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I. I IX0DUCTORY NOTE.




1.

Sir Thomas Lewis (1933) in his Harveian Oration on
"Clinical Science' emphasises the importance of the observation
of transient phenomena.

The period of pregnancy offers a unique opportunity
for the application of the methods of clinical science, and that
mainly for three reasons. In the first place, the ordinary
metabolism is completely altered for a certain length of time,
during which various abnormal conditions may appear. Secondly,
after the termination of pregnancy, the same individual can be
studied: further observation will then determine whether the
particular affection initiated in the pregnant state disappears
entirely, whether it persists in the same form, or whether 1t
modifies its character. Thirdly, it is a great advantage that
the same individual can generally be studied in her response to
repeated pregnancies, enabling comparisons to be made of her
health in one gestation and another, &as well a&s in the gravid
and non-gravid states: the cumulative effect of numerous
pregnancies can then be determined.

How frequently are transient phenomena encountered
and how often are they missed, or, if noticed, dismissed as of
no significance because the observer has eyes that see not and
ears that hear not! The toxaemias of pregnancy constitute a
pProblem almost &s baffling as in the days of Hippocrates. How
should the cause of these disturbances be investigated? There
is none to say which line of research will lead to a solution
of the mystery. Hence the writer has attempted to combine
within himself the r8les of clinician and laboratory worker.
During the past five years he has concentrated on the toxaemias
Peculiar to pregnancy: it has been his aim to make acourate

observations of transient phenomena and to explore such avenues



of biochemical investigation as were suggested by the clinical
manifestations, in the hope that some light might be shed on
the aetiological basis of these obscure conditions.

The award of a Research Scholarship by the McCunn
Trustees in 1929 enabled the writer to embark on the study of a
branch of medicine which had attracted him from student days.
The Scholarship was continued for two years, and this 1s the
third year he has been in receipt of a part-time personal grant
from the Medical Research Council. To these bodies sincere
thanks are tendered.

The material has been obtained in the wards of the
Glasgow Royal laternity and Women's Hospital, to the visiting
gtaff of which, especially Professor J.M. Munro Kerr and
Professor James Hendry, the writer is indebted for access to
suitable cases.

The laboratory work has been carried out in the
Biochemical Laboratory of the Pathological Institute of the
Royal Infirmary, Glasgow, under the kind direction of the late
Professor J.H. Teacher, Professor John Shaw Dunn and Dr. D.P.
Cuthbertson.

Unless where specifically stated otherwise, the work
presented in the following pages has heen carried out entirely
by the writer. A large number of references has been consulted:
many of these have been omitted, so that only those having &
direct bearing on the various aspects of the subject under
discussion find a place in the text and bibliography.

Bach section is complete in itself in so far as case-

numbering, table-numbering and bibliography are concerned.
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INTRODUCTORY NOTE.

It is generally agreed that during the eighth and
ninth months of pregnancy the foetus requires increasingly
greater quantities of calcium (Bar, 1907). De Wesselow (1922)
found that during the last months of pregnancy there is a
tendency to & fall in the calcium content of the blood-serum.
Bogert and Plass (1923) made observations on 23 women at the
time of labour, and found that the average calcium content of
the blood-serum was 9°1 mgm. per 100 c.c., while for 12 normal
non-pregnant women, the average figure was 10°2 mgm. per
100 o.c. The calcium content of the blood at different stages
of pregnancy has also been studied by Widdows (1923). She has
shown that, in almost all cases, there is & decrease of the
calcium content towards the last months of gestation, and a
general rise directly after confinement. As regards the serum
calcium in cases of eclampsia, contradictory statements have
been made. Stander and his co-workers (1925), while noting a
tendency toward a slight lowering of the calcium in pregnancy,
found no deviation from these values in nephritic toxaemia,
pre-eclampsia or eclampsisa. Nixon (1931) records two cases of
eclampsia in which the serum calcium was respectively 8¢5 and
113 mgm. per 100 c.c. He also gives results of serum calcium
estimations in 8 cases of pre-eclampsis and 1 of hyperemesis
gravidarum, and concludes that, in pregnancy toxaemia, there 1is
little deviation from the normsl value, while, in eclampsis,

there may be fairly wide variations.




METHOD.

The method adopted was that of Kramer and Tisdall
(1921), as modified by Clark and Collip (1925), by which the
normal serum caloium is found to vary between 9°0 and 11°0 mgm.
per 100 c.c. Stewart and Dunlop (1930) give the normal range
of serum calcium &s 95 - 10¢d mgm. per 100 c.c. Many of the
estimations here recorded were done in dulpicate in order to
test the acouracy of the method. Greville (1931) reported that
the method gives an accurate measure of the blood-calcium. The
results are shown in Tables I to IV. In Table V are given
notes of the cases of eclampsia treated by injection of calcium
gluconate.

A noteworthy feature was the great increase in
viscosity of the blood in those cases associated with high
blood pressure. According to Harris and McLoughlin (1930)
there is no evidence that this increased viscosity is due to an
increase in size or number of the erythrocytes. During
starvation, viscosity is inoreased, and it is found to vary
inversely with the urinary output. These are factors of
essential importance in eclampsisa. For some time before
admission to hospital and afterwards the patient is more or
less starving. BEven after the commencement of treatment, if l
the patient be unable to swallow and resort must be made to l

rectal salines, the fluid intake is very low.




RESULTS.

TABLE I — Cases of Normal Pregnancy at Full Time, in ILabour
and Shortly after Delivery, Grouped according to Serum
Galcium Value (mgm. per 100 c.c. Serum) (35 Cases).

Levelas of serum Ca Approximate
mgm, per 100 o.oc. Number percentage Remarks,

serum. of cases. of total.
121 - 1256 o« .o . e N
11.8 - 120 1 29 o« o
111 - 115 o« o . . o o
10¢6 -~ 110 1 29 o o
10.1 - 10°6 7 200 ..
98 - 100 7 200 o o
Be1 - 95 13 372 o o
868 - 90 5 14+ 3 .«

81 - B85 1 29 Poat-partum haemorrhage .

Approximately 17 per cent. show values of @ mgm. per 100 c.c.
and under (taking 9 mgm. per 100 c.c. as the lower 1limit of

normality)..

TABLE II — Cases of Nephritic and Pre-eclamptic Toxaemis
Grouped according to Serum Calcium Value (17 Cases).

L:E:]:apgf' ggsug.%ﬁ Number 'A%gxl::exnii:zete
serum. of cases. of total.

12¢1 - 125 1 5.9

116 -~ 12.0 . . . o

11°1 ~ 115 . . o o

108 ~ 11:0 . o . o

10¢1 « 105 . o o »

98 - 10:0 2 11-8

9°1 - 95 4 23+8

88 - 940 2 11,8

81 - 8.5 3 17.7

7.8 -~ 8.0 2 11-8

7el = 7.5 3 177

Taking ©°0 mgm. per 100 o.c. as the lower limit of normality
approximately 59 per cent. of these cases show subnormal vulucgz




IR III — Cases of Eclampsia Grouped according to Serum
- = Calcium Value (44 Cases).
Levels of serum Ca ] Approximate
mgm. per 100 c.o. Number percent.a%e Remrarks.
serum. of ocases, of tota
11¢1 - 115 o 1 . 203 . 3 minutes before sixteenth and
last fit.
1006 - 11'0 .o * o . o o . o e
10‘1 - 10'5 ° e o . e o . °
96 - 100 . 8 . 13.6 « In 1 case 10 minut.ea aft.er last fit.
1~ 05 . 1 N 2:3 « After second and last
Be8 = 90 . 5 . 11-3 . o o
81 -~ B85 . 12 . 272 .
76 - 80 . 13 . 29«5 «.In 1 case later estimation gdave
value of 5°7
Tel = 75 . 4 Q.0 . o o
88 -~ 7.0 . 1 . 23 ° o o
6' 1 - 6‘5 1 ° 2. 3 ° o o

In roximately 82 per cent. of Lhese cases of eclampsia the serum calcium
value is subn .

TABLE IV — Average Value of Serum Galcium in Various
" Conditions not Previously Mentioned (31 Cases).

Average serum Ca Number
mgm. per 100 c.c. serum. Type of cuse. of cases.
41 . Toxic jaundioe;, foetus macerated; . 1
placenta 3% 1b. ; ; death.
8.2 . Puerperal sepsis. . 1
8.9 o, Repeated abortions. . 1
9 O . Uraemia; polycystic kidneys. . 1
Qe 1 . Norral puerperium; seoond day. . 1
9.2 R Pyelitis. . 4
lowest 9.0, highest 9¢2
9e2 o . Chorea gravidarum. . 3
lowest 8.8, highest 9.6
93 . Hysteria. . 2
lower 2-1, higher 9.5
94 Hyperemesis vidarum, . 7
lowest 8.1, highest 11.2 gra
85 . Jacksonian epilepsy. .
96 . Twin pregnanocy shortly after delivery. . 1
28 Inocamplete abortion. . 3
lowest 9.5, highesb 10.1
10-0 . .Ante-partum hasmorrhage. . 2
10:0 . Pyelitis in labour. e 1
10-5 . Rheumatoid arthritis. . 1
12:5 . Exophthalmic goitre. . 1




TABIE V —

Results of Treatment with Calcium Gluconate

(10 c.c. 10 per cent. Solution) in Eclempsia.

Case number.

Method of
administration.

Number
of fits.

Remarks.

1 .
(3-gravida)

2 .
{1-gravida)

3 .
(5-gravida)

4 .
(1~gravida)

5 L]

6 .
(1-gravida)

7 o
(1-gravida) -

8 *
(1-gravida)

S CeCe
mﬂxgtanammdy

Ce Ce
intravenously

1 c.0
subcutaneously

L]

0 oc.C.
.intravenously

10 c.o. .
intravenously

. W o.c. .
intravenously

10 Ce Qo .
intremuscularly

10 c.c. .
intramuscularly
on 2 occasions

10 CeCe .
intramuscularly
on 2 occasions

8

14

Injection given a

-first fit. Undelivered.
No further fits after injection,

-recovery.

.Ce.Co On sixth day of puerperium

No obvious effect; died undelivered.

Liver fatty, wifth much punctate
subcapsular haemorrhage. Lungs
ocedemgtous, large recent infarct-

‘ions. Myoocardium fatty and very

soft,. Brain moderate oedena.
Uterus showed retroplacental clot.
Placenta very de%enerate,.uibh
infaroctions, both recent and of
long standing.

fits after injection before
forceps delivery of dead ochild;
1 fit posh-garbum. Developed
mental sgmp omg, but ultimately
reocovered.

fit after injeotion. .About

7 hours later spontaneous
delivery. Slight mental

sgmgtoms Blood~pressure remain-
e igh lover 200 mm. H%.? for
some days. 1 month afier
delivery B.P, 150 mm, Hg. Serum
Ca before injection was .8°8 mgm,
per 100 c.c.; 15 days lster it
was 10° 2 mgm. per 100 oc.c.

fits before foroceps deliver¥ of
mature live child, 6 thereafter.
fter sixth post~

Barbum fib; no further fits,

ninterrupted recovery. Before
injeotion, serum Ca was 7°9 mgnm,
per 100 c.c.; 22 days later it
was 11-6 mgm. per 100 c.c.

fits after injection. Os
undilated, eath 12 hours after

Premature live child delivered by
Caesarean section. Uninterrupted

fit after first injeotion.

Mature live child delivered .by
--forceps., - Recovery.

fits after first injeotion; .none

.af ter .second. 2f ts just before

forceps delivery; 12 fils Lhere-

.af Ler, Mental .symptoms .during

uerperium, but com lebe«recovery.é
gerum Ca‘wﬁen.in.la our before
onset of fits = 99 mgm. per 100

serum Ca = 9+7 mgm. per 100 oc.o0.




DISCUSSION.

For the present, no account has been taken of the
two forms — diffusible and non-diffusible calcium — as it
was considered that the main object was to establish whether ‘
there was or was not & definite lowering of the serum calcium
due to this toxaemia, eclampsia. Further, it was held that
present methods are not sufficiently reliable to warrant the
determination of the partition, although work has been attempted
in this field by (among others) Bokelmann and Bock (1928) using
the method of Rona, Haurowitz and Petow.

The very abrupt increase in calcium retention by the
foetus, which was shown by Bar (1907) to occur in the last
sixty days of pregnancy, must mean a sudden change in the demands
made upon the maternal stores of calcium. The maternal blood
contains about 05 gm. calcium, and the requirements of the
foetus necessitate the supply of approximately 8 gm. calcium
during the last month of pregnancy (Theobald, 1930). Unless
the pregnant and lactating woman be provided with adequate
supplies of calcium, the drain of calcium into the foetus
directly and through the milk secretion is liable to be followed
by untoward results.

In the present investigation, 82 per cent. of the
cases of eclampsia had serum calcium’values below 9 mgm. per
100 c.c. As will be seen from the other tables, the lowering
of the serum calcium value is not peculiar to eclampsia, but,
relative to pre-eclamptic and other toxaemic conditions, the {
proportion of cases showing & low value 1s much greater. In
addition to the figures shown, twenty normal cases in labour
were examined with respect to their serum caloium content: the

average value was found to be 9+9 mgm. per 100 c.o. In another




group of twelve normal ceses shortly after delivery, the
average reading was 9-4 mgm. per 100 c.c.

Attention has already been drawn to the relationship
of increased viscosity of the blood and starvation in cases of
eclampsia. Various observations have been made in experimentsal
vitamin B deficiency and inanition. The convulsions &and, in
the most typical cases, the head retraction of pigeons fed on a
polished rice diet have been considered the most characteristiec
symptoms of the vitamin B deficiency, but this state is also
obtained by prolonged fasting. TUngar (1926) working on
pigeons, assumed & relationship between the convulsions and the
bloed calcium level, but, on determination of the serum caleium
in beri-beri pigeons, there was found to be no alteration.-

Kon and Drummond (1927) observed a slight increase of the serum
calcium in pigeons similarly affected. The opposite view was
held by Smith (1927) who stated that "blood calcium
determinations on dogs in spastic paralysis from vitamin B
deficiency diets ranged from 7°25 to 7+45 mgm. per 100 c.o.:
this is near the tetany level". Schelling (1930) investigated
this problem on account of the divergence of opinion. Working
on dogs deprived of vitamin B (whole complex) and on fasted
dogs, he found that, with one exception, where the calcium
dropped from 13°6 mgm. to 115 mgm. there was no remarkable
decrease in the calecium during the vitamin B-free period. No
noteworthy change was observed in the proteins or inerganic
phosphorus. |

Achard and Ornstein (1930) determined certain
chemical constituents of the blood serum in twelve patients
whose metabolic rate was low — myxoedematous patients, and,

among other findings, they reported the serum proteins nermal,




10.

while calcium was noticeably diminished. However, the general
consensus of opinion is that, during the latter half of
pregnancy, there is & definite elevation of the basal metabolic
rate, for which the slightly increased activity of the thyreoid
gland is at least partially responsible. In those pregnant
women in whom the thyreoid remains apparently unaltered in size
and where the functional activity of the gland is consequently
not inocreased, albuminuria frequently develops, and this in
many instances has been found to disappear with the administrat-
ion of thyreoid extract.

The parathyreoid glands are closely linked with
calcium metabolism. It has been found that in dogs in which
partial parathyreoidectomy had been performed, and which had
recovered and were leading an apparently healthy life,
pregnancy precipitated the development of tetany, the lesion
characteristic of parathyreoid insufficieney. Vassale and
Generali (1898) working with bitches, produced tetany in the
early days of lactation, eighteen months after extirpatien of
the parathyreoid glands. They suggested that pregnaney and
lactation placed an undue strain on the parathyreoid glands.

Adler and Thaler (1906) performed partial para-
thyreoidectomy in rats and produced tetany thereby during
Pregnanay. These workers also discovered (1908) that
subsequent pregnancies caused the reappearance of tetany and
that the symptoms subsided after the birth of the young. This
is interesting in view of the faet that, in a large propertiem
of cagses, esclamptic convulsions cease when the uterine contents
have been evacuated.

Collip (1925) isolated & potent parathyreoid extraet:
a potent therapeutic agent was thus available by which the low
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serum calcium prevailing in tetany could be raised to normal
and all symptoms of tetany caused to disappear.

Lisser, Smith and Shepardson (1927) described & case
of very severe tetany occurring immediately after labour: the
marked hypocalcaemia which existed was probably produced by
the loss of some 1,500 c.c. of blood during labour. The
condition was promptly relieved by the administration of para-
thyreoid extract, and the blood serum calcium returned to
normal without having to resort to calcium therapy.

Collip (1926) demonstrated that, in rabbits, death
usually follows very rapidly after the production of tetany,
and that injections of parathyreoid or even of calcium chloride
may be of little avail in saving them. It was his experience
that some animals such as dogs and cats are very sensitive to
parathyreoid administration, whereas other animals such as
rabbits, guinea-pigs and rats are comparatively resistant to
the extract.

King (1930) describes a case of tetany complicating
pregnancy toxsemia. Here the peculiar feature was the failure
of parathyreoid extract to exert any influence on the level ef
the blood serum oalcium. On admission, the mother‘s blood
gerum calcium was 62 mgm. per 100 c.e. and, immediately after
delivery, it was 6+0 mgm. per 100 c.c. King suggests that
tetany may be a rare complicating factor in pregnancy toxaemis
and that, in such & case as that cited, parathyreoid extract
may fail to have any effect in raising the blood serum calcium.

The milk fever of cows presents very similar symptoms
to those found to be associated with the lowered calcium content
of the blood of parathyreoidectomised animals, and it has been
related to eclampsia in the human. Dryerre and Greig (1921)
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suggested a possible relationship between milk fever and para-
thyreoid deficiency, and that, 1f such did exist, a lowered
blood caleium content would probably be found in milk fever.
Little and Wright (1925) investigated this suggestion, and showed
that the onset of milk fever is accompanied by a greatly

reduced concentration of calcium, the severity of the case being
paralleled by & proportionately large decrease in calcium
concentration. With mild symptoms, reductions of 20 to 30 per
cent. were obtained, while with severe symptoms, the fall was

as much as 60 per cent. of the normal. These workers suggest
that dietetic factors may play an important part in the
causation of milk fever. Dryerre and Grelg suggested that

milk fever was primarily due to relative parathyreoid deficiency,
leading to guanidine intoxication of the tissues. However,
parathyreoid deficiency is not an invariable accompaniment of
tetany. Tetany can be produced by various means, and in suech
cases there is no evidence that it is primarily the result of
guanidine intoxication; rather would it appear to be due to
faulty salt balance in the blood or the reduction of the
ionised calcium. It is still a moot point whether the tetany
resulting from parathyreoid deficiency itself is due to
guanidine intoxication or to calcium deficiency, or to some
other fasctor of which these two are merely accompaniments.
Little and Wright feel the same difficulty exists with regard
to milk fever. They were unable to demonstrate any
significant inerease in the total acetone bodies of the blood i
or urine in these cases of milk fever. It is interesting te
compare these findings with the observations mentioned on page 42,
where it is noted that, in the pre-eclamptic state, there is an

abnormally high content of acetone and diacetic acid in the
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blood.

King, Bigelow and Pearce (1911l) showed that calcium
protects the organism against the toxicity of bile pigments,
but, at the same time, there is & depletion of the reserve of
calcium in the tissues and an increased elimination. An
increased amount of guanidine, which is antagonistic to calcium,
appears in the blood should liver function be upset by any
toxin, They showed that, although relatively large doses of
eclamptic blood can be given to pregnant bitches without
apparent 111 effect, the same dose of guanidine is made much
more toxie to dogs if the blood calcium be previously lowered
by an injection of sodium oxalate. Guanidine carbonate causes
a rapid and prolonged rise in systolic blood pressure in dogs.
This observation is suggestive, in as much as elevation eof
blood pressure is frequently the first indication of toxaemia
in the human subject (page 219). These workers further
demonstrated that, while sodium and potassium oxalate produce
severe degeneration of the liver and kidneys in dogs, and
cause them to die with convulsions, the animals may be saved by
the intravenous administration of calcium.

Minot and Cutler (19288, 1939) discovered by accident
that a low calcium diet rendered dogs mere susceptible to
carbon tetrachloride poisoning, and this finding led them to
make an extensive investigation of the bleood chemistry in acute
neorosis of the liver. In dogs on a meat diet severe
intoxication is caused by carbon tetrachloride, but the
addition of calcium salts to such a diet produces a high degree
of tolerance to the drug. The relief and protection afforded
by calcium seem to depend upon its antagonistic effect on the

retained guanidine. Similar results were obtained in a study
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of chloroform poisoning in dogs. Their investigation was then
carried to liver disease in the human subject, and more
especially to eclampsia, where it was found that some cases
showed hypoglycaemia and guanidine retention. In these cases
prompt symptomatic relief was said to follow the intravenous
injection of 10 c.c. of & 10 per cent. solution of calcium
gluconate. These workers stated that, in the case of an
eclamptic who was semi-conscious and blind, within fifteen
minutes of the injection the vision was much improved; within
forty minutes the sight was restored and the blood sugar ralsed
towards normal.

In the treatment of milk fever, inflation of the
mammary gland has been practised for many years: gaseous
inflation or the injection of fluid is known as & specific for
milk fever in cattle. Greig (1930) in a study of fifteen
cases, found that this procedure brings ebout a rise in the
blood calcium values, this rise being coincident with and
bearing a direct relation to the disappearance of the symptoms
of the disease. From a further study of such cases, in whieh
he found milk fever invariably to be associated with & very lew
blood calcium content, Greig suggested acute caleium deficiency
as the essential cause of milk fever, this being brought about
by failure of the parathyreoid regulating mechanism to. replace
the calcium which is rapidly tranaferred te the milk at the
onset of free lactation. It has been shown in the sheep that
"lambing sickness" or "ewe distemper"” is identical in its
essential pathology with "milk fever" in the cow.

If this concept be true, it follows that milk fever
should be prevented by ensuring & high concentration of caleium

in the blood. Prophylaxis by inclusion of oalcium in the diet
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has been advocated, but, as Greig has pointed out, many cows
with milk fever have received an abundance of calcium in their
food. The injection of parathyreoid extract, with a view to
converting the deposited calcium in bone into an ionised and
readily assimilable form, is found in practice to be an
inadequate method of treatment. A readily assimilable salt of
calcium, such as the gluconate, was advocated by Greig as a
practicable measure in the treatment of milk fever. Dairymen
who employ the 0ld practice of allowing the udder to remain
distended with milk for the seventy-two hours succeeding
calving owe the success 0f their treatment to the fact that it
prevents the sudden transference of large quantities of
calcium from the blood to the milk,

In cattle, milk fever occurs in a heavy milker and
after parturition. In the human subject, on the contrary,
eclampsia appears, in the majority of cases, weeks or months
before the expected date of delivery. According te Sherman
and his co-workers (1920) the daily calcium requirement of an
adult is between 0¢4 and 1.0 gm. Eclampsia is characterised
by a deficiency of calcium in the blood in the majoritj of
cases, but that caleium deficiency may not be due te an absence
of calcium from the bedy. Havoe may be wrought on the teeth
by pregnancy due to the demand by the growing foetus for
calcium. Hunter (1930) in his Goulstonian Lectures states
that certain experimental, radiologiecal and pathological
evidence suggests that the spongiosa of bone acts as the stere-
house of readily available caleium, and that the cortiecalis is
at first spared in the process of calcium mobilisation.

Calcium deficiency in the pre-eclamptie and eclamptic states,

therefore, is probably due not to an absence of caleium from
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the body, but to the incapacity to utilise the calcium which is
present and available.

With regard to the treatment of eclampsia by
administration of calcium, it is clear from the few cases
recorded in this series that a single injection of 10 c.c. of a
10 per cent. solution of calcium gluconate is not sufficient to
cause the 1mmediate cessation of fits, even if given intra-
venously. The persistence of fits after injection might be
acoounted for by the fasct that a certain amount of time must
elapse before maximal elevation of the serum calcium can ocour.
Lieberman (1931) states that the blood calcium figure attains
its maximal elevation within an hour after the subcutaneous or
intramuscular administration of calcium: he further declares
that intravenous calcium therapy is dangerous on account of the
risk of sudden intravascular clotting and death. In any case,
the production of hypercalcaemia must be gusrded against, and
caution is necessary in repeating the dose, espeocially if given
by the intravenous route.

In the treatment of pre-eclampsia, Cameron (1932) has
reported success with the intravenous administration of calcium
and alkali. Equally beneficial results have been secured by
the writer, without discomfort to the patient, by means of
dietary measures. Milk may be given with advantage. Hot
only does it provide protein, but it conveys to the body
supplies of calcium and other mineral elements of which there
is a deficiency in the maternal blood in many instances. As
there is no noteworthy increase in the blood urea or non-
protein nitrogen in eclampsia or pre-eclamptic toxaemia
(pp.36,50, 244,245 ), such easily assimilable protein is of
advantage in preventing or ameliorating oedema. Cowell (1932)
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showed that the outermost leaves of cabbage are richer sources
of calcium than any other common food with the possible
exception of cheese, their calcium content in summer being

from 20 - 30 times as great as that of the inner leaves.
However, these outermost leaves, while preferred by the rabbit,
are usually discarded by the human subject. Such green food
should figure prominently in the diet of the patient suffering
from pre-eclamptic toxaemia. Since the activity of the
memmary gland is responsible for & concentration of calcium
averaging 42 mgm. per 100 c.c. in human milk and 120 mgm. per
100 c.c. in cow's milk (Bogert and Plass, 1923), it is essential
that pregnant and lactating women be provided with & high
calcium diet of adequate vitamin content, in order to allew for
the drain of calcium into the foetus and especially through the

mother's milk.

SUMMARY.

(a) 82 per cent. of the 44 ocases of eclampsia investigated
showed subnormal serum oalcium values — that is,
9 mgm. per 100 c.c. and under.

(v) 59 per cent. of the 17 oases of nephritic and pre-
eclamptic toxaemia were associated with & subnormal serum
calcium,

(c) 17 per cent. of the 35 cases of normal pregnancy &t
term, in labour, and shortly after delivery had serum
calcium values lower than normsal.

() 31 other cases, mainly of complicated pregnancy, were
examined in respeot of their serum calcium level for
comparative purposes.

(o) From the eases observed, it is clear that in the doses
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given — 10 c.c. of & 10 per cent. solution — calcium
gluconate has no abrupt effect on the frequency of the

eclamptic fits.

CONCLUSION.

The lowering of the serum calcium in such a large
percentage of cases of eclampsia and pre-eclampsia is suggestive.
With a lessened concentration, as occurs towards the end of
pregnancy, any sudden change or demand on the reserves may
prove too much for the maternal organism.

It is not indicated that lowered calcium concentration
is necessarily the aetiological factor in eclampsia, but is a
sign, just as is the raised serum inorganic sulphur (p. 36).
Calcium deficiency is probably not due to an absence of calcium
from the body, but to the incapacity to utilise the available
supplies. Symptoms which appear in normal pregnancy, due to
the increased activity of the organs of internal secretion,
may reach a degree which is definitely pathological in an
organism less capable of adaptation to the changing demands of
the foetal organism. It seems to be & question of supply and
demand, of adaptability or faillure.
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INTRODUCTORY NOTE.

It is known that in the central nervous system are
goenerated the stimuli necessary for the various functions and
also sundry restraining influencea. Loeb (1901) indicated
that the stimuli shown in the rhythmic comntractions of muscles
and glands are dependent on sodium, calcium, potassium and
magnesium ions. Calcium ions, which are indispensable for
every living thing, have & restraining influence on the activity
of the muscles, wherefore, according to Loeb, we owe 1t to the
normal calcium content of the blood that our muscles are not
subjected continunally to rhythmic contractions.

Meltzer and Auer (1908) found that ealcium antagonises
sbnormal activity in the body, be this abnormal activity
exaggerated inhibition or exsggerated excitation.

In view of the fact that calcium ions are believed to
rlay an important part in allaying the irritability of the
tissues in which they are contained, and following on the
observation that a very large percentage of the cases of
eclampsia already investigated showed a subnormal serum calcium
value, it was decided to estimate the calcium content of the
cerebro-spinal fluid in the hope that variations in concentrat-
ion might throw some light on the occurrence of convulsions.

Merritt and Bauer (1931) considered the cerebro-spinal
fluid calcium content to be a more accurate physiological
representation of the‘diffusihle caleium of the serum than the
values ohtained by the various filtration methods used to
determine diffusible calcium. McCance and Watchorm (1931),
while mentioning that the cerebro-spinal fluid is genoéally
considered to contain about 5 mgm. of caleium per 100 c.c., quete
anthorities to the effect that variations are normally from

4.4 - 66 mgm. per 100 c.c. Phey estimated the oalelum in the




22'

cerebro-spinal fluild to be, on the average, 54.7 per cent. of
that of the serum. These workers (Watchorn and McCance, 1932)
state that opinion is satill divided as to whether ultra-
filtration will wholly explain the calcium in the cerebro-spinal
fluid, but, they add, there is no doubt that, when a series is
averaged, the cerebro-spinsl fluid calcium and the ultra-
filtrable calcium lie very close together, and that both tend to
rise and fall with the total serum value. They only studied
one case of eclampsia, and found it presented no abnormalities.
Peters and Van Slyke (1931) state that the cereﬁro—spinal fluid
contains about 50 mgm. of caleium per 100 c.c., and that the
decrease in calcium of exudates and spinal fluid as compared
with serum appears to parallel the protein content. These
estimates are horne out by the investigations of Salvesen and
Linder (1923), Gollwitzer-Meier (1925), and Schade and his co-
workers (1926). Hunter (1931) places the cerebro-spinsl fluid
calcium level at & - 6 mgm. per 100 oc.c., and states that it is
evident that the calcium in the unltra-filtrates considered as &
vercentage o0f the serum calcium is about equal to the cerebro-

spinal fluid calcium expressed on the same basis.

METHOD AND SOURCE OF MATERIAL.

The method employed was that of Kramer and Tisdall
(1921) as modified by Clark and Collip (1925).

The cerebro-spinal fluids were obtained by lumbar
puncture performed in the routine investigation of the csses of
eclampsia. Other specimens were secured in & similar manner
for diagnostic purposes, or, as in the cases of physiologically
uncomplicated pregnancy requiring interventien (Caesarean
section, forceps delivery, etc.), oppertunity was taken to



carry out the operative procedure under spinal anaesthesia.

RESULTS.

Table I shows the findings in 20 cases of eclampsisa.
The values obtained in 30 cases of normal pregnancy appear in
Table II.

Table III gives the results obtained in various
conditions (18 cases), all except one associated with pregnancy.

In Table IV are recorded the figures obtained for the
calcium content of the cerebro-spinal fluid in 12 infants

having convulsions.



Calcium Content of Cerebro-spinal Fluid in Eclampsia.

(20 Cases.)

Cﬁg'e Age. Gravida. EoTipe sia. gfm?g.a. gggieveorfy. (M.=ma1ce:.h%?=femle). 'gg: Si,g;. i’gé°§?:, ;gﬂ:g%ger
1 L . Pogt-partum . 6 Spontaneous . M., alive, 6 1lb. . 4.1 . Recovery
2 K14 + .Ante-partum. 6 Instrumental . F., alive, 8 1b. . 5.0 . "

3 40 6 . " e 5 Induction, . M., dead, 42 1b. . Be 1 . "

spontaneous

4 26 1 . " . 5 Ditto . M., alive, 3 1b. . B 1 . "

6 21 3 . " . 23 Instrumental . F., dead, 5 1lb. . Be 1 . Death

8 15 1 . " .« 4 Spontaneous . F., alive, 7 1b. . 501 . Recovery
7 32 3 . " . 7 Induction of abortion . Be 1 . n

8 28 1 . " « 5 Hydatidiform mole . Be 2 . n

2 17 1 . " . b ‘Spontaneous Anigg?‘:?halic sgina . 5e2 . "

10 26 1 . " . 3 ‘Instrumental . M., alive, 4% lo. . 5. 3 . Death
11 39 5 . Post-partum . Spontanecus . M., alive. . 65+ 5 . Recovery
12 34 4 . " . 18 " . -Alive L. 5¢5 . "

13 . 27 1 .Intre-partum . 4 Instrusental . F., alive, 7 1b. . 5e 5 . Death
14 . 27 1 . Post-partum ., 3 Spontaneous . M., alive, 521h. . 5. 6 . Recovery
16 26 1 . .Ante-partum.. 10 Instrumental . F., dead, 3 lb. . 5.8 . Death
16 . 26 1 .Intra-partum . 14 " . M., dead, 81b. . 5.9 . "

17 24 1 . .Ante-partum . None ‘Undelivered . Dead. Mature. . 5¢ 9 . "

18 . 18 T . " . 2 Spontanecus . F., dead, 341b. . Be o . Recovery
19 23 1 . " . Spontansous . F., alive, 4% 1b. . 6.0 . "

20 22 3 . " . 2 .Abdominal . Foetus 6 months . 6.3 . "

hysterotomy

Average value = 54 mgm. per 100 oc.o.

24.
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TABLE II - Calcium Content of Cerebro-spinal Fluid in Cases

of Pregnancy Requiring Instrumental or Other Interfer-

ence on Account of Disproportion, but otherwise Normal

in 411 Respects (30 Cases).

Number of cases. Cerebro-spinal fluid calcium
mgm. per 100 c.c.
1l . . . 4-3
2 . . . 4-7
1 . . . 4-8
3 o . . 4.9
8 R . . 5.0
4 . . . 5.1
2 . . . 5.2
1 . . . 5.4
1 . . . 55
1 . . 5.6
3 . . . 5-7
1 . . . 5.9
1 . . . 6-1
1 . . . 6-2
Total ;; Average valune = 52 mgm. per 100 o.o.
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TABLE III —— Calcium Content of Cerebro-Spinal Fluid in Various |
~  Conditions, All Except One (Case 10) Associated With |
Pregnancy (18 Cases]).

Case Type of Case. C.S.F. Calcium
Number. mgm. per 100 c.c.
1. Diagnostic lumbar puncture 7 days 4.6
after spontaneous delivery.
2. Retroverted gravid uterus (23 months) 4-8
and ovarian cyst.
S. Nephritic toxsemis. 5.0
4. Nephritic toxaemia. 50
5. Cerebral symptoms 3 days after 5.0
instrumental delivery.
6. Pre-eclamptic toxsemia. 50
7. Normal pregnancy complicated by 51
carcinoma cervicis.
8. Pre-eclamptic toxasemia (after 5.1
delivery).
9. Twin pregnancy. 5.1
10. Uraemic convulsions. (Female, not 52
pregnant. )
11. Pre-eclamptic toxaemia. 5.2
12. Mitral stenosis. 33 months' 5.2
pregnanay.
13. Pontine haemorrhage. 5.3
14. Placenta praevia. 53
15. Meningococcal meningitis. (Sent to 54
hospital as post-partum eclampsia.)
16. Mycotic aneurism. 5.7
17. Hydrocephalus. 5.7
18. Fulminsting pneumococcal meningitis. 67
(Sent to hospital as ante-partum
eclampsia. )

Average value = 5.2 mgm. per 100 c.c.
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DISCUSSION.

In 20 cases of eclampsia, the lowest recorded value
for the cerebro-spinal fluid calcium was 4°+1 mgm. per 100 c.c.
in a case of the post-partum variety with five fits, while the
highest value was 6°3 mgm. per 100 c.c. in a case of the ante-
vartum variety in which pregnancy had only advanced to the
stage of five months. The average figure for the 20 cases
was 5.4 mgm. per 100 c.c.

Incidentally, in this group of 20 unselected cases,
there were 6 maternal deaths (30 per cent.), while a live child
was born in 10 instances (50 per cent.). Furthermore, it is
gseen that of these 20 cases, taken at random, 14 (70 per cent.)-
were of the ante-partum variety.

The cerebro-spinal fluid calcium in 30 cases of
normal pregnancy ranged from 4°3 to 6.2 mgm. per 100 c.c.,
giving an average of 5.2 mgm. per 100 c.c.

In a group of 17 cases taken at random, comprising
various conditions such as nephritic and pre-eclamptic toxaemia,
twin pregnancy, and including a case of uraemia in & non-
pregnant woman, the calcium of the cerebro-spinal fluid ranged
"from 4.6 to 5.7 mgm. per 100 c.c., giving an average of 5-15 mgm.
per 100 c.c. This average becomes 5.2 mgm. per 100 c.c. if
the eighteenth case, which was an example of fulminating
pneumococcal meningitis in association with pregnancy, is
included: in this ocase, the calcium content was abnormally
high.

The results in normsl and toxsemic pregnancy fall
within the physiological limits indicated. Watchorn and
MoCance (1932), who examined 12 cases of pregnancy, found the

ultrafiltrable portion of calcium increased and suggest that,
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during pregnancy, & larger amount of calcium is ultra-filtrable
than in normal conditions.

As already indicated (p. 8 ), Bokelmann and Bock
(1928) attempted determination of the diffusible calcium. They
found that, only at the end of pregnancy is there a noteworthy
increase in the concentration of diffusible calcium, whereas a
fairly uniform relative increase of the diffusible calcium is
noticed during pregnansy and right up to the time of birth.
Lower values are found during delivery, while, in the
puerperium, there is again an increase to be noted, according
to these workers. In a further communication dealing with the
calcium concentration in the blood-serum of the umbilical ocord,
they showed that the total calcium content, as also the
absolute concentration of the dialysable portion, is always
higher than in the maternal serum, while the relative value of
the dialysable part is low. The total oealcium and the
diffusible calcium in the serum of the umbilical vein as
compared with that of the umbilical arteries were found
constantly increased: furthermore, the absolute calciom content
and the absolute oconcentration of the diffusible calcium were
noted by them to be higher in the umbilical vein than in the
blood of the respesctive mother.

In Table IV are shown the results of estimation of the
calcium content of the cerebro-spinal fluid in a dozen infants,
a few days o0ld, having convulsions. The maximal and minimal
values are 8.7 and 6.0 mgm. per 100 c.c. respectively, with an
average of 6.7 mgm. per 100 c.o.

Price (1925), referring to children, gives the calcium
of circulating lymph, pleuritic, ascitic and spinal fluid as
approximately 40 - 60 per cent. of the blood calcium.
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Levinson (1928), in connection with the cerebro-spinal fluid in
infants and in children, mentions 4.0 mgm. per cent. as a low
cerebro-spinal fluid calcium, 6°3 mgm. per cent. as & high
cerebro-spinal fluid calcium, and the normal value as 5°2 mgm.
per 100 c.c.

The figures shown in Table IV indicate, therefore,
that in these infants having convulsions within a few days after
birth, there is a decided elevation of the cerebro-spinal fluid
calcium. These results form an interesting comparison with
the convulsive state in the adult, viz. eclampsia, in which

physiological values are not exceeded.

SUMMARY.

(a) The cerebro-spinal fluid ea2lcium content in 30 cases eof
normal pregnancy was found to be within physiological
limits, the average being 5-2 mgm. per 100 c.c.

(p) 5.2 mgm. per 100 c.c. was the average reading in a group
of conditions, all except one associated with pregnancy
(18 ocases).

() Abnormally high values were obtained in a group of
12 infants only a few days old, suffering from convulsions,
the average being 6.7 mgm. per 100 c.c.

(a) In 20 cases of eclampsia, physiological limits were not
exceeded, the average being 5-4 mgm. per 100 c.c.

(o) The originsl hypothesis was not substantiated. There
was no abnormal variation in the level of the cerebro-
spinal fluid in eclampsia which could he connected with

the oocurrence of convulsions.
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CONCLUSION.

It is interesting to contrast the practically
identical figures for cerebro-spinal fluid calcium in normal
pregnancy and in eclampsia with the subnormal serum calcium in
17 per cent. of cases of normal pregnancy and in 82 per cent.
of cases of eclampsia (p. 17 ).

The constancy of the cerebro-spinal fluid calcium in
association with variable diminutions in the calcium content of
the serum is noteworthy as indicating that the diminution in
the serum calcium level in toxaemic cases is due to a reduction

in the non-diffusible calcium.
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RARITY OF OBSERVATIONS.

Comparatively few observations have been made on the
inorganic sulphate content of human blood, and, from & perusal
of the literature, this would appear to be mainly due to the
difficulties experienced in the determination of the low
concentrations present in the blood. In a multiplicity of
investigations on the more common constituents of the blood in
eclampsia, inorganic sulphate seems to have been neglected.
Hence the writer determined to estimate the inorganic sulphate
content of the blood in eclampsia, and, in this part of the
work, he had S.L. Tompsett as collaborator.

METHOD.

Reed and Denis (1927) consider that inorganie
sulphate is present only in blood-serum, none being centained
in the corpuscles. In this investigation the blood-serum has
been examined, the method employed being that described by
Cuthbertson and Tompsett (1931) in which the normal values vary
between 0+8 and 16 mgm. 8 per 100 c.c.

In the osses of eclampsis selected at random, blood-
pressure estimations and Esbach readings corresponding to the
days on which the tests were made showed wide variations. The
highest systolic blood-pressure recorded was 214 mm. Hg. and
the lowest 120 mm. Hg., while the Esbach level ranged between
34 and 4 gm. per 1,000 c.c. urine.

Table I shows the inorganic sulphate and non-protein
nitrogen values in normal and toxasemic pregnancy, while similar

estimations in eclamptic patients appear in Table II.
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RESULTS .

TABLE I — Inorganic Sulphur and Non-protein-nitrogen in
Control Cases.

Non-protein Inorganic

Case .Age, QGravida. nitrogen mgm. sulphur mgm, Remarka.,
No. per Ce Oe S per 100 ¢.o.
serum, aerum.
1. 26 . 4 . .o . 0.6 . Hyperemesis.
2 . 38 . 1 . 25 N 0-6 . "
3 . 2 ., 4 . . . o 08 o "
4 , 22 ., 5 . .o o 0.3 N "
6 . 28 . 5 . N . 0-3 « Lactosuria.
6 . 34 . 4 . 25 . 05 o Pyelitis.
7T . 2 1 . 31 . 1.3 + Normal pregnancy. In labour.
8 . 2 . 1 . 22 . 1-5 . " " " »
9 . VL . 1 . 18 . 1-4 . " " e »
10 . B ., 1 . 25 . 1-3 . " " " "
11 . 19 . 1 . 28 . 1.2 . " " " "
12 ., 0 .. 7 . 22 . 1.2 o " " b "
13 . 24 . 2 o 18 . 1.2 . " n " "
14 . 3 ., 2 . 28 o 1.0 . Pyelitis., In labowr.
65 . 26 . 1 . 18 . 0.9 . Normal pregnancy. .After delivery.
8 . 21, 1 . 22 . 1-1 . " " » "
17 . 27 . 2 . 28 . 1.4 . " . » "
8 . 38 . 10 . 32 . 1.3 . " " b "
9, 8B ., 1 . 27 . 1.3 . " . . "
v . 2 . 2 . 4 . 1.2 « .Ante~partum hasmorrhage.
21 . 28 . 1 . a2 . 1.8 . Ere-eclapeia. Hsbsch 2%,
2 .21, 1 . 28 . 1.8 - Prg-eclaspsia. Esbach 24,
23 . 21 . 1 . 23 . 1.8 . &;gregggfyim%o of albuwin,
24 . . 1 . 28

BeP.  148/100.
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TABLE II — Inorganic Sulphur and Non-protein-nitrogen
in Eclampsia.

Non-protein ‘Inorganic
Case Age. Gravida. nitr mgm, sulphur mgm, Remarks,
No. per C.C. S per 100 c.cC.
serum, serum,
1. 41 . 153 . 23 . 2.2 . .Ante—- and intra-partum. 7 fitsa.
. 19 1 N 24 . 2.0 + Post-partum. 1 fit, Twin

pregnancy.

3 ., 22 . y S 0 . 2.6 . Intra-partum. & fits. Post~
partum, 1 fit.

4 . 32 ., 2 . 80 . 2.9 o Intra~partum, 1 fit. Previous
eclampsia. he

5 . 19 . 2 . Ko} . 23 . POBb—Pﬂrbm. 6 fits. Twin
pregnancy.

6 . 2 . 3 . 37 . 2.8 + .Ante~ and intra~partum, 5 fits.

7 . 17 . 1 . 25 . 28 . " L 2 fits.

8 . XV . 5 . 18 . 2.8 . .Ante-partum. 5 fits.

9 . 19 . 2 . 48 . 2.7 . " . 6 fits.

m L] % L] 3 L] 46 L] as ! L ] " " hd " mbh

1 . 19 . 1 . 0 . 2.3 + Post-partum, 1 fit.

12 . 19 . 1 . 18 . 21 . .Anw-wt‘.o 2 fits.

13 . 22 . 1 Y & ° 2‘5 Y .An“-‘ md int!‘a—p&l.'l’-w. 1.2 fib"
Diabetia.

4 . 22 . 1 N 0 . 2.1 . .Ante-partum and intra-partum.
4 fits.

B . 21 1 . 28 . 1.1 « In labour, before onset of fits.

32 . 386 . Intra-partum. 2 fits. Post—

partum, 12, 6Lh. day puerperiumi

.Ante-par tum, 2 fits.

16 , 39 . 5 . )
. Fourth day of puerperium.

83
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SUMMARY OF FINDINGS.

Previous investigations into the sulphur content of
the serum or plasma in disease have been particularly directed
towards cases of nephritis with nitrogen retention. It has
been shown by Loeb and Benedict (1927), Reed and Denis (1927)
and Cuthbertson and Tompsett (1931) that, in cases of nephritis
and cardio-renal disease, there is an increased reténtion of
inorganic sulphate coincident with the increased retention of
non-protein nitrogen, inorganic sulphate being retained in
proportionately greater amount than nitrogen, and this
particularly in the lower grades of nitrogen retention.

Although little variation in the non-protein nitrogen
was noted in this study of cases of eclampsia, the striking
feature was the considerable elevation above the normal of the
inorganic sulphate content. This marked elevation was not
observed in toxsemias o0f pregnanscy other than eclampsia,
although in the pre-eclamptic state, values greater than nermel
were obtained. In normal pregnancy, the imorganic sulphate
level of the blood was within physiological limits.

It is difficult to appreciate why the inorganiec
sulphate content of the plasma or serum should be raised while
the non-protein nitrogen is within normal limits unless it be
assumed that, relative to nitrogen, inorganic sulphate is a
more difficult substance to excrete. If that assumption be
correct, it follows that the retention of inerganic sulphate
may be an esrlier indication of renal impairment than is
afforded by the study of non-protein nitrogen or urea content
of the blood. In this connection the kidney is brought
prominently before us in the case of eclampsia. Probably the
finding of blood non-protein nitrogen within physiologieal
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limits in eclampsia, in conjunction with raised inorganic
sulphate, can be explained by the sudden action, of relatively

short duration, of some toxin on the renal epithelium.
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INTRODUCTORY NOTE.

In the course of an ordinary labour, with the patient
on the usual restricted dliet, it is frequently noticed that the
intensity of the reaction for ketonuria becomes progressively
more marked as the time of delivery approaches. Signs of
maternal and foetal distress are apparently coincident with an
increased ketone content of the urine.

With a view to arriving at a more accurate estimate
of the degree of ketosis, the blood of patients in labour was
examined with regard to its acetone and diacetic acid content.
At the same time, & similar analysis was carried out in a few
cases of pre-eclamptic toxaemia, in which & more or less
restricted diet, corresponding to that in vogue in the labour
ward, is the usual routine method of treatment. These pre- |
eclamptic cases were women in whom no trace of previous renal :
damage could be detected, and who were normal prior to the
development of the toxasemie manifestations, which were, there-

fore, primarily due to the pregnant state.

METHOD.

The‘colorimetrio method described by Behre and
Benedict (1926) was adopted for the determination of acetone
and diacetie acid in the blood. Under normal conditions these i
seldom exceed 1 mg. per 100 c.c. The results are shown in

Tables I and II.
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RESULTS.

TABIE I —

Non-toxaemic Cases in ILabour.

The term "normal” is applied to the cases in which the
ro
ergzined b
none of these seven cases was b

was normal and no dis
in such a case was de

osition
Instrumental interference
maternal or foetal distress. In
re any s8ign or symptom of toxaemia.

ortion existed.

he

.Acetone and

Blood diacetic acid Duration
withdrawn content of 1st and
Case 'I‘yge of before or of blood (m 2nd stages
No. Type delivery after delivery per 100 c.c.) of labowr Child
hra. mind.
1 Normal Forceps 8 hrs. before 17 31 40 .Alive,
8 1b.

2 Occipito~ Spontaneous 35 mins, after 32 11 6 .&ive,

posterior 1b.

3 Oocipito- Spontaneous ‘Immediatel 2-8 17 0 .Alive,

posterior ter 7% 1b.

4 Normal ntaneous ‘Immediatel 17 28 o} .Alive

Spo a%ber aé 1b.

5 Normal Foroceps Immedia teg 31 21 20 .Alive,

ter 8 lbo

6 Twin a)Spontanesous Immediatel 11 12 5 .Alive

pregnancy ibggggoeps after faflﬁo'/y. 1v.
b) 3)% 1b.
7  Normal Forceps Immediatel 1-7 B6 0 .Alive,
ter 6% 1b.
TABIE II — Cases of Pre-eclamptic Toxasemia (Not in Labour).
.Aocetone and
Ca ohtent of -blood
] oonten
No, (mgm. par 100 c.c.) Remarks

1 e 5.8 . Blood withdrawn 45 mins, before Caesarean section.
Child: female, alive, 64 1lb.

2 . 1.6 . Blood withdrawn 9% hrs, prior to spontanecus delivery.
Child, male, alive, G%Eb. Brisk post-partum
haemorrhage,

3 . 3.7 . 7 months' pregnancy. ’

4 . 1.1 . 4 months' pregnancy. Abdominal hysterotomy performed.

5 - 106 ) A]JIIOB?. at bﬁl’lllo
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DISCUSSION.

Bokelmann and Bock (1926-28) find that during
pregnancy the concentration of ketone acids in the blood rises.
Schmidt (1928) makes the same claim.

In the present series of cases in labour, all showed

an acetone and diacetic acid content of the blood above normal

level. With one exception, lasbour had not been unduly prolonged.

The values obtained did not appear to bear a definite relation
to the duration of labour, yet it is probable that the more
protracted the labour the greater is the tendency for ketosis
to occur.

There appears to be an intimate relation between the
condition of obstetric shock and the state of ketosis.

Almroth Wright and Colebrook (1918), following up the
pioneer work of Crile and Cannon on surgical shock, directed
attention to the large output of acid waste products from the
body and the provisions by which, despite that, the alkalinity
of the blood is maintained. In their discussion of the
acidosis of anaesthesia, they laid stress on Cannon's observat-
ion that there is risk in inducing upon & "wound-shock acidosis”
an "anaesthesia acidosis". Phillips (1931l), in a paper on
obastetric shoock, mentions the following conditions as predispos-
ing to its occurrence: Bodily fatigue from prolonged muscular
exertion, cold from exposure, deprivation of food and water,
sweating, haemorrhage, anaesthetics, toxaemia of pregnancy,
infection, emotion.

Omitting toxasemia and haemorrhage, these factors are
present in varying degree in every protracted labour. With the
more prolonged labour and its implication of a greater tendency

to ketosis, there is the greater likelihood of the occurrence of

e TSR ——
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obstetric shock. One might reasonably expect that the absorp-
tion of histamine is greatest in the protracted lsbour. As 1t
is in precisely this type of case that instrumental interference
under anaesthesla is necessary, the choice of anaesthetic is of
great moment. Chloroform and ether, administered for even a
short time, are liable to render the degree of acidosis more
pronounced and the supervention of obstetric shock more
imminent.

McDowall, in the Arris and Gale Lecture (1933),
discussing the relation of anaesthetics to deferred shock, states
that here the shoek is apparently produced chemically by the
aotion of histamine and similar bodies: it seems certain from
experimental evidence that ether, and probably other
ansesthetiocs, sometimes make recovery from the histamine bodies
impossible when it might have taken place in the absence of the

anaesthetic. Ether 1is believed to produce its depressing

effect by dilating blood-vessels and rendering them more
permeable: 1its action is masked at the time of operation by
the stimulating nature of the drug. McDowall further points
out that gspinal anaesthesia does not meet the case, because it
interferes with the nerve-control of the vessels and also
causes vasodilatation. Nitrous oxide has been shown by Dale
not to increase the susceptibility of an snimal to histamine
shock in the way that ether does.

It is, therefore, obvious that nitrous oxide
administered with oxygen is the safest anaesthetic to employ imn
a woman exhausted after a long labour, as a result of which
ketosis of more or less marked degree exists. Local
anaesthesia might be employed with advantage in selected cases.

Lévy-Solal (1932) states that, during parturition,
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the blood-sugar which gradually rises during the ninth month
increases still more rapidly, but after delivery it quickly

drops and that, if this fall is unduly rapid, symptoms of shock }
are produced. He emphasises the importance of prophylaxis by
giving sugar to women during labour. Garofalo (1933) observes
that a moderate degree of hyperketosis is to be noted during

the last three months of pregnaney and during labour; that,
during gestation,/g-oxybutyric acid in the blood is augmented,
but acetone and diacetic acid are maintained at a low level, the
latter showing an increase during labour.

Observations such as the foregolng lead one to plead
for the more generous treatment of women in labour as regards
diet. Man undergoing severe muscular exertion requires and
receives adequate nourishment. Woman, at the time of her
greatest muscular effort, is denied & bare sufficiency. It 1s
recognised that ordinsry meals during labour are impossible,
but starvation acidosis should be guarded agasinst by the
administration of carbohydrate. This 1is best done by giving
the woman barley suger to suck.

The five patients suffering from pre-eclamptic
toxaemia all had an abnormally high acetone and diacetic acid
content of their blood. The extremely limited diet on which
such patients are so frequently put does not tend to diminish
the ketosis, and still further restrictions may be enforced if
the toxmemis, instead of clearing up, becomes more pronounced.
Should operative intervention then become necessary, the choice
of anaesthetic is of the greatest importance, and, for the
reagons already mentioned, nitrous oxide administered with
oxygen is undoubtedly the safest.

Garofalo states that the increase of /3-oxybutyrie
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acid was especially well marked in the ceses of pregnancy
albuminuria and eclampsia examined by him, although he found it
impossible to trace a parallelism between the amount present in
the blood and the clinical severity of the disease.

With regard to the treatment of pre-eclamptic
toxaemia, a plea may be‘made for more generous diet, particularly
in respect of carbohydrate and minerals. Milk may be given
with advantage: not only does it provide protein, but it
conveys to the body supplies of calcium and other mineral
elements of which there is & deficiency in the maternal blood
in many instances. This decrease in calcium in the blood
towards the end of pregnancy is probably related to the slight
decreasse in protein which usually occurs. Hence the
administration of protein might be of especial value in those
cases of pre-eclamptic toxaemia in which oedema is a prominent
feature, since the presence of oedema and of albuminurie
(frequently massive) with no noteworthy increase in the urea
and non-protein nitrogen of the blood is, in non-pregnant
cases, generally an indication that protein should be given in
adequate amount, as is the régime in the nephrotic types of
Bright's Disease. The problem is, however, not so simple, &s
the blood-pressure in the latter condition is not raised. It
has still to be determined what factor or factors are concerned
in the raising of the blood-pressure in the pre-eclamptic state,
although the work of Anselmino, Hoffmann and Kemnedy (1932)
would ascribe this and the accompanying phenomena to premature
and excessive activity of the posterior lobe of the pituitary
gland.

Harding and van Wyck (1930) feel that protein per se
could not play & part in the production of eclampsis. Their
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words may be quoted. "That a dietary factor exists appears
certain. That the dietary factor is protein or even fat is
uncertain despite the popularity of the former supposition".

In the treatment of pre-eclampsia they accordingly advocated
ordinary mixed diets of protein, carbohydrate and fat, provided
they were salt-free or salt-poor, since their observations have
shown a connection between sodium chloride and convulsions,
albuminuria, high blood-pressure, oedema, epigastric pain and
vomiting in the toxaemic subject.

Recognising, therefore, the tendency to ketosis in
the pre-aclamptic state, carbohydrate especially ought to bulk
more largely in the diet than is frequently the case. A useful
addition would appear to be milk, not only for the protein it
supplies, but on account of its mineral content, particularly
calcium. A plea is put forward for the supply of adequate
nourishment for the woman suffering from this toxaemia of
pPregnancy, whether the symptoms be many or few.

It is of interest to note that Anselmino and Hoffmann
(1931) have reported the presence of the so-called fat
metaholism hormone in extracts of the anterior lobe of the
hypophysis. When such an extract was injected into rats or
humen beings, there occurred an increase in ketosis, which was
presumably due to & rise in the metabolism of fat.

Butts, Cutler and Deuel Jr. (1934) have pointed out
that the injeoﬁion of a nentralised alkaline extract of the
anterior lobe of the pituitary gland into fasting rats receiving
aceto-acetate daily increased the excretion of total acetone
bodies. The response obtained was &8s marked with males as with
females and with castrated animals as with normsl ones. The

injection of similar extracts into fasting rats which were
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receiving sodium chloride solution resulted in & marked
augmentation of ketonuria. With the extract made from steers,
the response was practically quantitative. The daily injection
for four days was followed by & continued gradual rise in level
of acetonuria, which indicates, according to these workers, that
the effect is not due to a flushing out of ketogenic material.
Phey further found that the administration of small amounts of
sugar to rats receiving pituitary extracts resulted in a
complete suppression of the acetone body excretion. In one
experiment they confirmed the high ketonuria of fasting during
pregnancy.

Such findings are of supreme interest, indicating as
they do the intimate relationship between the anterior lobe of
the pituitary and the state of ketosis. During pregnancy
pronounced hypertrophy of the anterior lobe occurs, and the
increased activity resulting therefrom would, in the light of
these experimental findings, account for the development of
ketosis, especially if the diet be deficient. Diet, as a rule,
tends to be most severely curtailed at the time of labour and

in pre-eclamptic toxaemia.

CONCLUSIONS.

1. There does not seem to be any necessity for resorting
to routine estimation of the acetone and diacetisc acid in the
blood of patients in labour, but such an analysis may yield
valuable information if the labour be unduly prolonged. It is
of impertunce to recognise the severe muscular effort taking
Place at this time, and to take measures to prevent the develop-
ment of aoidosis by ensuring that the patient receives adequate
although necessarily limited nourishment. Barley sugar sucked

regularly throughout the duration of labour is an efficient
Prophylactia.
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2. The information afforded by estimation of the blood-
acetone and diacetic acid in cases of toxaemia of pregnancy
does not justify its adoption as a routine. The high values
obtained, however, would focus attention on the inadequacy of
the diet prescribed in many cases of albuminuric toxaemia —
so often "fluids only". Even if protein be restricted, a
sufficient supply of carbohydrate ought to be ensured. The
plea is put forward that, since a noteworthy increase of the
blood-urea or non-protein nitrogen levels is not noted in these
cases of pre-eclamptic toxaemia, oedema should be prevented or
ameliorated by adequate intake of easily assimilable protein,

e.g. milk.
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INTRODUCTORY NOTE.

In the vast number of observations which have been
made on the blood in pregnancy, probably few have exhibited such
discrepancies as those dealing with the plasma proteins. Plass
and Matthew (1926) emphasised this and, while they reported no
figures -for the toxaemias of pregnancy, they found & definite
decrease in the albumin and & slight relative increase in the
globulin of the blood in normal pregnancy.

Bufinger (1928) found that, during pregnancy, there
was a marked decrease in the stability of the plasma colloids,
as tested by the Gerloczy reaction (1922). With his co-worker,
Spiegler (1928), he studied the protein composition of the blood
during pregnancy, and found that the total protein content of
the serum in the same individual is subject to considerable
variation, but that, in the last months of pregnancy, a decrease
is evident. They further noted & progressive increase in
fibrinogen, globulin and euglobulin, while there was a marked
decrease in albumin. These observers state that the appearance
of a pregnancy albuminuria is not evidence of a renal lesion,
but must be understood as the elimination from the blood, by the
healthy kidney, of albuminous bodies which have become useless.
In another communication (1928) they found the albumin:globulin

ratio at term to be oial, while in eclampsia the ratio is still

further reduced. Their view is that the predominating
involvement of the liver and kidneys is a secondary manifestat-
ion of oedema, brought sbout by the change in their cell colloids
which take up and eliminate the inflow of harmful products.
Prompted especially by the work of Eufinger, the
writer set out to determine whether any constant change in the

plasma proteins was associated with the various toxaemiec
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conditions in pregnancy, and particularly to note whether a
certain albumin:globulin ratio could be considered as

characteristic of a specific toxaemia.

METHOD.

For non-protein nitrogen the method of Folin and Wu
(1919) was employed, while for protein nitrogen the methods
adopted were those described by Howe (1921) and Wu (1922). By
these methods, the following variations are normally found:-
Total nitrogen = 1,000 - 1,300 mgm. per 100 c.c.
Non-protein nitrogen = 20 - 40 mgm. per 100 c.c.
Fibrinogen nitrogen = 50 - 100 mgm. per 100 c.c.

Albumin:Globulin ratio =% - g.

RESULTS.

The analytieal findings appear in Tables I - VI.
Table I shows the results obtained in cases of normal pregnancy
near term, in labour and after delivery. In 17 cases, the non-
Protein nitrogen varied between 15 and 34 mgm. per 100 c.c.,
giving an average of 28 mgm. per 100 c.o.

In 16 oases, other findings were noted. The total
nitrogen varied between 831 and 1,543 mgm. per 100 c.c., giving
an average of 1,094 mgm. per 100 c.s. The fibrinogen nitrogen
varied between 27 and 231 mgm. per 100 c.c., giving an average
of 128 mgm. per 100 c.oc. The combined albumin and glebulin
nitrogen varied between 744 and 1,496 mgm. per 100 c.c., giving
an average of 944 mgm. per 100 c.c.

In these normal cases, wide variations in the

&lbumin: globulin ratio were Observed, the lowest noted being
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133 328
S5 and the highest <

Table II shows the results obtained in 12 cases of
hyperemesis gravidarum.

The total nitrogen varied between 923 and 1,250 mgm.
per 100 c.o., the average being 1,142 mgm. per 100 c.c.

The non-protein nitrogen varied between 18 and 49 mgm.
per 100 6.0., the average heing 32 mgm. per 100 c.c.

The fibrinogen nitrogen ranged between 52 and 338 mgm.
per 100 c.c., the average being 154 mgm. per 100 c.c.

The combined albumin and globulin nitrogen varied
between 740 and 1,113 mgm. per 100 c.c., the average being 957
mgm. per 100 c.c.

The albumin:globulin ratio varied between ;&&é and

3+30
1

Table III shows the values obtained in 13 cases of
pyslitis of pregnanecy.

The non-protein nitrogen in this group varied between
20 and 71 mgm. per 100 c.c., the average being 30 mgm. per
100 o.c.

In 12 cases, additional findings were as follows:-
The total hitrogen ranged between 890 and 1,276 mgm. per 100 c.e.,
the average being 1,052 mgm. per 100 c.ec.

The fibrinogen nitrogen varied between 63 and 289 mgm.
rer 100 c.c., giving an average of 170 mgm. per 100 c.c.

The combined albumin and globulin nitrogen varied
between 728 and 1,048 mgm. per 100 c.ec., giving an average of
884 mgm. per 100 c.o.

The lowest albumin:globulin ratio recorded in this

geries was 2.26

and the highest _3i4°.
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Table IV shows the results in 3 cases of haemorrhage
associated with pregnancy. The lowest value for non-protein
nitrogen was 18 and the highest 30 mgm. per 100 c.c., the
average being 23 mgm. per 100 c.c.

In 2 oases of haemorrhage in the earlier stages of
pregnancy, the following observations were made: -

The average total nitrogen was 1,395 mgm. per 100 c.c.,
the average fibrinogen nitrogen, 227 mgm. per 100 c.c. and the
average albumin plus globulin, 1,143 mgm. per 100 c.c.

In a case of threatened abortion at the stage of

8 weeks, the albumin:globulin ratio was °i51, while in a case of
threatened miscarriage at the stage of 5 months, the ratio was
3:04

1

Table V shows the results obtained in 18 cases of
albuminuric toxaemia - 6 of the nephritic type and 12 of the
primary or pre-eclamptic variety.

In the 6 cases of nephritic toxaemia, the following
observations were made: -

The non-protein nitrogen ranged from 28 to 76 mgm. per
100 c.c., giving an average of 43 mgm. per 100 c.c.

The total nitrogen varied between 962 and 1,337 mgm.
per 100 c.é., giving an averags of 1,080 mgm. per 100 c.a.

The fibrinogen nitrogen varied between 90 and 219 mgm.
rer 100 c.c., the average being 149 mgm. per 100 c.c.

Phe combined albumin and globulin nitrogen varied
between 822 and 1,106 mgm. per 100 c.c., giving an average of
888 mgm. per 100 c.c.

The lowest albumin:glebulin ratio was lilﬂ and the
highest "’i“.
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In the 12 cases of pre-eclamptic toxaemia, the
following were the findings: -

The non-protein nitrogen varied between 26 and 39 mgm.
per 100 c.c., the average being 31 mgm. per 100 c.c.

In 10 of the cases, additional results were noted.

The total nitrogen varied between 756 and 1,163 mgm.
per 100 c.c., the average being 956 mgm. per 100 c.oc.

The fibrinogen nitrogen ranged between 20 and 343 mgm.
per 100 c.c., the average being 148 mgm. per 100 c.oc.

The combined albumin and globulin nitrogen varied
between 637 and 1,068 mgm. per 100 c.c., giving an average of
777 mgm. per 100 c.c.

The lowest albumin:globulin ratio was Qiﬁg and the

.51
1 L[]

highest

Table VI shows the findings in eclampsia.

In 16, the non-protein nitrogen varied between 18 and
69 mgm. per 100 c.c., the average being 36 mgm. per 100 c.c.

Further results were recorded in 3 cases:-

The total nitrogen averaged 1,092 mgm. per 100 c.o.,
the fibrinogen nitrogen 110 mgm. per 100 c.c. and the combined
albumin and globulin 935 mgm. per 100 c.o.

The albumin: globulin ratio in 1 case was §i§§, in
another 2210 ani in another lisz.

1
Another series of findings in eclampsia is tabulated

on page 244.
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TABILE I — Cases of Normal Pregnancy near Term, in labour and
after Delivery. (17).
Non-protein . Total Fibrinogen éllgblzli!i‘n*
nitrogen. nitrogen. nitrogen. nitrogen.

Cﬁg.e .Age. Para. %.o.p&r X o.pgf :g. o? :f %.&p&r Rut.io.n Hemarks.
1 18 1 30 1220 220 970 -~  Fear term.
2 26 3 19 1643 28 1498 %‘133 Near term.
3 29 5 30 9689 73 8es -- Near term.
4 29 2 30 1069 35 994 -- Near ters.
5 25 3 30 831 57 n44 -- Near term.
6 28 1 31 1004 187 786 = Near term.

%28
31 3 25 1078 123 930 -- Near term.
3 5 29 1012 79 904 -- Near term.
9 36 4 30 1004 118 856 -- Near term.

10 19 2 29 1220 35 1156 -- Near term.

11 30 4 26 1101 106 970 -- Near ters.

12 30 4 32 877 27 818 -- Near term.

13 26 1 29 1101 218 854 -- In labour.

124 29 n 30 1121 199 892 -- .In labour,

15 20 -1 .16 1163 218 932 = ‘In lsbour.

>16

16 21 1 34 1196 231 931 27 = or 1%{ hours

delivery.

17 30 7 22 - -- - -- 656 hours

after
delivery.
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Cagses of Hyperemesis Gravidarum.
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(12).

In 13th. case, vomiting was due to the assoclation
of gallstones and pregnancy.

Albumin +

Non~protein Total Fibrinogen Globulin

nitrogen. nitrogen. nitrogen. nitrogen. m
Case m. r m per per obulin
No. .Age. Para. 580 c.Pg. %‘ o.pg.r Ce Co Ce Co Ratio. Remarks.
1 32 7 33 1250 338 879 = --
1-23
2 28 3 29 1068 197 842 = Chorea
272  gravidarum.
3 28 3 18 1142 161 063 ‘@"am .ﬁybdgmingl
o B LOero!
Death. o1
4 25 3 42 1152 119 291 = --
219
5 29 1 35 1118 207 874 = - -
2. 38
Uterus
8 25 1 49 1163 52 1082 - erp
Death,
7 23 2 30 1228 107 1089 'ﬁ" --
20 40
8 25 2 28 1020 128 864 -- Uterus
emptied.
Recovery.
9 34 3 34 1244 o7 1113 @‘ --
236
10 32 4 30 1179 116 1034 - Uterus
empti
Reocovery.
11 28 5 31 1226 162 1033 ‘%"“ --
248
12 238 1 23 923 160 740 ﬁ%’ --
308
13 34 11 52 992 136 804 -- Gallstones

in assoo-
iation with
pregnancy.
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LE III — Cases of Pyelitis Gravidasrum. (13).
.Albumin +
Non-protein Total Pibrinogen Globulin

Case nit.ro!g’:rrx. nitrogen. nitrogen. nitrogden. M

as m . per mgm, per m, per ooulin

No. Age. Para. 1% e Co 1 c? Ce 1& o? Ce o? C. Rahgo. Remarks.

1 24 1 26 - - - - - - - - - -

2 24 8 32 1000 120 848 - - - -

3 21 1 25 909 156 728 ﬁ"" General
280 toxaemia.

mahho

4 28 3 20 890 125 745 - - - -

5 24 3 24 1097 210 863 - - - -

6 38 7 22 1111 289 800 %"' - -
228

7 23 1 286 1082 146 210 - - - -

8 24 4 30 1262 255 977 ‘E“" - -
340

8 19 1 32 11986 200 944 - - - -

10 20 1 20 1073 130 923 - - - -

11 33 &6 29 1276 198 1048 - - - -

12 28 5 71 254 83 820 - - Surgioal
induotion
of labour.
Death.

1002 - - Surgiocal

13 a7 3 31 1179 146 00 inétohion
of labour,
Child atilld
_born.
Recovery.
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TABLE 1V — Cases of Haemorrhage imn Pregnancy. (3).
.Albumin +
Non-protein Total Fibrinogen Globulin
nitrogen. nitrogen. nitrogen. nitrogen. m
Case . per mgm. per m per o n
No. .Age. Para. % c?g‘ 1% c?g. %.o?g.r c?o. Ratio, Remarks.
1 46 8 30 1786 316 1441 HE-
0-81 abortion at
a8 of
8 weeks.,
2 33 10 21 1004 139 gaq BE- Threatened
3°04 miscarri
at st of
5 mont
3 24 2 18 - - - - - - -- Post-partum
haemorrhage
severe mbogforel
expuls
placenta.
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TABLE V — Cases of Nephritic and Pre-eclamptic TPoxaemia. (18).
3 -Albumin +
No;:prg:e:m 'ggt:ée F'i;gzinogen G}Ltébulin
nitrogen. nitrogen. en nitrogen. _Aloumi
Case m% per n% per m%mg& m%. gr *&mﬁ
No. .Age. Para. 100 c.o0, 100 c.c. c.c. 100.c.c. Ratio. .Remarks.,
1 26 1 53 1020 111 856 ‘ﬁ“ Nephritio
317 toxaemia.
2 38 13 42 1337 190 1105 788 - Nephritic
817 ,,4 ‘toxaemia. Death,
3 38 7 76 1121 219 826 %‘%= Nephritic
1-18 toxaemia,
4 28 3 29 1029 173 827 -- Nephritio
toxaemia.
5 40 4 29 2962 111 822 - - Nephritio
toxaemia,
6 29 ) 28 1012 90 894 = Nephritio
% 3-38 gxaemia.
7 30 4 31 756 86 639 -- Pre-eclamptio
toxaemia,
8 38 9 36 1004 20 940 $&= Pre-eclanplio
’ 244 ‘toxaemis, 3rd. dq
of puerperium.
9 21 1 29 885 109 727 - Pre-eclamptio
t