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Even before the First World War
certain German workers had noted
the presence of oestrogenic subs-
tances in the human placenta, and
Fellner (1912) is generally credit-
ed as being the first to make this
observation. In the following de-
cades, it became obvious that the
placenta was indeed a rich source of
oestrogenic materials and by 1930
pure oestriol had been identified in
extracts of the human placenta.

It was not until 1927 that the Ger-
man workers, Aschheim and Zondek,
made the astonishing' discovery that
the urine of certain pregnant animals
contained amongst many other
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substances oestrogens in large quan-
tities. In the same year they noted the
presence of large quantities of oestro-
genic substances in human preg-
nancy urine and in the following
year demonstrated that the oestro-
gens in the human pregnancy urine
rose from the 12th week of pregnancy
to relatively high levels at term to
fall to low levels in the early puer-
perium. In 1927, Margaret G. Smith
demonstrated that the blood of preg-
nant human females contained a
substance identical with “Follicular
hormone” and this reached its maxi-
mum concentration at term, only to
disappear rapidly in the puerperium.

It is worth remembering, then, that
over 50 years ago it was known that
the placenta was a rich source of oes-
trogens and that these substances ap-
peared in the blood and urine in in-
creasing quantities until term and
they promptly disappeared following
delivery. All this painstaking work
had of course been dependant on
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biological methods of estimating oes-
trogens.

In 1933, Spielman, et al, utilizing
a biological assay for oestrogens in
blood, found that this procedure
could be used as an early and reli-
able clinical indicator of whether the
foetus is dead or alive. One mouse-
unit of oestrogen in 40 ml. of blood
indicated foetal life as early as 8 to
10 weeks’ gestation. A sudden drop
of the oestrogen titre in maternal
blood occurred when foetal death
took place, This method did not gain
wide acceptance in clinical practice
because of large quantities of blood
necessary and the difficulties of bio-
logical assay.

In the same decade, Smith and
Smith used a biological assay and
demonstrated a decreased produc-
tion of oestrogen and an increased
production of chorionic gonadotro-
phin in pregnancies complicated by
pre-eclampsia, eclampsia, premature,
delivery and stillbirth. A progres-
sive deficiency of oestrogen was
found in a large number of instances.
It was further noted in a toxaemic
patient under treatment with vera-
trum viride that the vasodilating ac-
tion of this drug was accompanied by
a temporary reversal of the urinary
deficit indicating more normal secre-
tion and metabolism of the steroid
hormones.

Bachman, in 1941, published his
findings on six gravid women in
whom serial chemical determinations
were made of oestradiol, oestrone,
oestriol and pregnanediol. The oes-
trogen determinations were perform-
ed by a colorimetric method develop-
ed by him. This work was carried
out primarily to determine whether
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any relation could be demonstrated
in the excretion of these compounds -
and the onset and character of labour.
It was concluded that no constant
hormonal excretory patterns were
observed in this respect. The chan-
ges in oestrogen output during the
last ten weeks of pregnancy were too
gradual and the individual variations
among different patients too marked
to make any possible forecast on the
day when labour would begin or the
character of the labour. However,
it is very interesting to note in this
thorough study of six patients that
patient No. 6 was normal through-
out pregnancy except for a
labile blood pressure, which rose to
moderate hypertensive levels. The
hormonal excretions of this patient
were so markedly below those of the
remaining patients that Bachman
stated that further hormonal studies
during pregnancy should be conduct-
ed.

Zondek and co-workers (1954,
1957 and 1959), have done extensive
studies on the use of urinary oestriol
excretion in the abnormalities of
pregnancy. They concluded that the
urinary oestrogen titre, as determin-
ed by biological assay, did not lead
to conclusive results in the assess-
ment of placental function, but a che-
mical determination of urinary ges-
triol can give valuable information.
The preference for a chemical
rather than bio-assay procedure
is based on the following. The
oestrogens of pregnancy include
oestrone, oestradiol-17B and oestriol.
Oestriol constitutes the main bulk
(90%) of the total urinary excretion
on the basis of weight. Oestriol is
physiologically a very weak oestro-
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gen that possesses a biological acti-
vity approximately 1/100 that of
oestrone and 1/500 that of oestra-
diol-17B, depending upon the type of
biological assay performed. There-
fore, a small contamination of the
final oestriol fraction by oestrone or
oestradiol could greatly influence the
values obtained by bio-assays, and
falsely imply changes in oestriol ex-
cretion quite disproportional to the
gravimetric content of this fraction.

In order to overcome this difficulty.
Zondek et al, employed the chemical
procedure of Finkelstein (1952) for
the determination of urinary oestriol
alone. Utilizing this procedure, the
oestriol assay was found reliable in
the detection of placental dysfunc-
tion after the 20th week of preg-
nancy.

During the last trimester of preg-
nancy, the daily variation by their
method may be considerable (up to
60%). Fluctuations in the urinary
oestriol indicate dysfunction of the
placenta, a rising titre indicating re-
versible placental dysfunction. Flu-
ctuations occurred more frequently
in toxaemic pregnancies than in nor-
mal cases. A fall of over 609, is con-
sidered as prognostically unfavour-
able and treatment should be influen-
ced by this in combination with other
clinical criteria. The absolute oes-
triol value is of importance. Oestriol
level remaining below 1 mgm. per 24
hours indicates irreversible placen-
tal dysfunction and secondary death
of the foetus, while levels below 3
mg. per 24 hours reflect imminent
danger to the foetal life. In toxaemia
of pregnancy there is a tendency for
increased excretion of chorionic
gondotrophin with decrease in oes-
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trogen excretion. This was found in
about 25% of the instances.

The work of Taylor et al (1958)
using a chemical method of Anker
(1855), suggested that in patients
who had premature labour there was
a low level of total urinary oestro-
gens, and in severe pre-eclampsia
urinary oestrogens were also low.
These studies seemed to indicate that
there was placental dysfunction as
measured by the total urinary oestro-
gen output, and that oestriol excre-
tion was related to foetal weight.

Lanters (1958), in an extensive
study of oestriol excretion in toxae-
mia of pregnancy, demonstrated that
in mild cases normal oestriol values
were usually found, but when the
blood pressure was at high levels the
oestriol tended to be lower. In se-
vere cases of toxaemia oestriol excre-
tion was abnormal and did not in-
crease as pregnancy advanced. He
found good correlation between the
histological appearance of the pla-
centa and oestriol excretion and also
between placental weights, foetal
weights and oestriol excretion.

Keller et al (1959), studied uri-
nary ocestriol excretion by Brown’s
method (1956). They established va-
lues in normal pregnancy at different
periods of gestation and put forward
the " ‘Edinburgh curve’. They cor-
roborated the evidence that in toxaeZ
mia of pregnancy urinary oestriol
estimation may prove a valuable
guide as regards placental function.
It is interesting to note that a patient,
who was originally included in the
normal series at the beginning of her
pregnancy, later developed toxaemia
and she had a falling oestriol excre-
tion ‘some little time’ before she de-
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veloped pre-eclampsia at 33 weeks.
This fall in oestriol excretion before
the clinical onset of toxaemia has al-
so been observed by the present
author in one of his cases.

Ten Berge (1959, 1960) carried
out an extensive study of urinary oes-
triol and found this test a useful cli-
nical tool. A progressive decline in
oestriol excretion was associated with
increased placental degeneration. De-
creased oestriol excretion was asso-
ciated with appearance of fibrin in
the villous spaces, clotting of villi, ap-
pearance of oedema and necrosis in
the stroma of the villi and the forma-
tion of thrombi in the vessels. In his
series of patients, oestriol excretion
was determined either daily or at
least every second or third day, and
in this way a guide provided to in-

dicate when pregnancy should be
terminated in toxaemia, hyperten-
sion or diabetes mellitus. There was

good correlation among the clinical
aspects, microscopic and macros-
copic features of the placenta, peri-
natal mortality, foetal weight and uri-
nary oestriol excretion. They cite
some specific levels: values below 10
mg. per 24 hours indicate a real dan~
ger to foetal life. It is a bad sign when
oestriol values do not rise in the last
trimester. With values below 10 mg.
per 24 hours, preference should be
given to caesarean section as a means
of delivery. With levels around 15
mg. per 24 hours delivery per vagi-
nam may be permitted in favourable
circumstances. Daily oestriol values
fluctuate and a fall should be judged
by at least 2 estimations ; with intra-
uterine death oestriol values fall ab-
ruptly to very low levels.

Frandsen and Stakemann (1960),
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utilising their own method to deter-
mine urinary oestriol showed that in
20 women with normal pregnancies,
examined weekly, the amounts of
oestriol excreted varied greatly from
individual to individual. At term
the range was 16-25 mg. per 24 hours.
A positive correlation was found bet-
ween the oestriol excretion at term
and the weight of the baby. It was
demonstrated that when foetal death
occurred, the amounts of oestrogen
in the maternal urine dropped to low
levels that are never found when the
foetus is alive. It was demonstrated
that foetal stress can be accompani-
ed by decreased urinary excretion of
oestriol. = Serial wurinary analysis
warns the clinician that the foetus is
in danger, a moderately decreased
excretion indicates impending danger
to the foetus, and an extremely low
value means that the foetus has died.
The proper time for the termination
of pregnancy could be determined by
serial wurinary oestriol determina-
tions. Ten cases of postmaturity
were studied, five were found to have
a low output of oestriol.

Greene, Touchstone and Fields
(1961, 1962, 1963), studied the uri-
nary oestriol excretion as an index
of placental function in a large series
of patients, using a chemical proce-
dure. The following results were
reported: when maternal urinary
oestriol values of 12 mg. per 24 hours
and above were found within 24
hours of delivery, no foetal mortality
occurred, except in instances of ery-
throblastosis foetalis. In cases of
erythroblastosis foetalis, no correla-
tion could be established between
oestriol excretion and the condition
of the foetus. During the third tri-
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mester, no infant survived that re-
mained in utero for 2 days or more
when values of less than 4 mg. per
24 hours were found. Furthermore,
it was reported that oestriol excre-
tion between 4-12 mg. per 24 hours
may represent foetal jeopardy, de-
pending upon the stage of gestation.
No intrauterine foetal death occurr-
ed when values between 4-12 mg.
per 24 hours were obtained, but 10
babies died in the neonatal period
when the maternal oestriol was bet-
ween 5-9 mg. per 24 hours before de-
livery. Twenty-six infants, whose
delivery was indicated because of
falling titre of oestriol, survived. It
was concluded that infants at or near
term may be salvaged by timely de-
livery in the presence of low values
or rapidly falling urinary oestriol le-
vels, provided daily determinations
are carried out to show the decrease
in the excretion. Delivery of some
infants could be deferred to achieve
greater maturity in complicated preg-
nancy when daily oestriol values in-
dicate that intra-uterine foetal death
was not imminent.

Banerjea (1962), studied the total
urinary oestrogens by Ittrich’s modi-
fied method (1960) and concluded :
‘In comparison with the other avail-
able methods for the determination
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of placental function, urinary oestro-
gen estimation appears to be superior
on most counts. It is of distinct
value as an ancillary aid to the clini-
cian dealing with pregnancy compli-
cated by toxaemia, essential hyper-
tension, diabetes, nephropathies etc.’

Coyle et al (1963), using modified
Brown’s method (1963), carried otit
urinary oestriol estimation in cases
of normal pregnancy and various
pregnancy complications. They re-
ported a fair correlation between the
oestriol values before delivery and
foetal weight at birth.

Wray and Russel (1963), using
modified Brown’s method (1957), es-
tablished the curve for normal preg-
nancy. They warn that “the range
of excretion is wide and caution is
advised in interpreting falls in excre-
tion as meaning the foetus is in dan-
geru

Wakhaloo and Dhall (1964, 1966),
studied urinary oestriol excretion in
137 cases including cases of normal
pregnancy and various abnormalities
of pregnancy, using the method of
Eberlein Bengiovanni and Francis
(1958) with certain modifications.
The values in normal pregnancy ob-

tained in this series are shown in
Table 1.

TABLE 1
Urinary oestriol values in normal pregnancy

(Wakhaloo and Dhall, 1964)

Weeks of Maximum mg./24  Minimum mg./24 Mean mg./24
gestation hours hours hours
20 5 3 4.37 + 0.94
30 15 5 10.02 =+ 3.78
35 25 7 15.86 + 3.69
40 31 15 22.10 =+ 4.16

——— —_ -,
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They compared the values in nor-
mal pregnancy obtained by different
workers and concluded that the pat-
tern of oestriol excretion was the
same, though the values differed
slightly depending upon the method
employed.

The patients whose values were
within the normal zone gave birth to
healthy infants and there was no
stillbirth or wunexplained neonatal
death. Oestriol value below 8.5 mg.
per 24 hours after 35 weeks of gesta-
tion was associated with high peri-
natal mortality and cases where
value was below 2.5 mg. per 24
hours during the last 5 weeks of ges-
tation delivered stillborn babies,
‘either fresh or macerated. There
was good correlation between the
amount of oestriol excreted and the
weight of the baby.

It has been remarked that owing
to the wide variation of results from
patient to patient and also the signi-
ficant daily variation in the same pat-
ient, a single low value is not of
much importance except as an indi-
cation to repeat the assay. Values
which are falling, persistently low or
show a persistent fall from a previ-
ous high value, are suggestive of pla-
cental insufficiency and early inter-
vention may save some babies in
such cases. They conclude that uri-
nary oestriol assay is a reliable me-
thod of assessing placental function
and the clinician should make more
wider use of this method in addition
to the clinical parameters.

Breborowicz et al (1965) tried to
investigate the relationship between
the structure of the placenta and the
amount of urinary oestrogen. As a
possible morphological basis for the
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production of oestrogens, the general
amount of the placental tissue, ex-
pressed by the weight of the placenta
and the percentage of the syncytium
in the placenta, was determined. One
hundred and sixty-five cases in-
cluding cases of normal pregnancy,
post date pregnancy, pregnancies
complicated by toxaemia, diabetes
mellitus or Rh incompatibility, foe-
tal malformations were studied. It
was concluded that there exists a re-
lationship between the urinary oes-
trogen and the weight of the pla-
centa. They point out that there are
other factors also, like the presence
and the amount of degenerative
changes in the placenta, which in-
fluence the excretion of oestrogens.
They could not find any relationship
between the amount of oestrogen
excreted and the percentage of syn-
cytium in the placenta. It is remark-

ed that in the production of oestro- .

gen, the function of the placenta is
not autonomous but depends on the
state of the foetal adrenals.

Greene et al (1965) evaluated the
use of urinary oestriol excretion in
the management of pregnancies com-
plicated by diabetes mellitus. They
followed 88 patients from 28 weeks
of gestation and samples were assay-
ed at frequent intervals. It was con-
cluded that frequent measurements
of urinary oestriol will permit a
marked reduction in the intrauterine
foetal loss in such cases, since intrau-
terine death is invariably preceded
by a fall in oestriol excretion. They
recommended serial urinary oestriol
assay as an integral part of antenatal
care in pregnancies complicated by
diabetes mellitus. When normal
amounts of oestriol are excreted,.
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there is no risk to the foetus and
the patient may be allowed to carry
her pregnancy to a greater degree of
maturity. When consistently low or
falling values are encountered, mar-
ked intrauterine jeopardy exists and
the pregnancy should be terminated
if the foetal size is adjudged adequate
to indicate a reasonable chance of
neonatal survival.

Carrington from Philadelphia,
commenting on this paper, remarked
that the policy of mandatory deli-
very of insulin-dependent diabetic
mothers during the 36th week (ear-
lier if other complications exist) has
recently undergone revision in many
clinics. It has been noted by sever-
al groups that when the perinatal
mortality of 10-15 per cent is achiev-
ed, stillbirths are less frequent. Too
often extrauterine death is substitut-
ed in the attempt to forestall the dis-
aster in utero. Serial 24-hour wuri-
nary oestriol determinations can be
of help in such cases.

Smith et al (1966), used urinary
oestriol assay in the diagnosis and
management of 67 cases of prolonged
pregnancy. High levels were found
in patients who delivered healthy
mature infants, whereas levels less
than 4 mg. per 24 hours signalled

foetal death and in one case a seve-
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rely affected infant was born with
probable residual neurological da-
mage. About one-third of these
cases fell into the border line range
of oestriol (between 4 to 12 mg. per
24 hours) and half of these deliver-
ed infants showing signs of ‘postma-
turity syndrome’; except for 2 infant
deaths, all the affected babies in this
group survived in the nursery. They
performed 8 caesarean sections in the
borderline group; 3 because foetal
distress occurred following onset of
spontaneous labour, one because of
foetal distress during attempted in-
duction; the other 4 sections were
done because the oestriol levels drop-
ped to borderline levels from pre-
vious high values. In this series of
67 cases, 41 were primigravidae, 18
were over the age of 30 and among
those giving birth to babies showing
‘postmaturity syndrome’ 7 were el-
derly primigravidae, thus upholding
the contention that prolonged preg-
nancy is more dangerous in elderly
primigravidae.

Lundwall and Stakemann (1966)
investigated urinary oestriol excre-
tion after 42 weeks of gestation in 171
cases. They considered excretion of
16 mg. per 24 hours as the lower
limit of normal values. The oestriol
values in their cases are shown in
Table IL :

TABLE 11
Urinary oestriol excretion in post-maturity
H (Lundwall and Stakemann, 1966)
Number of cases with normal and abnormal oestriol excretion
Weeks of pregnancy 42nd 43rd 44th 45th 46th and 47th
Normal oestriol excretion 21 . 48 36 13 16
Low or declining oestriol 2 (9%) 6(11%) 15(29%,) 8(39%) 6(27%)

excretion.
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It is evident from this table that
the percentage of pregnancies with a
low or declining excretion of oestriol
increased with the length of gesta-
tion. All 135 patients with normal
excretion of oestriol delivered healt-
hy babies, except one where the baby
died 10 days after birth due to con-
genital heart disease. In cases with
excretion levels less than 16 mg. per
24 hours, foetal distress was not evi-
dent in every case but a large propor-
tion did show some evidence. They
conclude that pregnancy should be
allowed to continue with values over
16 mg. per 24 hours. If decreasing
values or values less than 16 mg. per
24 hours are obtained, the whole si-
tuation should be reviewed and in
most cases the pregnancy should be
interrupted. In patients with seve-
rely impaired oestriol excretion, cae-
sarean section should be preferred
to induction of labour.

Yousem et al (1966), measured
oestriol excretion in 12 pregnant wo-
men manifesting clinical evidence of
dysmaturity. In 11 they found di-
minishing values. They remark that
in attempting to utilize the maternal
urinary oestriol as an index of foetal
health, one must take into considers
tion the various factors that influence
the values of this hormone. A few
known are: duration of pregnancy,
diuresis, impending premature la-
bour, renal or hepatic disease pre-
sent in the mother and glycosuria.

Schindler et al (1967), did oes-
triol determinations in pregnancies
complicated by Rh-isoimmunisation
in three compartments: viz. amniotic
fluid, maternal plasma and urine.
They concluded that the urine and
plasma oestriol levels do not reflect
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the condition of the erythroblastotic
foetus, but they found low amniotic -
fluid oestriol levels in severely affec-
ted foetuses. They recommended
oestriol assay in amniotic fluid as an
additional safeguard in the manage-
ment of Rh-isoimmunised patients.

Beischner et al (1967), studied uri-
nary oestriol excretion in 63 cases of
antepartum haemorrhages. Normal
values were obtained in 13 out of 14
cases of placenta praevia, the four-
teenth patient delivered an anence-
phalic baby where low values are
known. Low values were obtained
in 30 of the 49 cases with other cau-
ses of antepartum haemorrhage. Oes-
triol values were low in 15 of the 19
cases of accidental haemorrhage in-
cluding 4 patients whose pregnan-
cies resulted in foetal deaths. Among
22 patients having antepartum hae-
morrhage of unknown cause, 11 had
low values including 4 out of the 8 -
patients with circumvallate placenta.
Although none of them showed clini-
cal signs of accidental haemorrhage,
there were 4 in whom retroplacental
clots were found. They believe that
placental insufficiency should be ex-
cluded by oestriol determination be-
fore any patient with antepartum
haemorrhage is allowed to go home.
It is concluded that oestriol measure-
ments have a useful place in the ma-
nagement of patients with ante-
partum haemorrhage.

From the study of literature it can
be concluded that wurinary oestriol
assay is a reliable index of placental
function except in cases of Rh-isoim-
munisation, and it should be used
more widely. Popularisation of this
aid presents certain problems:

1. Apart from the foeto-placental
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unit, there are various maternal fac-
tors, known and unknown, which in-
fluence the metabolism and excre-
tion of oestriol and make interpreta-
tion of the results difficult. This
would demand further studies with
regard to the metabolism of oestro-
gens in pregnant women.

2. The techniques available at pre-
sent for the assay are laborious and
complicated. No doubt many im-
provements have taken place in the
last few years but popularisation and
wider use of this aid would require
further simplification of the tech-
nique.

3. It is difficult to collect 24 hours
urine sample from patients who are
not hospitalised. It would be worth-
while if assay could be performed
on a random specimen or a specimen
of shorter period. Dickey et al
(1966) have evaluated the diurnal
excretion of oestrogen and creatinine
during pregnancy. They claim that
the oestriol-creatinine ratio can be
obtained from analysing a random
urine specimen and that this ratio is
more or less constant in the same
patient in the absence of any inter-
ference in renal clearance. This is
based on the assumption that creati-
nine excretion is more or less cons-
tant in a particular patient and the
factors governing the renal clearance
of oestriol and creatinine are the
same. The evidence so far is incon-
clusive and the matter is still open.
Besides, one has to remember that
the kidney does not go ‘scot free’ in
complications of pregnancy like to-
xaemia, hypertension and chronic
nephritis where oestriol assay is of
value in the diagnosis of placental
insufficiency.

9

“
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In preparing this review an at-
tempt has been made to collect as
much material as was possible. No
doubt the work of many .authors
must have been missed, but this in
no way minimises their contribution
to this important and fascinating to-
pic in obstetrics. My thanks are due
to Professor P. K. Devi, M.S,
F.R.C.S., for her valuable sugges:
tions in preparing this paper.
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