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SUMMARY 

The application of measurements of urinary oestrogen excretion and plasma oestrogen concentration 
for the prediction of fetal death have been compared. It is concluded from a review of published 
results, that estimation of plasma oestrogens cannot yet be recommended as a sole alternative to 
measurement of urinary oestrogen excretion for this purpose. The simplicity. robustness and precision 
of urinary techniques makes them particularly attractive. Evidence for an increased incidence of abnor- 
mal development of infants delivered as a consequence of subnormal oestrogen excretion has not 
yet been provided. 

InWoduction 

Oestrogen estimations are widely used in the man- 
agement of those pregnancies where there is a greater 
risk than usual of perinatal death. The relative in- 
sensitivity of early methods [ 1,2] necessitated analy- 
sis of urine rather than of blood. Interpretation was 
based upon the quantity of oestrogen excreted in unit 
time (usually 24 h) which is analogous to a production 
rate. Radioimmunoassay has the sensitivity for analy- 
sis on small volumes of blood and provides the result 
as a concentration. Thii is not necessarily related to 
production. Replacement of analysis of urine by 
analysis of blood therefore requires careful consider- 
ation. 

The principle concern of the obstetrician is to avoid 
perinatal death in an individual patient. His dilemma 
can be represented by two questions: (a) Will this 
fetus die if the pregnancy is managed conservatively? 
(b) Should one intervene to avoid perinatal death? 
Much of the literature on the application of oestrogen 
estimations is of little relevance to these questions, 
since it concentrates on differences between popula- 
tions with various complications of pregnancy and 
a normal population. 

In this review, the value of estimations of oes- 
trogens in urine and plasma will be related to the 
prediction of imminent intrauterine or perinatal death 
in pregnancies of more than 30 weeks’ duration. In 
these circumstances, there is opportunity for interven- 
tion to obtain a surviving infant. A proportion of peri- 
natal deaths will not be avoidable by use of biochemi- 
cal monitoring, for example, deaths associated with 
infection, lethal abnormalities, rhesus disease and 
sudden haemorrhage. 

There is no accepted role for oestrogens in late 
pregnancy. Subnormal oestrogen production is not a 
cause of intra-uterine death since thriving babies can 
be delivered after oestrogen excretion only 2% of nor- 
mal, as in placental sulphatase deficiency. The success 
of oestrogen estimations probably depends on the 

sensitivity of the intricate biosynthetic pathways to 
those factors which predispose to, or precede, fetal 
death. 

Urinary oestrogen estimations for the prediction of 
impending fetal death 

Oestrogen excretion rises in normal pregnancy to 
140~01/24 h or more near term, but is about 
3 -01/24 h after fetal death. It was reasoned that it 
might be possible on this basis to identify those living 
fetuses which were likely to die if left in urmo. Greene 
and Touchstone[l] were among the first to test this 
hypothesis. In 14 pregnancies, 12 surviving infants 
were delivered by caesarean section undertaken fol- 
lowing subnormal oestriol excretion. Similarly, Wray 
and Russell[3] described 11 pregnancies which ended 
in stillbirth where subnormal oestriol excretion was 
recorded in association with live fetuses. The need 
for rapid analysis and reporting has been empha- 
sised [4,5-J. Heys et ~I.[63 reported a retrospective 
study of 403 pregnancies. Of the 16 stillbirths, 12 were 
preceded by subnormal oestrogen excretion. Beischer 
et a971 found the incidence of stillbirth in patients 
with subnormal oestrogen excretion was 4.4% but 
only O.Y/, when excretion was normal. Bjoro[S] 
found 12 perinatal deaths among 203 patients with 
normal oestrogen excretion, but 35 among 97 patients 
in whom oestrogen excretion was subnormal. Subnor- 
mal oestrogen excretion preceded all 5 stillbirths 
reported by Hull et aI.[9] and 21 of 23 perinatal 
deaths described by MacLeod et al.[lO]. More 
recently, Rao[ll] reported that 34 stillbirths (in 
which the fetus was not abnormal) among 5429 deli- 
veries (after 32 weeks) were preceded by oestrogen 
excretion below the 10th centile. Most of the 11 still- 
births following normal oestrogen excretion were as- 
sociated with haemorrhage or asphyxia. 

There is therefore abundant evidence that perinatal 
deaths may be predicted by regular and frequent esti- 
mation of urinary oestrogens. Modern techniques (see 

1057 



1058 R. E. OAKEY 

below) enable daily analysis of high precision to be 
carried out on all patients considered to be at risk. 

Subnormal values are important in predicting im- 
minent fetal death. The converse also applies in that 
fetal death occurs only infrequently when maternal 
oestrogen excretion is normal. Only 3 intrauterine 
deaths following normal oestrogen excretion were 
found among 403 patients but assays were relatively 
infrequent [6]. In a more recent survey of 101 perina- 
tal deaths at Leeds Maternity Hospital between 1968 
and 1976 none of the 31 deaths preceded by normal 
oestrogen excretion was associated with chronic pla- 
cental inadequacy [12]. Congenital malformation, 
rhesus disease or abprubtio placenta were the com- 
mon causes of death in these patients. Similarly, fetal 
death occurred in only 0.4% patients with normal oes- 
trogen excretion compared with 43% of those with 
subnormal oestrogen excretion [ 111. Therefore, pro- 
vided oestrogen excretion remains within the normal 
range avoidable fetal death is most unlikely, even in 
the face of disturbing clinical signs. Intervention can 
be left until conditions warrant it. 

Modern methods of urinary oestrogen estimation 

Early U.K. investigators used methods[2] based 
on those developed for measuring oestriol excreted 
by non-pregnant or ovariectomized women [ 131. 
Gradually, these techniques were superseded by 
methods whi,ch measured conjugated oestrogens with- 
out separation [14-161. These methods were valuable 
for the prediction of intrauterine fetal death (see 
above). Besides permitting a rapid analysis, their sim- 
plicity encouraged smaller laboratories to offer the 
test. As demand increased, continuous flow systems, 
largely based on Technicon @ modules, were intro- 
duced [17-201. In these, the Kober reaction [21] is 
performed directly on diluted urine. The product is 
extracted from the urine with organic solvent and 
estimated by fluorimetry. Twenty to 40 samples can 
be assayed each hour but even more rapid analysis 
( - 60 samples/h) is possible if the final two-phase puri- 
fication is avoided [22]. 

Radioimmunoassay techniques have also been 
applied. Estimation of oestriol liberated by acid hy- 
drolysis from the urinary conjugates was described 
by Anderson and GoebeJsmann[23]. Davis and 
Loriaux[24] incorporated antisera which recognized 
oestriol-16glucosiduronate into polyacrylamide to 
measure the most abundant conjugate. Use of anti- 
sera with substantial recognition of oestriol-16gluco- 
siduronate has also been reported [25-281. 

Day-to-day variation in urinary oestrogen excretion 

Interpretation of oestrogen excretion is often stated 
to be complicated by the high variability in daily out- 
put. Variations may arise from imprecise analysis and 
from pathological or non-pathological changes in oes- 
trogen production and excretion. Frandsen[29] 
reported daily variation rarely exceeded 40”/, whilst 
others [30] reported a coefficient of variation of 

15.8%. Neither group defined their analytical preci- 
sion. We noted (unpublished results) that the mean 
(*SD.) difference in oestrogen content of 305 con- 
secutive pairs of urine specimens (containing 
50-140 pmol/24 h) collected from 51 women (in hospi- 
tal or attending outpatient clinics during March-May 
1978) was 14 f 12 pmol. Analytical precision (C.V.) 
was 4%. The shorter the collection period, the greater 
the variation [30]. Measurements made using only 
short collections cannot be extrapolated to the stan- 
dard 24-h period [3 I-333. 

Oestrogen-creatinine ratios 
To overcome the supposedly large variation in oes- 

trogen output efforts have been directed to detection 
of and correction for incomplete collections by esti- 
mation of creatinine although its excretion is not in- 
variable within or between individuals [34]. The coef- 
ficient of variation in daily total oestrogen excretion 
was reduced when expressed as an oestrogen-crea- 
tinine ratio measured on a 24-h collection [35-361. 
Others [37,38] found significant discrepancies 
between daily excretion and oestrogen-creatinine 
ratios measured on 24-h or early morning samples. 
Creatinine measurement will serve to detect grossly 
incomplete samples [39] which can be discarded. It 
seems doubtful whether measurement of oestrogen- 
creatinine ratios on small urine voidings collected at 
different times of day will improve the value of the 
test. Our own protocol is to collect 24-h specimens. 
measure the vol. (by wt.) and assess the results in 
the light of any marked alterations in urine vol. 

Materials which vitiate urinary oestrogen estimations 

(a) By chemical interference. The most common 
material is glucose. Its effect can be eliminated by 
incubating the urine (5 ml) with NaBH, (0.5 ml, 50% 
W/V in 0.1 M NaOH) for 1 h at 37°C [40]. Mandela- 
mine@ or Hiprex@ used for treatment of urinary tract 
infection interferes seriously [41,42] due to release of 
formaldehyde. There appears to be no way of over- 
coming this. Hydrochlorothiazide interferes in tech- 
niques using hot acid and can be avoided by enzyme 
hydrolysis [43]. Aspirin has been alleged to inter- 
fere [44] but this is probably due to inefficient enzyme 
hydrolysis [45]. 

(b) By interference with oestrogen production or 
excretion. Corticosteroids, given for treatment of co- 
existing disease [46,47] or to induce maturation of 
the fetal lung [48] suppress oestrogen production in 
a dose-dependent manner [47]. Ampicillin, phenoxy- 
penicillin and neomycin reduce the quantity of oes- 
trogen excreted in the urine[4!&51]-but not in all 
patients [52,53]. The effect is mediated by alteration 
of the bacterial flora of the gut with a consequent 
alteration of hepatic-intestinal metabolism of 
oestrogens [54,55]. 

Estimation of oestrogens in peripheral plasma 

Radioimmunoassay permits measurement of 
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several forms of oestrogen in small samples of the 
peripheral circulation. Although “any competent 
laboratory can now provide measurements on blood”, 
results from the U.K. Quality Control Survey illus- 
trate the difficulties of reaching and maintaining ade- 
quate standards of accuracy and precision. 

Before the introduction, for purposes of manage- 
ment, of estimations of oestrogens in blood, consider- 
ation must be given to which oestrogen should be 
measured and whether there are circadian or day-to- 
day variations in oestrogen concentrations which 
complicate interpretation. 

Conjugated forms of oestrogens predominate in 
blood; those of oestriol are more abundant than those 
of oestrone. Oestradiol conjugates are present in the 
lowest concentration C56.573. The 3-sulphate-16-glu- 
curonoside and the 3-sulphate appear to be the most 
abundant forms of oestriol [SS]. The predominance 
of sulphates in the blood and of glucuronosides in 
the urine (see above) reflects the faster clearance of 
the glucuronosides [59-611. The mean concentrations 
of unconjugated oestrogens appears to decrease in 
the order oestradiol > oestriol > oestrone [62-641, 
although more unconjugated oestrone than oestriol 
has been recorded [65]. There are large differences 
in concentrations between individual subjects. 

Early assay techniques based on gas-liquid chroma- 
tography or the Kober reaction have been superseded 
and will not be considered further. Binding assays 
have been developed for unconjugated oestradiol 
using uterus cytosol[66] or antisera [67]. Unconju- 
gated oestriol can be measured by competitive protein 
binding after purification by column chroma- 
tography [68] or by solvent partition [69]. To avoid 
chromatography, others have used antisera with 
properties selective for oestriol[70-721. Assay of con- 
jugated oestriol in plasma can be carried out by com- 
petitive protein binding [73] or by radioimmuno- 
assay [74-761 on the free oestriol obtained after acid 
hydrolysis of conjugates. In search of even simpler 
techniques Standefer[77] and Kerr et a/.[781 used 
antisera capable of recognizing oestriol and its conju- 
gates to analyse diluted sera without extraction. 

Diurnal variations in plasma oestrogen concentrations 

Large sporadic variations in oestrogen concen- 
tration might vitiate the use of the assay for obstetric 
purposes. Regular variations would require standardi- 
zation of the time of sampling. 

(a) Variation in unconjugated oestradiol. Large vari- 
ations in the concentrations of unconjugated oestra- 
diol were reported [79], for example, from 94 nmol/I. 
at 8.00 to 34nmol/l. at 22.00 or from 18 nmol/I. at 
8.00 to 42 nmol/l. at 22.00. Similar large variations 
were also recorded by others[67,80]. Mean concen- 
trations were highest near midday and lowest near 
midnight C79-813. 

(b) Variations in unconjugated oestriol. Eight 
patients showed diurnal variations of 20--40% [68]. 
Mean concentrations tended to be highest at mid- 

night. Goebel and Kuss[82] found the lowest mean 
concentration in another 8 patients at 8.00 h. Vari- 
ation with individuals (30-70%) were higher. 

(c) Variation in conjugated oestriol. The concen- 
tration of total (conjugated plus free) oestriol varied 
by up to 130% within 22 individuals [83,84] without 
a consistent diurnal pattern. In another study using 
the same method.diumal variation was less than 
25% [85]. In 22 patients changes of up to 150% were 
found, but these were smaller than those for unconju- 
gated oestradiol in the same patients [SO]. Highest 
mean values were found at noon. 

For all 3 oestrogen fractions there are large vari- 
ations during the day within individuals. The magni- 
tude of these changes must be considered when 
applied to patient management. Unconjugated oes- 
trio1 appears to show the least variation. 

Day-to-day variations in oestrqen concentrations 

Day by day assessment of trends in oestrogen con- 
centrations may be important in practice so that daily 
variations merit consideration. The individual maxi- 
mum variation (as C.V.) for unconjugated oestradiol 
was 14%[86], for total oestriol was 25%[87] or 
22% [88] and for unconjugated polar oestrogens was 
46% [89]. Thus, although unconjugated oestriol 
shows the lowest variation within the day unconju- 
gated oestradiol is least variable from day-to-day. 
These conclusions are not easily reconcilable. 

Materials which lower plasma oestrogen concentrations 

Ampicillin was reported to lower the concentration 
of conjugated oestrogens in plasma [SO]. This does 
not occur in all patients or affect all oestrogen frac- 
tions [52,53,90]. Large doses of natural or synthetic 
corticosteroids decrease the concentration of unconju- 
gated oestrone, oestradiol and oestriol in maternal 
plasma [48,91]. 

Plasma oestrogen estimations for the prediction of fetal 

death 

Relatively few studies have been concerned with 
this aspect, although low concentrations after fetal 
death are often recorded. Table 1 lists reported peri- 
natal deaths (excluding rhesus disease and congenital 
malformation) in relation to the last estimation before 
fetal death or delivery. The information shown sug- 
gests low oestrogen concentrations precede many fetal 

Table 1. Perinatal deaths after 30 weeks of getation: pre- 
diction by measurement of the concentration of oestrogens 

in maternal plama 

Oestrogen 
measured 

Conj. E, 
Conj. Ez 
Conj. Es 
Conj. Oe 
Unconj. Ea 
Unconj. E, 

P/N Subnormal Normal 
deaths Oe Oe Ref. 

12 9 3 1921 
11 1 4 c921 
4 3 1 
4 3 1 ;z:; 

12 10 2 c951 
I 4 3 C961 
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deaths, but provides little assistance in deciding which 
oestrogen should be measured. For example, unconju- 
gated oestriol appears to predict 10 out of 12 or 4 
out of 7 deaths, depending on the centre. On the other 
hand, in studies of the same patients conjugated oes- 
trio1 had a better predictive value than conjugated 
oestradiol. 

Comparative studies of urine and plasma 

The prediction rates from assay of conjugated oes- 
trio1 in urine or plasma were virtually identical [92]. 
Total oestriol in serum was compared with urinary 
total oestrogens in 31 complicated pregnancies [97]. 
Serum conjugated oestriol was not recommended as 
a replacement urinary excretion measurements, 
because in pregnancies with diminished renal clear- 
ance and diminished oestrogen production, plasma 
concentrations remain high though urinary excretion 
is low. In the same patients serum unconjugated oes- 
tradiol provided a poorer assessment than did urinary 
conjugated oestriol[98]. After 454 parallel estima- 
tions of total oestrogen in urine and plasma from 
166 high-risk patients, Aickin et aI.[94] concluded that 
both approaches were of equal value in predicting 
fetal risk. The similarity of trends of serum unconju- 
gated oestriol and urine conjugated oestriol was 
emphasised by Miller et al.[99]. 

After a study of unconjugated oestriol, unconju- 
gated oestriol, total oestriol in plasma and urinary 
total oestrogens in 58 patients, Allen and Lache- 
lin[81] conclude that plasma total oestriol and uri- 
nary total oestrogen provided comparable informa- 
tion. 

It is concluded from this review that the place of 
plasma measurements in the prediction of fetal death 
has not yet been established to a degree that justifies 
their use, at present, without concomitant urinary 
oestrogen measurements. 

Alternative methods 

(a) Assay of oestetrol. Since oestetrol biosynthesis 
occurs mainly in the fetus, it was considered that its 
measurement might provide a useful indicator of the 
condition of the fetus. Methods for oestetrol estima- 
tion in urine [lOO] and in blood [lOI-1033 were 
devised. Measurement of urinary conjugated oestetrol 
or oestriol provided equivalent information in 89 
pregnancies [104]. Although subnormal concen- 
trations of unconjugated oestetrol in plasma preceded 
all 7 cases of fetal death [lOS], estimation of serum 
unconjugated oestetrol in 41 pregnancies was found 
by others [106] not to provide any extra information 
from that obtained by assay of serum oestriol. 

There does not yet appear any real value in the 
more difficult assay of oestetrol. 

(b) Precursor challenge tests. Lauritzen[lO’I] inves- 
tigated changes in urinary oestrogen excretion follow- 
ing infusions of dehydroepiandrosterone sulphate 
and related the fetal condition to the quantity of 
oestrogen produced. More recently, changes in 

plasma oestrogen concentrations were measured. In- 
itial reports were encouraging (e.y. [108, 1091). After 
more detailed investigation it was concluded that the 
variations of response found in normal pregnancy 
were too great to offer a discriminating test of fetal 
condition [110-l 121. Normal responses were found 
after fetal death. The response of 100 women in this 
test has recently been reported [ 1131. The test is of 
real value in antepartum detection of placental sul- 
phatase deficiency (reviewed in [I 143). Injection of 
dehydroepiandrosterone sulphate in these cases is not 
followed by increases in oestrone concentration as it 
is in normal pregnancy. 

Tulchinsky et a/.[1151 found that measurement of 
plasma oestetrol after DHAS injection enabled confir- 
mation of fetal risk. Others noted that the rate of 
increase of plasma oestrogen concentration after 
dehydroepiandrosterone infusion appeared to identify 
pregnancies with increased fetal risk in labour [116]. 
Further developments are awaited with interest. 

Infant development after subnormal oestrogen excretion 

It would be a poor reward for obstetrician and bio- 
chemist if implementation of the test reviewed led to 
a higher incidence than necessary of babies who were 
more severely handicapped due to intervention. 
Several reports examine infant development after sub- 
normal oestrogen excretion in pregnancy. 

Wallace and MichieCl173 reported on 14 such 
children. Although almost all were of adequate height 
and weight in the 2nd year, there was a high incidence 
of neonatal morbidity and of later motor and psycho- 
logical/neurological abnormalities. A study of 5000 
children showed that the incidence of severe handicap 
was 27”/, following low oestrogen excretion and only 
2% following normal oestrogen excretion (Jergensen, 
quoted in [l IS]). Thirty-four children (It-8 years) 
were investigated by Greene et a/.[1191 who con- 
cluded that the frequency of defects after subnormal 
oestrogen excretion was insufficient to warrant undue 
pessimism. In another study of 16 hypertensive 
women, Yogman et aI.[120] noted that development 
defects were found most frequently in children born 
after chronic low oestrogen excretion. Children deli- 
vered after precipitous falls in oestrogen excretion did 
well. 

Premature delivery after subnormal oestrogen 
excretion does not, in itself, necessarily involve sub- 
sequent handicap. Chronic subnormal oestrogen 
excretion appears to reflect an underlying intra-uter- 
ine disadvantage, the effects of which persist after 
birth. Efforts should be made to rectify this, perhaps 
along the lines suggested in France [121]. 

Practicability 

The practicalities of urine and blood assays need 
consideration. Performance of either test must inter- 
lock with the’ particular local form of obstetric prac- 
tice. Out-patients and in-patients will require testing, 
the latter possibly on a daily basis. Blood samples 
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need the presence of the patient and skilled assistance, 
whereas urine can be. collected without help and can 
be delivered by others to the laboratory. For two 
practical reasons+) robustness and precision of the 
method and (ii) simplicity of collection of multiple 
specimens-urine assays must be considered superior. 

of urinary oestrogens. C/in. Chinl. Acta 56 (1974) 
265-280. 

20. Oakey R. E.: Methods for estimating oestrogen in 
urine from pregnant women. Association of C/in&/ 
Patho/o@ts Broadsheet 84 (1977). 

21. Kober S.: Eine Kolorimetrische Bestimmung des 
Brunsthormons (Menformon). Biochem. Z. 239 (193 I ) 
209-2 12. 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

Il. 

I 2. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

REFERENCES 

Greene J. W. and Touchstone J. C.: Urinary oestriol 
as an index of placental function. Ant. J. Ohsrrr. 
Gynec. 85 (1963) 1-9. 
Brown J. B. and Coyle M. G.: Urinary excretion of 
oestriol during pregnancy. J. Ohsret. Gynaecol. Br. 
Commonw. 70 (1963) 219-224. 
Wray P. M. and Russell C. S.: Maternal urinary oes 
trio1 levels before and after death of the foetus. J. 
Ohstet. Gynaec. Br. Commonw. 71 (1964) 97-105. 
Liggins G. C. and Evans M.: Patterns of oestriol 
excretion in abnormal pregnancy. N.Z. Med. J. 62 
(1963) 365-369. 

Booth R. T.. Stern M. I.. Wood C.. Sharples M. J. 
H. and Pinkerton J. H. M.: Urinary hormone excre- 
tion in abnormal pregnancy. J. O/&er. Gynaec. Br. 
Conlmonw. 72 (1965) 229-235. 
Heys R. F., Scott j. S., Oakey R. E. and Stitch S. 
R.: Urinary oestrogen in late pregnancy. Lander i 
(1968) 328-331. 
Beischer N. A., Bhargava V. L.. Brown J. B. and 
Smith M. A.: The incidence and significance of low 
oestriol excretion in an obstetric population. J. 
Ohstet. Gynaec. Br. Commonw. 75 (1968) 1024-1033. 
Bjoro K.: Oestriol assay in obstetric practice. Acta 
Endocr., Copenh. Supplement 161 (1972). 
Hull M. G. R.. Braunsberg H. and Irving D.: Urinary 
total oestrogen values determined by an automated 
method in normal and abnormal pregnancies. C/in. 
ChinI. Acra 58 (1975) 71-76. 
MacLeod S. C., Mitton D. M. and Avery C. R.: Rela- 
tionship between elevated blood pressure and urinary 
oestrogens in pregnancy. Am. J. Obstet. Gynaec. 109 
(1971) 375-382. 
Rao i. G. S.: Predicting fetal death by measuring 
oestrogen: creatinine ratios on early morning samples 
of urine. Br. med. J. 2 (1977) 874-876. 
Vinall P.. Oakey R. E. and Scott J. S.: Unpublished 
observations (1978). 
Brown J. B.: A chemical method for the determina- 
tion of oestriol. oestrone and oestradiol in human 
urine. Biochern. J. 60 (1955) 185-193. 
Montagu. K.: A short method of estimating urinary 
excretion of oestrogens for therapeutic use in preg- 
nancy. J. Ohsrcr. tiynaecol. Br. Commonw. 71 (1964) 
92-96. 
Oakey R. E.. Bradshaw L. R. A., Eccles S. S.. Stitch 
S. R. and Heys R. F.: The rapid estimation of oes- 
trogens in pregnancy to monitor foetal risk. C/in. 
Chim. Acta 15 (1967) 35-45. 
Brown J. B., MacLeod S. C., Macnaughtan C., Smith 
M. A. and Smyth B.: A rapid method for estimating 
oestrogens in urine using a semi-automatic extractor. 
J. Endocr. 42 (1968) 5-15. 
Campbell D. G. and Gardner G.: The automated 
analysis of urinary oestrogens during pregnancy. C/in. 
Chinl. Acta 32 (1971) 153-157. 
Hainsworth I. R. and Hall P. E.: A simple automated 
method for the measurement of oestrogens in the 
urine of pregnant women. C/in. Chim. Acta 35 (1971) 
201-208. 
Moscrop K. H.. Antcliff A. C.. Braunsberg H., James 
V. H. T., Goudie J. H. and Burnett D.: An interlabor- 
atory study of an automated technique for the assay 

22. Lever M., Powell J. C. and Peace S. M.: Improved 
oestriol determination in a continuous flow system. 
Biochcrn. Med. 8 (1973) 188-198. 

23. Anderson D. W. and Goebelsmann U.: Rapid 
radioimmunoassay of total urinary oestriol. C/in. 
Chem. 22 (1976) 61 l-615. 

24. Davis S. E. and Loriaux D. L.: A simple specific assay 
for oestriol in maternal urine. J. C/in. Endocr. Metah. 
40 (1975) 895-900. 

25. DiPietro D. L.: Assay of oestriol-16*-(/3-D-glucur- 
onide) in pregnancy urine with a specific antiserum. 
Am. J. Obster. Gynec. 125 (1976) 841-845. 

26. Lehtinen T. and Adlercreutz H.: Solid-phase radioim- 
munoassays of oestriol-l6z-glucuronide in urine and 
pregnancy plasma. J. steroid Biochenl. 8 (1977) 
99-104. 

27. Haning R. V., Satin K. P.. Lynskey M. T., Levin R. 
M. and Speroff L.: A direct radioimmunoassay for 
oestriol-l6-glucuronide in urine for monitoring preg- 
nancy and induction of ovulation. Am. J. Obstet 
Gynec. 128 (1977) 793-801. 

28. Soares J. R., Zimmerman E. and Gross S. J.: Direct 
radioimmunoassay of l6-glucosiduronate metabolites 
of oestriol in human plasma and urine. FEBS Letr. 
61 (1976) 263-266. 

29. Frandsen V. A.: The clinical significance of oestriol 
estimations in pregnancy. Excerpta Med. Inr. Congr. 
Ser. 183 (1968) 369-371. 

30. Klopper A.. Wilson G. R. and Cooke 1. D.: Studies 
on the variability of urinary oestriol and pregnanediol 
output during pregnancy. J. Endocr. 43 (1969) 

295-300. 

31. Duhring J. L., McKean H. E. and Greene J. W.: 
Diurnal variation of oestriol excretion in human 
pregnancy. Am. J. Obster. Gynec. 115 (1973) 875- 
880. 

32. Salvadori B., Vadora E. and Coppola F.: Diurnal 
variations in oestrogen excretion in pregnancy. J. 
Obstet. Gynuec. Br. Commonw. 79 (1972) 625-628. 

33. Ailing Moller K. J.. Hebjorn M. and Hemmingsen 
L.: Determination of the diurnal excretion of oestriol. 
Acta Obstet. Gynec. &and. 53 (1974) 53-56. 

34. Chattaway F. W.. Hullin R. P. and Odds F. C.: The 
variability of creatinine excretion in normal subjects. 
mental patients and pregnant women. C/in. Chirn. 
Acra 26 (1969) 567-576. 

35. Dickey R. P., Besch P. K.. Vorys N. and Ullerv J. 
C.: Diurnal excretion of oestrogen and creatinine iur- 
ing pregnancy. Am. J. Ohsret. Gynec. 94 (1966) 
591-594. 

36. 

37. 

38. 

39. 

40. 

Kushinsky S. and Chi D.: Oestriol and creatinine in 
pregnancy urine. Ohsret. Gynec. 41 (1973) 343-346. 
Shelley T. F.. Cummings R. V.. Rourke J. E. and Mar- 
shall L. D.: Oestrogen-creatinine ratios. Obsrer. 
Gynec. 35 (1972) 184190. 

Luther E. R.. MacLeod S. C. and Langan M. J.: The 
value of single specimen oestriol/creatinine deter- 
minations during pregnancy. Am. J. Ohsret. Gynec. 
116 (1973) 9-14. 
Osofsky H. J.. Nesbitt R. E. L. and Hagen J. H.: 
Oestrogen/creatinine ratios in routine urine samples 
as a method of screening a high-risk obstetric popula- 
tion. Am. J. Obstet. Gynec. 106 (1970) 692-698. 
Little A. J.. Aulton K. and Payne R. B.: Comparison 
of an all-aqueous automated urine pregnancy oes- 



1062 R. E. OAKEY 

41. 

munoassay for oestriol-16z-glucosiduronate. Am. J. 
Ohstet. Gynec. 131 (1978) 253-261. 

61:Younn B. K.. Jirku H.. Kadner S. and Levitz M.: 

42. 

43 

trogen method with one using organic solvent extrac- 
tion. C/in. chim Am 65 (1975) 167-173. 
Touchstone J. C.. Stoikewycz M. and Smith K.: The 
effect of methenamin; maidelate (Mandelamine) on 
the determination of urinary estriol. C/in. C/rem. 11 
(1965) 1019-1022. 
Mackay E. V., Macafee C. A. J. and Anderson C.: 
Depression of urinary oestrogen values during meth- 
e&mine mandelate -administration. N.Z. A&. J. 
Ohster. Gvnaec. 7 (1967) 9+96. 
Kivinen s. and Tuimala R.: Decreased urinary oes- 
trial concentrations in pregnant women during hexa- 
mine hippurate treatment. Br. nted. J. 2 (1977) 
682-683. 

62. 

63. 

44 

45 

46. 

Castellanos J. M.. Aranda M.. Cararach J. and Carar- 
ach V.: Effect of aspirin on oestriol excretion in preg- 
nancy. Lancer i (1975) 859-860. 
Adlercreutz H.: Aspirin and oestriol excretion. Lancer 
i (1975) 1386. 
Brown J. B.. Beischer N. A. and Smith M. A.: Excre- 
tion of urinary oestrogens in pregnant patients 
treated with cortisone and its analogues. J. Ohsret. 
Gynaec. Br. Comnonw. 75 (1968) 819-828. 
Oakey R. E.: The interpretation of urinary oestrogen 
and pregnanediol excretion in pregnant women 
receiving corticosteroids. J. Ohsret. Gynaec. Br. Com- 

monw. 77 (1970) 922-927. 
Ohrlander S.. Gennser G., Batra S. and Lebech P.: 
EtTect of betamethasone administration on oestrone. 
oestradiol-l7/? and progesterone in maternal plasma 
and amniotic fluid. Ohsret Gynec. 49 (1977) 148-153. 
Pulkkinen M. and Willman K.: Maternal oestrogen 
levels during penicillin treatment. Br. med. J. 4 (l971) 
48. 

64. 

65. 

47. 
66. Tulchinsky D. and Korenman S. ti.: The plasma oes- 

tradiol as an index of fetoplacental function. J. C/in. 
Invest. 50 (1971) 1490-1497. 

48. 67. Dawood M. Y. and Ratnam S. S.: Serum unconju- 
gated oestradiol-l7/? in normal pregnancy measured 
by radioimmunoassay. Ohsrer. Gynec. 44 (1974) 
194-199. 

49. 

50. 

68. Tulchinsky D.. Hobel C. J. and Korenman S. G.: A 
radioligand assay for plasma unconjugated oestriol 
in normal and abnormal pregnancies. Am. J. Ohstet. 

Gynec. 111 (1971) 311-318. 

51. 
70. Katagiri H., Stanczyk F. Z. and Goebelsmann U.: 

Development, comparison and use of oestriol specific 
antisera for rapid radioimmunoassay of unconjugated 
oestriol in pregnancy plasma. Steroids 24 (1974) 

225-238. 

54. 

Willman K. and Pulkkinen M. 0.: Reduced maternal 
plasma and urinary oestriol during ampicillin treat- 
ment. Am. J. Ohster. Gynec. 109 (1971) 893-896. 
Pulkkinen M. 0. and Wilman K.: Reduction of 
maternal oestrogen excretion by neomycin. Am. J. 

Ohs~ Gynec. 115 (1973) 1153. 
Boehm F. H., DiPietro D. L. and Goss D. A.: The 
effect of ampicillin administration *on urinary oestriol 
and serum oestradiol in the normal pregnant patient. 
Am. J. Ohstet Gynec. 119 (1974) 98-103. 
Sybulski S. and Maughan G. B.: Effect of ampicillin 
administration on oestradiol. oestriol and cortisol 
levels in maternal plasma and on oestriol levels in 
urine. Am. J. Ohster. GJfnec. 124 (1976) 379-381. 
Tikkanen M. J.. Pulkkinen M. 0. and Adlercreutz 
H.: Erect of ampicillin treatment on the urinary 
excretion of oestriol conjugates in pregnancy. J. 
.srrroid Biochrrn. 4 (1973) 439-440. 
Adlercreutz H., Martin F., Tikkanen M. J. and Pulk- 
kinen M.: Effect of ampicillin administration on the 
excretion of I2 oestrog&s in pregnancy urine. Acta 
Endocr. Cooenh.. 80 (1975) 551-557. 
Smith 0. W.: Free and conjugated oestrogens in 
blood and urine before and during parturition in nor- 
mal human pregnancy. Acta Endocr., Copenh. Supple- 
ment 104 (1966). 
Ahmed J. and Kellie A. E.: Oestrogen and oestrogen 
conjugate concentrations in late pregnancy plasma. 
J. steroid Biochem. 4 (1973) I-10. 
Goebelsmann U.. Chen L. C., Saga M.. Nakamura 
R. M. and Jaffe R. B.: Plasma concentration and pro- 
tein binding of oestriol and its conjugates in preg- 
nancy. Acre Endocr.. Copenh. 74 (1973) 592-604. 
Brown C. H.. Saffan B. D.. Howard C. M. and Preedy 
J. R. K.: The renal clearance of endogenous oes- 
trogens in late pregnancy. J. C/in. Invest. 43 (1964) 
295-303. 
Wright K., Collins D. C.. Virker M., Musey P. I.. 
Dale E. and Preedy J. R. K.: A direct radioim- 

69. Wilkinson M. B.. Euler S. B. and Younglai E. V.: Free 
oestriol in human pregnancy plasma. Am. J. Ohster. 
Gyncac. 114 (1972) 867-872. 

52. 

53. 
71. Zucchelli G. C.. Piro M. A.. Gross0 P. and Malvano 

R.: Measurement by radioimmunoassay of unconju- 
gated oestriol in pregnancy serum. C/in. Chim. Actu 

65 (1975) 57-66. 

73. 
55. 

56. 
74. 

75. 

57. 

58. 

59. 

60. 

72. Schiller H. S. and Brammall M. A.: Nonchromato- 
graphic radioimmunoassay of unconjugated estriol in 
plasma with polyethylene-glycol as precipitant. C/in. 

Chem. 22 (1976) 359-363. 
Corker C. S. and Naftolin F.: A rapid method for 
the measurement of oestriol in pregnancy plasma by 
competitive protein binding analysis. J. Ohsrer. 

Gynaec. Br. Commonw. 78 (I 97 1) 330-334. 
Wilson G. R.: Radioimmunoassay of oestriol in preg- 
nancy plasma. Clin. Chem. Act; 46 (1973) 2971304. 
Stafford J. E. H.: A versatile radioimmunoassay for 
the determination of serum oestriol in pregnancy. 
Ann. Clin. Biochem. 10 11973) 159-166. 
Craig A.: A simple radioimmunological method for 
the determination of plasma total oestriol during 
pregnancy. C/in. Chrnr. Acta 68 (1976) 277-268. 
Standefer J.: Direct radioimmunoassay for serum oes- 
trio1 in pregnancy. C/in. Chenl. 22 (1976) 484-488. 
Kerr E. J.. Park B. K. and Dean P. D. G.: A specific 
direct radioimmunoassay for oestrioLl6wglucuronide 
in pregnancy plasma. Clin. Chim. Actu 77 (1977) 
77-82. 
Munson A. K., Yannone M. E. and Mueller J. R.: 
The diurnal pattern of 17@estradiol in pregnancy. 
Acra Endocr.. Copenh., 69 (1972) 410-412. 
Townsley J. D., Dubin N. H.. Grannis G. F.. Gartman 

76. 

77. 

78. 

79. 

Renal- clearances of oestriol conjugates in normal 
human pregnancy at term. Am. J. Ohsret. GJWC. 126 
(1976) 38-42. 
Tulchinsky D., Hobel C. J.. Yeager E. and Marshall 
J. R.: Plasma oestrone. oestradiol. oestriol, progester- 
one and 17-hydroxyprogesterone in human preg- 
nancy. Am. J. Obstet. Gynec. 112 (1972) 1095-1100. 
Lindberg B. S.. Johansson E. D. B. and Nilsson B. 
A.: Plasma levels of nonconjugated oestrone, oestra- 
dial-178 and oestriol during uncomplicated preg- 
nancy. Acta Ohstet. Gynec. Scand. Supplement 32 
(1974). 
De Hertogh R., Thomas K.. Bietlot Y., Vanderheyden 
1. and Ferin J.: Plasma levels of unconjugated oes- 
trone, oestradiol and oestriol and of HGS throughout 
pregnancy in normal women. .I. C/in. Endocr. Met& 

40 (1975) 93-101. 
Loriaux D. L.. Ruder H. J.. Knab D. R. and Lipsett 
M. B.: Estrone sulfate, oestrone, oestradiol and oes- 
trial plasma levels in human pregnancy. J. C/in. 
Endocr. Metab. 35 (1972) 887-891. - - -. 

80. 



Domestic relevance of oestrogen estimations in human pregnancy 1063 

81. 

82 

83 

84 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93 

94. 

95. 

96. 

97. 

98. 

L. J. and Crystle D. C.: Circadian rhythms of serum 
and urinary oestrogens in pregnancy. J. C/in. Endocr. 

Merah. 36 (1973) 289-295. 
Allen E. I. and Lachelin G. C.: A comparison of 
plasma levels of progesterone, oestradiol, unconju- 
gated oestriol and total oestriol with urinary total 
oestrogen levels in clinical obstetric practice. Br. .I. 
Ohstet. Gynaec. 85 (1978) 278-292. 
Goebel R. and Kuss E.: Circadian rhythm of serum 
unconjugated oestriol in late pregnancy. J. C/in. 
Endocr. Mrtah. 39 (1974) 969-972. 
Selinger M. and Levitz M.: Diurnal variation of total 
plasma oestriol levels in late pregnancy. J. C/in. 
Endocr. Mrtah. 29 (1969) 995-997. 
Levitz M.. Slyper A. J. and Selinger M.: On the lack 
of periodicity in plasma oestriol in human pregnancy. 
J. C/in. Endocr. Merah. 38 (1974) 698-700. 
MacRae D. J. and Mohamedally S. M.: Comparison 
between plasma oestriol and urinary oestriol levels 
in pregnancy. J. Ohsret. Gynaec. Br. Cornmonw. 71 
(1970) 1088-1090. 
Chan T. and Klopper A.: The variability of plasma 
oestradiol concentration in late pregnancy. J. Ohster. 

Gynaec. Br. Cornrnonw. 81 (1974) 357-360. 
Macourt D.. Corker C. S. and Naftolin F.: Plasma 
oestriol in pregnancy. J. Ohster. Gynaec. Br. Corn 
monw. 78 (1971) 335-340. 
Masson G. M. and Wilson G. R.: Variability of total 
olasma oestriol in late human pregnancy. J. Endocr. 
& (1972) 245-250. 

.- - 

Kloooer A. and Shaaban M. M.: Variabilitv of feto- 
plackhtal steroids in maternal plasma in iate preg- 
nancy. Ohstet. Gynec. 44 (1972) 187-193. 
Chew P. C. T., Wong Y. M., Mok H. and Ratnam 
S. S.: Effect of ampicillin administration on plasma 
levels of oestradioi-17fl, oestriol and placental lac- 
toeen. Amt. N.Z. 1. Ohstet. Gvnaec. 18 (19781 
1 li- 120. 
Simmer H. H.. Tulchinsky D.. Gold E. M.. Frankland 
M. V.. Greipel M. and Gold A. S.: On the regulation 
of oestrogen production by cortisol and ACTH in 
human pregnancy at term. Am. J. Ohster. Gynec. 119 
(1974) 283-296. 
Fischer-Rasmussen W.: Plasma oestrogens and the 
fetal outcome. Acra Ohsrer. Gynec. &and. 50 (1971) 
301-309. 

urine oestriol concentrations in normal and high-risk 
pregnancy. Ohster. Gynec. 49 (1977) 2.87-292. 

100. Heikkila J.: Excretion of 15a-hydroxyestriol and oes- 
trio] in maternal urine during normal pregnancy. J. 
steroid Biochem. 2 (1971) 8393. 

101. Giebenhain M. E.. Tagatz G. E. and Gurpide E.: 
Serum levels of unconjugated oestetrol during human 
pregnancy. .I. steroid Biochem. 3 (1972) 707-714. 

102. Fishman J. and Guzik H.: Radioimmunoassay of 
1 Sa-hydroxyestriol in pregnancy plasma. J. clin. 
Endocr. Metah. 35 (1972) 892-896. 

103. Korda A. R., Challis J. J., Anderson A. B. M. and 
Turnbull A. C.: Plasma unconjugated 15a-hydroxy- 
oestriol levels in normal pregnancy. Br. J. Ohstet. 
Gynaec. 82 (1975) 882-886. 

104. Heikkila J. and Luukkainen T.: Urinary excretion of 
estriol and 15z-hvdroxvestriol in complicated preg- 
nancies. Am J. bhsrer: Gprc. 110 (1’971) 5091521. 

105. Tulchinskv D.. Frieoletto F. D.. Rvan K. J. and Fish- 
man J.: klasma &tetrol as an index of fetal well- 
being. J. C/in. Endocr. Metah. 40 (1975) 56&567. 
Notation A. D. and Tanatz G. E.: Unconiugated oes- 
trio] and l5r-hydroxyeitriol in complicated-pregnan- 
cies. Am J. Ohsrer. Gvnec. 128 (1977) 747-756. 
Lauritzen C.: A clinical test fo; placental functional 
activity using DHEA-sulphate and ACTH injections 
in the pregnant woman. Acta Endocr. Copenh.. Sup 
plement 119 (1967) 188. 
Lauritzen C.. Strecker J. and Lehmann W. D.: Dyna- 
mic tests of placenta1 function. In Plasma Homow 
Assays in Eualuarion of Ferul Wellbeing (Edited by 
A. Klopper). Churchill Livingstone. Edinburgh (1976) 
pp. 113135. 
Klopper A. and Jandial V.: The conversion of dehy- 
droepiandrosterone to oestrogen-a dynamic placental 
function test. Europ. J. Ohsret. Gynrc. Reprod. Biol. 

5 (1975) 97-100. 
Korda A. R.. Challis J. J.. Anderson A. B. M. and 
Turnbull A. C.: Assessment of placental function in 
normal and pathological pregnancies by estimation 
of plasma oestradiol levels after injection of dehy- 
droepiandrosterone sulphate. Br. J. Ohsret. Gynec. 82 
(1975) 656661. 
Fraser T. S., Leask R., Drife J., Bacon L. and Michie 
E.: Plasma oestrogen response to dehydroepiandros- 
terone sulphate injection in normal and complicated 
pregnancy. Ohsrer. Gpnec. 47 (1976) 152-158. 
Klopper A., Varela-Torres R. and Jandial V.: Placental 
met&olism of dehydroepiandrosterone sulphate in 
normal pregnancy. Br. J. Ohsrer. Gynaec. 83 (19701 
478483: - 

109. 

I IO. 

Mathur R. S.. Chestnut S. K.. Learning A. B. and 
Williamson H. 0.: Application of plasma estriol esti- 
mations in the management of high-risk pregnancies. 
Am J. Ohsrer. Gynec. 117 (1973) 210-219. 
Aickin D. R., Smith M. A. and Brown J. B.: Compari- 
son between plasma and urinary oestrogen measure- 
ments in predicting fetal risk. Aust. N.Z. J. Ohstet. 

Gynaec. 14 (1974) 59-76. 
Bashmore R. A. and Westlake J. R.: Plasma unconju- 
gated oestriol values in high-risk pregnancy. A~I. J. 
Ohstet. Gynec. 128 (1977) 371-380. 
Lindberg B. S.. Johansson E. D. B. and Nilsson B. 
A.: Plasma levels of non conjugated oestradiol-l7P 
and oestriol in high risk pregnancies. Acra Ohstet. 
Gynec. Stand. Supplement 32 (1974). 
Dubin N. H.. Crystle D. C.. Grannis G. F. and 
Townsley J. D.: Comparison of maternal serum 
estriol and urinary oestrogen determinations as in- 
dices of fetal health. Am. J. Ohster. Gynec. 115 (1973) 
835-841. 
Townsley J. D.. Gartman L. J. and Crystle C. D.: 
Maternal serum 17@xstradiol levels in normal and 
complicated pregnancies. A comparison with other 
indices of fetal health. Am. J. Ohstet. Gynec. 115 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

106. 

107. 

108. 

Strecker J. R.. Killus C. M.. Lauritzen C. and Neu- 
mann G. K.: The clinical value of the dehydroepian- 
drosterone sulfate loading test in normal and path* 
logic pregnancies. Am. J. Ohstet. Gynec. 131 (19781 
239-249. 
Oakey R. E.: Placental sulphatase deficiency: ante- 
partum differential diagnosis from fetal adrenal 
hypoplasia. C/in. Endocr. 9 (1978) 81-88. 
Tulchinsky D., Osathanondh R. and Finn A.: Dehy- 
droepiandrosterone loading test in the diagnosis of 
complicated pregnancies. New England J. Med. 2’44 
(1976) 217-222. 
Pupkin M. J., Nagey D. A., MacKenna J., Schomberg 
D. W. and Crenshaw C.: Preliminary clinical applica- 
tion-the dehydroepiandrosterone loading test. An!. 
J. Ohster. Gynec. 125 (1976) 256262. 
Wallace S. J. and Michie E. A.: A follow-up stud) 
of infants born to mothers with low oestriol excretion 
during pregnancy. Lancer ii (1966) 560-563. 

(1973) 830-834. I1 8. Trolle D.. Bock J. E. and Gaede P.: The prognostic 
99. Miller C. A., Fetter M. C., Boguslaski R. C. and Heiser and diagnostic value of total oestriol in urine and 

E. W.: Maternal serum unconjugated oestriol and in serum and of human placental lactogen hormone 



1064 R. E. OAKEY 

in serum in the last part of pregnancy. Am. J. Ohstet. Kase N.: Child development after pregnancies com- 
Gynec. I26 (1976) 834-844. pticated by low urinary oestriol excretion and pre- 

119. Greene J. W.. Beargie R. A., Clark B. K. and Smith eclampsia. Am. J. Ohsrer. Gynuc. 114 (1972) 
K.: Correlation of oestriol excretion patterns of preg- 1069-1077. 
nant women with subsequent development of their 121. Wynn M. and Wynn A.: Prevention of perinatal 
children. Am. J. Obster. Gynec. 105 (1969) 730-747. handicap. Foundation for Education and Research in 

120. Yogman M. W., Speroff L., Huttonlocher P. R. and Child-hearing. London (1976). 


