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WH]~N experimentatŸ is being vigorously pursued in any 
branch of practical science it may 
inves~igators are not content with 
practised. In recent years several 

be assumed that the 
what is known and 
new drugs and new 

m ethods of application have been used for the production 
of analgesia and ansesthesia, and, although they have met 
with varying success, no one wiU deny that their introduc- 
tion is due to a healthy and honest dissatisfaction with the 
routine use of chloroform and ether by inhalation. 

In 1910 Federoff, of St. Petersburg, first employed 
hedonal as ah intravenous aneesthetic. Its success on the 
Continent led to its adoption in England last Easter, since 
when ir has been used extensively in London and Leeds. 

Encouraged by the report of Mr. Page last May in the 
LanceŸ and by what I saw in Leeds this summer, I h~ve 
used this ansesthetic in thir~y cases during the last four 
weeks, and obtained full surgical an~esthesia in alI. 

Before, however, going into detaŸ regardŸ them, the 
characteristics of hedonal may be considered. Itedonal, 
or methyl-propyl-carbinol urethane is ah organic com- 
pound, the molecul~ of which con~ains a urethane nucleus 
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a methane group, as the structural 

c0/NH2 
"~C~ q 

Hq 
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formula 

Ir follows that in the hedonal molecule there is only one 
atom of nitrogen, or 
grammes of hedonal. 

14 grammes of nitrogen in 119 
As, however, the maximum dose of 

hedonal is 15 grammes intravenously, the extra work 
thrown on the excretory organs is the elimination of 1.76 
grammes of N2. Ir this is excreted as urea, as is stated, 
a full dose of hedonal is equivalent to only 3.75 grammes 
of urea. The carbon ~nd hydrogen are oxidised to COs 
and tt20. This explains the tolerance shown by nephritic 
cases towards the drug. Four estimations of the urea ex- 
creted were made in my series, but the results, owing to 
the small amount involved, were entirely conclusive. As 
a one per cent. solution of hedonal is saturated at 100 ~ F. 
ir is used a t a  strength of 0.75 per cent. in normal saline. 
The solution of the drug is effected by using saline at 
~bout 140 ~ F. and the preparation finished by filtering and 
boiling the fluid. Although, owing to its volatility, a little 
hedonal is lost in boiling, none is decomposed. When 
cool the hedonal crystallises out in fine needles. 

The technique of administration is simply that of con- 
tinuous venous infusion, bearing in mind that the flow 
raust be carefully regul~ted. The apparatus I have used is 
that made by Thackray, of Leeds, and consists of a con- 
tainer, with thermometer and level gauge, a dropper, to 
indicate the rate of flow, and a fine cannula. The con- 
tainer is filled with solution at 119 ~ F. ,  and the cannula is 
~atroduced under local anmsthesia into a suitable vein, 
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usually the cephalic. If the operation is on the upper part 
of the body the internM saphenous vein in front of the 
infernal malleolus is most convenient. In ten of my cases 
ir was chosen. In  one instance no adequate vein was 
found. This patient was an emaciated girl, fourteen years 
of age, and as the operation was amputation of the leg ir 
was considered advisable after failing to get a vein in the 
arre to resort to ether. 

During induction the fluid is run in at a rate of 50 to 
150 cc. a minute. While less is needed, the more rapid 
the flow, I have found ir advisable in the case of feeble 
patients to slow the infusion to 40 or even 20 cc. a minute, 
to avoid marked 
~wo or 

depression of fhe respiratory centre. In 
three minutes the patient becomes drowsy and 

with subjective sensations of warmth and well- 
This drowsiness emerges rapidly into deep sleep, 

yawns 
being. 
~he con~unc~ival reflex goes, and a li~tle la~er the corneal 
reflex is losa. A minute later the operation may be 
started. Usually the induction is unaccompanied by any 
struggling whatever, only one of my pat, ients proving 
troublesome. This patient was sent up from the coun~ry 
for emergency operation of amputation of a crushed hand. 
He arrived at hospital prepared for o~eration as in the 
pre-amesthetic days. 

As has been mentioned, the danger during induction is 
marked resl:;iratory depression, which causes cy~nosis. 
This is immediately checked by slowing the infusion. 
Normally, the breathing becomes quiet, so that special 
pains should be taken to keeo the tongue forward. 

In ~wo of *hese cases slight cyanosis, due~o an overdose 
of ansesthetic, developed, but was immediately relievecl by 
diminishing *he drug. A litfle oxygen was also given as ir 
was ready, bu~ I do not ~hink i~ was necessary. Both of 
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ghese patients were carcinomatous, one being a woman of 
fifgy and the other a m a n  of seventy-eight. 

The time of induetion has varied from six to fifteen 
minutes, and the amoun~ of solution from 250 ce. to 
1,250 ce. The latter dose was neeessary in a strongly- 
buil~ man of thirty,  though given a t a  ra~e of 130 ce. 
per minute, while the former was suffieient for a man of 

seventy-eight, though given at a rate of only 20 ce. per 
minute. Once the skin ineision is made the flow is eu~ 

down so as to keep up an~esthesia with as little fluid as 
possible. The patient is well ?sleep when the eorneal 
reflex is gone; the pupil is one to two mm. in size and 

reaets to light. On relaxing the anmsthesia the pupil en- 

larges and the eorneal reflex returns. The oxygenation of 
the faee ancl ears should always be goocl. 

On beginning fhe infusion the pulse-rat, e inereases to 

about 120 per minute, ancl then falls in a few minutes to 

about 80. The subseauent regularity of the pulse is re- 
markable, and is due, I think, to the eonstanf infusion. 

Por example, at the eommeneement of an amputa.tion of 
the breast for eaneer in a woman of forty-five the pulse 

was 80, while on leaving t, he rabie sixty-five minut.es later 
ir was 72. In  only four eases was the pu]se-rate more 
than 100 after operation, and in all tl~ese the hwmorrhage 
hacl been exeeptionally severe. 

A few minutes before the enc] of the operation the anm- 
sthetie is stoppecl, and, as a rule, the eorneal reflex has 
returnecl before removal of the patient from the theatre. 
The period of sleep afterwarcls varied from half an hour 
to, in one case, eighteen hours. In about twenty-four 
eases the patien~ spoke within two honrs, and soon fell 
asleep again to wake oeeasionally throughou~ the night. 
That is to say, in no case suitable for the an~esthetie was 
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there anything like prolonged unconsciousness. Drowsi- 
ness, however, persists for twen~y-four hours. 

For tire pa~ients of the series morphia was required ; of 
these, three had undergone bone operations. Only three 
patients vomited after operation, one of whom had stones 
removed from the common bile-duct, while the other two 
were suffering from intestinal obstruction. Finally, one 
patient had slight headache for twenty-four hours, but did 
not volunteer the information herself. 

Retention of urŸ occurred after hernia operations, as 
with ether an~esthesia, but was never prolonged. In no case 
w~s there suppression of urine, glycosuria, of albuminuria. 

On leaving a catheter in the bladder during operation 
ir was found that in the third stage of an~esthesia no urine 
was secreted ~ phenomenon which also occurs during the 
administration of ether and chloroform. 

The blood-pressure records of this series are, unfortu- 
nately, very incomplete, but, so lar as they go, bear out 
Mr. Page's results. A fall in pressure of about 20 mm. of 
mercury occurs at first, after which the pressure remains 
constant. 

The total amount of the drug given must vary greatly 
according to the age and condition of the patient and the 
nature of the operation. Ah arbitrary maximum is 2,000 
cc., or about 66 oz., but ir is only under exceptional cir- 
cumstances that so much should be given. My fourth case 
received 2,020 cc., but, as the operation was the remov~l 
of a Iarge epŸ of the scalp and grafting of the ex- 
posed area, this great amount of fluid had no deleterious 
effect whatever. In fact, it no more than compens~ted 
for the h~emorrhage. On the other hand, the introduc~ion 
of a large quantity of fluid into the circulation of a patient 
who does not need ir, is a dangerous procedure, and is 
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responsible for mos~ of the complic~tions which huye re- 
cen~ly been classified by Dr. Veale, of Leeds, under the 
he~dings--cutaneous, pulmon~ry, and venous, complica- 
tions. Under the first head are mentioned--pa~ches of 
oedema in the gluteal region, blisters on the heels, and 
bedsores. Norte of these huye occurred in my series, bu~ 
they should be guurded uguinst by giving instructions to 
the nurse in charge to chunge the po sition of the patient 
while usleep. With regard to pulmonury trouble, ir must 
be s~~ted that ~his ansesthe~ic is distinctly contm-indicated 
in the case of young robust people, who are undergoing 
operations of moderute severity unuccompunied by serious 
loss of blood. Such putients invuriubly require up to, und 
over, 1,200 cc. for un operution lusting hulf un hour, und 
are, therefore, peculiarly liuble to develop oedemu of the 
lungs. On Ÿ 10th of this month I ansesthetŸ J. F. ,  
a hoy of seven~een, for the cure of un inguinal hernia. 
The ansesthetic was taken well, but h•d to be infused 
rapidly. In all, 1,250 cc. were used. On return to bed 
at 12 noon his corneal reflex wus very sluggish, •nd he 
was still unconscious. Ah hour luter he was not com- 
pletely unsesthetic. Towards five o'clock his breathing 
quickened, bis temperature rose, and he became slightly 
cyanotic. I saw him at six, when the respirations were 
40, the pulse 144, and the temperature 101.4 ~  His 
face was flushed und wet with perspiration. The corneal 
re¡ was gone, but he still moved slightly when stimu- 
lated. A catheter wus passed and 20 oz. of urine with- 
drawn, t{e was propped up in bed, Ÿ tongue was drawn 
forward and some frothy mucous removed from the 
mouth. One bag of oxygen was administered, and in 
fifteen minutes his breathing had slowed to 30, and his 
pulse to 108, while the corneal reflex had returned, and he 
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moved briskly when stimulated. During the night he 
remained in r same condition, and mucus was sucked 
our of r larynx ar 1 a.m. Towards morning he steadily 
improved, and awoke at 6 a.m., eighteen hours after the 
operation. He made an uneventful recovery. In such 
cases the indication is to open a vein i~nd withdraw abou~ 
10 oz. of blood, ir the symptoms do not improve on clear- 
ing the air passages. 

Bronchitis is the second lung complication that may 
occur. In this series two patients developed a cough th~~ 
lasted about twenty-four hours. As one of them had only 
550 cc. infused, ir was probably in this case due to a chill 
rather than the amesthetic, in  a third case a woman of 
thirty-five, suffering from gall-stones--a small patch of 
broncho-pneumonia developed in the right apex. She 
recovered from this, however, in a few days. As she was 
in feeble health, and only required 750 cc. of solution, I 
do not think ii is likely that the an~esthetic was aV fault. 
Nevertheless, pneum0nia is a definite, though very infre- 
quent complication, and has been responsible for three 
reported deaths. 

Of the occurrence of infarct from a dislodged thrombus 
I have no experience. Ir could hardly happen unless the 
ve/in were infected, and only one case is reported in which 
ii probably occurred. Thrombosis of the femoral vein has 
not been found in any of my cases, ancl in the five cases 
reporled by Dr. Veale ii has not been proved 
method of ansesthesia used was responsible. 
had no case of 
been reported. 

In concluding a 

cerebral ihrombosis, and one 

of ihis ansesther ii is desirable to men~ion 
severe operations performed with its assistance. 

that the 
We h~ve 
alone has 

discussion of the possible complic~tions 
the more 
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The series includes excision of the lower jaw for cancer, 
excision of epithelioma of the scalp, excision of carci- 
nomatous glands in the neck, amputation of the breast for 
cancer, gastro-enterostomy for advanced pyloric cancer, 
two colostomies for rectal cancer, laparotomy for obstruc- 
~ion, two appendicectomies, cholecystotomy, choledocho- 
tomy, two amputations, cerebellar decompression and 
cr~nioplasty. The ages of the patients vary from seven- 
teen to seventy-eight years, and the duration of an~esthesia 
from ten minutes to one hour fifty-three minutes. 

Already some of the disadvantages of this method have 
been mentioned. First is the occasional difficulty in find- 
ing a suitable vein. In the case of one patient the cannula 
was introduced into a vein so small that the infusion was 
delayed, and consequently an~esthesi~ was not obtained 
until twenty minutes had elapsed. Secondly, the absolute 
necessity for asepsis renders the method unsuitable out- 
side the hospital theatre; while, thirdly, it is unneces- 
sarily complicated for short operations. On the other 
hand, in operations on the head and neck the surgeon is 
not hampered by the anmsthetist in the least degree; 
oozing from the skull and dura mater is remarkably slight, 
an(t in abdominal operations muscular rigidity is entirely 
absent. Neither of these points has, I think, been suffi- 
ciently emphasised. With any other anmsthetic the 
greatest danger in brain work is hmmorrhage; in 
abdominal work the operation is often delayed, and correct 
Ÿ rendered impossible through rigidity of the 
n~uscles. With hedonal both of these undesirable factors 
ate practically eliminated. Moreover, in cases of hmmor- 
rhage and collapse the constant infusion of saline is useful, 
while if more saline be needed the tube can be removed 
frora the container and a further infusion of ordinary 
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saline given. This was done in two of these cases with 
distinct benefi~. 

From the occurrence of oedema in a youthful patient, 
which I have described, and from exactly similar accounts 
mentioned in ~he journ~ls, ir may be fairly argued that the 
anmsthetic is contra-indica~ed in the young and vigorous, 
who are to undergo slight operations. On account of the 
possibility of such a complication, I Would endeavour in 
all such patients, if the an~esthetic were de sirable for other 
reasons, to lessen the amount of infusion necessary by 
administering, two hours before operation, two to four 
grammes of hedonal by the mouth, as recommended by 
Mr. Page. 

With regard to the contra-indications, ir is impossible to 
speak authorita~ively, except Ÿ mention that as the 
laryngeal reflex is abolished very early ~nd completely, 
tracheotomy must be performed, and the pharynx plugged 
before ah operation on the mouth, nose, or neighbouring 
air sinuses is attempted. This precaution was observed in 
the removal of the lower jaw and p~rt of the tongue, 
mentioned already, and the results were excellent. Slight 
cyanosis occurred on introduction of the tube, but was 
due to blood clot in the tube and was immediately relieved 
on remowl of the clot. 

In cases of uncompensated heart disease the infused 
liquid might throw a dangerous strain on the right ven- 
tricle, bu~ I have no definite information on this question. 
On the other hand, nephritic patients prove good subjects, 
and so far no cases of suppression are recorded. This is 
due to the distinc~ diuretic effect of the saline infused. In 
six severe cases the average amount of urine passed in the 
twenty-four hours after operation was 900 cc. Also, as 
has been shown, the amount of nitrogen to be excreted is 
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extremely smsll, so that  the absence of kidney complica- 
tion which obtains is only what might be expected. In  
this series no death occurred whŸ can be attributed to 
the ansesthetic. Three patients died while in hospital, 
the first of whom was suffering from left-sided hemiplegia. 
She was almost comatose before operation, being only able 
to more the right arm and leg feebly when stimulated. In  
the whole course of the operation, which lasted one hour 
and three-quarters, only 300 cc. were injected, and on 
leaving the table the patient was no more comatose than 
before. Death occurred eighteen hours later, and ir was 
found on examination that she was sufferin.g from vegeta- 
tions on the aortic valves, long-standing infarcts in the 
kidneys, spleen and liver, and finally a relatively large 
aneurysm in the right internal capsule, which caused the 
hemiplegia. 

The second death occurred in a boy of eighteen ye~rs, 
who came to hospital with a history of three weeks of 
severe vomiting and partial obstruction. He was operated 
on at once, and laparotomy confirmed the diagnosis of 
pelvic sarcoma. His recovery from the ansesthetic took 
place within an hour, but he died the following evening. 
The posŸ examination showed a huge sarcoma in- 
filtrating the pelvic wall and pressing severely on the 
rectum. 

The third patient was a m a n  of seventy-one, who carne 
to hospital suffering from prostatic reŸ He had 
been tapped six times suprapubically during the previous 
week, and was in a very feeble condition. The urine was 
very foul. A suprapubic cystotomy was done to drain the 
bladder and the prostate was removed. The operation 
lasted six minutes, and the amount of hedonal used was 
500 cc., but he died two days later. Post-mortem the only 
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cause of death found was pelvic peritonitis, a condition, ir 
may be assumed, due to infection when the bladder was 
being tapped. 

In conclusion, my thanks are due to those surgeons wh0 
allowed me to anmsthetise their patients, ~nd, more 
especially, to Sir Thomas M:yles~, whose cases constitute 
the ma]ority of this series. 

THE PRESIDENT thanked Mr. Crawford fo r his paper, whieh 
very fairly set forth the advantages and disadvantages to be 
derived from the use of hedonal as an anmsthetic. All who 
were concerned with abdominal operations well knew the 
advantage of having the abdominal muscles in a relaxed 
state. 

1V~R. W.  I.  DE C. V~HEELER considered the paper of the 
greatest  interest, as he thought the question of anmsthesia 
was not in a satisfactory state at present. As to hedonal, 
he considered tha t  its administration could not be praised 
or condemned until we had more experience of it. In his 
opinion there was sometimes a difficulty in giving the 
anmsthetic, as patients very often object more to the giving 
of an intravenous injection than to the operation. How 
chloroform had been given so long in cases where ir is 
contra-indicated he found hard to understand. He men- 
tioned that  he had been using omnopon in simple operations, 
and so lar had found ir satisfactory. When given before 
the administration of ether, pat~ients when anmsthetised 
would remain so for hours. There was a complete absence 
in every case oZ anything in the nature of cyanosis. The 
procedure is very simple, and the contra-indications are 
practically nil. 

DR. KIRKPATRICK had not seen the method t¡  but ir 
seemed to him, ffom the theoretical point oZ view, that ir 
was at tended with great advantages and some considerable 
disadvantages. I r  was, he said, admit ted tha t  the present 
method of anmsthetising patients are not altogether satis- 
factory. Whether  ii was the fault oZ the methods or the 
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patients, ir, was exceedingly hard to get, satisfactory relaxa- 
tion of the muscles, especially in pelvic operat,ions, and the 
surgeon muy be very considerably hampered s his work on 
this account,; consequently, any met,hod that  would improve 
this state of things would be of very greut, value. He had 
seen so many methods of using different drugs as aneesthetics 
introduced that  ir mude hito doubtful, us over and over 
again, notwithstunding new me~hods puf, forward us 
panaceas, return had to be mude to ether. He, therefore, 
thought t,hat no one had yet  sufficient experience te be able 
to pronounce definitely on hedonal. Regurding the point 
tha~ the anmsthetist, could administer hedo~al in a way t,hat 
he could be out, of the way of the operator, ir, should not, be 
lost sight of t,hut, no mat te r  how the an~esthet, ic is given, 
the an~est,hetist, must, have access to the pat,ient's head. 

DR. SMiTH said t,hat so lar all forros of an~esthe~ics ad- 
ministered by inhalation, excluding morphine, belonged So 
the marsh gas series. Local anaes~hetics belonged to the 
aromatic group. He was not in a position to speak of hedonal 
in practice, bu~ was inc/ined to thiuk that the older methods 
were more satisfuctory. 

Ma. CRAWFORD, in replying to t,he remarks, said his ex- 
perŸ was t,hat putients would sooner have t,he small 
operation necessary to administer hedonal than to have the 
mask placed over their luce. He considered t,hat ir was 
much more under control than omnopon. He agreed with 
Dr. Kirkpatrick that, the outlook for a new method is not, 
hopeful, but this met,hod has now been taken up in England 
after having been used for some ~ime on the Con~inent, 
which speaks well for ir. Wit,h regard to the danger of  
cyanosis ir the anmsthet,ist, is at the pat,ient's feet instead 
of at t,he head, he found ir necessary to stay at the patient 's  
head, and to signal when the tap was to be turned off. He 
considered t,he ana~sthebic as sale us any other in practice. 

2' H 




