CHLOROFORM ANAESTHESIA

by

A M, Vhiteker

 An essay submitted‘in part fulfilment of the requirements
for the degree of M.Med. (Anaes)., University of Cape Town.

February, 1961.



The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



Chapter,

2

S

CONTENTS,

Histarical Introduction *Pserrrassseanse

The Effect of Chloroform Anmesthesia on
various argans and tissu93¢gnoooan¢-¢00.

Blood PseBErssenTIIssecerrsosBacsnsdoRe
Hm msue [ E R E NN R RN NN NN R NN YN ]
Respiratory Syston cevecescsccrcscnce
Rennl Tissue and Repal Funotion .....
Coardio=-Vasculor SyStem sececesceccces
The Idver 9e0400s0sr0ss0arnuos o0t

liethods of Administering Chloroform ...

The S‘mtng Upncoooo-.o--.--qoanalo.oaco
App’emx PESOVBNITOTIOPCRVISRNASrOrIBNIORRS

Poge,
1.

13.
13,

18,
22,
50,

56.
61,



CHAPTER 1,

HISTORICAL IJWTRODUCTION,

By nature all men desire to know,
Aristotle,

"Guthrie's Sweet Whisky".

As far back as 1796 a group of Dutch chemists produced a dense,
oily liquid, This wos probably ethylene dichloride (aﬁzm)z ard 1t
was knowvn as Dutch liquid or chlordic ether, remaining for many years
o chemical curiosity.,

Professor Bepjamin Silliman, in his ¥Yale College Elements of
Chemistry, dated February, 1831, gave a desoription of the physical
properties of chloric ether, and ended the paragraph by stating -

Its medioinal powers have not been ascertained,
but from its constitution ard properties, it
is highly probable that it would be an active
diffusive stimulant. (83a).

These remarks about chloric ether prompted Samuel Guthrie
to enquire into and produce an alcoholic solution of chleroform,
It was undoubtedly he who made vhat was the forerunner of chloroform,
later to be used as an ansesthetic agent throughout the world,

Vho was this Samuel Guthrie, about whom so little seems to
be known?
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His grondfather sought semihr in America from réligious
persecution in his native Scotland,  Samuel Guthrie was ‘born in

1782, and studied medicine unfer h&.s father, In 1817 he moved
to Sackets Harbor, Jefférson County, Hew York,

the country was by then progressing and Saake’l;s Harbor was ¢
thriving village when Dr. Guthrie took up a tract of land ard
there %tablﬁ.shed hias hame.

Semuel G—ut?wie was & meaiaal pm‘ac‘titienew az‘)ﬁ praa‘&:iseﬁ
his a‘rt consment:wusly and well It m on record that he 1:@01:‘

sdvantoge ef waccinatian for ma:llpox 1ong before it wasg
generally acsceptea a8 & mmlaaﬁc trestment in América {83b).

A man of many parts, Gu'bhrie‘a interests ana talents were spr-'f’,‘ )
ia maw directmns; One of his am:roes of income was the
artwulation of skeletons B which he selél to the medical schools

As time passed, _hé became more interested in chemistry; h‘t@th.
pure and -appﬁé&.‘ These interests he put +6 practical use

in the ﬂistillaﬁon of aleohol am the making of vinegar of
which he pwo&ucad mge quantities.

, Perhaps Cuthrie's madn interest was 1n experimentmg
with gunpowder, - This work was not without haw'd a.na eﬁtailed

a.ccidenta 5 30me almcast fatal. But Guthrie waa’
madle of stern .rs*{;uff, and it was he who pionesred and parPected
the pmsion pellet, a great improvement on the flintlock then
in use,
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Guthrie rust hnve_‘ led an amezingly f‘ull life in his small
backwoods home, and to read the repérta of his criginal work is |
é z-evéiétion of his ke‘en ard enguiring mind, The é.ccbunt‘ of his
fz.rst attempt at obtaining chloric ether is entertaining. It is
st&ted that

with the whiskey to the amount of two gallens he
purchoged at the tavern, Dr. Guthrie added three
pounds of chlorimated lime he had been using 28

a disinfectant rouni the henhouse,

This mi:d:ure wag placed vin a eopper sfili and the allcéholie'
soiution‘ digtilled off. What Guthrie was at%emfting to ;‘pmauc.e
wes chloric et}ier, or ethylene diembride. In fact, the title
of his paper was‘”ﬁew' mode of prepa'ring a szairitous solution of | _
chioric ether? (83c). But what he discovered was ehlomfom, albeit
somewhat diluted by alcohol. (88&),

 Guthrie renmkea on the effect on men of his sweet whiskey,
that it produced .
pomptly a lively flow of animal spirits,
and consequent loguacity; and having, after

4ts operation, little of that depression
consequen% to the use of ardent spirits.

The initi.al mroduction of chlorofom, or chloric ether, by
Guthme, was probably mede auring the first half of 1831. 4As
will be seen, the failure of Guthrie to date his original mblicatmn

in Sillimen's qw.‘rterly Apericen Journal of Science and Arts led
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later to controverey over the first discovery of chloroform.

Guthric sent 'sa'mples of his chloric ether to Profesaor
Benjamin Silliman, who in turn passed it on to his collengue,
Dr, Eli Ives, Professor of Medicine at Yale College, Ives and
nis som, reported on their climical trials, and record the
beneficial effects of chloric ether taken by mouth in cases of
bronchial asthma, ulcerated throat, guinsy and scarlet fever.

1% was also used by inhalation in a coase of pulmonic disease (834)
(puknonary tuberculosis?)e

'In 1833 Dr. J. Black of Bolton, Englend, recommended
chloric ether as a cordial in the treatment of astima end
acknowledged that this remedy had beeﬁ“brought into use by our
Amevicen brethren. (). |

At about the time that Guthrie made his disecovery,
chloroform was produced by two other men, These co-discoverers
were Fugine Soubeiran, in Frapce and Justus von Liebig, in
Geroary.  Iike Guthris, Soubeiran distilled a mizture of
aleohol and chloride of lime and obtained arn impure chloroform

which he called bichloric ether (ether bichlorique). (2, 19,

88b, 83e). This was reported for the October 1831 issue of
Apnales de Chemie et de Physigue, issue for October 1831,
But owing to o revolution at the time, this issue @id not

appear until January 1832
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" -\ Recherches de Chimie organique ;

Parx M. J. Dumas.

Lu & 'Académie des Sciences le 15 janvier 1834, .

v
- .

Dans un Mémoire qué j’ai eu 'honneur de communi-_

- quer réécmment & I'Académie, je suis revenu, ainsi que
je-l'\avaisfsi'_:inom:.é, sur’ la- question des éthers, et jai
discuté qu}:lques uns des argamens qui tous avaientdé-
terminés ,autréfois a ;pul)l'ier sur ces corps une théorie
qui a~soufc\(é_11ar;l,dé].'discussions » qu'on peut s'étonner

quelle ait‘purésister'a des attaques si vives et si ré-

L pétées. : .

| (119 ) |
0,699 de matiére ont fourni o,260 d'acide carbonique
€t 0,061 d’cau. Ces résuliats donnent en centiémes :

Carbone... .. «es 10,29
" Hydrogéne...... 0,97
Chlore......... 88,74

—
100,00

Tous ces résultats s'accordent entr'enx et s'accordent
fort bien aussi avec les résultats calculés d’aprés la for-
mule C* H Ch3; celle-ci donnerait en effet :

C..... 96,52 10,24
H..... 6,25 . 0,83
Ch.... 663,96 88.93

A 746,53 100,00

Ces résultats s'accordent également bien avec ceug qui
seraient tirés de la méme formule relativement a la den-"
sité de la vapeur, On a,en effet,

Cro.. .. = 0,8432
H..... = 0,00688
Ch.... = 49,3150
8,2270

L = 413

1l me parait donc certain que la substance que j'ai
“dnalysée, substance qui posséde tous les caraciéres que
M. Lichig assigne a celle qu'il a soumise a I'analyse,
“mais qne je ne saurais assurer étre parfaitement identi-
que avec elle , posséde pour formule C3 H* CIS.

Cette composition assigne a la substance que je vions

Pig, 2,

E mas? article,
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Liebig published a note in November '1831,(88‘!:) and a more
camplete amnotation in 1832, He obtained 2 purer form of
chloroform by distillation and celled it liquid chloride of
carbon (chlorique de carbone liquide).

In his original report, estimated to have been in the
publisher's hands between May and July, 1831,(16), Guthrie

reports that .

during the last six morths = grest mmiber

of people have drunk of the solution of

chloric ether in my lsboratory. (83f).
This seems to indicate that chloroform was probebly prroduced
by Guthwrie in Jamary or Pebrusry of 1831,

1t i5 probeble that all three, Guthrie, Soubeiran and
Liebig, discovered chloroform independently at practically the
geme time, with Guthrie leading by a few months, The efforts
of Guthrie are all the more remarkable when it is sppreciated that
by comparison with his continental co-discoverers, he hed
practically no formal training, worked in the most primitive
conditions and lacked the stimulus of academic colleagues,

In 183k J.B,A. Dumas obtained pure chloroform and gave
it its nome. His amalysis of its empiric formula was not
mli‘i:e correct « he alloted it two carbon atoms - but was
nevertheless o close approximation (see Figure 2),

To us it moy seem extraordinary that the anaesthetic

properties of chloroform should have remained a secret so long
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after the discovery of the drug. In fact, it is on record
that Guthriets daughter, whilst playing with & tub. of
chloroform, fell down and was found by her father in &
stuporous slumber (110), In those days of course, surgical
anaesthesia was practically unthought of and certeinly mﬂaeara
ofy . .,

Ard So it was that the true worth of this drug was not
discovered for another sixteen years, and on another continent

in the lanrd of Guthrie's forefathers,
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NOTICE ,fuﬁjj

oF A

NEW ANESTHETIC AGENT,

AS A

. SUBSTITUTE FOR SULPHURIC ETHER

SURGERY AND MIDWIFERY.

ny

. J.Y. SIMPSON, MD, FRSE, -. i

PROFESSOR OF MIDWIFERY IN THE UNIVERSITY OF EDINAUROH ;

PHYSICIAN-ACCOUCHEUR TO THE QUEEN IN 8COTLAND, RTC.

« | esteem it, the office of a Fhysician, not only to restore health, but to mitigate

frain and dolours."—Bacoxy,

7.0 TO THE BOGIZTY OF EDISBURAN,

AT THUEIR NEETING O 101N NOVENRER 1847, .

EDINBURGH : -

SUTHERLAND AND KNOX, PRINCES STREET.

MDCCCXLYVIL,

Pig. 3,

Title page of Sir J.Y. Simpson's
first publication on chloroforn,
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The barefoot baker's boy from Bathgate,

-275, June 7.  Simpson, David, boker, Bathgate.
Wife, Mary Jarvey, det. 40, Iab.nat,, easy,
rapid. 8th child, Son. Tatus & o'clock.
Uti veniebam natus. Padd 10s, 64.(98). -

This is the first note of Jemes Simpson. It is teken from
the notebook of a Dr. Dawson, local practitioner in the village
of Bathgate, West Lothian, where Simpson was born in 1811,

It was soon recognised that young James Simpson was a
boy of more than average ab"ility, Although the family insome
was neegre, the older members scraped together the means $0
; secure the education that would obviocusly benefit him. Anmd so,
at the age of fourteen, Simpson emrolled as a student at the
Edinburgh Upiversity (88e, 354). He atﬁezﬁed the lectures of the
notable teachers of his time - Robert Rnox, the anatomist, later
to be implicated in the activities of the notoriocus Burke and
Hare; Robert Liston and James Syme, surgeons; and Jameé
Hamilton, Professor of midwifery, during whose lectures Simpson
seemed to have been for the most pa;:‘t asleep (35b).

By the time he was 18, Simpson had cbtained the diploma
of the Roysl College of Surgeons, end three years later, 4n
1832, his Doctorate in Medicine. He devoted his attention to
obstetrics, and in 1840, at the age of 28, was elected to the
chair of midwifery at Biirburgh University,

Surgery in those days wes a brutal trade, ard Simpson's
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humanity and ccmpassion was probably more highly dé‘_velope&
than that of his contemporardes. It is evident that the horrors
and miséries of the _operwting' theatrve distressed him gréatly, and it
is not surprising that he éctively searched for some way of
preventing suffering of patients during surgery. 5o it was that
Simpson was the £irst to use ether in cbstetrice within a month
of its introduetion into surgical prectice in England in Jamery 18,7,
As we have seen, chlorofomn was used in England for medicinal
purposes as for back as 1833, David Waldie relates how he improved
the melding and purifying of chloroform when he was head chemist
et The Apothecaries Hall, Iiverpocl. Whilst in Scotlard in
October, 18,7, Waldie met Simpson, who was then searching for an
angsesthetic with fewer hazards and drawbacks than ether, Waldie
suggested that chloroforn might be tried apd promised to sérﬂ 8
gemple (113), Before the romise coui& be fulfilled Simpson
obtained a sample from an Edirburgh chemist. On the night of
November 4%h he ard two collesgues’ discovered for themselves the

anaesthetic effect of chloroform vapour,

Simpson wasted no time in informing the world of his
discovery., The agent was used by him in clinical practice
on November 8th, anaddress on its use was made to the Medico~
Chirurgical Society of Edinburgh on Novenber 10th, and the
first publication on the use of chleroform was oh November 12th (89).
(See Figure 3). A more detailed report is to be found in the
lancet of 18,7(96).
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‘There ore some who think that Waldie has not received his
' rightf‘ul due for his part in the dz.scovery of chloroform (77).
- John Snow BLaLES verues
for when he infomed Dr, Simpson of the" existence
_and mature of chloroform, he was sble o give him,

not merely an opinion, but an almost certain
knowledge of its effects. (105a).

This emphssis on Waldie's contribution is not endorsed by the
chemist himself, who wrote

Some of my friends have considersbly over~rated
the mpm*tance of my share in the discove: ‘bu‘t
this I bave uniformly discountenanced(24b),

Two 'hiffstoriéal f‘éét's are | certain though. Simpson “&i“seoverecl"
the anaesthetic p&ope_rties of chloroform very shertly after his
meeting with Valdie; and he gave Waldie scant recognition in
the ennouncenents of his ﬂaiseam«. | |

The- t,aneet of November ard Deeembem 1824.7 teems with
articies on the use of chlorofmg" r? obstetrics (103, 13, 97, 75) 5
surgery (68) , aentiatry (46) and vetermary surgery (lle:) No
less direct and robust are the erit:.ciams of Simpson, riot only
in respec‘t of his new form of ensesthesia (6), but aleo of his
methods of midwifery (54).

"It 46 common belief that Jemes Young Simpson was the
firet man to use chloroform for ansesthesia, and no doubt this
wes the belief heid by Simpson himself., I Wae surprised to
find ’bhat +this was not the case, Dr, Farneii, writing in the
Lencet in 1877 (29) and 1671 (3), pointed out that chloric ether
(a mixture of chloroform ard spirits) was used by Dr. Holmes
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Coote of St. Bartholomew's Hospitael about six months before
Simpaon's publications. The vuse of this'dmg hzd been suggested
to Coote by Furnell, then o medical student. It is not
surprising to fird that Holmes Ca&te waz one of the early users
of ehloroform in England, He records his use of it at Ste
ﬁartho}emmv's Hospital tendaye after the first publication of the
news fron Edinburgh - that 'is, on Fovember 20th 1847 (20).

¥ithin a few months of Simpson's publications, chlorofcrm
had practically displsced ether s an anaesthetic agent in . |
Britain and on the Continent. But in America things were
different. In the Northern States chloroform was tried,
but as the result of several fatalities the use of ether was
resumed, At the Hassaelﬁzsetts General Hospitsl chloroform
was prohibited not long after its introduction (2e). 1In
the Southern States, however, chloroform was preferred, possibly

due to the influence of New Orleans, where, it was stated,

one could scarcely practice surgery unless
one had been to Paris, and in Paris the
anaesthetic of choice was chlorofarm {24d).
The first verified use of chlorofarm anaesthesia in South
Africa occurred at the Cape in 1850. It was administered hy
Dr. F.L.C. Biccard to a young woman for the disarticulation of the
humerus at the shoulder joint. Dr, Biceard also performed the

operation, and the patient recovered (15).
Patalities from chlorcform anaesthesis soon occurred in

Englend, France, America, though allegedly not in Scotland.
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Simpson and his colleagues attributed this to the fact that
chloroform'was perfectly safe as long &s the Edinburgh techniéué
was adhered toi namely, the dropping of liquid chloroform on
to 2 handkerchief or towel held over the patient's face (60). .
This legerd of the infallibility of chloroform north of the
Tweed is,qﬁestioneﬁ by 8ykes. He pointe out £hat‘cwing to the
absence of coromers' inguests in Scotland at that time, deaths
were for more unlikely to be reported in the press. He also
makes the point that deaths certainly 3id cccur following
chloroform anaesthesia in Scotland but they were conveniently
overlooked,

It nust also be emphasized that the population of London
was approximately fourteen times that of Edinburgh. So that
it was to be expected that mortalities in England would be
greater by comparison {107). Nevertheless, Scoittish surgeons
stoutly adhered to chloroform for ithe remainder of the
nineteenth century. On the Continent; with the ezception
of one or two isdlated districts, the trust in chloroform
remained unshaken until the eighteénpnineties.v The French
ube& the Edinburgh method, or else the cardbourd cone, which
contained 1int in the apex td absorb the chloroform (24e).

By 18063 the increasing mmber of fat&lities oceuring
during chloroform anaesthesia made it evident that something
would have to'be done sbout the matter. The Royal
Chirurgical Society (now the Royal Society of Medicine)
appninted a camittee to investigate and advise about
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chloroform aveesthesia, and & report was published in 1864,
Moy of -the commitbee’s conclusions had been réache& by John
Snow before, and were, in essenceé, that whilst chloroform was
casy to give and pleasant to take, it frequently killed.
Bther, on the other hand, was slow in action, unpleasant to
take and caused greater excitement. In order to obtain

the best of both worlds, the comittee advised the use of
mixtures of chloroform amd ether. Maxy of these were tried,
amonget them the femous ACE mixture, suggested originally

by George Harley in 1860, This mixture was comstituted of
one part of alechol; twe parts of chloroform and three parts |
of ether. Another rencwned mixture was CyBy = ¢hloroform,
o parts, ether, three parts - a mixture well known -to many
a senicr doetar in practiee to-day (70).

Tha most ‘iﬂiportant aspect of the comhittests report
was that 1t ended the overwhelmi%’xf@ ‘supreme‘my of chioroform
in England. Aiﬁ’aou.gh chloroforn was used extenaively‘v ( 31)
well into the present céntury, it ‘was realised ;that other
agents had much to offer. In not mony years ether beceme
the serious rival of chloroform and was scon to practically

displace it.
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CHAPTER 2,

THE EFFECTS OF CHLOROFCRM ANAESTHFESIA ON VARIOUS CORGANS
_AND TISSUES,

"Contrariwise", contimed Tweedledee, "if it
was 30, it might be; and if 4t were so; it
would be; but as it isn't, it ain't.
That's logic.”

Through the looking-glass,

It is not my intention to reproduce here a list of the
physical properties of chloroform. This informetion is
available in textbooks of phermecology or anaesthesis.
Relevant material in connection with the physical properties
of the drug will be mentioned in passing, and in connection
with the matter under discussion.

1. Blood.

The solubility of chloroform in bloed is estimnted at
1.42 cc. per 100 ce. whole blood (40a). It is generally
sgreed that the larger part of chloroform is taken up by the
red corpuscles. [Nicloux estimated the red cell capacity
for chloroform to be ’seven.or eight times that of the serum (76)
and Adriani states that 65 per cent is transported by the red
cells (Ib). Chloroform does not effect the oxygen carrying
power of the blood. This matter will be discussed in the

section on respiration.



2,  Nervous Tissue,

Chloroform first depresses the higher centres, thenthe motor
areas and lastly the vital centres of respiration emd cireulatory
control (59a). | |

The highest c;entrés and special senses _z;re quickly
depressed and conseious control is 1ést ropidly. In common
with most inhelation ansesthetics, there is a stage of
excitanent or second stage associated with muttering and
s‘miggling.  The degree of exéﬁ.temeni: is ﬁxf'luenced by |
sm:h factors vas the patieﬁt ‘s péyehologiéal étate, his
| physique anfi’ the aegreé of pre-medication. It is my
experienee that the Isece‘nﬁ. stage of chloroform mestﬁasia
'_ is heifher as violent nor as prolonged as that experienced
during comparable ether anzesthesia,

Levy states that vamiting occurs in protracted light
chloroform anaesthesia, due to exéitement of the vomiting
‘centre (592). This has not been observed to any degree
iocally, and analysis of 707 ca*,seé of chloroform émesthesia
recoi& only two iﬁci&ents of vomiting during anaestheéia.

Levy p.‘lso remerks that am*s.ng recovery from anaesthesia, vomiting
is almost invarieble. Thie has certainly not been the
experience locally, .where immediate posit-operative retching

or vomiting has occured in 3 per cent of cases, This compares
with a sixiilar figuré given by Gillespie in 19,7, who cbhserved
in addition that vomiting and retching oceurred in 35:5 per cent
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of cases when sgents other than chloroform were used (30a),

It may be of interest to note that 6 of the 33 local
chloroform cases that *vomited | pcst—oyeratively‘ had respiratory
obsmctimn and cyanosis at some stege, Tt ié possible that
the high incidenwe of vcanitug that levy notea, was a result of
hypoxia and hypercarbia that occured with the methods of
enaesthesia in use at tﬁa‘t time, |

3 Res:m‘.ratory System.

QO_lagy__im Given in @‘aaually inareasing &osage,
chloroform does ﬁot cauge um‘me :.r'ritation of the pulmonary tree,
Coughing during induction is occasionslly seen in the heavy smoker
or the patient with pulmonary infection. B

Kucous Secreti.cm. This is rarely troublesome during
chlorpfm izﬂmlaﬁon. I cannot recall an instance of difficulty
in this respect in a patient who has had hyoscine or atropine
pre-operatively. |

In my experimental work on dogs which were given chloroform
ané.es"bhetics, it was unnetessary to give é.tropine pre-operatively
and mucous secretion was sbsent, On the other hand, when
dogs were .gfw.en ether, under similar circumstances, mucous
ligrally poured out, and pre-operative atropine was essential
to prevent this,

i« Rate arxidepth of respiration.

In light chloroform anmesthesia, the respiratory rate (59b, 84)
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and the depth (1a) are increased,

The deeper the anacsthesia, the more is the respiratory rate
enfl excursion depressed and this is due to the suppression of the
xesm:mtoz‘y centre, It is the raﬁmlt of overdossge and often is
soon obyious after premedication with opistes (70), when complete
BPNOSE may ocTar, |

| Teble 2 (see Apperﬁia) takeen from 707 cases of chlorofornm -
anaesthesiafmm Groote Schuur Hospitel, shows that in 48 per cent
of the short anaesthetics; tac

pnosa was observeds In operations
lasting up to fwo. hours, this figure hed éec:'z-"ea.sea to 25 per ecent,
This bears out the statement made at the beginning of this paregraph =
that z‘-efsifiz‘-ati;an is stimulated in light ehloroform anmpesthesia,

. Geseous excharge.

It is thought that about 65 per cent of chleroform is
carried in the erythrocytes, Buckméster and Gapdner found
in animal experiments, that in deep chloroform snsesthesia the
artmal oxygen aatumtiun was depressed and the blood carbon
dloxiGe content was increased (14). They proposed that this
was due to the drug interfering with the function of haemoglobing
and denied that it was the effect of unlarventilation, This
view has persisted for fi.fty yeors ard 18 quoted as faet in
modern text-books (53,’ 118a),
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Yet this fallacy was disproved before it wos uttered::
Tn 1902 Tissot administered chloroform o & dog and at the sane time
assisted respiration artifmially. He found that an arterial blood
Sam‘ple taken at the time of death from chloreform overdosage
contained a normal oxygen saturation and, as one would expect, '
the carbon dioxide mmanti‘atién. was lower than normal (111).

More recént work confirms Tissot's results, Dobkin and
his colleagugs,; using chloroform and artificial 'reapiratiqn on
mman beings, found that the amién%éatiqnf balance was not
disturbed and that 'cghibroform nad no é,epré;ssanf effect on the
oxygen ‘aa%ufat;ibn of the blood (23). 1t has been found that
the oxygen 7ai,ssbaiat‘ion curve for huan blocd is ynaltered by
chloroform (102) (See Figure k). This could not be if the
oxygen combinin l

" power of haemoglobin was diminished by the

| This matter of erterial oxygen saturation Guring deep
chloroform anaestﬁesia is well demonstrated in Pigure 5.
This is the record of a dog in which Iv produced hypotension
by means of chloroform Weraaéagé.- It will be seen that at
(1) , during sPantaneous respiraticm and during moderately ‘
light anae.:thesia, the oxygen saturatian of az-terial 'blood
wes 90 per cent (4.9 c.e. cmygen per vent), During the
per.io& wﬁen ini:érf;xit'teat positive pressure respiration (1PFR)
was used, the axygen saturation improved to 95 per eent (2)
(15.7 c.¢. Oxygen per cent), not withstanding the fact that
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the c'ieg wes s&hmated with chlemform nearly t@ the point of
1 the inspired air haa an

'vasomctar collapse. Por Al anim

omgen comezrtratien of at Ieast 30 per cent,

Lonclusions,

3 It would seei that in deep G yelongea chloroform anaegthenia,
assisted or cgntmnea res;)iratian is deairable.
2, A ?nigh camenu-ation of oxygen (30 per eéut or higher) in the

inspired a&r is also necessary It iz probable that the tried of
high axyzen eomenmts.om aenwalled respiration and a n@n—re‘breathmg
valve is the method of ghoice in deep chlopoform ansesthesia; but

meye woﬂc an this gn‘bjeat ﬁ.a re ff:e?tis

hi  Rerial Tidste snd Renal Fumction.

& reduction of urine sesretion is Geén Quring all forms
of genersl snsesthesis, The administration of morphine ar
borbiturates have a similar

rine - eutzm‘h 48 related,. thaugh not @onﬁmﬁy, +6 renal

» entidiuretic effect (4, 22, 38).

blood £low (109), and Pedued rénal blood flow 4s the result
of rensl vasooonstriction. Remed blood flow erd uedtie:
Ou‘%pu‘t fall rapidly during emesthesia and vesover rapldly a8
annesthesia is lightened,

The systemic blood pressire appesrs o have a paradoxical
effect on renal bloed flow, Hypotemsion, either drug induced
or frem haemorrhage, does not refduce renal blood flow fmmediately.
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Conversely, igypaﬁeﬁsion'resulting from injection of 4 vasopressor
. reduces renal blood flow, This control of renalvasmtor tone
iz thought to be an intrinsic one. In 'prélﬂngé@ hypotension
this remal vasoconstrietion connot be maintained, and the renal
ba.oodflawwill eventually fall (22),.

. #nother likely factor responsible for the suppression of
urine during and ofter swrgery is the antidiuretic hovmone
of the posterior pituitery (1172). The action of ‘this hormone
.;is;' probably. transient after anaesthesis (82), but it s active .
ard evident (25) for o veriable time after the atémilation of .
BUrgeryy:

© On' the other hand , Habif and his collesgues have
demonstrated qtuteaonvimmgly (38), that most operations
proauceminmal changes inrenalbloo& £low.

'S6 much for what might oe calied & summary of the
physiological effects of ansesthesia on vemal function. But
what of chlorofdrm 2s & sd<called nephrotoxic agent? Work on
$hie subject is sparse and thinly spread over the last fifty
years, ~Three methods of imvestigation ave svailable; femely
irinalysis, renl funstion tests and histologie exanimation
of the kidney,

gis, This has failed to throw any light on the matter

and in both man and animals no eignificant alterations have been
detecteds Trapsient albumimuria occurred in voughly equal



woter, given by stomach tube, He found that aligaria. and
anuria odourred more rapidly dn the chicroforned dogs, Histologio

L i

sections of the kigneys of the étherized doge were essentislly

P ,'but in'the dogs that had hed ahlorofm-m and in those

which had undergone periods of | eaw‘biap changes in the

tubules weire ovident (64)e

‘Maciider skpirimented gain in 1935 on dogs which wire

piven an acute nephritis by the use of wranium mitrate, fgadn

adminisiration of chlovoferm o Gerhint's snaesthetio, Maolider

thepefore stoted that ohicrofam prodused not only a functional

depression in the kidney,
" but the action went further and estoblished
& cytological basis for its existence b
indueed cell degencraticn and death (65),
Conelusion, .
Schmemen stated that chicpoform anaesthesia had an adverss
effect on kidney function and based this statement mainly on ¢

work of MaoNider (91), 1Like many workers of yesteryeer.

fasled to Aistingulsh between the toxle effects of respiratary

depressicn and those of the drugs under tést, 'In’ fact the
rennl changes in MaoNider's etherized dogs which had resplratary
depression and hypercarbis, as indicated by reised bloed pressurs



groportions after ether and chloroform ansssthesias *on microscepic
exomination oocasional casts, erythrooybes and leucocybes were'
‘seeh (109, 80, 82)s It 'is suggested (109) that stasis in the
gl{mnemlar vessels rather tha.n ‘the Hosic ef‘fects of the drugs

is respansible fbr these abnormal céﬁas'ti'ments.

Renal Punction Tefsi;s;-

The excrction ci' urea zs one of‘ the ch:.ef i‘umtions of o
the lddney anﬁ imolves the activity of bath ‘thé glmmmh
and the tuibules in filtration end re-abserbtion. The ures
clearame tesu is therefore & relisble index of the functional
sta‘be of thee kianey (117@) Ehis tesi; wag Pirst veed experimentally
by Orth and Stutzmen to study the renal effects of eyclopropane,
ether and éhiorof‘ém, and theip results indicated that none of
the agents inberfered with Kidney funstion (82), More recently
controlled experiments were conducted in mon by Orth axd Cohen,
using urea .cieeréme tests, mn—pi‘-étéin mtrégen determinstions
and phenolsulphonthalein excretion tests, amongst others.  This
woitk ‘showed that although renal function was slightly depressed
in the first two or threé postoperative days, thia é;epfessim was

a common Padtor of all the anncsthetics used,

Histologic sxamine tion of the Kidney.

In 1920 Macmder amesthetized dogs with ether, chlaraf‘«mn
A j’e of chlwoi’om end alcehol in

and Gerhants anses thetm,
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and changes in the alkeli reserve, were similar to those seen in the
shloroform group, which were all hypercarbic. More recent opinion
states that ansesthetic drugs have little specific direct action
on reral tissue (38), and this probably applies to chloroform
when administered properly.

Hore investigation is required in this fiem "before the
question can be finally settled,

5. Gerdio-Vascular System,

About two months after the introduction of chloroform
anaesthesia, the first fatality was reported, This death and the
many subsequent disasters, exercised annesthetists and physiologists
for many years to come.

In the case of Hannah Greener four different causes of death
were postulated by four eminent men. Sir John Fife, distinguished
Newcastle surgeon, who performed the autopsy stated that

sesoohe attributed the fatal result in this
young woman's c¢ase to some peculiarity of
her constitution -~ not 1o be detected
beforehand - either in the lungs or in the
nervous system (2.f).

John Snow thought that she died of cardiac paralysis due to
overdosage {105b). | |

The redoubtable Sir James Simpson's contribution was the

assertion ghat the girl died from inhaling the brandy used in



attempting to revive her (99)‘

Prancis Sibson, in his snalysis of the first fowr chlorsform
deaths, seems to havé came nearest the truth,  Tike Snow; he -
thought that death was due to paralysis of the heartj that .

'~ thére is indisputably the direct action of the
poison on the museuler tissue of the heart.,
‘The poison penetrates to the heart from the
lungs in & single pulsation, and at the

' ’begim:mg of the next systole, the blood
ie sent through the coronary artery to the

 whole musoular tissve of the heart, The
blood passing into the coromary artery is
craves MOPE strongly impregnated with

 chloroform ...... thon is the blood in any
other part of the system except the lungs (94)s

That chlorofdrm con and doss cause death through cerdisc
arrest cémfxot be denfed. Bub by what mechanism?  Examination
of the work of our preaecessars ‘Hakes us a lomg way in attempting
to answer this question.

‘i’_en years af'ter Sibson's obsmtiom, John Snow, in his
book On 'Giﬁéro'f‘orm and other Ansestheties , gave an accotnt c‘sf"

the first fii'ty recor&ea deaths under ¢hloroform a.naesthesia (105(3).‘

He agreed with S:.bson thai, death was due to i:he g sif1y
effect on the heart of Wer&osage hiany of the cases amlysed by
Snow show 'l;hat the patients ﬁzd, in fact receive an overdose of
chlaz-ofom.. ~ For example, in case 19, the ,e@nvfentibnal vaporiger
being found too slow a methed of in@u\etion,

witness diected that a napldn should be

folded into the shape of a éone which was
applied with chloroform (105&).



Thiz was a1l too nef‘fective, ard in nﬂ.nety seaarﬁs the pa'tiént
Vian deade.

In cas.e twen%y, one arac}m pius anethér thirty ="';‘1s of’

A a 3}3%&
W the patient's nose, nis mau%h being ciose& (105&). ) In

éhlorefohn was pmeﬂ onto 4t 'fhis wes held withir

this case, mt anly was the volnme uSe& messﬁ.va, but the
waxming of the amaratua by the a,naesthetist's hami must hobve
;n'e&u:ma an extr@nely hi,gh concentratim bf‘ chlarefmm. '

In case twentyafm, & de‘bﬂﬁa‘ta& g:atien‘t wﬁ:th aavan&ea
aamer wiis uuaer am-esthesia f’m' eight t@ nine mmutee (mBe), '
: during whﬁ.c:h tﬁme 1@% @raem (3‘7 ml.) ei" ahlomfm was wsed.

, ,j & The Rogal lf&edical and Chirurigieal secmty {now
oyel Society of Me&ﬁ‘.einé} appointed & comuittee to investigate
andl repart on chlarofom amestheﬂm (2&@). This @m:ﬁ,ttee

soneluded %hat cam;emratians of ehlomfm shove f‘aur or

five per cent were like]y to lead to « ' am@p% a

p\,fblishea some yeats befors, S\ibséq_uent

) ons served only to confirm this views

As & result of 430 éxperiments on & variety of ans-als,
Chierofernm Cormission coneluded thot

card] pe only cosurred after cessation of vespiraticns
Edward lawrie, imtigatm- ‘and preésident of the conmdssion,

drew some rothéy odd corclusions from the emimen%s. One

of these wag that the £all of blecod pressure ard the bra.dycaram
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seen during chloroform ansesthesia was a safeguard, He stated,

The feilure of the heart, if such it can be called,
instead of being a danger to the animel, proved to
be a positive safeguard, by preventing the absorption
of the residual chloroform and its distribution
through the system (52).

This and one or twa other strenge ideas tend to msr what
was an excellent investigation, Critics of ILewrie have tended
to sbetract the few obvious sbsurdities and ignore the good,

It is my opinion that Lawrie and his staff owe their successful
use of chloroform to the fact that they adhered ‘strictly to
rules laid down in the Hydrebad report « rules that are based
on common sense awd which we now realize must be cbserved for
the safle giving of any "open" ansesthetic, - Also, the
"Hydrabad cone™ used by Lawrie resembled an ice~crenm cornet,
in that its vertical height was greater than its dismeter,

The surface .érea of this cone was greater than that of the
contemporary Skinner or Esmarch masks, thus giving a greater
dilution with air of a given gquantity of chloroform.

In the same year, 1890, MacWilliam reported that, in
cats, cardiac failure cccured as a result of depression of
the myocardium, leading to dilatation of the ventricles (66).
In fact, sudden cardiac failure wm‘sk the result of suiden
overdosage.

Enbley believed that he had demonstrated that vegus
inhibition wes the prime factor in the cauge of death in

chloroform anaesthesia (26). His experiments were performed
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on heavily morphinized dogsy and his contention was that chloroform
raised the excitebility of the vagus mechanism, particularly during
the early phese‘ of anaesthesias, He maintained' that éec%‘ion of the
voghi cz- atropinizatiom prevente& cardiace arrest from chloroform =
the reverse of the opiniém expressed by the Hydrabed Commission,
The morel of his work was that low concentrations of chloroform
should be used in the early stages of smaesthesia until the
eriticel stage of vagel sensitivity had been passed. '

Goodman Levy criticized Fubley's work on the grouxﬂé that
the dogs were véry heavily dosed with ‘morphﬁ;ne; thus mullifying
the conclusions sbout the vagal phenomenon (59 <, 58). Levy
also maintmea that Mvagal escepe" occured before cessation
of the heart beat, In his articles and his book, Levy ezpounded
his thesis on the cause of cardisc arrest during chloroform
anaesthesia, In his experiments on cats, Levy found that
during light ansesthesis the heart was 4n an “irritable"
condition, with a tendency to exhibit premature or extra beats.
Stimulation at this s'tage by surgical stimali, intermititent
administration of the ame;sthetic, struggling (58) or the
injection of adremaline (57), resulted in ventricular
fibrillation and cardiac arrest.

Levy correlated his experimental findings with clinicel
reports of fatalities, im’l\ié.ing those of his own experience
and eases chronicled by John Show, Meny of these deaths had

oceured in the early phase of the ansesthetic, in faet, before
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the start of the operation, To Levy this seemed to lend weight
%o his contention that ventrioular fibrillation as a cause of desth
under chloroform anaesthesia was probé.bly the oniy ctuse,

So far we have three hypotheses as to the cause of cardiac
arrest under chloroform « overdosage, vagal irhibition and
ventricular fibrillation during 1light anaesthesia, Before
attompting to reach any camlus:.fﬁ.csn, it is as well to review some
of the more rceent work., Orth and his colleagues perfused
isolated turtle and rabbit hearts, exposing the perfusates 4o
varying tensions of chloroform vapour. They shewed that
chloroform had a direct depressive effect on the ~i1eart-s axxi that
the rapidity of the depression was related to the concentration
of the drug. | Ventricular fﬁ.’brilla’tion cccured twice (8la),

Similer experiments were performed with a heart-lung
preperation of the dog and similar cardiac depression was
chaerved, without ventricular fitrillation., It must be
mentioned here that all ansesthetic agents cause myccardial
depression, and that the isolated heart is rapidly depressed
by that time—-honom*e&, safe mesthetic ~ ¢ther (118b),

Orth then tested the effects of chloroférm on mtact
dogs taking frequent electrocardiographs, In over three
_hundred irductions there was one regorded case of ventricular
tach;}c&rdia during light anaesthesia, but no instance of
ventriculay fibrillation. Overdosage resulted in several

cages of depression of ventricular and simis automaticity,
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Jua.‘ Sys%o:j.é_ , oad pressure, 11@ wmm; Hg. .
(b) Systolic blood preseurs, 65 .. Note
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] G G. was ty:pieal cf‘ the three recozdi.ngs.
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 but recovery was prompt with removal of the anmesthetic and full
oxygenations

Blectrocardiographs (g, ) wers made of three dogs used fa.

8y experiEenﬁs withchlorefom. The dbject of the expi ‘}"“f'ents wa.s
to secure hypotension for surgery by using largei but @ouﬁrolled,
dosage ai’ chlorofom. Durihg deep mastha‘bic li.ttle -chazage |

has oceured on %he E@Gﬁ ard this I attribvute t@ ‘»zhe fact tha.t

the amma:xs were well vent:.lated ami 'ena'te& (Se‘ef fﬁgure 6 )

An :.nteresting point ari.sing from Orth's work is conterned
with vagel control, He found that if, after cardisc arrest
frau chloroform overdossge, the vagus trunks were infiltrated
with procairie, the hesrt restarted very rapidly, in , six o seven
seconds. This seems to supportﬁhabley'.s work reported neorly
£ifty years before (26), ard to refute Levy's statement that

the heart always escapes from ‘!:he vBgus
reflex, however long the stimulus be
spplied, ard such & condition as permancnt

arrest of the hesrt through a wvegel reficx
is unlmawn in experimental shysiclogy, (594).

Vhat shout the matter of ventricular fibrillation during
light chloroform snsesthesia? It will be remenbéred thet Goodman
Levy fourd that stimilation of the lightly onsesthotized cot caused
ventricular fibrillation,

ts, he pcst&late@, was caused by
release of endogenous adrensline, Likewise, injection of
adrensline into the animal caused ventricular fibrillation, Levy
aseumed that deaths in lightly anmesthetized mmarbeings wes caused
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'by the mechanism,

It should ‘be emphasized that Lev:y's work was done entirely
onre‘:a.ts Meek: and hz.s so=workers eonﬁucted exnawiments on dogs
\Bﬁmilaf‘ to Levy’s. 'I*hey make the pomt; that I:evy’s results
'coula not be duplicated in the dog, xmabably due to a morked
| sx:ecies aifference. Inaection of 0, 01 mg. per kilagram of
a&renaline (equivalent to about 0.7 ng. adrenzline for an
ayerage sized adult) produced ventriculas extrasystoles or
nodal rhythm, but not ventricular tachycardia (69).
| Qrth and colleagues agree that ventﬁcular f‘ibrillation
 is rove (Sl‘b). |

The a.bsor‘btian coefficient léf the heart for chloroform is
greater than that of the ‘i:ra.-‘m. In oonseéﬁe?ne, the nervous
cofﬂxmtiﬁg tissﬁe of the heart, which has & particularly libersl
blood supply, reaches equilibrium with chlb'z‘af‘ér;n sooner than the
corddac centre in the medulla, or any other part of the brain,
While the chieroferm concentration is high in the heart, the brain,
and perticulsrly the bypothalamus s is unsuppressed, ‘The posterior
hypothalaxm ruclei control sympathetic response and stimmletion
of these mclei promote .semetien of adremsline, It is suggested
‘that the coincidence of a high level of chlorofdrm in cardiac
nervous tissue, plus on excessive sdrensline secrétion, is
responsivle for arythmias lesding to ventricular fibrillation,
Singly, either factor is relatively haxmless; together, the
effect may be catagtréphic,
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This view, propounded by Barris (40b), is really a more
involved version of the Judgenment of FPrancis Sibson shout a

century earlier. (See page 23 ).

It seems that the exz:erimehtal evidence on the cardicvascular
effects of chlaroform is equivocal Tt 4s now pertinent +o

consider recent clinical work.

Grth and his collesgues studied 52 patients under chloroform
anpesthesia on whom E.C.G. tracings were made (8le), The
techniques used were toqa:ﬁﬁfro-abgorbtion, open mask with air,
and open mask with oxygen under the mesk,  The results are shown
in Table 1, and 4t will be seen all but seven patients showed
same form of arythm:}.a . The commonest being ventriculsr extrasystoles
and premature contractions,

TABLE T

THE CARDIAC IRREGULARITIES RECORDED IN FIFTY-TW0 PATIENTS DURING
CLINICAL CHLORCFORM ANESTHET1ZATIONS, e

Nunber of cases
No irregularities
Sinvauricular block :
Sincauricular extrasystoles
Auricular fibrillation
Auriculoventricular block
Aariculoventricular extrasystoles
Aurdiculoventricular rhythm
Ventricular extrasystoles and
premature contractions
Slow wentricular rhythm
Burdle branch block
Ventricular tachycardia
Cardise srrest

+8rpvod® BERsBE~uUB

Since many of the patients exhibited seversl types of irregularities
the totel exceeds the number of cases,
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In this review of 1,111 chloroform *az:aestheties, four cases of
cavdiac arvest m@m&&, 811 3 bably aue to wex*aosage. These

srvests’ were of shcrt duratian, one case requiri;ng "tj‘ massage.

Ne case af venm-mcular i.‘ibrﬁlatien was. mﬁe& in ’ehi.a aeries.

Hin earﬁuc‘béd an E.C G.- survay of 16 patients unaer
ahiomfom maesthesia anél his findi

ings were simiiar £o those of
Orth, namely, gross amd varied disturbances of ' Fhythn 4n half

his Pﬂiﬁﬁ?’tﬂ' (ia-lb) 'I‘hése irregt ?;  ;

"'ties weps mst usly

ami@a},iy Q'W‘mws ocaurred in the sécena Btage, part.;i-{.:i,j»» kg

in agsociat.wn mrbh stmggling and -ano-xemﬁae : ~They webe
transient and were generally ezz.mshea 'by deey& ¥ng the

Hi11 suggests that these dﬁvmtmns of whythn

” maaesthesia.
‘cbrresp&mi to the pre-fs.‘brilu'».tion s‘tage dbserve& ‘by ,‘Levy

during light iahiwofm‘m amaeathesw in the eat iy that i:hey ”
ceuld, ﬁ.n faet, b*‘ the grewsaw of ventrimﬁar fibﬁllatim

inman.

In the dosal series of chioroforn anaesthetics, from
Groote St Hogpital, B.C.C. monitaring was not done and we
have relied on clinica.l sa.gm | It will be seen from:
lTe.ble 3 (aae appem.ix), that of 'l;h.e 707 cases veviewed,

of 1ess than sixty 'beats per minute doeurred m

65 patients, or 9 per cent of fhe total, It is also ﬁ.nteresﬂng
‘i:o note that the frequemy of oocurrence of bradgeardia seems £0

"be relateﬁ %o the length ef apei"atinn. i "e 7 shows &

typical gz-aduai decline of pulse rate axﬂ ‘Bhe prompt ccrrecetien
paused hy injection of atrapine.



A more exact representation of this phénonenon is deménstrated
by Bamforth and his collésgues, who estimated the rélative Pall dn
ilse vate (5),  They fowd that 22 pér oént af their Pa“‘en%

. mﬁer chlorof‘ém anaesthe%ia auataine& a ‘br“

per eent les *i;han the gtémting pulse ‘vate, V*hai: is mora

L 5¢ant, an equal ‘ :
21 to 14.0 per wn«;. “fhie's“é au*kh@rs afi‘im ‘Lhaﬂ 31
pulse is af‘t;en a mﬁe t@ the aeptb @f gmasthegia, ’out wi'th this

I ca&ma% a.gr&e. It ﬁeems mare 1 ,‘71; vl:sr thai: Ghlarafﬁrm h@s a,.

vagas Mbiﬁon" ef’”‘eat on the heart, but this s not ce ,,,,, X

Jmhnstone has shown tha% in patients not grm&ica‘te& with

atropine,. Ec inhibition ‘t:a the. paint of starrxsti.ll mhy ocour
when oyelopropane or ether 1s used. He stated that the

ety with the frigtancy and consentration

inbibition varied 43
of the vapmm' that the amesthatm Btﬁ.ﬂmﬁa‘t@d aensory n@m‘ve
exﬁinga in the “mngs with resulti"ng : apdia 1nhibitiar tbrough

] biti@n.

the mﬂmovaaraiac reﬂemaa Atrapine pfeven‘he& vagal 4
but anrtimﬁas ware wamumea when eax-bon ﬁioxide wos ailme& o
accuiate (50)

dug. fInj-_{f‘act;,! the lowal e .
parsgraphs shows that chioroforn is perticul

ugh Johnstone did not use chloroform 4n his work,

rSence sited in the preceeding
pily vagomimetie,




It would seem that chloroform could cause aazﬁiacarrest; tiwough
the mechaniﬁm Qescribed, Premedication with atropine 444 noii |
come  into general use until the turn of the century (7, 101),
and ti11 recenﬂy chloroform ansesthesia was assoctsted with ,
under-ventilation and earbon dioxide accumglstion, Tt is not
diffioult to suppose that these two Pactars oan and d4d lead
o fatalities (87, 8).

As régards* cardiac irregularities Mhezifhan bra&ynar&ia,
we haye found these to have vecurred in 1.5 per cent of all céa_sﬁe'%s.a
{able 4, sec appendixz), An analysis of the elsven cases
recorded si:sws that in five of ‘ﬁhese there was pre-disposing cause
for the irregularity,

In our series, the sum of bradycardies and other frregularities
that were clinicallv detestable was 10,5 pér cent of the total,

Blood Fressure. .

| Arterialblcod pressure varies as the groduct of the pardisc
output and the peripheral resictancs, Chloroform hos a direct
depressant effeect on cardize muscle and cangiuzzji:ing tissue and
also on the smaoth muscle of the peripheral vessels, During
inkelation of mb&erat'e concentrations of chloreform - 1.5 = 2 per
cent « the cardiss output (10) and the periphera.}. resistame awve
pm'ogres.:ively deareased (il6c, 112;&, 81b).

There s 11ttie doubt that a fall in blood presswre during

chleroform ensesthesis s due to relative overdosage, and 4% is
this fact that has led some annesthetists to state degmatically



that chloroferm should not be used for more than one hour (53),

Table 5 (see appendixz) is an analysis of the patients inthe |
Groote Schuur Hompitel series who showed a fall of blood meséure'
of 10 mu. Hg. or more, This ocoured in 156 patients, or 22 perf |
cent. 1% will be noticed that 45 of these petients who had a
drop in dlood pressure were given sodium pentothal, The
inference is obvious but it is uncertain whether the fall
of blood pressure was due to pentothal or to excess chlmroi‘ozﬁi
cr to both, In the £ifth column 6f‘ Table 5 are recorded
clinical notes, It will be seen that in four cases chloroform
was used specifically to seecure hypotension, whilst in others
there were camplicating factors calculated to cause hypotension.
It will also be hoted that a blood jressure drop occured in 21
per cent of patients when anaesthesia lasts less than one houry
but this figure was nearly doubled in operations of over an
hour, '

Table 6 is a more detailed apalysis of the patients who
had a fall of blood pressure. The 'va_lues are reported as a
percentoge change from the preamaesthetic systolic blood pressuve
reading. It will be seen that 10 per cent of all patients had a
fall of blood pressure of 20 per cent or less, whilst 12 per cent
had & fall in blood pressure of more than 20 per cent of the
starting level. The figures agree very clésdy with those of
the much smaller series of Bramforth ard his colleagues (5).

The figures in Table 6 also show the miationship between the
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duration of anzesthesia and fall of blood pressure.

In nine patients chloroform was used successfully to
produce hypotension and reduce bleeding.
Case History K,G., aged 42; weight 120 lbs,
Operation : amputation of penis and block
.. dissection of inguinal glands,
Premedication: morphine, 10 mg, :
. atropine 0,65 mg.
Agents : sodium pentothal 2,5 per cent,
250 mg. Nitrous oxide, 70 per cent,
Oxygen 30 per cent,, and chloroferm
through & precision vaporizer,
Spontaneous respiratory, and Magill eircuit,
Approximetely 650 ml. of blood was given .
during the operation.,

It will be seen that the systolic pressure record is a
"mirror image! of the chlorofm.concentx;atim record (See Pigure 8).
When the concentration of chleroform vapour was increased, the blood
pressure declined, and vice versa. |

This method of producing hypotension seemed to have two
distinet advantages. It was rapidly veversible, ard no
additional drugs were used. On investigating the matter
éxperim&ntailyg I fourd that in thirteen of the fourteen dogs
used, hypetension could be secured satisfactorily. 'The dog's
vasomotar control appeared to be more robust then that of the
i:mnanbeing and it was necessary to use intermittent positive
pressure respiration (IPFR) and moderate hyperventilation in
order 4o reduce the blood pressure satisfactorily (See Figure
5, Dog 9, pagel7 ). In dog 23, the same rapid fall of blood
pressure was seen coineidental with increase in chlorofaorm

(See Figure 9). It is interesting +o observe in this and
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other ié'xpézrix‘éeni;s ‘that IPPR o) hypez-venﬁilatidn with nitrous
oxide axd oxygen only did not cause 2 deciine fm blood pressures ﬁ
Dog 23, in fact, woke up during |
(1) hypttension eould be geroau@eé. by waa.zag nhlemfﬂm in A‘

 this manomwe,

mental work on rlogs shme& “that

‘concentrations up $0 2,2 per centy

{(2). the level of biood pressure eould be contr l?ue& by
altering the corcentration of ‘c:’hiémf@mff

(3) h;y;_aetemien ecul& ‘be pwﬁuced, and cbntrol‘fed by ﬂsﬂ@
ether or flucthan& in the some wa:y;

(%) 'when uing ahlcmfom nder the conditions describw,.'

3 ¢ es wers mirdmal, heﬁ.ng depressﬂ.an of T-wave,.'

B aaign esf rqy_, , f ial ‘inauffﬁ.@ienqy «gog 9 Bée

igure 6; There was no aiteration in ventriculsr
complexesas deperibed by Qethy
(5) liver demage was marked when chloroform was used for

‘ l'wpetensian, but 444 mt ocmn' when hypote

<no1:wseaux-ea§: This aspect is dismaseu mare :Pul];;r

in the relevant sectiom.

 Chiorofurm and adrenzline,

| 4.0,y & woman, aged 59,
mgpéatmw This @a‘hi&m was 4n
good health her ;:rem@erative blood pressure
was 3.60/ 50 m.Hg‘ Premedication ¢ pethidine
75 mg. ; atropine O, 65 mg. given two hours
 previousiy. The nose had been pat:k@d with -

Ixmamwsaly béi’are operation the puiﬂ& mte
was 104 per minute, and systolie blood pressure



- 200 nm, Hg, The patient wes inducad with mtmus
‘oxide, oxygen and chlax*oi’m, the ¢onceniration of
the Iatter being zradis 13 ; ¥

- After abuitt ten mimtes pulsus ANy W
observed, . This developed into a i;ac mm&a
{probably Wntrs.mllar) of about 200 peats per
mimite, The chloroform was turned.off ami,

- Iwure oxypen given.,  The sequence of arythmins
waB peversed - normél sinus rhythm rapidly @nsuem

. Recovery wat complete amd subsequent FO0 wasg normal,

furtion deters,orated in stages

kL is .;Seexi that cardiac
to ventriculor fachyonrdia and at this stage circul
Had the anaesthetic not been sbopped and oxygen given, ventriculs:

filwillation would have been & distinct possibility.

The normal human physiological response o an injectich
of edrensline ds well kn Recently in South Afydes a death
hass been reported following local infiltration of 68 little s
hyroidectony (51)s.
jection

o minims of 131000 adrenaline during = |

Cliver and Schefer were the £irst to yote that the in
‘ rimentsl enimals saused duhibition of

nodal Thythm wgether with taclweardia o f&bﬁe}f;*_.tian ot the
Véntrieles (78)
Ventricular i‘i’brillatian &epetﬁs on imz‘&aséd ﬁmathetié
5ivity ond an Wa«ed blood 1&@1 of a&rﬁnaiine ar ng
adrennline, There i a prdba‘ba.e z.mr&ase ain the irritamlity @f‘
ventrioular mscle $toelf, | |
o sline may be Iibbrated by the adrénal medulla, o

may be ﬁ.n%r@duced sx«rtif‘iaially.
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Death from ventricular f‘ibrillatimn is associated with
cardise émxim . If fz‘brn.llatien persmsts until the esrdios
ressrve of o}{y‘gen s depleted the heart will fail to contrast
again. | 1# pivrilletion passes off before the oxygen in the -

J480 tz‘lssue is used up, normsel aetivﬂ.ty may be resumed (36)

linical evi&ence of aea‘ths Pollowing the use of

adrenaline during chloroform anaesthesia are not 1acking
(36, 598, 28), ahd we have alresdy seen that yémtriculler
fi’brillMion cean be praducaﬁ in cats by this meems, theugh
nob so easﬂ.lv in dogs (69, 72). VWhat is Athe pqﬂiti@n with regurd
to endogenous adrensline? | Z |
G«ocamwn Levy maintained that it was this brisk releate
of aarenalim during éxaj;tement ar stimulation which hed such
a detrimental ef'fec‘t on 4 he:ar't made "irritable" by éhlomfc;ﬁn.

Other workers hzwe shown that in the human patient ventrie

ioi ’ia ocours early in chlomfom anaesthesa.a (43, M.) o

may ocour st rest in the nemus patient (m.) Othersbelieve that
the am:iety of the pat:.ent leads to incraased adrenaline seeretmn,\
'se;nsiﬁzers the myecardivm and is one of the conditions

liae ‘ai‘z*est (50).

predisposing 26 ct

The vital guestﬁ.on is, how much afirenaline oan & human
patient _secrete? Cannon has estimated 'bhis amount £6 be between
0,1-0;._,}0@5 ng, PET Id.legr_am per minute (»17). If these figures
are relisble it would mean that smathetm stimilation for one
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mimute in a 70 kilogram patient would produce at least 0.07
ng af adrenalim, not very much. A% most, 0.35 ngs. Which is

a large smount in a short time,

| The aarenaline whmh suppasedly appesrs in the heart
comes f‘rem W0 smmses - the sympa‘ﬁhetic emiim? cells an& the
adrensl meaullm These structires are reput'edly contrened by
hypothalemine muclei via efferent  sympathstic fibres,

Theoretically, then, ary interpuption of the efferent sympathetic

-fihreﬁ should abolish cardisc irregularities, Bxperimental work
showa this to be so, Removal ef‘ the stellate gahglien from cats
in which megulamties had developea under chlorof@m abolished
those izfregulazrita.esa On the other hand, stimulation of the
ganglis hrought on the irregularitﬁ.% Seetion of the seeorﬁ,

 third and fourth thorscic nerves likewise abolished aryumias.

' Section of the cord at the £ifth thorecic segment « whenne arises
the sympathetic outflow to the adremal < prevented the produsction
of extrasystoles on stimulation of the :s¢ié.tid nerve, mnany,
when the hypothalemic region was isaiated, eztrasysteles which

“hed developed during chloroform anaesthesin were .aa’oolishéda
Conversley, stimidation of this hypothalmic area produced
extragystoles when -ﬁhsy were not present 'iia‘.eif‘@re,; - When the

ilation of the bypetimiazms

supraprenals w@fx‘-e remc"vedw’s‘s:,{ f-
5%411 producaa irregularities (12)

This expa'rimental work is a pra.ctieal verification of' the
views of Herris, stated earlier in this essay. Namely, that
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due to the ‘i‘api.& upf,ake of chlarefm by ca?&iac a;igs:;e, eXoesa
of thah é‘:mg smi of adx'emiine are in the eame plag :

st the amzze tﬁ.me, mﬂ bei‘w-e $he. "syn@athei:ic "tap the;
h:ypothaiaxm - h&ﬁ 'been “'tm:-nea of £ c’si- Bepz'eas‘ued by anaesthesia.

: ,Gﬁmluﬁi’em. '

This chapter 1z the backbons of the assayy azﬁ there are
Beveral ;,m,luesmna to. be afavn. .
1.  Chloroform hes 4 vagomimelic efPect,  Adeginte ntropine
shotld be'given with premsdication. |
2 Adpenaline should not be used in the fieesénee of chlororerm
ansesthesia,  Nevertheless, I have given a mumber of
chloroforn ansesthetics during which 2 smell émount of &
line 1;3, hes ‘been infiltrated
for haemontesis, There have been no untoward

‘weg?k‘ solution of a;}.z-e

3s - “Chloroform van be used successfully to obtain i rpotensiony

© but carr:les 248 o risk oi‘ Yiver’ éamage in addition to the
risks pertaining t6 lwpatemive ted

i.fijquess in géneraly
C s It «camao‘l, %e sﬁa*be& wi.th eerwimty which is the oSt l:tkely

covsge of camiaa aviest during chl 'mfcm ansesthesia,
"\W v:uew is tha‘a everﬁ.@sege is prahabiy the main of 7 si,-erﬁ. |

’ ‘wi:th vagel in}ﬁbi‘hiozx cm;mg ae@mﬁ I do ot ths.nk that
ventricular ﬁhmlla‘tim is &8 frequem a sanse of aeath as wag

surpessd (3)., As fav ne c;ardiac miﬁa’bﬂﬁ.ty Zoes,. the
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human heart .oc,m’ipies a position intermediate between "the cat
and the dog (106) Injection of adrenalme auriug chlomfom
anaesthesia may well cause ven‘bricular f‘;.'brﬁ.llatﬁ.ow axﬂ
hypoxia or hyperearb:l.a by imz-easing a&renaline yroduction,
may well ;pre&z.spose to the fccnaition,

6. Ihe Liver,

Phrarmae ‘él‘ogist's state that chloroforn is a pewerful
hepa‘botoxin and that repeated doses ean cause altereci liva'
~ function, or liver failure and death (324.)

Casper 48 reputed (108,; 1183) t@ have Been the first to
report on delsyed chloroforn paismﬁ;itg, in'B;_BSO.. Hawevez:,‘
perusal of Caséer‘s work (18) éhews that what he was most
probebly reporting were the delayed effects of and death from
cerebral anoxis. In addition, two éf his three cases were
~ complicated by sevére infection,. |

Hore precise sccounts of delayed chidroform poisoning
were given by Guihrie (37) in 1903 amd Telford and Faléoner
4n 1906 (108). Willeox, in 1931, delivered the Lumleian
Lectures on toxic jaundice and presented an excellent ‘
illustration of the histolegic changes in the liver of a case
of delayed chloroform poisoming (116),

~ The deaths occcurred mainly after operations on chxldren
and followed a similer clinical pattern ; namely vomiting,
cerebral iri-i‘tation, pyrexia, collapse and deepening coms,



%{”,2&

An almost constant finding at autopsy was a yellowish~brown
discolouration of the liver with an a‘bmﬁa;ma of visible fat.
Meroscopically, central cellular necrosis was seen, and

perilobular fatty infiltration.

Beesley made the importont observation of the coingidence of
pérsis‘{:ent postoperative acetonuria and @elaye& chloroform
poisoning {8). The patients described by him dfed in a vs{:ate.
of extreme éc’:idosis_-, with a mariced smell of acetone on the
breath, The children deseribed in these papers were operated
on for the correction of the deformities Qi". rickets or
tuberculosis, or the screping and draining of tuberculous
abscesses, The acute infective condition predominating then
was acute appendicitis, sand it must be rarngnfpefea that in those
days laparotomy was not performed for this condition before
abscess formation had occurred ~ at lesst, not in FBurope.

Al) these conditions presuppose either a state of malnutrition or
chronic 411 health, or toxicity and temporary starvation.

In staxvation the stress of metabolism falls on the fat
in the depots and, as iipotropihe are not availeble in adequate
amounts, fat accumulates in the liver (1173). This excess of
fat diregﬁly depresses the functional activity of the liver
cells, end the swollen cells compress the sinusoids, weducing
the blood supply. This explains why the necrosis seen in
liver poisoning is central; that is, becomes more marked |
nearer the central hepatic vein, .
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It would appear that a liver depleted of protein and
carbohydrate and consequently loaded with fat, is susceptible

- Yo damage by an agent like chloroform, For not only has

chloroform & high fat Solubility but the liver sells are al
the time partially snoxiec,

It has been shown experimentally that this is the ease
end that the sulphur containing amino-aoids, methionine and
oystine afford moat groteetion. Miller ard Whipple showed
that protein-depleted dogs submitted to chléroform ansesthegia
succumbed to liver failures those given methionine shortly
before ansesthesia survived (71).  These workess also
showed that methionine given within four hours after
chloroform ansesthanis prétee*kaa the 1iver,

Goldsmith and his co-workers have shown that in vats
a high oarbolydrate diet will also ;protéct the liver to &
certain degres against chloroform poisoning, probably
by §ts protein sparing sotion (33).

It is pertinent to consider 4t this stage the blood

supply of the liver. The organ veceives blood from two

sourees, the hepatie artery end the pertel vein. .The
hepatic artery 48 small in pelation to the size 6f the organ
it supplies, conveying as it does about 20 per cent of the
volume of blood passing to the liver {117e, 67, 55). It hes

been -estimated experimentally that the portal vein supplies

from 62 to 72 per cent of the oxygen teken up by the liver (67,61,95).
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The figures ape dependent on the blood rressure and oxygen '-

saturation, T will be Been, thén, that the liver depends

mainly on ventus blood for iis supply of omygen, So that

any reduction in oxjgen tension, ceused either by hypoxia o

hypotension, will réducé oxygenation of liver cells and cause

dver dambge (2). ' |
Goldschmitth and ks oollengues have demonstrated thad

the necrotizing effect of chldroform is largely prevénted by

volatilizing the anaesthetic with oxygen (32), Thess workeprs

found that when okygén was'used s A vehicls for ohloroform,

ation incressed

a3 opposed to airy the arterial oxygén satu
from 87 per cent to 100 per cent, and the portal vein oxygen
saturation from 59 pér oént to 81 per sent,

I have shown experimentally that 4n doge 2 severe degree

of hypotension drastieally decreases both the srterial and
venous oxygen saturation, A glance at Figure 10, Dog 17,
will show that the curves for blood pressure, arterisl and
venous oxygen satm-ation follow a simila.r pattern. In this

‘experiment hypatezasion was induced wi‘th tt‘imetaphan (Arf@naﬂ)
vana the apimal was 'breathing spentaneausly thwugh a Rube“n

non-‘brea th ing valve, Venous bloaa samyles were taken

from the inf’ericr vena cava close to the right a.h'ium. The

éoefficients of utilizatien of exygen of the four samplings

were 27, 43, 35 and 26 per cent respectively, _'i‘,he normal






af‘tef the experiment shews ro 31istoi egic c

exammatmn.

Undér the candz‘tzons demonstratea in this amml :!.t must

he suppased tha% the liver uxﬁe@-went ) censiderabie &egree of

ag“nant anaxia A biopsy of Dog 17'3 liver *bakan twe éays

{.‘;.‘g,-, _ A biepsy

taken on the ni.nth day was 1ikew::.sa nf’ L

Furthaw worle showed that aogs rena.ered motensive by

ovemntzlatmn with e*bher or halethane, or by :.njectmn .

of a:rf‘omd, sufferefi no liver dam&ge afs 3hown on ius‘&ologm

1

mt the aogs in vﬂnch hy:petenawn wag 1miuned by

_hypervemila‘ticn with, \..hlorof‘om we see a differen‘b picture.
Fourteen such sxperiments were pwfeme&, ami lwmtension was

‘imﬂucea thirteen tim"s.‘, The lasﬁ eleven eansecume aégs

§

underwsent post-amesthet&.c liver ‘biopsies. ; Eve:-y 1ﬁrer,
with the exe@twn ei‘ tmt belong:mg 1:0 ‘bhe d@g who had :
not sustained hypotensmn, :‘hcrwed signs oi‘ central necrosis ‘

ranging ﬁ-cm 90 per e:ant ) 30 per cent distruetwn. The

.Lwex- of the d@g :m whmh hmmtemsion eoul& not be induced
}was vzrtunlly normal (See Figures 11 and 12) One dog
.&ied mthin ﬂ‘. hom's of‘ amegthesia, ahewing aigns of early

an& severe liver &amagfe.

The ‘blood pressure recera of & chlomfm-mcd dog 18
“i;llm‘traﬁeﬂ in Fig’ure 54 Dog 9. A histolagic section of

this dogts 1ﬁ_ver is mm in. Tigure 13. : I*tvmll be seen
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that the organ susteined centrel necrosis of abaut 30 per cent,
in addition to hydropic changes.,  There ig also evidence of
mitotic sctivity, indicating cell regeneration, Ldver biopsy
made on the ninth dey shows restitution to normel, with
suspicion of esrly fibrosis (see Figuwre 14). The neerosis of
liver tissue Seen in this exemple is typical of the other
chloreformed and hypotensive dogs, but is less severe thon
most,

Clinical evidence of the harmful hepatic effects of
chloroferm in the presence of hypoxia and hypercarbia is seen
in a report on seven open thoracic operations under chlcroform
anpesthesia, In four of the patients described, marked
hepatic damage developed, severe enough to cause the death
of two, In these four cases there wos evidence of hypoxia
and hypercarbia during operation (95).

The early reports of delayed chloroform poisoning
should now be scrutinised in the light of recent work, Many
of these deaths occurred in children who were in poor
mitritional s%oate, to's:ic or terporarily starved, Beesley
wos on the right track when he drew atbention to the fact that
the majority of deaths occurred in patients who were acidotic (8),
that is, in those who were depleted in cerbohydrate and protein,
and whose livers were loaded with fat. The anaesthetics were
given by the open drop or drawe~over methods, without additional

oxygen, Intravenous therapy with glucose or protein was not
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available at that time, Under these conditions, is it to be
wondered at that profound liver dsmage cccurred?

ith modern ennesthetic methods, control of chloroform
concentration and avoidence of hypoxie, gross vderaxage‘mént of
liver function should not occur. Hepatic damage, as
entimtted by liver function tests, ocours in approximately
50 per cent of all patients who undergo major surgery (100).
When optimum gas conecentrations are maintained in 'ihe
tissues there is little to choose bet&een hepatic damege
cccurring after chloroform or any other form of anaesthesia
(86, 85, T4y 79).

Hinsworth observed that subelinical cases of hepatitis
bave been noted, and, as hepatitis is usually a transient
cordition, liver damage is rarely suspected in man in the
shsence of jaundice, It is therefore likely that in men
liver damage after exposure to hepatotoxing is commoner
than is realized (45).

In the series of cases of chloroform andesthesia from
Groote Schuur Hospital one case of postoperative jaundice
cceurred. In retrospect this patient was Judged to have
been in the pre-icteric stage of infeotive hepatitis before
the annesthetic. The outcome wés satisfactory (47)

Chloroform ansesthesia can be eminently suitable for
obstetric operations, The question arises vhether or not

the agent can ceuse liver damege in the foetus, It has been




“1,8-

shown that while chloroform anaesthesia will kill a protein
depleted mregnant bitch, the livers of the pups remain quite
unaffected '{?i)‘.j  The biological law that thé needs of the
foetus toke precédence over those of the mother iz observed
in this instonce, for apperantly the 'fc;tué in ulero extracts
sulphur from the mother's liver in the same way that 4t |
extracts iron. - Up to the Tourth week after birth, pups have
an extraordinary iiver t{olerance to chloroform. In early
1ife the liver is a blood-forming orgen and blood islands

sre present in the liver lobules, It is thought thet this
endogencus protein alse rrotects the liver in the foetus and
pup, but. the frue explanation is not yet known for certain,

Conclugiongs=.

Chloroform is a poﬁentia.l hepatotoxin, It should not

be used under fhe following circumstances i= |

1. When there a.s ‘1'ive_r damage or the posaibility of liver
m‘?é |

2, In cases of carbohydrate or protein depletion, such as
masleed malmltritien, starvation or prolb‘x{zged voriting.
For example the patient with obatructing neoplasm of
the oesophagus o one who has hyperemesis gravidarum
would be unsuitable s\i'bjeets far chioroform. A
knowledge of the patient’s ccmditian over the previous
few days will warn .the mésthetist of the pqssibﬁ.lity.
of liver damage (92).



3- In the gresence of ‘b:.ssue anoxia such os caused by
Iaypcteﬁsion or severe haemarrhage,
In the :presence of 1:.*arer hypom chloroi’om has & morked
secretizing efféct on the liver which is not seen under

sirmdlar circumstentes when 'ether or halothane are used,



} g whereof it wmay be said,
ee, this It hath been alreaﬂy oi‘
- old $ime, «stﬁch was béfore us, . T

'Z‘he ﬁ.nvention ef' axx&esthetw apnara"tus has alwasra been
v the deligh'b of ‘i:he g&ﬂg@ﬁeer and experimenter. Chlorofm

 hss beeﬂ the inspiration of an imreshble yumbér of drhaiers,
some inﬁ‘isueins anfl mrw bewﬂviering. But it 45 ’beycmd e -
scope of 'i:hm work to &escri.be these in v:letail, interesyte though

they may “be. ‘Instead the three main tyytes of chlorordtn inhaler

| will ‘be meni;i.aned and 4% will bfa seen that the 'basi ‘

. *‘:ipies of the past ave s‘&ill applied in *hhe x atrati;

:of‘ chloroform t, iy

' $tr Jomes Simpson,  Séveral drachms of chlarioim were poured
orito & ¢loth £oldsd into layers, this being Ha over the
pationt?s face, Simpson modified this méth{ in 1B60 by
dropping the ebloroforn slowly onto o singlilayer of cloth

Yeld so as to form a mask over the fage,

v
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Snow's oriticism of the "folded oloth™ method was that it
was quite impossible to control the amount of chloroform inhaled
(104) avfl he made the point thet sudden dééth'cmﬂa oecour before
‘the patient became insensible, Nevertheless, it was by
dropping chloroform onto a handkerchief that Snow induced
analgesia fo:e.;- Queen Victoria &wil;)g the birth of Prince Leopold
in 1853, |

In 1862 Thomas Skinner introduced his wire framed mesk,
This wes the forerunner of many similer mesks, fincluding
Esmarch's chloroform mask (3.8‘79) and the famous Schimmelbusch
mack, designed in 1890 erd still in setive service,

The quantity of chloroform vapour inhaled fom a mask
is uncertain as it depends on many varisbles - the areca of the _
clothy the moture of the material, the emount of chloroform
applied, the temperature, and the size of the breath taken
by the patient,

Yet this method of administering chlaroform, now over
one hundred years old, is still in use to-day, particularly
in domicilisry midwifery. It is doubtful if & more satisfactory
way has been found of relievinug the discomfort of the
crowning head,

fl?he mcentage Inhalefjx".

This type of inhaler is designed to deliver chloroform

vapmzrof known strength, regulated by mechanical means, ‘The









Vernon Haroourt's
chlorefarm inhaler,

Pig. 16.
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control of '»*vapoux‘- concentration., With the '_i'n‘l;rgauction of

~modern temperatﬁz"e compensated vaporizers, this problem has

been overcome. The method of giving chlorofcrm ansesthesia -

with precision a'ppara"“us is deseribed in the appendix,
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THE SUWOING UP,

Techniques are discovered, utilized for a time
ard then discerded, only to be rediscovered,
and in the light of incresased knowledge these
sgain find 2 place in surgical practice,

Howerd Dittrick, M,D.

The majordty of the opinions expressed in this chapter are
personal and the result of clinical and experimental experience

in chloroform anaesthesisa.

Potency,  Morris rates chloroform as the most potent inhalation
sgent available, but I feel that this may not be so. As regards
respiratory depression, the effect of chloroform does not seem to
be as rapid or profound as halothane or cyclopropane,  Morphine
and chloroform are not good bedfellows (70, 27) and I have
frequently noticed that patients premedicated with morphine
exhibit o rapid and complete ppnoesa  Pethidine or a barbiturate
in normel dosage scem to be satisfactory as premedicants.
_ Circulatory and cardiac depression occur clinicelly and
experimentally as a result of oveiéosage (114b).

Chloroform has a powerful vagomﬂmetié effect. In the event
of a decline in pulse rate and blood pressure, an injection of

atropine almost invariably resulis in a salutary response.
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As will be seen in the Appendix, slightly more than
20 per cent of the patients had a fall of blood pressure during
snasesthesia and 10 per cent ‘shgwed bradycardis or other arythmias,

Chloroforn s potentially more hepatotoxic than other
anaesthetic a.gents in common use., It is insdvisable to give
chloroform to patients in a poor mutritionsl state or to those
who have, or are likely to have liver derangement. In any
situation which leads %o tissue anoxia chloroforn causes marked
liver necrosis,

Renal Damage.

It appears from the literature that chloroforn cavses no
greater rennl damage than any other anaesthetic agent, As yet
_this aspect has not been thoroughly investigated.

o deaths due to chloreform have ccourred in the Groote
Schuur Hospital series. It is possible that deaths due to
the drug occur primarily from overdossge, causing cerdiae
depression or vegal inhibition. Hypoxia or hypercarbie increase
the chances of death from such causes,

Injection of adrenaline during or immediately befere

chloroform snaesthesia is highly dangerous.

" Post-operative vomiting,

The incidence of irmediate post~operative vomiting after
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chlorofornm was recorded locally and found to be less than
after halothane anzesthesia (48). As regerds "long term"
vomiting, Gillespie found that the incidence with chloroform
was L6 per cent, as against 35.5 per cent when other agents
were usec‘l (30a). |

Post-operative analgesia,

. This is prolonged and satisfactory after chloroform
anaesthesia, The pautient dozes quietly, ean be easily
roused and will enswer intelligently, and will drop off to
sleep sgain. This compares favourably with the postoperative
"ether" patient who is frequently restless and who has to be
" restrained physically or with anslgesics and sedatives, Halothane
appears to have ﬁa postoperative analgesic effect worth meﬁtibﬁing;

Subjective feelings after chlorofornm ere pléasam but |

somewhat strange. For sbout a day the patient feels completely
detached and quite willing to lie quietly in bliscful mental
iaoie,tioﬁ., | |

Admindstration of chloroform.

Control: The ansesthetist must have complete and accurate control
of the concentration of the agent. This is now possible with the
method deseribed in the Appendix, ' '
John Snow wrote
The rigidity and struggling are less marked

when chloroform is given slowly than when
quickly given (1051'%.

| With a precision vaporizer it is easy to give chloroform slowly.
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The ten&ancy %o hurry & chlat-ofozm anaesthetic mast be resistea
‘{Gp ent Any volatile ameﬁthetic acts as & diluent to

aﬁbﬁiﬁh@i@ -@f‘x_yg‘“en‘,- thus cléereasingf the elveolar ani arta'iai
oxygen bensioms, It hes been sham experimentally that low

oxygen tension 48 an, aggravating Fastor in p@st—chlerofmm 1iver
demage, ordl it is pi‘b'babié that undetested encxia in chloroforn
anaesthesis has caused cardiovascular Qepression; An oxygen
tension greatér than stmospheric is ‘therefare aesézi'eihiés In
local work & minimum oawgen coneen‘!:ratien of 30 pef' cent s been
useds T feel tha’c 8 h:gher oancentration of oxygen ghould be used

during deep or prolonged anaesthesia.

mﬂm}}eﬁ respiz‘atibn When emwofommesthema is ¢

& depth that gives good relawation; the respiretory mimuts

volume is drastitzally decreased, To aveié. hypepcarbia at “!:hia
stage I think it necessary that controlled o assisted respiration
be ‘i.iséaf..: I have found the Ru‘ben non-‘breathing valve suitable for
this purpase ana a comantration of f‘rom 0 3 to 0.5 per cent of
chloroforn all that 1s required to mhintain satisfactary cordlitions
in a £it sduits o “

I have m experience of using chlorofom in a soda«iime

absorbtion system and can £ind only one recent reference to this

technique (84)

Specific ,opemtions:’ ' Rapid recover; relative thsence of

amiiéé‘bioﬁs and low c'csst"méiké chloreform & particularly

sulteble agent for outepatient operations (49); Its nomwinflammsbility
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smooth fnduction and early paralysis of the sye muscles, make it
~ an 4deal amsesthetic for opthalmic surgery, particularly for

Bquint aorrectien. Lﬁ.kewﬁ.aa, in any operation where cautery

ie used; as &n etorlﬁml‘;\-v mgeal or intwacmnial apwaticns,

chlemf‘am given hy t;ontralled mothods hes o usef‘ul B,
~Ghloroform has not been used in pecent years for

» pperations at Greete Schuut ﬁaépital,
The, Am%th@tistz The vast masari-t;r of aceidents that ece.ur

— o e sl

in a.ﬁy walk nf 1:i.:fe are aue to the i’mma:n element arwi this applﬁ.es
in pertwulax- tm anaeathesia. Any anaesthetie is a@s safe or a8
it, 4n anaesthetist who will use

aamgerm.s as the men giving
chloroi‘om mwst be alert 811 the tﬁ.rze, imluding the time before
the start of his annesthetic, Azss,essment of the patient .is vii:.ail
and the advice 'of' John Snow i 88 valié té-ﬁay ﬁrais' when he wrobe,

It s a&wrisame, however, tc oy attention
o every civreumstance connected with the

. health and constitution of the patient
‘before exhibiting chloroform, as many
circumstances influence its effects {(a05g).

‘In order to give chioroform with sefety it §s cbligatory
t{8¢ keep a constant note of the puise rate and

that ‘the ammesthe
bleod pressure; f*eéér&if@ thése data ot inte’rvala of not less than
five minutes, At the same time a constant che@k must be kept on
pﬂmonary ventilation smd chlorofcrm aoncen'braticm

1 the mé-r*itis .-an& hazards af the dmg ave yrepéﬂg‘- understood,

and 4F % 45 sdmirdstered with the métioulous care it warrants,

chloreform has a useful part 46 play in the Art of Ansesthesis,



} . A bpief sumsty of 707 chloroform symesthetits given 4t
Groote:Schusr Hospital 4n 195951960, The pege rumbers in’
j biackets refer to. the texts
Method, A "Fluobes" fempitaturs compersated vaporizer (11) is
placed betiiesn the Bople's nachine outlet and the dagill
atbachment (ﬁée Figms'é 21).  The mpamzer is calibrated to
aeliver 0u5 45 3,0 per eent ha:loif‘, j |
increments af,eo;m,,:w« cent (63). it is ehargea; with cmerafm
a&ﬂ "ﬁhe&ﬁﬁi::‘e ‘48 mui‘té.plﬁ.ed by 0.75 to give the vapouz' |
aﬁmenmtion of the substituted agent (21), i’he s e

2 by xr@lume, in

c@mantration or ehlorofann ebta&mble s.s a;ppmxﬁm&telg 2 25
per oent, wi:ieh was found quite edequate.

ENESUCNURIEL JPEra

The chlerofdrm concentration is ineressed pit
the 0.5 dial pei

ng by one ‘noteh per breath untll the desired

corcentration is :e*eaahea.

Ml o= T

This Byswm my be useriin eonju tion Wi'-bh & Huben's

or similay mnarebreathi.ng valva,
 Figures 22 apd 25 suzmbrige agé distribution and dwraticn

roased pespiratory

Table 2 shows the tendeney to in rate

wurdng light annesthesis (page 16),

Teble 3 $llustrates the incidence of bradycardia in

] ;rﬁlatibn 4o the duration of wﬂa:mesﬁh@sﬁ& (pege 1)



Teble 4 summarizes the cases of agthmia, other than bradycardia,
which were detected olinically. Colume 4 records individusl cases

R BN

in whom faators other thaxx ‘l:he snsesthetic probebly influenced
cal‘diacrhythn. (page 33 Yo

Table 5 is on analysis of those cages in whom a fall of
blood pressure of more than 10 nm, Hg, was observed. Colume 5
records those cases in whom factors other than the anaesthetic
would cause & fall of blood pressure,  Overall, it will be seen
that there is a reiétionsﬁip between the length of ansesthesia
end the percentage of cases in which a ar'op in blood pressure
ocourred (page 3 Y. |

Table 6.  This reports the fall ‘of'blo@é. pressure as a
percentage of ﬁhe'gm-eanaéstheti‘c systolic Eioo& pr;ess‘ur‘e reading.

(Page 3h4.).
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301

205
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DURATION OF
ANAESTHESIA.

707 CASES

10 e

- 030 3160 620 OVER120

MINUTES.

'RESPIRATORY RATE

Fig. 23,

* RATE / MIN. -
| duration | No. of [per cent [bspser cent
minutes. cases. |over 30. [essthqn 30
0-30 579 48 52
31-60 63 35 65
1 61-120f 53 25 75
over |20 12 33 67
T&ble {20




'BRADYCARDIA

Bradycardis during anaesthesia

_ Teble 4
'3 4 a5 .7 ‘ - " :g
anaesthesin,

PULSE RATE
duration | No.of |[less than 60 /minute.
mi}\ufes. cases. |No. cases.|per cent.
0-30 | 579 42 - 7 Table 3
3160 | 63 6 | 95
6!1-120 53 | Il 21
over 120 2 4 33
TOTAL | 707 | 63 | 9
Duration in; Arry*hmios
minutes. .
No.of cases|Cases| 26 | .
“0-30 a,b a. History of angina pectoris.
579 6_ | b. Adrenaline nasal plug;
3-60 ventricular fachycardia.
63 T c. Chloroform used for hypotension. -
61-120 |cde| - d. Previous pulmonary infarct.
53 > |94 e. Hypertensive heart disease.
over 120 _ _
12
TOTAL
-707 |1 [ kS
{ .




FALL OF BLOOD PRESSURE

| | Duration in {Falt of blood
minutes. |pressure over |Omm  60mins. — 21 %.
% .
No. of casedCases| 7© | Pent. N
- 60 mins. — 37%
0-30 07118 & '
579
31- 60 3 Caesarean sections.
— 25 |40| 18 |3 very toxic.

63 | severe haemorrhage.
61-120 8 [34] 14 3-CHCI3 for hypotension.
53 - 13 severe haemorrhage.
over|2lZO 6 |50| 5 |I-CHCIz for hypotension

TOTAL _
156-122 {45
707
Teble 5

Duration

in 0~-30 31 =60 61-120 2>120

mins,
No,Patients Total,

with 107 25 15 5 152
hypotension ) ) L
PSRl 2 F 3 1| B) moew
g e | e w2
a 2130 iz 9 é L 21
5 A 3 Y A 2| 0§ 820
a >50 1 - - = 1
REiw | e sm o

o

<207 £all in blood pressure - 10% of all patients
D20% £all in blood pressure - 12% of all patients

Cases of deliberate hypotension exoluded.

Tavie €

Detailed anelysis of Table 5
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Hy tharks ere Que to the followirg solleagues:

- Dr, .S, Jomes, Hesd of the Department of

. Apaesthesia, Groote Sclmur Hospital, who

started the local chloroform investigation,
Professor J.H. Lowr and D. Cu N, Baz-ma:a for
alloving me i;h.e une of the 'S,argi;:él Réseearch ‘
tebaretary. |

Dr, J.AM, Compbell for the nistologis

Miss Tina Morrison amd Mr, &, Macksnws, who
produced the photographs,
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