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Patients in the splenectomy group refused red cell survival studies after
operation.
Throughout the years after partial splenic embolisation the spleens

remained about one third of their original size. A transient, small increase in
size was observed during the first month after the procedure. Liver size
remained unchanged in both groups of patients.

Patients treated by partial splenic embolisation remained free of serious
infections or other illnesses during follow up and showed almost normal
puberty and growth. By contrast, two of the patients with splenectomy
suffered recurrent infections.

Discussion

Successful partial splenic embolisation in other diseases' en-
couraged us to use this procedure for patients with thalassaemia
major in an attempt to overcome the disadvantages of splenectomy.
Partial splenic embolisation was followed by a significant prolonga-
tion of red cell survival, while the fall of the transfusion index,
though slightly smaller than after splenectomy, was not significantly
different from that in the splenectomised controls. That these low
transfusion indices remained unchanged throughout the five years
of follow up is convincing evidence that the procedure may be an
effective alternative to splenectomy in thalassaemia major.

Furthermore, that the amount ofresidual splenic tissue remained
unchanged suggests that regeneration had not taken place and
therefore that hypersplenism was unlikely to develop in the near
future. Should this assumption prove false further partial splenic
embolisation could be carried out. Partial splenic embolisation
represents an easily repeatable and accurately titrable procedure.
Such a second embolisation was required in one of our patients
because the proportion of spleen infarcted the first time was too low.
The normal platelet counts during the years after partial splenic

embolisation represent another important advantage of the pro-
cedure, by which the threat of postsplenectomy embolisms and the
subsequent use of antiplatelet factors might be avoided. Partial
splenic embolisation, however, was as effective as splenectomy in
correcting pre-existing thrombocytopenia, at least in the one patient
in our series with this problem.
The absence ofserious recurrent infections in our patients treated

by embolisation together with their normal growth suggests that the
immune function of the spleen may be preserved by the remaining
tissue.
The failure of our patients to achieve a negative iron balance

despite the reduction of their transfusion index may be attributed to
theiroverestimating the positive effectofpartial splenic embolisation
alone and so reducing the iron chelation treatment. The decreasing
ferritin concentrations, however, suggest that patients will reach
negative iron balance eventually.

In conclusion, the results of this five year follow up suggest that
partial splenic embolisation may prove to be a safe and reliable
alternative to splenectomy in the management of thalassaemia
major.
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Predictive value ofplasma human chorionic gonadotrophin ,B
subunit in diagnosing ectopic pregnancy after in vitro fertilisation
and embryo transfer
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Abstract

A study was conducted aimed at establishing a range of plasma
concentrations of the , subunit of human chorionic gonado-
trophin that might predict ectopic pregnancy after in vitro
fertilisation and embryo transfer. From May 1984 to February
1986, 161 consecutive pregnancies at the Monash University in
vitro fertilisation unit were analysed by determining plasma 13
human chorionic gonadotrophin concentrations between two
and 10 weeks after oocyte collection. Eighty eight ongoing
singleton pregnancies, 25 multiple pregnancies, 27 first trimester
spontaneous abortions, 12 anembryonic pregnancies, and nine
ectopic pregnancies resulted from these conception cycles.
When compared with values for ongoing singleton pregnancies
two weeks after oocyte collection plasma I8 human chorionic
gonadotrophin concentrations in ectopic pregnancies were sig-
nificantly lower (p<0*05; Wilcoxon rank sum test). Two weeks
after oocyte collection all plasma ,B human chorionic gonado-
trophin concentrations in the set of ectopic pregnancies were
below 30*6 IU/I, which corresponded to the lower quartile
(25th percentile) of 13 human chorionic gonadotrophin con-
centrations in ongoing singleton pregnancies. The 13 human
chorionic gonadotrophin concentration corresponding to the

lower quartile of ongoing singleton pregnancies at each week of
gestation was used to derive the predictive value of various
statistics in detecting ectopic pregnancy in patients after in vitro
fertilisation. The sensitivity, specificity, predictive value of a
positive result, predictive value of a negative result, and effi-
ciency of a single plasma (3 human chorionic gonadotrophin
concentration in predicting ectopic pregnancy were 100%,
68.1%, 16-7%, 100%, and 70%, respectively, two weeks after
oocyte coilection.
These results suggest that a single determination ofthe plasma

3 human chorionic gonadotrophin concentration beginning 14
days after oocyte collection is clinically useful in predicting the
outcome of pregnancy achieved by in vitro fertilisation. Ectopic
pregnancy after in vitro fertilisation is more likely when 3human
chorionic gonadotrophin concentration is below the lower
quartile of values in ongoing singleton pregnancies achieved by
the technique.

Introduction

Ectopic pregnancy is a leading cause of maternal mortality, and
reports show that the ratio of ectopic pregnancy to live births
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is increasing.'2 In vitro fertilisation and embryo transfer were
developed as a treatment for infertility in patients with irreparable
tubal disease, and patients who become pregnant after this
technique have an incidence ofectopic pregnancy three to five times
higher than in a normal population.256 Early detection of ectopic
pregnancy in patients treated by in vitro fertilisation is critical since
further surgery is often difficult. Recent reports have described a
discriminatory zone in the plasma concentration of the (3 subunit of
human chorionic gonadotrophin (between 6000 and 6500 IU/1)
which was of value in diagnosing ectopic pregnancy in subjects who
conceived spontaneously.78I3 Human chorionic gonadotrophin,
however, makes a delayed appearance in the plasma ofsubjects with
ongoing pregnancies achieved by in vitro fertilisation and embryo
transfer compared with spontaneous pregnancies,910 so the value of
(3 human chorionic gonadotrophin measurements in diagnosing
ectopic pregnancy in patients after in vitro fertilisation cannot be
extrapolated from spontaneous conceptions.
The only report which attempted to examine the predictive

value of (3 human chorionic gonadotrophin concentrations in the
diagnosis of ectopic pregnancy in patients treated by in vitro
fertilisation was an international collaborative study.6 Unfor-
tunately, that study used parametric statistics in an analysis of (3
human chorionic gonadotrophin concentrations though the data did
not follow a Gaussian distribution. Moreover, despite the title
of that paper no predictive statistics of (3 human chorionic
gonadotrophin concentrations were provided. These omissions are
especially disappointing as it is now accepted that predictive
statistics have definite clinical value in medical practice." We report
an analysis of 161 consecutive pregnancies resulting from in vitro
fertilisation at one centre. The concentrations of plasma (3 human
chorionic gonadotrophin from ongoing singleton pregnancies were
compared with those from ectopic pregnancies and other types of
failed pregnancy to derive predictive statistics applicable to in vitro
fertilisation and embryo transfer programmes.
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FIG 1-Plasma 13 human chorionic gonadotrophin concentrations two weeks after
oocyte collection in ongoing singleton pregnancies resulting from in vitro
fertilisation. 13 Human chorionic gonadotrophin concentrations represented on
arithmetic scale (left) and after logarithmic transformation (right).

Patients and methods
The Monash University in vitro fertilisation and embryo transfer

programme has been described.412 13 From May 1984 to February 1986 there
were 161 clinical pregnancies in this unit. Clinical information about the
outcome of each pregnancy together with surgical and histopathological
records were collected and collated. Eighty eight ongoing singleton
pregnancies, 25 multiple pregnancies, 27 first trimester spontaneous
abortions, 12 anembryonic pregnancies, and nine ectopic pregnancies
resulted from these conception cycles. The clinical features of the ectopic
pregnancies have been reported. 14
To diagnose pregnancy all patients provided a 10 ml blood sample 14 days

after oocyte retrieval. Plasma 13 human chorionic gonadotrophin was assayed
using a three hour radioimmunoassay (Mallinckrodt, St Louis, MA) at room
temperature, as described. 14 Briefly, the interassay coefficients of variation
were 8-4% at 25 IU/l and:99"/o at 45 1U/l (n=170). The intra-assay
coefficients of variation were 6-0% at 12 IU/l and 3-9% at 70 IU/1, and the
sensitivity of the radioimmunoassay was 1 7 IU/1.

Patients showing plasma P human chorionic gonadotrophin concentra-
tions greater than 1-7 IU/l two weeks after oocyte aspiration were asked to
provide weekly blood samples for 13 human chorionic gonadotrophin
determination until 10 weeks after oocyte collection. Biochemical pregnancy
was defined if the plasma 1 human chorionic gonadotrophin value was
greater than 5 lU/1 and increasing in two consecutive samples one week
apart. Of a total of 180 pregnancies defined biochemically, there were -19
early "pregnancies" which developed no clinical signs whatsoever. These
were excluded from our analysis, which was confined to clinical pregnancies
only.

STATISTICAL ANALYSIS

A recent international collaborative study examining 13 human chorionic
concentrations in pregnancies after in vitro fertilization and embryo transfer
analysed 13 human chorionic gonadotrophin data by determining an
arithmetic mean and standard deviation and applying repeated Student's t
tests to compare P human chorionic gonadotrophin concentrations in
abnormal versus normal pregnancies resulting from the technique6; we
therefore analysed whether the range of plasma 13 human chorionic

gonadotrophin concentrations in pregnancies achieved by in vitro fertilisa-
tion did indeed follow a normal or Gaussian distribution. Figure 1 shows
plasma 13 human chorionic gonadotrophin concentrations two weeks after
oocyte collection in ongoing singleton pregnancies achieved by in vitro
fertilisation. Clearly the data were greatly skewed when concentrations were
plotted on an arithmetic scale. As expected, logarithmic transformation
changed the shape of the distribution of the data to a form which was
approximately symmetrical (fig 1). Nevertheless, the graphic test for
normality did not show linearity of the cumulative frequency distribution
and the G test of goodness of fit for the logarithmically transformed data
showed a significant departure from normality (p<0 05). (The G test
statistic has been favoured over the x2 test for goodness of fit for single
classification frequency distributions as it is computationally simpler, is
additive, and may be partitioned into separate tests if necessary."5) Finally,
tests of normality by assessment of the moment statistics of skewness and
kurtosis before (5-83; 42 13) and after (-0-08; 4 56) logarithmic trans-
formation also confirmed pronounced deviation of the data from normality.
Hence even logarithmically transformed data were considered inappropriate
for analysis of our findings by parametric statistics, and therefore non-
parametric methods were subsequently employed. 16

Wilcoxon's rank sum test' was used to compare 1 human chorionic
gonadotrophin concentrations between ongoing singleton pregnancies and
ectopic pregnancies in the weeks after oocyte collection. To examine the
value of the plasma ( human chorionic gonadotrophin test in distinguishing
ectopic pregnancies from ongoing pregnancies achieved by in vitro fertilisa-
tion we determined the sensitivity, specificity, and predictive values of a
positive or negative result and the efficiency of the test.'7 In summary,
sensitivity measures the likelihood that the plasma 13 human chorionic
gonadotrophin concentration will be positive (abnormal) in the presence of
an ectopic pregnancy. Sensitivity is the number of true positive test results
divided by the sum of the true positive plus false negative observations.
Specificity is the likelihood that the result of the 13 human chorionic
gonadotrophin test will be negative (normal) in the absence of an ectopic
pregnancy and is given by the number of true negative values divided by the
sum of the true negative plus false positive observations. The predictive
value of a positive result is the number of true positive observations divided
by the sum of true and false positive observations, while the predictive value
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of a negative result is the number of true negative observations divided by
the sum of the false negative and true negative observations. Statistical
efficiency is the sum of the true positive and true negative results divided by
the grand total of observations studied.

TABLE i Plasma [3 human chorionic gonadotrophin concentrations two to 10 weeks
after oocyte collection in 88 single pregnancies achieved by in vitrofertilization

Weeks after Percentile of plasma ji human chorionic gonadotrophin concentration (IU/1)
oocyte

collection Maximum 95 75 50 25 5 Minimum

2 705 131 80-6 48 5 30-6 10-6 4-8
3 25400 4100 1800 950 607 137-3 37-1
4 27400 20500 11675 7700 4900 1475 304
5 90000 56210 37550 27100 17200 7530 1800
6 118700 94800 67 100 48000 34600 18920 11700
7 218000 101400 75200 59700 43400 30720 8900
8 144000 101750 72975 56200 40775 24950 11900
9 115000 96300 68 750 47400 36750 23700 17300
10 96300 74500 55800 42400 33200 25240 16200

Results

Table I gives the range of plasma human chorionic gonadotrophin
concentrations between two and 10 weeks after oocyte collection in ongoing
singleton pregnancies achieved by in vitro fertilisation. Figure 2 shows
plasma human chorionic gonadotrophin values in the set of ectopic
pregnancies resulting from in vitro fertilisation when compared with
ongoing singleton pregnancies. At each week from two to six weeks after
oocyte collection circulating human chorionic gonadotrophin concentra-
tions were significantly lower in ectopic than in normal pregnancies
(p<O00000l at two weeks v p<O0Ol at six weeks; fig 2). The highest
human chorionic gonadotrophin concentration two weeks after oocyte
collection in an ectopic pregnancy was 26i4 IU/l. This was very close to the
lower quartile value (25th percentile) of the concentration in the ongoing
singleton pregnancies (30i6 IU/1). Accordingly, the lower quartile human
chorionic gonadotrophin concentration in the ongoing pregnancies was

assessed at each subsequent week to determine its value in diagnosing
ectopic pregnancy.

Table II shows the predictive values of plasma human chorionic
gonadotrophin concentrations in diagnosing ectopic pregnancies after in
vitro fertilisation and embryo transfer two to six weeks after oocyte
collection. Analyses of the data in table II by x2 and G tests showed that the
lower quartile value at each week after oocyte collection satisfactorily
discriminated between ectopic pregnancy and other pregnancies (p<005).
Using the 25th percentile value for ongoing singleton pregnancies as a

discriminator showed that the sensitivity of this test was 100% at each week
of gestation. The specificity of the test varied between 66% and 68%. The
predictive value of a plasma P human chorionic gonadotrophin concentra-
tion above the 25th percentile (negative result) indicating an ongoing
singleton pregnancy was 100%, while the predictive value of a concentration
below the 25th percentile for an ectopic pregnancy (positive result) varied
between 4-7% at six weeks and 16 7% two weeks after oocyte collection. This
predictive value was reflected in the percentage of false positive results for
ectopic pregnancies at each week of gestation. For example, at two weeks
after oocyte collection a human chorionic gonadotrophin concentration
below the 25th percentile for ongoing singleton pregnancies identified not
only all of the subsequent ectopic pregnancies but also 18 (66 7%) of the
cases destined for first trimester spontaneous abortion, 7 (58 3%) ofthe cases
of anembryonic pregnancy, plus none of the cases of multiple pregnancy.
The efficiency of a plasma human chorionic gonadotrophin determination
below the 25th percentile for diagnosing an ectopic pregnancy resulting from
in vitro fertilisation varied between 66% and 70% at each week after oocyte
collection.

Discussion

In spontaneous pregnancies Lenton and Sulaiman found signifi-
cant increases in circulating human chorionic gonadotrophin
concentrations by 11 days after the mid-cycle peak of luteinising
hormone."8 After this detection plasma human chorionic gonado-
trophin concentrations rose with a doubling time of 1 3 days to
reach concentrations between 50 and 250 IU/l at the time of the first
missed period. The introduction ofultrasonography to gynaecology
enabled investigators to determine the plasma human chorionic

gonadotrophin concentrations at the time when a gestational sac
could first be seen in the uterus of a patient with an intrauterine
pregnancy. Kadar and colleagues suggested a discriminatory
human chorionic gonadotrophin zone between 6000 and 6500 IU/l
as the critical concentration at which a gestational sac should be seen
within the uterus.7 Though this work was subsequently confirmed
by the same group,8 other workers have suggested that a gestational
sac is always seen when the plasma human chorionic gonadotrophin

I 000 000 I

100 000-

D

C

0
.

~0

Ct
'D
0
0)

Qu

.2
0

0

E

a-

10000-

1 000

100

10

1-

I I

2 4 5 6

Weeks after oocyte collection

FIG 2-Plasma [3 human chorionic gonadotrophin concentrations in singleton
(n=88) and ectopic (n=9) pregnancies resulting from in vitro fertilisation. At
each week ongoing singleton data are shown on the left. Heavy lines represent
50th percentile and light lines 25th and 75th percentiles. Ectopic pregnancy data
are shown on right at each week with 50th centile (heavy line) and range of values
displayed. * p<001. ** p<0 005. *** p<0001. **** p<000001.

TABLE iI-Predictive value and efficiency ofplasma [3 human chorionic gonadotrophin
concentrations in diagnosing ectopic pregnancies after in vitro fertilization and embryo
transfer two to six weeks after oocyte collection. Figures are percentages

Predictive Predictive
Weeks after value of value of

oocyte positive negative False
collection Sensitivity Specificity result result Efficiency positive rate

2* 100 68-1 16-7 100 70-0 83-3
3 100 66-7 8-2 100 -676 91-8
4 100 67-6 13-7 100 69-2 86-3
5 100 68-2 10-6 100 69-3 89-4
6 100 66-1 4-7 100 66-7 95-3

* Only 150 subjects analysed at two weeks. Remaining 11 excluded from analysis at two weeks
because they presented for fi human chorionic gonadotrophin testing on incorrect days. These
patients subsequently bled at correct time.

Normal single pregnancy (n=88)

Ectopic pregnancy (n=9)

J fist U
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concentration is greater than 1800 IU/1.'9 All these reports used real
time or static ultrasound equipment applied to the patient's
abdomen with a full bladder to provide a "transonic window" to
allow the uterus to be examined. Variations in the quality of
ultrasound imaging using these transabdominal techniques may
explain the different results in the above reports. The recent
description of transvaginal ultrasound imaging of the uterus may
provide greater sensitivity for the early detection of an intrauterine
gestational sac.20

Several reports have shown that the appearance of 13 human
chorionic gonadotrophin in the plasma is delayed in subjects who
become pregnant after in vitro fertilisation as compared with
women with spontaneous pregnancies.9 10 21 Moreover, in one report
the size of the gestational sac resulting from in vitro fertilisation and
embryo transfer was small in 36% of pregnancies22; a static
ultrasound scanner was used together with an abdominal approach
in that study. It is not clear why the appearance of 13 human
chorionic gonadotrophin is delayed in pregnancies resulting from in
vitro fertilisation. Embryo growth in vitro is thought to be slower
than in vivo, and possibly this might delay induction of the genes
responsible for production ofthe a or 13 subunits ofhuman chorionic
gonadotrophin.23 Englert and colleagues'0 also suggested that the
time lapse may be of embryonic origin, representing a delay of
secretion, but also that it may result from delay in the establishment
of embryomaternal vascular connections, so delaying secretion of
human chorionic gonadotrophin from the embryo into the maternal
circulation. We are currently investigating transvaginal ultrasound
techniques to measure gestational sac size in pregnancies induced by
in vitro fertilisation and to monitor a correlation with plasma human
chorionic gonadotrophin concentrations in maternal blood.
Any screening method used to predict ectopic pregnancy must

have a high sensitivity. Indeed, as ectopic pregnancy may be fatal,
we believe that a valid system for assessing the risk of ectopic
pregnancy should have a sensitivity greater than 90%. We have used
the 25th percentile of plasma 13 human chorionic gonadotrophin
concentrations two weeks after oocyte collection to set a cut offpoint
to assess our scoring method for risk of ectopic pregnancy. Table II
shows that use of the 25th percentile value at each week after oocyte
collection maintained a 100% sensitivity for the diagnosis of ectopic
pregnancy after in vitro fertilisation. Not surprisingly, the cut off
point set for high sensitivity reduced the specificity of the test.
Between two and six weeks after oocyte collection specificity ranged
between 66% and 68%, while the false positive rate varied between
83% and 95%. We believe that such values are still clinically useful,
since the initial plasma human chorionic gonadotrophin concentra-
tion below the 25th percentile alerts the gynaecologist to the
possibility of an ectopic pregnancy after in vitro fertilisation.
Subsequent blood tests three and four weeks after oocyte collection
will heighten or diminish this suspicion and enable the patient to be
closely observed clinically several weeks before any ultrasonic or
clinical evidence of ectopic pregnancy may arise. Furthermore, the
conditions included in the differential diagnoses of an early failed
pregnancy after in vitro fertilisation-spontaneous abortion and
anembryonic pregnancy-cannot easily be resolved or prevented
and are not a cause of maternal mortality or morbidity in the same
sense as is an ectopic pregnancy.
We suggest that weekly measurement of plasma 13 human

chorionic gonadotrophin concentrations will reliably predict
ectopic pregnancy after in vitro fertilisation. This method, using a
discriminator based on the 25th percentile for ongoing singleton
pregnancies resulting from in vitro fertilisation, predicts ectopic
pregnancy with high sensitivity. Clearly, repeated weekly 13 human
chorionic gonadotrophin estimations will provide much better
predictive certainty than a single value and we suggest that weekly
blood samples should be taken beginning two weeks after oocyte
collection. This screening test for an ectopic pregnancy after in vitro
fertilisation is cheap and would be available to most units offering in
vitro fertilisation and embryo transfer. In our opinion such
units should determine plasma 13 human chorionic gonadotrophin
concentrations in ongoing pregnancies resulting from in vitro
fertilisation and use valid statistical analyses before applying these
results to prediction of ectopic gestation. Whether human chorionic

gonadotrophin is a more valid marker of ectopic pregnancy than is
the measurement of other circulating proteins, such as pregnancy
specific 1I glycoprotein and pregnancy associated plasma protein
A, in either spontaneous pregnancies or those induced by in vitro
fertilisation is still unclear. 421

We thank all members of the Monash University in vitro fertilisation
programme, the secretariat, and Robyn Redman for their help. Professors
Henry Burger and John Funder provided helpful criticism of the paper.
SHO is supported by a fellowship from the Japan Educational Ministry.
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