
THE USE OF F L U O T H A N E  IN ANAESTHESIA FOR NEUROSURGERY: 

A PRELIMINARY REPORT 

G FIRED BRINDLE. B A., NI D,  C M ,  R G B CILBERT, F.R C V ((3) ,  F F A.I1C.S., and  
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PHAtI~IACOLOGICAL STUDIES (1) and early chmcal reports (fi, 8, 4) have ath-lbuted 
to trlflUolobromchlorethane (CFaCHC1Br, Fluothane) a comblnatmn of pharma- 
cologlcal achons  n m q u e  among  the  volatile,' anaesthehe agents. Ready control la-  
bll)ty, r ap id  pos tope rahve  ehmina t lon ,  a d e q u a t e  po tency ,  a reversible  hypo tens lve  
achon  and absence  of explosive proper t igs  are obvious  advan tages  m the  anaes-  
t h e h c  m a n a g e m e n t  of the  neurosurg ica l  pa t i en t  

This repor t  is conce rned  wit  b 3  O2.admmxstratmns of F l u o t h a n e  for minor  and  
m a ~  neurosurglca l  p rocedures  The  results of liver f u n e h o n  tests p e r f o r m e d  on 
31 pahen t s  will be  presen ted ,  certain chmca l  obse rvahons  and  the  impress ions  
der ived  the re f rom will be  assessed and discussed,  and  an evaluat ion  wil l  be  
a t t e m p t e d  of e iee t rocard lographic  records ob ta ined  on 8I  occasions in 9.9 pahen t s .  

CLINICAL M A T E ~ L  

The dlstribuhon of the patients by age and sex and a broad classification of the 
operahons performed, including the range and average duration, are shown in 
Tables band II. 

TABLE I 

Age 

0-2 3-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 Total 

Male 6 6 2 9 16 7 5 2 1 54 
Female 2 3 4 4 6 8 5 2 - 34 
Total 8 9 6 13 22 15 10 4 1 88 

TABLE II 

Operation No Average duration and range (mm) 

Superficial, cramal and extracramal 20 162 (80-360) 
Intracramal 35 264 (60-500) 
Spinal 23 260 (60-570) 
Radlologtcal investigations 30 101 (60-240) 
Total 108 199 

*Department of Anaesthesia, Montreal Neurologmal Inshtute and McGlll 
Montreal, Quebec 
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In most instances premechcation was atropine alone, varmtaons m premedication 
are shown below. 

Premed,catzon No of p~Ltzents 
Atropine only 79 
Atropine and Demerol 6 
Atropine and barbiturate 3 
Atropine and codeine 5 
Atropine and Benadryl 1 
Atropine and Phenergan 1 
Largactd, Phenergan, Dernerol 8 
Nd 5 
Total 108 

On 85 occasxons, winch included all adults, anaesthesia was reduced with 
thiopental in amounts not exceeding 500 mg., Hollowed by succinylchohne chloride 
up to 50 mg.; lawng,eal mtubataon was preceded by topical apphcation of 
10 per cent coczine or 4 per cent hdocaine. Anaesthesia was induced with mtrous 
oxide--oxygen-Fluothane on 21 occasions in children and in~ants; or 2 Lrffants 
cyclopropane was used. 

For 78 procedures a non-rebreathmg techmque was employed to administer 
nitrous"oxide--oxygen-Fluothane, using the Stephen-Slater 'valve or the Fink 
modification. The oxygen percentage m the mixture was mamtamod above (30. 
The Marrett head of the Atr-Med apparatus, mochfied for admmastratton of high 
flows of nitrous oxide oxygen, was convement and proved very salasfactory m 
practice. Fluothane was adrmnlstered from the "Trxlene" vaporizer filled to the 
2 fluid ounce level and maintained as close to that level as possible thereafter. 
The concentrations of Fluothane delivered (volumes per cent), using a total 
flow rate of 10 litres per minute, are: 0.5 per cent at the first mark on the 
vaporizer, 1.0 per cent at the second, and 1 5 per cent .at the third (5). A 1 per 
cent eoncentralaon of Fluothane was almost invariably employed for maintenance 
of anaesthesia. Concentratmns above 2 per cent (reached midway between mark 
8 and "on") were rarely used. 

For th i r ty  radlological inveslagataons under anaesthesia an unmodified Marrett 
head was utilized; Ingh flow rates of gases were admimstered in a semi-closed 
system with a fially open expiratory valve. 

Electrocardiographic tracings were obtained with a Sanborn Viso-Cardlette 
during thirty-one major neurosurgical procedures. Wxth two exeeptaons 
anaesthetic (Nuperca'me. 1/1500) with added adrenaline (1/250,000 of free 

-base) was inlected , by the surgeon, in amounts close to 125 ml. Blood samples 
were withdrawn from three patients about ten minutes after the injection of 
local anaesthetac with added adrenaline Plasma adrenaline and noradrenahne 
were estimated by a modification (6) of the method of Von Euler and Floding 
(7). 

Four tests of liver function were performed on thirty-one patients. About one 
hour prior to operation blood was withdrawn for determination of serum bilirubm 
and prothrombin time, and for the cephalin-cholestarol flocculation test; brom- 
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sulphalein was injected (5 mg./kg.) and 45 minutes later blood was withdra~rn 
in order to determine bromstflphalein excretion. The tests were repeated on 
the first, the third or fourth and finally the seventh day after the operation. 

ti.F_,SULTS 

Liver Function Tests 

Retention of bromsulphalein occurred preoperatively in four seriously ill patients, 
in whom the postoperative find,ngs are shown in Table III. Further increases 

TABLE I I I  

INCREASED PREOPERATIVE ~ROMSULPHALEIN RETENTION 

Duration 
Patient Operation (hrs) (mln) Preop. 

(%) 

1 IncMon and repackmg 3 0 50 
2 Hypophysectomy 7 30 50 
3 Cramotomy 3 20 10 
4 Hypophysec tomy 6 30 13 

AVERAGE 5 5 30 8 

Number of days after operation 

1 3 7 
(%) 

40 - -  40 
30 22 5 22 
24 20 22 
25 - -  8 
29 8 21 3 23 

TABLE IV 

NORMAL POSTOPERATIVE BROMSULPHALEIN RETENTION 

Duration 
PaUent Operation (hrs) (mln) Preop 

(%) 

Number of days after operation 

1 3 7 
(%) 

1 Cervmal lammectomy 3 40 2 
2 Lumbar dmcoldectomy 3 10 3 5 
3 Carotid anglogram 1 40 2 
4 Lumbar dascoldectomy 6. 0 2 
5 Spinal fumon ~ 40 2 
6 Cervmal lammectomy 8 0 2 
7 Repair of CSF leak 3 0 3 
8 Cervmal lammectomy 5 15 2 
9 Cranlotomy 6 10 2 

10 Frontal d~bndement 2 0 2 
11 Cramotomy 4 45 2 
12 Lumbar dlscoldeetomy 5 0 2 
13 Lumbar dlscoldectomy 3 30 1 
14 Re-opening cramotomy 8 30 4 
15 Lumbar dlscoldectomy 4 15 i 
16 Spinal fusaon 4 10 1 
17 Cramotomy 4 45 6 
18 Lumbar dlscoldectomy 6 0 2 
19 Lumbar discoldectomy 4 0 2 

AVERAGE 4 39 2 3 

2 2 3 
5 5 3 8  
3 5 2 
1 8  2 2 
2 2 - -  
2 5 2 
1 5 ,  - -  - -  
2 2 1 
2 2 5 
2 2 1 
6 2 2 
3 2 2 
2 2 3 
6 5 2 
1 1 1 
1 2 2 
8 6 5 
8 2 2 
3 3 1 
3 2  2 9  2 3  



~ 8  CANADIAN ANAESTHETISTS" SOCIETY JOUI~NAL 

~0 

3t 

36 

m 
O 

4.~ 
28 

..,..4 
o g~ 

,-4 

Ok, aa 

Et 
O 
a:l 

iao 

m t6 
O 
t, g 

1, 

0 

7'* 

I 3 7 

Bays Po stoperaBive 

FIGUP, E 1. Inc reased  pos topera t ive  b romsu lpha l e in  re tent ion.  

occurred in two of these patients. Pre- and postoperative values below 8 per 
cent, considered to be within normal limits, were obtained in ifineteen patients, as 
shown in Table IV. Estimations of total serum bilirubin were within normal 
limits (below 1 rag. per cent) in all cases with a single possible exception: one 
patient showed a preoperative value of 0.8 rag. per cent rising to 1.8 and 1.0 rag. 
per cent on the first and third postoperative days, returning to 0.5 mg. per cent 
by the seventh day. In this patient bromsulphalein retention, which increased 
from 2 per cent preoperatively to 20 per cent and 11 per cent on the first and 
third postoperative days respectively, returned to a i normal 8 per cent on the 
seventh day. The cephalin-cholesterol floceulation test was within normal limits 
("one plus" or "negative") in all patients at all tinges. Acc.ording to the data 
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T A B L E  V 

INCREASED POSTOPERATIVE RROMSULPHALEIN RE1"ENTION 
I 

Pattent 

N u m b e r  of dab, s after operation 
Duration 

Operatmn (hrs)(mm ) Preop  1 3 7 
(%) (%) 

1 Cervical discmdectomy 3 40 2 10 12 5 
2 Lumbar dlsco~dectomy 3 20 5 30 - -  35 
3 C r a m o t o m y  7 0 8 15 8 5 
4 C r a m o t o m y  3 30 5 10 21 10 
5 C r a m o t o m y  6 0 8 25 5 5 
6 Cervical lammee|omy 9 30 3 20 5 1 
7 C r a m o t o m y  4 10 5 18 23 5 10 
8 C r a n i o t o m y  5 05 2 20 11 3 

AVERAGE 5 27 4 7 18 5 12 2 9 2 

obtained, no sigmficant increases m prothrombln time occurred. Increased re- 
tenlnon of bromsulphalem after Fluothane anaesthes, a was found in eight patients 
who showed normal preoperalave values (Table V, Fig. 1). If the two patients 
who showed increased bromsulphalein retention preoperattvely are included, 
the incidence of abnormal postoperative findings whidh can be directly related 
to Fluothane anaesthesia in this series of thirty-one patients becomes 89 per cent; 
of these ten patients, six showed a maximal rise on the first postoperative day; 
in four patients the rise was maximal on the third postoperative day. By the 
seventh" day normal values were restored in six and nearly normal values in two 
patients In two cases the.' values on the seventh postoperative day were abnormal, 
although m one of these the preoperative value had also been increased. 

CLINICAL OBSEBVATIONS 

A generally favourable impression of Fluothane has been gained as a result 
of 108 admimstrataons to 88 neurosurgical patients. 

In 21 inducIaons with nitrous oxide-oxygen, tranation to Fluothane-oxygen was 
smooth, without lrntahon or mucous sebret/on in the respiratory tract. After 
mduchon with thlopental and sueclnylchohne, Fluothane anaesthesia can be 
estabhshed'qmckly and uneventfully 

Eventful admm~stratwns No 

Difficulty m reducing  anaes thes ia  1 
Anaesthesia adequate, vasopressors reqmred 8 
Circulatory det~ressIon, anaesthesia inadequate, vasopressors 

reqtured 3 
S t eady  s t a t e  of anaesthesm dlsturbed b~ surgical s t tmuh  7 
Hypotensmn and resptratory depresmon 2* 
Ai rway  obs t ruc t ion  1 
Aur icu la r  f ibrdla tmn 1 * 

To ta l  21 

�9 Two pa t ien ts  r eqmrmg  vasopressor therapy are also included under the headings " r e s p w a t o r y  
depressmn"  and "auricular fibrfllatmn " 
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Those Fluothane administrations which require further comment are listed on 
the preceding page. 

DRt~eulty was encountered with a 4-month-old baby: after a cyclopropane 
induction, endotraeheal Fluothane-oxygen was staxted, but a steady state of 
anaesthesia could not be achieved. The baby was satisfactorily anaesthetized 
with ether. 

In five adults and one child, when anaesthesia had been carefully assessed and 
considered satisfactory, surgical stimulatmn subsequently induced coughing, 
straining or reflex movement. A g-year-old child showed prolonged extensor 
spasms of the limbs although concentrations of FluotChane above 9 per cent were 
administered. 

In this series hypotension has occurred frequently during Fluothane anaes- 
thesia. Table VI lists the lowest and the highest systolic blood pressures observed. 
In 45 per cent of 101 administrations the lowest systolic blood pressure was at 
some time in the range 80-100 mm. Hg. Changes iin heart rate have been less 
noteworthy (Table VII ). 

Table VIII gives the lowest and highest respxratory rates recorded during 
68 administrations; tachypnoea was relatively frequent. 

T A B L E  VI 

SYSTOLIC BLOOD PRESSURES 
(101 patmnts) 

Systohc B P < 60 61-80 81-100 101-120 121-140 > 140 
Lowest 8 16 46 26 5 - -  
Highest - -  - -  27 45 22 7 

T A B L E  VII  

HEART RATES 
(101 patmnts) 

i 

Hear t  rate < 60 61-80 81-100 101-120 120 
Slowest 7 42 41 14 4 
Fastest  - -  20 45 28 15 

TABLE V I I I  

RESPIRATORY RATES 
(68 patmnts) 

Respiratory rate < 10 11-20 21-30 31-40 41-50 51-60 
Slowest 1 21 36 10 0 0 
Fastes t  0 4 36 24 2 2 

With Fluothane an adequate plane of surgical anaesthesia may not be main- 
rained without concomitant hypotension. One example may be noted. 

A 59-year-old female pataent was anaesthehzed and postured m the semi-recumbent  position 
for sub-temporal exploratmn of the fifth cramal nerve. No local anaesthetm was employed. 
D u n n g  the surgmal approach anaesthema appeared adequate, but  systohc pressure was 75-85 
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ram. Hg Stamulataon of the fiflh nerve ~roduced mamedlate coughtt~, g and straamng, o restore 
a steady state of anaes~Lesla 250 mg o_ thlopental was given over the next five mmates. The 
hypotenslon reduced by Fluothane was not potentaated by tinopenta[ m tins patient, the blood 
pressure being maintained at 8(~90 ram. Hg 

In three patients vasopressor therapy was necessary to maintain with safety 
an adequate  depth  of anaesthesia. Dur ing a cramotomy the concentrat ion of 
Fluothane was decreased because of sudden hypotenslon (to 80 mm. H g ) ;  the  
pat ient  responded by movmg,  and satisfactory conchtions could only be restored 
by increasing the colncenl~ratlon of Fluothane  and employing a continuous neo- 
synephrine infusion Another pat ient  developed hypotenslon (to 60 rnm. H g )  
when  anaesthesia was deepened  after a bout  of cougl~ing during lumbar  dis- 
coidectomy; intravenous vasoxyl, 5 rag., fol lowed by a neosynephrine irffusion, 
permi t ted  satisfactory operat ing c o n d i h ~ s  for the remaining hour  of operation. 
Again, a hypertensive pataent undergoing  lumbar  dlscold,~ctomy required  20 mg. 
of vasoxyl and a continuous neosynephr ine  infusion over a three-hour period. 

Vasopressor therapy was necessary in seven patients because of hypotensiv~ 
states occurring m the course of satisfactory anaesthesia. In two of these patients 
blood loss may have been  a contr ibuting factor. IntraVenous vasoxyl, 2-5 mg., 
has been  fouffd entirely satisfactory to counteract  hypote, nsion during Fluothane  
anaesthesia. Neosynephrme infusions (20 mg. /500 ml.)  are equally effective 
and may be more convement  dur ing prolonged operations. 

In two patients with spinal cord lesions, extreme sensitivaty to the hypotensive 
aclaon of Fluothane was apparent.  No such effect has been  observed with e ther  
anaesthesia. 

A 25-year-old male patient with a spinal cord tumour at D4 level developed respiratory 
depressmn when the systohc pressme fell abruptly to 65 mm Hg wltinn a few minutes of 
start~fig endotracheal Fluothane-oxygen anaesthesm A prompt response to 5 mg of intravenous 
vasoxyl was obtained, ether was substituted for Fluothane and a blood pressure of 100 ram. 
could be maintained whale ether was given On two subsequent occasions administration of 
Fluothane ~as resumed (concentration about 1 per cent), and t~lood pressure again became 
depressed to levels of 70 and 80 mm Hg Slmdarly in a 22-year'old man wath a spinal cord 
transection at C5 level, blood pr6ssure fell from 110 to 75 mm after some minutes of 
Fluothane anaesthesm, severe respiratory depression was also present Substatutlon w/th ether 
brought rapid improvement, with increased respiratory amphtude and a rise in blood pressure 
to 110 ram. Hg Resumption of Fluothane anaesthesm after one hour again produced 
circulatory a~ad respiratory depression. 

A very obese 65-year-old female patient, admitted to hospltal~ following a fall (probably 
preceded by a fainting attack), developed auricular fibrillation ~[ollowmg mduclaon with 
Fluothane anaesthesm This patient was hypertensive (B P. ~10/110) and showed considerable 
drowsiness after air ventncul0graphy A subdural haematoma was chagnosed and evacuated 
without incident Anaesthesm for tins operation was reduced by thlopental 500 mg, Anectine~ 
50 mg, followed by mtrous oxide oxygen ether, ether was replaced by Fluothane on transfer 
to the operating room Hypotenslon 'was easily reduced by Fludthane, but was readily reversed 
by discontinuing .the volatile supplement for short periods Tachycardm up to 130 per minute 
was observed dunng and after tins operation 

Seizures subsequently developed and the patient was unconscious when brought to the 
operatln~ room for a second cramotomy two days after the first operation Winle th~o'~ental 
(275 mg ) was being gwen the pattent had a short seizure After relaxant and mtugation 
systohc blood pressure was 130 mrct (preoperatwely 180 mm.) Adnumstratlon of Fluothane 
and oxygen by closed c~rcmt (Hexdbrmk) for approxamately two minutes produced systolio 
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hypotenslon to below 60 ham This was not xmmediately treate.J with vasopressors, the wew 
benag taken that a satisfactory level of blood pressure would be regained on chscontmumg 
Fluothane This expectataon was laot reahzed, and a delay of five to ten namutes occurred 
before a blood pressure above 100 mm systohc was achieved by Infusion of neosynephrme 
(20 nag/500 nal ). Heart rate was now very fast and irregular The operation was started, 
electrocardiographic tracings showing rapid auricular fibrrdlatlon (Fig 2A) 

FIGIn~ 2. A, during operation-auneular fibnUatlon, B, after operation--supraventneular 
taehycarcha, C, first postoperative day-changes m T wave and ST segnaent. 

Blood pressure was manatanaed throughout operatmn at 100-140 nam, neosynephrlne was no 
longer required after a total dose of 10 nag injected over 30 rmnutes Oubame (0 45 nag.) was 
given in dav:ded doses in an unsuccessful attempt to reduce healt rate winch persisted 
throughout at 160 per namute 

At the end of operation, after anaesthesia lastang three hems, systohc blood pressure was 
120 re_m, heart rate 160. An electrocardiogram 50 minutes XFter operation showed a sinus 
rhythm of 140 per minute (Fig 2B) The pataent renaaaned unconscious although reacting, 
digltahsation naamtanaed heart rate at about 110 per minute On the first postoperanve day 
changes m the T wave and ST segment were apparent (Fig 2C), hypertension persisted at 
levels up to 220/120 nam Blood pressure began falhng on the fifth postoperative day and 
death occurred sxx days after the second operahon 

Autopsy report demonstrated the following p~:thologlcal changes na this patient an 
extradural haematoma m the posterior fossa, a basal skull fracture related to the left trans- 
verse sinus, naultlple left pulmonary Infarcts of undetermined or:gin, hypertensive arterxo- 
sclerotic disease with hypertrophy of the left side of the heart 

A healthy male patient, 57 years of age, was induced normally with thlopental 400 nag 
and succmylchohne 40 rag, followed by hght endotracheal Fhiothane anaesthesia during 
posturing in the face down poslhon for e• of a cervical cord tunaour The electro- 
eardaographlc ,pattern was normal (Fig 3A) The few minutes required for transfer to the 
operating room permitted hghtenmg of anaesthesia, as the surgeon was mlectnag local 
anaesthehc (with added adrenaline), administration of 1 5 per cent Fluothane na 50 per cent 
nitrous oxide-oxygen failed to estabhsh a sahsfactory plane of anaesthesia, dislodgement 
of the mouth gag and conapresslon of the endotracheal tube by the patient's gums resulted 
m moderate amway obstruction Electrocardiographic naomtornag, resumed m the operating 
zoom, wlthm two namutes of local mjection revealed ventricular extrasystoles (Fig. 3B) 

Ten minutes following najechon of local (with added adrenaline) and after rehef of the 
airway obstruction, the tracing demonstrated naultffoeal ventr:cular extrasystoles (Fig. 3C) 
Systolic blood pressure was m the range 120-140 nam Hg Surgery commenced and Fluothane 
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was eontanued for a further period of 40 minutes, during winch tane frequent bursts of, 
ventncular extrasystoles were observed. Fluothane was dlscontanued 55 minutes a f te r  the 
inlectaon of local, when the tracing stall showed gross trregularltaes and tachycardia (Fig. 8D),  
Ether was given (via the Marrett vaportzer), and dunng the next few minutes cardiac 
rhythm gradually became normal. Smus rhythm was estabhshed se~en minutes after changing 
to ether anaesthesm (F~g 8E ). Ether was chscontanued and Fluothane again administered 
m a concentration of approxxmately I per cent. One minute, thirty seconds later, inter- 
polated extrasystoles appeared (Fig 8F) Fifteen seconds later a blgemmal rhythm became 
estabhshed m whmh nodal rhythm was coupled with ventrlcular extrasystoles (Fig. 8G).  
Fluothane was stopped and ether anaesthesm resumed, two minutes later sinus rhythm (rate 
96 per rmnute) reappeared (Fig. 8H) Fluothane was again admlmstered, two hours and 
twenty-five minutes after local mlectmn Three minutes later there was pronounced bradycarcha 
(rate 88 per minute) with A-V dlssocmtmn (Fxg 3I).  Fluothane w ~  dascontmued and 
ether anaesthesm resumed. Two minutes later,~lnus rhythm (rate ,72 per 'mmute)  was again 
estabhshed (Fag 8J) Fluothane was restarte~ blood pressure, ~shlch had been maintained 
throughout the penod of arrhythmaa at 110-150 mm Hg, now showed a sudden fall to 
85 mm. Hg whmh lasted less than five minutes Fluothane was then contanued for the last 
hundred manures of operatmn wxthout further arrhythmla or hypotenston. Electrocardmgraphic 
tracings at the close of operalaon (Fig 3K) show sinus rhythm (rate 82 per minute).  

ELECTIIOCARDIOGRAPHY 

Electrocardiographic records were obtained during 81 administrations of 
Fluothane. In addltaon to the pat_tent previously mentioned who had auricular 
fibrillation, changes were observed during 15 adminlstraffons on 14 patients. 
Patterns observed m twelve patients durmg Fluothane anaesthesia, and apparently 

TABLE IX 

ELECTROCARDIOGRAPHIC CHANGES DURING FLUOTHANE 

Fluothane Fluothane and adrenahne 
(apparently unrelated (wlthm 30 minutes of 

to adrenaline) mjectlon of adrenahne) 

I Changes in rhythm 
Sinus tachycardla 1 1 
Sinus bradycardm 1 - 
Nodal rhythm 2 1 
Aurmular fibnllation 1 - 
Shifting pacemaker 2 3 
A-V dlssoclatmn 2 1 
Extrasystoles 

Supraventrlcular 1 - 
Ventrlcular 

Isolated - 2 
Interpolated 1 - 
Blgemmal rhythm - 2 
Mnultlfoeal - 1 

Vetrmular tachycardla - 1 
II Depresmon of 

P wave - 2 
S T  segment - 4 
T wave - 4 
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F,ctraE 4: A, nodal rhythm; B, I5 seconds later-shifting I~acemaker; C, 5 minutes later-  
shifting pacemaker-P wave between QRS complex and T wave. 

FIGUtLE 5 (all lead 2); A, before induction; B, followir~g thiopental induction and 80 
minutes nitrous oxide-Fluothane anaesthesia; C, 2 minutes after adrenaline injected with 
local-P and T wave depression; D, 5 minutes after adrenaline-P and T again upright, but 
R wave decreased in amplitude and ST segment depressed; E, 15 minutes later-return to 
pre-adrenaline tracing. 
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FIGURE 6: A, after induction-sinus rhythm; B, later--supraventrieular extrasystole; C, 2 
minutes after iniection of local "anaesthetic containing adrenaline-pulsus bigeminus; D, 10 
minutes after iniection-bigemlnal rhythm with 2 alternating ventricular loci; E, 12 minutes 
after injection-bigeminal "rhythm with single ventricular focus. 
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,mrelated in time to the injection of adrenaline, ,are summarized in Table IX. 
A characteristic tracing demonstralang nodal rhythm with shitting pacemaker is 
illustrated in Figure 4. 

The amount of 1-adrenaline (free base) added to 125 nil. of 1/1500 Nupereaine 
was 500 microg.; most or all of this volume of solulaon was injected by the surgeon. 
Results obtained by the fluornnetric estimation of adrenaline m peripheral venous 
plasma, withdrawn from three patients ten to fifteen minutes after injection of 
local, are given in Table X. 

TABLE X 

ADRENALINE IN PERIPHERAL VENOUS PLASMA 
AFTER SUBCUTANEOUS INJECTION 

Before 10 mm after 45 mln after 
injection rejection Injection 

(mmrog per htre) 

1 0 39 
2 0 11 0 82 
3 0 21 0 67 0 15 

Figure 5 traces the changes m cardiac conduction which occurred following 
the injection of local anaesthetic contmmng adrenahne. Figure 6 illustrates the 
changes observed m one patient, at a tame when a defimte increase in the 
circulating adrenaline level was demonstrable. 

DISCUSSlON 

From this small series of palaents subjected to Fluothane anaesthesia of hght 
or moderate depth, several advantages which are ch~cult to chspute can be 
cited for the use of Fluothane m the anaesthetic management of the neurosurgical 
patient. These advantages are: swift, smooth mduclaon; rapid emergence from 
anaesthesia; absence of resptratory tract ~rntalaon, wath the attendant advantages 
of freedom from increases in cerebro-venous and cerebro-spmal fired pressures; 
absence of exploswe properties. 

The smoothness and rapidity of induction and elimination of Fluothane inwte 
superficial comparison wath cyclopropane; however, the action of Fluothane on 
the peripheral circulation more closely resembles that of chk)roform. The latter 
comparison is somewhat unfavourable, however, when it is remembered that the 
degree of hypotension during chloroform anaesthesia is usually proportional to 
depth of anaesthesm; with Fluothane this may not be the case. Hypotension is to 
be expected during Fluothane anaesthesm, it can occur with concentrations as 
low as 1 per cent, it frequently occurs m hypertensive patients; it may be 
difficult to control in the poor-risk pataent, m certain palaents hypotension may 
occur before a steady state of anaesthesia is attained. 

There is little doubt that the occurrence of auricular fibrdlation in one patient 
was closely related to ex~stang hypotensmn of several minutes duration. It is 
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reasonable also to emph~tsize the danger of employing 
with Fluothane unless vaporization can be accurately 
of respiration. 
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elQsed circuit anaesthesia 
comrofled independently 

At the levels of general anaesthesia employed for neurosurgery, distinctive 
changes in heart rate have not accompanied variations m blood pressure. 

The duration of the operative procedures reported in this series provides a 
severe test of hver functaon; considerable increases in bromsulphalein retention 
occurred and have been attributed to Fluothane by other workers (5); but similar 
increases may accompany the administration of other anaesthetic agents, apart 
from the accepted effects of chloroform (8). In this series there was no clinical 
evidence of postoperative hepatic disturbance. 

It appears, from the data obtained, that the cardiac effects 6f Fluothane do 
not greatly chffer from those reported to occur during other forms of general 
anaesthesia (9) The effect on the heart of hp to 500 mic*og, of adrenaline injected 
subcutaneously in con]uJaction with local analgesics must depend on the degree 
of absorption in unit time. Three patients m this series showed adrenaline levels, 
within the range 0 89-0.82 microg, per litre of peripheral venous plasma 10-15 
minutes after injection. 

Although an~ extreme degree of accuracy cannot be claimed for the method of 
analysis employed, it appears from this that a definite increase in the circulating 
level 6f adrenaline is demonstrable following subcutaneous injection during 
surgical operations. Adrenahne levels below 1 microg per litre are well within 
the range of values found m man and dogs during insulin h3rpoglycaemia (10) 
and during haemorrhagic shock in dogs (6). 

In the laboratory animal expenmental ventricular fibrillation is commonly 
induced by the intravenous injection of 10-20 microg./kg, of adrenaline, which 
must Jead to precipitous increases in the plasma concentratSon of adrenaline to 
figures many times higher than those estimated in these, three patients. Neverthe- 
less, one of these patients showed, in sequence, supraventricular extrasystoles, 
pulsus big~em~nus, and ~, multLfocal bigemmal rhythm, within fifteen minutes of 
local rejection, when the peripheral venous plasma concentration of adrenaline 
had risen to 0 82 microg, per litre from a pre-inlection level of 0.11 microg. 

Although three other patients showed ventrlcular extrasystoles after the in- 
jection of adrenahne, only one of these derrkonstrated recurring ectopic ventricular 
contractions. 

From this ~limited evidence, it appears that the subcutaneous injection of adrena- 
line during uncomplicated Fluothane anaesthesia in ma~f may be hazardous. 
The appearance in one patient of multffocal ventricular extrasystoles emphasizes 
the potentially dangerous situation which arises when even a moderate degree 
of anoxia occurs during F1uothane anaesthesia, nor can the possible role of 
injected adrenaline in this patient be underestimated, iFurther data is required. 

The use of Fluothane can ]be recommended unreservedly for diagnostic radio- 
logical procedures, a field m which this new agent .appears to be superior to 
trichlorethylene. 

The difllculty presented by hypotension induced by Fluothane may be over- 
come by more comprehensive experience, but peripheral circulatory depression is 
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the most serious lmpechment to unconditional acceptance of Fluothane at th~s 
tame If hypotenslon can be utahzed and contzolled with the aid of carefully 
administered vasopressor drugs, the potentaahhes of Fluothane in neurosmgmal 
anaesthesm increase. 

SUMMARY 

The volatile anaesthetic agent, Fluothane, has been employed fol 108 neuro- 
sm glcal procedures 

The non-irritant, non-explosive properties of Fluothane, together xwth a de- 
sirable flexibdfly m actmn, render it a potentaally valuable agent for the anaes- 
thetae management of the neurosurgmal patient 

A serious disadvantage of Fluothane deixves from ats hypotenslve achon, which 
may appear before an adequate level of anaesthesia has been attained 

There is electrocardiographic evidence that the combmataon of Fluothane and 
subcutaneously rejected adrenaline is a potential ha:,~ard in man. 

Tests of liver functaon after prolonged operataons reveal defimte abnormahty, 
but this may not be greater than ~t would be with other anaesthetic agents 
administered and studied under similar conditions 

Fluothane deserves contanued lnvestigataon as a promising new agent for major 
neurosurgmal procedures At the present tame, its use can be particularly recom- 
mended for neuro-radlological investigations under general anaesthesm 
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l~svM~ 

Nous avons ulalxs~ un agent anesth6slque volatile, le Fluothane, au cours de 
108 interventions neuroehtrurgicales. 

Les propri~t6s non-lrritantes et non-explosives du Fluothane ]orates ~t une 
grande mamabilit6 et ~t son action rapide en feront peut-gtre un pr6c~eux agent 
anesth~sique en neurochirurgle. 

I1 a cependant le s~rieux d~savantage de presenter fr6quemment une action 
hypotenslve qul peut apparaltre avant mSme qu'un niveau sufl~sant d'anesth~sie 
ne soit atteint. 

Les trac6s 6Iectrocardlographlques nous font ~galement soup~onner que l'usage 
du Fluothane en combmaison avec l'mlectlon sous cutan6e d'adr6nahne peut avoir 
un effet nuisible sur le myocarde. 
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Les 6preuves de fonehon h6patique aprgs des lntervenlaons prolong6es se sont 
montr6es nettement anormales dans enwron un tmrs des ~cas', mais ees troubles 
ne semblent pas 8tre plus s6rieux que ceux que produisent d'autres agents 
anesth6siques administr6s et 6tudl6s clans les m~mes conditions, 

Les avantages du Fluothane m6ntent eertainement que l'on poursuive plus 
lore les recherches rams pour le moment son emplo~ parait 8tre plus particuH6re- 
ment mdiqu6 dans l'anesthgsm g6n6rale au cours des examens neuro-radio- 
loglques 
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