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INTRODUCTION.

The subject of Delayed Chloroform Poigoning has
attracted considerable attention in this country
gince Dr Leonard Guthrie(l) in 1894, published a
geries of nine cases in which death occurred from
ten hours to six days after operations performed
under chloroform anaesthesia. Since the condition
was recognised, a considerable number of cases have
been reported, and the importance of the subject
cannot be over-exaggerated. For instance, thres
camos () are reportsd as occurring within fifteen
months, in the practice of the Manchester Hospital

for Sick Children; Guthria(l & 3)

alone hag report-
ed thirteen fatal cases. One anaesthetist(4) has
reported three cases which occurred in his practice,
but were not fatal, the symptoms of the cases being
gtrongly in favour of their being due to delayed
chloroform poisoning.

After careful investigation of the urines of
cases after chloroform ansesthesia, one writer(5),
who has given a great deal of attention to the sub-
ject, found that every patient showed signs of the
disturbance of metabolism produced by chloroform,

def'inite acetonuria being present in each case.

Another observer(o) reports that acoetonuria occurs



in sixty-six per cent. of chloroform cases, and from
my own observations I found acetonuria present in
fifty per cent.'of the caseg where a qualitative ex-
amination was made, and in every case where a quanti-
tative estimation was performed.

That sufficient attention has not been drawn to
delayed chloroform poisoning in former years is due
to the fact that the condition was not recognised.
In the various Medical and Surgical Journals of the
past seven years, numerous cases have been annually
reported. Previous to Guthrie's(l) first paper in
1894, there had been only eleven fatal cases report-
ed as due to the toxic after effects of the chloro-
form. We must therefore conclude that probably
many deaths occurring after chloroform anaesthesia,
and due to this cause, were formerly attributed to
other causes.

It is now fully recognised that the effect pro-
duced by a general anaesthetic is a disturbance of
metabolism, resulting in an auto-intoxication, hav-
ing very definite symptoms. Delayed chloroform
poisoning is best studied in a children's hospital,
amongst whom, as I will show, the great majority of
the cases occur. General anaesthesia 1is, however,
not the only cause of those definite symptoms of

auto-intoxication, which we observe to bs associated



with acetonuria.

(i.) It has long been known that acetons and

| diacetic acid appear in the urine of diabetics under
certain circumstances: and that these are a better
guide to the patient's condition than is the amount
of sugar present. If a diabetic has 'bilious at-
tacks' accompanied by restlessness, followed by
dfowsiness; acetone and diacetic acid will usually
be found in the urine, though previously absent.
These symptoms are also prominent in the auto-intox-

ication of delayed chloroform poisoning.

(ii.) Acetone, diacotic acid and B-oxybutyric
acid have been found in the urine, breath and vomit
of children, usually between the ages of 3 and 11
years, who are suffering from recurrent or cyclic
vomiting. The average duration is from 5 to 6 days,

and the condition may be fatal.

(iii.) It is now recognised that some of the
gserious forms of pernicious vomiting of pregnancy
ars due to a toxaemia. In these cases the post-
mortem examination reveals a state of things in the
liver and kidneys which closely resembles the morbid
changes observed in these organs in delayed chloro-
form poisoning. The symptoms also ressmble those

of the latter condition.



(iv.) Anyone can produce acetonuria in himself
by starvation; and therefore the fact that aceton-
uria occurs in such conditions as carcinoma of the
digestive organs and certain febrile conditions may
be accounted for. Of all tissues, fat loses most
in starvation, the noble organs being fed at the ex-
penge of the less essential ones. To effect this
the fat must be broken down, in the course of which
we got the fatty acids set free.

Oxygen starvation can also produce acetonuria,
a8 sésn in mountain sickness, and oxygen starvation
is obviously at work in the acetqnuria of broncho-

pneumonia.

(v.) Again, in alkali and ash free dietaries
we can produce acetone, with diacetic and B-oxybu-
tyric acids in the urine of otherwise healthy per-

sons -

(vi.) In certain poisons we get an exaggora-
tion of protein catabolism with acetone and diacetic
acid in the urine, e.g. Phosphorus, Arsenic and
Phloridzin poisoning; and also in some cases whers
Soda Salicylate is being administered. The post-
mortem changes in phosphorus poisoning closely re-

semble those found in delayed chloroform poisoning.



(vii.) In fatigue, we get excessive catabolism

of fats and acetonuria.

(viii.) We also get acetonuria in the convul-
give stage of eclampsia, and after the advent of a
fit in an epileptic. In the same category may be

placed strychnine and antipyrine amongst poisons.

(ix.) An interesting observation is the fact
that the stoppage of morphia in a morpho maniac
causes an acetonuria, and on morphia being resumed

the acetonuria ceases.

(x.) Various gastro-intestinal derangements,
especially in children, may produce a well marksd

acetonuria.

(xi.) It has been shown that in acute infeac-
tive conditions acetonuria is readily formed. This
fact is highly important; as so0o many casas of this
nature are submitted to chloroform anaesthesia, and
eventually prove fatal. It is extremely difficult,
in fact almost impossible, to say how much the one
or the other factor has contributed to the fatal re-

sult.

The study and investigation of the conditions

enumerated above has led to a better understanding



of the subject, but still there remains a great deal
to be done. The mechanism by whlch these exaggera-
tions of protein metabolism are carried out in the
various conditions requires further exploration.

In discussing the subject of delayed chloro-
form poisoning, no paper would be complete which did
not deal with its historical aspect.

I will deal first of all with this aspect of
the subject, from the year 1850, when Gaspar(V) ro-
ported the first fatal case of delayed chloroform
poisoning, up to the present time. The different
papers and cases will be mentioned in chronological
order, as nearly as possible, with the dates of each.
It will help us greatly in the better understanding
of the subject, if the action of chloroform upon the
various tissues and organs of the body is included
in this sketch.

I will next deal in detail with practically all
the reported cases of delayed chloroform poisoning.
I will give an exhaustive analysis of the symptoma-
tology of the condition, and describe the symptoms
in two cases which occurred in patients under my
care and which have so far not been published. I
will follow this up by a minute description of the
findings in the urine of patients suffering from

delayed chloroform poisoning, and give the results



of my examination of thirty urines after chloroform
anaesthesia, both by qualitative and quantitativse
estimation.

I will deal next with the pathology of the con-
dition; both the naked eye appearances and micro-
scopic changes will be described in detail. Many
causes, other than the toxic after effects of the
chloroform, have been ascribed as producing the
characteristic symptoms of delayed chloroform pois-
oning. I will criticise each cause separately,
and show that chloroform anaesthesia of itself is
responsible for many of the disastrous results, pre-
ceded by a characteristic set of symptoms,*which may
follow even the simplest operation.

I will next go carefully into the chemistry of
the acetone bodies.

The fecllowing chapter will be taken up with a
consideration of other conditions in which aceton-
uria ococurs. I will here refer to other general
anaesthetics, and show that these also may be fol-
lowed by toxic after effects, and even death.

The treatment of delayed chloroform poisoning
will next be dealt with in detail, along with a sug-
gestion of my own.

Finally, a summary of the whole subject, em-

bodying all the important points of the thesis, will



be followed by the bibliography.
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10.

HISTORICAL SKXETCH.

(8)

Stilea and McDonald , in their extremely val-
uable addition to the subject of delayed chloroform
poisoning, published in 1904, gave a very full his-
torical sketch of the subject prior to the appear-
ance of their paper.

I will include several papers which will help
us the better to understand the signs, symptoms and
post-mortem appearances which contribute to the con-
dition we are about to study.

Caspar(v), in 1850, was the first to direct at-
tention_to the dangerous after effects of chloroform.
He maintained that signs of poisoning may be seen
hours, days, or even weeks, after its inhalation.
Caspar speaks of the condition as chronic chloroform
poisoning. He records a case of a woman who dled
nine days after amputation of the leg, with symptoms
referable mainly to the brain. Langenbeck(g) in
the same year published a case of a patient who had
had his scapula excised and died seventeen hours
after the operation. He attributed his patient's
death to the after effects of chloroform. The
patient's condition on the evening of the operation
was quite satisfactory, but during the night vomit-

ing set in and persisted all night. The following
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morning he was pale, pulse small and freguent, and
the vomiting continued. The respirations were free
and regular; the pulse became progressively more
rapid and feebie, and the patient died at 8.30 p.m.
on the night after operation. At the post-mortem
the liver was found to be fatty. Petters(lo) in
1857, noted that the guantity of urine excreted by
the patient did not diminish as the end approached
and contained a normal amount of sollds. Petters
was the first observer to note acetone in the urine
after chlofoform anaesthesia.

No further evidence in support of the views of
Caspar and Langenbeck were brought forward until
1866, when Nothnagel(ll) published the results of
his experiments on rabbits. Nothnagel introduced
the chloroform by subcutaneous injection in some of
his rabbits and into the stomach of others. On
examining the organs some days later he found fatty
degeneration of the liver and heart in both instan-
ces. When the chloroform had been introduced sub-
cutaneously, the kidneys also shewed fatty degener-
ation; and urine expressed from the bladder four
hours after injection contained red blood corpuscles
and fibrinous casts. In these experiments the
chloroform was probably carried dirsct to the kid-

neys by the blood stream, and set up an acute in-



flammatory reaction. Nothnagel had not the benefit
of the modern microscope, otherwise he would have
found, in the cases where chloroform had been in-
haled, fatty changes in the kidneys as well. Stuart
MoDonald(lz) remarks that a kidney which to the
naked eye does not look fatty, under the microscopse
may contain a considerable degree of fat. In one

of his experiments Nothnagel excised a small piece

of the liver for the purpose of comparison before
injecting the chloroform. Nothnagel concludsd

that the fatty degeneration was not due to pre-
existing disease, but that chloroform produced fatty
degeneration of liver, heart and kidneys, by destroy-
ing the red blood corpuscles. Nothnagel also demon-
strated that ether could produce similar changes,

but "to a much less extent.

In 1883, Ungar & Junkers'l®) were the first to
demonstrate in animals the fatty change produced by
chloroform when administered by inhalation. In the
first set of experiments rabbits were used, but it
was found that they could not be kept under the in-
fluence of chloroform continuously without a fatal
result. In a second series of experiments dogs
were used, and it was found that in these animals
anaesthesia can be kept up for a much longer period,

with less danger of causing sudden death. In their
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experiments upon rabbits they failed, even on micro-
scopic examination, to detect any fatty changs what-
ever. Stiles & MoDonald‘®) state that in their
opinion the animals were killed too soon after the
administration of the anaesthetic. Ungar & Junksrs
in their experiments upon dogs, were able to demon-
gstrate extengive fatty change in the liver, heart
and voluntary muscles in an animal killed forty-
eight hours after a single prolonged administration.
After repeated administrations they demonstrated fat
in liver, heart, spleen and mucous membrane of the
respiratory and alimentary passages. By excising
one kidney at the beginning of an administration of
chloroform, they were able to show that it contain-
ed much less fat than did the other kidney which was
excised after a prolonged administration. Stiles

& McDonald(B) confirmed this obsgservation in 1904.
Ungar & Junkers argued that a previous administra-
tion of chloroform rendered the organism less likely
to successfully withstand subsequent administrations.
Schenk(14), in 1898, repeated this warning, as did
Guthrie and others later. Ungar & Junkers suggost-
ed that in anaemic, alcoholic, or cachectic patients
an ordinary dose of chloroform might prove fatal.
This has not been borne out by subsequent experience.

Discussing the modus operandi of chloroform in pro-
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ducing fatty changes, they believed it to be a di-
rect tissue poison setting free into the tissues,
chlorine, which acts in the same way as iodine in
iodoform poisoning. Kaat(15), in 1888, agrees with
Ungar & Junkers that chloroform sets free chlorine

in the blood and is excreted in the urine. Strass-
man(la), in 1889, experimenting on the same lines as
Ungar & Junkeré, concluded that the fatty change was
a degeneration and not an infiltration, caused by

the destruction of proteids. It is important to
note that in two of Strassman's experiments, in which
the animals had been anaesthetised for three and five
days respectively, the organs were found to be free
of fat sixteen and fourteen days later. In the same
year Ostertag(lv) made exhaustive experiments on rab-
bits, guinea pigs, rats, pigeons, cats and dogs. He
also confirmed the views of Ungar & Junkers. Oster-
tag regardsed the fatty change as an infiltration.
Thus we have a difference of opinion upon the nature
of the fatty change, which is of interest in view of
what I have to say on that point later. Ostertag
believed in the theory of idiosyncrasy. He is also
of the opinion that the fatty change in the liver is
derived from the fatty metamorphosis in heart and
kidneys. Theim and Fischer(18), in 1890, reported

a fatal case of delayed chloroform poisoning, and
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found post-mortem, fatty d;generation of liver, but
the kidneys were normal. In the following year,
1891, Bastianel1i(19) described three fatal cases
of delayed chloroform poisoning, and describes the
symptoms, which are now known to be common to all
gsuch cases. In his caseg death occurred from three
to ten days after the administration of chloroform.
The liver was found to be fatty, and, to a less ex-
tent, the heart. Kagt & Mester(go) examined a large
number of urines after anaesthesia and found a con-
dition of hyperacidity, the cause of which they werse
not able to determins. Fraenkel(gl), in 1892, was
the first to give a detailed description of the naked
eye appearances which may result in the human subject
from the inhalation of chloroform. He carefully in-
vestigated five cases in which death took place from
forty hours to twenty days after the administration.
Fraenkel regards the fatty change as a degeneration,
and demonstrated a similar change in the heart, liver
and kidneys, voluntary muscles and ascending aorta.
Fraenkel concluded that these changes were specific
in chloroform poisoning as apart from sepsis. He
holds that chloroform destroys the red blood corpus-
cles, and he also believes in idiosyncrasy.

The first contribution on delayed chloroform

poisoning, in this country, was published in 1894



(1
by Dr Leonard Guthrie'l)

in a paper entitled 'Some
fatal after effects of Chloroform in Children'. He
reported nine cases in which death was attributed to
the after effects of chloroform, and one case in
which recovery took placse. Guthrie supposed that
death was due to (i.) an auto-intoxication, (ii.) a
fatty condition of the liver, which he then main-
tained, and still does, must be pre-existent to the
administration of the anaesthetic, and (iii.) that
chloroform plus shock aggravated the condition al-
ready present and loaded the organism with toxic
alkaloids which, in some of his cases, the kidneys
wore unable to eliminate. Guthrie warned surgeons
against giving chloroform in cases with a pre-exist-
ing fatty liver; and held that the only way to di-
agnose this condition was the presence of alkaloid
substances in the urine. The nature and the best
methods of detecting these alkaloidal substances
Guthrie left for further investigation. These con-
clusions were not accepted in this country, but no
further reference was made to the subject until
Guthrie(s) published in 1903 further observations in
support of his thesis. The title of this paper,
viz.: 'On the fatal effects of Chloroform on Chil-
dren suffering from a peculiar condition of Fatty

Liver', diffsrs from that of the first paper in
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order to emphasise his contention that the liver is
already fatty before the administration of the chlo-
roform, and that the latter only acts as the 'last
straw'. Guthrie also maintains that the post-mortem
appearance of the liver is absolutely characteristic,
being of a 'pale fawn' colour. Ambrosium(zg), in
1895, reports a fatal case after chloroform, in a
woman suffering from a pyosalpinx. He describes
fatty degeneration in the tubules of the kidney and
in the heart. In his opinion the cardiac nerves
are affected, and also the ganglion cells of the
central nervous system. It is interesting to note
that this case is not the only one in which a fatal-
ity has occurred after the administration of chloro-
form in a patient suffering from a pyosalpinx. In
fact, it has been stated that all the reported fatal
cases of delayed chloroform poisoning followed ab- ‘
dominal operations: this, of course, is quite er-
roneous.

From what I have to say later, it will be seen
that these septic cases are more pfone_go signs of
toxic poisoning than are cases in whidh there is no
septic element. Becker(ﬁ), in the same year, ox-
amined the urines in a large number of cases after
anaesthesia, and found an increase in the amount of

acetone after chloroform administration. The amount
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of acetone was not found to be proportional to the
amount of the anaesthetic used. Becker (Deutsch Med.
Woch,1894,p.359) also published three casas of dia-
betics who died - two after the administration of
chloroform, and one after ether, for the purpose of
operation. In each case coma set in soon after the
completion of the operation, and ?ersisted till
death. Luzatti(ga) confirms Becker's observations,
but says the amount of acetone excreted is propor-
tionate to the amount of chloroform used. Nachod{24>
also examined a large number of urines and found al-
bumen and casts to be present after chloroform anaes-
thesia. =~ He describes a parenchymatous condition of
the kidney. According to Nachod, pre-existing al-
buminuria is not increased after chloroform. He
never found glucose in the urine after chloroform,
but may have found other reducing substances.

Nachod relates four cases illustrating the danger of
chloroform in diabetics. Referring to the excre-
tion of acetone, he found acetonuria present in
thirty out of fifty-seven cases, and in fourteen
cases aceto-acetic acid occurred along with the ace-
tone. Urobilin wasg frequently demonstrated in the
urine, but no bile pigments were seen. HI1T Abra&gﬁ)
in 1896, demonstrated the presence of acetonuria in

sixty-four per cent. of his cases after anaesthesia.
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He agrees with Becker that the amount of acetonuria
bears no relation to the amount of chloroform used.
It is well to point out herse that these obser-
vations on acetone were made by qualitative tasts
only, as quantitative tests would have demonstrated
acetonuria in every case, as will be seen later.

Babpoi and Bohiie0).

in the same year, investi-
gated the urine after anaesthesia and found albumen
present in 18.89 per cent. of the chloroform cases,
and 36.6 per cent. of cases who had been etherized.
They found that when albumen did occur, it was as-
sociated with parenchymatous changes in the kidney
of a chronic type. Steintha1(27) describes a typi-
cal case of death after chloroform anaesthesia.

The patient developed jaundice on the second day
after operation, death being preceded by coma.
Steinthal describes fatty degeneration of the liver,
heart and kidneys. From the morbid changes, one
would sxpect jaﬁndice to be a frequent symptom of
delayed chloroform poisoning, but on looking over
the reported cases it is by no means invariably
noted. Ajello(gs) examined a large number of
urines after chloroform and found albumen present
in 80 per cent. of his cases. He states that the
after effects of chloroform may be severe in organic

diseasgs. Ajello concludes that the degenerative
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changes in the various organs are not definitely
characteristic of chloroform poisoning, and are in
proportion to the amount of chloroform used. Chiar-
leoni(zg) has seen bile pigments in the urine which
he considers to be directly due to the chloroform.
In my own cases, I never saw bile pigments in the
urine after anaesthesia. Grube(BO) has noted the
injurious effects of repeated administration of
chloroform on the kidneys. He considers the
symptoms of poisoning after chloroform are due to
deficient oxygenation, and also to the destruction
of red blood corpuscles. He régards death as due

to an auto-intoxication. Zachrissen(zl)

reports
five cases of delayed chloroform poisoning. He
found albuminuria in from 24.5 per cent. to 38 per
cent. of cases after chloroform anaesthesia. He
attributes this to degenseration of renal epithelium.
He also finds the amount of albumen to be propor-
tionate to the amount of chloroform administersed.
Eisendrath(32) also examined the urine of a large
number of cases after anaesthesia. He found casts
and albumen in the urine after chloroform and to a
less extent after ether anaesthesia. He describes
a fatal case of pulmonary embolism after operation.

Bandler(33) geals especially with the action of

chloroform on the liver. He reports a death after
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cperation on a strong man where chloroform anaes-
thesia had lasted one hour. The symptoms resembled
those of acute yellow atrophy of the liver. He de-
scribes the symptoms and gives a detailed account of
the examination of the urine. The patient became
jaundiced on the second day, as in Steinthal's case,
and the urine contained bile pigments, much albumen,
with granular and hyaline casts. A detailed de-
scription of the post-mortem and microscopical ap-
pearances follow. Bandler also gives the results
of his experiments on animals: he found that ether
causes less fatty change than does chloroform.
Marthen(34), in 1896, reports a fatal case in
a woman, aet. 34, in which death occurred on the
fourth day from heart failure. The symptoms are
described and the results of the post-mortem and mi-
croscopic examination noted. Marthen emphasises
the occurrence of jJaundice, and remarks that the
condition of the urine in no way indicates the ex-
tent of the parenchymatous change in the kidneys.
Heintztss), in the same year, reports the re-
sults of his experiments on rabbits. He describes
fully the post-mortem changes and supports the
theory that idiosyncrasy plays a prominent part in

poisoning by chloroform. He believes with Ungar

that the degenerative changes are due to the direct



toxic action of chlorpform, and that the fatty change
1s a degeneration and not an infiltration.

Schenk(14}, in 1898, published the results of
his investigation on apes and dogs to determine how
soon the fat disappears from the organs after chlo-
roform anaesthesia. His experiments show that the
fat in the liver disappears, in some cases in a few
days, in others, weeks after the administration.
In all his cases fat was demonstrasted in the liver
fourteen days after chloroform: he was thus unable
to confirm Strassman's observations previously men-
tioned.

Salen & Wallace(36), in 1899, reported two
cases very similar to that reported by Bandler. The
post-mortem changes are described.

(57), in the same year, describes a case

Dormer
of a child, aet. 2% years, who died forty-two hours
after operation. The symptoms and the results of
the post-mortem are described. The patlient had an
enlarged thymus and hyperplasia of the lymphatic
glands. This fact will be gone into more carefully
later.

Poroschin(se), in 1902, describes his experi-
ments on dogs. He found changes in the cardiac

ganglis and respiratory centre, as well as the usual

fatty change. Poroschin also found hyaline de-
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generation of the small arteries of the heart, stom-
ach and malpighian bodies of the spleen. |
Cohn (59) in the same year describes the caso
of a robust woman of 21, who died five days aftsr an
operation for double salpingo-oophoritis. The
symptoms, along with the post-mortem findings and
the microscopical appearances, are described. The
author remarks that death must have been due to the
chloroform, which set up an acute intoxication.
Ballin(4o) reports what he believes to be a re-
covery from acute yellow atrophy after an appendi-

(41) is mentioned as

cectomy. In this paper Vlersung
having collectsd sixteen recoveries from the diseass.
Mintz (42) regards post-operative cases of acute yel-
low atrophy as essentially septic. I shall point
out later how difficult it is to differentiate bet-
ween an acute septicaemia and the conditlon we are
studying. No case of acute yellow atrophy after
ether anaesthesia has been reported.

Rydgier(45), in a paper dealing with kryoscopic
observationa on the urine after chloroform anaes-
thesia, states that chloroform does not set up any
renal insufficiency if the kidneys are healthy.
Chloroform hasgs a serious effect on diseased kidneys.

Cohn(zg) regards nephritis as a contra-indication to

the use of chloroform.
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Foerstef(44) also in 1902 reports two cases
which he considered were essentially due to the
after action of chloroform. Both cases were those
of children, aged 4 and 11 years respectively. The

elder girl surffered from a localised appendix abs-

coess. Foerster remarks upon the persistent coffee
ground vomiting in each case. The results of the

. post-mortem examination are given and Foerster con-
cludes that the changes found afford sufficient
proof that death was due to the after action of chlo-
roform.

Brawer(45) published a case of fatal acetonao-
mia following an operation for appendicitis. The
patient was a boy of 12, -and suffered Crom acute
perforative appendicitis. Chloroform anaesthesia
lasted twenty-five minutes. The symptoms and pro-
gress of the case is given, along with a differen-
tial diagnosis from meningitis, ptomaine poisoning
and uraemia. Brewer describes a bright red colour
of the mucous membranes and skin. This condition
is also made mention of by another observer,(Flint)
but it seems to be a rare addition to the clinical
picture in delayed chloroform poisoning, and the
following explanation by Brewer, so far, is the only
one offered. Brewer concludes that the cause of

death is due to rapid carbon dioxide poisoning of
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the tissues, caused by B-oxybutyric acid, diacetic
acid and acetone lowering the alkalinity of the blood,
upon which depends its ability to absorb the carbon
dioxide from the tissues. Dr Blue(46), at the
Roosevelt Hospital, at the instance of Brewer, ex-
amined the urine in a number of cases after anaes-
thesia and found a pathological amount of acetone
present in seven cases out of thrity-three different
urines examined. Only one patient showed symptoms,
and these were of so-called shock.

(3)

In 1903, as already mentioned, Guthrie pub-

lished his second paper. In the same year Montgom-
Ory(47) reported a fatal case of delayed chloroform
poisoning. The patient was a boy of three ysars,
who suffered from Inguinal hernia. Death, which
was preceded by excessive vomiting and restlessness,
occurred forty-eight hours after the administration
of the anaesthetic. At the post-mortem examination,
the brain and its membranes were found congested,
the liver of a 'pale buff' colour, and the other or-
gans are noted as being healthy.

In the following year, 1904, perhaps the most
valuable paper on the whole subject of delayed chlo-
roform poisoning was published by Stiles & hcnonald(ez
They gave a full historical skstch of the subject.

Two typical cases are fully described: both patients
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were children. A minute description of the post-
mortem findings, both naked eye and microscopical,
is given. Owing to the fact that deaths occurring
after chloroform administration are variously attri-
buted to chemical poisoning by antigseptics, to fat
embolism and to sepsis, the authors carefully inves-
tigated their cases from these different standpoints.
A case which proved fatal frem carbolic acid poison+
ing is described in detail, and compared with the
cases they ascrilbed to delayed chloroform poisoning.
The fat embolism theory is likewise dealt with,
Stiles & McDonald being unable to find such a quan-
tity of fat free in any of the vessels as might even
remotely be the cause of death. Sepsis, as a pro-
bable cause of the symptoms and fatal result, is
also dealt with. The organs of a child of & years
of age, who died nine days after an operation for
recurrent perityphlitis, are discussed microcscopical-
ly. The authors agree that it is exceedingly 4if-
ficult in some cases to tell how much sepsis had to
do with the fatal result, and how much is due to the
after effects of the chloroform. Vomiting as a
symptom is dealt with in detall, as is also the
nature of the operation.

The various points arising in the paper by

Stiles & McDonald will be dealt with at greater



length later.

In the same paper are given the results of six
oxperiments carried out on rabbits, chloroform being
administered by subcutaneous injection in some and
by inhalation in others.

In the same year Bracket, Stone & Lowe(48) pub-
lished their paper entitled: "Acetonuria associated
with Death after Anaesthesia. They describe the
cagses of six patients who died after opsration; in
all their cases ether was the anaesthetic used.

They give a full description of the symptomé and
course of the disease. It so happened that four of
their patients suffered from Infantile Paralysis,
and that fact, to them, is of special significance
and they wérn gsurgeons on operating on such cases.
The authors also report cases following the same
clinical course, but where no anaesthetic had been
administered. The post-mortem appearances are de-
scribed; and the stiology is discussed at length.
Treatment is also discussed.

Wilbur(49) exhibited to forty animals, by in-
travenous infusion, certain acids, including B-oxy-
butyric acid and neutralised B-oxybutyric acid made
in normal saline, at body tomperature and at the
uniform rate of 4 c.cs. per minute. The acids pro-

duced the characteristic symptoms of acid poisoning.



Wilbur concluded from his experiments that neutralis-
ed B-oxybutyric aclid gives rise to the same symptoms
as does the acid itself. He ascribed the coma to
the diminished alkalinity of the blood, due to the
union of certain acids with the alkali of the blood.
Geelmuyden(so) in i904 published a highly important
paper on acid intoxication. In phloridzinised dogs
with abundant glycosuria and acetonuria, he found
only a small quantity of acetons in the blood from
the arteries and veins. Geelmuyden found that the
organs of diabetics contained more acetone than did
the corresponding organs of non-diabetics. In dia-
betics the urine may contain much more acetone than
the blood. The author goes deeply into the origin
of acetone, and agrees with Waldvogel(al) that It
arises from the imperfect metabolism of fat; and
that the place of origin is in no particular organ.

In the following year, 1905, Guthrie(ﬁg) again
contributes an article on delayed chloroform poison-
ing, but he does not shed any fresh light upon the
sub ject. He still maintains that a pre-existent
fatty condition of the liver is necessary, and that
the chloroform acts as the 'last straw', causing the
breaking down of the balance of metabolism.

In the same year Carmichael & Beattie(53) pub-

lighed the records of a fatal case of delayed
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chloroform poisoning. The clinical course of the
diseasge 1is minutely described. A very full naked
eye and microscopical examination was mads, even to
the microscopic examination of the bone marrow.

The authors are the only observers to describe a
fatty change in the suprarenal capsules, which per-
vades the whole capsu%a. They favour the theory
that chloroform destroys the red blood corpuscles,
anaemia being a marked feature in their case. Car-
michael & Beattle state that the symptoms are very
like those in patients dying from intense septic in-
fection. They concluded by observing that delayed
chloroform poisoning is a primary condition and
wholly due to the action of chloroform.

Bevan & Favillt54) describe a case of delayed
chloroform poisoning which occurred in their prac-
tice. The patient, a girl of 12% years, suffered
from a gangrenous ovarian cyst with twisted pedicle.
The amount of chloroform used was not noted, nor was
the time taken. A full account is given of the
symptoms, progress of the case, and the post-mortem
examination. The case 1s discussed from a neuro-
logical point of view: and the fact of any circula-
~ tory derangement as a cause of the symptoms is put
out of court. The literature is reviewed, as is

also the clinical side of the case. The paper 1is
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illustrated by photographs of sections of the liver
from rabbits after chloroform and ether anaesthesia.
The reported cases of previous observers are fully
guoted. In conclusion, they are of opinion that
the amount of injury to the liver cells is in dirsect
proportion to the amount of chloroform used. The
authors believe that idiosyncrasy plays an important
part in' the above condition.

(55) ) in speaking of the elimination of

Ba jardi
chloroform from the stomach with vomiting aftsr an-
aesthesia, observes: - that the quantity of chloro-
form found in the gastric Jjuice is small and can
only be detected by reagents, and that the quantities
of chloroform found do not appear to have any effect
on the production of vomiting. His other conclu-
gaions will be dealt with later.

sick(®8) reports a case of haematemesis in ap-
pendicitis, in which the haematemesis was such a
prominent symptom that a diagnosis of gastric ulcer
was made. In similar cases, various pathological
changes have been observed in the gastric mucosa,
which several investigators regard as due to the
action of a toxic agent. Haematemesis being such
a prominent feature in delayed chloroform poisoning,
which is due essentlally to an acid intoxication, I

am of the opinion that Sick's cage comes under the
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same category, and had the urine been examined for
acetone I feel sure its presence would have been de-
tectoed. This case might be considered as outside
my subject, but I am of the opinion that it comes
under the head of an acid-intoxication similar to
the subject of this thesis. .

Richardson(57) reports a case of delayed chlo-
roform poisoning occurring in a fat rachitic child.
The operation, for genu-valgum, lasted thirty min-
utes, and the anaesthetic used was the alcohol,
chloroform and ether mixture. The symptoms are de-
scribed, and oxygen inhalations tried, but the child
died thirty-three hours after the operation. The
result of the post-mortem examination is given.

Kelly(58), in an important paper on the subjoct
of delayed chloroform poisoning in 1905, gives a
historical sketch of the subject, though by no means
a complete one. He mentions various conditions in
which acetonuria is found. Kelly states that ace-
tone 1s excreted in small amounts in the foeces.

He also believes that the amount of acetone excreted
is no indication of the severity of the case, thus
agreeing with Bracket, Stone & Lowe. This detail
1s dealt with later. Kelly compares the symptoms
to those of cerebral pressurs. He describzss the

tresatment by alkalies, but in his experience has
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found them only to give temporary relief. Kelly
has found the greatest benefit from the use of an
adrenalin chloride solution given every eight or
twelve hours. In the case of childrsen, 200 c.c. of
a 1 in 50,000 adrenalin solution is used, and in
adults, 500 c.c. of a similar solution. He finds
it difficult to say if any treatment has any direct
effect. From my own experience and from the re-
sults of treatment in the literature of delayed
chloroform poisoning, I am forced to the saﬁe con-
clusion.

Hubbard (59), after dealing with the presence of
'Acetonuria in non-diabetic Surgical Cases', con-

cludses :

1. Acetonuria is present more frequent-
ly than thought.

2. The presence of acetonuria without
symptoms has no effect on opera-
tive treatment or on the prog-
nosis.

3. The presence of acetonuria with
moderate symptoms 1is of only
slight importance in the future
progress of the case.

4. Acetonuria with severe symptoms,
makes the prognosis most grave.

I thoroughly agree with the first and the
fourth sentence of the above conclusions, but I am

unable to agree with Hubbard in his contention in
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his second and third conclusions. These points
will be dealt with later when I come to mention
Beesly's paper.

Hubbard also gives the ages when acetonuria is
most common. I will state when I deal with the
urine in delayed chloroform poisoning, the ages,
taken from practically all the reported cases of
this condition, at which fatalities most frequently
occur. It will be found that my deductions are
very similar to Hubbard's. I deal more definitely
with the ages of the younger children.

Embley & Martin(so), in a paper on the action
of anaesthetic quantities of chloroform upon the
blood vessels of the bowel and kidney, showed that
the inhalation of a 1 to 3 per cent. chloroforn
vapour was sufficlient to paralyse the blood vessels
of the bowel and kidney, and suggested that the fall
of the blood pressure might thus be accounted for.

Burton—Opitz(GI) (in the Journal of Physiology
for 1905) contributes a paper on 'The changes in
the viscosity of the blood during narcosis'. In
this paper the author, from experimental observation,
states that the viscosity of the blood is increased
by deep anaesthsesia and lessened during light anaes-
thesia. Similarly the specific gravity of the
blood is increased by deep and lessened by light

narcosis.



34.

Karawski(Gz), in dealing with the 'Reciprocal
actions between diabetes and surgical interventions'
notes that coma sometimes occurs after incision, and
advises the reducing of the amount of sugar present
and raising the patient's resisting power prior to
operation.

I now come to the year 19206, when several im-
portant papers on the various aspects of delayed
chloroform poisoning were published. I will first
of all deal with Beesly's(s) valuable papér on 'Post-
anasesthetic Acetonuria'. Beesly throughout his
paper estimates the amount of acetone present quan-
titatively; and expresses his results in milligrams
of acetone per 50 c.c. of urine. Beesly's paper
will be more fully dealt with in the section upon
the urine in delayed chloroform poisoning. Acetone
was generally found in healthy urins by quantitative
estimation, when colour tests were negative. Col~-
our tests showed acetonuria to be present in every
case after operation, except in one fatal case. I
thoroughly agree with Beesly when he says that be-
sides the fatal cages of delayed chloroform poison-
ing, every degree of intoxication is met with. As
I look back upon the after course of several chil-
dren after operation, many of the symptoms which

were difficult of explanation, appear now, in the
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light of delayed chloroform poisoning, to be only
milder degrses of the same intoxication.

The first section of Beesly's paper is taken up
with 'apparently healthy children whose urine before
anaesthesia contained no acetone or only the faint-
est trace of it'. He illustrates by means of charts
the degree of acetonuria in four cases, two after
chloroform anaesthesia and two affer ether. The
chloroform cases do not show such a degree of anaes-
thesia as do the cases after ether, but the ether
cases excreted their acetone more quickly than did
the chloroform cases.

The second section is taken up with 'Children
whose urine before anaesthesia contained an appreci-
able quantity of acetons, and who usually suffered
from some constitutional symptoms, more or less
severe.' The cases in this group are divided into
Acute Acetonuria and Chronic Acetonuria. I regard
this as an extremely suitable division. Beesly
proceeds to show that after anaesthesia the excre-
tion of acetone is usually greater than in previous-
ly healthy children. In chronic acetonuria, symp-
toms of poisoning, if any, are slight; while after
acute acetonuria, the sympﬁoma of poisoning are
alarming, the case practically always proving fatal.

Beesly lays stress upon what he terms 'delayed
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acetone excretion', and proves that the danger lies
not in the degree of dcetonuria, but in the rate and
time of its excretion.

Beesly concludes his paper by remarks upon
treatment.

Telford & Falconer(g), in the same year, report-
od three fatal cases of delayed chloroform poisoning.
They gave a short historical sketch, and after de-
scribing their cases with the post-mortem examina-
tion of each, proceed to give the results of their
examination of the urines of one hundred and eigh-
teen cages after anaesthesia. The authors varied
the anaesthetic, but found that aciduria was gener-
ally, not invariably, produced after every anaes-
thetic. Telford & Falconer's observations upon
acetonuria after ethyl chloride anaesthesia, will
be dealt with when speaking of that condition.

Diet seems to have no effect on the production
of aciduria. The authors err, however, in saying
that no death has occurred after ether anaesthesia,
as Bracket, Stone & Lowe have reported several.
Telford & Falconer are strongly of opinion that
rickety children are specially liable to the after
toxic effects of chloroform.

(63)

Thompson in a paper entitled 'Anaesthetics

and Renal Activity', gives the results of his
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experiments on dogs, using chloroform anaesthesia.
A summary of results at the end of his paper clearly
states Thompson's views, and will be dealt with in
future sections.

An extremely interesting critical review of
delayed chloroform poisoning is contributed by

Tuffier, Maute & Auburtin(114).

The whole subject
is carefully studied, though nothing new is eluci-
dated. Further, in 1906, we have other papers pub-
lished and cases of delayed chloroform poisoning re-
ported.

Cushing(64) describes a case of what he calls
'Acute atrophy of the Liver from Chloroform Poison-
ing'. The patient developed jaundice on the third
day, along with haemorrhagic spots on the abdomen.
Death occurred in a hundred hours after operation.
Madiaon(65) reported three cases.

Wells(ss), in a paper on 'Delayed Chloroform
Poisoning and allied conditions', wherein he deals
with the cause of these conditions, maintains that
they "all depend on the effect on the liver of
poisons that destroy the synthetic function of the
liver cells without destroying their autolytic fer-
ments." In Delayed Chloroform Poisoning, Wells is
of opinion that it is the oxidising ferments that

are particularly involved, accounting for the marked
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fatty changes present in this condition.

Coming now to 1907, Langdon Brown(67), in a
most excellent paper on Acetonuria, among other con-
ditions deals with 'acetonuria in delayed chloroform
poisoning'. The characteristic symptoms are men-
tioned and sseveral previous papers noted. Langdon
Brown states that after examining the urines of
forty patients after chloroform anaesthesia, one of
the house surgeons of St. Bartholomew's Hospital
found diacetic acid present in only one case. Lang-
don Brown considers that such discrepancies as re-
sult between these results and those of Telford &
Falconer where 84.2 per cent. of the cases showed
diacetic acid to be present in the urine, perhaps
depend on some difference in the method of adminis-
tration. He believes that acetone and diacetic
acid frequently appear in the urine after anaesthes-
ia without the presence of any symptonms. Langdon
Brown believes with Guthrie that a pre-existent fatty
condition of the liver must be present before toxic
symptoms of poisoning can occur. The paper is con-
cluded by remarks on the treatment of acetonuria.

Ramsey(sa) describes two fatal cases of délayed
chloroform poiscning, both occurring in adults. The
first, a woman ast.66, wae operated upon for an um-

bilical hernia. The usual symptoms are described,
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death taking place on the sixth day. No post-mortem
was allowed. The second case is that of a man, |
aet.40, suffering from a suppurating ear. Two op-
erations were performed within a few days of sach
other. At the post-mortem, the most characteristic
change was the fatty liver. The most prominent
symptom in both these cases was haematemesis.

Again in 1907 we £ind Guthrie ®®) publishing a
paper on 'Delayed poisoning by Anaesthetics'. A
most excellent review of the whole subject is given.
The nature of the operation and the condition of the
patient at the time of operation is dealt with, but
nothing new elucidated. The symptoms and post-
mortem findings are given in some detail. The vari-
ous suggested causes are criticised. Guthrie does
not agree with Lengeman's contention that the amount
of chloroform given to animals makes little differ-
ence in the extent of the fatty degeneration produc-
ed in different organs. Lengeman decided that a
certain amount of chloroform must be in the circula-

tion before fatty degeneration can be produced, '

yet
this quantity is always present when sufficient
chloroform has been given to produce narcosis'.
Guthrie holds that if such be the case, chloroform,

when given in large doses and over long periods,

must invariably be fatal. Guthrie still firmly
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maintains that a pre-existent fatty condition of the
liver is necessary before symptoms of poisoning can
arise; and that in these cases the chloroform acts
as the "last straw'. For the first time, vene-
section is recommended as a method of treatment in
delayed chloroform poisoning.

Langmead(log) reported three cases of delayed
ohloroforﬁ poisoning, two of the patients being boys
and the other a girl. Each case showed a hyper-
plasia of the lymphatic tissue in varying parts of
the body. Jaundice developed in the first case,
tha£ of a boy of twelve years who suffered from re-
current lymphadenomatous glands on the right side of
the neck. The girl had had previous bilious at-
tacks, and her symptoms so closely resembled those
of intestinal obstruction that an operation was con-
sidered. She eventually recovered. The post-
mortem examinations in the cases of the two boys are
given. In each instance the liver was 'buff col-
oured'; the other organs were apparently healthy.
Langmead in his paper considers some other aceton-
aemic conditions in children, and dwells especially
on recurrent vomiting. In summing up, Langmead
states that the 'buff or canary coloured' liver is
characteristic of cases suffering from the latter

condition, as well as those who succumb to delayed
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chloroform poisoning.

Oampbell(vo) reports three cases of delayed
chloroform poisoning occurring iﬁ children between
the ages of 4 and 6 years. All the patients were
boys; two suffered from inguinal hernia, and one
from cleft palate. In one of the cases, that of
the boy of 4, who suffered from an inguinal hernia,
the symptoms, which, tc one familiar with delayed
chloroform poisoning, were typical of the condition,
so closely resembled thcse of intestinal obstruction
that the surgeon again opened the wound under chlo-
roform, thus, instead of relieving the patient, ac-
celerated the fatal termination. The patient died
fifty hours after the first operation. The post-
mortem examination in each case revealed an intense-
ly fatty liver. The éymptOms in these cases are
described, and various causes suggested as the cause
cf the symptoms. The paper is cocncluded by remarks
on the treatment of such cases.

M'Arthur(7l), in a paper on acidosis, reports
a fatal case of delayed chloroform pecisoning, and
asks if by some means oxygen cculd not be set free
in the tissues, as a method of treatment. Lenge-
man(72), after experimenting on the 'Influence of
Oxygen on the after effects of Chloroform', con-

cludes that the admixture of chlorofcrm and oxygen



is less toxic than is the mixture of chloroform ard
air, but that the admixture of chloroform and oxygen
is still of sufficient toxicity to compel caution
in its universal use.

Guleke(TB) published the case of a robust young
woman upon whom & herniotomy was performed. Twenty-
five c.c. of chloroform were used, and the duration
of the anaesthetic was half-an-hour. The patient
exhibited jJaundice and profound cholaemia within
twenty-four hours of the cperation: she next became
delirious, had several convulsions and died ninety-
two hours after the administration of the anaes-
thetic. The post-mortem findings are described in
detail.

In 1908, many papers were added to the existing
literature of delayed chloroform poisoning. Tay-
lor(74) reported & fatal case of a boy aged 2 years
and 9 months, who suffered from inguinal hernia.

The duration of anaesthesia waes twenty minutes, and
its course was normal. Twenty-four hours after op-
eration, a deep cherry-red colour appeared over the
area of skin prepared for operation. Vomiting was
a prominent feature of the case, and consisted of

mucus ccntaining brownish flecks. Death took place
thirty-eight-and-a-half hours after operation. At

the post-mortem, the thymus weighed seven grammes,
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and there was distinct hyperplasia of all the lymph-
atic glands. This latter fact is emphasised in the
remarks on the case, as is also the 'cherry red' ap-
pearance of the lungs and over the area prepared for
operation. As 1 have mentioned, Brewer(45) lays -
stress upon the same 'cherry red' appearance of the
lungs.

Bride(?5) reported two cases, the one a girl of
three years who had a previous history of diarrhoea
and vonmiting and had been discharged from hospital
on previous occasionsg as unfit for operation. This
previous history is certainly-suggestive, and demand-
ed ‘cautions The patient was rickety and suffered
from equinovarus. Acceording to several auvthorities,
especially Telford, here was a combination of affairs
specially liable to be followed by the toxic after
effects of the anaesthetic. The symptoms, ushered
in by a convulsion thirteen hours after operation,
continued until the patient's death nineteen hours
later. Air-hunger was a prominent feature just

prior to death. The post-mortem findings are de-

.soribed in some detail. The liver, kidneys and

heart were pale, and on section the liver was pale
yellow and showed intense fatty change. The con-
voluted tubules of the kidney showed necrosis. The

lungs showed a state of passive congestion.
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The second case was also that of a girl, aet.
14, who suffered from genu valgum. An osteotomy
wag performed, and chloroform anaesthesia lasted
fifteen minutes. Twenty-four hours after operation
'coffee ground' vomiting set in, and the patient
vomited twenty-six times in the next twenty-four
hours. The urine showed acetone and diacetic acid.
Next day the patient vomited thirteen times, and
acetone and diacetic acid were still present in the
urine. The condition, from this date, gradually
improved, and the patient was discharged ten days
after the operation.

Wilson(VG)

reported a fatal case of delayed
chloroform poisoning occurring in a girl, aet. 6%,
who suffered from a tuberculous hip. Two previous
operations had been performed, scme time before.
The patient had a previous history of attacks of
sickness and vomiting. The great trochanter was

. removed, one and a half cunces of chloroform being
required, the operation ﬁaking one and a half hours.
The symptoms of delayed chloroform poisoning began
to show themselves definitely on the third day, the
patient being apathetic, and a distinct swell of
acetone being present in the breath. Next day
patient was jaundiced, and though nc acetone was

found in the urine, bile was demonstrated. A
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curious Teature of this case was the occurrence of
oedema and anasarca of the limbs, trunk and face.
Coma set in cne hour before death, which occurred on
the eighth day after operation. At the post-mortem
the liver was 1afge and of a light yellow colour.

It is stated that there was fatty infiltration, but
no fatty degeneration of the liver. Slight oedema
of the pia arachncid was alsoc noted. Stress is

laid in this case on the delayed excretion of acetone
and the previous history of sickness.

These two cases are extremely interesting from
the point of view of the previous history of sick-
ness, which all observers are agreed is a predispos-
ing cause of delayed chloroform poisoning.

Beddard(77) deals with the treatment of delayed
chloroform poisoning. He believes in certain in-
dividuals being more susceptible to the after toxic
action of chloroform than others. The cause of the
condition is gone into. By experiment, Beddard has
shown that the exhibition of dextrose to animals
prevents the transportation of fat. In delayed
chloroform poisoning the liver cells call for fat
more greedily than they can metabolise it, therefore
while the transference of fat is increased, meta-
bolism is decreased. By giving dextrose in this

condition, though it cannot prevent the poison from
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damaging the cells, and has been found useless in
cagses where the protoplasm has been too severely
damaged, it provides the cells with the energy they
can best utilise and so preventsthem dying from in-
anition, and thus gives them time to recover. Bed-
dard's method of exhibiting dextrose in cases of
delayed chlorcflorm poisoning is dealt with in the
chapter on treatment.

Hill ﬂbram(78), in a paper on 'Acetonuria and
General Anaesthesia' quotes Jaksch as having found
acetone to be a normal constituent of the urine.
Abram examined the urines of twenty-five cases be-
fore operation, and daily after the operation until
the urine was normal. In sixteen cases acetonuria
was present, that being equal to sixty-four per cent.
Becker, in his investigetions, found acetonuria pre-
sent in sixty-eix per cent. of cases after chloro-
form anaesthesia. In these tests only qualitative
examination of the urine was performed. Abram
states that acetone invariably occurs after anaes-
thesia, and that the quantity and duration of the
anaesthetic does not matter. Becker found that
acetonuria follows anaesthesia, and if it be already
present it is increased thereby.

i
r'rg)

Hunter(' , who has contributed largely to the

literature on the metabolism of delayed chloroform
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poisoning, deals in one of his papers, published in
1¢08, with the nature and prevention of the condi-
tion. Hunter points out that the acidosis accom-
panying increagsed fat metabolism becomes of grave
pathogenic significance when combined with diminish-
ed proteolytic activity, owing to inanition, depri-
vation of food, or recurrent vemiting. Owing to
the diminished absorption of ammonia in the portal
blood, the intracellular alkalinity of the liver
cell is at a low level. There then results first
of all a serious interference with the proteolytic,
antitoxic and glycogenic functions of the liver,
and the transference of fat to that organ takes
place in increased quantities. We now get the
severe toxic cerebral symptoms of delayed chloroform
poisoning, which may rapidly prove fatal. The phy-
siology of fat metabolism is next gone into. The
effect of disturbances of the proteolytic and anti-
toxic functions of the liver are then explained,
and in conclusion Hunter states that if the patient
had a sweet, nutritious, easily digested meal two
or three hours prior to operation, the condition of
delayed chloroform poisoning might be entirely pre-
vented.

In the same year, at the British Medical As-

(80)

scciation's Annual Meeting, the subject of fatty
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acid intoxication was discussed. The opening papser
was read by Leonard Guthrie. In this paper the re-
sults of the analysis of a large number of urines,
for acetone, are given. The whole sﬁbject of acid-
osis is dealt with, but as far as delayed chloroform
poisoning is concerned no fresh facts were forth-
coming. In the discussion that followed, many lead-
ing authorities took part, including Stiles & Stuart
11'Donald (12). The latter pointed out that in cases
of acute yellow atrophy the liver never presented
the 'intense and practically uniform yellow colour'
which was so characteristic of the chloroform cases.
Professor Leathes(al) maintained that it was errone-
ous to speak of fatty liver as a cause predisposing
to delayed anaesthetic poisoning. Wells(82),
another observer, who has contributed largely to our
knowledge of the subject, divides cases of delayed
chloroform poisoning into two classes: (1) 'Acid-
aemia' or 'Acetonuria' without jaundice; 1in these
cases, he states, the changes in the liver are not
marked. It is difficult - in view of the numerous
cases published where jaundice has been absent and
where there has been extreme fatty change in the
liver - to take this sfatemeﬁt of Wells' as correct.
It is doubtless what one should expect, but jaundice

is by no means an invariable sign in delayed chloro-

-



,'-/n".

form poisoning, while extreme fatty change in the
liver is the rule. (2) Acetonuria with profound
Jaundice: these cases occur mostly in young adults,
with intenss cplaemia, haemorfh&gs, and the usual
gymptom ccmplex. Cases of this naturs rapidly prove
fatal, and post-mortem the liver appears much as it
does in acute yellow atrophy.

Intermediate cases occur which do not fall into
these groups. Gunningham(sg) reports a case of
acid intoxication following ethyl chloride anaes-
thesia, With symptoms extremely like those which oc-
cur after chloroform. The patient recovered. This
case will be gone more fully into when speaking of
acetonuria following ethyl chloride anaesthesia.

Thorp(84) roported a fatal cass in a boy of
3 years and 10 months who suffered from phimosis.
Two drachms of chloroform wers used; the patient be-
ing under the influence of the anaesthetic for only
seven minutes. The symptoms, which are described
in detail, clearly suggest this case as one of de-
layed chloroform poisoning. Death occurred thirty-
six and three quarter hours after the operation, and
twenty-three hours after the onset of symptoms.

The urine contained acetone and diacetic acid. Un-
fortunately, no post-mortem was allowed. This case

is important in respect of the small amount of



chloroform used and the'extremsly short time the
patient was under its influence.

Telford(es) again reports three cases, two of
which were fatal within forty-sight hours. Each of
these tbree cases suffered from rickets, as 4id two
of the ﬁrsvious three cases reported by him. Each
of the three cases reported in 1908 had 'coffee-
ground' vomitiﬁg.' As against Wells' statement, that
cases which showed no jaundice had only slight fatty
change in the liver, sach of the two fatal cases now
reported by Telford had extremely fatty livers, post-
mortem, and neither of them had jaundice. The
gymptoms im each case are detailed. In the two
fatal cases, the post-mortem appearances, both naked
eye and microscopical, are described. Telford does
not believe that a pre-existing Tatty condition of
the liver is the necessary cause of deiayed chloro-
form poisoning. He strongly maintains that rickets
is a predisposing factor; but surely rickets can
have no effect in the cases of adults who have suc-
cumbed to this condition.

Forsyth(86), in 1908, published an extremely
interesting case occurring after child labour: the
patient exhibited acetonuria, with delayed excretion
of acetons. The patient was a dyspeptic, and the

liver prior to anaesthesia reached two finger
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breadths below the costal margin. The symptoms did
not set in until the third day, when headache and
drowsiness were evident. Next day the patient show-
ed slight general jaundice. On the fifth day, and
not till then, was the smell of acetone recognised
in the breath, and the same day the urine contained
acetone and diacetic acid. Next day the patient
was delirious and vomited bile and mucus. There
was no 'coffee-ground' vomiting throughout the course
of the case. From this time the patient gradually
improved. This case is interesting from the fact,
which has been already observed, viz. that a fatty
condition of the liver is concomitant with pregnancy,
and therefore one might say a predisposing cause of
delayed chloroform poisoning.

Wallace & Gillespie(87) published a valuable
work on the effect of prophylactic treatment upon
post anaesthetic acetonuria. They divided their
cases into three series. In the first series, no
treatment was administered; in the second series,
soda bicarbonate was given; and in the third series,
glucose was exhibited before operation. From their
investigation they concluded that the administration
of glucose in quantities of half-an-ounce every four
hours. for six doses prior to operation, successfully

prevented the occurrence of delayed chloroform pois-

oning.
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Wallace & Gillespie quote Ladd & Osgood(88), ang
Young & Williams(eg), as proving that ether, given
by the open method, is followed by much less aceton-
uria than when given by means of a cone. Shoe-
maker(go) and Corbett(gl) have sach reported a case
of delayed chloroform poisoning.

In 1909, we find a lively interest taken in the
acid intoxication after anaesthesia, especially by
American surgeons; several articles appeared in the
Journal of the American Medical Association. As a
whole the cases are very thoroughly dealt with.

Weill, Vignard & Mourignand(gg)

encountered a
geries of fatalities after operations for appendi-
citis, due to the injurious effects of chloroform
on the liver. The symptoms are described, jJjaundice
and black vomiting occurring in sach case. All
their patients died in from two to three days.

Heysett(gs) reports a fatal case of acute tox-
aemia after chloroform anaesthesia. He finds fatal-+
ities occur more frequently in females than in males.
Heysett reviews briefly the symptoms and the patho-
logy:

Spriggs(94) gives an admirable critical review
of acidosis as a whole. The subject we are now
studying is also briefly reviewed. No new light

upon the subject, however, is forthcoming.
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Howlands & Richards(gs) studied the metabolism
and pathology of delayed chlorofcrm poisoning exper—l
imentally. They found that in dogs, after chloro-
form anaesthesia lasting one and a half hours, fatty
changes in the liver were produced in the inter-
mediary zone of the lobule. More prolonged and re-
peated anaesthesia gave rise to a necrosis, begin-
ning in the centre of the lobule and extending until
all the cells were necrosed. They regard death as
due to toxic substances of an unknown nature.

Williams & Becker(98) describs the symptoms and
post-mortem appearances in the case of a man aet.19
which proved fatal. Here again we have a previous
history of indigestion. The liver in this case was
the only organ which was not healthy. It was soft-
er than normal, pinkish-gray in colour, and on sec-
tion was friable and of a yellowish-gray colour.
The authors agree that neither the degree of toxi-
city, nor the extent of destruction of the llver,
bears any relation to the amount of chloroform used.
They regard death as due to a perverted metabolism
of the liver.

Whipple & Sperry(gv) contributed a valuable
paper on'Chloroform poisoning - Liver necrosis and

repair’'. They state that chloroform anaesthesia

for a period of one to two hours invariably causes
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some central liver necrosis, and may cause a fatal
result in dogs. Young animals are more susceptible
to the toxic action of chloroform than are adults.
The authors describe the essential change as an ex-
tensive necrosis and fatty degensration. There may
be numerous ecchymoses and haemorrhages into the
peritoneum and upper intestinal tract. The pancreas
may show fat necrosis and ecchymosis. The kidneys
and heart may show fatty degeneration. The post-
mortem findings, according to Whipple & Sperry, are
identical in dogs and man. Talking of repair after
liver necrosis, they state that, should the patient
recover, the liver returns to normal in two or three
weeks. Repair is effected by solution of the ne-
crotic cells and rapid multiplication of peripheral
cells.

Sommerville(ge) reports three fatal cases of
delayed chloroform poisoning. In sach of these
cages, 'coffee-ground’' vomiting and jaundice were
present, though the latter was not intense. The
symptoms and pathdlogical changes are described.

In one of the cases, that of a mals aet. 18, no
acetone was found in the urine on qualitative exam-
ination. The temperature in each case rose prior
to death, in one case reaching 106°.

Weir(gg) reports a case, which appears to be



one of delayed chloroform poisoning, which recovered
after the exhibition of large doses of glucose. The
paper is entitled so as to indicate that dextrose
was used, but in the report, glucose alone is men-
tioned. One interesting feature of this case is
the fact that the face became of a 'rich plum colour'.

In the Indian Medical Gazette(190) of Juily 1009
appears a leading article on acidosis and acid in-
toxication, which draws attention to the relation-
ship between acidosis and scurvy. It is pointed
out that a diet composed wholly of tea and beef,
such as is taken by the Pathans in Calcutta, is pe-
culiarly favourable to the production of acidosis
and acid intoxication, and that this diet is also
favourable to the production of scurvy.

Gillman Moorhead(lol) reports two cases of acid
intoxication. He found acetonuria present in six
out of twenty-one cases operated upon. In one case,
diacetic acid also appeared in the urine. Moorhead
reports a most remarkable case after removal of the
right lobe, the isthmus and a part of the left lobe
of the thyroid gland in a patient suffering from a
cystic goitre. The operation lasted one and a half
hours. Symptoms of poisoning did not appear until
-one month after the operation. Betweon the opera-

tion and the onset of symptoms, no factor, it 1is
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étated, which might have determined such a condition,
wasg observed to be p?esent; Whether this case is to
be looked upon as due-solely to delayed'chloroform
poisoning is exceedingly doubtful.

. Garey(lls) reported a fatal case of delayed
chloroform poisconing. The symptoms are described
in detail, as is also the microscopic appearance of
the liver. A note at the end of the case states
that no carbolic acid was used at the time of oper-
ation.

During 1910 few papers on the subject under
consideration were published. At the British Medi-
cal Assoqiation‘s Annual Heeting(loe), the subject
of acidosis was discussed. The opening paper was
read by Professor Edsall of Philadelphia. Edsall
has paid a great deal of attenticn to the condition
known as acidcsis, and has written largely upon the
sub ject. Various workers on the subject tock part
in the above discussion, but apart frem a clearer
definition and exposition of the cause of the symp-
toms as far as this is known to day, nco fresh light
is thrown upon delayed chloroform polsoning.

Goodhart (103), in a paper on 'Chloroform necro-
sis of the Liver', deals with the condition of that
organ in rabbits. After comparatively shert periods

of anaesthesia, it was found that in a rabbit, killed



57.

at the end of forty-eight hours, after sixty minutss
chloroform anaesthesia, there was definite necrosis
at the centre of the lobules. Anaesthesia for a
shorter period than one hour produced no central ne-
crosis, although the fatty change generally through-
out the lobule was marksd. In a rabbit anaesthetis-
ed on two separate occasions for periods of twelvs
minutes and thirty minutes respectively, there was
marked central necrosis of the liver lobules. In
the majority of the experiments whers the rabbits
were injected subcutansously, the centrs of the lo-
bule was repressented by a mass of red blood cells,
with the remains of isolated liver cells scattered
amnongst them. The method of repair of the liver
cells has not been gone into by Goodhart.
Telford(lo4) has published an extremely inter-

esting case of delayed chloroform poisoning. The
patient, a woman aet.47, required a posterior gastro-
enterostomy performed. During the operation the
liver was seen and handled, and found to be normal
in every way. Thirty-six hours after operation,
vomiting began, and was persistent, ultimately tak-
ing on the typical 'coffee-ground’ appearance. The
patient died on the fourth day after operation.
Post-mortem the liver showed extreme fatty degenera-

tion, was larger than normal, and grsasy to the feel.
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This case is quite contradictory to Guthrie's' last
str&thheory, and is an extremely valuable addition
to our knowledge of the subject.

Telford, in the same article, reports a case of
Recurrent or Cyclic vomiting brought on by the chlo-
roform anaesthesia. The patient had previously suf-
fered from recurrsent vomiting. The cass recovered.

Wallace & Gillaspie(los) published a paper on
'Acidosis in relation to Anaesthesia' in which they
review the whole subject. They deal at some length
on the site of origin of the fatty acids, and after
discussing the effect of the anaesthetic on the or-
ganism, describe the symptomatolegy in delayed chlo-
rceform poisoning. The authors divide the post-
ansesthetic condition into two groups, viz., acute
or acid intoxication, and subacute or acidosis.

They describe the symptoms in each variety, and con-
clude their article with remarks on treatment and
the pathological findings. No new facts are re-
vegled in this paper.

Turning to the descriﬁtion of acidosis, and
especially delayed chloroform peoisoning, in the
medical text books, we find in Osler & Macrae's
System of Medicine(loe), 1909, a note to the effect
that 'it is doubtful whether the symptoms are really

- . 107)
due to acetcne.' In Allbutt & Rolleston's System( /
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we find a much more graphic picture of the gub ject.
This article is written by Hunter, whom I have al-
ready had occcasion to mention. The pathological

. chienges in delayed chloroform poisconing are describ-
ed, and the causes of the condition are, as far as
is known, explained. In Runter's article, we got a-
very good introduction to the-subject Ve are now
studying.

This year I heve so far found three caseeﬂcf '
Postanacsthetic acid intoxication reported. Two
are published by Gilbert Erown{111), and cccurred
in the Children'e Infirmary, Liverpool. The first
is that of 2 boy, aged 8 years, who suffered from a
chronic intussuscepticn. The anassthetic employed
was ethyl chloride, followed by ether. The second
case was that of a child, aged 1 yesar, who had an
inguinal hernia. Two drachms of the chloroform-
ether mixture were used, as well as half an ounce of
ether. The symptoms in each case were similar_to
those in delayed chloroferm poisoning. Treatment
by soda bicarbonate was instituted, without avail
in the latter case. The liver in this case was
slightly paler than usual. The third csse this
year was reported by Woodfcrdeillg) at a Meeting of
The Royal Society of Medicine on February 24th.

The patient, a boy of 9 years, suffered from glande
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in the neck. Anaesthesia lasted fifteen minutes.
It was not until the third morning after the opera-
tion that any disturbing symptom was noticed. The
patient was then in a ccllapsed state, but reacted
well to restoratives. The same evening vemiting
set in, and later unconsciousness; respiration
ceased two hours later. With artificial respiration
the heart continued to beat for five hours after
breathing ceased. There was abundant acetonuria
just before death. The liver, post-mortem, was of
a 'golden yellow' colour, and fatty degeneration was
present in the heart, kidneys and spleen. A few
submucous haemorrhages of small size were seen in
the stomach.

This last case concludes my historical sketch

-

of delayed chloroform poisoning. I have been par-
ticular in reporting cases where there was practical-
ly no doubt as to this condition being present.

Cases in which elements, cther than the after toxic
effect of the anaesthetic, might reasonably have
produced the symptoms, have been excluded. Numer-
ous cases, especially in later years, have succumbed
after anassthesia, but many of them to my mind do

not justify the diagnosis cf delayed chloroficrm

peisoning.




An Analysis of the

SYMPTOMATOLOGY

in

DELAYED CHLOROFORM POISONING

with a detailed description of the Symptoms
in two cases which I personally observed.
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SYMPTONATOLOGY .

In dealing with the symptoms of Delayed Chloro-
form Poisoning, one recognises most of them as oc-
curring at some period or other during the post op-
erative progress of many surgical cases. The
symptoms as a rule, howsver, in noc way approach in
severity those we find in a case which eventually
proves fatal from the toxic after effects of the
chlorofornm. Before one fully realised delayed
chlorocform poisoning as a very.réal condition -
which cannot fail tc impress anyone who has once
seen a case - one was apt to attribute the symptoms
to anything but the toxic after effects of the an-
aesthetic. One attributed the immediate symptoms
to the effect of the anaesthetic on the stomach in
cagse of sickness: shock accounted for the pulse,
and for any pallor there might be. The temperature,
if any, generally fell just after the operation, and
a subsequent rise was regarded as of septic origin.
Restlessness was put down to the mental ccndition
of the patient, and a slight icteric tinge was an
interesting observation and must have something to
do with the effect of the anaesthetic or scme other
cause on the liver.

Having once seen an undoubted case of delayed



chloroform poisoning, the surgeon does not treat
such symptoms lightly. Symptoms, though frequently
occurring apart from the severer condition of delay-
ed chloroform poisoning, may yet be forerunners of
that condition. Having seen two cases of delayed
chloroform poisoning, the feature that struck me
most was, how very ill the patient looked, and even
in the casge that reccvered, I could not but think
that the end was not far off.

Having collected over eighty cases which appear
to me to be undoubtedly due to delayed chloroform
peisoning, I will proceed to give a detailed analysis
of the different symptoms.

I will first of all describe a typical case
8(Case 2). The case is that of a girl of 8 years of
age, well nourished, and with no evidence of any or-
ganic disease whatscever. The patient suffered from
Genu Valgum, and a wedge of bone was removed from
the inner side of the lower end of the diaphysis of
the femur. This was doﬁe at 11 a.m. on October
21st, 1902. There was no difficulty about the op-
eration and no shock. The total duration of the
anaesthesia, including induction, was twenty-two
minutes. The amount of chloroform used is not men-
tioned, and I dec not think matters.

The patient was a little sick after her return



to consciousness. No further vomiting took place
the whole of the afterncon, and her condition was
in every way satisfactory.

Later in the evening vomiting again set in, and
continued at intervals throughout the night. The
vomited matter, which consisted at first of gastric
Juice mixed with a little bile, became more copiocus
and of a dark green coclour, and finally presented
the characteristic 'beef-tea' like appearance seen
in this condition.

She complained of great thirst, cried out for
drinks, and became very restless. Every now and
then she attempted to throw off the clothes, and
would frequently clutch hold of the bars of the crib
and pull herself into awkward positions. In the
intervals between these excited periods she appeared
to be listless, and did not complain of pain.

The pulse became increasingly rapid and feeble.
The breathing was natural. There was no involun-
tary passage of urine or foeces.

The following morning the vomiting ceased, and
her condition was more satisfactory. She was, how-
ever, a little flushed, and the pulse wag small and
quiclk.

At 1 p.m. she asked for and received a drink.

An hour later, the child was looking collapsed, grey
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and slightly cyancsed. The pulse was almost un-
countable, unconsciousness rapidly supervened, and
the patient died suddenly at 2 p.m., twenty-six
hours after.the operation.

The above case, as 1 have said, is very typical
and gives most, but not all, of the classical symp-
toms.

The symptom which perhaps most of all impresses
itself upon one is vomiting. I will now deal with

this symptom in detail.

Vomiting.

The point about the vomiting which strikes one
most is its nature - by that I mean the large number
of fatal cases whose vomit ends in the same manner,
Slm.y 1ike. ‘heepoteals i Guthris i), 1n1888) 2irat
pointed out how characteristic was this sign; since
then, his experience has been fully borne out by
other observers.

Many cases after the administration of an an-
aesthetic are sick to a more or less degree - quite
apart from the subject of this paper. On the pa-
tient being returned to bed after the operation,
there is nothing in the initial sickness which war-
rants one to say the case is one of delayed chloro-

form peisoning. In fact, cases of this condition



which eventually prove to be fatal, have had no sick-
ness at all just after the cperation. Many of the
cases, notes of which I have, did not vomit at all
until ten hours to twenty hours, and even longer,
after operation. This shows that cases which even-
tually prove fatal from the after effects of the
chlorcform pursue the same course immediately after
operation, that is up to two hours at 1east1(case 2),
as any ordinary post anaesthetic case. The cage I
have just mentioned showed carbeluria as a complica-
tion, and death ensuved in five hours ten minutes,

and as carbolic poisoning, of itself, may cause
death(e), with symptoms very much akin tc delayed
chloroform poisoning, I can hardly base my deduc-
tions upon that.

Again, I see, a case - which proved fatal in
eleven hourss(caSG 2), the patient bringing up
'coffee-ground' material three hours after operation
- was complicated by sepsis, it being a case of
osteomyelitis.

Both the above conditiong, viz. carbolic peoison-

(e)

ing and sepsis, have been proved to intensify the
cendition. Taking a case of delayed chloroform
poisoning which, as far as reported, had no other
condition present to intensify or accelerate the

symptoms, I find the first indication that the above
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condition was probable appeared ten hoursf”[ ARy

after operation, and death ensued four hours after
commencement of symptoms. In this case, 'coffee-
ground' vomiting was the first symptom, and to cne
acquainted with delayed chloroform poisoning was
very ominocus.

One can therefore say, after an analysis of
practically all the reported cases of delayed chlo-
roform poisoning, that the first definite symptom
of the condition may not be expected, that is, in
an unccmplicated casgse, for about ten hours, but in
cases complicated by conditions which give rise to
very much the same pathological processes, symptoms
may appear as soon as two hours, and the symptom
beyond all others to make one extremely suspicious
is vomiting; and the particular nature of the vomit
'coffee-ground' or 'beef'-toa'.

From the operation up to the time when the above
characteristic vomit is noticed, the contents of the
stomach which are brought up consist of gastric
juice, bile stained fluid, in some cases large quan-
titlos of colouriess Pluidic cass 1) though usually,
however, the vomit is not so copious, sometimes a
very dark green material, or even a dark brown fluid
5(Case 3) 5(Case 1) 108 distinguisheble from the

'coffee-ground' material. In one caset?(Case 1),
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after operation, and death ensued four hours after
commencement of symptoms. In this case, 'coffee-
ground' vomiting was the first symptom, and to cne
acquainted with delayed chloroform poisoning was
very ominocus.

One can therefore say, after an analysis of
practically all the reported cases of delayed chlo-
roform poisoning, that the first definite symptom
of the condition may not be expected, that is, in
an uncecmplicated casge, for about ten hours, but in
cases complicated by conditions which give rise to
very much the same pathological processes, symptoms
may appear as soon as two hours, and the symptom
beyond all others to make one extremely suspicious
is vomiting; and the particular nature of the vomit
'coffee-ground' or 'beef-toa'. -

From the operation up to the time when the above
characteristic vomit is noticed, the contents of the
stomach which are brought up consist of gastric
juice, bile stained fluid, in some cases large quan-
LEtise of soleuriess Flutdlo caBe. L though usuvally,
however, the vomit is not so copious, sometimes a
very dark green material, or even a dark brown fluid
3(Case 3) 5(Cage 1) 108 distinguisheble from the

'coffee-ground' material. In one C&SGEE(C&SG 1}’
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one hour before death, the vomit was black.

We have now to ask ourselves, that given this
vomit, is the case invariably fatal? and, if so,
can we forecast within limits the time of death?

The fact that the vomit is like 'beef-tea' or
'coffee-grounds' in no way entitles us to look upon
the case as necessarily fatal. I have collected
four cases which showed this symptom but recovered
completely4tcases 1 & 2) 85(Case 3) 75(Case 2), In
those cases which have proved fatal, one of them
85(Case 1), I have already mentioned, terminated
four hours after the 'coffee-ground' vomiting com-

menced: anotherg(case 2)

did not show this symptom
until twenty-six hours after the operation, and died
one hour later: while still another®(Case 3) .4
'coffee-ground' vomiting twenty-four hours after op-
eration, but the fatal termination did not take
place until the fourth day.

Considering that among the fatal cases I have
ccllected death was never longer delayed than ten
days(?) from the day of coperation, one is led to as-
sume that once 'coffee-ground' or 'beef-tea' like
vomiting has commenced, if the case is to prove fatal,
the end will not be more than three days distant and
may take place within an hour.

Does the vomit once having been like 'beef-tea'
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continue so until the end? By no means, the cases
which reccvered make that clear: and also in the
fatal cases some of the patients had longer or
shorter periods of either no sickness at a118(Case 2)
or sickness whichf;erverts to the milder types I have
already indicated. In a true case of delayed chle-
roform poisoning, vomiting having once begun is gen-
erally persistent and severe, and sooner or later
reverts to the characteristic 'beef-tea' type.

From a study of practically all the cases of
delayed chloroform poisoning, I am forced to this
conclusion, viz., 'Beef-tea' vomit early in a case
does not necessarily mean a fatal termination; on
the other hand, the longer it is delayed the more
grave is the prognosis. l

One aocoﬁpanimsnt of the vomiting which is by
no means always present is retching. Only in two

865(Case 2) 76

of my cases is retching mentioned as

particularly distressing, and in only Oneﬁ(CaBe 2)
case is 1t mentioned that there was no retching.
though the vomit resembled 'coffee grounds'. On
these grounds one assumes that retching on the whole
ig not a distressing symptom of delayed chloroform
poisoning.

The vomit at first has a sweetish odour, but

later it loses this characteristic. One must not



confuse this with the sweetish odour of the patient's

breath. In two of my caseg®(Case 1) 108 1o yomit

(42) as

is described as 'blood stained', and in one
containing blood; no mention is made in these as to
retching.

One naturally asks oneself, how does this 'beef-
tea', 'coffee-ground' or blood stained vomit come
about? I think the answer to that question is made
clear by Beattie & Carmichael(®3).  They found that
the peripheral lining cells of the capillaries of
the gastric mucous membrane were filled with fat
globules, the central cells showing only a moderate
degree of fatty degeneration, and they thought that
any strain on these capillaries in their weakened
degenerated condition would easily rupture them:
and hence the nature of the vomit.

Stiles & M'Donald(®) in their paper, point out
after experiments on rabbits, that a local lesion
of the gastric mucosa may be due to chloroform ab-
sorbed by the blood, and excreted into the stomach
by the gastric glands. This they think is the most
reasonable explanation of' the petechial gastric hae-
morrhages and accounts for the nature of the vomit.
They also point out that it must not be forgotten

that severe parenchymatous changes in the liver, by

interfering with the circulation, will cause increased
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favours the occurrence of capilliary ecchymosis.

from the stomach and its relationship to the vomit-

Bajardi(55), on the elimination of chlorcform

ing after anaesthesia, concludes as follows:-

1.

6'

Chlorofcrm is found fairly frequently
in the gastric juice (16 times): the
frequency is greater according to the
length of the period of excitation
(first stage of administration).

Among the above sixteen, eight suffered
from post eanaesthetic vomiting, and
eight had no vomiting.

In the cases with vomiting, chloroform
was only found in the first few hours
after anaesthesia and disappeared
after the first washing out of the
stomach.

The quantity of chlorcform found is small
and can only be detected by means of
reagents.

The fact of chloroform being found in
greater quantity among those who had
a relatively long stage of excitation
and the fact that it disappeared after
the first washing out c¢f the stomach
led the authors to suspect that the
condition might be due to the swallow-
ing of chlorofoerm at the beginning of
anaesthesia.

The small quantities of chloroform found
in analysis do not appear to have any
effect in the production of vomiting.
This confirms the previous finding of
the authors, that substances given to
prevent the contact cof chloroform
vapour with the stomach wall were in-
efficacious.
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So far ag I can find, no further analysis of
the vomit has been made.

Immediately prior to death, vomiting, as a
rule, is not a prominent symptom, although one case
8(Case 3) is said to have vomited right up to the

time of death.

So far as I can find, the characters of the mo-
tions have not been considered as playing any impor-
tant part in the progress of cases of delayed chlo-
roform poisoning. I think, however, it is conven-

ient to deal with the faeces at this point.

Faeces.

In the large majority of the cases of delayed
chloroform poisoning, no mention is made concerning
the faeces.

In a few of the cases it is noted that the pa-
fient did not pass his faeces involuntarily, and in
one case(Vé) it is stated that the faeces were black
in colour and contained mucus, and in another case(5o)
the motions are described as tarry. In the case
with 'tarry' motions, the patient recovered.

In a communication by Guthrie(69) in 1207, no
mention is made of the faeces at 211l; nor do I find
any reference to the faeces in the British Medical

discussion on the subject in either 1908(80) or
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1910(102). We can therefore assume that, as a rule,
there is no involuntary passage of faeces, and except
when the motion contains altered blood, there is
nothing to draw one's attention to them. The fact
that the motions contain blood does not add to the
gravity of the prognosis, as witnessed by the case

that recoveredSS(Gase 3),

We must, however, remem-
ber that operation cases are as a rule carefully pre-
pared, and when an anaesthetic is being given the
bowels are in a very empty state, and also subsequent
to the operation, and especially if there are any
disquieting symptoms, food is withheld.

I shall have some remarks to make later on the

excretion of acetone in the faeces.

A symptom which impresses itself upon one, and
in a large number of the cases even before the vomit-
ing has taken on the 'beef-tea' appearance, is rest-

lessness. I will now deal with that symptom.

Restlesgsness.

This symptom may be the first to arouse the

Z(Case 1) 70(Case 2),  qno pest-

surgeon's suspicion
leasness in these cases is very much more esevere
than is often witnessed in many post coperative cases,
especially in acute cases. In delayed chloroforn

poisoning, we get wild excitement; the patient
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uttere wild screams at short intervalgl(Case 7)
tosses himself about the bed®(Case 2) pulls himself

into awkward positionse(case ), tears off his dress-

ings (76), grinds his teetn®(Case 2) .4 requires con-

stant attention.
The initial phase is an inability to sleep

1(Case 3): +the patient may start up with a look of

terror con his face(76), and will not be pacified.

He then becomes more and more restless, as indicated

33, 34, 44(Case 2)

above, may become delirious » his

face and limbs may twitcn®(Case 1) on pg may have

a convuleionZ(Case 3)  qpege symptoms generally

pass off, and the patient becomes apathetiol(Case 4)

2 o
(59), semi~unconsoious“(case o),

44 (Case 1)

quite unconscious

8(Case 2), or comatosed

85(Case 2)

and so dies. One
case , however, is stated té have remained
conscious till death.

During all this period of restlessness the
patient's face is flushed, the eyes wild and sunken;
he looks round and seems not to recognise anyone,
though he will of'ten answer dquestions: then, as
suddenly as he started up, he sinks back to his pil-
low dull and listless98(Case 1), pis thirst is

3(Case 3) peo gradually becomes haggard

often intense
lr4
85(Case 1), emaciation is ra.picllog(case ”), and his

abdomen often retractedl(Case 8), Consciousness
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may be lost early and never regained(sg), though
even after being comatosed, the patient may recover
g5(Case 3).

How long after the administration of an anaes-
thetic is this restlessness first noticed? From
the cases I have collected, I find this symptom may
appear immediately after the operation®(Case 1) gng
that case recovered.

Coming now to a fatal case of delayed chloro-
form poisoning, I find that restlessness has been
noticed as soon as eight hours after operation, and
this case is peculiar in not having any vomit at all,
Two of my cases showed marked restlessness the same
night as the operation85(caSe 2) 109(Case 2), and
these cases proved fatal in thirty hours and forty-
six hours respectively. In the case that proved
fatal fourteen hours after operation85(case 1), the
patient is described as having wakened up with a
'startled expression' ten hours after the anaes-
thetic. Again, in a case that proved fatal in
- eight days(76), restlessness was not marked until
the fifth éay. From this we may infer that the
sooner restlessness occurs, the sooner willlthe case
terminate, in recovery or otherwise, and that the
presence of restlessness does not necessarily render

the prognosis more grave.



There is no relaticnship, as far as I can make
out, between restlessness and sickness. Some cases
exhibit the one symptom more prominently, and some
the other: mneither does it happen that if sickness
appears first, restlessness is necessarily retarded,
nor vice versa.

Restlessness may quickly subs1del09(Case 9),
and give place to drowsiness and coma, or, on the
other hand, to recovery. In some cases the rest-
legssness may last for twenty-four hours(55) or even
longer(75).

It is an interesting fact that many of the
cases reported showed apathy(7%4)(78)  drowsiness
109(Case 3), and even semi-consciousness (2?) before
restlessness manifested itself’ In all these cases
the restlessness was followed by a return of the
drowsiness, considerably increased in degree. This
drowsiness generally increases till death, which
occurs in the majority of cases in coma.

Another symptom which may draw the attenticn of
the surgeon to the case is convulsions. A general
convulsion may be the first symptom(75); in this
case the convulsions occurred at one hourly inter-
vals for six hours, and were then rapidly followed
by coma and death. In another case, the convul-

sions occurred at half hourly intervals”0(Case 3) ang



were followed by coma as above. Another patient
Z(Case 3) had a convulsion half-an-hour before death.

From amongst practically all the reported cases
of delayed chloroform poisoning, we find only three
in which there were convulsions: we therefore ag-
sume that this symptom is a more or less unusual one,
but when it does occur the case is almost necessarily
fatal, from half-an-hour to six or eight hours.

A fatal case of delayed chloroform poisoning
terminates in one of three ways, viz., sudden col-
1apse(56), increasing cardiac weaknese(57), or coma
85(Case 1). A case having become comatosed, we
must not say. absolutely that it is bound to be fatal;
Telforatd(Case 3) reports a case of recovery, but
that is the only case of recovery I can find.

How long does a case remain in a comatosed con-
dition before death results? The shortest time re-
ported is half—an—hour(74), and the longest time for
a patient to remain in a state of coma is twenty-four
hours3(Case 5)

Another symptom which I find reported, in only
two cases, however, is twitching of the face and
limbs. In both cases the patients were in a coma-

5(Cage 1)

toged state. In the first casgse the face

I .
and fingers twitched one hour before death, and in

( : o
the other, the left arm and face twitchoal0?(Case )
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two hours beforse death. Beyond this, I do not think
this symptom is of any special importance.

In all these various symptoms, restlessnoss,
lethargy, drowsiness, semi-consciousness, the pa-
tient may vomit. No mention, howsever, is made of

vomiting when the patient is comatosed.

I have mentioned thirst as a symptom: I will
just touch on this in passing.

In many of the cases, thirst is a most distress-
ing symptom and is very intense. From among my
cases I find Fourdi(Case B), 8(Case 2), 53, 109(Case 2)
in which thirst is especially mentioned. I have
beenn unable to find any article dealing particularly
with thirst, though several writers mention it.

In this connection it is interesting to note that

Hurry Fenwick(110) states that thirst is the first

gsymptom of disease of the kidney.

I will now deal with the colour of the patient.

From the immediate effects of the operation,
many patients are pale, and I think at this time the
colour, as far as delayed chloroform poisoning is
concerned, does not convey much. During the period
of excitement and restlessness, the Face may be

flushed, or, on the other hand, the patient may be
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pale. Even without excitement the Fface may be
flusheal(Case 5), 8(Case 2), This is only noted
specially in two of my cases. As the disease pro-
grosses the universal colour is pallor2(Case 2),
85(Case 1), 53, though in one case a spocial note is
made that the patient was flushed half-an-hour be-
fore desath.

Another symptom which, though not characteris-
tic, has been frequently noticed is cyanosis. In
the Ffour cases<(Case 3), 8(Case 2), 39, 70(Case 2)
where cyanosis is mentioned, two of them>(Case 3),
8(Case 2) ghowed this sign, one hour and half-an-
hour respectively before death.

Brower(45) reports that in his fatal case the
skin and mucous membranes took on a cherry-red col-
our. His explanation is given elsewhsere.

Cyanosis has never been observed in a case
(48)

which has recovered, and Bracket, Stone & Lowse

regard it as a sure sign that the end is near.

I will now deal with a symptom which so fre-
quently occurs that it may be almost termed charac-
teristic, and from the post-mortem findings we won-

der it does not occur more often, viz.

Jaundice.

Among the cases I have collected I £find no
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fewer than almost one half of the patients exhibit
this symptom. - The degree of jaundice was in one
case the slightest 'yellow tinge'85(Case 3) ynile
in another, it was extrems (33), It is very remark-
able that, but for one or two exceptions, all the
cases I have collected, which exhibited jaundice as
a symptom, were fatal. From this, one is justifisd
in saying that the appearance of definite, or well
marked jaundice makes the prognosis sxceedingly
grave.

Jaundice may develop at any time after the op-
eration, depending upon the severity of the case.
Three of my casesB(Case 1), 34, 108 developed jaun-
dice the day after operation, and these proved fatal
in sixty-eight hours, three days, and four days re-
spectively. Four patientsB(Cﬂse 2), 27, 83, 98(Case
2) developed jaundice on the second day, and death
took place from eighty-four hours to five days.

30, 42, 98(Case 3), 109(Case 1) Aeveloned

Four cases
jaundice on the third day and proved fatal in eighty
hours to five days. One patient(76) developed
jaundice on the fourth day and died on the eighth
day, anotner®4(Case 2) on the rifth day and died the
same day. In several of the cases are notes to the
effect that the jaundice deepened before doath

8(Case 1), but in no case is it mentioned that the
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patient regained his natural colour beforse the fatal
termination.

In one case?4(Case 2) jaundics appeared on the
day of death: in another cage98(Case 3) it appoar-
ed eight hours befors death. On the other hand,
one patient(42) developed a yellow colour on the
third day after the anasgthetic, but death did not
take place until the seventh day.

From this we see that jaundice may be only of
a few hours' duration, appearing just before the
fatal termination, or may exist for as long as four
days. In one case which was markedly jaundiced
3(Case 2) the liver was two finger breadths bslow
the costal margin and was tender, and remained so
till death. In another case(vﬁ), the patlent is
said to have had pain in the epigastrium; in this
case, though acetonuria is mentioned, no note is
made of bile in the urine. In one case wherse
there was no jaundice the liver is stated as being
large and tender.

Itchiness is not mentioned in any of the cases,
but one casge(33), on the day after the appearance of
jaundice, exhibited minute haemorrhages over the ab-
domen; this case died the next day.

From the above cases we may conclude that jaun-

dice appearing soon after the opsration need not be
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looked upon as such an ominous symptom as when it
occurs later in ths disease. The causes at work
in the cases of Jjaundice soon after operation, we
may take it, are more acute than in delayed jaundics,
and as soon as the primary cause, the anaesthetic,
is removed, may pass off, while in the later cases,
the direct causal agent has been in the system ever
since the anaesthetic, and instead of diminishing in
power has produced changes which are more harmful to
life. One observer(54) says he has seen six cases
of delayed chloroform poisoning, and in each in-
stance there had been well marked hepatic insuffi-
ciency before an anaesthetic was administered, one
patient having had catarrhal jaundice. As Dr
Guthrie(52) says, the most typilcal cases are those
in which jaundice has been a symptom.

It should be noted that bile in the urine has
seldom been reported. In only one case(33) do I
find it rsported; in that-patient it appeared on
the second day, the same day as jaundice appeared.

I again repeat that considering the post-mortem
changes in the liver, one is surprised that jaundice

is not mors common.

I will now deal with the Pulse in delayed

chloroform poisoning.
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In all reported cases where the pulse rate is
mentioned, it is noted as being greatly incressed
3(Case 3), 8(Case 1), In some cases, shortly after
the operation, it has been noted as being rapid, O+
112 in one case(76), and also in this case the pulse
is said to be of moderate strength. In another
case(55), just after operation, the pulse was 132
and small, and in a thipal{(Case 8), it is spoken of
ag small and rapid.

With the first onset of symptoms, more atten-
tion is paid to the pulse, and hers we find the rate
mentioned as being 116 in one cased(0ase 2) 41q ip

another, unoountablegg(cage L),

The pulse rate may
be anything between these two extremes, and varies
from time to time3(Case 3) ynen symptomg of de-
layed chloroform poisoning set in, the pulse always
increages in rate as the case progresses, except,
of course, where the patient recovers, and has been
noted to bs, shortly bafore death, 'running'?(Case 1),
'rapid'2(Case 2), or even 'uncountable'75, 85(Case 1),
In two cases?(Case 3) 98(Case 3) the pulse, immediate-
ly before death, was 130 and 160 respsctively.
Unusual rapidity of the pulse is, then, one of
the signs in delayed chloroform poisoning. The
pulse rate may be regulard(Case 2) 8(Case 1), put is

more often irregularl(Case 2) 2(Case 1).
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The character of the pulse is very constant,
it is always weak. As already stated, it may be of
moderate strength(va), but is variously described as
'feeble'2(Case 1), 'weak'98(Case 1), 'thready'
2(Case 3), 'gmal1'53, almost imperceptible3d, and
imperceptibleld. In one casel(Case 2) tne pulse
is said to have besen ‘'intermittent'.

The great characteristic is increasing feeble-
ness, which follows what I have already said, that
death may occur from increasing cardiac weakness

44 (Case 1).

It is convenient at this point to make a short
note on the condition of the blood. Little has

been done in this respect in delayed chloroform

54)

poisoning. In Bevan & Favill's( case, mention

is made of the degree of leucocytosis which on the

first day amounted to 12,800, on the third day to
15,200 and on the fourth day to 14,800, and I quite
agree with them in saying it is 'evidently not
specially significant'. The above case contained
a gangrenous mass in the abdomen.

The reaction of the blood, noted by various ob-
servers, is confusing and leads to nothing definite.
In speaking of Diabetes Mellitus, an allied condi-

tion to delayed chloroform poisoning, Spriggs(log)
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states that the alkalinity was diminished. The
blood never becomses acid. In Bevan & Favill's cage
above mentioned, the blood before death and after
death was sterile.

I have already mentioned the effect on the vis-
cosity and specific gravity of the blood, and also
the effect on the neuromuscular mechanism of the
blood vessels of the bowel and kidney during chloro-
form narcosis 1n a previous section (p.33). In the
same section (p.368) I have quoted experimental re-
sults on the effect on the blood pressurse during and

after chloroform anasesthesia.

I will now proceed to deal with the Respiratory
phenomsena.

I find the first note on the respiration is
made five hours after operation in a case that prov-
od fatal in twelve hours5(ca99 1). It is here
noted that a smell of acetone appeared in the breath.
We may take it, seeing that no note on the respira-
tion has been made at earlier periods in the pro-
gross of the cases, there was nothing noteworthy.

As in the case of the other symptoms, changes in
respiration may be noticed at any time from this on-
wards, according more particularly to the rapidity

of other suspicious signs, as slight changes in
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respiration alone would not put the surgeon on the
qui vive for delayed chloroform poisoning:

In another case that succumbed in twelve hours
1(Case 6), no mention of respiration is made. 1In
one case that proved fatal in twenty hoursl{(Case 7)
the respiration is noted as normal at the end of
nine hours.

From what I have said, we need expect no change
in the respiratory rate or rhythm to occur, and we
will also not find any ovidence of acetone in the
breath, prior to at least five hours after operation.

The actual time when any marked change is noticed in

the respiration is seldom noted more precisely than
(o

o

on a certain day after the operation. In one case
which terminated fatally in seventeen hours, the re-
spirations throughout were free and regular. This
is the exception rather than the rule. Sooner or
later, in every case of delayed chloroform poisoning,
more or less marked changes in respiration are
noticed. Any time after five hours, various changes
may be exhibited. Tn one case2(Case 2) no change
was seen until half-an-hour bhefore death.

The usual differences from the normal respira-

tory cycle to be noticed are, firstly, irregularity

of the rhythm, and this is generally accompanied by

shallow breathingl(oase 1).  The rate at this time
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may or may not be incrsased. The 'shallowness' of
the respiratory movement is sometimes more notice-
able than the irrsgularity. Secondly, the rate
from this time may quickly become rapid(22) and the
shallow movement replaced by deep inspirations
3(Case 2), Thirdly, this rapid, deep and irregular
regpiratory movement is replaced, in many cases
1(Case 1), 2(Case 2), 3(Case 3) py sighing and moan-
ing, and this in turn may rapidly give ﬁﬁy to ster-
tor(74). On the near approach of death, respira-
tion follows no one type; it may be loud and rapid
3(Case 2), rapid, deep and laboured® (Case 1), sigh-
ing2(Case 2) mych slower®(Case 1) tpan pefors, ster-
torous(74), or give place to what we term 'air hun-
ger'. In one case Jjust before death the patient
was 'panting'(76).  In several of my cases(3%),
70(Cases 2 & 3), the respiration has ended in the
Cheyne-sgtokes type.

Acetone may be noticed in the breath any time
from five hours to shortly before the fatal termin-
ation. In one case it appeared ten hours after
OperationSS(Gase 1), in another the morning after
109(Case 2), in several oases(75)’ 109 (Case 3) o
the third day, one of these proving fatal in eight
days and the other recovering. In the case that

proved fatal the smell of acetone was much more
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distinct on the fourth day.

1 can find no mention in any case to the effect
that acetone having once appeared ever disappeared,
and that is what one expects. In another cass
2(Case 1) acetone appeared for the first time five

hours before dsath.

I will now deal with the Temperaturse.

The temperature just after operation is not of
much moment as far as delayed chloroform poisoning
is concerned. This fact coincides with all the
other symptoms in that, immediately after the anaes-
thetic, there is a 'lull', in cases uncomplicated by
diseages known to intensify the condition, of from
aight hours to seven days. It is unnecessary to
mention all reported temperatures, as all show the
same tendency, that is, a gradual rise(37) towards
the fatal termination. Some observers report a
normal or subnormal temperature throughoutS(caga 2),
this is the exception. The temperature may vary
from norma1®(Case 2)  on 990(39) to 1070 at death
3(Case 4).

As I have said, in very many cases the tempera-
ture rises as the disease progresses. Guthrie(Sg)
says that pyrexia is uncommon; with that I cannot

agree, from the cases I have collectod. In many of



my cases the temperature is not noted at all, a few
are noted as normal, and the rest sxhibit various

degrees of pyrexia, from 990(39) to 10703(Case 4),

Having dealt with all the common symptoms of
delayed chloroform poisoning, there remain still one
or two signs and symptoms to be shortly mentioned.

I will refer shortly to the state of the pupils
in delayed chloroform poisoning.

Guthrie(52) mentions that the pupils are often
dilated and may be unequal; with that I fully agrese.
In the first case where the pupils are mentioned
1(Case 8), I find they are noted as unequal, but
whether dilated or contracted, the report does not
say. I find the same note in another casel0%(Case 1)
In three cases the pupils are noted as dilated and
equalb (Case 2), 53, 76, In two other cases?(Case 3)
(74), the pupils were contracted shortly before death.

While speaking of the eye, I may mention here
that strabismus has been noted in one casel09(Case 1),

Oedema has also been noted in delayed chloro-
form poisoning. One case(78) showed marked anasarca
and oedemea of lower limbs, trunk and face two days
before death, and this condition continued till

death. Anotherl(Case 8) ghowed well marked oedema

of the abdomen.



90.

But for these two cases I can find no other

mention made of oedema. This sign points to a

weakened condition of the heart and kidneys, as well
as the liver.

The urinary phenomena I will deal with later
(P07 s

Head retraction has been noted in more than one

O 1 L] - . -
casel09(Case 1); in the case I mention, strabismus

was also present.

Cold sweats have also been reportedt(’ase 7)

shortly beforse death.

To one who 1is not fully alive to the condition
known as Delayed Chloroform Poiscning, the great re-
semblance of some of the symptoms to Intestinal Ob-
struction is very close. In fact, one case30(Case 1)
was anasesthetised a second time and operated upon,
the surgeon feeling certain that intestinal obstruc-
tion was present. Needless to say the patient suc-
cumbed, the second administration helping to bring

about the fatal result.
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PERSONAL OBSERVATIONS.

I will now proceed to describe the symptoms
which prescented themselves in two cases under my
care in the Queen's Hospital for Children, London,

during 1909.

The first patient, a girl Ethel J., aged 5%
years, was found to be suffering from enlarged ton-
sils and adenoids. She lived some distance from
town, so we decided to admit her to the wards, in-
stead of operating upon her as an out-patient.

The patient was received into the ward the day
before operation. The usual preparation for such
caseg was employed, viz., light diet the day before
operation, casgtor oil at night and an enema in the
morning, a little milk at 7 a.m. and again at 11 a.m.

The operation was performed on August 23rd,
1909, at 4.45 p.m. Chloroform was the anaesthetic
used, the patient receiving a drachm and a half.

She was under the influence of the anaesthetic for
ten minutes.

She was returned to bed after the operation,
and nothing amiss was noted. She vomited six times
on recovering from the effects of the chloroform.

No suspicious symptoms were noted during the evening

and the patient fell asleep about 8 p.m.
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About 1 a.m. she awoke suddenly and ssemed
fretful. At 2 a.m. she vomited a 'brown' material
likxe altered blood. This of course was possibly
due to her swallowing some blood which had trickled
down the back of her nasopharynx. She continued
to vomit at intervals of a quarter of an hour. The
vomited matter for the most part was clear, with
flakes of greyish material scattered throughout.
She vomited thus three times, and on the last occa-
gsion the vomit was again brown and resemblsd more
closely 'coffee ground' material.

I was soent for at 6 a.m., as the patient looked
so very ill. She was lying on her back, with a
malar flush on each cheek, the eyes were somewhat
sunken, and she frequently tossed her arms about.

As I watched her, the restlessness increased,
and she persisted in trying to rise up.

There was no jaundice present.

The smell of acetone was quite distinct in her
breath, and that fact gave me an inkling as to what
wae the matter. I asked the nurse to keep a care-
ful report of her condition.

During the morning I was informed the patient
had been very restless, and the respirations had
been sighing in character. No urine had been

pasged since the operation.
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At 9 a.m. I again saw the patient and she look-
ed so ill that I immediately wired for her parents
to come. she was still very restless, the respira-
tions were still sighing, and she looked extremely
collapsed. No effort was made to answer any ques-
tions put to the patient.

The temperature was 99° and the pulse 160 per
minute and feeble.

Infusion with one pint of normal saline was per-
formed, and the patient fgr an hour seemed better.
Soda bicarbonate grs.l5 every four hours was ordered,
and a rectal injection of a soclution of the same
drug administered also every four hours.

All those who saw her regarded her condition
ag  extremely grave, and we all thought she would
succumb.

At 11 d.m. the patient was again infused and a
drachm of brandy administered. Again she seemed to
pick up for a time.

At 12 noon she had a motion. The pupils were
equal, of medium size, and reacted to light. There
remained a strong smell of acetone in the breath.
The above conditién remained practically the same
during the rest of the day.

When I saw the patient at 8 p.m. she was apa-

thetic. She wasg not difficult to rouse, though she



94.

e

wbuld answer no questions and took no notice of her
parents. The breath still smelt strongly of ace-
tone, and the respirations were now rapid and shal-
low. The patient was very dark under the eyes and
looked as though she had suffered from a severe ill-
ness. The temperature was still 99°, but the pulss
was 150 and slightly better.

Shortly after 8 p.m. the patient hegan to retch,
but did not vomit. During the evening she passed
a small amount of urine.

About 10 p.m. she drcpped off to sleep for two
hours, and on waking she was much quieter but therse
was still a marked odour of acetone in the breath.
The patient had a fairly quiet night, and next morn-
ing seemed decidedly better.

From this point she made an uneventful recovery
and was discharged on August 30th.

The fact that struck me most about this case
was how extremely ill she seemed. Vomiting was not
a pronounced feature in the case. Restlessness was
marked, but collapse was the most prominent symptom.
Thirst was also very troublesome.

Although not exhibiting all the classical signs
and symptoms of delayed chloroform poisoning, I con-
sider the above case to be due to the toxic after

effects of chloroform, and having once seen a case
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it is not likely that one will overlook this condi-
tion in the future.-

This case also proves my contention that the
sooner the symptoms of intoxication commencs, the
earlisr do they terminate, either in recovery or
death. I do not think that any treatment had any
effect upon the recovery in my case. In my opinion
the intoxication was of a mild degres.

The findings in the urine in this case will be
dealt with in the next section (p.138).

One might note in connection with the above
case that the operation was performed the day after
admission, a proceeding which Guthrie does not rs-
commend . The last time food was administered was
five and three quarter hours before operation.
Hunter(79) objects to this and thinks if cases had
a nourishing, well sweetened mea; two to three hours
before operation, the toxic after effects of chloro-
form might be entirely avoided. The patient was
evidently healthy in every way before operation, and
on qualitative examination of the urine, neither
acetone nor albumen was found. The patient did not
suffer from rickets, and on enquiry afterwards,
there had been no previous 'bilious' attacks.

In the operation itself, no chemical agents

were used. The patient did not seem excessively
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frightened or home sick prior to operation. There
was no suggestion of ptomaine poisoning, and I think
meningitis may be excluded. Patients anassthetised
from the same bottle of chloroform and by the same
anaesthetist on the same day, developed none of the
symptoms exhibited in this case. There was very
little blood lost and no septic focus was discovered
during patient's stay in hospital. Thus we exclude
practically all the causes suggested as giving rise
to the symptoms apart from the toxic after effects

of the chloroform.

My second case is also that of a girl, Martha
M., aged 8 years. This patient suffered from ex-
tensive Tuberculous Adenitis in the neck.

She was admitted tc hospital on September 2nd,
1209. She was a well nourished child, rather tall
for her years. She was particularly lively prior
to operation, and such a thing as home-sickness or
fright never for a moment suggested itself. Patient
took her food well, and had no sickness during her
stay in hospital prior to operation.

On the night of September 6th, the child had a
bath, the part was prepared for operation, soap and
water and ether were used to cleanse the skin, and

a soak of 1-3000 perchloride put on over night.
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This was changed in the early morning for another
gimilar soak. Castor o0il was administered and an
enema given, as in the previous case. Milk was
given at 7 a.m. and again at 1l a.m. on the day of
operation.

At 3 p.m. on September 7th, chloroform was ad-
ministered. Two and a half drachms of chloroform
was used and the patient was under the anaesthetic
for three quarters of an hour. Thers was no trouble
during the administration.

The patient on rscovering from the anaesthetic
vomited three times. She was a little restless dur-
ing the night, but caused the nurses no anxiety.

Next day, September 8th, patient was rather
drowsy, and wished to be left alone. Towards even-
ing she again became restless, but there was nothing
to suggest the subject of this paper. The restless-
negs, however, increased as the night advanced, and
at midnight - that is thirty-three hours after the
operation - she had what the nurse called a 'brown
vomit'. The restlessness increased, and the patient
began to wear an anxious expression. After this
initial vomit, there was some 'retching', but noth-
ing was brought up.

At 3 a.m. the patient again vomited, and this

vomit was typically 'coffee ground'. She looked so
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flat on her back, with eyes widely open, and an
anxious frightened look on her face. The tempera-
ture was 99.8°, pulse 130, and respirations 28 and
deeper than normal. Both pupils were semi-dilated
and reactsd to light. The skin was cold and clammy.
There was no pain complained of in the wound, or over
the liver region. Patient had not had her bowels
moved since the operation, although she had passed
urine. Soda Bicarbonate :gp in two ounces of water
was begun four hourly. Between this and 7 a.m.

the patient vomited three times. On the first two
occasions the vomit was clear, frothy and slightly
bile stained; on the third occasion, however, it
reverted to the classical 'coffee ground' type.

At 7 a.m. I again 'saw the patient. She was now
pale, the eyes half closed and sunken, and she seemed
only semi—coﬁscious- The pupils were smaller than
at 3 a.m. and still reacted to light. The tempera-
ture was now 100.2°, pulse 140, the respirations 33,
and shallow. No pain was complained of, and the
patient did not resist being examined. Dextrose
was ordered, twenty grains every four hours, alter-
nating with the soda bicarbonate.

At 10 a.m. the patient was in much the sdme

state, but much more difficult to arouse. There
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retched several times. The pulse had increased to
150 per minute, and she was evidently weaker. The
breath for the first time now smelt of acetone.
On passing a catheter, six ounces of urine were with-
drawn for examination.

At 1 p.m. the patient was practically comatosed.
The temperature was 100°, pulse 150 but very feeble
and irregular. The respirations were 30 per minute
and of the 'air hunger' type. Jaundice was absent
throughout. The puplils were contracted and respond-
ed feebly to 1light. Cyanosis was absent. Two
drachms of brandy were given, but seemed to have no
effect. The patient became gradpally weaker, and
died comatosed at 3 p.m., forty-eight hours after
operation and fifteen hours after the first 'brown
vomit'. The tempsrature just prior to death was
100.8°, the pulse 150, and the respirations 30, very
shallow, and smelt strongly of acetone.

The urinary phenomena will be discussed else-
where (p. 136).

At the post-mortem, the liver was intensely

o

Tatty. There was a small septic focus in the wound,
but certainly to my mind not sufficient to cause the
symptoms and death. The pathologist, who was very

sceptical about the condition of delayed chloroform



100.

poisoning, attributed the post-mortem findings to
'éepsis, but I am strongly of the opinion that the
case was one of undoubted toxic poisoning due to the
chloroform. The only chemical agent used in this
case was the 1-3000 perchloride soak. The small
septic focus in the neck, where there was not mors
than half a drachm of pus, was the only condition
which even remotely may have caused the symptoms and

death.
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THE URINE

in

DELAYED CHLOROFORM POISONING.

The study of the urine in delayed chloroform
poisoning is exceedingly interesting.

As long ago as 1857, Petters(lo) observed that
the output of urine did not diminish in quantity
towards the end of chloroform anaesthesia, and that
it contained a normal amount of solilds. He also
noted the presence of acetone after anasesthesia.

Nothnagel(ll), in 1866, as the results of ex-
periments on rabbits, showed that when chloroform
was injected subcutansously, fatty degeneration of
the kidneys was produced, and that urine expressed
from the bladder, four hours aftér the injection,
contained red blood corpuscles and fibrinous casts.

Ungar & Junkers(ls), in 1883, produced fatty
degeneration of the kidneys in dogs, after repeated
administrations of chloroform, by inhalation.

Kast(ls), in 1888, sﬁowed that after the sub-
cutaneous injection of chloroform, chlorine was ex-
creted in the urine in an increased amount.

Zeller, quoted by Stiles & McDonald, found the

same to be the cass after administration by the mouth.
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Guthrie(l), in 1894, argued that chloroform and
shock aggravated a condition which was already pre-
gsent. Those loaded the system with toxic alkaloids,
which the kidneys, in the case of a girl of 7 who
had pre-existing albuminuria, and also in the case
of a boy whose urine contained phosphates and pus
before anaesthesia, were unable to eliminate. Since
the morbid condition of the kidneys has been fully
realised, similar observations have been made in a
great many post-mortems after delayed chloroform
poisoning.

Stiles & M’Donald(e) point out that kidneys
which to the naked eye show no gross lesion, micro-
gcopically, exhibit manifest pathological changes.

Guthrie(l), in 1894, was the first who paid
special attention to the urine in fatal cases of
delayed chloroform poisoning in the human subject.
He found albumen present in some of his cases. In
one casel(C880 1) po remarks that the sulphates were
normal; in anothort (€288 2) 41at the urine was not
smoky. In some of the cases where carbolic acid
was used as an antiseptic, carboluria was present.

Becker(a), in 1895, pointed out that the amount
of acetone in the urine was increased after anaes-
thesia, and especially after chloroform. He also

pointed out that children are more susceptible than
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adults; and existing acetonuria was greatly aggra-
vated. The duration of narcosis seemed of no im-
portance. Luzatti(zs) found, however, that the
acetonuria was in proportion to the amount of chloro-
form inhaled.

Nachod(zé), in the same year, found sero-albumin,
nucleo-albumin and cagts. He never found glucose
in the urine after chloroform. He reports, however,
a case of a patient with sugar in his ﬁrine,some
time previous to operation, becoming comatosed and
glycosuria reappearing after ﬁhe operation. Nachod
algso found acetonuria in thirty out of fifty-seven
casges after chloroform, and in fourteen cases aceto-
acetic acid occurred along with the acetone. Bile
pigments were never found, but urobilin was frequent-
ly demonstrated, being usually first seen about the
second or third day and continuing until the fourth
day. Nachod concludes that the metabolic distur-
bances leading to the altered urinary excretion are
dirsctly due to the action of the chloroform.

Hill Abram‘®®), in 1896, found acetonmuria pre-
sent 1in 64 per cent. of cases after anaesthesia,
and holds that the quantity of chloroform inhaled
bears no relation to the degree of acetonuria. He
again, in 1908, repeats this(78).

Other observers report albuminuria, haematuria
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and casts.

Gruba(so)

, in 1898, found an increased excre-
tion of uric acid, chlorides, phosphates and sul-
phates.

(81)

Zachrissen after a careful examination of

the urine from one hundred cases, concludes:

1. 8light transient albumen was pre-
sent in many cases.

2. Its frequency was in proportion
to the length of the operation.

5. Casts were of'ten seen.
4. If previous albuminuria and casts
were present, the condition is
aggravated after anaesthesia.
Other observers agree with these conclusions.
It is worthy of note that one observer(gg) has

frequently seen bile-pigments in the urine after

"chloroform anaesthesia, and two different cases are

publishedBB’ 2(Case 2) in which bile was present in
the urine.
. .. (45)
Prior to the publication of Brewer's paper,

in 1902, most stress seems to have been laid upon
the occurrence of albumen and casts in the urine
af'ter anaesthesia. This fact would indicate that
delayed chloroform poisoning was not generally re-
garded as an acid intoxication.

Subsequent to Brewer's contribution, attention
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has been concentrated upon the occurrence of acetone,
diacetic and B-oxybutyric acids in the urine. The
recognition of this fact has led to a closer study
of the cause of acid intoxications as a wholse.

Among the earlier observers who paid spécial
attention to the presence of acetone in the urine in
cases of acid intoxication following anaesthesia may
be mentioned Brewer(45), Bracket, Stone & Lowe(ée),
Guthrie (52) Ke11y(58) ana Hubbara(59).

In 1905, Offergeld(115) published the results
of his 'Experimental Beitrag  toxischen Wirkung des
Chloroformes auf die Nieren', in which he proved that
fatty degeneration did not occur in the kidney if the
renal artery to that organ was ligatured. But it
occurred most rapidly if the ureter was tied.

The most valuable contribution to our knowledge
of the urine in delayed chloroform poisoning was pub-
lished by Beesly(5) in 1906. 1In the same year an

(63) on 'Anaesthetics and Renal

interesting paper
Activity', by Thompson, was published.

In January 1908, Hill Abram contributed a paper
on 'Acetonuria and General Anaesthesia'(78). In
the same winter, Guthrie's House Physician examined
the urine in a large number of cases after anaes-
thesia, and his results were published during that

year.
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Wallace & Gillespie ®”), after treating some
patients before operations with soda bicarbonate and
others with glucose, examined the urines for acetone.

Their results are published elsewhere (p.214).

Having given this brief outline of the work
done on the urine in delayed chloroform poisoning,
I will now deal shortly with the urinary symptoms
during the progress of the case. In only a small
number of the cases do I find mention made of any
urinary symptonms. We may therefore take it for
granted that such symptoms were not prominent.

I £find that in three of my cases, these special
symptoms are mentioned. In one case(SS} there was
complete anuria before death, which took place on

(108) alsc showed com-

the second day; another case
plete anuria on the second day, death occurring
sixty-eight hours after the administration of the
anaesthetic. The third case€(028e 1) yhich proved
fatal on the fourth day, showed suppression of urine.
From these few facts it will be seen that anuria, or
gsuppression of urine, is an ominous sigh when occur-
ring in delayed chloroform poisoning. No case hasg
been reported in which suppression of urine began

immediately after the operation, but according to

the severity of the case, this phenomenon may set in



108.

any time after the first twenty-four hours or so.

I will now deal with the action of chloroform
on the kidney.

Thompaon(65) has contributed a valuable paper
on this subject. His experiments were performed on

dogse.

THE EXCRETION OF URINE DURING CHLOROFORM NARCOSIS.

Thompeon mentions Kemp and Buxton & Levy, who
proved that the outflow of urine from the ureters
in no way diminished until the general circulation
became markedly affected. Thompson himself found
that the volume of urine wag affected in two ways

during chloroform narcosis:

l. In the early stages, when the anaes-
thesia is light, the quantity is
increased.

2. During full anaesthesia, it is al-
ways diminished and may be sup-
pressed.

From this we see that during the period of deep an-
aesthesia, the chloroform with all its toxic proper-
ties is being taken into the system, and for a time
at least, there is no adequate outlet for these

toxines. We find, however, some hours after the

administration has ceased, that the urine is invari-
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ably increased in amount, and may reach to even four
times the normal amount(ss).

Thompson has also found that while the urine is
diminished in quantity, it is also less concentrated.

It has also been proved that in proclonged nar-
cosis with marked diminution of urine volume, there
is a considerable exudation of leucocytes in the
renal tubules, which subsequently escape with the
urine. This may be due toc more or less stasis in
the glomerular vessels. The above experiments show
us why many observers have noted albumen, and some-
times alsc the presence of blood in the urine in

delayed chloroform pcisoning.

NITROGEN EXCRETION DURING CHLOROFORM NARCOSIS.

Eulenburg-Striibing, quoted by Thompson, found
a diminution of nitrogen metabolisem. This coincides
with Thompson's experience, viz., that as well as the
amount of urine being diminished, the amount of ni-
trogen excreted is also diminished, even more so than
the quantity of urine.

Salkowski, Strassman and Kast & Mester, quoted
by Thompson, have all noted an increase of the ex-
cretion of nitrogen. In the minority of Thompson's
experiments, the urine was increased in quantity,

and also the nitrogen, but the latter increase was
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much less in proportion to the amount of urine. He
infers that not only does chloroform affect the

blood flow through the glomerulus, but also the sec-
retion of the nitrogenous solids through the tubules,

which supports Bowman's theory.

THE EXCRETION OF CHLORIDES DURING CHLOROFORM NARCOSIS.

Zweifel, quoted by Thompson, found unaltered
chloroform in the urine. Kast, quoted by Thompson,
in 1887, found that the excess of chlorine which oc-
curs after chloroform anaesthesia is excreted as or-
ganic chlorides. Thompson(ss) found that the quan-
tity of chlorides was much increased, both during

and after chloroform narccsis.

THE BLOOD PRESSURE DURING CHLOROFORM NARCOSIS.

Looking at Thompson's tracings, we find a mark-
ed fall of blood pressure during the whole time of
the administration, which does not rise again to
normal for some hours after the narcosis has ceased.
The outflow of urine does not correspond at all
closely with the blood pressure, as complete sup-
pression may ta#e place with a comparatively high
blood pressure.

Thompson, with many other observers previously
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mentioned, shows that albumen, previously absent,
frequently appears in the urine after chloroform
narcosis. This coincides with what has already
been stated, viz., existing albuminuria is aggravat-
ed. It is also mentioned in the above paper that
reducing substances are invariably increased. This
is what I often myself found when testing urines
after chloroform anaesthesia, and was much puzzled
as I was quite unable to arrive at the nature of
these reducing substances.

Interesting as these facts are, we have had no
further light upon the presence in the urine of ace-
tone and diacetic acid, which, at some time or an-
other in the course of a case of delayed chloroform
poisoning, make themselves manifest when loocked for.

I will now deal with the presence of these

bodies, acetone and diacetic acid, in the urine.

ACETONURIA.

(10) and

I have already mentioned Petters
Becker(s) as pointing out the marked increase of
acetone in the urine after chloroform anaesthesla.

The most valuable recent paper on this subject
is by Lewis Beesly(5). In healthy urine, acetone

was generally found to be present, though not in

large enough quantity to give a colour test, but its
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presence was ascertained when a quantitative examin-
ation was made. In some cases as large a quantity
of acetone as 25.0 milligrammes were passed in every
50 c.c. of urine, and yet nc symptoms were present.
Beesly recognises two conditions prior to an anaes-
thetic being administered, (a) Chronic acetonuria,
where the production and excretion of acetone is
constantly proceeding; and (b) Acute acetonuria,
which develops most commonly during the onset of

acute infective conditions.

I will first of all refer to cases in which
there was no acetone present in the urins, or only
the faintest trace of it, before anaesthesia. The
amount of chloroform used has no direct parallel in
the amount of acetone excreted in the urinse.

As I have already stated, there is a great in-
crease in the amount of urine passed from the end of
the administration of chloroform for several hours,
longer in some czses than others.

With regard to the amount of acetone excreted,
Beesly has shown that the gresatest quantity is pas-
sed twenty-four hours after the anaesthesia has
ceaged. From this time the acetone as a rule stead-
ily diminishes in quantity. Various factors, such
ag constipation, may prevent the elimination of ace-

tone, proving that acetons is excreted by the bowel
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and pasgses off in the foeces. In such cases the
acetone curve does not show a steady fall, and the
period of acetone excretion is consequently lengthen-
ed. In cases where there has been no previous ace-
tonuria, all the acetone may be eliminated by the
third day, but with any condition which will hinder
this elimination, acetonuria may be found six or
even more days after the operation. The amount of
acetons excreted in the urine varies greatly in
individual cases. Beesly attributes this to idio-
ByNCrasy. We may say that ten milligrammes of ace-
tone per 850 c.c. of urine is a fair average quantity,
at the end of twenty-four hours when the excretion
is at its highest.

Compared with ether, chloroform does not pro-
duce such a severe degree of acetonuria, but on the
other hand ether acetonuria is less dangerous. The
amount of acetone excretion of which I am now speak-
Jdng is rareiy accompanied by symptoms of delayed
chloroform poisoning.

Coming now to cases which Beesly designates as
suffering from Chronic Acetonuria, we find several
pointe of difference from the healthy cases we have
just considered. Beesly has shown that the greater
the amount of existing acetonuria, in these chronic

cases, the less marked is the action of the chloro-
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form on the amount of acetone already present.
After anaesthesia, we find the acme of acetone ex-
cretion occurs at the same time - viz. at the end
of twenty-four hours - as it does in healthy cases.
As can be easily understood, acetone excretion is
kept up much 1pnger in these cases, compared to what
occurs in previously healthy urine. It is an in-
terssting observation, and helps to prove Beesly's
contention that acetone is excreted in the foecos,
that whenever a patient has had two motions in the
same day, there is a greater drop in the amount of
acetone excreted in the urine than when the patient
has had only one motion, or none at all. The amount
of acetonuria is much greater, in cases of previous
chronic acetonuria, after the operation than is
found in the previously healthy cases. Beesly re-
marks that among his cases of chronic acetonuria
there were no symptoms of poisoning and no deaths.
This fact would point to the organism accommodating
itself to the deranged metabolism, and that even
though this derangement is intensified to a consilder-
able d.egree, no symptoms of poisoning occur.

The degrese of acetonuria found in these cases
where there is a chronic excretion of acetone, if
produced suddenly in a previously healthy urine,

would almost certainly give rise to symptoms.
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From what I have said we have seen that after
chloroform anaesthesia, we get acetone rapidly ex-
creted in the urine, reaching its acme in twenty-
four hours. We may now ask ourselves, what would
happen if the acetone excretion is delayed? does
such a thing as delayed acetone excrstion occur?

Beesly has shewn that delayed acetone excretion
does occur, and that when it does, just as we should
expect, symptoms of poisoning shew themselves. In
his valuable paper, Beesly reports three such cases
5(Cases 7, 9 & 10). The symptoms are characteris-
tic of delayed chloroform poisoning. These symp-
toms begin to pass off as soon as the acme of excre-
tion is reached. The fact that delayed acetone
excretion does occur explains why, in a number of
cages of delayed chloroform poisoning, acetone has
not been detected in the urine at all, or only just
before death. In many of the cases where no ace-
tone wag found in the urine, it was present in the
breath, shewing that acetone was in the system.

Beesly does not agree with Bracket, Stone &
Lowe(48) in their contention that the amount of ace-
tonuria does not give any indication as to how the
caseo 1s progressing. He, rightly, points out that
it is not actually the amount of acetone that is

excreted that is so important, but to know whether
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the acme of expretion has or has not been reached.

I now come to Acute Acetonuria occurring before
operation, developed during the onset of acute in-
fective conditions, and the effect of chloroform an-
aegthesia in such cages. As one would suppose,
this is a much more serious condition of affairs,
ag compared with those we have already studied.

The kidneys have already had a sudden strain
imposed upon them, and are trying to eliminate the
acetone, but when we get a substance introduced into
the organism, which at one and the same time is a
poison to the kidney tissue and causes an increassd
amount of acetone to be formed, we cannot be alarmed
if the kidneys fail. The same eoffect is produced
if one administration of the anasesthetic is quickly
followed by another. As Beesly has shewn, this is
exactly what takes place. The amount of acetone
which was being excreted before operation, after op-
eration suddenly falls. The acetone must therefore
be retained in the system, the kidneys being unable
to eliminate it. We may now expect symptoms of
poisoning, and that is exactly what happens.

Beesly has clearly demonstrated this point by

5(C
two cases (Cases 13 &14), the infective condition in

one being acute appendicitis of three days' duration

and in the other, acute osteomyelitis of about seven
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days' history. 1In both these cases the amount of
acetone excretion fell immediately after the opera-
tion, no subsequent rise being manifest prior to
death, which took place twenty-four hours after op-
eration in each case. Kelly(EE) has also shewn the
frequency of acetonuria in acute appendicitis after
operation.

Beesly now goes on to compare the effect of
ether anaesthesia with chlorofcrm anaesthesia in
acute infective conditions. The fact that acute
acetonuria occurs in acute infective conditions is
extremely interesting, especially from the point of
view of chloroform anaesthesia.

I have already dealt with Hubbard's(sg)

con-
clusions from his examination of one hundred and
twenty-five urines after anaesthesia (p. 32).
Sick(ss) describes a case of haematemesis in
appendicitis and considers the condition dus to the
action of toxins rather than to actual bacterial
invasion. Haematemesis, as we have seen, is a pro-
minent symptom of delayed chloroform poisoning.
Bevan & Favill(5%4) report that in their case
the urine was highly concentrated two days after op-
eration. For forty-eight hours before death, no

"diacetic acid or acetone was present in the urine,

but acetone was present in the breath.
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Beesly has gone so carefully into this subject
of acetonurila following anaesthesia, that the obser-
vations of other workers need not be detailed.

By employing cnly qualitative tests for acetone,
different observers have found that the number of
urines which give a positive reaction to the test
vary. Becker(8) found 66% of his cases after an-
aesthesia developed acetonuria; Hill Abram(78) 649:;
Dr Blue, in the Roosevelt Hospital, at the instance
of Brewer(45), found that in only seven cases, out
of thirty-three urines tested, was acetone present
in a pathological amount. From my own experience
I do not place much reliance on these qualitative
tests, and unless one has considerable practice,
these tests are apt to give an erroneous impression.

It has been suggested that the varying results
of different observers may be due to the employment
of different tests. This may be so, but I am in-
clined to think that those who have most experience
with the various tests obtain the more reliable re-
sults.

The presence of acetone in the urine gives us
a fairly good index to the degree of acid intoxica-
tion. The presence of acetonuria, however, is an
unsafe guide, as is apparent when we consider the

power which the body possesses of neutralising acids
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before their excretion. There is another substance,
however, which may also give us an idea ag to the
amount of pathological acid in the urine, vigz.

Ammonia .

Ammonia is a normal constituent of the urine.
In health, less than 5% of the total nitrogen ex-
creted by the urine exists as ammonia. In ssvere
cages of diabetes, eight to ten grammes of ammonia
may be excreted in twenty-four hours, which means
the neutralisation of over fifty grammes of B-oxy-
butyric acid. Thus the-amount of ammonia in the
urine in delayed chloroform pcisoning will give us
a rough index to the amount of acid intoxication
present. The amount of ammonia, however, is by no
means a reliable guide, as it has been shown that a
censiderable fall in the excretion of oxybutyric
acid was not accompanied by so rapid a fall of am-
monia. This discrepancy is dve to the fact that
the fixed bases of the blood and tissues are also
called upon to neutralise acids produced in the body;
especially is this so in diabetes, where the amount
of potassium, sodium, calcium and magnesium in the
urine is considerably in exzcess of the normal.

An extremely interesting observatiocn is made by

Rachford & Crane'118). It is to this effect, that

while the alkalies of the blood are nct seriously
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drawn upon for the neutralisation of acids until all
the:availablq supply of ammonia is exhausted, the
salts of sodium and potassium, when infroduced into
the body as medicines, are seized upon, in prefer-
ence to the ammonia, by the acids. They explain
.the non appearance of toxic symptoms, due to ammonia,
in cases of acid intbxication, to the fact that the
ammonium ion when combined with an organic acid

largely loses its toxicity.

In a few of the cases of delayed chloroform
poisoning, where the symptoms have been said to
closely resemble those of acute yellow atrophy of
the liver, leucine and tyrosine have been found in

the urine. Such a case is reported by Bandler(33).

I will now proceed to give the results of my
examination of the urines of thirty cases before and
after anaesthesia. All the cases are those of chil-
dren from three to twelve years of age, who were
patients in.the Queen's Hospital fcr Children, Lon-
don, between the beginning of July and the end of
November 1909. |

The last specimen of urine passed prior to op-
eration was examined in every instance. The urine
passed during the twenty-four hours following the.

operation was also examined.



In fifteen cases (which I will now term series
one), that is, one half the total number examined,

a specimen of the urine, not a twenty-four hours'
specimen, wes examined each day for three days.

I did not examine any of the urines of this
series for longer than three days, as in no case was
any gross departure from the normal found on the
third day after operation.

In series cne, I paid particular attention to

the following points:

l. The duration of the anaesthetic.

2. The presence of acetone in the
urine, by qualitative tests
only.

3. The power to reduce the Pavy
Fehling solution.

4. The presence of albumen.
5. The presence of bile.

6. The microscopic appearances.

In eleven cases (series two), after operation,
I had collected the twenty-four hours' specimen of
the urine for a period of three days.

In this series I specially noted:

1. The duration of anaesthesia.
2. The nature of the operation.

3. The presence or absence of ace-
tone, by qualitative tests only.
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4. The presence or absence of dia-
cetic acid.

5. The presence of albumen.

I omitted here the microscopic examination, as
I considered the results cbtained in series one were

sufficient for my purpose.

In two cases (series three), I again had col-
lected the twenty-four hours' specimen of the urine
for a period of three days.

In this series I worked on the lines of Beesly.
I confined my examination to acetone alone. I com-
pared the value of the nitro-prusside test with the
guantitative estimation.

Finally, I examined, for acetone and diacetic
acid, the urines of the two cases whose symptoms I
have already described.

I will now treat in detail each of the above

gseries.

SERIES I. - consisting of fifteen cases, being one

half of the total numbegngamined.

The presence of acetone in the urine, as indicated

by the nitroprusside and iodoform tests