated, on averspe, and is
aceompanied by vepld corvical dlleteblon to 8 em. or 9 cm. over o
poriod of sowe 4 hours, There is fthenr o finsl deceleration phase
during which the cexviyx reachos full dlatetion ob o slower rabe.
Prieodnonte curve of the average normal primigrovid lobour 18 voe
produced in flguve 2.

hon bhe Parbograms had been consbrucbted for each patliont, the
vobo of cervleal dllatetion from 3 om. (when the sebive phose of labour
usually begine) wnbdl epldural analggmia was daduced was ocompared with
the rate of coxvical dilatabion olfter epiducel block. Wo account was
Baken of the yobe of vervical dilatetion bofore 3 em, The lotent phose
of lobowr was thus exoluded from the ealeulationg, Hod this nob been
done, & false improssion of an increased rate of progress after epldural
bilock might bhove avisen. These pebients hed e much prolonged "ackive
phase” of lobour in which, elthough uberdne sentractions were often
wigorous, cervical dilabtetion proceeded very sluwly, The yesults of

the analysis of 150 Parbograms are sunmayised in Table 33,
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Figure 2.

Rates of cervical dilatation in normal primigravid labour and the
three basic responses to epidural analgesia in inco-ordinate labour,
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mebla 33

Lo T2 SR AT

The Rete of Cerxvieal Dlletabion after Epidural Block
in 150 Casos of Inco-ordinate Uterdine Achbion,

Rete of Cervical Dilatation No. of Patients | Percentogo
Incroased by more than 3 bimes 6ls. b3
Tnoressed by Lk to 3 times L3 29
Unaltored 29 19
Blawed W | 9

It can be seen from Yeble 35 that in 72 por gent of cages the
vabe of cexvicel dilatetion wos inereased by ot least Lt times wnd
wes astually sloved du only 9 per cent of cases after epidural blocdk.

Flgure 2 shows voprogsenbelive partograms illusbrabing the three
bosic types of yesponse o opldurel aswalgesic. The curve of normal
lehour in prindgravidae is also depiched.

Ié appoows that in the majority of cases of dnco-ordinate uterine
aotlon, epilduval analpgosie speods up & mch prolonged active phase of
labouw,

An oxybocin {Syntecinon) infusion was used in 48 cases in the
whole series of 224. There was no cousistent policy on the use of
oxytocic dwugs dn the fivet sboage of labour and some of these infusions
were glven for o shoxd period only. It wmey be that a moze liberal use
of thls therapy would have improved utexdne seblion, espocially in those
pationts who did not vespond to epldurel enslgesla by moro rapld

dilatation of the cerviz (Moir end Willocks, 1967).
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Logodynamenetizny

A puovd-ving Gocodynanonetes (Smyth, 1957) wes uzed for the
exbernal recorddng of ubterine contractions in 14 patients, Smybh
(2957) cleimed that this inctrument gives pyecise quantiltetive
roadings of inbro-uterine prossuyes. Perker (1965) oleimod theb
quantisative veodings weroe obbteinod only if thexe wes sfeguate llquor
ommid present, Duggen ond bis colleoguen (19466) compared the values
obbadned for lutra-smnlotic pressure with o tocodynemomotor with
those obtrined by diroot intyra-pniotic manometzy ond Pfound a poor
corrolation,

The tocodynamometoy doos glve o useful vicuol indication of the
frequency and durabion of uberine condractions and o »ough indloabtion
of thelr spbyongbh. No abbonpd wes made to cssess auantitetively the
intra-uborine pressures, %The tolally dlsorgenised pebbtem of the
conbrootions in incosordinate uterine sotion is illustrated in figure 3.
Vhen tracings were token befors and sftor epldural block there wag no
merltod oltorotion in the irromular pattorn of uterdne activity, cven
although the rate of servicel dllatation inoreased. Other workers,
uging the move seneglblve end guentitative tochniquo of lntra-gmniotic
nenomotry by en intye-uberine cennule have observed o revorsion from
the obnommoel petteins of inco-ordinste labour to those of nomel labour
Pollowing lumbar sympethetle block (Caldsyro-Bereie and Alvares, 1952;
Hunteyr, 1963).

One petient in Che present sories showod o 15 minute perloed of
uterine inactivity folloving en eplsode of moferato hypotension

(systolic blood pressuve 95 mu,Hg.). From theiyr studies of uberine
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activliy during opldurel anelgesie in nommel labours, Vaslela ond
his colloagues (196k) conclude theb hypotension 3o the only feature
asgooletiod with opidursl snalgesia whioh moy impair uberline activiby.

Those worlors mecovded intra-amniotic pressures directly.
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Hothod of Nelivery
The mode of delivery in 224 pationts who hed continuocus spidural

analgesin for inso~ordinate uborine action is shown dn bable 3h.

The Method of Delivery in 224 Patients with
Inco-ordinate Uterine Action who Received Epidural Block,

Tiothod oF Delivory Numbor of 0oseS Poreentoge
GCovsarcan Seobtion 5h, 218
FPorceps 13h. 59
Vaguun oxtrectlion 29 1z
Spontanecus verbox 7 3

Ceesarean sectlon was povformed da 54 patients (24 per cent).
The operation was performed in the second stage of labour on ton
geoasions. A Brisl of forcops delivoxry hed besn abandoned in seven
gases and 1a three cases veglnal delivery was not abbempted besause
of aniicipated mochanloel difficulty due to cephalo-pelvie disproporbion.
The indloations for Coosarcan sechion included cephalo-pelvic dlp-
propoyiblon, footal disbyess, matermal pyrexia and fadlure to progross
in lobour, Frequently novo thap one of these inddcabions exlsted,
One potlent hod & Coosarcen seobtion for imponding vuplume of & previous
Coesaronn goction scar,

Yorthey enelyols shawe thob the presence of cephalo~polvic dipe
proportlon oxerted a grest influenco on the Copsaresn seobion rabe in

this sexdes of pobtlenis.

Anfonatal evaminstion had oxcluded mejor dogrevs of conbractoed

polvis dn the present 22, pationts. Desplte thig, in 64 coses
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(29 por cont) tho obetebriclan who condueted the dodivery congidored
that cophaloe-pelvie dlasproportion, often in opsoclabtion with o
malpopition of the foetal heand, ceused eppreclable mechanlcal difficulby,
This diffionlty won somotlmes sufflicient to mebe Caoparoon section
nogessory. Semetimes Yhe diognooin of cephalo-polvie disproportion
was made for the flrst time during lebour and in & few instonceg
dieproportion wan not debected wunbil deliveory.

There were 86 women (38 per comt) who were less then 61 inches
tall and thieg doubtloss conbributed te the high ovoyenll incidonce
of disproporbion, Cephalo-pslvic dlsproportion was coneldered to be
propent dn 47 {55 por cont) of thege 86 wmmpll pabticnbs. Bobles welghing
ovor § pounds (3.63 Kg.) were boxn to 32 (68 per cent) of the 47 women
who had dleproportion. O0F the othor 39 women of emall gtabure who wore
not thought to have dlsproportion, 15 (38 per eont) had bobios welghing
moro thon 8 pounds at birth, There is, therefore, confimmabtion of the
findings of Joffeonte (1965) that smelld women who have large babios
ore lleblo $o have inco-oxdinabte labours. This sbnormelly high incidence
of cephnlow-polvie dloproportion was often sssocintod with mechonical
HPfdoulty ot delivoyy, |

Phoproportion was present in 17 (12 por cenbt) of the 138 women
who wore over 61 inches in height. Thexe wero 69 (50 pexr cont) bebios
vho welghod ovor 8 poundp at biwth in thic group of 138 potientis. Ton
(60 por cont) of the 17 potients who hod disproportion had bables woighing
more than 8 pounds,

Thexe wore thus 116 babies woighing over 8 pounds in the wholo

serdos of 22 peblents, so that 52 por cent of potionts with ingo-
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oxdinete lsbour hed large bables,

There were Gh pabients {29 per cent) in the whole serles of
224 women who hafl ¢sphelo-pelvic ddsproporticn, The wothod of delivery
is shom dn beble 35, accoprfing to the presente ox cbsence of dipge

Proporbion,

Lable 35

Kethod of Delivery in 224 Cases of Into-ovdioste Utorine Action
Aocording o the Prosence of Disproportion.

' ' %{Q&%ﬂ, with dlg/portion 160 pats, without a6/ porti.on
Nothod of delivery |Noi of casos T Porcontagt | Nos OF Gasod | perconbage
Caosarcan poobion 3 53 20 | 12
Foreeps a7 52 107 67
Vacuum oxbyection 3 5 26 16
Spontanvouns verten jrai Nil 7 3

Toble 35 shows striking differencesn in the method of delivery

according to whother dispropovtion was prosent or shsond,

Cocoerean

seetion was porfoxmed in 53 per cent of the group of o petients who

had gepholow-polvie disproportion end ian only 12 per cent of the group

of 160 women who 614 nob have disproporbion.

foosaveen scobtion were offen different in the twe groupn.

Pha dndleations for

Aotuel op

entlcipated mechenicel dlfficalty ob deldvery was the princlpel

inddcation for Cacsovean section in the group with dlaproporbion. In

the group In which dlspropordion wes ebsont the welabively smell number

of Cassovoan secblions were porformed fox foetal distress, mebornal
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pyveria and failuro to progress in lebour,

To debemming whether the presence or ehponee of cophalow-polvie
dspropertlion influenced the rvabte of cervicael dlababion during
eplinrel analgesis, the 150 lasbours which were anslysed grophically
woye subdlvided into o group of 47 labours assoplabod with dloe
propovhlon ond o group of 103 lebours in which dlsproporbion wap

not & feature. The zeoulbo of this avalysis ave showm in tehlo 36,

Bohle 36
The reto of corvical dilataobtion duxing opidurel analpesia
in 150 incowordingte lehours,
according to the presonce of dlsproportlon,

Rote of hi COBGE WALH GL6/DOPLLOR | 105 00pos Withous O4e/portin
Corvicael Dilotabtion |NO. OF OREOD | FOFOONULE® | NGs OF GOO6GD | POVCOnGano

Ingroased by wore

thon 3 dimos 19 30 hh L2,
Tnoreased by 1k

to 3 timos 12 26 31 30
Unaliored 10 ) 23 19 18

Slowed 6 13 3] 3]

It lp evident from Teble 36 that disproportion exerted litile
influence on the rabto of corvieal dilutation duxing epidurel analgesia.
The rave of cervigel dilateblon ineressed in 74 per cent of potients who
434 not hove disproportion and in 66 per cent of thoso potieabs who had
dgisproporilon,

Having showa that cephalo-galvie disproporbtion markedly increases



the Coeseycan secbion rabte bubt has only a mmall, ond pexhops
inglegnificant, lofivonce on the vate of cervicel dilabtation, i% io
ney desiveble to assess the influcnes of dlsproportion snd the rete
of corxvical dilatation on the mothod of delivery, Conpequently the
150 lebouwrs which wore anelysed graphicelly were subdivided sceording
to the ratos of cerxylonl dllefiablon snd the progence ox sbsence of
ddoproportion. The Ceoseroan socbion rebes were then celoulated for

ench group (see Toble 37).
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It is sosn from table 37 thel in the abpence of cophalow-polvie
dleproportion the Ceesexean gectlon yate woes only 4 pey eent if the
corviz dlloted move waplidly during eeidurel analgesis ond thet the
Coenarean pecbion rate rope to 57 per cent in the minority of potients
who did nobt have en ineveased rate of cervicel dilebation,

Whon dilsproportion was present, the Ceesarcan secbion rate was
45 per conbt evon when cervicwel dllaobation progrosped more ropidly under
epidureld, anclgesia. The Cassoxoan seebion wote wes yob hipgher (69 per
ocond) AP thero was both dlaproportion and no accslervetlion of corvicel
dilatation, |

Thoge figures confivm thot L cephalowpelvie disproportion io
propent then Qoosercan seeblon will be required in roughly helf of
all pabionts who hove incowordinebo ulerine sotion and that the
prinelpel yoason fox porforming Caosarean soction will be meehonicel
dlfPieulby end not fellnve of cervieal dilotabion, ab least when
opiduval enalgesise is usod. In the ebsence of disproportion, the
probabillty of a voglnal dellvoyy is high, ospeoislly i0° cerviesl
dilatation proceods more ropidly under epidural anelgeois, It may de
anbleipoted that ebhout 75 per cent of pebdients vho 4o not have disw
proporéion will have an improved vobe of cervieol diletation under
opidural onolgesis and thot unlons some extrencoup factor, such os
foetal dlebyress, intervenes thea vagianl delivery shonld be ashieved

with safoby,.



187

Parinetel Nortellby

There was ong sbill-birth and fwo neonsbal deabths in 22
deliveriens alfter ince-ovdinate lobours maneged with eplduvel anelgesic.
The perdnshbel movballity was 1.3 por cenb, These perinabel deaths have
bosn inoluded in the total perinatal morballty Loy the vhole scries of
492 obetetric epldurel blooks (see page 162),

The stiliebipbh wos the result of lantre-uterine doath during a
first stege of Jobour whieh bhod alveady lasted fox 30 houvs, DBpidural
analgesis hod boen induced only two hours befors the death of the foetus,
Foebel death was atbributed o Inbra-utorine hypoxie apsociated with
poor plocentel clrouletion and mebernal acldosis with electrolybe
dmbalanoe and dehydvablon, The biochemical upsets in the mother
probalily crosted an intra-utorine eunvivomment in which the fostus
could not survive. There was no werning alleration of the foobal
heeyt rate nor passege of mecsonium,

The two neonatel dosths wore due to obstebric tvoums ab dolivery
in poblents with cophalowpelvic disproportion, One infent wes delivered
with some Aifficulty by forcops and died thoe nexi daoy of lutre-craniol
hoemovihogo, Tho obher lnfent died of Inbroecroniol haemorrhege when
5 hours old,. An sttomp?t had been mede o deliver this Infant both by
ioyeeps and by the vacuunm extractor. Vhen these abiempts failed
Coesarean sectlon was parformed. Cephalowpolvic dlaproportion was
dlegnosed fov the first time during the abtempls o veginal delivery.

Tpldurel enelgesie played no divect part in any of these dooths,

wvhich ave due bto obsbotvic hazards essocinbed with prolonged lebouxr end



@ffioult vogined delivery., & perinebal mortolily of 1.5 per c¢ent is,
nevertheless, not unsatisloctory for these abnormal cases. The three
perinetal deaths occurred in the group pf Ok palients who had cophalow
pelvic dlaproportion end the perdantel mortalliy rabe for this group
48 L7 per gont. The perinotel mortelity for the 160 cases of incoe

ovddnate vberine sobtion unconplicated by dispropoxtion was zZero.

A suryey of these 22k pablents with lneo=ordinato uterine ection
byinga to light Peatures which have previously been observed by othems,
nobably Mecras (1949) aud Jeffcoote (1961, cnd 1965)., There wes a high
incldonce of young primigrevidee, shorb mebernsl sbabure, large foetal
sige, ccelpltowposterlior peosition, postmeturity ard prolonged rupbure
of the mewbrancs. Almost all potients had ot loest some of tho foaburues
of tho syndrome of woternel distress. Yhese pabionts suffered mich pain
whioh chavacterieblenlly took the form of sovore snd almost unremibiing
backachs.

Hechanlenl GLLPiculty in lebour end duying delivery bocause of
varying degrees of eephalospelvic dlsproportion occourred frequently in
the gizesble group of petionts of short stature who hed a large baby
and an ogciplbo~posterior position, VYhen dlsproportion was present tho
Cocsercan section veabe was increased by almost flve Gimes, slthough
disproportion had ittle offect on the increased rate of cervical
dllatabion which usuelly folloved epldural blosk, Cassereen section
wes pexformed on 55 per cont of the 64 patients who had disproportion

and the operation was porfomoed primevily becaune of the nmechanical



preblem which thesge pationts prosented,

Vevertheless, in the preosence of minor degrees of cophaloe
pelvic disproportion, the ection of the uterus mey be tho deciding
factoy in achioving cervicel dillatotion end descont of the prosenting
part of the Foebus. This factor connot be assessed in the primigravid
pationt until lebour hogins. It has been showm, by graphic analysls
of 150 incow-ordlonate lobours, thot ubterine acbion lmproved, somotimes
drematicolly, in 72 por cont of poticnts after epiduzxal block ond
that uborine asclbion worsened in only 9 por cent of pé,ﬁ:wnﬁs. The
diffioulty owporienced in detecting minor degreen of cophalo-polvic
disproportion enbenatally has beon mentioned and ocoasionally the
mechawicel probleom was not spprocistod until operative veglnel
delivery was obiomptod, This was the situabtion which contributed
directly to bobh neonctal dsaths In this series.

The perinatel mortelity was 1.3 per cent and is low for e
series of pyolonged 1&boum, Compayieons with other published daba
are @LECLcult because wvardious definitions of prolonged labour axe
used ond ceses of ineco-ordlnate uberine action are sometimes
included with prolonged lebours due te other caunpes., Taoble 38 lilsts
perinstol mortality rabos in prolonged laebours obbained from British
and Trioh motevnity hogpibal woports,

o/
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Lable 38
Perinatel moxbality rates in prolonged labours

Duration of Lebour Pevinetal Moxbality(Z

Royod HMobornity Lo6DL G0k

Polfast, 19063, ovor 25 hrs 2.5
Idverpool Metesnity Hooplbal,

1963, over 36 hro. 5e3
Queen Charlotte's Mabtornliy

Hospiltal, 1963 over 36 hys, 3ok
Natlonal Maternity Hospital,

Dublin, 1964 over 36 hro, bl
Rotunde Hospibal, Hublin,

1064, Not stated be3
Royel Haetoxandiy Hospitol,

Belfast, 1965 over 2h hrs. 5.6
Royel Maternlty Hospital,

Glapgow, 1962 over 4.8 hys. 746

Goodwin and Reid (1963) obsorved thet porinatel mortality rose as
labour longthened. After 24 houwrs of lobour the peydnatel mortelity
roge Lo almost 5 per cend, st 36 hours the Pootel donth rate was almost
7 pex cont and ab 44 hours the perinotal morxtelity had risen shorply to
ovor 20 per cont, Coodrin end Reld sleo roecorded a shayp ¥dpe in the
incldence of footel dlstress aftor 56 hours of lobour.

Thore are seversl possible oupleonabtlons for the low perinntal
morbolity ia tho present sewdes, Firstly, thore were no premebure infents
end prometurity is nowmellyassoclated with an incroesed foetal loss.
Secondly, thore was tho avoldance of the lerge dopes of oplobe dwugs

whdeh avs usually adninistorod to patients in prolonged labour, Incom
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oxdinabe lobour is believed to be assoclabes with o reduced utoro-
placental blood £low end consoguently with latresubterine hypoxie
(Ponica end Huntor, 1965). Johnson and Cloyton (1965) measured uberos
plocontol blood flow by a radio~active sodium cleavance techniguo and
obsorved o 60 por cout veductlon in blood flow during prolonged inco-
ordinate labours menaged under conventilonel sedatives end anelgosles,
then epidural snelgosie wag used, the mmdugtion in ulerowplacental
blood £iow evoraged only 20 per cent, There wes only oie footal denth
in 28k ince~ordinede lshours maneged under opidural anelgesic and it
s possible that the absence of any substential redusbion in plecentel
blood £low contribubed to this rosult, Whon epldural snalgesia was
induced, introvenous fluid thorapy was also given to correct mabernsl
dehydretlion, cleoctrolyte depletion and kebo-geidosis., This can only
have improved the introe-utorine enviromment. Porheps all these
explenations ave appliceble and there is no ovidence that the use of
epidurel enalgoesie in prolonged labour is harmful to tho foetus., If
foetal death oceurs it ls moxe likely to be due to obstebile causes.
Broesslve maternel hypotonsion is probably the only potentially hormful
effect of epldural block,

It has boen demonstrated thab epidursl snelgesie 1s associlated
with on dmproved vate of cervicel diletadion end thervefore with o more
efficlent type of utorine nobion., The procise mochanism of this achion
is vncertedn. Hyportonic dnco-ordinate utorxine action is thought to
be assocleted with an imbelence bebween the syupathoebic and perasympathetic

neyves of tho uberus vesulbing in sympethetlc dominance (Willoon ond



Alesbury, 19913 Caldeyro-Borele ob ol, 1960). Lumbar epidural
anglgesio involves a blockede of the lmber and lower thoracio
sympethotie nerves., Hunber (1963), by recording intrasamniotic
prossures hos demonsbrated the development of o nowmal pabloin of
vberine activity afler lumbar epiduval block in cescs of hypertonie
inco=oxdinate uterine acbion,

The improvement in uberine action observed in the progent series
agondd heveo move then one explonatlon, Wewrine blood flow was probably
dmproved by oplduval block (Johnoon and Claybon, 1955) end this mighd

heve improved myometrdeld funodlon and rellioved the myomotylel hypoxia

ond motabolle ecldosis wh:mh mney be proesumed Yo have existed in some
coses. Moxk (1961) domonstrated, in vitro, that the myometrium conbracts
poorly in en acid meddum, Honkine and Nixzon (1957) observed wabor and
eloctrolybe dopletion in prolonged labours and suggemsted thot this might
furthexr impodr tho funetion of the uterus., It is relterated thet lnbtraw
venous thorapy with oleotrolyte and pugar solubions was given when
epldural melgesia was induced, It is 111{:@3.3 thet sevoral factors,
including the use of epldural munslgesia, contribubted 4o the improved
utordne actilon,

Finally the poyochological sspocts camot be ignoved, The pabiont
whe hag an incowordlnate labour is ofben embremely enxious aboub herself
end her baby and mey be du o hysterlcel stobe, Veoplng and soveeming are
not uncommon end indloabe a loss of emobtionel conbrol. The effective
volldef of pein by epidural block albers the whole mental sbote of %these

patlonts and 1t is concolvable that this oo may vaduce tho level of
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sympothetio sobivity within the uberus with an lmprovement in ubtorine
action,

The obphebrio policy dn this series of pablents wes, in general,
conservabive, Caopeyeen section wag porformed in 54 (24 por cont) of
22 pebients, Clesyr and compelling obsbebrice Indiections exlsbted for
thepe Ceesarean sectiong. Cephaloepolvic dispropoxtlon was the principal
indleatlon for 3 (63 por cont) of Cacsaveen sections, The romaining
20 Ceosareen sectiong were povformed for feobel disbress, malornel
infection or Lellure to progwess seblsfactorily in labour,

Others heve obtalned accopbeble mosulbs by o nove radleal spproach
to prolonged lebour, Table 39 lists the Coesarean seobion rates and
perinatal moxtelity vabes telen fyom the snwel reporbts of some welle
novm British maternity hosplials in which o radisal policy has been

pursued,

Iable 59

Coosarean sectlon and pevinetal morbelity wobes for prolonged lebour

Cant. soobion robo  Perinotal morbality

(pox conb) rate (per cont)

Royal Mabewnlty Despitel,

Belfest, 1963 80 2.0
Royal Matexnity Hospital,

Bolfeast, 1965 72 Ged
Quacn Charlotte's Maternity

Hospital, 1963 b5 3 ol
Quoen Chazlobte's Maternllsy

Hogpibel, 1962 L0 2.6

Livorpocl Matornity Hospitel
1963 10 Be3
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The Ceesaxean ceobion rates of 80 per cenl and 72 per cont reported
from Belfast refor only to cnses of ineco-ordinate aoblicn without dis-
proportion. In this type of case the Ceesaywen soction vate was 12 per
gent in the prosent sevies, The pewinetel moxbelity ralies of 2.0 pew cent
ond 3.1 per cent in the Belfost series mey bHe conbrasted with the complete
gheenge of fostal loss in case of inco~oxrdlusbe uberine action without
dleproportion in the present lergor serdes, The perdastal movtality
rotes quobed in Tables 38 and 39 do not Justify o policy of early ond
froquent Coegareen secbion in terms of footal selvngo.

Pevhops hanondtorien consldesebions were lunvolved in tho deocloion

to proctice early Cacsorcen section, Vhon epldurel enalgesie dis used,
such congldovations need nob ardse beeause the yelief of vain is almost
complote end enniely Yoo in in levge neapuzre relioved, As o measuzre of
the pain and dlobress which moy be experlapced in en incowordinete

labour managed with conventionol am:‘tgamicza, the findings of Jeffeoate
ond his collecguas (1952) awve of intewrest. In a follow-up of 347 pabients
who had been delivered by Ceesurean section ox by forceps eftey prolonged
and incowordinate labour, it was found thet more thav one third of those
pationts hed deliberateoly avolded further pregiancy. This declslon wns
due to the ezperlence of en incosordinete lubouxr and was uninflucnced by
the mothod of dolivory,

Uhen Caosayeen peetion is parformed Loy ingo-ordivwbe uberine
sobion in & primlgrevid patient, ubewine dysfunction is likely to recuw
in o subsequent lobour 1€ the corvix has nob reached helf dlletabtion in

the firet lebour (Joffeonte ol al, 1952, Joffcoate, 1961), In these



cirounstences o ropest Cooserean section mey well be zequired in the
second lshour. The avoldencs of Caesarcan seeblon ds thus worthwhile
espacielly in the younger primigravidea. Twven tho delaying of Casseryean
section wbil the oervix is move Ghan half dilated is likely to resulb
in a more noxmel socond laboux ond o veminel delivery (Joffeoate b al.
1952), Iu the cbsence of othor indications for Cassevemn sechion,
lehour moy be aliowed to comtinue poiniessly and probably move
effloiently AL opidurel analgosie is used,

The patient who has onee been deliversd by Coosavean section
faces an inoveased visk in subsequent confinomente, whetever the
mothod of delivory on these occasions,

Cavgarean gsation is nob slways an casy or abyoumatic operation
and blood loss may average over 500 ml, (Wallace, 1967). Poste
cporetdve complications oecur ond the risk of thromboemboliom is
six times groater than afbor vaginal delivery (Claye, 1961).

When the peln and dlstross of inco-ordinate lebour hoave been
rolieved, the obstetirlelan can xoview the cese in & colmer and less
emobioned etmospherc. Ho may thon xeflect on the maxim of Williem
Smoliie (1752) that "it tokes more skill to prevembt than to perform
an operabion.” He will try "4o mainbain o belanced perepective
towards the veginel end abdominel routen of delivery im compliceted
coses" (Chasser Molr, 1964.).

Incowopfinate lebour is o major problem in curront obstebric
practioce, The problem arlses in ehout 2 por cent of lsbours (Donald,

1964h). Coeseroon secblon solves the dumedlebo problem bub the



some gequence of events is likely to recur in a subsequent labour,
As wmost paotients who have inco-ordinate lebours axe young primigrovidee,
this e often an dmporbant veeson for avolding Cassaresn section if
thie con be done with sefety., The rvequirvements are the relief of
padn, the control of uberine action and the correction of blochemical
upsebs. Ih is not cloimed that dpidurel enalpgesia controls uterine
agtion but there s good evidenve thet it usuelly improves abnormal
uberine ection wheoun combined with other meosures such as the restoration
of nommel £fluld and electrolyte Lelence and Hhe corzection of ketow
acidoals,

As Wizon (1952) bos sald, “Groat ceublon io requirod in assessing
the volue of treabment in cases of long lebour, It is easy to laud o

ercloulor type of therapy when in foct vis nedicatrixz naturae played

& major pert in the termination of lsbour," Be this as it moy,
opidural enclgesie, ab the very leasgl provides time fox the healing

power of nature to sob lu o pein-free environment,



SEVERD HYPTRIBNSION DURING LABOUR

Severe hypertension is defined, for the present purpose,
as o systolic blood prescure of 160 mme Hge or higher and o
diastolic blood pressure of 100 m..Hg. o2 higher.

In the present total gseries of 492 epidural blocks,
42 were carried oud mainly beczuse of severe hypevtension
during labour, Continuous epidural snalgesia was given to
34 patients in the firet stage of labour snd 8 patients
received o single~ghot epidural block in the second stego of
labour for forceps deliverye The cause of the hypertension

was believed to be pre-cclempsia in all casess The diagnosis

of pre-eclampsia was based on the presence of severe hypertcension

and either oedema or albuminuria. Sometimes all three coriteric
were presente A few patients had viewal disturbances or
headachess There were no cases of eolampoia. The level of

- hypertension wos sometimes far in excess of the minimum value of
160/100 mm.Hg. (seo table 40).

Conduction analgeoia has been used by & number of North
American workews £0 lower the blood pressure in severs pree-
eclampsiso. Inmbar epidural analgesic weo used by Lumd (1951),
Ostlere (1952), Mylks (1960) and Bonica (1965) and cendal
anglgesia was used by Whitacra and his collesgues (1948),
Continuous eubarachnoid block wag preferred by lNeBlrath ond

othere (1949), by Jones and his collengues (1952) and by
Puohy (1952).

197



Only very 11mite&fﬁggggégniaenfm@de of condugtion
anelgosia for the control of hyyerﬁéneion in labour by British
workers. Bryce-Smith and his colleaguen (1949) reporied
e case of eclamppia treated in this way and six casaes of
severe pre~oolampsia wore treated with subsrachnoid ox
caudal block by Bn&ce-ﬁmith and Willioams (1955). Scott
(1955) reported the satisfactory use of lumbsr epidural
analgesia, in two patients in whom bromethol had failed to
control blood pressure. Bince 1955, there appear to have
been no reports by British workers of the use of conduction
analgesia in praweclompsic.

Deseription of Cnses and Resulis,.

Bpidural anslgesio was administered to 42 patients in
the firat or second stage of labour principally because of
hypertension of at least 160/100 mm.Hg. in tho preceding
two hourg. All patients had received substantial doses of
pedative and analgesic drugs such as morphine, pethidine and
promazine without a reduction in blood pressure to below
160/100 mmJHg,  Bromethol had been given per rectum to
7 patients and this too had not satisfactorily reduced the
blood pressures

In addition to severe hypertension, 18 patiente hed albuminuria
and 39 patients had oodema. No fits occurred, but in several

oages, the risk of eclampsia must have been high. There were

C0
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36 primigravidae. The period of gestation was less then
36 wesks in 6 potients snd less than 38 weeks in 8 potients,

All patients were estaklishad in labour when epidural
analgosis was induced and labour was usually painfuls The
analgesic effect of epidural block was of wvalue, in
addition the hypotensive effect. Uterino action was ince-
ordinate in 10 patients and in these labours, the improved
rate of cervical dilatation which ls usually associated with
opidural analgesie vas dso valuable. The high ineidence of
painful and even ilnco-oxdinete labours mey be due to the fact
that 86 per cent of the patients were primigrovidee. Also
there moy have been a tendency t0 seleet epidural annlgesia for
painful labours.

The techmique of epidural analgesia was that described
on pages 17 40 19 for obstetric analgesie or for forceps
delivery and two per cent lignoceine with 12200,000
adrenaline wos uoeds An important modification was made
when administeoring top-up injections. It wes observed that
hypertension often recurred about 30 minutes before the pain
of uterine contwoctions was again felt. Top=up injections
wore therefore given vhen the blood pressure begen to vise
and not when pain recurred. Injections were commonly
reguired at intervals of about 90 minutes, rather than at
the 120 minute intervals usual when epidural onalgesia was
nged golely for pain velief. Figure 4 illustrates &

typical record of blood pressure in a cage of severe pre=



200
eclampsaia mansged with continuous epidural analgesia.
There were 38 forceps deliveries or vacvum extractions,
3 spontaneous deliveries and one Caesoreon section. The
Caeparean section wap performed for inco~-ordinete uterine
aotion and cephalo=pelvic disproportion, rather than for
pro=eclonpaic.

Porinatal Mortality, There were 4 perinatal deaths, The

totel perinatal mortality rate was 949 per cent, One of
these infants died of severe congenital ebnormelities,
incompatible with life. The corrected perinatal montlity
rate was 7.1 per cent. The single stillbirth rosulted from
intra~uterine death in patient who had o bleod pressure of
240/150 mm.Hg., albuminurie and oedems at only 34 weeoks
gestasion. The foetus died of hypoxia during labour,
There were two neonatal deaths, the first from introe-
eranial haemorrhage and the second from the respiratory
distfess syndrome in a premeture infant,. None of theee
deaths was attributable to epidural analgesia and a
corrected perinatal mortality of 7.1 per cent is
substantially lower than is usually observed in severe
pre-cclampsia (Seeton et al, 1950; Browne and Veall,

19535 Baird et al, 1957; Rastman end Hellman, 19613
Greenhill, 1965).

Bypotensive roesponse. In table 40 the 42 patients in

thig series are divided into groups, according to the

pyetolic and disstolic blood pressures before epidural



block.

TADLE 40

Blood pressures before epidural blook in 42 patients
with severe pre~eclampsia in labour.

gggeéggei Diastolic blo e auie

Hoeof Hangﬂimm.ﬁg.a %ﬁg of
gases , . gacen

200 - 240 6 140 « 170 5

130 - 199 19 120 « 139 18

160 - 179 17 100 - 119 19

The maximum £oll in systolic and diastolic blood pressure wap
noted after each epidursl injection including top=-up injeetions.
There weve 135 injections in 42 patients. Table 41 shows the

everage changes in blood pressure after these injeotions.

PABLE 41

Mean reductions in systolic and diastolic blood pressure
after 135 epidural injeetione in 42 patients with severe
pre~eclampoio in labour.

Systolic BP;JDiaatGIic P

_ Absaxgtﬁ peduction
Hﬁyatolie DPJ Diastolic BP,

!mmgm}.) gm.ﬂgo) -
| eantd tana . .
Dovne  [38.2%1844 | 274621446 23.7410,9 | 26.4%11.8
Ronge 0 40 100 0 to 75 0 t0 56 0 to 53




DIS ON.

The aetiology of pre~eclampsia is uncertain although
much iz known concerning certain aspeots of the disease and
the factors sascciated with pre-~eclampsice

Approximately 75 per ocent of patients are primigravidee
(Germell, 19545 Clough, 1958; Eastman ond Hollmon, 1961),
Labour in primigravidae is usually more painful and
prolonged than in multigravidae and in such cases the use
of epidural analgesia can relieve pain es well as control
hypertension. According to Bonice (1965) the uvterine tonus
and the intrageammiotic pressures are often high dwring lebour
in patients with pre~cclampsine. This situantion is likely
t0 be assoociated with a painful and perhaps prolonged
labour and such labours occurred in 1l patients (26 per cent)
of the present series. As hasp been already suggested, the
high incidence of inco~ordinate labour may have been due to
2 blas towarde chosing epidural analgesia vhen both
hypertension and prolonged labour were present together,

The systolic blood pressure in normal patients rise between
10 mmeHlge and 20 mnmlig, with each uterine contraction in
labour (Hendricks, 19503 Adams and Alexander, 1958) and
there is an impression that the restlessness sometines
assoclated with painful contractions is particvlerly likely

t0 vraise the Hlood pressure further in pre-cclompsic.

2072
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The perinatal mortelity ie high in pre-eclampsian, Mild
pre~eclampeie hag an average perinstal movtality of 10 per cent
and severe pre~cclampsis, which is defined by workers in this
fiold ag pre-colenpsis aspocisted with & blood pressure above
150/100 mmeHg., bas an sssociated footal loss of about 27 per
cent (Sexton et al, 19503 Brown and Verll, 1953; Footman ond
Hellman, 1961; Greenhille 1965).  The perinatel mortality
wag Tel per cent in the present swall geries of vevere capen.
Some of the perinntal deaths in pre~eclampoic are due 4o
prematurity, which is often zssoviabed (Baird ot n2l, 1957) and
premoturity wes prominent in the present series. Introe
uwterine death of the footus may ocour and mnay be due to
hypoxia consequent on a wveduced uterowplacental blood £low,
There is evidence that tho uteroeplacental blood £low is between
25 per dent and 50 por cent of normal in gevere pre-sclompseia
(Morris et al, 19553 Wright et al, 1958; Little and Bannicter,
1959)s  7The placenta is prematurely agedj there is a
reduction in sime of the inter~villous space and areeg of
lscheenic necrosis and infarction are commons  Although the
healthy placenta appesrs to have a bleod supply which ig more
then sdequate for its needs, the situation in sovere pre-
eclampsia may be perilous for the fostus. Intrasuterine
death from abruptio placentoe moy ocour in pre~cclampsio.
There were no such cascs in this series, a factor which may

have contributed to the low perinatal mortaelity.



Do
<D

A

Severe pre-sclampsie moy heve associanted offects which
influence the choicao of annesthesis ond analgesin. Liver
function may be impaived (Diekmann ot al, 1951) and hepatic
blood £low may be reduced (Murrell and Taylor, 1947)e In
severe oases, pulmonory functions mey be affecteds There
is congestion and oedema of the mucous membranes of the
entire vespivatory trect with excessive amounts of tracheoce
bronchial secretions and pneumonitis end pulmonary vascular
resistance mey beo inoressed (Bonica, 1965)e  Renal blood
flou mey be reduced and renel function impaired.

Pre~cclampsia and ite complicatione atill eccount; for
o number of maternal deaths. Until recently, epproximately
cne quarter of the maternal denths in the U.S.A. were due to
pre-colenpeis and eclampeia (Bastman and Hellman, 1961).
Hypertension directly causes some of these maternsl deaths
from cerebro~vasculer acoldents or left ventriculer foilure,

It is genrally believed that the widesprend effects of
pre~aclenpeia con be explained on a basis of genoralised
arteriolar apasm which is ceused by o cirenlating pressor
substonce (Munter and Howard, 19613 Bastman and Hellmen,
1961),

Most treatments for severe pre~eclampeia end eclampsia are
based on the depreseion of the central nervous system with
large doses of sedative end navcotic driage. Occasionally
canglion=blooking dpige have boen used to lower blood pressure

in very severe cases.



Basal norcosls by the veoctal administration of bromethol
wae introduced by Dewar and Morvis (1947) and is stilld
probably the moat popular treatment £for sovere ﬁre-eclampeia
and eclampsio in the United Kinpdom.  Althoush often
effective in reduoing blood pressure and in preventing
convulgions; there are dangernus side~effecto of thio
form of therapy. The patient becomos unconsgeious if
large doses are administered and pulmonary complications
are common. Bromethol may cause further hepatic damage
$0 a liver whose function end blood supply awe alrendy
impaired. Absorbtion from the rectum is uncertain and an
unknown quantity of the drug may be expelled from the
rectume. Bromethol is a poor analgesic and rcostlossness and
hypertension may ocoux in association with painful uwierine
contractionss Bromethol end all known sedative and enalgesic
drugs freely crose the placental barrier znd may cause
respiratory depression at birth in an infant who s often
premature and moy already have suifered L£rom hypoxie in
utero. .

Bonica (1965) believes that conduction enalgesia io
specially indicated in patients who have severe presaclompsio
in labour and that contimuous Jumbar epiduval enalgesia ie
the method of choice. The writer chares this beliefs There
is a fairly predictable hypotensive effect from epidural

block. In the present series the systolic ond diastolic

blood pressures fell by 24 fn per cent and 26 <12 per cent,
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raopectivelys A dangerocusly high blood prescure of
220/130 mmJHge is likely to fall to about 165/100 mm. HE,
after epidural block and o blood pressure of 160/100 mn.Hg.
will probably be reduced to approximately 120/7% mmelg.
Ronien (1965) zightly strosses the danger to the fotus of
excessive maternal hypotension and guggests restricting the
£2ll to 35 pex cent or to & lowar limit of 200 mmelig.
syotolic. Excessive hypotension end conseguent impalrment
of the uteros~placental blocd flow is probably the only
gperious hazerd of properly administered opiduwal analgagic.
Hypotension will usuelly respond to plecing the patient in
the left lateral position and if essential a vasopressor
dreng may be g:wen.

If nypovtension constitutes a veal threat o the motherlo
life and health, the :z?mké of excesgive hypotension for the
foetus may be conmideretd acceptable. The risk to the foetus
in small if the mateenal blood pressure io carofully monitored
and treatment is immediately instituted for the corvection of
hypotenslone.

Bonioca (1965) listo the advantages of epidural analgesia
a6 offoctive contyrol of hypertensions comploteo analgesia and
reduced excitebility during uterine contractions with less
hypertension agsociated with the contractions, increased
uborine blood f£lowg shsence of heymful effecte on tho heart,
lungn, kidnoyo and liver; the evoidanco of wespirvatory

deproseion in mother end newborn infant; a reduced load on
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the heart becouse of a reduced venous return end the
ability t0 perform Ceoesavean section if required and to
continue epidural block into the postpartvn period.

Severe pre~eclempela becomes lessg common a8 antenatal
caxe improvos. When it does ocdur there is o challenge
to the obstetricien end to the ancesthelist who is willing
t0 accept tho chadlenge. It is the writer's belief that when
hypertension presents o real wisk to the mother in lebour then
epidural anslgesia is at present the treatment of choicae,
Epidural analgesia should reduce blood pressure to veasonable
lavels and reduce the risk of the potentially fotal complicetions
of hypertension. It is not implied that redueing the
maternal blood pressure will always prevent the development of
aclampsice

The writer acknowledges the apsistance of Dr. Jomes Willocks
in the collection of the data concerning tho earlier cases in
this series and in the discussion of oome of the obstetric
aspects of the problem of hypertension in laboure Tho views

exprassed are, however, entirely those of the wiliton.



INADRCOUATE ANALGESTA TROY CONVENTIONAL MBPHODS

This was the indication for 132 (32 per cont) of
408 continuous lumbor epidural blocks. All the patients
wore primigravidae end their lobours were more painful
and sometimes more prolonged than uwenale Thegse laboure
vere not classed as being inco-~ordinates The foetal
ogoiput was in a posterior position in 81 ceses (61 per
cent) end this malposition is often associated with o
rather prolonged and painful labour, particularly in
primigrovid patients.

In retrospect, meny of these pationtn seemed to be
peychologicolly illesuited to childbirth. Thove were o
number of young unmaryied mothers. Patients of vewy high
and very low intelligence seemed to be commone

In these normal and neorly normal labours, continuous
opidural snalgesia was requirved for an average of H.1 hours
and taochyphyllaxis was not a problem.

Hothod of Delivery Delivery was by forceps or vecuun extractor
in 123 pationts (93 per cent) and by Coesarenn seetion in 2
patients (1.5 pox cent)s Thewe were T spontoncous vortex
deliveries (5 per cent).

Perinatnl Mortality — There were 2 stillbirths (twins) ond ono
neonatal dcathe The perinatel mortelity rate wes 243 par cent.
The neonatal death was due to congenitel malformations and the
corrooted perinntal morielity vate was 1.5 per cent.

The twin etillbirths were probably due o intra-uterine
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hypoxio during an episode of maternal hypotension during
epidural annlgesic. The supine hypotensive gyndrome mey
be commoner and more severe in itwin pregnuncy becounse the
large and heavy ubterus with its contenis way press move

heevily on the inferior vena cavae

SCUSSION

The immedialte benefit of epidural anslgesin in a normal
© tut painful labour is simply the prompt end suwstained :ﬁelief
of all paine It has proved to be of oonsiderable value %o
know that this reliof io avallable when conventionnl analgesico
fail,.

Most pationts obtein an acceptable degree of pain relief
from systemic and inhalationnl anslgesics and epidural nnalgesic
is not necessery for these petients. Nor would it, at present,
be desireable 40 use epidural annlgesia in the majority of
normal labours. Ansesthetists and obstetricions could not
ocope with the work lond which would be created and the high
percentoge of forceps deliveries involved would radicelly
alter obstetric policy end displace the midwife from her
present position.

Nevertheless, a subgtential minority of women suffer a
good deal of pain in lebour and this pain io not always
satisfactorily relicved Ly conventional methods. 4 recenti
survey in Bheffield (Beozley et al, 1967) indicated that
40 per cent of recently delivered women congideved that they

had recoived insdequate relief of pein in labour. Systomic
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analgesice, incluling pethidine, mowphine snd dismorphine
hed been freely ndministered and inhalationald onalgesies
end paracervical blocks had alpo been uoed,

In normedl lobour eopidurel analgesia shounld be induced
when the presenting part of the foetus is engnged and the
carvix 4o 6 ome to 7 ome diloted in primigravidae and
5 eme to 6 cm, dilated in mulbigrevidee (De Jong, 19613
Moore, 1966)? At these times lobour io well establiched in
ﬁh@‘ggtive g@ggg‘(ﬂwieaman, 1955 and 1956) and io enteriang
itévgmat yaiﬁful gtoge. Epidural analgesia should then only
be vequived for a few hourse In the writer's sorien,
analgesia wes mainteined £ox 5.1 hours on average in nomal
lebours end 1l.l hours in ingo-ordincte laboursein Incoe
ordinate labours, epiducal block was often indvuced when the
oervix was less than 7 cne dilated in primigravidae.

Graphic analysie of lobour and intraeuterine manometry
have shown that epidural annlgesia has usually no effect on
the progress of normel lebour although in o few cases progress is
spooded (Fricdmer, 19553 Friedman et al, 1960; Vasicka ond
Kretchmer, 19613 Cibils ond Spackman, 1962; Alewonder and
Franklin, 1966). Probably the only importent effect of
epidural anslgesia on uterine activity in nirmel labour io
the trensient insotivity which may accompany maternal
hypotension (Vesicka et al, 19643 Moir and Willocke, 1966)
The asetion of the utcrue ie essentially antonomous during

eoteblished labour and interpuption of ido sonsory or motor
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innorvation seems not to affeot contractibility (Moowe, 1966),
There 18 thue probably an importent difference betweon normal
lobour and incoeondivate labouw, In the ¢apo OF incOe
ordinate uberine actiony there is thought to bo overaotivity
of tho sympathetic nerves of the uterus (Willson and
Alesbury, 1951, Caldegro-Baroin et al, 1960) end epidural
onalgening a8 has been denonstrated ofteﬁ improves uterine
action, perhopo by the asscclated sympathetic blockedo (Hunter,
1963).

The :ordeﬁﬂ‘éelivery rate was 93 per cent in this
gerios of 132 painful, but not inco-cwdinate lebours, However,
the foetal ocolput was in o posterior position in 6l per cent of
these patients during labour, so that foreeps delivery would
often have been required, whetever the method of snalgesic.
Moore {1966) has found that with sntenatel and intrapartun
tuition and encouragement, 50 per cont of pationts can have a
apontancous delivery vndor epidural analgesine Even when
obptetric conditlons ave suitable for spontencous delivery,
“the pationt does not usvally make involunfary expulsive
effortn in the scoond stage of laboure This ip becounse if
perinend ancenthdbic im present, Fepguson's weflex is
interrupteds Voluntory expulsive efforte avo ptill possible
andy as the writer has demonstreted, there is no important
degree of parelysin of the ebdominel muscles during wpidural
analgesie (Moir, 1963 ond thio thesin)s It oppears that the

skillful veo of the chatetric fovceps in the absenoce of
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nechaaicad difficuliy may be assoclated with o pevinatel mortality
which io 1o greater then that associeled with spontancouns vertex
dolivery (Byirjesy and Pierce, 1964; Tewnent, 1965).

The asdvantoges of continuous epidural snalgesis in
normal lebour are perfeot pain relief and the evoidonce
of drug incuded neonatal respiratory depression. Should
operative delivery be requived, then gonerocl anscsthesie with
its attendant risks is avoided. ‘There is & cubstential reduction
in blood loss at delivery (Moir and Wallnce, 1967).

One disadvantoge of epidursl snalgesia 1o the asgociated
highor forceps delivery wate, which will not be less then 50

per cent and may be over 90 por cente Theve is also the

lmpracoticability, in most British hospitals, of providing o
24 hour service by smitobly experienced annosthetistis. The
high forceps delivery rate increases the demand for the sewvices
of gpecialiot obstetricians in an obstetvic nervice vhich is
based on the conduct of safe, spontancous deliveries by midwivos.

Finally, if epldural analgesia is to be used in noxmsl
labour, ite rieke although small, camnot be discounteds The
principal xisk i maternal hypotension with the posgibility of causing
intra=nterine foetal hypoxis. In the labe firat stoge of
normal labour, the intra~emniotic pressume mey wise to TOnm.Hg.
during contrackions and if the patient's systolic bloed pressure
fells below 80 mm.ég. utoroe-placental blood flow nay cesse
(Alvares and CaldeyromBoveia, 19503 Moore, 1966).

An alternative to epidurel analgesis in painful nomal



labour is peracervicsl block, This technique is usuelly
performed by the cobstetyiclan and tho prosence of on
ancegbhobist is unnecessary, Paracervical block has sovorel
importent disadvantages end dengers. The success wrate ls
usually between 80 por cenb and 85 per cont and so is much
lower than with opidural anslgesie (Sceds et al, 1962; Coopor
and Chasser Moir, 1963; Pitkin and Goddard, 19633 Browm ob ol,
19653 Ged, 1967). If lignoealne is used, anolgesio losbs
for only 75 minutes on average. If ropeated blooks are
performed thore 1s a conslderable risk of overdosage, inbra=
vascular injeetion and sepsis. Foebal bradycardia occurs
in from 3 per cont to 20 pexr cent of cages and although ofbten
ignoved, moy be due to the transference of lorge amounts of
lignoceine to the footus following direct chsorpiion into

the uterine erteries (Gad, 1967)., The use of bupivacaine
(Meroaine) should prolong snalgesie and in practice
peracorvical block can be o reasonably safo and effoective
technilquo although 1ts efficiency and sofety erxe lower then

upuelly associated with spldural analgosic.



| CATDIAG DISEASE <14
Painful labour, maternsl distress and grade III ox IV
heart diseape (New York Hesrt Association Classifiocation)
were the indications for continuous lumbar epidursal
aualgesie in 6 patients (1.5 per cent of 408 continmous
epidural blocke).
All patients had rheumatic valvular disease and 3 patiento
who hed mitral velve disease had developed acute left
ventrioular foilure during the first stage of labour, before
epidural enalgesis was induced. The olinical signs of left
ventricular failure dimappeared in each case within 30 minuten
of epidural block. This improvement was sssociated with o
reduction in the mateornal heart rate from more then 120 beats
ver minute to less than 90 beats per minute. It io thought
that the initial tachyocardia was partly due to pain ut was
also associated with anxiety. ‘The rapid heart rate probably
diminished cawxdiac filling during diastole, so that cardiac
output fell and pulmonary vescular congestion and hypertension
ensued. An important effect of epidural block was the
relief of pain and enxiety ond therefore o slowing of tho
heart rote. Epidurel analgesia also effects & "bloodless
phlebotomy"” by increasing the capacity of the vasculor bed

end it has been shown (peges 12940133) that epidural analgesia
reduces the coniral venous pressurce Although labour is
often short and easy in patients with heart dicease (Donald,

1964), the mother is often afraid and the dengevous tachycordia



215

nay be due as much to fear as to pain. The compleito relief
| of pain by opidural block geemo in itself to alleviate
anxiety and mey be combined with sedative drugs,

Delivery was by forceps in all 6 patienis, These
were easy forceps deliveries and were performed to shorten the
second stoge of labour and 0 avoid the materncl offort of spontaneous
delivery. Forceps delivexry is freguently indicated in the
presence of gevere heart dlseanse, whatever the method of
analgesia (Domald, 1964).

Cardice failure is psrticularly prone to develop after
delivery  the child (Montgomery et al, 1958; Donald, 1964),.
Major haemodynamie chenges ocour in the third stage of labouv.
Blood is expelled from the now shruken uterus into the
general clroulation, oxytocic drugs are sometimes administered
and blood moy be logt from the uterus. Epidural analgesio
can be maintained af'ter delivery and the onlarged vasculax
bed moy minimise the effects of a sudden inecrease in blood volume in
the third stoege of labour,

There wore no cages of hypertensive heart failure in thie
small series, but epidural anslgesis might prove of value in
such oasen by redueing the perviphersl resistence and reducing
the work-load on the heart. Jackeon and his colleagues (1965)
uged opidumal enslgesia during labour in a patient who had

recently had a myocardisl infavebion.



RESPIRATORY DISKASE,
Grosg lmpairment of pulmonexy function was the

indication for 4 (1 per cent) of 408 continuoue epidural
blocks.

Tao patients had advanced chronic bronchitis and
emphysena (obstructive airways disease), one patient had
astatue asthnatious and pneumothorax and the fourth patient
had advenced pulwonary tuberculosis, for which e
thoracoplasty hed besn performed.

T™e last menbioned patient has been described on
poges 68 to 69 . Sne ves admitbted o hoepital during her
pregnancy, unconscious and in respiratory failure due to
an acute respiratory infegtion superimposed on hey chronlce
pulncnoxy diceases She recovered from this episode and the
pregnancy proceded to bterme ILabour and foweeps delivery were
condueted under epidural analgesia snd no gedative ox
analgesic drugs wove administereds Tho mother and her infant
mrviveds The mothew dicd a few months loter of reapirvatory
fallure and cor pulmonale in another hospiital.

A patient ves odmitted o hospltal at 40 wecks gestation.
She had been in stetus asthmaticus for two days and had hed
an antepariun haemorrhages  Eronchodilator druge 4id not
relieve the bronchospasme A small pneumothoraxn was noted
on the choot radlographe Anaesthesia wop indiated with
halothane and oxyegen in this seriously ill patient.

Ixamination under annesthesia failed to deteot a: placenta

216
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pracvia. Iebour bhegon soom after this exominetion
and severe bronchogpasm peveisted. Continmous epidural
analgesia wan induced when labour became painful.
Tomediately after the epidural injection, the patient
collapsed, becoming unconscious, profoundly hypotensive and
almogt apnoedo. An accidental subavachnoid injection or
a reaciion to the local anmesthetic were suspected. A
o0lleague noted the signe of a tension pneumothorax and
an intra-pleural drein wos immedlotely ingerted. Recovery
wan dramatic and lanbour and fovceps delivery completed
uneventfully. 1% was vrecollected that the patient had
coughed befove her collapse. This cough must have
converted a simple pneumcthorax into e valvulaw, tension
prevmothorax end almost cost this patient her life. Yhis
case has been described elsewhere by a colleague (Vance,
1968) and illustrates thet complications which cecur during
epidural analgesis are not always due t0 the eanalgesic
Pechnique.

Two pabients had severely impailred pulmonary function duve
t0 chronie bronchitis and emphysema., Epldural snalgesia was
given vhen pain reliof Locome necessary during laboure Iabour
and forceps delivery were uneventful end no depressant druge
weore administerod.

When epidural anslgesia is employed in cases of severe
respiratory disease, further impairment of venbilation is

avolded, Horcotic analgesios are not needed and ao



drugwinduced respinvetory depression ig preventeds It hasn
heon phown that epidural anelgesie doos not affect
resting ventdlation, nov does it impalr the ability %o
congh effootively and to breathe deeply (Moir, 19633

Moir and Mone, 1964),.

Severe vespivatory digease is unusual in women of
childebearing agey but these ceses tllustrote the welue
of epidural analgesio in relieving peln and evoiding
further impaliment of venbilation when the problem does

arise,
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FORCEPS DELIVERY

Binglewghot epidural analgesia was adninistered in the
second glage of labour fox 58 forceps deoliveries and 15
vacuwn oxtractions, In addition, there wope 293 forceps
deliveries and 41 vecuun exbtrections undevr conbtinuous epidural
analgasiay which nad been commenced duﬁing the firvet stage of
leboure In total, 391 forceps deliveries and 56 vaoouum
extractions have been conducteld under opidural hlock.

Epidurel annlgesia is pantisulerly suvitable for the more
diffioult operative vaginel deliveries. There iz complote
analgesia, such as is not alwaye attained with pudendal nerve
blooks Manoeuvies such as rdation of the foetal head ave
Lacilitated by the velaxation of the pelvic £loor muuclen.
Chatotriciono, and petionte too, have often commented
favourably on tho conditions et delivesy.

Singlewshot opidural block is o sulteble alternative 0
goneral ansesthesin whore this ie requested by the obgtetrician
for a difficult delivery opr because of metewrnal hypertension
in the vecond stoge of lobour, Epldural snalpesia is not
oultable if imnediate delivery is indicated, as in footal
distress, becavge at least 15 minmutes must clapse before
complete analgesia develops end general onaesthesia con he
indueed wove rapidly than thise. Vacuum exinaoctlon,
especially if undertsoken before full dilatasion of the corvix,

i sometimes a prolonged procedure and epidvral analgesia



DI
T2
<O

avoids exposure of the foobus to protracted general annesthesia.
Buring eplidurel auslgesiay the conseious patient can add her
om expuleive offorts to the traction of the vacwum extractor,
ghould thie be desired by the obstetrician

MAn important edvantage of epidurval analpgosia is the
cgvoldence of the wigk of inhaling regurgitated or vomited
gtomach ccntentn. Drugeindueced neonntal vespirotory
depression ig avoidad,

Boldural enalgesia of course carrias its own risks amd
the hagerds of general ansogthesia and epidural snalgeosia,
although different, are velated to the skill of the anccsthetist
with elther techniquo. The mortality essociated with epildural
analgesia in obabetrics con be much lower than that associated
with goneral anacesthosio. Reference hag boen mode carlier to
125,000 obgletrio epidursl blooks conducted wlthout & maternal
death (Chaplin and Renwdok, 19533 Bush, 1959; Hisen et al,
19605 Worrls ot sl, 19603 Hingson et al, 19613 Fvens et al,
19623 Hollman, 19655 «nd Moore, 1966). About 2 por cent of
naternsl deaths in CGreot Britain are due to the pulnonary
agpivation of stomach contents wanlor goneral anaosthegis
(inievcy of Henlth Report, 208, 1963) end epiduml analgesio
i particulerly sulieble when the patient is hnown 4o have, op
believed 0 have o full gtomach.

A £inal adveninge of epldural snelgesia for forceps delivery

is that blood logs is halved in comparison with delivery under

genoral ennoothesia (Moir and Wallace, 1967.).
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CAESAREAN. SECTION.

Only 14 Cacsarcon seotions were performed wader opidural
anolgesio alone. Bleven of these pationts had pingleeshot
epldural analgesia induced for this operation and thres patients
were already roceiving continuons epidural analgesice

The principal reagon for adninigtoring epidural analgesia
for Caesarcan geation was & strong desive on the patlent's part
to be awake at the delivery of her child. BSuch sentiments
were very waugnal and the great majority of British patients
although agreeabla to forceps delivery under epidural analgesia,
will not contemplote abdominal surgery while congolous. Modern
light general ansesthesia, with muscle relaxanto 1e very
satisfactory for Qoecparvean section and couses little or no
neonatel depression (Crawford, 1962), although it doss carxy
the inescapable hazerds of vomiting end resvrgliation.
Consaquently, epldural analgeslia ig only used whon o patient
specially reguests it or if the vomiting wisk appears to be
umenelly great. Avelzesin wes uwoually oxcellent in the
pregsent small series, but occasionally traction reflexen proved
troublescne.

Othors congider that epidural smnlgedin is the techmique
of ¢hoice for Ceesmyesn section, especially if the fostus is
at high vigk and in casep of ypre-eclampsis and disbetes mellitus
(Fbbli 2nd Bowricalla, 19593 Flowers, 19603 Bodell et al, 1962).
Stenger and his colleagues (1965) measuved the oxygen saturation,

P end Peo, of the umbilical vein at delivexry by Caesavean section

2
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under epidural and subsrachnoid onalgesic. The oxygen
saturabtion under spinal (subarachnoid) adeleosio was only
half the wolue obtained when epidural block wes used end
there was a respivatory end metabollc acidosis in the
bobies delivered under subaraohnoid snalgesis which wap
not seen under epidural analgesis.

Nevortheless, it has proved to be illeadvised in the
writer's experience to try to force a reluoctont and
already firghtened patient to accept abdominal surgery
while consoious and without preliminary scdation. Potbtients
in other countries, notably the United States of America,
seem to accept the idea of mojor surgery without pgeneral

ansesthesia more willingly then their British counterparts,



There are a few genervally accopled contraindications to epidural
anelgeais and thore are o number of obstetxlc condivions which are
ebgolute or velative conbraindications, |

Bpidural enslgeain should not be used in the prosence of oxisling
digense of the nervous eystem or whers thore is sepsis in the lumbar
rogion. Severe doformlty of the lumbaer spine mey make epidural
puncture impossible and in such cases coudal onalgesla may be used.
In shock, hypovolaemla and severe snsemia, the autonomlc blockede
ney upsed componsctory mechanisms and epldural anslgosie should
rayely bo used, Bpidurel anslgosie is not advised if there has been
on antopartum hacmorvhaege, because thore ia always the risk of
sudden toryrentlol haemorihags.

Bpidural analgosia should be evoided If there is obstetrie
defibrination bocouse there may be bloeding from the epidural veins,
An opldnral hoemabome mey cause nerve damege (Hellman, 1965),

There are clrcoumstences in which epidural ennlgesle should
be used with cautlon or nobt at all. Little end Friedman (1958)
rocorded on increased incidonce of neonatal asphyxia in second
twing delivered undor epidural enalgesle in comparison with
othey anavsthetlo techniques and thought thel there maey heve
been promabure seperation of the placente due to the vigorous
utexrine rotraction which ls often associsted with epidural

enalgesie, Others have failed to confirm this obsorvation



(Aaxon and Halperin, 1955, Hingson and Hellmen, 1956) and
there 1o alweys a higher incidence of asphyxia in second
twine, whatever method of snaesthesia is used (Johnstone
and Kellar, 1961).

In breoch delivery, if epidural analgesie iz firet
induced, obstetric manipulations can be performed with
ease and the hazerds of inducing general ananesthesia in the
lithotomy position for delivery of the head are avoided.
Assisted breech delivery requires sctive maternal expulsive
efforts and these may bhe inadequate during epidural analgesia.
Breech extraction may then be required. Bonica (1965) has
found that maternal efforts are adequate for assisted breech
delivery, but this has not alweye been the writerts
experience.

Extensive intra-uterine menipulations, although now rarely
performed. should not be done under epidural block, The
uterus will not be relaxed, and there is & risk of uterine
rupture.

The presence of a uterine scar from a pevious Gaesarean
gection increases the risk of rupture of the uterus in a
subsequent labour, Epidurel analgesia moy masck the signe of
uterine rupture. Epidural analgesia has been used with great
cantion in & few patiento who‘had previously been delivered
by Coesarean section (Moir and Willocks, 1966 and 1967) and

in one of these patients impending rupture of the uterus was

succosefully diagnosed.



ISHINY

Finally, when dmmediate deliveny is indicated, as in
foetnl dlstress or prolapse of the umbilical cord, genoral
ansesthesisa can be induoed more rapidly than epidural

analgonice
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TABLE A

The BEffedts of high epidurel block on ventilation in 30
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APFENDIX,

DRER

The effeots of high epidural block on ventilation in 12
petienty with bronohow-puinonary disease
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TABLE ©
Trdal and minute volunes in 20 patiente during
hysterectony under high epidurwl block

_Patient | ag]
| 3 L9
e 55
a 42
b L7
D L
6 &4,
7 159
8 55
9 ¥
A0 &0
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13 86
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S IAILIAD
TABLE D

Fily Poo, and standowd blearbonate in twelve patients without
mnpfmmmr disease, before and durding epldural block

i Pm?(m.ﬁg.) Stand Bl.earb
; Before Eﬁmﬁmg Bofore]l Duvingl Defon é‘m
Bationt deor Sexg biockl hilockl  blockl block biogle ! block |
1 7039 ?tg’? Mfi hlr 36 23 QE‘
g 7 o2 7o | 405 N Hpel § 255
] TeliO 1230 39 40. 2% 23
2 1e39 Tuh0 iH 3845 25 2%
5 Te37 739 45 39 25 a3
G Tod2 | Teb2 | 35 382 25 22
7 1ot Te37 30 4l 25 23
8 740 a2 40 39 &l 24,
9 1430 Teh0 43 39 2h 23
10 Tolid Tebd | 41 35 26 al,
137 7#!-@ 7*.3&% 38155‘ MJ* 3395 aliv
12 7ol T2 32 h 37 pEtin 24
DALy B

Py Poo, ond slendord bicarbonate in eigh® patiends with
bronohopllinonayy diseass, before and during epidurel blook

i ?cua(mm.ﬂg.) ?tagaﬁioarba

Bofoye | During | Bofore | Dusding | Befove [Duxing

PabiontiirelSaxi block k&og‘gﬂ hiock § blook ock ! block
1 571 1 ?a{a—? Tl 305 28,5 a5 23
2 EOL M ] Te37 § 739 29 3; 9 22
3 i B L 7439 7436 Mooy 2l 25

‘{5 63 ¥ 7634*5 7039 3905 182¢5 3605 2305
5 Wl F I 7642 7elsd 57 36 22 23
6 561 M I .42 | 7438 | 36 L2 23 23
7 Tl N {1 737 Te37 39 3845 22 22
8 57} F L 739 Te37 L0 L2 24, 23

(ISR



TADLG X

Vited capnolty end pealk oxpleutory flow yate in 12 petients
with yespivatoyy disease, befoxe and after prestatectony wnder
conbinuous epldural anmlgesic,

——h—

'w;m mms.w{m.) t'a.:.m . im‘hox”f flow
zmin,}

e L;
Tove jaFter T B5tore  |eYEer
JEstiontlige jop gration loperation operation joperetion

i} 6zl aybo 2040 255 170
2 6.4 2200 1870 206 188
3 768 1860 1780 111 g2
k. 60 2930 2600 B0 211
5 731 a0 1880 186 145
6 59 2860 2600 . 320 266
7 721 1720 1660 - 167 109
& 68f 23,0 1970 A9 178
9 750 W0 1380 N2 o,
20 o1 1890 1670 160 KL PN
11 61} 2u60 2500 241 180
12 67l 2350 2090 20, W7

EAS->
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APTEINTX, TABLE & 26 Ei
SKIY BLOOD FLOW,
Glein Dlood flow, index of vascular resistonce ond mean

artorial blood pmaaura during epidural block in 6
femnle pationts,

fempamtuse T
Ment( €) flow Ind. ¢
, : X o
fﬁ? R?.?Egn‘mating vasoulor Mesn arterial B.P
#‘%mv Percentage resist- mm,lg. Percentage
| ) £iow 8nee. of gontrol
Before
block
(control) 3.45 3437 0,08 100 - 77 100
Gape 10 minge 3045 3937 0,08 100 0.97 75 97
NoJsl 20 winge 3542 3,25 0,17 213 015 73 9%
Ming o 2 22 Qed 263 051 63 82
Hefore '
bloock
(control) 3402 2,85 0,17 100 v 72 100
Gagse 10 ming. 3,00 2475 0.25 47 0457 58 81
Noe2 25 mince 3400 2,75 0,25 L7 Ol 56 81
roe 34,00 2 0.27 159 0451 58 o1
Bef'ore |
block |
{control) 3.24 3,18 0,006 100 - 80 100
Cace 10 mins. 3.25 Jalk 0,11 163 0&39 . 57 7L
NO.3 25 ninge 3422 5.98 0 4dh 233 0.2@ L3 G0
LO ming, 3,22 3,10 0,12 200 0950 L& 60 -
Ret'ore ' -
block
(control) 3,30 3.25 0,05 100 - 73 100
Case 10 mins. 3,30 J3el7 0413 260 026 50 68
Noel 25 Eii.na. 3630  3.17 0413 260 0425 48 66
o - " - g - - ) -
g‘el?om
block
{oontrol) 3,22 3,10 0,12 100 - 72 100
Cope 10 mins. 3.20 2,88 0,32 267 0.2 L2 58
ﬁﬂqf") 25 minse 3,20 2,95 0425 208 0428 L2 58
40 mino, 3,20 2,88 0,32 267 021 42 58
Before
block
(control) 3,32 3.21 0,11 100 - 92 1090
Case 10 wmins, 3,28 3,04 0.2 218 0,35 70 76
Noe6 25 ming, 3428 3,02 0,26 236 0,32 70 76

L0 MAnS, 3425 2,98 0,27 246 0e29 65 73
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‘ 1

The figures in oolumn 3 ave the differences between the
temperature gradient (%C) at zero flow (with tourniquet
inflated) and at vesting flove The value in column 3 is a
meacure of blood flow, The persentage flowe in columm 4
arve the relabtionships between the values in column 3
exprecoed an perventages of the control value,

The caleulation of the Index of Vasculur Resistanse

is described on page 27/ of this Appendix.



APFRNDIX,

MUBCLE BLOOD FLOW, ¢
Musele blood £low, index of vascular resistance and mean

arberial blood pressure during epildureld blook in 6
fanale patients,

h@ampemtuse Zero
fiow
mm Res n@ainua Index of
flowv flow resbing vasoular Heon arterial B.P
i’aow Porcentage resist- mm Mg, Percentage
("¢ flow ange of eontrol

Before
bloeck
(control) Bu4S 3440 0405 100 17 100
Cape 10 minse JW45 340 0405 100 9697 75 97
ﬂﬁol 25 minge 3'?&! 3.70 0,08 160 _0.&30 7.5 95
%mﬁg, 362 S80 0,02 40 2405 __5} 82 -
foxe
block
(control) 3.52 348 0404 200 - 72 200
Coase 10 mins. 3652 3448 0,04 100 0481 58 81
Noe.2 2.‘5 nino. 5069 3'57 0,05 75 1.08 5’8 81
ing 603,57 0,03 75 2,08 58 01
Before
blook |
(oontrol) 3447 3440 0407 100 - 80 100
Gage 10 mins, 3‘52 3657 0405 71 1.0 57 72
Nos3 25 ming e 396& 3065 0403 L3 1,39 L8 §4)
ming, 3608 3.06 0,03 43 239 58 60
ef'ore '
bloek
(conbrol) 3425 3412 0413 100 - 73 100
Cose 10 mins. 34,40 335 0405 38 1.7 50 -68
Nook 25 minc, 3432 3425 007 54 1032 48 66
4O minse = I - - =
Beforxe '
bloek .
(control) 342 3433 0,09 100 - 72 100
Case 10 minge. BJoh2 3435 0407 77 0,72 L2 58
No.5 25 minse 3451 3440 0405 55 1,06 L2 58
boming, Zo5) 36 005 55 1,06 42 50
ef'ore
block
(control) 3,36 3,28 0,08 100 - o2 100
Cape 10 mins. 3,30 3.24 6,00 75 1.01 70 76
Nﬁoé 25 ming, 3,30 3424 0006 15 1.01 70 75
4O minse 3030 3425 0,05 63 13 65 yZ N



DADLE 11

The figures in column 3 are the differonces between the
temperature  gradiont (°C) at szexo flow (with tourniquet
inflated) and ab resting £low,  The walue in coluwn 3 ie
o measure of blood flow, The percentaze flows in column
b ave the relationships betweon the values in colum 3
exprosoed as percentages of the control &alm.

i‘he‘ caloulotion of the Index of Vaseular Resistancs
is Qescribed on page2illof this Appendix,
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, cod pressurs index
Tne Index of Vasculay Resistonee = Flow inGoxe

= Dol o Hlowi
ﬁjpg 3- » WOW 1

B,P. 1 = The mean arterial blood pressure hefore epldurel
block (mnbg.)

DePe 2 = The mean arterial blood pressure at time X during
opidural block (mmiiz.)

Flow 1 = The temparature grodi c—:gb (QG) ot zoro flow minus the
tomperature gradient (VC) at resting £low, before
opidural block,

Flow 2 = The temperature gradient z‘gc

% abt gory £low winus
the temperature gradient (70

For oxampls, the caloulntion of the Index of Vascular Resistanos
for giin in Gase Noul (Appeniixz G) 25 minutes after epidural
block i as followosw

Index of Vasculer Resistonce = Befel . Zlow 2

BoFe 1 Flow 1
% : £ad
[ ] [ ]
]
bty
# 0oliDe

That doy the vaseudey rosistance has follen $o 45 per cent, the
blood £flow has inoveased to 213 per cent and the mean arterial
Blood pressure haps fallen to 95 per cent, 25 minutes after
epidwral bioek.



