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7ARDS IN THE USE OF THE CLOSED-
CIRCUIT TECHNIQUE FOR TRILENE
ANAESTHESIA
BY
S. CARDEN, M.B.,, D.A., DP.M.

ithin the past two years trilene (trichlorocthylcne') has been
easingly used as a form of genemal anaesthesia. It has
min advantages over ether and cyclopropane, such as non-
jammability, and it is regarded as safer than chloroform,
there is much less risk of ventricular fibrillation. When
jathermy is nmecessary, partic.ularly in the_region of the hgad
4 neck, trilene commends itself as a suitable non—explc_:sn-e
raesthetic agent.  As a rule 1 have limited my use of trilene
thyroid and breast operation cases. 1is us¢ n a closed-
ireuit machine appears to fall in line with \x_zhat is almost
routine practice of most anaesthetists—that is, the carbon
ioxide absorption technique for inbalational an:\cslhcu'c:..
erc are many advantages of such a method, the outstanding
pe being that a quiet operation field is ensured by the
iminished respiratory excursions: In cyclopr.opane anaeslhcsl_a
is technique is of course essential for practical ‘and economic
nsiderations.  The purpose of this paper is to show that it
dangerous to use trilene with a closed-circuit technique.

Illustrative Cases

Case 1.—Mrs. A, aged 67, a frai'l thin woman, was a poor risk
of operation for stone in the hepatic duct. On Nov. 22, 1943, s:hc
o5 given premedication of omnopon gr. 1/6 and scopolamine
. 1/300; then pentothal g. 0.5, followed by .endotra_chcal cyclo-
“o ne, The operation lasied l_«} hours, durmg wh_nch she was
wn 750 com. of plasma. No trilene was used in this case, .Thc
ame apparatus, however, had been employed to ndmnm'slcr trilene
a patient immediately preceding this one. I_n the evening follow-
e operation  her temperature was 99° F. and she vomited
qpeatedly.  This vomiung started 12 hours a_flcr operation an_d
:xvnunucd for three days, when she first complained of dnﬂicul_ly in
<allowing and numbness over the face. She was seen by Dr. WI"!'Cd
wrris on Dec. 11, and 1 am indebied to hi_m f_()r the fnlluwn_ng
corologival notes: * Slight diplopia in all directions. Left third
;,grve shows partial prosis, and the left pupil is sh.xgglsh. There is
iateral slight weakness of both external recti, with homonymous
Lpplopia. The voice is natkedly n;\s‘:\l-nml llhcrc has bt"cn n:!\nl
courgitation, and the right soft palate is obviously paretic. Fifth
jerve :—There is total anaesthesia to pin-prick and even hand pres-
ure over both first divisions, and the right second division, including

e hard palate. The left second division is totally analgesic to
a-prick, but hand pressure is felt on the cheek.  Moderate analgesia
4 third division on both sides, mostly on lhg right. Total motor
by, with complete jaw-drop, is present. There is loss (o tasic
«er the right second division on the palate, but tasie on both sides
{ tongue is fair.”

This patient had 1o have a gastrostomy tunder local amies-
pesia) on Dee=26 because of the inability to swallow. The
pirostommy tube was removed after five weeks (Jan. 31, 1943),
nd she is now swallowing food reasonably well. Although
¢ general condition has vastly improved, the fifth and other
e palsies show slight improvement only.
Case 2—Miss B, aged 205 operation, Dec. 6, 1943—local exaision
benign tumour of breast.  Premedication! omnopon gr. 1/3,
;opolamine gr. 1/150, pentothal g, 0.5 in bed were followed by &
short further induction with cyclopropane and by nitrous oxide,
ygen, and trilene, using the closed-cirenit technique. ‘_l"he dur:x_li.on
< only 20 minutes. About 12 hours after the operation vomiling
arted 3 this continued for 36 hours  On the evening of Dec. 7 the
perature was 99*, and lasted two days. In the early morming

} {'Dcc. 8 she complained of double vision, stiflness of the face, and

357,
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ficulty in swallowing. Dr. Harris saw her on Dec. i1, and
ported 1 ** She has a bilateral third-nerve paresis, the right being
actically complete. The right pupil is much dilated, with very
ile reaction to light or convergence.  Fifth nerve :—She complains
t the face feels hot and “tingly ' over both cheehs (second
vision).  Nearly complete analgesin 1o pin-prick over first and
wond divisions of both sides, including conjunctivae, and upper
ms and palate,  No pain on pricking the inside of nostrils. No
wor fitth-nerve weakness, the masseters and external pterypoids
ing strong. Little if any anaesthesia of the third division of fifth.
se of smell good. She has no nasal regurgitation, the soft palate
normally on phonation, and there is no analgesia of the
rynx; but there is a suggestion of slight palatal weakness, because
cannot blow out her cheeks properly.” There has been only

very slight improvement in this patient cight weeks after the onset
of the paralysis.

Both cases therefore showed well-marked bilateral trigeminal
anaesthesia, oculomotor palsy, and also difficulty in swallowing,
the latter symptom being more pronounced in Case 1.

In the first case the trigeminal paralysis was total for the
upper two divisions, with a total motor fifth-nerve palsy. In
this first case, too, the right half of the soft palate was com-
pletely paralysed (tenth cranial nerve), and though the oculo-
motor paralysis was less than in Case 2 there was additional
weakness of both sixth nerves. Case 1 also showed scars of
recent herpes on the right upper and lower lips, which strongly
suggest that a " toxin" had affected the Gasscrian ganglion.
Dr. Harris pointed out that herpes frequently appears over the
lips and nares after Gasserian alcohol injections.

Discussion

On making inquiries it was found that a case immediately
preceding Case 1, on Nov, 22, had pentothal, nitrous oxide,
oxygen, and trilene, via a closed-circuit machine, for the
removal of an adenoma of the thyroid; this patient sub-
sequently vomited a good deal and complained of giddiness.
She was seen a few weceks later, but there was no evidence of
her having had any paralyses. It is worth emphasizing that
Case | did not have trilene, and it should be noted—an
important fact--that the soda-lime canister was not changed
between the cases. Case | would thus have been exposed to
a prolonged inhalation of any toxic products that may have
formed in the soda-lime canister when the trilene had been
administered to the immediately previous case, The idea that
a toxic product had formed in that canister was suggested
by the fact that between the dates of the first case (Nov. 22)
and the second (Dec. 6) cight others were given pentothal
followed by cyclopropane anaesthesia with the same apparatus,
and with no ensuing paralysis. ]t scemed an extraordinary
coincidence that on the only two days that trilene was used
a patient developed paralysis. Also it was noted that only
recently at this hospital, for the convenience of dispensary
ordering, a change-over had been made to another well-known
brand of soda-lime (B). This appeared to give very godd
absorption clinically ; but it was noticed that the canister
became much hotter than with the previous brand, A (sofnol
socdi-lime).  Another point with Brund B was that when i
was necessary to change the soda-lime it was often found to
be caked, and sometimes had to be dug out of the canister ;
whercas Brand A could always be easily shaken out, This
led to the conclusion that Brand B, though it gave very good
absorption, was the more hygroscopic. Accordingly, a full
investigation, and analyses, of the soda-lime, trilene, and
cyclopropane were started, and Dr, H. E. Cox kindly undertook
the chemical analyses. Results of analyses of the two brands
wWere

A (Solnol) B
.ORAI% L. .

Calciem  hydroxide 77.6%
Sodium  hydroxide .. .
Cuarbonate (calculated as Na:(C(y)

Mowture .. .

1.2%

48%

e T 4%,

Equal quantities of the two were then exposed in a moist
atmosphere at room temperature. showing:

rand B
has a greater avidity for water is confirmed. Also, it is
particularly important to note that the caustic soda content
of B is more than 9 times that of A. The significance of the
latter point is discussed shortly. In his analysis Dr. Cox found
no evidence of any deleterious substances in the cyclopropane
or trilene ; but experiment showed that, whereas when cyclo-
propane was passed through soda-lime no reaction occurred,
with (rilene through soda-lime a reaction took pluce, producing
a distinctive sour smell.  This reaction took place slowly at
room temperature and rapidly at blood heat. As 1 have
personally recorded temperatures of 110° F. using Brand A
soda-lime and 178" F. when using Brand B in the canister
of a circle absorber under conditions of anaesthesia, it will
be readily understood that any chemical interaction will almost
certainly be considerably specded by this increased warmth,
Trilene is itself very reactive, and is a derivative of acetylene,
which chemically is one of the most reactive compounds
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known. Dy, Con also pomlcd out that mnlene with ~oda-lime
produces new and potentially toxic products, one of which is
diclhtloroacets lene Fhis iy easily oxidized o phosgene and
carnon monoside.

Cl ICt cQ
——— e
(U

NaOH c.C

Trilene heated with alkali produces dichloroacetyiene, and
experiment shows a recognizable formation of this at even
98 F. If the heating is continued in the open, the dichloro-
acctylene, being very volatile, disappears, but if a condenser
is used the dichloroacetylene accumulates and there is an
explosion, producing phosgene, But when an excess of trilene
vapour or an inert gas is maintained, dichloroacetylene does
not further oxidize, and no explosion or phosgene formation
occurs. This explains the fact that experimentally no phosgene
reaction occurred in the circuit of the apparatus. The dis-
tinctive smell noted above is almost certainly duc to the forma-
tion of dichloroacetylene, the physiological activity of which
is at the present time unknown, and it is dismissed in all the
literature as spontancously explosive,

The fact that Brand B soda-lime ix shown to contain more
than nine times the amount of caustic soda, that it is more
hygroscopic, and that it generates more heat under anaesthesia
supports the clinical observation that this brand would definitely
be more reactive towards trilene, with the production of toxic
oxidation substances. This view is supported by the clinical
evidence that no case of paralysis occurred while Brand A
of soda-lime was used at the hospital : and no case occurred
when emploving my own apparatus for c¢losed-circuit trilene
anaesthesia, in which Brand A has always been used. The
high temperature generated by Brand B soda-lime. and therefore
of the inhaled anaesthetic gases, is of further disadvantage to
the patient; it leads 1o excessive sweating and capiflary
angorgement (Hewer, 1942) even at 104° F.

+NaC+H.0

Conclusion .
The relatively low incidence of post-trilene paralysis is,
according to the ahove facts, due to three {actors:

I. Fortunately, the vast majority of administrations with this
anaesthetic agent have been given in an open circuit,  As there is
no evidence of direet formation of oxidation products in the trilene
without soda-lime, it scems that there is no appaient tisk when
tmlene is used in an open circuit,

2. The high temperatures generated and recorded in the canister
of a circle absorber during anaesthesia have been at the point of
maximum intensity of reaction, usually afier the soda-lime has been
in use for about an hour. If the soda-lime has already been in
use for some time we do not get these very high temperatores, which
are an exciting factor in the oxidalion of the trilene into toxic
products,

3. The actual amount of caustic soda available for this chemical
reaction with the trilene has been shown 1o be considerably higher
in some brands of soda-lime. It appcars to be the most important
ise i for tlus eflect on the

trilene.

McAuley (1943) describes three cases of bilateral trigeminal
anaesthesia, and it is to be noted that in cvery case the closed-
circuit technique had been used. lengthy anaesthesia does not
seem ta he necessary for full tonic effect. In his cases the
durations were 20 minutes, 30 minutes, and 1! hoeurs, and in
one of my cascs the anaesthesia lasted only 20 minutes,

Summary

Evidence 15 brought that trilene anaesthesia in a closed circuit is
dangerous, and may result in trigeminal and other cranial-nerve
palsies.  The palsics are-disabling and may be permanent.

This danger is shown to be duc to toxie oxidatiog products formed
by the interuction of soda-lime and trilene.

This reaction is speeded by the heat generated in the soda-lime.

The exact caustic soda content and hygroscopic properties are
shown to vary in different brands. This, it is indicated, is an
important factor in the occurrcnce of these cases.

. My gr.\lcful thanks are due to Dr. H. E, Cox for his help in these
investipations. 1 also wish to thank Mr. Lancelog Bromiey for much
encouragement and for many helpfu) discussions.
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INTELLIGENCE AND SEASON
CONCEPTION

BY
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Many studies have shown that there is an associali o
scason of birth, or of conception, and mlelh
evidence has recenily been ably marshalled by
himself the coniributor of the most substantial bod)
Children whose time of conception is centred on ;
months are on the average somewhat more intelil
those conceived during the other half of the )
analysing the results of the various investigatid
naturally show a certain amount of difference in'd
selects for contrast (with suitable reversal in the{ 38
Hemisphere): (1) birth months May to October, <0
approximately to conception months August Vi
(2) birth months November 1o April, correspondiid
mately to cdnception months February to July. &
falling into these two groups will for conciseness bR
in this paper as winter and summer children respe

The Alternative Explanatiouns r!,

Two explanations of the difference are possihlc?-?
season of conceplion influences intelligence ; or, See0¥
intelligence influences season of conception, NG¥
remarkable fact that, with one partial exception
1 am familiar with the literature), every investip
assumed without discussion that the first explanalibﬂ
the correct one. Some of the hypotheses advanced s
the range of orthodox biological opinion—for cxifig
“the higher metabolic level of parental protoplash
during winter cold seems 10 be transmitted through !
plasm, and to exert a lasung effect upon the future @
the offspring.” There would seem to be nothing
unlikely, however, in the n<sumpl|0'\ that the prenﬂm
ment of the developing child is more favourable ak 0%
as compared with another. This would be an if
addition 1o the list of known non-genetic prenalﬂ
such, for example, as the well-known effect of %
maternal age in mongolism, or the effect of being 8]
child in congenital pyloric stenosis (Cockayne and.
1943), §

The partial exception to this unanimity of opir
vided by Huntington (1938). His observations on s
as highly giﬂed persons have led him to postulate i
season which is different from that indicated by lhe u
studies. He is concerned to explain the dlscrepancy X
(p. 325): * It seems highly probable that the three Uiy
mentioned—namely, the passionate, the uninteliigeity
weak-willed-—contribute more than their promrnoﬂl
the cxcess of births which still occurs at the heil
animal rhythm. We should expect many of the i
such parents to have Jow intelligence, and they
suffice to overbalance the unusually bright chlld"‘l‘l
born at the same season, thus giving a low averaIF
regard to his main thesis, however, he is convi :
season which affects intelligence. Thus he states UNg
* Qur new knowledge as to season of birth can b¢ o8
use only if we use it in one of two ways. First, u“::
the present seasonal distribution of births., Secopas
discover the exact conditions which’ make ccg
favourable, and then take steps to create those o0
other seasons.’ |

Practical Importance of the Problen
Apart from the theoretical interest of the prog
practical importance of deciding which explaliﬂq
right onc is not inconsiderable. Many writerp i
argument to its logical conclusion and urge thel
of season of conception would aid in humm%ge
choose one ev\mple, Mills (1941) sums_up-
findings reporled in these pages havc
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OCCUPATIONAL EXPOSURE OF OPERATING ROOM PERSONNEL TO
TRICHLORETIIYLENE

Triostas Ho Corperr, s, GLexy C. Hasncrox, ns., Myuxe K. Yoo, M., AND
Jeoy L. Exvnes, b.s.

InTRonUCTION

Tmemoreriveese is unique among anaesthetic agents in that it is also nsed widely
as an industrial solvent. As a result, chronic tovieity studies of TCE have been
performed in greater amcunts than for other anwesthetic agents. The threshold
fimit value for TCE has heen set at 100 opm.

In 1970, Stewart et al.? reported ten experimental human exposures to TCE, 100
ind 200 ppin, for periods of one hour to a fve-day work-week. The only trouble-
some re-ronse was a sensetion of mild fatigue and sleepiness in five subjects during
the fourth and £/th consecutive days of exposure to 200 ppm. Following single
exposures of 200 ppm for one hour and 100 ppm for four hours, TCE was detectable
m end-expired air of subjects for 44 and 38 hours, respectively.

A reeent study by Salvini et al* has demonstrated that 110 ppm TCE adminis-
tered to volunteers for fonr-hour periods resulted in o sigmficant decrease in por-
formance of standard psychaphvsiological tests. These wuthors suggest that the
recommended TLV appears very close to the concentration capable of interfering
with psvchaphysiological officiency, even in the absence of other undesirable sub-
jective or objective manifestations,

In light of these findings, we determined the range of concentrations of TCE in
the operating room during administration of TCE anaesthesia under usual working
conditions, and measured end-expired breath levels of TCE in patients following
TCE anucsthesia and in anacsthetists following administration of anaesthesia,

MEeTHODS

Trichlorethylene anaesthesia was administered to six patients for periods ranging
from 75~160 minutes using a non-rebreathing system with a Sierra valve. A total
gas flow of 9 T./min was used. TCE was administered uving a Veritrol vaporizer,
with concentrations ranging between 0.23 per cent and 1.0 per cent.

TCL concentrations were measured in parts per million, using a Beckman GC
725 gas chromatograph with a flame jonization detector. The limit of detection
was 10 ppb.

Operating-room concentrations were determined in five separate arcas of the
perating room. Operating-room air was collected by slowly withdrawing samples
ate a large gas-tight syringe. Samples were injected into Saran bags and taken to

From The Department of Ansecthesiology, Umversity of Michivan Medical School and U §.
‘etevans Mdminstration Hospita! A Arbor, Michigan 48103, VS,
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TABLLE 1
CORCENTRATIONS OF TRICHLORETHVLENE 1 10k OFERATING Roow

- . -
< TS R ol M.J.z,gr‘_",;.;}-«,
O

) -
. PPN Trchilorethyvicne .
v — - _———- . e - f
. Laeation S0 min () 1n
, . C - —
B P hreetly uver valve {4°] R L-n1(hy = 103{5) ,
. ' Mcan 2 30
One foot {rum valve [4') Range {=11{1) 1-49¢3)
Mean 4 i
Twofeet from valve {47] Range o2 ) 0 5=2.4(5j
Mean (T3 1.2 t
o IFoot of O.R. Table |5°) Range 051 4{t) 0, 1=00943%) :
o ’ Mean 0~ 0.7 .
T I Corner of room [V) Ronge 02T 0,20, 8(5) i
3{:‘; ! \ean 050 T h
O S - aem— e — - - B e §
;. : Concenteatioms of TCU in varions Jocations after 30 and 60 minates of !
! i N anaesthesia, Numbers in parentheses indieate namber of ~unples m cach
, 2% group. Numbee 1 brackets indicate heighe above tloor at whoch samples P
' ﬁ ! were Gahen, The two highest evads, S oand 103 pp, ocearred during H
LR case where the suniesthetist and anaesthetic machine were partially ;
Wy enclused 1@ tent of surgieal diapes, .
N {
R the laboratory for analysis. Sumples were taken dircetly above the expiratory valve,
v one foot, and twa feet from the valve, all at Tevels four feet above the floor. In 4
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addition, samples were colleeted at the foot of the operating table, and in the far
corner of the room away from the anaesthetists and five feet above the floor.
Samples were colleeted at 30 and 60 minutes following induction of anacsthesia.
The air turnover rate in the operating rooms was 12 times per hour.

The rates of exeretion of TCT were determined in three patients and in three
anacsthetists by measuring concentrations in end-expired air of subjects at intervals
following exposure. Sumples were colleeted in Saran bags. Subjects were instructed
to inhale, exhale about two-thirds, and then breathe into the bag,
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Operating room air concentrations of trichlorethylene ranged from 0.2 ppm in
the periphery of the room to 103 ppm at a level of four fect directly over the
expiratory valve. Average concentrations in cach area measured are listed in
Table L.

Three patients had detectable levels of TCF in end-expired air for 4, 11, and 12
days following TCE anacesthesia for 30, 100 and 160 minutes, respectively, as shown Y
in Figure 1. sia

Three anacsthetists had detectable levels of TCE in end-expired air from 2 to 7
hours following termination of administration of routine clinical anacsthesia rang- roe
ing from 60 to 150 minutes in duration ( Figure 2). ‘ f der,

: wh.
sur:

The study by Salvini et al. vaises the question of another possible accupational | et
hazard in the operating-room environment. Does exposure to low levels of anaes- T
thetic gases impair judgment and ability to react rapidly when the situation con.
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CORBETT, ¢t al.: EAPOSURE TO TRICHLORETIYLENE
1000.00

70000 PATIENT BREATH DECAY CURVES
50000 TRICHLOROETHYLENE

® 30minutes
O 00 minutes

A 160 minutes

PPM| TRILENE IN END-EXPIRED AIR

1 4 1
4 ] 8 10 12
DAYS POST- EXPOSURE

Figune 1. Trichlorethylene Dreath decay curves for three patients exposed to TCE anaesthe-
sia- 30, 100, 160 minutes,

requires it? Qur study of operating-room levels of TCE during anacsthesia has
demonstrated that these levels are reached near the expiratory valve during cases
when the anaesthetic machine and anaesthetist are partially enclosed in a tent of
surgical drapes, Furthermore, 110 ppm was the lowest level studied by Salvini
et al. and the concentrations impairing mental functions may be considerably lower,

The possible impairment of psychophysiological uuction by (lpvr;\tin’g TOOM
concentrations of other anaesthetic gases should be studied.
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Nous avems mesure les ceomeentrations de trichloréthvlene anssi hien dans Fatmo-
sphire de fa salle d'opération et a Ja fin de Texpiration des anesthésistes au cours
et &l suite de Tadministration de trichloréthvlene. La concentration Ta plus élevée
de trichloréthvlene dans Ta salle dopdration fait de 103 ppm ( parties par million)
et est survenue durant une anesthésic ot Finesthésiste lui-méme et Ty machine A
anesthésie ctaient particllement enfermés dims une tente avee des elanps chirur-
gicauv. La plupart des taux variaient entie 2 et 14 ppm A Ta fin d'espiration des
anesthésistes, le trichloréthylene était mesurable jusqu'd sept hewres apres un
travail professionnel de routine.

Les concentrations de chloréthnlene & Ia fin dexpiration des malades soumis a
une anesthésie au chloréthylene Gtaient dépistables jusqu'y onze jours apres Ta fin
de Tinesthésie,
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CRANlAﬁ—NERVE PALSIES WITH HERPES FOLLOWING GENERAL ANAESTHESIA
A REPORT FROM THE CENTRAL MIDDLESEX COUNTY HOSPITAL
COMPILED BY
J. H. HUMPHREY, M.B., B.Ch*
AND

MARGARET McCLELLAND, M.B., BS., DA*

-

?During a period of four months 13 cases of Cr;\nial-ncrv_c
¢plsies follo_wing general :\n:\cs(_hesia have occurred at ll_m
i pospital. The cases occurred in three small groups, with
Fifree intervals of four and mine weeks between, Two of the
b gfectcd persons  dicd, } _
e of recovery. The degree of severity varied from
subjective  trigeminal anaesthesia only to a complete picture
 of encephalitis, but the main features were rcma’rkably constant
b gnd readily recognized.  Twenty-four to forty-eight hours after
ue of a general anaesthetic the patient complained of a sense
_of coliness. numbness, or tightness round the lips, which in
_po~L cases during the course of the next two or three days

® 1ad spread to involve the whole distribution of the fifth

“gerve on both sides. This subjective anacsthesia was usually
gsociated with analgesia and anacsthesia over the same area,
. and in nearly every case therc was ditficulty in swallowing
;;olid food owing to its “ getting lost in the mouth.”™ Three
b of the cases also showed motor fifth-nerve weakness. About
/ ihe third post-operative day, in the majority, there appeared
- orcurmoral herpes of the febrile type. At_ this time, in 1hqsc
' persons showing further involvement. affection of other cranial
- gerves became apparent—e.g., diplopia, facial weakness, palatal
. weahness, and tremor or deviation of the tongue, In those
E: cascs which showed improvement this began on the fifth to the
E enth day, and the milder cases recovered rapidly (almost
i ompletely in a fortnight), whereas the severer cases still had
{psidual subjective changes after five months, The herpes had
djsappearcd by the end of ten days. On no occasion did we
H observe affection of the first, second (including rough testing
tof the visval ficlds), ninth, or cleventh nerve, but all the
'othcr eranial nenves were imolved in one or more  ¢ases,
4 Taste over the posterior onc-third of the tongue was not
_‘mlcd. and the ninth nerve may have been involved.  Only
“one patient had an eatensor plamtar response, and that was
- anitaieral. None 1an unduly high 1emperatures during the
«-operative pertod. Sin vomited more scverely than we
pormally expevt after operation, and five were noticeably
gepressed, listless, or confused for two or three days, Three only
gonplained of sovere headaghe. A typieal history is that of
Case
A Thpical Case (No. 4)
A woman apged 25 was subjecied o appendicectomy  [or acute
- gppendicuis on Ju‘ly 30, 1943 Premedication was by morphine
g 1o oand byaseine gro 11500 The snaesthetic employed was o
aombmation of intravenous pentoihal with cyclopropune and a httle
ebor, given by closed circle with €O, absorption.  The operation
was i short one and the anaesthosia was without incident,
On Aug. 1 she complained that she had had a feeling of celdness
. of the face with double vision for 24 hours. At the same time there
was soime difficuliy in opening and closng the mouth.  On examina-
tion the lefi pupil was Lirger than the dght. The reactions o light
and accommodation were normal. There was double vision in alf
directions,  The position of the false jmaee indicated that the

*{dher mwembers of the suift conuibuling 1o the work were

1. G L Jamies, MSL FR.CS L Joules, MDD, FR.C.P Mins §
Ransom, M.R.C.S., L.RCP, DA W, Pagel, M.D.; and B D.
van der Wall, MUR.C.D.

while the remainder are at various’

diplopia was of third-neive origin
the fundi were normal. Hypo-alge-in and hypo-acsthesia affected
all the trigeminal ficld of cach side The corneal reflexes were
diminished and the jaw-jerk was depressed  -Ngmuscular weahness
affecting the fiflb nerve could be detecied.  Subjectively the hps
felt cold and the face numb and swollen.  Food placed in the
patient’s mouth felt cold. There was bilateral facial weakness affect-
mg the upper and lower face. No other abnormalny could be
detected in the cranial nerves. There was no neck rigidity or
retraction.

The symptoms and signs remained unchanged untl Aug. 2, whea
herpetic vesicles were found on the buceal mucous membrane on
the left side of the mouth, These continucd for three or four days.
On Aug. 4 she complaingd~of diffidufty in swallowing. A lumbar
puncture performed on "%L‘ 1 yielded a clear fluid under normal
pressure ; no white eclls Wefe found. There was a gradual diminu-
tion in the craninl-nerve palsies; by Aun 11 the difficulty in swallow-
ing had disappeared, and by the 18h the diplopa had cleared,
The scalp still felt abnormal, The skin over the forchend and the
cheeks felt * swollen and stretched,” and she complnoed of &
peculiar tingling sensation around the nose. The tongue and the
teeth still felt cold and numb., The pupils were cqual in size and
the exiernal ocular movements were full. Hypo-algesia and hypo-
aesthesia were present over the whole distribution of the fifth nerve,
but around the nose stimulation with a pin produced an exaggerated
reaction. There was still left facial weakness. She was trans{erred
for convalescence on Aug. 27.

The paticnt was seen again on Oct. 7. She stated that she had
had transient diplopia, when tired, vup to a weck befote her visit,
The upper lip still fel * wice its size ™ and the cyelids and the
forchead sccmed heavy. Since her discharge on Aug. 27 she had
noticed involuntary iwitchings of both sides of the face, of very
short duration. There was a slight degree of diminution of sensa-
tion to pin-prick on the right side of the face, affecting all divisions,
with a slight left facial weakness. No other asbnormality was found
in the central nervous system,

Lhere wis DO nystagmus and

Table 1 summarizes the clinical aspect of the cases, In
it are included only those which showed definite cranial nerve
involvement ; but it should be mentioned that in association
with them we encountered three cases of uneapliined herpes
deseloping about the third post-operative day, without com-
plications other than severe headache or transient tingling of
the ips. The elinical featuies require no further canunent,
except that involvement was usually (but not alwavs) bilateral,
and that in some the subjective hith-nerve chanzes were
accompanied by very definite changes in sensabon to pin-prich
and light touch.

History of Two Futal Cases
Necropsies were perfonmned upon the two futal coses Since
Case § duffered from all the otivers, a brief history v ghen.

Ciae B

This papent was a woman wood S0 On Auwr 40 1913
cholecystectomy  was performed, the anacsthesia lastine aby at one
hour. She reccived premedicntion with morphine pgr. 176 and
dtropine gr, 1/ 100, and anaesthesa (pentothal, pittows osady, osyeen,
and cther) was manntained Unonsh a naso-tiadcheal waibe by a coaed-
circle wehnique.  The operation and anaesthosia were smooth and
withoul ncident, " Post-aperauvely <heowie omewhat slo v o rctan-
ing to consaousness, and vormuted vathor more than is ustal WNeat
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day she was apathetic, and in the evening she became dclirious, with
twitching round the mouth during the night.

On the following day she was ill and confused. Her left pupil
was larger than the right, and was fixed and inactive to light. There
was bilateral fifth-ncive analgesia with absent corneal and con-
junctival refiexcs. She had a gross tremor of the tongue, and marked
incoordination of the arms, which was worse on the right than on
the left. Her condition gradually deteriorated, and bilateral facial

enlarged prostate, bronchopneumonia, and some geneial ocdema &)
the brain.

Histology —Qccasional small capdlary haemorrhages were seep
sections through the pons and midbrain, together with small
vascular collectious of Ilymphocvies in the subsiantia nigra. §

addition to the lymphocytic cufling, macrophages containing hacmdgg "™
Fhe uppe g
part of the medully oblongata contained occasional collecions SLRE 7

siderin were found n sections through the cerchellum.

TasLe 1.—Clinical Summary of Cases

MNature of
Operation

Operation

Date Anacsthetic

f Cramal .
Nerves |
T olved .

Dursnion
of

|
Post-op Herper
Anaestlizsia

O Comment
Vomitig l o

——tn

78/6/13 Pone grafl

mamienanmne
N A Appendicectomy
2R/6/43

| 5017/42

- * -
" - -

30/7/43 Chulecystectomy

ether
2/5/43
3/4/4%

Appendicectomy Gas, O,, ether, “to-and-fro ™
circle machine)

Laparoltomy Pent., cyclo., O,

4:8/33
17/8/43
2/10/43

Chalecy sStectomy Pent., gas, Q,, ether

Removal of cyst-
aJdenoma of breast

Hysterectomy

mamienance .
Cycla., O,, + a litte ether

27/10/43 | Cystoscopy  and
suprapubic
cystaromy

Appendiceciomy

Cyclo, + O,

27/16/43

27/10.43 | Evacuation of
atenus;  severe
bloud Toss

Pent., evelo., O, mduction-—trilenes

Pent., cyclo,, ., + a ke ccher

Peor, cyclo O, .+ a htile cas-0,-

Pent., trileae + O, mduction--+yclo. ¥

'
i
1§ boars - ! Subjective V I Nat dissovered untl
i 14} mmths latef
{ how + N Gadh dive) and
motor X1 .
" + V(i divs.yand | Fullowed Case 2 08
motor .
- LNV call davs),

1§ hours
nuinly  aube table
! peative, X, M
{on ¥ hour ' Subwective meht
A oGal divss
[ - Subiestivi=fm-
lateral VvV
and 2 divs)
R. Vil
| - HIL VOV X,
X '
" Vool divs)),
R, Vil
1} hours + .
v

H
Died m coma on 2od Jg
post-operative day |

Y

v, VI, VI,

HI R. extensor plants g
resronse .

Died on I6h l‘“';: ;
opetative day

{ hour V(4 motor).

L. VI, VII N
v, R. VI Under reatment for ' §
myasthenta gravi | 1
3. . L. V. tansient ' Followed Case 12 08
' L. i table i

35 muns.

Pent.=pentothal.

weakness became apparent.  During the afiernoon she became
stuporous, with jerking movements of the legs and arms. Lumbar
puncture yiclded 3 c.em. of ¢lear fainlly yellow fluid under norma;
pressure: protein, 170 g. per 100 ¢c.em.; 14 polymaerphs per comm.
She died in coma at 10 p.m. on Aug. 6, ’

Neciopsy was performed by Dr. W, Pagel 12 hours later: * The
operation wound was sound. There was no gross abnormality of
any organ except the brain, which showed muarked oedema. Cultures
of c.s.f. were sterile, and there was no meningitis.”

Histology (Dr, Papel).—There was no cvidenoe of fat embolism
anywhere in the pans examined.  In all sections thiough the mid-
brain and the floor of the fourth ventricle there was marked deposi.
tion of thready material in the perivascular lymph spaces (ocdema).
There were seen in addition a few vessels surrounded by a single
row of lymphoecytes, and a few capillary haemorrhages into the
perivascular lymph spaces, together with collections of microglia in
the neighbourhood of vessels, The ganghon cells in the central
grey maltter and the medulla oblongata were free from appreciable
changes.

Summary of Case—Mmiked oncdema in the mudbrain, pons, amd
medulla oblongata.  Small capillary hacmorthages and bepinming
slight euffing around the vesscls. No changes in the ganglion cells,
Portions of brain fiom the region of the affected nuclei were removed
for animal inoculation

Cuve 11

s patient, = man aged 74, was su” ring from retention ot
wnine due 1o an enfarged prostate (hleod urea, 168 mg. per 100 c.om.)
and {rom chronic brouchitis winh cmphysema.  He bad auricular
fibrillation, which was controlled by dignalis. A eysloscopic exanmiina-
tion was made ¢ d suprapubie eystotomy palormed under cyelo-
propane-and-oxvgen aunaesthesin, after premedication wih morphine
gr. 1/6 and atropine gr. 1 100, 1 he anaesthesia Lasted about three-
guarters of an hour. Posi-operative cranial-nerve mvolvement was
exlensive but not severe, and andduded the fifth nerve s sulviedtinge
numbness o all divisions, with hypo-algesia and  pinseand-needies
sensalion over the nose  IThe juw deviated to the left. The palatal
reflex was absent, although palate movement was normal.  The sinth
nerve showed shght left external rectus weakness, and the seventlh
nerve slipht buaeteral lower factal weakness,  Flis chicf diflicuity lay
in an inabitity to swallow solids, thovgh he had no nasal regurgita-
tion.  Althouch <oprepabie dionape was adegoate he went propres.
sively downhill  Fle was quite unable to swallow fuids towards the
end, and dicd on the sisn nth post-aperative day AL the rectopsy,
performed by D Toovi e anly dindings of sipndicanee were an

Cyclo.=cyclopraopane.  Gas = nitrous oxide,

Oy=oxygen.  Tolene=inchloroethyiens,

microglia in star formations.  QOcdema was alwo present, but was
much less intense than in Case 5. The smull hacmorrhages might
be due to terminal respiratory embarassment. In photomicrographt
taken of seclions from the two brins the most noticeable feature it
cach case was probably the oedema of brain and aain-stem, alumu;h',
there was no clear histological evulenve of the canse of the condition:

Other Pathological Findines—lumbar puncture was pefl
formed upon nine of the patents during the first weeh, The
pressure was never raised. and in all cases the cerebrospinal
fluid was bacteriologically stenle,
a small wncrease of polvmoerphs (10 and 14 per c.mm,), in foufi

tabile | 3

UL G dne, o Followed Case 4 o0 X,

Very scuere headache s

In only two cases was therd &

the protetn content way 0.04% or less, while the remander ¢on*, -

tained 0.055%., 0.07%, 0.085%, 0.09%, and 1.7%. ’

Animal Inoculation.—We were fortunate in obtaintng the help
of Dr. C. H. Andrewes, of the National Institute for Medical
Research, who performed many of the inoculations. Cerebro-
spinal fluid from five cases and portions of brain removed at
necropsy from two cases (some glycerinated. some filtered
through a 0.7 » membirane and held at —70° C.) wete injected
intracerebrally or intratesticularly into a total of 44 mice, 12
rabbits, and 1 rhesus monkey. No evidence of transfer of 8
virus infection was obtained.

Theories of Actiology
The cases described were operaicd upon by four different
surgeons and anaesthetized by three different anaesthetists
None of them showed signs of anoxaemia or other complica~
tion upon the :able. There wa¢ no evidence to incriminate
any definite ward, but 1t was notable that all the anaesthetics
were given in one theatre and all on the same type of machine

3

It scemed to us that the dumage must have been directly 'dw
1o the anaesthetic or to the lighting up of some latent virw$ -
infection, or both.  The mode of anaesthesia and certain sere*
logical findings are presented with these possibilities 1 mind.
Anaesthetics i
It will be obswerved from Table | that the anuaesthetics were
vartable and that ne one drug was common to all cases, The !
major surgery of the hospital is done in two operating theatres.
I'he anaesthetic machine used n 12 of the 13 cases is one with
which cither a sumple <emi-openr " to-and-fro” method 'may -
be used or ele a cloed-cuele technique, with a soda-lime
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. L nm%omlcd to absorb the carbon dioxide., There is
nly one bottle on the machine. Tt contains a gauze wick,
tms wick retains a little of whatever anaesthetic drug has been
$ - the bottle previously, und thereby contaminates the drug
“Lla petigh) t used—e.g.. cther following ‘trichloroethylene, or vice versa
;ahaé 3B [sce accompanying diagram).
10 Uppes )
HIoNs ¢

! seen

=)
V-l"
=
P b cxrimatoary waiwvt
W
ﬁ’ s
= o‘%? ;‘_“
pan A
ase 2 gl : : "\;’.'_.\
i {wracus CrI0L ”“’\_L_')
CYCLOPROPANE h
e 4o 1 OrveIN

-\.J
AR
CARBON CHOXIDE \-{\\_‘_" . aanaen

Although a number of tests had shown the bag and corrugated
k J,d:.ber tubing of the machine 10 be free of viable bacteria
en swabbed immediately after use, this machine was sent
be sterilized in August. While it was away the same type
circle absorber was attached to a Boyle apparatus, and
o0 this one case of palsy occurred (No. 9), [In the other
atre 2 simple Boyle uppuaratus without soda-lime absorber
used, and on this there were no cases.
"The anaesthetics administered were varied, but all except
yo were well-tried mixtures—namely, Cases 1 and 9, which
"imceived pentothal followed by eyclopropane and trichloro-
hylene. using the closed-circle technique, Ether, pentothal,
d cyclopropane are drugs which have been used very
A ( tensively and have withstood the tests of time and experience,
i yichlorocthylene has been mare recently introduced into

g { jimesthetic practice, and has only been widely used in England
smig;ince Hewer’s report of 400 administrations and review of
araphiilh ;penmenlal work on animals (Hewer, 1942), although. in
uure ig @ america, Striker and his colleagues were using it in 1935
d¥wo reports of fifth-nerve palsy following the administration
f trichlorocthylene anaesthetics appeared during the past year
ewer, 1943 ; McAuley, 1943). In the cases reported by
i Hewer impurities in the drug were considered to be the cause.
rlier reports in the German literature record cases of
Il Irigeminal palsy developing in industrial workers using trichloro-
+ phylene, toxic contaminants being regarded as a possible cause
iber, 1931 : Jachson, 1934). Therefore, although this drug
: was used upon only two of our cases it was naturally suspect.
s» During the four months July to October 940 inhalation
AR, pn aes(hcucs were administered in the two theatres, of which
““hm‘ k00 were given in Theatre 1 (where all the cases occurred) and
ved at in Theatre 11 Each main drug, associated with others,

I

8 on 2 o
e d‘,‘
wadach f ,
r plan 19

ih
ky

N
nent (o

1 gravigh
w12 g

ni

'iil":_:ed} used in the following proportion of cases: cther 359,
cor :d.t_ copropane 2475, trichloroethylene 164). and pentothal 257,
e 12 jrous oxide was used in many and oxygen in all. On the

r of g
8 gdrcle machine in Theatre | there were 80 administrations of

i mchlorouhylcnc, and on the Boyle apparatus in Theatre 11
) 4 mm were 65,
' These ﬁ};urcs appear to give very little clue to the problem,
f but the occurrence of all the cases on the circle machine led
us 1o suspect that a possible toxic agent might result from
¢ interaction of traces of trichloroethylene with soda-lime
o lhe other drugs used. It has been pointed -out (Morton,
: {943 ; Stiiber. 1931) that chemical reactions may occur between
i gichloroethylene and alkalis, particularly when heated. Qwing
. o its low volatility trichloroethylene is not regularly used on
b 4 closed circuit, but during the period under review this was
j donc on several occasions (including Cases 1 and 9). It is
also conceivable that in our anaesthetic machine (described
 gbove) mchloroe(hylenc used by the “to-and-fro™ technique
 might linger in the machine or in the gauze wick. and thus
carried over into the soda-lime when a subsequent anaes-
etic was given by closed circuit. In either case there
$ould be definite possibilities of chemical reactions occurring,
Wiany since we have noted temperatures of the order of

Rerentjl
N h\la,;
wliva. i

mn'\w i3
th ‘llcs 1

‘encephalitis.

70* C. in the soda-lime canister. Qur suspicion was strengthened
by the presence of an unusual sweetish penetrating odour
frequently noted about the machine during this period. (The
odour was subsequently reproduced by incubating trichloro-
ethylene with soda-lime.)

Dr. H. E. Cox, D.Sc., F.1.C,, undertook to analyse the drugs
used. paying particular attention to possible chemical reactions
or impurities, A summary of his report is as follows:

(1Y The cyclopropane, ether, and trichlorocthylene fulfilled the
prescribed conditions of purity, (2) There is no evidence of any
change, under the conditions of administration, in (a) cyclopropane
or (b) ether which would eause injury. (3) There is evidence of
reaction between trichloroethylene and soda-lime, and (4) this reaction
produces dichloroacetylene. This subsiance readily combines with
oxygen lo form phosgene, ecarbon monoxide, and carbon dioxide,
but does not further oxidize in the presence of sufficient excess of
trichlorocthylene.  (5) The reaction is greatly stimulaied by rise of
temperature in the soda-hme; it proceeds markedly even at blood
heat. (6) There is no evidence of dircct formation of oxidation
products in the trichlorocthylene without soda-hme, (7) The effects
of dichloroacetylenc in lrichloro«.(hylcne are not known, but should
be ascertained. (Dichloroacetylene is a subsmnce explosive in the
presence of limited oxygen.)

Experiments are at present being undertaken to find out the
physiological effects of the reaction products of trichloro-
ethylenc and soda-lime. Dr. Cox’s observations have been con-
firmed by the Department for Research in Indtstrial Medicine
of the Medical Research Council, which is meanwhile making
investigations of the toxicity of these substances to rats. We
ourselves have obtained some striking preliminary results with
rabbits. The animals were subjected to anaesthetic mixtures
consisting of trichloroethylene plus 0.5-1.0% dichloroacetylene
or of ether plus trichloroethylene plus 0.5-1.0% dichloroaceiylene
given in the same way, and on the same anaesthetic machine as
was used for the cases under review, Each animal reccived the
mivture under test for three periods of about 20 minutes at
five-day intervals. Anaesthesia was light, and difficult 10 main-
tain when ether was not used. and the rabbits appeared to
recover quichly and to show no untoward symptoms. Afier
the third anaesthesia one rabbit was killed by an overdose of
anuesthetic, and the other was killed seven days later by stun-
ning. Histology of both was very similar, and showed little
change in any organ except the brain and the liver, in which
there was slight necrosis, In the brain there was extremely
markéd perivascular cufling and glial protiferation throughout,
with numerous foci of necrosis, There was even a marked
meningeal reaction, and the picture at first sight was one of
We have never met such a histological picture in
any other of our rabbit stock, and, although further work is
necessary, have no hesitation in atiributing it to the anaesthetic.
On the strength of this preliminary evidence it would appear
advisable not to use trichlorocthylene in the presence of
soda-lime.

Temperitore

It is well known that when artificial hyperthermia is induced
in normal persons a high propertion (about 709 develop
lahial herpes 2 to 3 davs later (Keddic, Rees, and Fpsten, 1941).
A combination of anacsthesia with overheating of the patient
by heat generated in the soda-lime might have provided a
possible explanation for the herpes, the palsies, and the peculiar
incidence. In a nuntber of cases the temperature in the rubber
fubing leading to the patient was recorded, the maximum
reached being only a few degrees ahove room temperature.
The axillary temperatures of the patients rarely varied more
thun £ 1° F. during operation, Although none of these patients
developed symptoms there was no evidence to support this
idea as a possible explanation.

Yirus Infection

The occurrence of herpes on the third day in nine out
of the twelve patients who survived this period was particularly
striking in view of the fact that none of them had colds
or uny other condition commonly associated with herpes, and
that half of them after careful questioning denied ever having
previously had this condition. Among other operation cases
the incidence at that time, in the absence of colds. was very low.,

The lesions were characteristic of herpes febrilis, consisting
of numerous discrete vesicles upon the muco-cutaneous junction
of the lips, the chin, and occasionally the buceal mucous
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membrane and soft palate. In four cases successful transfer
to rabbits was obtained by intracorneal inoculation of vesicle
fiuid, and the strains behaved typically. Qne strain (Case 100
was studied particularly by Dr. C, H. Andrewes and ourselves,
and was adapted to rabbit testicle and skin, to guinea-pig pads,
and 1o mouse brain. None of the strains was particularly
neurolropic in rabbils or guinea-pigs, although direct intra-
cerebral inoculation in a rabbit produced death from encephalitis
after some wecks.

Herpetic encephalitis in man has never been authenticated,
although during the epidemic of encephalitis lethargica in
Europe after the last war numerous attempts were made to
incriminate the virus, and its isolation was claimed from the
brains of the affected and of normal persons (Doerr and Berger,
1922 ; Flexner and Amoss, 1925). Studies by Andrewes and
Carmichael (1930) and by Brain (1932) showed that 70 to 75,
of hospital patients have antibodies to herpes in their blood.
In the majority of such persons overt lesions can be produced
by artificial hyperthernua, intravenous T.A.B. vaccine, lobur
pnecumonia, meningococeal meningitis, the common ceold, ety
Herpes occurs occasionally after injection of the Gasseran
ganglion (Harris, 1937).

Al the cases showed a definite incubation period between
operation and the fist appearance of symptoms, ranging (rom
24 hours to three days. This is very short, by accepted
standards, for a virus infection. The post-mortem findings.
on the other hand, were not inconsistent with an encephalitis,
and were comparable with descriptions of some of the findings
in the encephalitis lethargica epidemic. In the absence of
a completely satisfactory “ toaic™ explanation, it was con-
sidered worth while to investigate the sera of these patients
for antibodies agzainst the herpes strain from Case 10 and
another strain isolated at the National Institute for Medical
Research by Dr. Andrewes. The viruses were adapted to the
rabbit’s shin, and each scrum was tested for its power to inhibit
the procduction of lesions bv 5 to 10 infective doses of virus
injected intracutancously. The results are given in Table 11

TanLr YL.—Results of Tests for Antibodies aganst Herpes

: ; Herpetic | Time of tahing Neutralizimg Anubodies
No ! Hetpes o+ Yygary Seram after — - _—
: Operation Sirain 10 l M.R.C. Stramn
B . —_—
b 1 ; I wecks 4 =
2 - - ( [ 4 ! -
i + - I3 &
4! -+ - 4 d.l\\ 4 i
51 - - | -t
6 ! + -~ \lnl done |
7 | s .. ] 7 dass +4 |
1 — 7 2, o+ -
° | + - "o, + -
10 + + 6 wecks -+ .
n - — | 4 days - .
12 + + t day + .
13 | + -+ 1, 4 .

It is evident that every serum contains antibodies against
both strains. The most significant samples are the early ones
from patients without herpetic histories, since in these cases
the formation of antibodies would have been too rapid to be
due to the herpes occurring at that time, quite apart from the
fact that some never developed the condition. Herpes anti-
bodies are commonly found in persons with latent infection.
and the implication is that all these patients had latent herpes.

We were not able to demonstrate any immunological difier-
c¢nce between the two strains by cross-protection tests, and
cannot claim unusual virtlence for the strain 10 studied. If
herpes or any other virus infection is involved it must have
been it up ™ by the anaesthetic. There is some experimental
evidence for this possibility in the observation of Fiala (1943
that subdural or intravenous injection of vaccinia virus in
rabbits 14« not normally followed by encephalitis, but is so if
the rabbits are under urcthane anaesthesia @ or the work of
Silberstein and Hofl (1925), who showed that a normally latent
encephalitis virus could be activated in dogs with an Eck fisula
by feeding with a dict of meat only.  Argument by analozy i«
dangerous, howesver. and in the absence of positive findings from
the inoculation of post-mariem material into susceptible ammals
we are unwilling o do more than supeest the possilulity that
herpes virus plaved a pari.

Discussion :
The clinical evidence favours two possible theories, or a com-
bination of both, bul the experimental results are strongly i
favour of a toxic theorv. If the latter is adopted there must
have been great susceptibility, since one anaesthesia (Case 13} §°
was of five minutes’ duration and the patient developed well-
marked palsy. i
The only drug which could be incrimmated is trichloro- Withi,
ethylene plus soda-lime, and this only on the assumption thal Eere;, ¢
it could have persisted in the machine or in the ~oda-lime Rertai,
between the anaesthesias in which it was used. On twoBnflan,,
occasions as long as three days elapsed between the use of § for the
trichloroethylene and the anaesthetic which was followed by fiather
palsies, and during the intervals there had been given nine and Bind p,
elve closed-cuceuit evelopropane or ether anaestliesias respes Ry}
tvely on the same machine without any ill etlects. On another Ro ¢y
occasion trichloroethylene was followed on thiee succeeding Riteyjy
days by vared anaestheties which developed palsics. Four @ poun
ciosed circuits, but no further trichlorocthylene, had meanwhile #ioxi g,
been administered.  Seven only of the cases were associated fThere
with the use of trichlorocthy lene on the same day, and of these e |y
two actually received the drup in cloX&F circuit, it should Miming
be mentioned that the soda-lime was perjodically ~ rested” Bhis (o
for any time up to two or three days, and the use of cof Ropgig
taminated soda-hme at a later date might explain the intervals Bis qq,y
between trichloroethylene administration and the anaethesias '
which were followed by palsies. We consider it to have beet §,
a definite possibility that the majority of the patients who wert § Case
anaesthetized on the circle machine were subjected to this risk. §lor op
The fact that only a small proportion showed symptoms would f¥as g
mean that there must be great variation in susceptibility. Such ¥ ';_o‘/
variations are well known in toxicolouy, llv:w
The first case of the series was missed until 4} months latef. §same
when a chance remark of the patient's drew attention to his fto a p
lesion. It seems to us possible that mild cases may have ging o
occurred clewhere, and the facts recorded above have been §repeat

published in the hope that the observations of others may help m“::"
to shed hight upon the problem. 1 aﬂrrﬁ
It is now over three months since we ceased using trichloro- Breyray

ethylene in association with soda-lime, and .\Ithouvh many fnerye
trichloroethylene anaesthesias. some lasting up to three hours bitarer

have been given, no further palsies have occurred. iplop
fegurg

- Rerve :

Summary Sire o

Thirtcen cases of cranial-nerve palsy following general f' b
anaesthesia are reported. The nerves involved were mainly g¥n-pe
the fifth and seventh. but the third. fourth, sixth, tenth. and §. ll hi
twelfth were involved in some cases. The condition W“ i. :yl
associated with labial herpes in 9 cases,

toe
No anaesthetic drug was common to all cascs, bt all wch gTIn

administered on a circle absorber anaesthetic machine. hem.l
Evidence is given for chemical reactions between soda- fimé fastrc

and trichlorocthylene in the system, with the production oL.8ang

dichloroacetyvlene. r
Preliminary results show that this substance is toxic to rabbnti- inerve

Antibodies apainst herpes were found in the sera of all ca%s & ¢y
The aetiology of the condition is discussed. 1t is concluded §oOt be
that until further investigations have been made trichloro;g#€opo
ethylene should not be used where there is any powlblllly gy s
its coming into comtact with soda-lime. ! m”"

Our thanks are due to Dr. C. H. Andrewes, Dr. Donald Hunte?r llanu
Dr. C. L. Hewer, Dr. J. G Greenfield, and Dr. H. E. Cox for mUC'”ﬁ:m

help and advice. ¥t De
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