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PREFACE.

This study was undertaken principally in the wards
and Research Departﬁent of the Glasgow Royal lMaternity
and Women's Hospital, and also in the gynaecological
department of Glaégow Royal Infirmery and in the Royal
Samaritan Hospital.

One paper entitied "Hyperglycaemia and haemorrhagio
shock in pregnancy - preliminary study" has béen
published in the Journal of Obstetrics and Gynaecology
of the British Empire, 1953, 60, 7&5.

Due to the co-operation of Irofessor R.A.Lennie,
Professor D.F. Anderson and Dr. J. Hewitt, it was
poseibie to study oll cases of shock occurring in the
Glasgow Royal liaternity Hospital. The gynaecological
cases were made available by Dr. Hugh Stirling and
Dr; D. McIntyre, and the cardiac cases by'MT. K. Fraser
and Dr. J.H. Vright. To all these gentlemen and to
the various anaesthetists anhd resident staff who co--
operated, I wish to express my thénks. I also wish to
express to Dr. A.D.7. Govan, Director of Research at
the Glasgow Royal ﬂaternitj Hospitél, my ihdebtedness
for his constant encouragement and helpful criticism

throughout the course of this worlk,



TABLE OF CONTENTS

Introduction ’ 1
Scope of Work . " -8
SECTION 1 | 77

Blood Sugar Changeé_followinglﬁaemorrhagé

Obstetric Cases o ”'_A.. o -9
Summary | - < jH,f ‘ '32
Gynaecological Operations u: ii__ 35
Summafy , | | , 45
Animal Experiments Vt -  A - :48
Swmary - | 4 | ’, 59
biscussion ‘ | . '_"v6O
SECTION 2

Influence of Anaesthesia on the Blood Subar
Anaesthe31a in vynaecology ‘ o :74
Anaesthesia in Obstetr;cs : . | o §6
Prolonged Anaesthesia 7104
Digcussion ) | : ‘V112
SECTION 3 _ |
Source of Blood Sugar & Rate of liobilisation 117
Ether & Hepatic Glycogenolysis 125
Glucose Levels and Pulmonsry Function 131
Final Summary & Discussion 141

Bibliography 158



Although haemorrhagic collapse is one of the
comonest emergencies with which the obstetrician has
to deal, it is rema%kable that no attempt has been
made to study the metabolic responses of this condition
with particular reference to the effect on the blood
sugar level. Under certain circumstances it has been
.shown that carbohydrate and nitrogen metabolism may be
greatly altered during pregnancy and the mechanism
controlling these activities rendered unstable
(Mukherjee and Govan, 1950; Govan, lkukherjee, Hewitt
% Harper, 1951). 1In addition many pregnant patients
appear to be peculiarly liable to become_shocked even
after apparently minor degrees of trauma., It would
seem, therefore, that one might reasonably expect some
variagtion from the average in the underlying metabolic
processes during the shock phase in these patients.

For some considerable time efforts have been made
to define these changes since it has been felt that in
them the key to many of the problems associated with
shock might be found. Since shock is so commonly
associated with trauma and tissue destruction it is
reasonable to expect some change in nitrogen and

carbohydrate metabolism, The first study in relation
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to the former appears to have been made by Cuthbertson
(1929), This writer found that there was a definite
degree of nitrogen catabolism following injury and
thaﬁ the output of nitrogenous material increased for
several days subsequently., It soon became apparent
however, that this catabolic phenomenon was not simply
due to breakdown of tissue but was of more vital nature.
In a further study on rats this author and co-workers
(1939) concluded that the catabolic nitrogen was
derived, not from the area of destruction but from
tissue stores of protein. The idea of some fundamental
change in general metabolism following injury has been
suggested by Selye (1936) who has shown the existence
of a common pattern in the response of the animal
organism to various forms of injury and has related these
changes to adrenal activity. This has received support
from the work of Browne (1942) who found an increased
output of steroids running almost parallel with the
catabolism of nitrogen. Following further work,i
Cuthbertson (1943) considered that the increased
nitrogen loss after injury might result in the breakdown
of protein molecules in an attempt to supply some
component amino acid of the protein molecules necessary

for the repair process., If the remaining portion of
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the protein moleculé were metabolised, the nitrogenous
‘portion would be transformed into urea, leaving the
carbon chains to be stored as glycogen ar utilised for
energy production, v

With regard to carbohjdrate metabolism, proﬁably
the4first study of one particular phase of this
namely the changes in the blood sugar, was made by
Claude Bernard (1877). He found that hyperglycaemia
occurred following haemorrhage inmxperimental animals,
This was subsequently confirmed by a number of workers
Robertson (1935), Moon et al (1941), Mylon et al (1944).
In the human subject Beecher (1949) and Wiggers (1950)
have reported the occurrence of hyperglycaemia after
haemorrhage and shock. All of these studies indicate
the profound nature of the metabolic change.following
injury.

Working from ahother aspect Green and Bullough
(1950) have shown that, after the injection of
adenosine triphosphate (A.T.P.) into miée, a state of
shock was produced similar to that following hind-
;imb ischaemia. Hyperglycaemia was a constant finding’
and therefore further Support was given to the
hypothesis of Green and his colleagues that the state

of shock is fundamentally a profound interference with
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carbohydrate utilisation.

Coincidental with all this investigation of shock-
like conditions has been the discovery of A.C.T.H. and
cortis&ne and'their effects on tissue repair and the
metabolism of‘protein, carbohydrate and electrolytes.
The complexities associated with these substances are
many but the correlation with the stress or shock
syndrome has been brought more clearly into perspective
and its relationship to the adrenals and anterior
pituitary amplified. It was Loeb (1684) who first
noted that patients with pituitary tumours frequently
had a glycosuria., The work of Houssay and lMagenta (1924)
gshowed that the pituitary gland was intimately bound
up with carbohydrate metabolism. They found that the
removal of the pituitary gland caused an excessive
sengitivity to the toxic action of insulin. It was
thought up to that timethaﬁ the posterior‘lobe was the
important part but Houssay and Potick (1929) showed
conclusgively Dby their experiments on toads that it was
the anterior lobe which was responsible. Further worlk
on animals by Pencharz, Cori and Russell (1936) confirmed
this finding; also it had been denonstrated by Ivans
et al (1932) and Baumann and larine (1932) that

anterior pituitary extracts poscessed a tme diabetogenic
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action.

It has been shown in experimental animals that
A.C.T.H, and cortisone readily induce hyperglycaemia
and glycosuria, but in man, the evidence of impaired
" sugar tolerance is usﬁally slight since the doses are
small in relation to body weight. However overdosage
ofteﬁ causes an impairment of carbohydrate tolerance
with a resulting rise in fasting blood sugaf and a
glycosuria., This is corroborated by the work of
Elkington et al (1949) who noted that in 13 patients
treated with A.C.T,H. some developed a slight glycosuria,
and a small rise in the fasting blood sugar occurred in
a few instances. Hench et al (1950) on the other hand
did not find ahy impairment of carbohydrate tolerance
in 23 patients given A.C.T.H. or cortisone.

Selye (1950) suggests that A.C.T.H. (cortico-
trophin) is the one hormone of the anterior pituitary
necessary for life and that in stress it is produced
in increased quantity. This causes the adrenal cortex
to increase its output of gluéé—corticoids (including
cortisone) which in turn act on the blood, lymphatic
' tissue,‘reticulo—endothelial system and protein
metabolism. On the last named it causes an increased

transformation of protein into sugar, although Engel
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(1949) is of the opinion that the magnitude of the stress
and the availability of new carbohydrafe from
precursors other than tissue protein might largely
determine the magnitude of the protein catabolic
response — since there is evidence of increased protein
catabolism in all types of stress. According to Engel
it may be that an increased need for carbohydrate is
the first effect of stress in general,

All of this work related to non-pregnant subjects
and so far as is known no communication has been made
by any other worker on the hature of the changes
particularly relatihg to blood sugar, which may occur
during shock in the pregnant subject. The position is
complicated by the fact that there is an increased
production of steroids during normal pregnancy and the
anterior pituitary is said to be inactive although it
is knovm to hypertrophy dwing pregnancy. In view of
this altered endocrine pattern during pregnancy it is
- concelvable that the metabolic response of the patient
to stress may be grbssly different from that found in
the non-pregnant subject.

-Most cases of shock in pregnancy occur near term
in association with or following labour and this in

itself may well alter circumstances considerably., It

*
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was decided to investigate changes during and subsequent
to shock in the pregnant subject Wifh speciél
réference'to carbohydrate metabolism. Initially the
changes in blood sugar values in patients suffering
from haemorrhagic shock were studied but as the
investigation proceeded‘it soon became evident that
other aspects of the problem would require to be taken
into consideration. For example the effect of
anaesthetics on the patient who was in or had been in
the shocked state and the effect of the lack of oxygen
associated with shock. For this reason the work

has been arranged in the following order:
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Section A.

1. Blood sugar changes in haemorrhagic shock
in the. pregnant subject.
2., Blood sugar changes in operative gynaecology
(a) without haemorrhage,
(b) with haemorrhage.
3. Blood sugar changes after haemorrhage in

experimental animals.

Section B.
Effect of various anaesthetics on the
" blood sugar in pregnant and non-pregnant

patients.

Section C, -
| Study of the source of the blood sugar,
the rate of mqbilisation and the influence of
respiration in - :
(a) experimental animals,

(b) human subjecfs.



e

The initial investigation related to the blood sugar
level in patients suffering from haemorrhagic collapse
" in the third stage of lavour, It was considered that,
if taken just before blood or other transfusion Was
commenced, the sample would give a blood sugar reading
approximately at the height of the collapse. The first
few patients from whom blood was taken had been admitted
suffering from post-partum haemorrhage and the blood
'sugar readings varied from 204 to 272 mgms,per cent,
These levels were surprisingly high and this raised the
query whether this phenomenon was one peculiarly
associated with the post-partum patient. For this
reason the investigation was extended to include
patients suffering from haemorrhagic collapse. due to
other causes such as abortion, intra-peritoneal bleeding
(e.g. from rupture of the uterus) and antepartum
‘haemorrhage. At a lafer date the investigation also
included patients suffering from haemorrhagic collapse
in their own homes who were given blood transfusion by
the flying squad before being admitted to hospital., It
soon became apparent that if an attempt was to be made
to determine the mechanism and significance of this
hyperglycaemic episode, then a more elaborate scheme

would have to be devised. One of the first problems



10,
to be attacked was the timing of .the reaction - the
time of onset, the duration and the influence of
treatment thereon. For the timing of the initial
response, a large number of cases was required and it
was necessary to obtain samples of blood as soon after
fhe occurrence of hagemorrhage and/or shock as possible,
As soon as the patient was seen, a sampie of blood wés
withdrawn for crosgs-matching and half of this sample
was put into a fluoride tube and thoroughly mixed to
prevent clotting. For the majority of the first specimens
I was naturally dependent on the House Surgeons ﬁho were
usually the first to see fhe patients, and without such
co—operation it would not have been possible to collect
s0 many cases. Altogether 47 cases have been
invesfiéated.

Collapse is a clinical term and the degree a matter
of arbitrary opinion. In pregnancy the nosition is made
more difficult since the patient may suffer from
repeated haemorrhages. TFor this reason it was decided
to date the onset of collapse from the time the pulse
rate began to increase or other clinical data. In some
patients suffering from the effects of a massive
haemorrhage this would he almogt immediate: in others

where the blood loss was not so grceat or occurred over
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a period of time the onset of collapse might .be delayed.
It was possible to obtain blood samples from a large
series of cases in whom the time of onset of collapse
could be assessed reasonably accurately. These time.
intervals covered a wide range and from this the time of
onset of the hyperglycaemic action became obvious.

Subséquently a sample of blood was withdrawn when
the patient showed signs of recovery such as rise in
blood pressure and improvement in general clinical
appearance. In several of the patients fasting samples
were also withdrawn during the first few days of the
puerperium,
Technique

A1l samples collected during the night were put in

the refiigerator until the following day since blood
sugar readings may vary if the CoptaiﬁerS remgin at
ordinary room temperature for 12 hours or more. If
possible several samples taken at different times ffom
the same patient were estimated together. |

The blood sugar was estimated by the Herbert and
Bournev(1930) colorimetric method, a modification of
Folin & Wu, and was recorded in mgm.per cent.

VO.l’ml. of the blood from the fluoride bottle was

added to 3.5 ml, 3 per cent. sod.sulphate to which was
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added 0.2 ml. sodium tungstate (10 per cent.) and
0.2 ml. 2/3 N Sulphuric acid.

This was mixed rapidly and put infto the centrifuge
and spun for 5 mins. 2 ml. of the supernatant
fluid were added to 2 ml, copper sulphate solution in
a Folin Wu tube and then boiled for 6 mins., It was
then cooled for 1 minute (in each case using a stop
watch)., 2 ml, phosphomolybdic acid were added to the
solution followed by water sufficient to make a total
of 12.5 ml., Each solution was thoroughly mixed before
pouring it into a tube (capacity 10 ml.). This was now
read in the EEL photo-electric colofimeter using a red
filter and was calculated against a known standard into
mgm, per ceﬁt. by the following formula
U ¢ 100

S -1 = mgms.per cente.

The 47 cases were divided into five groups according

to the cause of haemorrhage. Group 1 consisted of 26‘
cases of post-partum haemorrhage: group 2 contaihéd 9
cases of accidéntal haemorrhage: in group 3 there -

were 8 cases of abortion occurring before the 22nd week,
in group 4 there were .3 cases, suffering from intra-
abdominal haemorrhage, and in group 5 was one caée of
placenta praevia. No attempt was made to group the

patients according to the degree of shock nor to
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assess the amount of blood loss especially as in the
- majority the haemorrhage hadvbccurred prior to admission
to hospital.

Blood . Sugar Changes

The average blood sugar value in these 47 cases,
irrespective of cause or duration of shock was 219 mg;
per cent. with a range from 110 mg.per cent. to 364 mg.
per cent. ZPreliminary analysis of these figures '
reveéled one important point. Shock of short duration
produced little change in the blood sugar level and it
was only after the shock phase had lasted for
approximately 30 minutes that an appreciable rise in
blood sugar levels was noted.

In five of these cases blood transfusion Was given
within 10-15 minutes of the development of the shocked
state and a satisfactory respbnge was rapidly produced.
The cause of haemorrhage was abortion in 2 cases,
retained placenta in 2 cases and accidental haemorrhage
in 1 case. The highest blood sugar value in this small
group was 172 mgms, per cent., and the lowest was 110 mgms.
per Cent. The direct relationship between the dumtion
of shock and the level of the blood sugar is clearly
demonstrated in Fig.l.

A further analysis was made to determine whether



mg.%
300
250
200
150

100

14.

272

10 30 60 120 Over
y 120

'Time‘ef shock in minutes.

Figge 1, ;



15.
the blood sugar level was related %o or modified by the
causé of haemorrhage. Accordingly the cases were
arranged in their five groups, namely, post-partum
haemorrhage, accidental haemorrhage, abortion haemorrhage,
intra-peritoneal haemorrhage and placenta praevia.

Post-Partum Haemorrhage

This group consisted of 26 cases all of whom
suffered from haemorrhage during or immediately after the
third stage of labour. The degree of shock was severe
in most cases. The highest systolic blood pressure was
90.mm.Hg. and the highest diastolic reading 60 mm,Hg.,
butAthe avérage reading was 70 mm,Hg. systolic and 434mm.
Hg. diastolic. There were, however, 3 cases in whon
neither reading was obtainable. No direct'réiationship
- could be found between level of blood sugar and either
reading norvwaS'there any appareht relétionship between
pulse pressure and blood sugar. A time relationship
was the only positive finding, the blood sugar riéing
with the duration of shock in a manner similar fo’that
for whole series (Fig.2). Details of the individﬁal
results are shown in Table 1. This group differed in
one particular respect from the other groups. All of
these patients had completed their labour and by

virtue of this it is possible that some relationship
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Average Readings

Group 1 - Post-partum Haemorrhage — 26 cases.

mg.%
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oo per cent,
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Table 1.

Post-partum Haemorrhage mﬁoﬂw - 26 Cases.
Each column indicates time of shock.

17.

Up to 15mins, 30 mins. 60 mins. 120 mins. Over 120 mins.
Blood Blood Blood Blood Blood
sSugar Sugar Sugar Sugar Sugar

Case Value Case Value Case Value Case Value Case Value
1 157 3 194 9 209 18 204 22 284
2 110 4 189 10 272 19 208 23 219
5 170 11 197 20 236 24 238
6 184 12 240 21 298 25 314
T 171 13 211 26 364
8 196 Hp‘ 218
15 219
16 272

17 230
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might exist between the length of labour and the degree of
. shock, and the change in blood sugar valueé be thereby
affected.

The 1ength‘of labour in each case was estimated
where possible. This varied from 2 hours to 50 hours
-With,an average of 19 hours but no relationship was to
be found between the blood sugér reading and the
duration of labour, e.g. the patient who was in the
shocked state for only 5 mins. with a blood sugar of
157 mgms.per cent. had had a labour lasting 30% hours and
one in the 2 hour shock group with a blood sugar of
236 mgms.per cent. had a short labour of 2 hours. Despite
the fact that there was apparenfly no connection between
blood sugar level and labour, it was decided to select
some normal cases and follow them through labour,

- taking samples of blood at different stages. In order

to prevent any»apparentiy false readings and impressions,
none of thesé patients was given glucose in any form
during labour.

Nine normal cases selected at random, 4 primi-
gravidae and 5 multiparae,‘were admitted to the labour
ward with pains established and with the cervical os
from 1-3 fingers dilated. in some cases as many as

three samples were taken in the lst stage, one
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preferably at its completion, another at crowning of the
head or immediately after delivéry, another after the
3rd stage was completed and a fasting specimen on the
following morning. In three of the cases a sample was
taken 2 hours after completion of the 3rd stage. In all
cases labour Was normali and delivery spontaneous. Fig.3
has been compiled by taking the average of all readings
at the dif ferent stages. It will be seen that there was
a gradual rise in the blood sugar level from 125 mgms,
per cent., in the lst stage‘to 145 mgms.per cent. just
after the 3rd stage. |

Analysis of individual cases showed that the
increase in blood sugar in most cases commencéd in the
2nd stage and continued throughout the 3rd stage of
labour. In two qasés, however, the rise was déiayed
until the 3rd stage. It can be seen from Fig;3~that,
although there is a moderate increase in the blood
sugar during labour, the levels reached are not
comparable with those recorded where shock has been
present for 30 mlnutes and more.

Accidental Haemorrhage

This group consisted of 9 cases, 7 of which were
of the mixed accidental type, 1 of the concealed type

and one of the revealed type. Shock was particularly
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Figure 3.
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severe in three cases who were unconscious on admission.
The highest systolic blood pressure was 130 mm,Hg. and
the highest diastolic reading was 85 mm,Hg., the lowest
systolic reading was 85 mm.Hg. and the lowest diastolic
reading was 40 mm.Hg., the average systolic reading being
105 mm,Hg, and the average diastolic 65 mm.Hg. The
highest pulse pressure recorded was 50 mm, and the lowest
27 mm, The only feature noted was that the highest
blood sugar reading occurred in one of the cases who
was unconscious and had the lowest pulse pressure
(Table 2). The weight of retroplacental clot varied from
0 0z. to 1 1lb. 12 oz. but no relationship between blood
sugar reading and weight of clot or type of haemorrhage
(concealed'or mixed) was evident. Six of the cases
received a blood transfusion, but the other three
recovered wi%h shock treatment other than intravenous
infusion. Labour was induced in all cases following
recovery from shock, so, since all the blood sugar
readings were taken at the height of shock, the length
of labour is not significant. The time shock relation—
ship was again a positive finding, and the blood sugar
reading increased as the duration of shock increased
buﬁ at lower levels than the P.P.H, group. (See Fig.4).

This will be considered in the discussion.
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Table 2.

Accidental Haemorrhage - O cases.
Up to 15mins. 30 mins. 60 mins. 120 mins, Over 120 mins.
Blood Blood Blood Blood Blood
Sugar : Sugar , Sugar Sugar Sugar
Case Value Case Value Case Value Case Value Case Value
1 114 2 129 3 148 4 222 8 209
5 204 9 244
6 204
7 271
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Group 2 = Accidgntal Haemorrhage - 9 o,ases.'
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Abortion |

This group consisted'of 8 cases in whom the
duration of pregnanecy varied from 6 weeks to 22 weeks.
Haemorrhage was severe in 4 cases, three of whom had
been shocked up tQ 2 hours, The highest systolic blood
pressure was 115 mm.Hg. and the highest diastolic'
reading 80 mm.Hg., the average systolic being 100 mm.Hg.
and the averagevdiastolic 66 mm.,Hg, In one case the
blood pressure was not recordable. OUn the basis of the
classification of shock according to blood pressure
readings suggested by Wiggers, these cases would not
appear tovbe so collapsed as those in the post-partum
or intra-peritoneal group. The blood sugar level
increased from 167 mgms.per cent. in the 10 minutes
shock grouﬁ to 240 mgms.per cent. in the 1 hour and 2
hour group (Table 3). This was the only type of
haemorrhage where the average did not rise when the time
of shock exceeded one hour. No connection was evident
between the duration of the pregnancy and the blood
sugar reading. .

In 2 of the cases the patient was in shock for less
than 10 minutes befdre treatment was commenced and
"these gave the lowest blood sugar readings.

Intra-peritoneal bleeding
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Table 3.

Abortion - 8 cases.

Up to 15mins. 30 mins. 60 mins. 120 mins. Over 120 mins,
Blood Blood Blood Blood ,
Sugar Sugar Sugar Sugar
Case Value Case Value Case Vglue Cage Value
1 172 3 198 5 240 6 224
2 162 4 204 7 258
8 238
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Group 3 = Miscarriages up to 22 weeks - 8 cases.

mg,%
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Intra-peritoneal bleeding

There were 3 cases in this group, two being cases
of ruptured uterus (previous Caesarean Section) and one
a rupture of a rudimentary horn. All three were in the
shocked state for long periods, one for nearly.two
hours, and the remaining two cases for 3 and 5 hours
respectively. vThe blood glucose levels ranged fron
233 mgms.per cent. to 340 mgms.per cent., the average
~ being 281 mgms.per cent. In the case with the highest
reading of 340 mgms.per cent. shock had been present for
5 hours and there was a very considerable quantity of
blood in the peritoneal cavity (Table 4). After the
patient had recovered from shock and the operation of
hysterectomy, the blood glucpse level had fallen to
210 mgms.per cent., The fasting blood glucose on the
3rd day of the puerperium was 175 mgms.per cent. and on
the 5th day 146 mgms.per cent. Further reference will
be made to this later in the thesis.

In the above mentioned cases the highest systolic
bloodbpressure reading was 90 mm,Hg., and the highest
diastolic 60 mm.Hg., the average reading being 78 mm,Hg.
systolic and 55 mm.Hg. diastolic. These readings
approximated to those found in the post-partum
haemorrhage group.

Again the only positive finding was that the blood
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Table 4.

Intra-peritoneal haemorrhage - 3 cases.

Up to 15 mins., 30 mins. 60 mins. 120 mins.

Over 120 mins.
Blood Blood
sugar Sugar
Case Value Case Value
Nil. Nil. Nil, 1 270 2 233
3 340
Table 5.
mwmomsdm praevia - 1 case.

30 minutes in shock. Blood sugar 207 E&Bm.wmwNomsd.
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sugar levels increased with the duration of the shock.
v There also appeared to be a direct relaﬁionship
between the blood sugar levels and the amount of blood
lost but the series is too small to allow a statistical
evaluation.

Placenta Praevia

Only one case of this nature was studied. In the
average case of placenta praevia the patient suffers
from repeated haemorrhage, she seldom suffers from
shock., This patient, however, suffered from a single
brisk haemorrhage and there was mno difficulty in
timing the reaction. She had been in a state of collapse.
for 30 minutes when the first specimen of blood was
withdrawn. Again the blood sugar had risen (Table 5).

Influence of Blood Transfusion Therapy

- In 18 of the cases (10 suffering from post-
partum haemorrhage, 5 from accidental haemorrhage, 2
from gbortion, and'l from ruptured uterus) the effects
of treatment were noted with regard to the blood sugar
readings (Table 6). These were taken at the completion
of the transfusion and/or when there was recovery from
shock, In 10of the cases, fasting specimens were
 taken on one or more days of the puerperium, The times

which elapsed between the initial blood sugar and the
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recovery or improvement level are shown in column 6 bf
the table. In two céses, 13 and 15, specimens of blood
were withdrawn two hours following recovery and it is
obvious from this that, in the average case, there is a
steady fall in the blopd sugar during this phase. By
contfast, the findings in cases 9, 11 and 18 are
extremely interesting., ALl of these patients suffered
a second period of collapée; In case 9 the blood sugar
rose to the same height as in her first collapse phase,
but at the time of apparent recovery it was still high.
The blood sugar became higher during the second phase
of collapse in case 11 and was still above the
physiological level 4 days after recovery. In both of
these cases the pulse rate remained rapid, 120 per
minute, for several days after collapée. Case 18 was
similar to case 1l. The blood sugar was higher

during the second period of shock., Five hours later,
when to all appearances she had recovered, the blood
sugar was 208 mg.per cent., and the following day it
still registered 178 mg.per cent. We shall return to
this question of the effect of repeated stresses at a
later part of the thesis. The relationship of pulse-
rate to the recovery from shock and the fall in blood-

sugar is best illustrated by contrasting cases 1 and 11.
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Case 1 was admitted suffering from post—pértum
haemorrhage and had been in a shocked state for over 3
hours. The blood sugar before treatment was 238 mg.
per cent, and after receiving 3 pints of blood it had
fallen to 183 mg.per cent.; 8% hours after the initial
sample was taken the value was 131 mg.per cent. The
pulse rate at these readings was 120, 102 and 80 per
minute respectively. In Case 11, following a second
shock phase, the blood sugar remained high for several
days and even at the 4th day it was still 184 mg.per
cent. Similarly the pulse rate remained high. Ihe
return of the blood sugar to normal levels may
obviously be affected by a second collapse, despite
treatment, or by the degree of shock, taking the initial
blood sugar reading as an indication.
Summary -

It is clear from the foregoing data that:

(1) Haemorrhagic shock occurring in various phases
of pregnancy produces a hyperglycaemia, and

(2) that there is a definite relationship between
the level of the blood sugar and the length of time
which has elapsed between the onset of the shock and
the taking of the sample. During the first 15 minutes

little change ocecurs in the blood sugar but théreafter
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a rapid increase takes place and the longer the shock

remains untreated the higher is the blood sugar reading.

(3) In shock due to accidental haemorrhage the rate
of response is slower and the evidence suggests that this
is due to an alteration in carbohydréte metabolism in
toxaemia.

(4) The hyperglycaemia diminishes as the patient
‘recovers from shock particularly with the aid of blooa
transfusion.

(5) There appears to be a direct relationship
between the degree of hyperglycaemia and the amount of
blood lost.

(6) If the patient suffers a second collapse,
hyperglycaemia is repeated and the blood sugar returns
to normal more slowly.

From the foregoing it is apparent that several
points require further igvestigation. Most reports in
the literature dealing with hyperglycaemia in shock |
relate to males, and there are no comparable~figures
for non-pregnant females. The most obvious first step
therefore, was to determine the sequence of events
following haemorrhage in the non-pregnant female and
- to gauge whether pregnancy &l tered these events in time

or degree. At the same time there are other questions
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in this study which require to be resoived or at least
more accurately defined. Timing of the response to
haemorrhage is not easy in the human subject, and the
occurrence and depth of shock is purely a matter of
opinion on the part'of the observer. This is the type
of problem best solved by the use of the experimental
animal., A further point which cannot be solved by
observations on the human subject is the question of how
long the increase in blood sugar is maintained. An
attempt has been made to answer these questions in a
subsequent part of the thesis dealing with planned

experiments,
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Gynaecological Operations — without & with Haemorrhage.

It has been shown that haemorrhagic shock in the
pregnant patient, if present for over 15 minutes, will
pfoduce a hyperglycaemia. There was however some
‘variation in the degree of response according,
apparently, to the maternal condition in the ante-hatal
period (e.g. toxaemia). As previously stated there is
some evidence that carbohydrate metabolism is'upset in
certain types of abnormal pregnancj (Govan, Mukherjee,
Hewitt and Harper, 1951; lMukherjee and Govan, 1950). It
was considered necessary to check the results by a study
of the non-pregnant subject suffering from the effects
of haemorrhage, in order to determine whether fhe
mechanism was altered in time or degree by pregnancy
per se;

Patients undergoing gynaecological operations
seemed most suitable for comparison, but it was obvious
at once that it had to be ascertained whether the
operative interference, apart altogether from biood
loss, would initiate the hyperglycaemic episode. A%
the same time the question of anaesthesia and its
effect on the blood sugar had to be considered. This
has been discussed in detail in a later section and 30' 

care was taken to include in the present section only
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those cases receiving an anaesthetic which did not
affect the blood sugar level,
In order to determine the influence of operative

trauma 13 cases were studied in whom blood loss was

‘negligible — these consisted of a variety of

gynaecological complaints and were subjected to various
types of operative procedure, some under Pentothal,
Nitrous oxide, oxygen and the remainder under a spinal
anaesthetic. The time of operation was also noted as
it was considered that a lengthy operation might by
itself be a cause of a rise in the blood sugar level,
The procedure adopted in each case was to take a
specimen of blood from an arm vein just before the
anasesthetic was administered, a second about mid-way
through the operation and a third at its conclusion.
In the longer operations samples were taken at 20-30
minute intervals. o

It will be seen that, in the absence of anoxia or
blood loss, there was little variation in the blood
sugar readings in each particular case so thét the fype
of operation and the time of operation'had little effect.
In some the blood sugar reading was actually lower at
the end of operationthan at the commencement. |

The operations have been grouped according to
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whether the peritoneum was opened or not and also in
the former case, according to the operation performed.
lany observers consider that trauma to the peritoneum
is itself a cause of collapse and others associate
trauma to particular organs with avsimilar seqﬁence
of evenﬁs.

The extra—peritoneél group were all patients
suffering from uterine prolapse who were undergoing
plastic operations for repair of the pelviec floer.

Six cases are reported, five.of whom were anaesthetised.
with pentothal and one with nupercaine given intra-
spihally; The duration of the operation varied from

35 to 55 minutes.

In the extra-peritoneal group Table &6 (4), *a study
was made of 5 patients on whom pelvic floor repair was
‘carried out; 4 of these were given Pentofhal, nitrous
oxide and oxygen and 1 receiVed a spinal anaesthetic.
The duration varied from 40-55 minutes.

Samples of blood were taken from an arm vein
before anaesthesia, about midway through operation and
at its conclusion. The average blood sugar reading for
the 1st specimen was 131 mgms.per cent. and for the
3rd specimen 128 mgms.per cent. indicating that in so

Tar as the blood sugar level can be taken as an



Table 6 (4A).

Extra Peritoneal Group

o - Blood Sugar Readings
lﬁwaewowmwmﬂg,ﬁa@.gmmg%a z?wz?mz?w

Pelvic floor repair 40 mins. Pentothal, 172 170 170
,Zmog om.

" " " 40 do. 123 118 120

i # n 45 v do. 132 140 121

" ot " 50 Spinal 90 | 97

$ " " 55 Pentothal, - 136 129 133

A A |

. N | . HA-NOw ONO

Aver.lst spec. Aver.last spec
131 128
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indicator, there had been no stress. This was also
emphasised vy  the intermediate or 2nd readimgs in
individual cases. It will be seen that the blood sugar
remained static or even tended to fall. The response
of the patient with regard to blood sugar did not
aprear to vary with either type of anaesthetic. Although
plastic repair of the pelvic floor is wholly extra—
peritoneal it cannot be regarded as a minor surgical
procedure. The trauma'may be quite considerable but
it is apparent that surgical interference per se does
not disturb carbohydrate metaboliism significantly.

| In the intraperitoneal group (Table 6 (B)), eight
cases were studied. These consisted of a variety of
abdominal operations on the pelvic organs, varying in
~timé from 35-860 minutes. The average blood sugar just
prior to operation was 115 mgms.per cent., and at the
end of operation was only 116 mgms.per cent. The
response was similar in all cases to average valuesfor
the whole group (A + B). Seven of the cases received
»spinal anasesthesia and to the remaining one Pentothal,
cyclopropane and tubarine were administered. Neither
of these anaesthetics appear to alfter the blood sugar
levels. One further point may be made. IT is obvious

from the average results that opening the peritoneal
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Table 6 (B).
Intra-peritoneal Group ,

Type of Operation Time Anaesthetic Blood Sugar Readings
Ovarian Cystectomy 35 mins. Pentothal, 149 149 - 149
: Cyclopropane, .

‘ Tubarine. .
OOphorectomy left 45 " Spinal 94 94 98
ovarian resection

right.
Salpingo-oophor- 45 " Spinal 92 96
ectomy.
Appendicectomy ;
Total 5%&&@%@0&02% 60 " Spinal 102 112 112
Pan hysterectomy 65 Spinal 98 116 100
Vaginal hysterectomy 60 " Spinal 138 144 115
Wertheims hyster— 80 " Spinal 173 188 178 167
ectomy : .
Wertheims hyster— 80 " Spinal 77 73 89 91
ectomy

Average.lst spec. Aver.last spec.
115 116
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cavity per se does not affect the blood sugar level

and indeed it will be noted that the average values
for this group are lower than those of the extra
peritoneal group. It is apparent that surgical inter-
ference with the proper anaesthesia (and no haemorrhage)
is not associated with any significant degreé of stress.

As the large majority of routine gynaecological
operations do not occasion sufficient loss of bipod to
have any effect on the blood sugar, it was thought that
the only operation which could be described as routine
and auring which there may be considerable haemorrhage
was the Wertheims hysterectomy.

In the unit to which I am attached in the Glasgow
Royal Infirmary, the majority of patients with
carcinoma of the cervix (Stage 1 or 11l) have been
treated by this method during the past three years.

The anaesthetic used was a spinal (light nupercaine

14 cec.) supplemented if necessary by lighf nitrous
oxide-oxygen analgesia. Six patients undergoing the
Wertheims operation were followed through. 4In two the
bleeding was negligible and these are shown in

Table 6(B) In the other four the bleeding was heavy
in two cases, moderate in one case and nild in one

case. The details of these four patients are shown in
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Table T.

Time mwmw.
of , est
Oper- Blood Sugar Readings % :
Case Blood lLoss ation = mgms, per cent. rise Blood Transfusion Given
1 Heavy 2zhrs. 157 204 224* 288 314 100 At 224 when bleeding was
. , most severe.
2 Heavy 13 v 110* 131 217 98 10 mins.after operation
begun.

3 Mod.Severe 21/3¢ 98 114 135% 170 73 At reading 135.
4 Mild 12 » 139 139 179 183 176 31 Not required.

* Blood transfusion begun.
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table 7. |

In the three most severe cases blood transfusion
was given, but started at different stages of the
operation as indicated above. In cases 1 and 3 this was
begun on account of the amount of bleeding, whereas in
case 2 transfusion was started just at thé commenc ement
of the operation as some ogerative difficulty was
envisaged.

From the results in these 4 cases, it is fairly
evident that the loss of blood, over a'period of time
- varying from 1% - 2% hours, will cause a rise in the
blood sugar level and if blood transfusion isgiven it
would appear that this quentity must almost equal the
total amount lost otherwise the blood sugar will still
rise, » |

The steady l@ss of blood during an operation
(without replacement) brings about a position similar
to that seen in say; post-partum haemorrhage, where it
ig found that a poinﬁ is reached‘where shock oceurs.
This is not so easy to noﬁice where the patient ié'
anaesthetised but is indicated by a fall in blood
pressure or rise in pulse rate.

The two cases of severe haemorrhage during

operation are comparable with the patients suffering



440

from post-partum haemerrhage. In bothvinstances there
was a heavy loss of blood. PFurther analysis of the
times of bleeding in these two non-pregnant cases
reveals some interesting facts. %n case 1 the basic
reading of 157 mg. was obtained‘at the time the spinal
anaesthetic was adminigtered. Twenty five minutes
later the blood sugar had risen to 204 mg. There is
usually a delay‘of approximately 10 minutes between
administration of the anaesthetic and opening the
abdomen. Bleeding occurred very shortly after this.

In effect this means that the blood sugar was over

200 mg. within 15 minutes. Case 2 is slightly more
complicated. Transfusion began as the abdomeh was
opened since difficulty was expected. Many adhesions
were present and there was a moderate amount of bleeding,
the blood sugaf rising from 110 to 131 during the first
hour of the operation. At the end of this time
haemorrhage was brisk and within the next 30 minutes
the reading had risen steeply to 217 mg. In both of

- these cases the blood sugar rose frdm relatively normal
limits to over 200 mg. within 30 minutes. Haemerrhage
in pregnant patients resulted in a hyperglycaemic
reaction within 30 minutes but in no case did the value

reach 200 mg. in that time. The results would suggest
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that the hyperglycaemic response folleowing haem@rrhage ié
much more rapid in the non-pregnant patient.
Summary

An investigation was made of a series of gynaecological
operations using different types of anaesthesia to
ascertain whether there was any alteratién in the blood
sugar as a result.

Thirteen (13) cases were studied. ‘These have been
divided into two groups.
Group A - where the peritoneum was not opened - consisted
of 5 pelvic floor repairs 4 of them receiving an
anaesthetic of pentothal, nitrous oxide, éxygen‘and one~
a spinal anaesthetic. It was found that these
operations caused no disturbance of sugar metabolism:
in fact the average of the 1st specimen reading, taken
before the sfart of the operation, was slightly
higher than the reading of the last specimen at the
-end of operation. The time of operation varied from
40-55 minutes and iﬁ would appear from the results that
this does not cause any disturbance either. In none of
these cases was thére bleedipg of any consequence.
Group B - consisted of 8 cases of major abdominal
Gperations; where bleeding was never more than slight.

These included ovarian cystectomy, oophorectony,
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salpingo oobhorectemy and appendicectomy, tetal
hysterectomy, vaginal hysterectomy and Wertheims hyster-
ectomy. 7 cases received a spinal anaesthetic and one
a general anaesthetic of Pentothal, Cyclopropane and
tubarine. The time of operation varied from 35-80
minutes. The blood sugar readings varied only slightly
from the start of the operation until its completion,
the average lst specimen being 115 mgms.per cent. and
the average 3rd specimen 116 mgms.per cent. It is
evident from the readings in these cases that (a) the
type of operation (b) length of time of operation and
(¢) the opening of the peritoneal ‘cavity do not have
any significant effect on the carbohydrate metabolism.
4 patients were investigated during the operation of
Wiertheims hysterectomy for carcinoma of the cervix.

In two of these blood loss was heavy, in one moderately
severe and in the fourth mild. Blood transfusion was
given in 3 of the cases, in two on account of heavy
bleeding during the operation and in the third from the
commencement. In all but case No.4 there was a marked
rise in the blood sugar by 98 per cent. and 100 per cent.
in the cases where the bleeding was heavy. In case 1
the bloed sugar had risen considerably at the time of

starting the transfusion and continued rising till the
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end of operation. In case 2 one pint of bloed was
given throughout but the sugar level continued to rise.
it would appear that there is a disturbance of
carbohydrate metabolism when the blood replaced does not
equal the amount lest. Comparison of the results with
those obtained in pregnant patients suffering from

ha emorrhage suggests that the response is more rapid in
the non-pregnant individual. The blood-sugar rises
steeply in the nqn-pregnant patient and within 15
minﬁtes may exceed 200 mg. per cent., whereas in the
pregnant patient a state of shock following haemorrhage
was usually present fpr at least 15 minutes before'any

rise in the bloed sugar occurred.
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3. ANIMAL EXPERIMENTS .

In so far as.is possible it has béen established
that the blood sugar does not start to rise unfil at
least 15 mins. after the occurrence of haemorrhage.

The increase in blqod sugar appeared to be proportional
to the amount of blood lost and the raised level was
maintained as long as the patient remained in the

shock state. It is difficult however to be absolutely
sure of these points in the human subject since so many
vother factors such as treatment, continuing blood loss,
etc., are involved. It was decided therefore to study
‘the phenomena in an experimental animal. The rabbit
was chosen as a suitable subject for the fbllowing reasons.
1. The heart and large blood vessels of the upper
abdomen had to be of such a size that blood samples
could be easily and quickly obtained without producing
shock in so doing.

2. The bleeding had to be done under a controlled
anaesthesia whioh did not have any effect on the blood
sugar. This was a problem which required considepable
investigation in itself and it bas been reported in
detail in another part of the thesis. Suffice to say

that Pentothal proved to be satisfactofy for the
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experiment at present under consideration. It was
found that it could be injected easily into one of the
ear veins, the quantity varying with the weight of the
animal which ranged from 1500 - 2100 gms. The average
‘dose required for the necessary depth of anaesthesia was
20 minims in a strength of 5 per cent. This produced
an immediate response with momentary depression of
respiration, and accompanying cardiac acceleration.
Provided no anoxia occurred in this phase the blood sugar
was unaltered until haemorrhage took place. When
necessary Pentothal in doses of 5 minims was giveﬁ to
maintain the aniﬁal at the required level of anaesthesia.
According té Johnson (1949), the rabbit normally has a
blood sugar content of 100-130 mg.per cent., and all
the values of samples taken from the animals before and
after induction of anaesthesia were within this range.

In animal experiments such as this, omne of the
problems is to obtain repeated samples of blood for
biochemical investigation. It is usually simple to
obtain a first specimen from an ear vein bdbut frequently
the vessels subsequently go into spasm or become
thrombosed and further experimentation is rendered
fruitless., Aceording to Johnson (1949) repeated heart

puncture, even in non-nacrotised rabbits, does not alter
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the blood sugar, provided, of course, that thé volume
of blood withdrawn is small. A4s é preliminary to the
main investigation it was decided to investigate the
usefulness of this procedure in the anaesthetised aﬁimal.
First of all the thorax of a dead rabbit was opened and
by rough measurement it was possible to determine the
point at which a needle should be inserted through the
chest wall in order to enter the left ventricle. 1In
the living animal, after the administration of Pentothal,
the region over the sternum and to 2" below the
xiphisternum was shaved. A No.IV needle was inserted
just to the left of and 1" above the xiphisternum. As
an additional guide it was found that the pulsations of
thé left ventricle could be easily felt through the chest
‘wall at this point.

Johnson's observation was confirmed and in the
following short experiment the results are characteristic
of the findings. Blood withdrawn from the ear vein
prior to anaesthesia géve a sugar reading of 110 mg.per
cent. Following pentothal anaesthesia the left heart
was punctured and a small quantity of blood withdrawm.
The blood sugar reading was 117 mg.per cent. The
difference between this value and the initial reading

is to be expected since the central blood sugar reading
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is always slightly higher than that of the peripheral
~ venous blood. ' Eighteen minutes later a further sample
was withdrawn and the reading in this case was 119 mg.
per cent. In other words samples sufficient for
estimation of blood sugar could be withdrawn from the
heart without materially altering the blood sugar level.
Having determined the safety of this procedure from an
experimental point of view the main experiment was
devised.

Volume of Blood Lost & Hyperglycaemis

In order to standardise conditions it Was necessary
' to determine the amount of haemorrhage required to
produce a rise in the blood sugar. For this purpose

a series of animals were subjected to heart puncture,
quantities varying from 7 mi. to 20 ml. being withdrawn.
In the average adult rabbit withdrawal of quantitiés of
blood less than 5-6 ml, produced no significant change
in the blood sugar. It was apparent then that at least
7 ml, of blood had to be withdrawn before a satisfactory
response could be obtained. The next prob;em was to
determine whether any direct relationship existed
between the quantity of blood withdrawn and the increase
in blood sugar.

An initial sample was withdrawn by ear puncture



52,
and following pentothal, the determined volume of blood
was obtained by heart puncture. Thereafter small
samples were withdrawn at ten minute intervals. It was
found that the rate‘of mobilisation of sugar varied but
that a pronounced rise was constantly obtained 10 minutes
after withdrawal of the blood. This time was chosen as
a point of comparison for the various animals. The
results are shown in Table 10. It will be seen that the
increase in blood sugar at this time did not vary
directly with the amount of blood lost except within
wide limits. The minimum rise occurred after loss of
12 ml, and the maximum after 20 ml., Similarly there
was a variation in the percentage increase following
withdrawal of the same quantity of blood from different
animals, 'This initial hyperglycaemic phenomenon seems
to be of automatic total nature and the amount of
sugar released may depend more on the liver glycogen
availagble for immediate mobilisation than on the degree
of collapse. It is apparent however, that the reaction
of animals to haemorrhage is similar to that foﬁnd in
the human subjeét. Glycogeﬁ is mobilised and the sugar
level of the systemic circulation shows a distinct rise
in 10 minutes.' In human subjects there was no rise

before 15 minutes. As already stated, however, it is
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Table 10.

Amount 2nd blood

Initial withdrawn  sugar
Animal Blood by heart 10 mins. . per cent.

No. Sugar puncture later Rise rise

1 113 20 ml. 233 120 106
2 118 15 mi. 208 90 76
3 135 12 ml. 175 40 30

4 104 10 ml. 178 74 71

5 124 10 ml. 177 53 42

6 136 8 ml. 200 64 48

T

132 Twl, 171 39 29
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gifficult to time these reactions accurately in the
- human subject. It was shown in the human subject that
the maximum value of the blood sugar seemed to vary
according to the length of time during which the patient
was shockéd. Again this is a debatable point since
treatment is naturally given as soon as the patient is
seen and a very large number of cases would have to be
studied before any reliable estimate of the relationship
between the duration of shock and the increase of blood
sugar could be established.

Hyperglycaemia & Duration of Collapse

In this exﬁeriment animals were anaesthetised with
Pentothal, after withdrawing an initial small sample of
- blood from the ear vein in each case in order to
establish the basic level of the blood sugar. Previous
experiments had shown that a withdrawal of at least
7T ml., of bldod was reguired to induce some degree of
collapse in a rabbit. Thereafter gquantities of blood
Vvarying from 7-13 ml. were withdrawn from the animals
by heart puncture in order to induce varying degrees
of collapse. Further small samples #-1 ml. were
withdrawn at 10 minute intervals until the animal
recovered from the collapse phase or was killed. The

results are ~hown in Table 1l. It was found that the
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Tgble 11.

- Quantity
Initial withdrawn
Animal blood l1st heart Blood sugar readings at subsequent
No. sugar _puncture punctures with ¢ime intervals in minutes.
, mgms.per )
cent.
8 110 13 ml. 146 177 200 206 177 136
15 10 10 15 3L nr. = 18urs.
9 126 7 ml. 132 171204 192 184 177___ 131
12 10 12 5 5 10 Zhr.
10 135 12 mi. 175___224_ 155 137
: 10 25 60 110
11 129 10 ml. 188 208 196 165
s T 5 5
12 10 ml. 178 262 211

104
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maximum height of the blood sugar obtained anﬁ the
duration of the rise varied with the amount of blood
withdrawn and with the degree of collapse. The blood
sugar continued to rise until the animal showed signs
of recovery. The results can best be illustrated by
comparison of the values and times observed in animals
from whom the minimum and maximum quantities were
withdrawn. ‘

In animal No.2 7 ml. of blood were withdrawn.
The waximum blood sugar recorded was 204 mgm.after 34
minutes had elapsed. Five minutes later the value had
fallen to 192 mgm.and at 54 minutes itvrecorded 177 mg.
Withdrawal of 13 ml. on the other hand, as in animal 8,
resulted in a maximum value of 206 mg. after 50 minutes
but 3% hours later the level was =ztill 177 mgms. It is
obvious that the greater thc haemorrhage, the longer is
the duration of the hyperglycaemic response. There is
- however some degree of individual variation. Animal 11
showed a rapid risc after withdrawal of 10 ml., of
blood but there was an equally rapid fall. This was the
only animal to exhibit this anomalous change.

Hyperglycaemia and continued haemorrhagze

Many cases of collapse due to haemorrhage in the

human subject are associated with repested or continuous
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bleeding. There appeared to be a coﬁnection betweén
this and a continued rise in the blood sugar levels.

It was decided to try'fo duplicate this sequence of
events in the experimental animal in order to determine
whether this hyperglycaemic mechanism continued in
operation or was subject to a phase of exhaustion.

Descrigtion of Experiment

The rabbit was selected again as the most suitable
animal and was anaesthetised with Pentothal 5 per cent.
After the same preparation of the chest wall as
indicated previously the left heart was punctured with
a Fo.4 needle and amounts varying from 6-13 ml. were
withdrawn. Three rabbits were used in this experiment.
Further volumes of blood were withdrawn by heart
puncture at 10-25 minute intervals up to periods varying
from 30-70 minutes. The results are shown in Table 12.
From the values found inthese animals it is obvious
that no phase of exhaustion has been induced. Each
fresh haemorrhage is followed by a further rise in the
bloodvsugar. Animall5 is particularly interesting.
After the initial loss of blood the sugar content
increased by 62 mg. in 15 minutes. Thereafter the rate
of inerease diminished. ZEven more important is the fact

that following withdrawal of a further 9 ml. of blood
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Table 12,

Initial
blood . _
Animal sugar Subsequent blood sugar readings from
No, readings heart puncture with time intervals.
mgms.per
cent,
13 104 13 ml, 173 6 ml, 237
20 mins, 15 mins.
14 .- 136 38 ml, 297 6 nl, 414 6 ml, 616(Died)
20 mins. . 24 mins. 25 mins.
15 110 10 ml, 126 172 204 9 ml, 204
5 mins, 10 mins. 15 mins. 10 mins.
235 135

10 mins. 2 hrs,
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the sugar content showed no alteration after 10 minutes.

Kter 20 minutes the blood sugar had only increased by

31 mg.

Summary

1.

3.

7'

Cardiac puncture per se does not produce shoeck in

. the anaesthetised animagl.

In the average rabbit, weighing approximately

2 Kilos at least 7 ml. of blood must be withdrawn
to.produce shock as evidenced by a significant rise
in blood sugar.

The initial rise in blood sugar occurs 10 minutes
after withdrawal of blood..

At this time the height of the blood sugar is not
directly related to the amount of blood withdrawn.
The maximum inecrease in blood sugar occurs between
35 minutes and 50 minutes after the haemorrhage.

There may be some variation in individual cases.

 The duration of the hyperglycaemia is related to the

volume of blood withdrawn.

‘The hyperglycaemic mechanism appears to be in

continuous operation and within the limits of the
experiments does not appear to be exhausted by

repeated loss of blood.
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Discus sion

Claude Bernard (1877) was probably the first
person to record the occurrence of hyperglycaemia
following haemorrhage in the experimental animgl.,. This
observation has been confirmed repeatedly by many authors
including Robertson (1535), Iylon et al.(1944), but
surprisingly few reports haverappeared relating to
changes in the human subject. This may have been due
to the lack of suitable clinicel material. In 1949,
however, Beecher published his observations made on
wounded soldiers during the late World War, and
confirmed the presence of hyperglycaemia in individuals
suffering from shock, Haemorrhage during or following
pregnancy and during dperative interference in the non-
pregnant female causes a similar hyperglycaemic reaction.

The degree of hyperglycaemia is very considerable
in these cases and the blood sugar in the female patient
following severe haemorrhage rises well above
physiological limits and may approach values seen in
the diabetic patient. Values over 200 mg.were a
commonplace. The levels reported by Beecher were
occasionally around 200 mg. but they rarely reached
the high values found in many of the patients in the

bPresent series.
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According to Taylor et al (1944) the blood sugar
shows a steady rise following the onset of shock, but
Wiggers (1950) states that after a short period of
increase a plateau level is reached. This plateau effect
was not noted in the series reported in this thesis.

The blood sugar appeared to rise as loﬁg as shock was
present. In one fatal case of pot—partum haemorrhage,
where bleeding was intermittent and heavy and transfusion
could not keep place with the biood lost, the blood

sugar mounted to a peak of 364 mg. shortly before death.
The findings in this case would aiso seem to contradict
Wiggers (1950) who states that there is a final phase

of hypoglycaemia in critical shock,

In the 6bstetric cases an accurate assessment of
the volume of blood lost was in most instances guite
impossible as the majority of the patients had
suf fered from post-partum haemorrhage in their own
homes and were admitted in a state of shock, Iun those
who had a haemorrhage while in hospital, the quantity
of blood lost was not always collected. in many cases
however the pregnant patient seemed o become shoclked
following the loss of a relatively small quantity of
blood, This was particularly noticeable in cases with

a pre—existing toxaemia. Profound shock was observed
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in cases of accidental haemorrhage where the Elood loss
was relatively small, This is interesting in view of
the differences noted when cbmparing pregnant with non—
pregnant patients. High blood sugar levels were found
in non-pregnant patients quite soon after bleeding
commenced. This may represent a more active response
to stress in the non-pregnant patient. In the toxaemic
pregnant patient however the blood sugar rose more
slowly and did not reach such high levels. The
differences between the pregnant and the non-pregnant
patient are most clearly seen when the results are
compared on a time basis, 1In the experimental aﬁimals
it was found that the blood sugar rose gbove normal
within 10 minutes of withdrawal of blood, the values
recorded being'comparable with those observed in human
subjects. In the latter however the reaction time was
longer. A significant rise was noted in non-pregnant
patients in 15 minutes but in the pregnant individual
this interval was prolonged to 30 minutes. It is
‘interesting to note that the initial rise in blood
sugar in animals bears no relation to the quantity of
blood lost but the duration and maximal degree of
hyperglycaemia were directly related to the amount of

blood withdrawn. This is of considerable importance
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when comparing the curves of bl&od sugar values in the
various types of patient. Our findings agree with
Beecher (1949) in so far as he states that the hyper-
glycaemia 1s roughly proportional to the amount of
blood lost. I have been unable however, to find any
report dealing with the lack of relationship between the
degree of haemorrhage and the initial hyperglycaemic
reaction. This is clearly shown in the animal experiments.
The blqod sugar levels ten minutes after withdrawal of
quantities of blood, from 7 to 20 ml., varied very
much. ~ Animals from which the same quantity of blood °
was withdrawn gave widely varying responses. The
results suggest that the initial hyperglycaemia depends
more on the amount of carbohydrate available for
immediaté mobilisation than on the degree of trauma.
They also indicate that the.initial hypergl&caemio
reaction and the ultimate peak are probably the result
of two different mechanisms.

. It seems reasonable to suppose that the initial
reaction is due to glycogenolysis in the liver |
following upon release of adrenalin from the adrenal
gland, According to Selye: (1947) the hyperglycaemia
of shock is abolished if the adrenals are

destroyed, a statement which seems to confirm the
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above hypothesis. Other observers however (Nishi, 1909;

Slocum and Lightbody, 1931; Clark and Rossiter, 1944)
have found that the increase in blood sugar is not
completely prevented by adrenalectomy. It is difficult
to resolve the difference between these two statements
but the key to the problem may lie in the word
"completely"., It is again obvious that we are deéling
with two mechanisms, in one of which fhe adrenal
medulla is of paramount importance.

A similar inference may be read into the work of
Mylon et al (1944, ¥¥4F) who state that the hyper—
glycaemia due to haemorrhage differs from that produced
by epinephrine, pérticularly in relation to its
duration., However, it was felt that a pértial answer
to this problem might be obtained by observing the time
relafionship of hyperglyczemia following injection'of
adrenalin in patients.

Three patients were selected, twovbeing in the
antenatal period and one on the first day post-partum.
4 minims of Adrenglin (1,1000) were given intravenously
in one case and 5 minims subcutaneously in the other
2 cases. Samples of blood were taken at intervals
varying from 10 to 15 minutes later and again at
30 and 45 minutes later. In all cases it was found

that a sharp rise occurred after 10 and 15 minutes ard
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this continued until the 30 minute specimen, although
the rise in the second 15 minutes was slower.

The main feature of this experiment is the maximum
response at the 30 minute interval, the time at which a
significant rise in blood sugar was found in pregnant
women suffering from shock, After 30 minutes the blood
sugar declines presumably due to a counter-secretion of
insulin, One may therefore assume that the initial
hyperglycaemic reaction of haemorrhagic shock in pregnant
patients is due to adrenalin and that its maximum effect
cannot persist for more than 30 minutes. The details are
shown in Table 13 .

In haemorrhagic shock affecting pregnant patients
two features may be remarked upon. The blood sugar
~does not diminish at the end of 30 minutes but continues
to rise. It remains to be seen whether these two
features have a common cause or are the result of
independent mechanisms., The normasl response to adrenalin
hyperglycaemia is a production of insulin which will
cause a return to normal levels. Several hypothesis
may be advanced to explain the absence of this reaction
in shocked subjects: a) there may be a lack or
decreased secretion of insulin or b) insulin antagonists

may be present, We have no evidence to indicate a lack
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Table 13,

Injection of Adrenalin.

Cage Method of
Ng. 1injection

Blood sugar readings & intervals in minutes.

1 Subcutaneous
2 Subcutaneous

3 Intravenous

108 10 mins, 120 20 mins, 122

110 10 mins. 124 20 mins. 131

me 15 mins. 178 15 Ewﬁm. 188 15 mins., 168 15 mins.

le2
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of insulin in these patients, and without estimations of
blood insulin, which would be diffioult both from
clinical and technical points of view, no satisfactory
answer can be given to this question. Similarly we

‘have no direct answer to the second hypothesis.

Naturally occurring insulin antagonists belong to the
pituitary-adrenal group of hormones (Houssay, 1936:

Young, 1939), and disturbances of carbohydrate metabolism
are found in both acromegaly and Cushing's disease. The
antagonistic action of certain anterior pituitary hormones
to insulin has been demonstrated by many workers (Houssay
and Potick, 1?29; Cope and Marks, 1934; Russell and Bennett,
19363 Young, 1936, 193Y). Adrenocortiootrdphic hormone is
one of a number capable of this type of action, and it was
decided to test its influence in the experimental animal
suffering from haemorrhagic shock.‘ It was argued that,

if an active secretion of insulin tool place in

these animals in response to the hyperglycaemia, and

it its action was hindered by antagonists then a

further supply of antagonist might intensify the
hyperglycaemia. A rabbit was anaesthetised and shock
produced by withdrawing 15 ml., of blood by heart

puncture., Ten minutes later 25 mg. A.C.T.H. were

injected intramuscularly. The blood sugar results are
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shown in the following table. For comparison the

results from a rabbit from which 16 ml. of blood was

withdrawn are shown.

Initial 10 min. 30 min. 50 min.,
1. 118 208( A.C. T, H. 333 370
. (given ,
2. 104 152 ' 173 237

It would appearvfrom this short experiment that
A.C.T.H, does augment the hyperglycaemic reaction to
haemorrhage. The idea that insulin antagonism due to
activity of the'pituitary—adrenal system is present in
these cases would fit in with the work of Fraser,
Albright and Smith (1941) in relation to carbohydrate
metabolism., ‘Whether insulin antagonists are pfesent
or not one must explain the continuing rise in the
blood sugar of these patients. It is obvious that
the liver glycogen will be quickly exhausted unless
further supplies are made available. This is easily
aemonstrated by observing the effects of repeated
haemorrhage in animals. The experiments carried out
on rabbits demonstrated clearly that there is no
exhaustion of - the hyperglycaemié reaction. Repeated
withdrawal of blood resulted in a continued rise in
blood sugar. Liore important, however, was the

1
Observation that the rate of increase in the blood sugar
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was glower following subsequent withdrawals of blood
than that observed after the initial bleeding. This is
a further indication that the mechanism responéible for
maintaining and increasing the'hyperglycaemia differs in
nature from that which causes the initial rspid increase
in blood sugar.

The immediate source of the blood sugar is almost
certainly the liver (Robertson, 1935; Engel et al,
1943, 1944). During haemorrhagic collapse there must
be continuous glycogenesis and glycogénolysis. From
the time relationship the initial phase would appear to
be due to mobilisation of liver stores by adrenalin
but thereafter the reaction is slowed and adrenalin
probably plays little part. The only othertfactors'at
present known to affect the formation and mobilisgtion:
of glycogen in'the liver are those belonging to the
pituitary adrenal system of hormones. That this is
more than a pogesibility in the present instance is
suggested by reports in the literature relating to
increased nitrogen catabolism during shock (Cuthbertson,
1929, 1939, 1943; Selye,vl950). It is apparent
therefore that both insulin antagonism and the
continvously increasing hyﬁerglyoaemia dvring shock

may both be explained by a dual mechznism, namely the
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action of pituitary and adrenal hormones, This would
agree with the opinion of Long (1947) who suggests
that a double mechanism underlies the secretion of
A.C,T,H, following stress: 1) a quick autonomic
mechanism depending on reflex secretion of adrenalin
which activates the anterior pituitary: and 2) a
slower metabolis mechanism which is not dependent on
adrenaline secretion snd which is therefore not abolished
by adrenal demedullation or denervation. According to
Nighi (1909),_Slocum and Lightbody (1931), and Clark
and Rossiter (1944), however, the adrensls are not
" necessary for the hyperglycaemic reaction following
shock, and therefore it is possible that the pituitary
is solely responsible for the phenomena observed.

While hyperglycacmia during shock is an observed
fact, the reason for its occurrence is not clear. One
must assume that there is a demand for energy. Taylor,
Levenson and Adams (1944) found a slightly increased
metabolic rate in a few of their cases. From the
clinical condition of the »natient in shock,vbowever,
it ig difficult to believe that there is an increased
production of "energy. The extra sugar produced is

certainly not being utilised to any great extent.
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Equally it is not being stores in the usual sites of
glycogen formation, Haist (1946) and Nastuk (1947)
have both shown that muscle glycogen is deplefed early
in the course of shock, and liver glycogen is similarly
reduced. Several authors have reported an increase of
lactic and pyruvic acids in the blood of shocked
animalsv(Engel, winton and Long, 1943), a finding which
would tend to suggest incomplete combuétion of
carbohydrate. It has been shown by.De Witt Stetten
(1949) that the energy produced in the initial phase
of glucose breakdown to lactic and pyruvic acids ig much
less than that resulting from the oxidation of these
substances to carbon dioxide. An interference with
this latter part of the cycle would thus in itself
be sufficient to explain the diminished production of
energy and the continuing demand for it which can only
be answered by further mobilisation of glucose. It
may be significant that Le Page (1946) found a marked
increase in the stores of glycogen in the brain during
shock, It is known thatrglucose'is essential for
cerebral metabdlism (3cheinberg and Jayne, 1952).
In addition the brain is unable to metabolise
glucose by anaerobic methods and therefore a constant

supply of oxygen is necessary. From this, a reasonable
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hypothesis may be elaborated., It is obvious from the
presence of abundant glycogen in the brain durigg the
shock phase (Le Page 1946) that metabolism of carbo-
hydrate in‘that organ is bindered. This naturally

follows from the fact that lacl of oxygen is bound to

result from severe haemorrhage. In such circumstances
the reduced oxidation of glucose will stimulate a
demand for energy—producing material and mobilisation
of additional carbohydrate will occur,

Iuch of what has been discussed above is of

hypothetical nature, and although it is obviously.

impossible to cover the whole field in the scope of

this thesis an attermt has been made to confirm a few

1
AT

of the hypotheses. Although the liver would appear to
be the main source of the blood sugar, the depletion

of muscle glycogen early in shock suggests the

possibility of other sources and this is one point
which mus?t Obviously be investigated. {econdly, if the
theory of the relationship of brain metabolism to
‘hyperglycaemia is true, one would expect that any
interference with oxidation would result in an increase
of blood sugar. ‘his is an important factor in
obstetric practice. Hypdxia, both maternal and foetal,

is an inevitable accompaniment of delivery and if this

o
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results in a degree of stress indicated by hypefglycaemia,
in any way comparable with thét observed in the cases
of haemorrhagic shock, then it is of serious im@ort.
The influence of anoxia 6n the stress mechanism has been
made the subject of a separate study later in this thesis.
‘Before attempting to investigate these various factors
in haémorrhagic shocls, however, it was necessary to
determine the influence of anaesthetics on the blood
sugar level, Anasesthetics and analgesics ére widely
used in obstetric practice and their influence on the
metabolism of Dboth mother and foetus has received
little attention, Some of these anaesthetics, such as
chloroform and ether are hepato-toxic, while others,
such as nitrous oxide exert their influence by interfering
with oxygenation. In both instanées an alteration in
carbohydrate metabolism ﬁay>ensue. In addition to these,
new anaesthetics-and relaxants have recently been
introduced., These substances 1n many caség act upon
thé‘sympathetic~parasymp@thetic mechanism and may
interfere with some of the normal reactions found in
surgical practice. The following section of the thesis
deals with an investigation of many types of anaesthetic
under various conditions‘in gynaecological and

obstetric practice,
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SECTION B

ANAESTHESIA

As 1t had been ascertained that hyperglycaemia
occurred followingfhaemorrhagic shock in th;/pregnant
patient, it became obvious that, as these patients
frequently require an anaesthetic for some oﬁerative
procedure before recovery from shock had taken place, a
separate investigation into the metabolic changes
associated with the common anaesthetics was required.

Also this information was of particular interest
“with reference to the patient in labour when operative
delivery was necessary. vIt has been shown in Section A
that a patient in itabour, when given no glucose by
mouth, has an average blood sugar of 135 mgs.per cent.’
at the time of the 2nd stage, and 145 mgms.per cent. at
the time of the 3rd stage. It is at these stages that
anaesthesia is usually required, there being a much
higher basic biood sugar level than in non-pregnant
patients who averaged 116 mgms.per cent. |

In ébStetric operations for delivery of the child,
the question of the effect of hyperglyczemia on the
thld has to be considered. This hyperglycaemia is

probably to be interpreted as a form of stress and it
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becomes necessary to know if any of the anaesthetics
commonly used in obstetrics are of this nature and which
ig the most sﬁitable.‘ i

Hyperglycaemia resulting from anaesthesia has been
the subject of many workers for more than 40 years. The
gstudies have been made on experimental animals and on the
humen subject., Particular reference to the hyperglycaemic
effect of ether ig found in the studies of Xeeton and
Ross (1917), Stewart and Rogoff (1920), Cantarow and
Gehret (1931), Phillips and Freeman (1933), Banerji and
Reid (1933), Adriani (1946) and Johnson (1949).

Several other anaesthetics are known to cause a
Lyperglycaenia and a summary of these 1s given by
Adriani (1947). It was decided to study in general the
effects of the various angesthetics but in vieﬁ of the
altered metabolism associated with pregnancy it was
essential to compare the non-pregnant with the pregnant
subject, therefore the investigation was divided |
primarily into two parts. Anothef reason for this
investigation was that ffequently in obstetric practice
emergencies occur which necessitate anaesthesia, and it
becomes difficult to carry out detailed studies such as
may be poszible in the non-nregnant subject undergoing

planned surgical treatment.
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In the first instance groups of patients‘ﬁﬁdergoing
gynaecological operations were studied in relation to the
anaesthetic involved. It has already been shown that
operative interference per se, providéd it is not
accompanied by haemorrhage, does not alter the blood
sugar level., The cases chosen were those in whom bleeding
was minimal, although all cases investigated are quoted
in the table,

The anaesthetics empioyed ranged over 12 different
types or combingtions.,

1. Spinal anaesthetic - with ephedrine.
2. Spinal anaesthetic — without ephedrine.
- 3. Pentothal, nitrous oxide, oxygen. >'
4, Pentothal, nitrous oxide, oxygen, trilene.
5. Pentothal, nitrous oxide, oxygen, cyclopropane.
6. Pentothal, cyclopropane, oxygen, btubarine,
7. Pentothal, cyclopropane, oxygen, tubarine, ether,
6., Nitrous oxide - oxygen.
9. Nitrous oxide, oxygen, ether.
10, Nitrous oxide, oxygeﬁ, neothyl (N-methyl propyl ether).
11, Ether. |
12, Nitrous oxide, oxygen, trilene.
Spinal anaesthesia frequently causes a fall in

blood pressure and to prevent this, ephedrine (gr.l) is
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usually given with it., It was felt that it might be
interesting to compare the effects of spinal anaesthesia
with and without ephedrine in order to find out whether
this fall in blood pressure could induce a state of stress
with consequent rise in blood sugar levels.

The results of all spinal anaesthetics are shown in
Table J = Subsection 4, with ephedrine; Subsection B, with-
out ephedrime. TFor abdominal operations, 12 cc.of 1/1500
light nupercaine were given, following premedication with
2 gr.morphia and 1/100 gr.Hyoscine 14 hours before operation
and a further 1/200 gr.Hyoscine 1 hour later. For extra-—
beritoneal operations such as plastic repairs, 2 cc.of
1/200 nuperéaine were given, following the_same premedication.

If the patient was over 60 years of age, the second
injection of Hyoscine was omitted.

It will be observed that of the 17 cases in J(4)
Nos.11l-15 were complicated by hypoxia or haemorrhage leaving
12 cases with no complications. Of these 12, only one (Fo.10)
showed é rise of more than 24 per cent.on the initial
bloocd sugar, five patienfs showed a rise of 8 per cent.or
 less and in the remaining six, the rise varied from 10-24
per cent.

The blood sugar did not appear to be particularly

affected by the type of operation, whether intra-—

abdominal or extra-peritoneal, nor did it bear any
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Table J (4).

Spinal Angesthesia with Ephedrine

Case  Max.
Operation No., Blood Sugar Range drise Time
Total 1 102 112 112 10 1 hr.
hys‘tel"ectomy 2 121 140 144 19 1 1"
3 98 116 100 18 i
4 128 144 150 17 i "
Vaginal 5 138 144 115 4 1% »
hysterectomy ,
Pelvic floor 6 106 132 132 24 2
repalr 7 90 97 8  50/60
Salﬁingo; . 8 94 94 98 4 35/60
oophorectomy, :
appendicectony, 92 - 96 4 35/60
ete. 10 85 ' 109 28 % hr,
11 158 198 187 25 50/60
Hypoxic episodes throughout
Wertheims 12 98 114 114 135 170 73 12 nr,
hys‘terectomy' 13 110 131 217 98 3_%., 1"

14 139 139 179 183 1716 31 1% o
15 157 204 224 288 314 100 oL n
16 173 188 178 167 8 1% =
~ 17 77 73 89 91 14 1-1/3"
Average rise between lst and 2nd sample (excl.ll-15) =
11.75.
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Table J (B).

Spinal Anaesthesia wi thout Ephedrine

-Case Max.
Operation No, Blood Sugar Range drise Time
Total 18 102 127 110 24 1-1/3hr.
hysterectomy I5mins
Salpingo— 19 86 118 108 37 2 nr.
oophorectomy 30mins, ‘
Broad left 20 130 143 152 1% 20 15 v
cyst and : 20mins, 35
ovarian cyst nins,
B.P.170 130 125
80 65 60
Pelvie floor 21 137  1lee6 177 158 29 55 /60
repair 20 20 20

Tirs, ming s
B,P.130 90 S0 95
T84 55 60 60

Average rise between‘lst and 2nd samples = 24.75.
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relationship to the time of opefation. In 2 of the
cases, the blood sugar level was found to be lower at
the end of operation than at the beginning and in 3 of
the cases the 2nd and 3rd'reading were the same,

In all but 2 cases (14 and 17) the 2nd specimen of
blood taken midway through the Operation’was higher than
the initial sample., It is known that spinal anaesthesia
causes a fall in blood pressure and so ephedrine is given
to counteract this., However, from these findings it may
well be that in the majority there is a drop which is the
factor influencing the metabolism and causing a rise in
the blood sugar.

In'order to note the effect of spinal anaesthesia
without ephedrine, 4 cases were chosen (Table J B). In
all of these the rise of blood sugar ranged from
- 20=-3T per cent. and it was noticeable that the average
difference between lst and 2nd samples was greater than
in the ephedrine group, being 24.75 as against 11.75.

In only two of the cases (Fos.20 and 21) was the blood
pressure taken throughéut. It shows a big drop from the
pre-spinal levei of 170/80 to 130/65 in one case and from
130/84 to 90/55 in the other. The intervals were 20
minutes in each case. The blood nressure fell slightly lower
in case 20 but rose slowly in case 21. As in Table J(A4)

neither the type of operation nor the length of time pf
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operation seemed to have any effect. Presumably with
a drop in blood pressure there is a release of adrenaline
which in turn causes a rise in the blood sugar as an
emergency reaction.

Pentothal, Nitrous oxide, Oxygen., (Table K).

In the group given this anaesthetic, there were 5
cases, all being operated upon for uterine prolapse.
One case, No.3 was complicated in that three hypoxic
episodes occurred during operation, causing a rise in
the blood sugar. Apart from this there was no
material change. In 3 cases the blood sugar was
slightly lower at the end of operation but the difference
is within the range of experimental error so no
particular importance can be attached to thése findings.
In all these cases the blood loss was minimali and it
might be of importance in regard to this to state that
the table was tilted slightly before commencing
operation so that the head was a little lower than the
pelvis. The anaesthetist concerned with these 5
cases now adopts this pésition with the majority of
patients in order to lessen bleeding.

Pentothal, Nitrous oxide, Oxygen Trilene. (Table L).

In this group there were 8 cases, 4 undergoing a

pelvic fioor repair, one a vaginal hysterectomy, and
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Table K,
Case % Time
Operation No, Blood 3Sugar Readings change mins.
Pelvic floor 1 172 170 170 - 40
repair ' :
do. 2 132 140 121 - 46 40
do. 3 142 157 176 +24 35
hypoxic episodes
do. 4 136 129 133 -5 55
do. 5 123 1138 120 -4 40
Table L,
Time of
Case % opern.
Operation o, Blood Sugar Readings change mins.
Pelvic floor 1 126 149 151 149 +20 45
repair
do. 2 124 124 131 45 55
- Colpo-perine~ 3 194 185 171 -11 25
oophaphy (dizbetic)
Colpo~-perine~ 4 109 109 139 +27 25
orrhaphy
- Vaginal hyster- 5 124 145 150 +20 60
ectomy
Nitrpus oxide, 0xygen, trilene.
Dilatation & 6 125 135 136  +8 15
curettage 10 5
Biopsy of cervix,T 117 160 168 43 25
dilatation and 15

curettage(hypoxia
at induction)

Dilatation and & 133 170 170 +28 20
curettage 5 15
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three a dilatation and curettage (Pentothal omitted).
One patient (lo,3) was a mild diabetic. The blood
sugar levels 1n all cases except the diabetie showed a
rise between first and third specimens varying from
5 per cent. to 27 per cent. Iun two cases the first
and second specimens gave the same reading with a rise
in the third while in the other five the rise
occurred between first and second specimens with the
third sample remaining about the same level as the
second, In the diabeticcase the blood sugar levei fell
by 11 per cent. from Lst to 3rd specimen, Theredid not
appear to be any difference between the intra-
peritoneal case (No.5) and the pelvic floor repairs
or minor procedures. The length of time of the
anaesthetic varied from 15-60 mins., but this did not
appear to affect the results.

In all cases induction was straightforward except
No.7 where there were hypoxic episodes. in view of,'
the quick rise of 43 per cent. it might be assumed that
this, and nof the triléne, was mostly responsible.

Pentothal, Cyclopropane, Oxygen, Tubarine, (Table M),

There were 4 cases in this group, all undergoing
different gynaecological abdominal operations. The

time of anaesthetic ranged from 35-50 mins. 1ln one case
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Table M.,
Case ‘ %0 Lime

Operation No, Blood Sugar Readings change mins.
Ovarian 1 149 149 149 Nil, 35
cystectomy '
Right o 106 119 108 +12 50
salpingo-
oophorectomy
Salpingo— 3 128 156 152  +21 45
oophorectomy ' :
appendicectomy
Hysterectomy 50

4 149 178 165  +19
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all three readings were the same but in the other 3,
the rise varied from 12-21 per cent. occurring between
the lst and 2nd specimens. There seemed to be no
relationship between the blood sugar readings and the

duration of anaesthesia or the operative procedure.

Pentothal, Nitrous oxide, Oxygen, Cyclopropane., (Table N).
Ouly one case, a pelvic floor repair, received .

'this angesthetic., There was a rise of 6 per cent.

between lst and 3rd specimens and the operation lasted

for 55 mins.

Pentothal, Cyclopropane, Oxygen. (Table 0).

One patient was given this anaesthetic to find out
whether any change in bloou sugar occurred in the
absence of operative érocedure. A pelvic examination
was made, and the total time under anaesthesia was 15
minutes. There was a fall of only 5 mgms.but again
this is within the experimental error range.

Pentothal, Cyclopropane, Tubarine and Ether. (Table P).

Iwo patients undergoing major abdominal operations
were given ether in addition, commencing it Jjust after
the stége of induetion. It was noted that a rise in
blood sugar occurred in both cases. In Case 1, the
ether was continued throughout the operation and the

. bload sugar levels rose steadily. This operation
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/Ether stopped.

Table N,
Case % Time
Operation - No. Blood Sugar Readings change Ifins,
Pelvic floor (1) 107 111 114 +6 55
repair ' -
Table O.
Case % Time
Operation o, Blood Sugar Readings change mins.
Pelvic (1) 144 139 -3 15
examination
Table P.
Case % Time
Qperation  No. Bloodkngar Readings change mins.,
Panhysterectomy 1 157 188 233 +48 60
Ovarian 2 137 180/ 172 +31 30
cystectomy :
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lasted for 60 minutes. In Case 2 the ether was stopped
when the 2nd specimen was withdrawn and here it was
found that the level fell slightly between 2nd and 3rd
specimens., Fifteen.minutes elapsed between lst and 2nd
and between 2nd and 3rd specimens.

Nitrous Oxide, Oxygen and Ether. (Table Q).

Three cases undergoing dilatation and curettage were
given this anaesthetic and all showed a rise varying
from 17-31 per cent. It will be noted that the duration
of anaesthesia was short in all cases, 11 to 21 minutes,
and the amount of ether was small and was administered
intermittently. Despite this the blood sugar rose
significantly within 6 to 10 minutes.

Nitrous oxide, oxygen, I'-propyl methyl ether. (Table R).

The two cases in this group showed a greater rise
which occurred in 10 to 12 minutes with a slower rise
between specimen 2 and 3 in case 1, and a slight fall in
case 2, but in the latter case the anaesthetic was
stopped just after specimen 2 was taken.

Open Ether, (Table ).

Ether alone through an ether mask. Two patients
were anaesthetised for 24 and 13 minutes and had -
»ailatation and curettage performed. In the first case

Specimen 2 was taken 11 minutes after the beginning

of the anaesthetic and specimen 3,
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Table g »
Case %
Operation No. Blood Sugar Readings change
Dilatation and 1 165 192 - +17
curettage 15
Dilatation and 2 95 116 125 +31
curettage b 5
Dilatation and 3 110 128 134 121 +22
curettage 10 6 5
Table R,
“Case %
Operation o, Blood Sugar Readings change
Dilatation and 1 116 175 183 +57
‘ curettage 10 7 -
Dilatation and 2 81 121/ 119 +49
curettage 12 ! '
Table 3.
, Case R %
Operation No, Blood Sugar Readings change .
Dilagtation ad 1 96 127 - 190 +97
curettage 1L 13
Dilatation and 2 81 106 ' 154 135 +90
curettage 10 3, 10 b

/anaesthetic stopped.

1
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13 minutes later. The rise was more particularly
marked after the patient was in the correct plane of
anaesthesia, i.e. bDetween 2nd and 3rd specimehs, and
gave a total rise of 97 per cent. This is more in’
keeping with statements made by Adriani, etc., that the
blood sugar will rise to 100 per cent. or OVef with
Ether-anaesthesia.

Lther Ansesthesia in Animals.

From the above observations made on the human
subject it would appear that ether causes a rapid rise
in blood sugar. It is however difficult to eliminate
othér factors in clinical practice and for this reason
the effects of ethervere studied in normal animals.
Four rabbits were given ether by open mask for varying
lengths of time. Repeated samples of blood were
withdrawn for sugar estimation and the results are
shown in the following téble. It was found that during
the first five minutes there was a distinct rise but
the percentage increase varied from 19 to 41, After 10
to 12 minutes however thé curve became more steep and

the percentage increase varied from 49 to 108, This

agrees with findings in human subjects. (See Table S).
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Experiments with Ether Anaesthesia.

Animal <
o, . Rise
1 120 5 mins. 149 ' 24
2 98 10 mins. 173 76
3 119 5 mins., 142 5 177__ 5 204 19,49,71
4

945 133 7 19%. 41,108

It was noted during the course of this study that
where hypoxic episodes occurred, the blood sugar rose,
although in other cases having the same anaesthetic
(without hypoxia) no alteration in the blood sugar
occurred, |

This hypoxia, occurring during the administration of
a 80 called innocuous anaesthetic, is a very important
point in relation to obstetrics, when the mother may
suffer from a dégree of hypoxia due to moderate
haemorrhage, previous ansemia or some condition inter-
fering with respiration such as cardiac disease,
hypertension or a pulmonary lesion. The foetus
“normally suffers from a considerable degree of hypoxia
even during normal delivery ana asphyxia neonatorum

remains one of the most important causes of stillbirth.
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Eastman (1936) was the first to show the close
correlation between the occurrence of hypoxia and the
condition of the foetus. lNeGregor (1946) has.stated that
37.2 per cent. of foetal deaths are due to asphyxia.
These figures substantiate the findings of Dunham (1932)
and according to Tandy (1933) asphyxia is the dominating
cause of stillbirth after the 35th week, The same
conclusion was arrived at by Litchfield and Beilly
(1938) who pointed out that long and difficult labour
and the use of various analgesic and anaesthetic drugs
employed to alleviate labour pains, are predetermining
factors which influence the degree of nacrosis in the
" newborn.

“Within reccnt years the work of Guilhem et al
(1952) and Walker (1954) have proved that the oxygen
carrying capacity of the umbilicagl blood lessens with
post-maturity and that there is an unmistakable
correlation between the infants condition at birth and
the oxygen saturation of its blood. These authors
héve also shoWn that any process which interferes with
oxygenation‘greatly diminishes the chance of foetal
survival.

It was therefore decided to study cases where

short periods of anoxia could be produced during the
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induction phase of anaesthesia without danger to the
patient. . : =

There were 9 patients in this group (Table T).
All required an anaesthetic for the minor
&ynaecological procedures of dilatation and curettage,
avulsion of polyp, biopsy of cervix or cauterisation of
cervix, and were considered by the anaesthetist to be
suitable to receive the maximum amount of nitrous
oxide in induction.

The following procedure was adopted in eight of
the nine cases. All had been premedicated withk 3 grs.
Nembutal and 1/60 gr. Atrophine £ hour before. Just
prior to starting the anaesthetié 1 ml,of blood was with-
drawn from an arm vein., Fure nitrous oxide was given until
there was deep cyanosis and jactitations commenced. This
period varied from 12 - 2% minutes, when oxygen 4 pef
cent.was added. \hen the oxygen was turned on a 2nd

sample was withdrawn from an arm vein. A 3rd sample
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was taken in the same way 5 to 7 minutes later when the
oxygen was increased to 8 per cent. and in cases 5-9
further samples were withdrawn at intervals of 5 to 60
minutes as indicated in Table T. As some were taken
after the anasesthetic had been stopped, a dotted linef'
indicates the cessation of anaesthesia. o

The time of anaesthetic varied from 8% minutes to
25 minutes, and 5 were anaesthetised for 10 minutes or
less. The time factor did not appear to have any
influence on the individual rise or the percentage
rise in blood sugar.

Oune interesting point which emefged in studyihg
the results was the initial drop which occurred in 3
cases (3; 4 and 6) followed by a very marked rise 5
minutes later. Cases 2 and 8 are not included in this
obgervation as the readings are so close that they
fall within the experimental error ramnge.

In agall cases the blood sugar level was higher at
the end of the operation than at the beginning. In
five cases blood was withdrawn af ihtervals after
cessation of anaesthesia but in only one (MNo.5) did
the blood sugar continue to rise.

The percenfage rise - from lowest to highest

readings - varied from 22 to 91, occurring in 5 minutes
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Dilgtation and
curettage

do.
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do.
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do.
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Table T.

Case

Blood Sugar Readings

1 102____140
25
2 110__109__ 140

3 12494 163

5

4 113 104 144
— T

L&l

5 102__110__ 154/ _ 195

(o)

6 106_91 173/ 171

13 10-

5% ;13 9

7 86 88 105 100 101/

T T4z 5 1T,
8 124 122 195 195 180
| 5 6 5
9 88 165 1547 146
6 T JIZ

¢
»

./ = anaesthetic stopped.

73
38

91

90

58

87
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in the eight cases congidered.

Of all the investigations

this anoxia has caused the most rapid rise of blood

sugar.
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ANAESTHESIA IN OBSTLTRIC CASES.

In many instances in obstetric practice an
aneesthetic has to be given at the time of delivery.
The patients may have been in labour for varying times
and it is necessary therefore to ascertain whether the
effect of the anaesthetic is modified or altered by
the effect of the lgbour. In addition an anaesthetic
is often necessary where delivery is complicated by
haemorrhage and/or shoclk.

Our material has therefore been arranged in three
primary groups.
The 1st group consisted of péﬁients requiring delivery
by Caesarean Section. |
The 2nd group consisted of patients who had been in
labour for varying times and who required delivery by
operative means or curettage.
The 3rd group congsisted of these patients who had
suffered or were suffering from haemorrhage and collapse.

Table 1 shows the results in the lst group and consists
of 6 cases who were delivered by Caesarean Section, three
by Classicai gsection on account of placenta praevia or

transverse lie and three by lower uterine section




Table 1,

Abdominal Deliveries.

Cases who had not been shocked

Time ﬁi_
Type of Operation Case Anaesthetic ming, Blood Sugar Readings change
L.U. S. Cassarean 1 Spinal 50 98 104 102 +4
Section , (+ephedrine) -
Classioal Caessarean 2 Pentothal 20 g2 98 100 +8
Section 150,05
(Plac.Praev.l11l) <
Classical Caesarean 3 mwéwdsmp.owo, 30 84 87 95 +13
Section N50,04, Fasting 84 next a.m,
(Transverse lie - Wmdswmwbm.
early labour) . )
L.U. 3.Caesarecan 4 Zmo‘OM.Mdsmﬂ. 40 65 117 +80
Section : O s "

(Foetal distress - mem-
branes ruptured - not in

labour) _ ,

Classical Caesarean 5  Kemithal,C;y, 30 102 111 134  +31
Section zmo.om. , R

(Plac.praevia) ,

(Moderate blood loss)

(at operation). , _ .

L.U. S.Caesarean 6 Nmépdwmp.mpo, 30 94 100 105 - +10
Sectioh i N50,0 ,

(Not in labour) PSthidlne.
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on account of disporportion or foetal distress. -

‘A wide variety of anaesthetics was used -

In 1 case - spinal anaesthetic (Planocaiﬁe 2 cecs.)

In 3 cases —'Kemithal, ClO,NZO; oxygen, pethidine.

In 1 case - Pentothal N2O, oxXygen,.

In 1 case - N2O’ oxygen, ether,

Loss of blood was not a significant feature in this
group apart from Case 5, where, owing to placenta
praevia some unavoidable haemorrhage occurred during
the operation, It will be noted from the table that a
significant rise in blood sugar océurred only in 2 cases,
numbers 4 and 5. The increase in case 5, which has
already been mentioned, was moderate, namely 31 per cent.
Case 4 showed a more pronounced rise, approximately &0
per cent. of the original value. This was the only
case to receive ether. Apart from these two cases the
increase in biood sugar during Caesarean séction,
whether classical or by lower uterine segment, was
negligible.

Tablé 2 contains 9 cases requiring operative

interference during or following delivery. All had

been in labour, although in the case of the two
patients with incomplete abortions this was naturally

of short duration. Six of the patients required



Table 2,

Vaginal Deliveries

Cases who had not been shocked

0 Time %
Type of Operation Case Anaegthetic mins. Blood Sugar Readings change

Low forceps. 1 ZNO.ON, 35 103 117 113 13

Labour 16 hours. Trilene, .

Mid forceps. 2 N,0,0 40 121 129 mW§M.Hom 6

Labour 234 hours. %ilefe.

Mid forceps. 3 50,00, 45 133 153 15

Labour 7 hours. T¥ilele. 105 (1 hr.later)

Mid forceps. 4 ZVO.ON, 45 136 162(14hrs. 19

Labour 3 hrs.50 mins. ewwwmbm. Later)

Expression of Placenta 5 N,0,0.,, 30 102 124 21
ewwwmmm.

Dilatation & Curettage 6 N,0,0,, 15 129 148 15

(Incomplete abortion Tilefie. .

Dilgtation & Curettage T ZNO,ON.M&smH. 20 107 122 -122 24

(Incomplete abortion) ;

Iid forceps. 8 150,00, 30 100 156 156 56

Labour 31 hours. Trilene, Ether. Fasting 136

Low forceps. 9 Zmo.om. 35 129 129 136 5

Labour 274 hours.

Trilernie,

Ether.

-
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anaesthesia for delivery by forceps — either mid or low
pelvis, two cases required dilétation and curettage on
account of an incomplete abortion and in one the
placenta was retained and had to be expressed.

Eight of the nine cases received an anaesthetic of
nitrous oxide, oxygen and Trilene and in two of theseb
ether was added. The ninth case received 50, oxygen
and ether.

The duration of anaesthesia varied from 15 mins.to
45 mins,

In the six patients receiving N20, oxygen and
Trilene the blood sugar levels were higher at the end
of the operation, the increase varying ffom 6 to 21 per
yceht. The 1lst specimen averaged 120 mgnms.per cent., and
the 3rd or final one averaged 138 mgm. Neither the
length of labourlnor the duration of the anaesthetic
appeared to have any effect on the blood sugar as widll
be seen in cases 1, 2, 3 and 4. In the three cases
where ether was also given the blood sugar levels were
higher at the end of the oberation, the 1ncrease
varying from 5 to 56 per cent. The lst specimen
averaged 112 mgms.per cent., and the final specimen at
the end of the anaesthesia averaged 138 mgms.per cent.

Table 3 gives detaills of 6 cases who required an
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Table 3.

Obstetric Cases given Anaesthetics.

Cases who had suffered or were suffering from haemorrhagic shock

mﬁmw.

anaes.finished - 236.

Time
of ‘ Time
. Case Anaes- Anaes- . : in
Type of Operation No. thesia thetic Condition Blood Sugar Readings Shock
Manual removal of 1 20mins.N,0,0,, Shock 250 272 ¢ hr.
placenta (P.P.H.) 3wwwomo, present. after B.Trans.l52
Ether. Fasting 126
Manual removal of 2 15 " 105, Recovered 220 (1 hr.after 13 hr.
placenta (P.P.H.) mmwm anaesthesia)
Manual removal of 3 20 N,0 Recovered 221 (lihrs.after 20 mins.
placenta (P.P.H.) HHHHmmmu anaesthesia)
Ether. 157 (1%hrs.later-after
, blood transfusion)
Manual removal of 4 15 % Shock 219 before trans.for 2 hr.+
placenta (P.P.H.) WHHmmm. present. shock.
Ether. 214 anaesthetic begun
204 3% hrs.later
230 2% hrs.later.
Manual removal of 5 15 N,0 omu Recovered 133 164 ?Given
placenta (P.P.H.) mﬁosm. . 4pts.at
home.
Not
shocked
on ad-
. miszion,
Placenta expressed 6 15 * Recovered Collapsed just after
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anaesthetic when suffering from or having recovered from
haemorrhagic shock., 4All patients required removél of
placenta with the complication of post-partum -
hgemorrhage. The anaestheticse employéd were NZO’ oxygen
and ether in 2 cases, I,0, oxygen and trilene in 1 case
and Hzo, oxygen, trilene, ether in 3 cases.

It will be noted that where the patient had not
completely recovered from shock and where the blood
sugar had not returned to normal, there was a further
rise following anaesthesia with NgO, Op, trilene, ether.
Uhere the patient had recovered (Fos.2, 3, 5 and 6) the
blood sugar was high either just affer the‘anaeéthetic
was finishe@ or 1-1% hours later. The level at end
of opération in Case 5 is not so high but ether was
not used and the recovery had been more complete due to
blood transfusion at her home. There was no sign of
shock on admission to hospital., It would appear that
when given during or after the shocl: phase, ether

produces a more marked rise in blood sugar levels.

Sunmary
It would appear from these studies that surgical

interference in the average case is not a major factor

in the development of shock, provided that o careful,

choice of znaesthetic is made. Iajor alterations in
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the blood sugar level only occur in three sets of”
circumstances; (1) loss of blood; (2) Ether
anaesthesia; (3) anoxia or hypoxia. The influence of
anaesthesia can best be demonstrated by the following
table which shows the percentage increasc in blood sugar
following administration of different types of
anaesthetic, |

Percentage increase

Anaesthetic in Blood Sugar.
Lther g3
Heothyl 53
Intermittend ether with other
- anaesthetics 31
Spinal anaesthetic (no ephedrine) | 22
Pentothal, nitrous oxide, trilene 14
Spinal anaesthetic with ephedrine 13
Pentothal, nitrous oxide, oxysen,

cyclopropane 4 I
Pentothal oxygen, cyclopropane -1

Pentothal, nitrous oxide oxygen No change.
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Prolonged Anaesthesia,

Our thesis with regard to the absence of stress
following major surgical interference and administration
of anaesthetics of a non-ethereal type hinges largely upon
our cases of Vertheim's hysterectomy. It will be remembered
that we came to the conclusion that haemorrhage in these
cases was the factor inducing a rise in the blood sugar,
but all of these cases had undergone major surgical inter-—
ference with very prolonged anaesthesia and these factors
have to be talen into congideration. In addition, although
in several of these cases blood transfusion was given,
the blood sugar continued to rise. It was felt that
this was due to inadequate replacement of tbod both
in quantity and time, but this is still a hypothesis.

We were foftunate enough to be able to study the results
in 5‘cases undergoing the operation of mitral

valvotomy. These cases were undergoing a very major
surgioal procedure involﬁiﬁg prolonged anaesthesia

but although some blood logs was inevitable, the
replacenent transfusion was instituted from the
coumencement of the operation., In addition since the
blood lost is collected and accurately measured it is
possible in most cases to maintain the circuiatory

volume near its original level.



Technigue

A routine procedure was adopted with patients under-
going the operation of mitral valvotomy in the-theatre
which I attended., Blood transfusion was commenced and
given slowly into an arm vein before anaesthesia was
started. In all cases this consisted of induction with
Pentothal followed by nitrous oxide, oxygen, curare,
and pethidine at intervals. CO, absorption was used in
all cases.

The 1lst sample of blood was withdrawn from am arm
vein Jjust before the Pentothal was administered. The
2nd sample was taken from an arm vein at the same
moment as the left auricular appendage was opened and
the blood which escapéd was collected by the surgeon
in a receiver and handed over to me. The 3rd specimen
was taken from an arm vein at the conclusion of the
operation, All samples were at once transferred to a
heparinised container and then to a tube containing
fluoride. Blood pressure readings and the pulse rate
were recorded frequently‘tﬁroughout the operation.

The details are shown in Table 4.

The average interval between lst and 2nd specimens

was 42 minutes and between 2nd and 3rd specimens one hour.

Until the heart was opened, bleeding was negligible,



Table 4.

lst blood sample 2nd blood sample 3rd blood sample
(pre-anaesthetic) (on opening heart) (post—anaesthetic)

106.

Case Pulse Pulse Pulse
20.,>mm w.m.ﬂ Rate B.P. Rate B.P. Rate
1 28 120/60 64 110/60 88 100,/60 92
> 43 120/80 96 | 120,/80 92 115/70 98
3 34 120/70 T4 120/70 90 120,/70 88
4 26 100/60 140 90/50 120 85/50 108

5 16 135/80 84 115/65 100 120/70 88
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. but fhereafter there was a variable amount of
haemorrhage, heavy in some, moderate in others. The
results are shown'in Table 5 ., =

It is interesting to note that there was little
change in the blood Sugar values between specimens 1
and 2 despite the Tact that the patient had been
anaesthetised for over 40 minutes and was subjected to
considerabie trauma during tiie process of opening the
chest wall, However, changes in the blood sugar d4did
occur in the period between withdrawing samples 2 and 3.
In all but one there was an increase in the blood sugar
level, The exception occurred in a youﬁg woman of 26
‘(Casé 4 ). Considerable difficulty was experienced by
the resident surgeon in setting up the transfusion,
and one hour had elapsed before the needle was
satisfactorily placed in the vein. The patient was
markedly upset, and her pulse rate had mounted to 140
ber minute when the Pentothal was due to be administered.
The surgeon seriously considered postponing the
operation in view of her excitement. However following
aduinistration of the anaesthetic her pulse rate began
to fall.‘ This fall continuved throughout the operation
which countinued without any further complications. At

the end of the operation the patient was in much better
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Zable 5.

Blood Sugar Readings
Post—

Case Pre-anaesthetic On opening heart anaesthetic
No. Vein 1 Vein 2 Heart Vein 3
Interval in
minutes
1 86 35 T8 89 107
2 105 50 11l 119 165
3 T8 45 81 94 109
4 200 _ 35 158 162 113
5

91 45 %0 95 110
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condition than before and her pulse rate had fallen ta
108/minute., Blood loss was minimal in this case and it
was comparatively simple to keep pace with the amounf
lost by means of the intravenous tranéfusion. It is
interesting to note that the blood sugar in this case
before commencing operation was 200 mgm.per cent. and
that it showed a steady fall throughout, reaching 113 mgmé.
per cent., at the finish.

Table 5 also includes the blood sugar level of the
heart blood collected at the same time as the venous
specimen 2.

Summary

The first stage of the operation in these patienfs
confirms my impression that surgical interference,
provided the patient is properly anaesthetised, is not a
cauée of stress. No change in the blood sugar of any
significance occurred during this phase of the
operation. I+ also provides a further indication that
prolonged anaesthesia by this method has no influence
on the blood sugar level. During the second stage of
the operation changes in blood sugar level did occur.
Although this phase is also associated with major
surgical interference in a vital organ it should be

kept in mind that all of the patients underwent the same
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operation by the same surgeon and that the duration of
this part of the 0peration was almost exactly the same
in all cases. Despite this there was a considerable
varigtion in the blood sugar increase during this stage.
The only factorlwhich can be correlated with the change
in blood sugar at this stage is the loss of blood. The
increase in blood sugar varied from 18 mg. to 54 mg,
In the latter instance a rapid loss of blood occurred
at one point in the operation whereas in the other
cases the loss was only moderate. The exceptional case
in whom blood loss was moderate and easily replaced
and which actually showed a fall in the blood sugar
would also support the argument that a rise in blood
sugar in the other cases is related to loss of blood.
Although one case did show a considerable increase
in blood sugar it is to be noted that inmone of them,
did the value exceed the physiological limit and it
was in no way cqmparable with the values found in our
Wertheim's cases who suffered from severe haemorrhage.
This is remarkable in view of the fact that the volume
of blood lost in the two series of cases was comparable.
The only difference to be noted is that blood
transfusion is iﬁstituted before the Operation.is begun

in the cardiac cases. Obviously early transfusion will
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prevent stress in cases where haemorrhage is bound to
occur. An interesting point is to be seen in the sugar
values for heart.blood specimens taken at the same time
as specimen 2 was withdrawn from the vein. The blood
sugar content of the heart specimen is always higher
than that of the venous blood., This is in agreement wi th
other writers on this subject, and will be considered in

more detail in Part 3 of this thesis.




Discugsion

As a result of the investigations made on the
foregoing patients using different types of ansesthetic,
we may conclude that hyperglycaemia occurs in varying
degree with ether, methyl-n-propyl ether, trilene
(trichloroethylene) and spinal anaesthesia in the
absence of ephedrine., It is known also to occur with
chloroform, but this anaesthetic has not been
considered in this investigation as it is seldom used
in hospitalvpractice. In addition hyperglycaemia was
found with other inhalation anaesthetics when anoxia
or hypoxic episodes were present, as evidenced in the
series of patients who were given pure nitrous oxide
for induction. These findings agree in general with '

B Adriani (1946), Hunter (1950) and many other writers on
the biochemical changes occurring during anaesthesia.

It has also been shown that Pentothal or similar
barbiturate when used for induction does not have any
effect on the blood sugar, although it is stated by
Adriani (1947) that it is raised slightly but the data
are‘contrOVersial; However prolonged use of Pentothal
does cause material changes in the blood sugar level as
shown by Booker (1946) in his éﬁferiments on dogs.

In considering ether first of all, it was observed
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that when it was administered in light concentration
with nitrous oxide and oxygen, either to obstetric or
gynaecological cases the total rise in blood Sugar
averaged 23 per cent. over an average time of 17 minutes.
In heavy concentration or given alone through an ether
mask, the rise was much more marked, increasing by &0
to 97 per cent.

Even when hyperglycaemia has been induced by
severe loss of blood ether anaesthesia causes the blood
sugar to mount even higher. Occasionally too, the
blood sugar, which tends to fall after completion of the
operation shows a second rise some hours later. Quite
apart from this phenomenon for which no explanation
‘can be offered, it is apparent from the results that
ether anaesthesia in these haemorrhage cases delgys the
return of- the blood sugar to normal. This delay in
return to normal is rather similar to the chénges noted
in some pregnant patients who suffered from repeated
haemorrhage. In these patients too there was a marked
delay in the fall of the blood sugar to normal., It
would seem reasonable to assume that in cases of
haemorrhage the administration of ether las écted as an
additional stressor.

It was observed in the gynaecological cases that the
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rise in blood sugar averaged 23 per cent. in the first
6~11 minutes but increased quickly thereafter depending
on the amount of ether administered. With methyl-n—
propyl ether on the other hand the rise was more
narked in the first 10-12 minutes.

Trilene also produced a rise in the blood sugar
level but to a much lesser degree unless combined with
ether,

The general consensus of opinion is that ether and
its allies produce a rise in blood sugar as a result of
sympathetic stimulation, and presumably trilene acts
in the same way but to a lesser degree.

The explanation may be as Johnson (1949) suggests,
that ether stimulates the adrenal glands by way of the
sympathetic system and aé a result the adrenalin
liberated céuses hepatic glycogenolysis.

A lesser degree of hyperglycaemia occurred
following the administration of spinal anaesthetics
but omitting the injection of ephedrine. Presumably
in such cases the hyperglycaemia resulted from a
different mechanism and may be related to the fall
in blood pressure. It is therefore akin to that
which occurs in haemorrhagic shock or which follows

myocardial infarction (Boulin, Uhry and Kaufman, 1954),
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The pathway may be through the carotid sinus., It is
known that with'a fall in blood pressure, the carotid
sinus effects a release of adrenalin which causes
cardiac acceleration, and also a vasoconstriction to
adjust the vascular tone and so maintain the blood
pressure (Heymans, 1938).

It was noted (Section A) that the blood sugar did

not begin to rise until at least 15 minutes after the

production of shock and at 30 minutes after the
average level was Jjust under 200 mgms.per cent. With
ether the rise in the blood sugar began within

6-10 minutes after commencing anaesthesia but became

more marked in the following 5-10 minutes. This was
confirmed in the animal experiments. In spinal
anaesthesia where ephedrine was omitted a definite

rise occurred after 20 minutes with an accompanying drop

in blood pressure. It continued to rise for a further
10 to 40 minutes, varying in individual cases.

However where anoxia was produced by giving pure
nitrous oxide for an average time of two minutes, the
rise in blood sugar was much more dramatic and reached
greater heights in an average time of 5 minufes. This
was the most striking feature in the investigation of

the effects of ansesthetics.
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In all cases of stress causing hyperglycaemia
whether due to haemorrhage, ether anaesthesia or
anoxia the mechanism is almost certainly mediated
through the nervous system in the first instance. TNever-
theless there appears to be considerable difference in
the rate of reaction according to the type of stimulus.
It is difficult to believe that, if the reaction is of
nervous origin, the rate of travel of the impulse will
vary with the stimulus. One nmust assume therefore tlmt
some other factor is responsible for the rapid increase
in the sugar level of the peripheral blood in cases
suffering from anoxaemia. This apparent variation in
the rate of mobilisation of liver glycogen has been
made the subject of furither study in the third sectipn

of this thesis.
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SECTION C.

Source of Blood Sugar & Rate of Mobilisation.
Certain anomalies’were notéd in the results of our
previous studies particularly in relation to the rate

of mobilisation of sugar. Following haemorrhage there

was an interval of some 15 minutes before any appreciable

.change in the blood sugar occurred, with ether this

interval was reduced to 6 to 10 minutes but in those

patients in whom anoxia was produced by induction with
pure nitrous oxide, the blood sugar showed a marked increase

in less than 5 minutes. It is understood of course that

given with an adequate supply of oxygen nitrous oxide has
no glycolytic effect such as is possessed by éther. It
was therefore decided to study mbre clogely the release

~ of sugsar from the liver. This also served to cbnfirm the
source of the sugar, although, of course, it was already
apparent. from reports in the literature that the Liver was
the ﬁain soufce of glucose. (Robertson, 1935; Engel et al
1943; 1944; 1liylon et al, 1944).

IMobilisation of liver glycogen in the experimental animal,

In order to make thig study it was necessary to
obtain samples of blood simultaneously from the hepatic

vein and the left side of heart. A dead rbbit was
dissected, and it was found that by malking an incision

2" long in the mid-line of abdomen, cormencing at the
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xiphisternum, it was possible to expose the hepatic
vein and inferior vena cava by inserting a finger below
the diaphragm and'depressing the liver. -

In the first experiment a rabbit was angesthetised
with 5 per cent. Pentothal after taking a sample of
blood from the ear vein. The abdomen was then opened
and by depressing the liver as previously described
3 ml., of blood were withdrawn from the hepatic vein.

At the same time an assistant punctured the left
ventricle and another 3 ml. were withdrawn, making 6 ml.
in all., This volume was chosen deliberately since it
has been shown that more than 6 ml. of blood had to be
withdrawn from a rabbit to produce a mild degree of
collapse, and it was hoped that this volume would
initiate the process and thus allow a study to be made
of the early phases of liver glycogenolysis., Eighteen
minutes later further samples of blood were withdrawn
from the hepatic vein and left ventricle. The results
'are shown in Table 1. It willbe apparent that the
initial values for hepatic vein, left ventricle and ear
vein form a gradient with the highest value in the blood
just as it leaves the liver.. Eighteen minutes later when
the effect of loss of blood might be eXpected, the sugar
level of the left ventricle blood shows little change
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Blood Sample Blood Sugar
from : - Values
Ear ‘ 110 mgms.per cent.

Anagesthetic given - abdomen opened — 6 ml,
blood withdrawn. ‘

Left heart : 117 mgms.per cent.

Hepatic vein | 129 v n "
18 minutes later.

Left heart : e 3 < g:t:,m "

Hepatic vein e w67 v m o w
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although the hepatic blood value is considerably increased.
A distinot difference exists between the values for left
heart and hepatic vein under normal conditions but ‘
it cannot compare with the difference between the values
at the end of the experiment. Initially the differenée
amounted to 10 per cent. of the left heart reading, but
terminally the gap had increased to 40 per cent. While
the mixing of the hepatic blood with the systemic blood
could account for a certain reduction in the concentration
of glucose, it is difficult to conceive that it could
result in a fall in value of such magnitude. The results
suggest that there is a loss of glucose from the blood
during circulation from the right side of heart to left.
The problem was pursued further in a more prolonged
experiment.

After anaesthetising with Pentothal as before,
13 ml. of blood were withdrawn from a rabbit. Within a
short time the blood sugar of both hepatic vein and
left ventricle showed a moderate increase. Twenty
minutes after withdrawal of the blood the hepatic vein
value had risen well above normal limits, but‘the level
‘on the left side of the heart was Just approaching the
upper limit of normal. A further 6 ml. of blood were

withdrawn and fifteen minutes later the values for both
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hepatic vein and left side of heart were above 200 mg.
per cent. This experiment indicates that glycogenolysis
occurs with great rapidity in the liver but the dblood
sugar level on the arterial side of the circulation
increases relatively slowly. As the duration and depth
of shock increases the values for left heart and hepatic
vein tend to approximate. (See Table 2).

In another similar experiment repeated withdrawals
of blood were made until the animal died (Table 3).
Initially & ml, of blood were withdrawn and when shock
was established the values for both left heart and
hepatic vein were well above normal. Twenty minutes
later the blood sugar was still rising and a further
6 ml, blood were withdrawn. After a further twenty-five
minutes the values were within the range found in cases
of diabetic coma. Another 6 ml. of blood were withdrawn.
Fifteen minutes after this as blood was being withdrawn
the animal died. TFrom the table it can be seen that
repeated haemorrhage causes a continuous rise in the
sugar contenﬁ of the blood and at no time is there any
evidence of exhaustion of the hyperglycaemic mechanism.
In addition fhe experiment demonstrates the constant
>difference in value between the sugar value of the blood

from hepatic vein and left heart, but with increasing
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Table. 2.
Blood Sample Blood Sugar
from Values ~
Ear o 104 mgms,per cent.

Lnaesthetic given and abdomen opened.
13 ml,blood withdrawn.

Left heart '152 mgms.per cent.
Hepatic vein | 165 w ®  w
Twenty minutes later |
Left heart 17y orooroom
Hepatic vein 208 i W m
6 ml. blood withdrawn
15 minutes later |
Left heart 229 m ® W

Hepatic vein 237 2 v ®
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Table 3.
Blood Sample Blood Sugar
from Values
Ear 136 mgms.per cent,.

Rabbit anaesthetised, abdomen opened and 8 ml.
blood withdrawn - shock produced.

Left heart 200 mgms.per cent.
Hepatic vein B 205 nooon "
20 minutes later, 6 ml,blood withdrawn.
Left heart 297 mgms.per cent.
Hepatic vein . | g *® " u
25 minutes later, 6 ml,blood withdrawn.
Léft heart 414 mgws.per cent.
Hepatie'vein 470 " foom
_ 25 minutes later, 6 ml,blood withdrawn. |
Left heart 616 mgms, per cent.
Hepatic vein | ., - | 7666- .
Animal died. - | |

Total time of shock = 70 minutes.
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shoek this tends to diminish.

The continuing hyperglycaemia is contrary to the
fiqding of some authorities (Wiggers, 1950) who have
reported hypoglycaemia in the terminal phases of shock.
It would appear from the above experiments that there
is a consumption of glucose during circulation of the
blood through the lungs but that this diminishes with
increasing loss of blood. These changes may possibly
be related to alteration in respiratory activity as
the condition of the patient deteriorates. In the
initial phase of haemorrhagic collapse respiration is
stimulated and becomes both deeper and more rgpid. This,
no doubt, is a matter of attempted accommodation‘to the
loss of oxygen-carrying power of the blood. As the
shock increases respirations become shallower and slower.
It is tempting to assume that the disparity between the
glucose levels of the hepatic vein and the left
ventricle, in the early phase of shock, is related to
the increased respiratory effort. Contrariwise, in
the 1ater7phase of shock the decrease in the difference
between the two levels may follow on the deficient
respiratory activity. This is a point which has been

pursued further in later experiments.
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Bther and Hepatic Glycogenolysis

The ex?eriments in this section were similar to
those detailed above with the exception that ether was
used as the anaesthetic and only small gquantities of
blood, sufficient for analysis, were withdrawn.' The
procedure was as follows. A small quantity of blood
was withdrawn from an ear vein. The animal was then
anaesthetised with ether and the abdomen opened. At
varying intervals thereafter small specimens were
withdrawn from the hepatic vein and left heart. ‘The
results are shown in Table 4, .

In animal 1 it will be noted that after only 5
minutes of ether anaesthesia the sugarlvalue of blood
withdrawn from the ear vein has begun to increase.
After a further five minutes specimens taken from left
heart and hepatic vein show a marked increase. Once
more there is a discrepancy between these two values
amounting to 49 per cent. of the left heart sugar
level, This experiment was more or less repeated in
animal 2.- Again, after 10 minutes of ether anaesthesia
the blood sugar shows a marked increase and there is the
same difference between the hepatic and left heart
bloods, amoﬁnting to 43 per cent. in this case. Ten

minutes later the blood from the hepatic vein showed a
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Table 4 ,

Anaesthesia with Ether.

Blood Sugar readings in mgms.per cent, =

Duration

Hepatic in
Animgl Ear Heart ‘ Vein Minutes

1 111 - - -
120 - - 5
- 149 222 5
2 98 - - -
- 173 250 10
- - 354 10
3 94 - - -
- 133 162 : 5
- - 196 | 300 | 5
4 119 - - -
- 142 Tt 5

- 204 219 N 5
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further increase. Doth of these experiments serve 1o
demonstrate the marked sugar mobilisation effeét of ether
and the loss of sugar from the blood in its ﬁassage
through the lungs.

The third animal was anaesthetised in the same way
and the hepatic vein laid bare. Specimens were withdrawn
from the vein and the left heart 5 miputes after the
commencement of ether asnaesthesia and again 5 minutes
later., Within five minutes the sugar value in both
has increased but the difference between themamounts
to 21 per cent. of the left heart value., Five minutes
later the blood sugar is greatly augmented and the
difference between the two readings haé increased to
53 per cent. of the left heart value. A fourth animal
was treated in the same way. In this instance the same
rapid mobilisation of sugar has occurred, but the
difference between the left heart and hepatic veilns,
while still large, is not so striking as in the other
animals. The details of the experimental findings are
shown in Table 4 . -

These experiments confirm our Tindings in human
subjects. Ethef induces an extremely rapid mobilisation‘
of suger from the liver. The time taken for an

appreciable increase in blood sugar o be produced is
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less than half that'by means of haemorrhage. Once

more the findings suggest that the fall in glucose level
between the hepatic vein and left heart is related to
respiratory activity.

Commentary

In 1935 Robertson noted that following haemorrhage
in animals the sugar level of the hepatic vein rose
guickly. He also found that blood taken from the left
side of the heart at the same time did not show the
same rapid increase in sugar content. He made no further
comment on this finding and was only concerned with the
hyperglyéaemic'reaotion following haemorrhage.

The experiments detailed above confirm the
existence of this phénomenon. Even under normal
circumstances there appears to be a significant difference
between the sugar levels of the right and left sides
of the heart. Under stress with hyperglycaemia,
whether due to haemorrhage or ether anaesthesia, this
disparity is considerably augmented. The findings
indicate that sugar is lost in the passage of blood
through the lungs. It is possible that this may offer
an explanation for some of the other phenomena noted in
the experiments.

The experiments have shown that sugar is rapidly
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liberated from the liver in all forms of stress, but the
increase in blood sugar of the left heart appears at
varying intervals according to the nature of the-
stimulus. In the case of haemorrhage it has been found |
that the blood sugar of the left heart showed a
significant increase only after the elapse of
approximately 15 minutes. Vith ether anaesthesia é
cbmparable increase was obtained in 10 minutes, but in
hypoxia due to nitrous oxide the rate of increase was
speeded up and the time thereby réduced to five
minutes. It is possible, of course, that ether may act
by virtue of its toxic nature, thereby interfering with
metaboliém and allowing a more rapid liberation of
glucose. In view of the results with nitrous oxide,
however, it seems more likely that interference with
respiration is the key to the situation., In animals
suffering from the effects of haemorrhage there is
initially no interference with the function of the lungs
and indeed respiration is usually stimulated. On the
other hand both ether and nitrous oxide will interfere
with pulmonary function., Nitrous oxide prevents |
oxygenation completely and gaseous exchange cannot take
place. Ether probably also does this but in addition it

may interfere with the activity of respiratory enzymes
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in the lung. Such an hypothesis would serve to

explain the varying rates at which increase in the glucose
content of the left heart blood occurs with these
different stimuli. Vhere there is no interference with
oxygenation and therefore normal metabolism of glucose
in the lung the sugar content of the left heart blood
will increase relatively slowly., With siight upset in
Zaseous exchange as in ether anaesthesia, the sugar
mobilised from the liver will appear on the left side of
hegrt in g shorter period of time. VWhere gaseous
exchange is abolished the sugar increase will occur in
the left side of heart almost at the same time as in the
hepatic vein.

In the previous sections of this thesis the
findings in animals are similar to those in the.human
subject and it remains to be seen Whéther the sequence
of events noted in the above experiment can in some

‘measure be duplicated in the human subject.
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Glucose Levels and Pulmonary Function in the Human Subject.

The only evidence obtained so far fromvthe
observations on human subjects, which might suggest a
similar conclusion, was to be found in those patients
in whom anaésthesia was induced by pure nitrous oxide.
It was noted in these cases that the rise in the blood
sugar occurred more rapidly than in the other conditions
causing hyperglycaemia, and so it would appear that the
sugar content of fhe blood from the left side of the
heart would be virtually the same as the right side
since no oxygen was present whiie the blood was passing
“through the lungs. Oxygen would seem to be a
necessity in the conversion of gome of the glucose to
carbon dioxide and water. An occurrence which is
somewhat similar takes place in the late stages of shock
when it is usually observed that respirations are
shallow and less frequent with therefore less oxygen
avalilable.

It may be postulated that when stress occurs,
whether it be due to hypoxia or haemorrhagic shocl,
the increase in the blood sugar means that sugar is
urgently required for energy by many parts of the body.
The lungs may require it in order to produce a greater

quantity of CO, as one of the end products, thereby
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causing a greater veﬁtilation.with a consequent increase
in oxygen consumption,
~ Although it is not at the moment possible to make
obgervations in the human subject similar to those
observed in animal experiments and so confirm these views,
it was considered that some corroborative information
might be obtained during operations on the heart (mitral
valvotomy) and in cardiac catheterisation.

Accordingly the opportunity was taken to attend
a series of operations for mitral valvotony performéd
by Lir. Kenneth Fraser at the Western Infirmary, Glasgow,
and a series of cardiaé catheterisation carried out by
- Dr. Ralph Thomson at the Eastern District Hospital,
TGlasgow.

In the valvotomy series quoted on pagelOéit was
noted that neither the anaesthetic nor the operation
concerned with opening the chest had any appreciable
affect on the blood sugar. Therefore it was thought
that if a sample of blood from the left auricular
appendage was obtained at exactly the same moment as
blood from an arm vein it would give an idea of the
difference between venous and true arterial blood with
regard td the sugar content. The results are shown

in Table X , where it will be seen that in all cases




Blood Sugar Readings

Case Pre-anaesthetic On opening heart mﬁWmWMMmﬁHo
No. Vein 1 Vein 2  Heart Vein 3
Interval in

, minutes ) ;

1 86 - 35 78 89 - 107

2 105 50 111 119 165

3 78 - 45 81 94 109

4 200 - 35 158 162 113

5 91 45 g0 95 : 110

133.




134,
the blood sugar reading in arterial blood is higher*fhah
that in peripheral wvenous blood., This has been noted by
many authors including lylon et al (1944) and Moesenthal
and Barry (1945).

Even with this knowledge, we still required the
'information concerning the blood from the inferior vena
cava (above and/or below the hepatic vein), from the
right side of the heart and from the peripheral venous
blood., It was possible to obtain some of this
information when cardiac catheterisation was in progress.
Samples were withdrawn from the inferior vena cava
(below and above hepatic vein), from the right side of
the heart and from the brachial or innominate vein,
These readings are shown in Table ¥ .

It will be seen that the blood sugar levels in the
innominate or brachial veins in all cases were lower
than those cobtained from the right side of the heart.

From these experiments two facts are established.
The sugar level of the blood in the right side of the
heart is higher than that of blood in the innominate
Vein, and similarly the level in the blood from left
heart is higher than that of the peripheral blood.

This agrees with the findings in experimental animals,

and it seemg Jjustifiable to transfer findings and
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Table X.

Blood Sugar Readings mgms.per cent.

Inferior
Vena Cava
Case Peripheral Right - near
No, Vein Heart hepatic vein
1 101 109 107
5 84.7 83

2
3 86 91.5
4 88 | 92 . 94




136,
conclusions from these animals to the human subject.
There remains however, one finding in the animals which
so far has not been duplicated in the human subject.
It has been shown in animals that as the blood passes
through the lungs the sugar content is diminished
' pro&ided aeration in the lungs is unimpeded. This
phenomenon was naturally most marked in cases of hyper-
glycaemia with hyperventiiation, but even under normal
circumstances a significant difference between the sugar
levels of the right and left sides of the heart was |
Vfound; Fortunately, it was possible, through the kind
co-operation of Ur. ﬁenneth Fraser, to obtain suitable
samples of blood during thoracic operations. It has
already been demonstrated that both in experimental
animals and in the human subject, opening of the chest
wall does not cause any recognisable degree of stress,
provided suitable anaesthesia is employed. In the present
instance the anaesthetic mixture consisted of pentothal,
curare, pethidine, nitrous oxide‘and oxygen. This was
the same method énd combination of anaesthetics which
were used in the mitral valvotomy operation (Table X ,
on page 133), and it was shown fhat these had no
influence on the blood sugar levels. Respiration was

maintained by means of a Pulmoflator using a carbon
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dioxide absorption apparatus and so prevented any
periods of apnoea which might lead to aspﬁyxia.
Immediately the chest was opened and the organs displayed,
samples of blood were withdrawn éimultaneouély froﬁ the
pulmonary artery, the aorta and a peripheral vein.
Specimens have been obtained from four patients
under these circumstances. The fesults are shown in
Table Z. |

From this table it is obvious that the findings
in the human subject are similar to those in animals.
The highest blood sugar readings are found in thekblood
withdrawn from the pulmonary artery which contaiﬁs a
mixture of blood from portal and systemic circulatibns.
Samples were talken from the aorta rather than the left
side of the heart as it was surgically more éafe and
qﬂicker and would give the same blood sugar reading.
The difference in the sugar levels of the blood from
pulmonary artery and the aorta shows that, during its
circulation through the lungs, the blood has lost a
certain amount of sugar. A further loss usually occurs
in its passage from arterial to venous side of the
circulstion but this loss is not so great as
that which occurs in the pulmonary circulation. The

sugar level in thé right side of the heart is
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Table 2.

Blood Sugar Readings mgms.per cent.

Case Pulmonary Peripheral
Ho, . Artery Aorta Vein

1 144 129 131

2 le2 141 122

3 - o149 | 140 135

.

192 183 179.
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thereafter vuilt up again by the blood from the
liver. B
Trom these studies it would appear that in_the
~anaesthetised patient the metabolism of glucose in the
iungs is considerable. Approximately 7-14 per cent.of
the glucose is utilised in the lungs.  This may appear to
be a relatively small amount compared with the 70 per cent.
said to be abstracted from the blood by the brain
(Scheinberg and Jayne, 1552) but one must take into
consideration that in each complete circulation the whole
6f the blooa passes tﬁrough the lungs, whereas only part
reaches the brain. This must necessarily be associated
purely with pulmonary function and one is therefore‘
forced to the conclusion that the metabolism of glucose
in the lungs is intimately concerned with gaseous
exchange., 1n the normal state and with certain
ansesthetics where an adequate supply of oxygen is
availabie this will continue but anything which
interferes with respiration and the normal gaséous
exchange in the lungs will result in an upset of the
normal release of glucose from the liver. It seems
likely from the results that a considerable amount of
energy is required for respiratory function. If the

energy required by the lungs and made available by the
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ﬁetabolism ©of glucose is hindered by lack of oxygen,
the body responds by increasing thevamouﬁt of
circulating glucose. .This is yet another aspect of‘the
stress syndrome which results from lack of oxygen
whether 1t be due to haemorrhagic shock or anoxia with
anaestheslia and may explain in part the hyperglycaemic
reactions repdrted in this thesis.

This phenomenon of glucose metabolism in the iungs
has apparently not been studied hitherto and a search
ofvthe literature has failed to produce any reference

to the subject.
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Finagl Summary and Discussion.

The work for this thesis was embarked ﬁpon when I
noted the occurrence of a marked degree of hyper-
glycaemia in several patients who were admitted to the
Glasgow Royal Hatérnity and Women's Hospital in a state
of shock. They had all been confined in their own homes
and had been sent to hospital on account of severe post-
partum haemorrhage which had caused the collapse. In
the first few patients investigated the blood sugar
ranged from 204 to 272 mgms.per cent. It followed
naturally that haemorrhagic collapse due to other
causes such as abortion, ruptured uterus and ante~-partum
haemorrhage might also produce changes in the blood sugar,
so gspecimens of blood were collected from as many of
these types as possible. The investigation extended
over a period of three years and in all 47 cases were
examined,

The.main'object of thislthesis has been to study
the metabolic response of the subject to.haemorrhage
under the very varying conditions associated with
pregnancy and delivery. For this purpose it was
necessary to accumulate data not only in the pregnant
but also in the non-pregnant subject. Similarly the

influence of anaesthetics and the effect of operative
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interference had to be observed. In these different
circumstances the response may well differ both in
quality and time and if any practiéal significance isvto
be read into the results timing of the response is
essential, Only thus can a reasonably logical approach
to treatment be made. An attempt was made to provide
these data. Ixperimental animals were necessary for
investigating the variation in rate of‘response.
From these experiments I was able to relate the
variation in the rate of the hyperglycaemic reaction
under differing conditions to the respiratory function.
Since in the majority of the 47 patients the f
haemorrhage causing the shock occurred post-partum,
it appeared that the first investigation which
seemed necessary was the effect of normal labour on
the blood sugar. De Lee (1943) states that this
drops maritedly during labour, especially if the latter
is hard and long, and is usually restored by the
10th day post-psrtum. This does not agree with the
finding in & series of nine patients whom I
investigated during normal lagbour, Ilone of these
patients was given glucose in any form throughout the
labour as false readingsmight have been thus obtained.

The results showed on the average that there was a
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gradual rise in the blood sugar level from 125 ngms.
per cent, in the lst stage to 145 mgms.yér'cent. jusf
after the completion of the 3rd stage. It was evident
therefore that although a rise in the blood sugar ievel
did occur during labour, it was within the physiological
range and not comparable with the readings obtained
from those patients suffering from haemorrhagic shock.
It was also clear that‘fhe length of labour per se did
not have any particular bearing on the blood sugar
level of the collapse cases following 3rd stage
haemorrhage (p.18) and this received further proof in
the results obtained from those patients Who collapsed
prior to labour, e.g. with accidental haemorrhage, or
in cases of abortion.

In each case investigated, the duration of the
shock wés assessed as accurately as possible from the
data available and it became noticeable that the highest
blood sugar readings were found in those Who‘had been in
the shocked stage for the longest time, the maximum
being 6 hours. It was also observed that shock of
short duration produced little alteration in the blood
sugar level and that it was only in cases where the
shock‘phase had lasted for apprcximately 30 minutes

that an appreciable rise occurred. In the case of
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acclidental haemorrhage howéver the rate of response
appeared to be slower (Fig.4) which suggests that this
may be due to an alteration in carbohydrate metabolism
in toxaemia. \

It has been known for many years that severe
haemorrhage causes a hyperglycaémia (Bernard, 187T;
Robertson, 1935; Moon et al, 1941 liylon et al, 1944)
following work on experimental animals, and confirmed
by Beecher (1949) and Wigcers (1950) following
observations on the human. Beecher's work was done on
wounded Soldiers but the blood sugar levels found were
seldom above 200 mgms.per cent. The levels observed in
my series are very much higher, and rather pimilar to
those recorded by Taylor et al (1Y44) in patients
suffering from burns.

The cauge of the hyperglycaemia may be due (1) to
the stresé mechanism of Selye involving the pituitary-
adrenal axis: (2) circulatory failure either of
central (Boulin et al, 1954) or peripheral type
(Davidson et al, L946) or (3) a severe reduction
in the number of red cells sufficient to cause anoxia
of the liver (Frank, Seligman and Fine, 1946)., The
nervous system no doubt also participates through the

hepatic branclties of the sympathetic division, Selye
s e 3
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(1950). From my investigations it would appear that
there are two phases in the_hyperglycaemfb reaction, the
initial phase associated with hepatic glycolysis'dué to
adrenalin release and the subsequent and slower phase
probably related to a more complex gluconeogenesis —
glycolysis mechanism,

ﬁhateveryvmay be the cause or grou? of causes, 1t
is interesting to note the effect of blood transfusion
on the blood sugar in 1Y of the 47 cases. As the
amount of blood replaced became sufficient to cause anr
improvement or recovery in the general condition judged
by rise in blood pressure, skin warmth and slowing of
the pulse rate, the level of the blood sugar fell, In
several cases this seemed proportional to the initial
shock level, but if a second shock occurred following
further haemorrhage or operative procedure the blood
‘sugar,showed a second rise and subsequently took a
much longer time to return to normal.

As all these results were obtained in pregnant woﬁen,
it was considered necessary to examine the blood from non-
pregnant patients undergoing operations where haemorrhage
might occur. This information was obtained from 4 patients
undergoing ‘Tertheims hysterectomy and 5 patients on whom

mitral valvotomy was performed. It was noted that where
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biéeding was heavy in the Wertheim cases, the blood sugar
occurred aftef 15 minutes, but if the bléod lost was
adequately replaced by tfansfusion little alteratiqn took placgy
In order to utilise these facts accurately an
~investigation had to be made first of all on the effect

of operative interference on the blood sugar. Thirteen

cases were studied in the gynaecological theatre - 5
‘having}the operation of peivic floor repair and §
having one of the major abdominal operations. The
results showed that (a) the type of operation, (b) the
length of time of operation and (c¢) the opening of the
peritoneal cavity did not have any effect on the blood
sugar provided the bleeding was only slight.
The effect of haemorrhage on the blood sugar was

extended to controlled experiments on rabbits in order

to find confirmation if possible of the results obtained

in the human subject. Among the various findings, 1t

was observed (a) that the initial rise in the blood
sagar occurred 10 minutes after blood loss, (b) that

the duration of tbebhyperglycaemia was related to the
volume of blood withdrawn and (c) that the hyperglycaemic
mechanism did not appear to be exhausted by continued
loss of blood. Related to these results is the worl of

Yylon et al (1944) who showed in dogs that the more
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quickly blood is withdrawn, so the clinical picture of
shock tended to become increasingly evident and the
blood sugar rose pr0portionateiy. ‘However the last
.fiﬁding is contrary to the suggéstion of VWiggers that
there is a terminal hypopglycaenia. vIn the one fatal
case in my series of 47 the blood sugar rose
continuously and reached a final level of 364 mgms.per
cent.

The initial reaction, whatever may be the method of
stimulation, is probably due to glycogenolysis in the
‘liver following the release of adrenalin, although
Slocum and lightbody (1931) and Clark and Rossiter (1944)
have found that the increase in blood sugar is not
completely prevented by adrenalectomy. However it was
considered that some light might be thrown in this
problem by injecting adrenalin into patients in the
Haternity VWards and observing the time relationship of
the hyperglycaemia which followed., In these a sharp rise
occurred within 10 to 15 minutes and continued more |
slowly up to 30 minutes at which time was the maximum
response. It was after this interval in the patients
suffering from the haemorrhagic shock during pregnancy
that the blood sugar showed an appreéiable rise., The

immediate source of this blood sugar is most probably
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the liver (Robertson, 1935; Engel et al, 1943, andvthe.
animal eXperiments in ZSection 3) but the “subsequent rise
in cases of shock may be attributable to the pituitarj
adrenal gystem and the increased liberation of 4.C.T.H.
This woﬁld‘agree with Long (1947) who suggests a double
mechanism underlying the secretion of A.C.T.H.
following stress — 1) a quick release of adrenalin
4aotivating the anterior.pituitary and 2) a dlower
metabolic mechanism not dependent on adrenalin secretion.
The assumption is that in any stress there is a demand
For energy and that glucose is produced in greater
- quantities as the stress increases. The organ of the
body which must have an adequate supply of glucose is
the brain and to utilise it an adequate supnly of
oxygen is essential, (Scheinberg and Jayne, 1952). ihen
the blood pressure falls in haemorrhagic shock with a
consequent decrease in the number of circulating red
cells an anoxia of the brain results.

During the investigation of obstetric and
gynaecoiogiéal cases, anaesthetiés of various types had

e used and as some of these are known to have a

e
oy

0
hyperglycaemic effect it had to be ascertained how these
might complicate the resultgs obtained. This investigstion

formed part 2 of the thesis. In this section twelve
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different anaesthetics or combinations of anaesthetics
were employed during gynaecological operétions. It

was found that ether caused the greafest percentage rise
in blood sugar whereas at the opposite end of the sdale

no éhange occurred with Pentothal nitrous oxide and oxygZen.

The percentage changes are as follows:-

Lther 93
Feothyl 53
Intermittend Ether with II,0 C,, ete. 31
Spinal anaesthesia (no ephedrine) 22
Pentothal, 1,0 0,, Trilene 14
Jpinal anaesthetic (with Iphedrine) 13 = excluding

haemorrhasze, hypoxia. .
Pentothal 50, 0,, Cyclopropane 1

Pentothal 0,, Cyclopropane 1

Pentothal, §,0, O,. No change (excluding hypoxia).

It had been found during the investigation of these
anaesthetics that when an hypoxic episode occurred, there
was a corresponding increase in the blood sugar. Although
it is well known that asphyxia or hypoxia cause
hyperglycaenia, it was decided to investigate a series

ypergly ’

of cases taling wparticular note of the interval which
- elapsed before the blood sugar began to rise. Iiine
patients were given pure nitrous oxide for an average of
2 minutes to the stage of Jactitation - oxygen was
added thereafter in 4-8 per cent. and specimens of blood
token at pre-determined intervals. The interesting

finding which emerged was the very rapid rise of the
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blood sugar within 5 minutes of the induction with pure
nitrous oxide, a quicker response than that elicited
from ether., It would appear that the importance of this
finding may be applied most cogently to anaesthetics in
obgstetrics where it becomes so necessary to prevent any
hypoxic episodes during induction or prior to delivery
as the fpetus may already be suffering from a
considerable degree of hypoxia due to various causes.
Having ascertained the effect of the various
anaesthetics and their glycogenolytic properties it was
possible to corrélate the results with those obtained in
the obstetric series. These patients were divided into
3 groups - abdominal deliveries, vaginal deliveries
and those who were in s state of or had recovered from
shock, Once again as expected ether produced the |
greatest rise in the blood sugar and in the shocked cases
-a further rise resvlted from ether anasesthesia. The
inference to be teken from this finding is that dher -
or any anaesthetic which causes a bhyperglycaemic response -
ig inadvisable when a patient ig suffering from or has
recently suffered from haemorrhagic shock., According to
Cantarow and Gehert (1931) if ether is administered to
patients whose livers are damaged and poor in glycogen

the subsequent convalescence is usually stormy and a
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fatal result may ensue. In this respect it is
interesting to note that Govan and MacGiliivray (1950)
demonstrated that haemorrhagic shock in pregnancy
results in varying desrees of hepatic damage.

Another aspect of ansesthesia which had still to be
considered was the effect on the blood sugar of a long |
operation., It has been shown that Pentothal Gas Oxygen
did not cause a hyperglycaemia provided no anoxic
épisodes occurred so when these were used in conjunotion
with curare and pethidine in lengthy operations, they
gave a fair indication of the effect of prolonged
anaesthetics was used for the five operations of mitral
valvotomy, which I attended. The results would appear
to prove that the addition of Pethidine and curare had
no effect, and that prolonged anaesthesia had no influence
unless complicated by haemorrhaze., This was confirmed |
also in prolonged spinal ansesthetics in those cases
undergoing Jertheims hysterectomy where bleeding was
minimal,

As a result of the investigations in cases of
haemorrhagic shock, in the administration of ether and
spinal anaesthetics, omitting ephedrine, and on the
anoxia produced in nitrous oxide induction one very

interesting point emerzes. This related to the varying
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times taken for the blood sugar to rise following the
stimulus. The slowest response followed the
administration of a spinal anaesthetic and omitting
ephedrine - this sgveraged 20 minutes. In the shock
folloWing haemorrhage in the pregnant patient, the blood
sugar did not begdn to rise until after 15 minutes had
elapsed and only passed the unper physiological limit
after 30 minutes. VWith ether anaesthesia there was a
marked rise in the blood éugar from 6 to 10 minutes
after commencing the anaesthetic but where anoxia was
present for 2 minutes during nitrous oxide induction
there was a rapid rise in 5 minutes., This apparent
variation in the rate of ﬁobilisation of liver glycogen
was made the subject of study in part 3 of the thesis.

This problem was attacked first of all by means of
the experimental animal., In the first group of animals
samples of blood were taken from the hepatic vein and
left side of heart totalling 6 ml, and repeated 18
minuted later. There was marked increase in the 2nd
hepatic vein reading but little change in the heart
reading. This suggested a loss of sugar from the blood
in its circulation through the lungs., In the second
experiment, animals were shocked by haemorrhage and it

was found that the blood sugar in the hepatic vein




increased more quickly but was always maintained at a
higher level than in the 1eft heart., It &as also shown
that with repeated haemorrhages, and consequently
increasing degree of shocls, the blood sugar continued
to rise to diabetic levels. This showed that the

hype rglycaemic mechanism is not exhausted, contrary to
the suggestion of Wiggers (1950). The experiments of
Mylon et al (1944) would appear to agree with my
findings. In addition the table on page 12 showsvthat
there is a constant differencé betweeﬁ the sugar

value of the hepétic veln and left heart but with
increasing shock this tends to diminish. In such cases
there 1s a decrease in the okygen consumption by the
lungs on account of shallower and slower breathing and
SO0 a smaller.quantity of glucose will be degraded
presumably to carbon dioxide and water.

A third animal experiment was pursued with ether as
the anéesthetic. This confirmed the_findings in human
subjects that ether causes a rapid glycogenolysis from'
the liver and that the time taken to do so was less than
half that by means of haemorrhage. The results
continued to show a constant difference between the
blood sugar level of the hepatic vein and left side of

heart, related apparently to respiratory activity.
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This difference in the sugar levels of the blood
between hepatic vein mad Lleft side of heart and the
eiiect of severe haemorrhage thereon was demonstrated
by Robertson (1935) but the loss of susar Auring
respiration was not commented upon. It would apﬁear
from the experiments on animals and from the findings
in the 9 patients in whom anoxia was produced (Section 2)
that the degree of interference with gaseous exchange
determines the rapidity with which the increased
amount of sugar released from the liver appears in the
left gside of heart and systemic circulation.

In the human subject at rest the blood sugar levels.
in fhe brachial vein, right heart and inf.vena cava were
measured by obtaining samples during cardiac
catheterisation, These showed that the highest level
was on the right side of the heart or in fhe‘inferior
Vena>caVa near the entrance of the hepatic vein.

The lowest levels were in the brachial vein which is
representative of the peripheral circulation.

The investigation was further extended through
the assistance of a thoracic}surgeon who obtained the
samples I required during the operation of mitral
valvofomy. The results in the 5 cases investigated

show that the blood sugar level is always higher in the
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left heart blood (by an average of 8 mg.per cent.). This
finding, that the arterial blood bas a slightly higher -
sugar content than peripheral venous blood has been
shown by previous workers (liylon et al, 1944) and
Mosenthal and Barry (1946); It remained to be proved
that the right heart blood had a higher sugar level than
the left and this information was obtained, again by

the same thoracic surgeon, who tool: off for me a sample
from the pulmonary artery (equivalent to right heart)
the aorta (equivalent to left heart) and an arm vein,

In the 4 patients examined the blood sugar was lower

in the aorta than in the pulmonary artery. All these
patients received a combination of anaesthetics which
have proved to have no influence on the blood sugar
(viz. Pentothal, Iitrous Oxide, Oxygen, Pethidine and
Curare). The conclusion one may be permitted to‘reach
is that there is a fall in the sugar level of the

blood in passing through the lungs and that this

" phenomenon is dependent on the presence of oxygen.

This latter point once more emphasises the
importance of hypoxia in conditions of shock. The
release of glucose from the liver is undoubtedly due to
a demand for energy, and the rising blood sugar

together with the clinical condition of the shocked
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patient are an indication of the failure to convert
this glucose to energy,-.The hyperglycaemia.per se is
obviously a natural response and in itself must be
beneficial. It has been shown by liylon et al (1944) that
if the hyperglycaemia following haemgrrhage is prevented
from occurring, the outcome is more frequently fatalw
In a similar fashion Sadove, Wyant and Gittelson (1953)
"have demonstrated the benefit of administering glucose
and oxygen to patients suffering from acute hypoxia.

Nevertheless, hyperglycaemia must be considered as
an indication of severe stress, and my results emphasise
fhe importance of the fact, already well known, that
eérly transfusion is beneficial. In this instance,
however, we have been able to set a time limit, Following
haemorrhage, in the average case, transfusion within the

first half hour will probably prevent the onset of
’serious shock.

A11 of the points touched upon in relation to the
maternal condition apply equally to the foetus. The
'foetus'depends upon the maternal circulation for its
oxygen supply. This was first clearly demonstrated
by Eastman (1936) and he also reported on the influence
of anaesthesia on the foetus. His work has been confirmed
in more recent years by Guilheim et al (1952) and Walker

(1954). Eastman (1936) clearly showed that gas-air
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analgesia even in 50:50 concentration is not entirely
~devoid of risk to the foetus. ‘When used as  an
anaesthetic for Caesarean Section, nitrous oxide may be
equally dangerous, and Bourﬁe and Williams (1948) state
'that this explains the unsatisfactory post-natal
condition of some children delivered in this way.

The fé%al hypoxia inevitable upon maternai
haemorrhag;'and the administration of certain anaesthetios
is obviously imporitant from the work of Windle and Becker
(1943); but it is also possible that the upset in
maternal carbohydrate metabolism itself may influénce'
the.well being of the foetus. This may,come into play,
not only following haemorrhage but also during
unskilled induction of anaesthesia or with the misuse

of analgesia.
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