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9 December 2005

Morning sessions

09.00: Registration and Welcome

Session 1: Cytogenetic Aspects of Pregnancy Loss

09.30: Cytogenetic abnormalities of pregnancy loss in recurrent
miscarriage
M. Stephenson (Chicago, USA)

10.00: Embryonic  karyotype of abortuses in relation to the
number of previous miscarriages
M. Suguira-Ogasawara (Nagoya, Japan)

10.30: The value of embryoscopy
Th. Philipp (Vienna, AT)

11.00: Coffee Break

Session 2: Implantation and Immunology

11.30: Immunotherapy and recurrent miscarriage: are we any
wiser?
L. Regan (London, UK)

12.00: Endometrial natural killer cells and early pregnancy loss
S. Quenby (Liverpool, UK)

12.30: Implantation and endometrial receptivity
J. Aplin (Manchester, UK)

13.00: Lunch Break
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9 December 2005

Morning sessions

Session 3: Ultrasound

14.00: Polycystic ovarian disease and pregnancy loss: an
overview
A. Balen (Leeds, UK)

14.20: Ultrasound uses and pitfalls
P. Loughna (Nottingham, UK)

14.40: Combined ultrasound/biochemical prediction of very early
pregnancy loss
J. Elson (Sunderland,UK)

15.00: Aspects of gestational trophoblastic disease
E. Jauniaux (London, UK)

15.30: Tea Break

Session 4: Thrombophilia

16.00: Antiphospholipid syndrome and pregnancy loss:
examining the evidence
R. Derksen (Utrecht, NL)

16.30: Homocysteine and pregnancy loss
E. Steegers (Rotterdam, NL)

17.00: Factor V gene polymorphism studies and fetal loss
F. Dawood (Liverpool, UK)
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10 December 2005

Morning sessions

Session 5: Clinical

09.00: A new logistic regression model for predicting the outcome
of pregnancies of unknown location
T. Bourne (London, UK)

09.30: Evidence based practice for management of early
pregnancy loss
B.W. Mol (Amsterdam,NL)

10.00: Uterine anomalies and recurrent miscarriage
J. Gupta (Birmingham, UK)

10.30: Coffee Break

Session 6: Miscellaneous

11.00: Outcome of identified placental haematoma in early
pregnancy
J. Johns (London, UK)

11.30: “That was my baby”: caring for patients with pregnancy
loss
R. Bender Atik (Miscarriage Association, UK)

12.00: Does endometriosis affect implantation?
D. Hapangama (Liverpool, UK)

12.30: Closing remarks and end of meeting
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Recurrent Miscarriage:  Cytogenetic 
Analyses of Miscarriage Specimens

Mary Stephenson, MD, MSc, FRCSC, FACOG
Professor of Obstetrics & Gynecology, Section of 
Reproductive Endocrinology and Infertility 
Director, Recurrent Pregnancy Loss Program
University of Chicago

ESHRE Winter Symposium
December 2005

Anatomical 
Endocrine
Genetic
Infectious
Autoimmune
Idiopathic

43%

20%

Stephenson MD, Fertil Steril 1996

16%

20%

Note:  miscarriages with chromosome abnormalities 
excluded

Recurrent Miscarriage
(≥3 consecutive miscarriages <20 weeks)

3%

Classification of Miscarriage
Preclinical miscarriage: < 6 wks 

Biochemical: demise <4 wks gestation 
+ve ßhCG only, U/S negative

Anembryonic:  demise between 4-5 wks 
empty gestational sac

Yolk sac:  demise between 5-6 wks 
gestationl sac with yolk sac 

Clinical miscarriage: 6 - 20 wks
Embryonic 6 - 9 wks 6 days
Fetal miscarriage 10 - 19 wks 6 days
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Miscarriage in General Reproductive 
Population

5%42-3%4> 10 weeks
50%615%36-10 weeks

70%530-50%1,2< 6 weeks

Cytogenetic 
Abnormality

Risk of 
Miscarriage

Gestational  
Age

1 Edmonds et al, 1982; 2 Wilcox et al, 1988; 
3Hassold and Chiu, 1985; 4 Simpson, 1990;        
5 Ohno et al, 1991; 6 Jacobs et al, 1987

Miscarriage in General Reproductive 
Population:  Cytogenetics

Jacobs et al, Human Genetics 1987
Tabulation of seven studies
N = 7,182 miscarriages
50% had a cytogenetical abnormality

56% Trisomic (16, 21, 22, 15, 13)
20% Polyploid
18% Monosomy X
4%   Translocations 
2%   Other

Impact of Maternal Age on Miscarriage
Hassold and Chiu, Hum Genet 1985

Maternal age

0%

10%

20%

30%

40%

50%

<20 20-23 24-27 28-31 32-35 36-39 40-41 >41

 

% Trisomy
% Normal Risk of 

Clinical 
Miscarriage



3

Origin of Trisomies

0%

20%

40%

60%

80%

100%

2 7 8 13 15 16 17 21

Maternal Paternal Somatic

Chromosomes

Jacobs and Hassold, 1980

Indications for Cytogenetic Analysis
2nd consecutive and all subsequent miscarriages 
<10 weeks
Unexplained pregnancy loss >10 weeks
Miscarriage following ART

Cytogenetic results obtained 
Following D&C 91%
Expectant management 66%
(Stephenson et al, Human Reprod 2002)

Note:  Send the embryo, gestational sac and/or 
chorionic villi to Cytogenetics; otherwise maternal 
contamination becomes an issue.

P<0.05

Recurrent Miscarriage:  Cytogenetic 
Questions  

Is there a recurrent miscarriage cohort who may 
have a higher risk of trisomic pregnancies?  

“Recurrent Trisomy”
If a women with recurrent miscarriage has an 
euploid miscarriage, is it predictive of a  
subsequent euploid miscarriage?  

“Recurrent Euploidy”
What is the likelihood of success in recurrent 
miscarriage carriers of a balanced chromosome 
rearrangement?
Is IVF/PGD evidence-based therapy for recurrent 
miscarriage?  
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0
5

10
15
20
25
30
35

%

Diagnosis

Euploid XX
Euploid XY
Trisomy
Polyploidy
Monosomy
Unbalanced

420 miscarriages in 285 patients

Stephenson et al, Human Reprod 2002

Recurrent Miscarriage:  Increased rate of 
cytogenetic abnormalities?

Recurrent miscarriage vs. general 
reproductive population

Similar distribution of trisomies 
Recurrent miscarriage:  15, 16, 22, 21, 14, 13
Controls: 16, 22, 21, 15, 13

Adjusted for maternal age:
No difference in the distribution of numeric
chromosome abnormalities, i.e. trisomies, 
monosomy X, polyploidies. 

Stephenson et al, Human Reprod 2002                 
Jacobs et al, Human Genetics 1987

Euploid Miscarriage and Age

0
10
20
30
40
50
60
70

18-29 30-35 36-39 40- Total
Maternal Age

%

Recurrent miscarriage Controls

*P < 0.03

* *

Stephenson et al, 2002 (n=420) vs.
Hassold and Chiu, 1985 (n=2,201)
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Does “Recurrent Trisomy” or “Recurrent 
Euploidy” exist?

Recurrent miscarriage patients (n=133)
Cytogenetics of first 2 miscarriages analyzed 

(n=266) 
665/867 (77%) of pregnancies ended in miscarriage
Trisomic miscarriage followed by another trisomic 
miscarriage All ages:  60% (CI, 47-71%)
Euploid miscarriage followed by another euploid 
miscarriage All ages:  69% (CI, 57-79%)

Stephenson et al, ESHRE abstract 2003

Likelihood: Age <36 Years (n=61)

1011Aneuploid
535Euploid

AneuploidEuploid

Miscarriage 
#1

Miscarriage #2

P=0.002
Likelihood of “Recurrent Euploidy”

88% (95% CI, 73%-95%)
Likelihood of “Recurrent Aneuploidy”

48% (95% CI, 28%-68%)

Recurrent Miscarriage:  Carriers of a 
Balanced Chromosome Rearrangement 

Sugiura-Ogasawara et al, 2004
Prospective cohort, nested case/control
100/1,284 (8%) couples with ≥2 miscarriages:

58 reciprocal translocations 
11 Robertsonian translocations
32 inversions (mostly chromosome 9) 

49% live birth rate (n=90 pregnancies)
Amniocentesis:  1 of 23 pregnancies had an 
unbalanced translocation
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Recurrent Miscarriage:  Carriers of a 
Balanced Chromosome Rearrangement

Goddijn et al, 2004 
Historic cohort and nested case-control study
41/1324 (3%) couples with ≥2 miscarriages

26 reciprocal translocations
5 inversions
3 Robertsonian translocations and 3 others

70% live birth rate (n=43 pregnancies)
Amniocentesis:  15 diploid, 11 balanced reciprocal 
translocations  

No unbalanced ongoing pregnancies
Is cytogenetic analyses of couples necessary?

Recurrent Miscarriage:  Carriers of a 
Balanced Chromosome Rearrangement 

Stephenson et al, Human Reprod 2006, in press
Prospective cohort, nested case-control
51 of 1,893 (3%) couples of with ≥2 miscarriages

28 reciprocal (15 female, 13 male)
12 Robertsonian (9 female, 3 male) 
7 inversions and 4 other

215 pregnancies prior to evaluation:  
15% live birth rate

58 pregnancies subsequent to evaluation:
71% live birth rate

Amniocentesis:  7 diploid, 8 balanced chromosome 
rearrangements 

No unbalanced ongoing pregnancies 

Carrier of a Balanced Chromsome
Rearrangement:  Miscarriage Cytogenetics

6%46%52%General population       
(7182 miscarriages)

2%44%54%
Recurrent 
Miscarriage          
(420 miscarriages)

36%30%33%
Recurrent 
Miscarriage + carrier
(36 miscarriages)

UnbalancedAneuploid/ 
Polyploid

Euploid  

Stephenson et al, Human Reprod 2006, in press
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IVF/PGD for Treatment of Unexplained 
Recurrent Miscarriage

Platteau et al, 2005
Prospective cohort study
49 women with ≥3 miscarriages
69 cycles
Two blastomeres biopsied: 

FISH for X, Y, 13, 18, 21, 16, 22

IVF/PGD:  Aneuploidy Screening in 
Unexplained Recurrent Miscarriage

3%26%Pregnancy rate/ 
cycle started

67%44%Aneuploidy Rate

≥37 years<37 years

Platteau et al, 2005

Better pregnancy outcomes would have been 
obtained with TLC (Brigham et al, 1999)
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Embryonic karyotype of abortuses in relation to
the number of previous miscarriages

M. Ogasawara*
K. Aoki**

S. Okada***
K. Suzumori*

*Department of Obstetrics and Gynecology
Nagoya City University Medical School

Nagoya, Japan
**Department of Obstetrics and Gynecology II

Nagoya City Johsai Hospital
Nagoya, Japan

***Department of Obstetrics and Gynecology
Tousei Hospital

Seto, Aichi, Japan

*E-mail  og.mym@med.nagoya-cu.ac.jp

This study was supported by a Grant from the Ministry of Health and Welfare, Japan
Structured Abstract

Objective: To examine the frequency of chromosomal abnormalities in products of
conception from patients with recurrent miscarriages in relation to the number of previous
miscarriages.

Design: Retrospective analysis

Setting: Nagoya City University Medical Hospital

Patients: 1309 cases with a history of 2-20 consecutive first-trimester abortions.

Intervention: Chromosomal analysis performed on products of conception using a standard
G-banding technique.

Main Outcome Measure: The frequencies of abnormal and normal embryonic karyotypes
for each number of previous abortions were studied.  The subsequent pregnancy outcome
of patients whose previous miscarriages were karyotyped were studied along with the
predictive value of karyotyping of previous miscarriages for subsequent miscarriages.

Results: The miscarriage rate increased with the number of previous spontaneous
abortions.  The frequency of abnormal embryonic karyotypes significantly decreased and
that of normal embryonic karyotypes significantly increased with the number of previous
abortions. 44 of 71 patients whose karyotypes were normal aborted subsequently and 23
of 60 patients whose karyotypes were abnormal aborted subsequently.  Patients with a
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previous normal embryonic karyotype aborted more frequently than those with an abnormal
karyotype.

Conclusions: The frequency of normal embryonic karyotypes significantly increases with
the number of previous abortions and a normal karyotype in a previous pregnancy is a
predictor of subsequent miscarriage.

Key words: karyotype, recurrent miscarriage, immunotherapy, antiphospholipid antibody,
abortus

Introduction

Cytogenetic evaluation of sporadic spontaneous abortions has shown that 50%-70% are
chromosomally abnormal.1  It has been reported that there is a significantly increased risk
of a chromosomally normal spontaneous abortion after a previous abortion with a normal
karyotype.2  It seems to be common that normal karyotypes are associated with recurrent
abortion,2, 3 but there is limited information about embryonic karyotype in series of patients
suffering recurrent miscarriages.4-6  Stern et al. reported two studies concerning embryonic
karyotypes in patients with recurrent abortions and found that no differences existed in the
frequencies of abnormal karyotypes between single and recurrent aborters.  However,
previous studies only included a few cases with large numbers, 6 or more previous
miscarriages, these being relatively rare.

 Immunotherapy,7-9 prednisolone (PSL)-aspirin (ASA), heparin-aspirin therapy10-12 and
high dose immunoglobulin (Ig)13, 14 are accepted worldwide as the most effective
therapeutic approaches for recurrent miscarriages.  If the treatment of other causes is
successful, a normal embryonic karyotype would be expected to decrease with the number
of previous miscarriages.  We therefore studied this parameter in patients suffering 2-20
previous miscarriages who underwent immunological treatment.

Materials and Methods

Hysterosalpingography, chromosome analysis for both partners, immunologic tests for
parameters such as natural killer activity15 and antiphospholipid antibodies (aPL; b2-
glycoprotein I dependent anticardiolipin antibodies and lupus anticoagulant), blood tests
for hyperthyroidism, diabetes mellitus, hyperprolactinemia and infections such as clamydia,
were performed for 1309 patients with a history of 2-20 consecutive first-trimester abortions
before subsequent pregnancy.

Patients with at least one kind of aPL were treated with ASA (40-81 mg/day), PSL (10-50
mg/day), heparin (10000 iu/ day) and/or Ig (5-20 g/day x 5 days).10-12

Those with a history of three or more miscarriages and with unexplained causes received
treatments such as immunotherapy with x-irradiated paternal mononuclear cells7-9 and
immunostimulation with a biological response modifier.16  Patients who had been treated
with immunotherapy and failed, received treatments with Ig.13, 14

452 cases with a history of only 2 miscarriages received no medication.

All pregnancies were established between January 1986 and December 1997.  The patients
were admitted to Nagoya City University Hospital for rest for about 1 month at 4 weeks'
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gestation to avoid possible external risk factors.  Gestational age was calculated from
basal body temperature charts.  Ultrasonography was performed twice a week during
pregnancy.  D & C was carried out when miscarriages were diagnosed and the karyotypes
of aborted conceptuses were ascertained using a standard G-banding technique, this
parameter being financially supported by Nagoya City.  Informed consent approved by the
Institutional Review Board was obtained from all patients.

Similar analyses for 114 sporadic spontaneous abortions with no history of previous
miscarriages were also performed (controls).

The miscarriage rate of subsequent pregnancies and the frequencies of abnormal and
normal embryonic karyotypes with reference to the number of previous miscarriages were
calculated.  The subsequent pregnancy outcome of patients whose previous miscarriages
were karyotyped and had no abnormal karyotype in either partner were studied and the
predictive value of karyotyping of previous miscarriages for subsequent miscarriages were
also studied.

Statistical Analysis

Data were analyzed by the Spearman's correlation coefficient using Stat View 4-0 and
Fisher's exact probability using DA Stats on a Apple Macintosh computer.  A significance
level of P < 0.05 was applied for all tests.

Results

Of the 1309 cases 458 (35.0%) aborted and 234 of the aborted conceptuses (51.1%)
could be karyotyped.  Mean age increased with the number of previous abortions (Mean
age 30.7Å}3.8, p=0.021).  The miscarriage rate increased with the number of previous
spontaneous abortions (p=0.0047).  Miscarriage rate of patients with 6 or more previous
abortions was over 50 %.

114 of the 234 (48.7 %) had normal and 120 (51.3 %) had abnormal chromosomes.  The
frequency of an abnormal embryonic karyotype significantly decreased with the number of
previous abortions (p=0.013).  While that of a normal embryonic karyotype significantly
increased (p=0.011, Table 1).  The similar results were found when cases with abnormal
karyotypes in either partner were excluded.

 27 of 114 sporadic abortions (23.7 %) analyzed had a normal karyotype.  The incidence
of karyotype normality in recurrent aborters was significantly higher than in controls (Table
2).  The incidence of trisomy in sporadic abortions was significantly higher than in recurrent
aborters.

44 of 71 patients whose karyotypes were normal miscarried subsequently as opposed to
23 of 60 patients with abnormal karyotypes.  The patients with a previous normal embryonic
karyotype miscarried significantly more frequently in subsequent pregnancies in our series
of recurrent miscarriage cases (p=0.001).

Regarding aPL, 18 of 88 aPL-positive patients (20.5 %) miscarried in their subsequent
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pregnancies.  4 of 10 patients (40 %) who were karyotyped had a normal embryonic
karyotype (Table 3).  There were no differences in incidence between aPL-positive patients
and controls.

Discussion

It has been reported that abnormal chromosomes in either partner, antiphospholipid
antibodies (aPL), uterine anomalies, luteal phase defects (LPD), diabetes mellitus and
hyperthroidism cause recurrent miscarriages.  A high prevalence of LPD in recurrent aborters
have been meaning a cause.  However, we recently found that pre-conceptional LPD is
not predictive of subsequent pregnancy loss in patients with a history of two consecutive
first trimester miscarriages.17  Also the abortion rate of patients with antinuclear antibodies
is not significantly different from that without antinuclear and antiphospholipid antibodies.18
The evidence that diabetes mellitus, hyperthyroidism and uterine anomalies cause recurrent
miscarriages is also controversial.  Thus, the causes in many habitual aborters are unclear.
An abnormal embryonic karyotype is one possible contributory factor but there have been
few analyses of the percentage of abnormal and normal karyotypes of aborted concepti
with reference to the number of previous miscarriages.

It has been reported that no differences exist in the frequencies of abnormal karyotypes
between single and recurrent aborters.4, 5  In the present study of 1309 cases, however,
the frequency significantly decreased with the number of previous abortions.  This result
provides support for the previous conjecture that a normal karyotype may predict subsequent
normal karyotype abortions.2  Our study included severe cases with 10 or more previous
miscarriages.  Although few in number the proportion whose karyotypes were abnormal
was low, suggesting the existence of unexplained causes for their miscarriages.

Cytogenetic evaluation of sporadic spontaneous abortions has shown that 50%-70% are
chromosomally abnormal.1  The prevalence of miscarriage has been estimated to be
between 10%-15% of all clinically recognized pregnancies.19  This means that about 5%-
10.5% of all pregnancies result in sporadic abortions caused by chromosomal abnormalities.
Ogasawara et al. "resubmit" No. 10

Estimated abnormal and normal embryonic karyotype rate were calculated (normal and
abnormal karyotype rate times miscarriage rate) and shown in Figure 1.  The abnormal
karyotype rate did not change and the mean rate in each number of previous abortion was
18.3% and the normal karyotype rate also significantly increased with the number of previous
miscarriages (p=0.0063).

The percentage of patients whose pregnancies were karyotyped was only 51.1 %, one
reason for this low value being that materials were contaminated in tissue culture.  We try
to perform karyotyping as often as possible and this is financially supported by Nagoya
City.  Another reason why we could not perform karyotyping was that when miscarriages
occurred on holidays or in the night when technical assistance is not available.  There is a
bias in this study because it concerns clinical data from 1986 to 1997.

The estimated abnormal karyotype rate did not change with the number of previous
miscarriages and the mean rate was 18.3% in patients with recurrent miscarriages.
Karyotype abnormalities can be speculated to happen to occur "spontaneously" even if
either partner has no abnormal karyotype.1-3  "Accidents" must occur even with large
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number of miscarriages.  This means that about 20% of pregnancies in recurrent aborters
result in miscarriages caused by abnormal embryonic karyotypes independent of the number
of previous abortions.  This suggests that the maximum success rate would be about 80 %
were the treatment perfect.
With regard to aPL, a number of researchers have provided evidence of predictive value
for a recurrent miscarriages using conventional ELISA methods, lupus anticoagulant and/
or b2glycoprotein I dependent anticardiolipin antibodies.20  In the 1990's ASA alone, or
heparin combined with ASA and immunoglobulin have been considered very useful, but
the most appropriate regimen has yet to be established.11, 12  Takakuwa et al. reported
that the incidence of chromosomal abnormalities in anticardiolipin antibodies-positive
recurrent aborters, though they were not treated, was 20 % (2 of 10 cases).21

In the present study, the abnormal karyotype rate of aPL-positive recurrent aborters was
60 % (6 of 10) and there were no differences between aPL-positive patients and controls.
It is speculated that the treatment might be optimal for aPL-positive patients.

Immunotherapy with paternal mononuclear cells is frequent worldwide for recurrent aborters
with unknown causes.7-9  However, the mechanisms underlying the beneficial effects are
uncertain, and it is necessary to reconsider its true effectiveness.  In 1994 a worldwide
collaborative observational study revealed that allogenic leukocyte immunotherapy is
effective for about 10 % of recurrent spontaneous abortion cases with unknown causes.9
The relatively low success rate is speculated to be due to the lack of allogenic parameters
predicting subsequent pregnancy loss so that it is impossible to choose cases suitable for
immunotherapy.

Immunoglobulin also is reported to be useful for treatment of patients with 5 or more
miscarriages.13, 14  However, this approach is not only drastic but also expensive.

In the present study, the normal karyotype rate significantly increased with the number of
previous miscarriages.  However, cases with an apparently normal embryonic karyotype
could have gene abnormalities such as the T/t complex.22  Patients with large number of
miscarriages may have not been characterized by "accident" but rather by "inevitabilityÅh

Our patients with 3 or more previous miscarriages usually received medication in line with
their wishes.  It is clear that this introduced bias because only some patients were given
ASA, IgG or immunotherapy.  We should exclude patients with medication but there were
insufficient such cases with 3 or more previous miscarriages.  A normal karyotype increased
in spite of medication.  Such a tendency would be speculated to be enhanced if patients
receive no medication.  However, if the treatment were successful this would have increased
the proportion of abnormality related abortions and therefore we believe that this study
indeed has significance.

When the embryonic karyotype is normal after treatment of miscarriages, we should
reconsider whether the therapy was appropriate and other causes of miscarriages in
individuals experiencing 6 or more unexplained miscarriages.

Thus, the fact that the frequency in fact increased suggests that therapeutic approaches
now accepted worldwide are not sufficiently efficacious or other causes of miscarriages
such as gene abnormalities are responsible.
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To close this report with another message, final goal of the treatment success rate for
recurrent miscarriages may be estimated at around 80 % because the miscarriage rate
caused by abnormal embryonic karyotypes is approximately 18 %.
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Number of  previous 
spontaneous aborti ons % Miscar r iage rate%Normal 

karyotype rate*

       2                  36.4 (20 / 55)             23.2 (105 / 452)          29.4Å}3.8                  
       3                  41.0 (32 / 78)             32.4 (149 / 460)          30.6Å}3.6                    
       4                  44.7 (17 / 38)             37.0 (71 / 192)            31.4Å}3.9             
       5                  61.1 (11 / 18)             48.7 (38 / 78)              32.5Å}3.6                      
       6                  71.4 (10 /14)              64.1 (25 / 39)              32.8Å}4.1          
       7                  50.0 (4 / 8)                 66.7 (16  / 24)             31.3Å}2.8         
       8                100.0 (7 / 7)                 70.6 (12 / 17)              31.9Å}2.9                      
       9                  71.4 (5 / 7)                 78.6 (11 / 14)              33.4Å}2.5                  
   10-20               89.0 (8 / 9)                 93.9 (31 / 33)             34.4Å}2.8             

* The normal karyotype rate significantly decreased with the number of previous spontaneous abortions (p=0.011).

Table 1  Miscarriage and  normal embrionic karyotype rates for treated recurrent miscarriage cases

Age (mean+SD)

Embryonic 
karyotype

Recurrent
miscarriages

Sporadic 
spontaneous 
abortions

   

Table 2  Embrionic karyotype in 114 sporadic spontaneous abortions and  234 recurrent miscarriages

Significance

Normal                          27 (23.7 %)            114 (48.7 %)            p=0.000014

Abnormal                      87 (72.3 %)            120 (51.3 %)         
    Trisomy                     63 (72.4 %)             63 (52.5 %)             p=0.0059      
    Double trisomy           0 (0 %)                    7 (5.8 %)                p=0.024
    Monosomy                  5 (5.7 %)                 5 (4.2 %)                NS
    Triploidy                    14 (16.1 %)            18 (15.0 %)              NS
    Others                          5 (5.7 %)               27 (22.5 %)        
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Table 3  Karyotype rates for 88 treated 
recurrent miscarriage cases with antiphospholipid antibody

Abortion  18 cases (20.5%)

Success    70 cases (79.5%)

Abnormal karyotype  6 cases (60%)

Normal karyotype 4 cases (40%)

The incidence of karyotype abnormalities in antiphospholipid antibody-positive 
recurrent aborters was 60% and that of controls was 72.3% (No differences).

Figure 1:  E stimated mi scarri age rate wi th normal  and abnormal  embryoni c 
karyotypes i f  anal yzed rate would be 100%.
The normal karyotype rate significantly increased with the number of previous miscarriages.
The abnormal karyotype rate did not change with the number of previous miscarriages.

Outcome(%)

No. of previous
miscarriages

2               3               4                5               6           7 or more

SuccessSuccess

Miscarriage with normal
embryonic karyotype

Miscarriage with abnormal
embryonic karyotype
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Embryoscopic and cytogenetic analysis of 233 missed
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developmental defects of early failed pregnancies
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BACKGROUND: While chromosomal abnormalities are often the cause of missed abortions, other defects could be

involved, which might be screened for by transcervical embryoscopy. METHODS: A total of 272 patients with

missed abortion underwent transcervical embryoscopy prior to dilatation and curettage, together with cytogenetic

analysis of chorionic villi, using either standard G-banding cytogenetic techniques or comparative genomic hybridi-

zation in combination with ¯ow cytometry analysis. RESULTS: Visualization of the embryo or early fetus (12 cases)

was successful in 233 patients, and karyotyping in 221. Among 233 examined cases, 33 had normal external features,

71 were classi®ed as growth-disorganized and 129 had either isolated or multiple defects, including holoprosence-

phaly, anencephaly, encephalocele, spina bi®da, microcephaly, facial dysplasia, limb reduction defect, cleft hand,

syndactyly, pseudosyndactly, polydactyly, various forms of cleft lip and an amniotic adhesion. Of the 165 cases with

an abnormal karyotype, there were 46 grossly disorganized embryos, 98 multiple defects, six single defects and 15

morphologically normal cases. Of the 56 cases with a normal karyotype, there were 20 grossly disorganized

embryos, 16 multiple defects, four single defects and 16 morphologically normal cases. CONCLUSIONS: A total of

75% of the cases with missed abortion had an abnormal karyotype, 18% had a morphological defect with a normal

karyotype, while no embryonic or chromosomal abnormality could be diagnosed in 7% of the cases. Correlation of

morphological and cytogenetic ®ndings in spontaneous abortion specimens could provide valuable information for

genetic counselling and prenatal care in future pregnancies in couples with a history of repeated pregnancy loss.

Key words: chromosome abnormalities/developmental defects/missed abortion

Introduction

Approximately 15% of all clinically recognized pregnancies

are spontaneously aborted and ~60±70% of these are attribut-

able to detectable chromosome abnormalities (Tariverdian and

Paul, 1999).

Although the incidence of ®rst trimester losses is high,

spontaneous abortion material is often poorly described from a

developmental perspective. More than one-half of early

spontaneous abortion specimens contain no embryonic/fetal

parts. If an embryo is present at all, it is often either severely

damaged or fragmented (Kalousek, 1987). Transcervical

embryoscopy in cases of missed abortion is a new technique

that allows direct visualization of the dead embryo in utero,

unaffected by the damage caused by either instrumental

evacuation or spontaneous passage.

With respect to the various possible aetiological factors of

developmental defects in early abortion specimens, cyto-

genetic analysis is an important component in the assessment

of human malformation in early failed pregnancies. The

detection of aneuploidy/polyploidy provides a causal explan-

ation for the observed developmental defect and also indicates

that the risk of recurrence of the observed developmental

defect and chromosomal abnormality in these couples is not

substantially increased (Warburton et al., 1987).

We have previously reported the detection of 48 growth-

disorganized embryos in cases of embryoscopically examined

missed abortion (Philipp and Kalousek, 2002). Ten selected

cases of embryonic neural tube defect documented that the

technique of embryoscopy offers the possibility of accurately

diagnosing developmental defects in cases of early pregnancy

loss (Philipp and Kalousek, 2001a,b,c).

The objective of this study was to estimate the frequency of a

chromosomal abnormality or hitherto unexplained mechanism

in the pathogenesis of external structural abnormalities of the

Human Reproduction Vol.18, No.8 pp. 1724±1732, 2003 DOI: 10.1093/humrep/deg309
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®rst trimester conceptus. Indications for more extensive

morphological examination of ®rst trimester abortion speci-

mens are discussed.

Materials and methods

A missed abortion was diagnosed in a total of 272 patients. The

condition was established by sonography and the women were

scheduled for elective dilatation and curettage (D&C) at the Danube

Hospital, Vienna between April 1999 and September 2002. All of

these cases were included in the present study which was approved by

the ethics committee of the hospital. Informed consent for

embryoscopy was obtained from all patients. The diagnosis of missed

abortion was based on sonographic demonstration of an embryo or

early fetus without cardiac activity on transvaginal ultrasonography

(7.5 MHz transvaginal probe ). The threshold separating embryos

from fetuses was set at 30 mm crown±rump (CRL), which corresponds

to ~8 completed weeks of development.

Accurate diagnosis of a speci®c defect present in an embryo or early

fetus depends on correct evaluation of the developmental stage. The

term gestational age, used in clinical terminology and ultrasound, was

not used in this study of missed abortions, as most of these specimens

were retained in utero. Instead, the term the developmental age (DA)

was used. The actual DA was derived from the CRL, measured by

ultrasonography, and from the developmental stage assessed by

embryoscopy (Moore, 1993).

All patients were given general anaesthesia and placed in a dorsal

lithotomy position. After careful dilatation of the cervix, the rigid

hysteroscope (12° angle of view with both biopsy and irrigation

working channel, Circon Ch 25±8 mm) was inserted transcervically

into the uterine cavity and the implantation site of the pregnancy was

visualized. Continuous normal saline ¯ow was used throughout the

procedure (pressure ranging from 40 to 120 mmHg) to clean the

operative ®eld. The chorion was opened with microscissors (CH 7±

2 mm) and the embryo was initially viewed through the amnion. The

amnion was then carefully opened using the microscissors to obtain a

Table I. Summary of specimen morphology and karyotypic outcome in 233 missed abortions

Morphology Total
specimens

Total specimens
successfully karyoytyped

Specimens with
abnormal karyoytype

No. %a No. %b No. %c

Normal 33 14.2 31 93.9 15 48.4
Growth disorganization 71 30.5 66 93.0 46 69.7
Combined defects 119 51.1 114 95.8 98 86.0
Isolated defects 10 4.3 10 100 6 60.0
Total 233 100 221 94.8 165 74.7

aPercentage of total number of specimens with that morphology.
bPercentage of each morphological category successfully karyotyped.
cPercentage of each morphological category with an abnormal karyotype.

Figure 1. Close-up of a 4 mm crown±rump length growth-
disorganized (GD) embryo. The GD 2 embryo showed no
recognizable external structures after the amnion (A) was opened.
Cytogenetically, trisomy 16 (47,XX,+16) was diagnosed.

Figure 2. A growth-disorganized (GD) 2 embryo, with a
crown±rump length of 6 mm, in the intact amniotic sac (A). The
yolk sac (Y) is clearly discernible. A normal karyotype was
diagnosed cytogenetically (46,XY).

Transcervical embryoscopy
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detailed view of the embryo. A complete examination of the conceptus

included visualization of the head, face, dorsal and ventral walls,

limbs and umbilical cord. All procedures were viewed on a TV

monitor by connecting a video camera (3-CCD Colour Camera,

Circon Microdigital III) to the eyepiece of the endoscope, and were

recorded for future analysis. Video-documentation of embryoscopi-

cally detected abnormalities helped investigators to cooperate with an

experienced embryopathologist.

The embryoscopic ®ndings were classi®ed into four categories: (i)

normal development; (ii) growth-disorganized embryos; (iii) speci-

mens with multiple external defects; (iv) specimens with isolated

external defects. Growth-disorganized embryos were further subdiv-

ided, based on their degree of disorganization (Poland et al., 1981).

After evacuation of the uterus, chorionic villi were separated from

decidual contamination and blood clots, cultured and analysed

cytogenetically using standard G-banding cytogenetic techniques.

Comparative genomic hybridization in combination with ¯ow

cytometry analysis (CGH/FCM) of paraf®n-embedded or frozen

placental tissue was performed in 51 cases in which traditional

cytogenetic analysis had failed to provide results (Lomax et al., 2000).

Results

The procedure of embryoscopy required an average of 10 min

(range 3±25). A complete anatomical survey was possible in

233 cases.

In 15 cases the embryonic structure could not be identi®ed

after the chorion had been opened and in 24 cases a complete

evaluation of the embryo was not possible because the

investigator's vision was obscured. The causes were bleeding,

a tight amniotic sac, or a short umbilical cord closely attaching

the embryo to the chorionic plate and therefore hindering the

examination.

Table I provides a general description of 233 studied cases.

Fifteen of these were early fetuses, with a CRL of >30 mm

Figure 3. Lateral (A) and close-up of the face (B) of a trisomy 4
(47,XX,+4) growth-disorganized (GD) embryo. The GD4 embryo
11 mm in length shows a small head and a dysplastic face. There is
evidence of upper (UL) and lower (LL) limb growth retardation
relative to the crown±rump length.

Figure 4. Lateral view of a growth-disorganized (GD) 4 embryo
with a crown-rump length of 10 mm. Retarded upper (UL) and
lower (LL) limb bud development is visible; no facial structures can
be seen. U = umbilical cord. A normal karyotype was diagnosed
cytogenetically (46,XY).

Figure 5. Lateral view of a microcephalic embryo 16 mm in length
with fusion of the face to chest and retarded limb development. The
karyotype showed tetraploidy (92,XXYY).

T.Philipp et al.
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(range 32±57). Table I shows that no external abnormalities

were found in 33 cases (14%), whereas abnormal development

was seen in 200 (86%) missed abortions. Among the abnormal

cases, embryonic growth disorganization (GD2±4) was re-

ported in 71 cases. GD2 embryos showed embryonic tissue

3±5 mm in length. These conceptuses had no recognizable

external embryonic landmarks and no retinal pigment (Figure 1

and Figure 2). GD3 embryos were <10 mm long, lacked limb

buds but retinal pigment was often present. A cephalic and

caudal pole could be distinguished. GD4 embryos had a CRL

of >10 mm with a discernible head, trunk and limb buds. The

limb buds showed marked retardation in development and the

development of the facial structures was highly abnormal

(Figures 3 and 4).

A total of 119 cases showed no disorganization of develop-

ment, but had severe combined developmental defects such as:

(i) fusion of the face to the chest in combination with

microcephaly and retarded limb development (13 cases)

(Figure 5), (ii) severe microcephaly, facial dysgenesis, retarded

limb development and often a short umbilical cord (41 cases)

(Figures 6 and 7), (iii) microcephaly and retarded limb

Figure 6. Anterolateral view (A) and close-up (B) of a trisomy 22
(47,XX,+22) embryo. External developmental defects of the 14 mm
embryo are severe microcephaly, facial dysplasia, retarded upper
(UL) and lower limb (LL) development. The dark area close to the
umbilical cord (U) is due to necrosis. Y = yolk sac.

Figure 7. (Case 18, Table III). Lateral view (A) and close-up (B) of
a microcephalic embryo with a crown±rump length (CRL) length of
14 mm. A dysplastic face is visible. Limbs are paddle-shaped,
indicating retarded development relative to CRL. Chromosome
analysis revealed a normal (46,XY) karyotype.

Transcervical embryoscopy
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development (32 cases) (Figure 8) and (iv) speci®c develop-

mental defects similar to those seen in fetuses or newborns (30

cases) (Figures 9, Figure 10 and Figure 11). These speci®c

defects were all associated with other developmental defects

such as microcephaly, facial dysgenesis, delayed limb devel-

opment and face-to-chest fusion, and included holoprosence-

phaly (one case), anencephaly (two cases), encephalocele (10

cases), spina bi®da (10 cases), various forms of cleft lip (three

cases), limb reduction defect (two cases), cleft hand (one case)

and an amniotic adhesion (one case).

In three cases amniotic bands caused combined defects

which were discernible on embryoscopy. The spectrum of

defects seen in one embryo and two early fetuses with amniotic

band syndrome included constrictions of the digits, pseudo-

syndactyly due to wrapping of ®ngers and toes, umbilical cord

stricture, gastroschisis and omphalocele.

Ten specimens had isolated developmental defects

(Figure 12) including anencephaly (one case), microcephaly

(two cases), polydactyly (one case), limb reduction defect (one

case) and retarded development of the limbs (®ve cases).

Of the 233 cases studied on embryoscopy, a successful

cytogenetic evaluation was performed in 221 cases (95%;

Table I). A total of 165 (75%) specimens were abnormal, of

which 101 (61%) were trisomic, 37 (22%) monosomic X, 19

(12%) polyploid and eight (5%) were structural chromosome

anomalies. Trisomies for all chromosomes with the exception

Figure 8. Anterolateral view of a microcephalic 45,X embryo with
a crown±rump length of 25 mm. Distinct grooves are formed
between the ®ngers, but the digits are not separated and the upper
limbs are not bent at the elbows, indicating retarded development
for an embryo of this size.

Figure 9. Lateral view of a triploid embryo (69,XXY) 15 mm in
length. A large neural tube defect involving the lumbosacral area
(arrow) is present. There is evidence of upper limb growth
retardation relative to the crown±rump length. The face is fused to
the abdominal wall. The dark brown area in the frontal region is due
to necrosis. Herniation of the mid-gut into the umbilical cord is still
physiological at this stage of development.

Figure 10. (Case 8, Table III.) Lateral (A) and posterior view (B) of
an embryo with a crown±rump length of 28 mm. Note the absence
of normally developed eyes of the microcephalic embryo (A). A
spina bi®da involving the lumbar area (arrow) is present (B). The
karyotype was normal (46,XY).
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of chromosomes 1, 5 and 19 were observed. The most common

trisomy was 15 (17 cases), followed by trisomies 16 (16 cases),

21 (15 cases), 22 (14 cases), 14 (seven cases), 13 (®ve cases), 8

(®ve cases) and 9 (®ve cases). Correlations of morphology and

speci®c cytogenetic ®ndings are shown in Table II.

The highest rate of chromosome anomalies was found in the

category of 119 conceptuses with combined developmental

defects. A successful cytogenetic evaluation in this subgroup

was performed in 114 cases. Chromosomal abnormalities were

found in 98 cases (86%; Table I). Speci®c cytogenetic ®ndings

among abortuses with severe combined developmental defects

are listed in Table II.

Among the 71 grossly disorganized embryos, 66 could be

analysed cytogenetically. Of these, 46 (70%; Table I) were

cytogenetically abnormal; the data are shown in Table II.

The lowest rate of chromosomal abnormality was found in

phenotypically normal specimens and in specimens with

isolated defects (see Tables I and II). Of 33 cases with normal

external features, 31 could be analysed cytogenetically.

Cytogenetic results showed abnormality in 15/31 (48%) cases

Figure 11. Caudo-lateral (A) and lateral (B) view of a trisomy 7
(47,XX,+7) embryo with anencephaly. The exposed brain tissue of
the 8 mm long embryo is still intact. Upper (UL) and lower limb
(LL) development appears to be retarded in relation to the size of
the embryo. `A' marks remnants of the amniotic membrane.

Figure 12. (Case 17, Table III.) Close-ups of an embryo with
cranio-rachischisis, 22 mm in length. Lateral (A) view of the upper
portion shows the extent of the lesion, leaving a mass of
proliferating neural tissue over the cranial structures (B). A normal
karyotype was diagnosed cytogenetically (46,XX).

Transcervical embryoscopy
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in this subgroup. Six of 10 specimens with isolated defects

showed chromosomal abnormalities (60%).

Discussion

The morphological features of a consecutive series of 233

missed abortions are described in this report.

Of 165 cases with an abnormal karyotype, 150 (91%)

showed abnormal development (46 GD embryos, 98 multiple

defects, six single defects) and in 15 cases no external

embryonic abnormalities could be detected on embryoscopy.

The grossly abnormal development documented by embryo-

scopy in the majority of these aneuploid specimens suggests a

severe disturbance in their early development and shows that

early stages of human development are particularly vulnerable

to genetic disorders.

Of the 56 cases with a normal karyotype, no external

embryonic abnormalities could be detected in 16 cases,

whereas amniotic bands (cases 2, 10, 13; Table III) interfered

with normal embryonic development in three cases.

Thus, there were 37 cases (20 growth disorganized embryos,

13 specimens with multiple developmental defects and four

cases with isolated defects) with an apparently normal

karyotype and a maldevelopment similar to that resulting

from aneuploid syndromes, without the diagnosis of a speci®c

pathogenetic mechanism. Table III provides a detailed mor-

phological description of 13 cases with combined defects

(cases 1, 4, 6±9, 11, 12, 14, 15, 18±20) and four specimens with

isolated defects (cases 3, 5, 16, 17) and an apparently normal

karyotype.

Embryonic development is a precisely choreographed event

of programmed developmental steps, requiring many genes to

regulate growth and morphogenesis. The grossly abnormal

development documented by embryoscopy in these cases with

apparently normal chromosomes was as severe as that resulting

from an aneuploidy. They might have been due to genetic

lesions that prevent normal embryogenesis and are undetect-

able by the techniques used in the present study.

These factors are usually not considered to be aetiologically

related to early pregnancy loss, as there has been a tendency in

the past to assume that if no laboratory test con®rms the

presence of a genetic disorder, one should search for non-

genetic causes.

Embryoscopy in cases of missed abortion might reveal

subtle morphological abnormalities undetectable by ultrasound

(Blaas, 1999) and expand the diagnostic spectrum used for the

evaluation of reproductive loss. This technique could establish

a highly characterized cohort of abortion specimens with

apparently normal chromosomes as a starting point for further

detailed genetic studies. Such studies are needed to reach a

better understanding of embryopathogenesis and, conse-

quently, of early pregnancy loss itself.

Whether embryoscopy and cytogenetic studies should be

offered to all women with missed abortion is debatable. This

policy has the advantage of providing comprehensive aetiolo-

gical data, but has the disadvantage of requiring an invasive

Table II. Summary of cytogenetic ®ndings among 33 cases with normal external features, 71 growth-
disorganized embryos, 119 specimens with severe combined developmental defects and 10 cases with
isolated developmental defects

Karyotype No external
embryonic abnormalities

Growth
disorganization

Combined
developmental
defects

Isolated
developmental
defect

XX/XY 16 20 16 4
Trisomy 2 1
Trisomy 3 1
Trisomy 4 3 1
Trisomy 6 1
Trisomy 7 1
Trisomy 8 4 1
Trisomy 9 5
Trisomy 10 1
Trisomy 11 1
Trisomy 12 3
Trisomy 13 1 3 1
Trisomy 14 1 6
Trisomy 15 1 16
Trisomy 16 16
Trisomy 17 1
Trisomy 18 1
Trisomy 20 1 1
Trisomy 21 9 6
Trisomy 22 7 7
Triploidy 1 3 11 1
Tetraploidy 3
45,X 33 4
Structural defect 2 1 5
No cytogenetic results available 2 5 5
Total 33 71 119 10
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procedure and of inducing extra costs for the management of a

condition with a low risk of recurrence.

However, a detailed embryoscopic examination of the

dead embryo is likely to be useful in couples who have

experienced recurrent abortion. In such cases, chromosome

analysis is generally recommended (Wolf and Horger, 1995),

and an elevated risk of birth defects in subsequent

pregnancies was recorded (Khoury and Erickson,

1993).Therefore, transcervical embryoscopy could be indi-

cated prior to D&C or medically induced abortion (Blanch

et al., 1998; Lelaider et al., 1993).
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bnormal embryonic development
iagnosed embryoscopically in early
ntrauterine deaths after in vitro
ertilization: a preliminary report of 23
ases

om Philipp, M.D.,a Wilfried Feichtinger, M.D.,b Margot I. Van Allen, M.D.,c

vica Separovic, M.D.,d Angelika Reiner, M.D.,e and Dagmar K. Kalousek, M.D.d

udwig Boltzmann Institute of Clinical Gynecology and Obstetrics, Danube Hospital, Vienna, Austria

bjective: To provide data about the phenotypic appearance of the embryo of early failed pregnancies after
VF.

esign: Clinical prospective descriptive study.

etting: Tertiary care center.

atient(s): Twenty-three women who had conceived by IVF and had a missed abortion before 12 weeks of
estation.

ntervention(s): Embryoscopic examination of the embryo before curettage. Cytogenetic analysis of the
horionic villi by standard G-banding cytogenetic techniques or by comparative genomic hybridization in
ombination with flow cytometry analysis.

ain Outcome Measure(s): Embryonic phenotype and karyotype were determined.

esult(s): Twenty-one of 23 IVF embryos showed structural defects on embryoscopic examination. Seven-
een of 23 specimens had a chromosomal abnormality. The majority were numerical aberrations such as
onosomy X (2 cases). Trisomies for chromosomes 18 (one case), 16 (three cases), 15 (one case), 14 (two

ases), 13 (one case), 12 (one case), 11 (one case), 10 (one case), 9 (one case), 8 (one case), and 3 (one case)
ere observed. A structural chromosome anomaly leading to a chromosomal trisomy was observed in one

ase. Aneuploidy explained the grossly abnormal embryonic development documented by embryoscopy in 15
f 21 cases.

onclusion(s): Aneuploidy is the major factor affecting normal embryonic development in missed abortions
fter IVF. Further investigation is needed to elucidate mechanisms that might prevent normal embryogenesis
ut evade detection by the cytogenetic techniques used in the present study. (Fertil Steril� 2004;82:1337–42.
2004 by American Society for Reproductive Medicine.)

ey Words: Abnormal embryonic development, chromosome abnormalities, in vitro fertilization, missed
d

About 20% of clinically recognized pregnan-
ies are aborted, the majority of these being early
pontaneous pregnancy losses before 12 weeks of
estation (1). Although the incidence of clinical
bortions after IVF is equally high (2, 3), little is
nown about whether embryonic maldevelop-
ent is a contributing factor for embryonic loss

fter IVF. Morphological studies of the dead em-
ryo are difficult to perform. On account of its
inute size, the embryo is rarely available in

pontaneous abortion specimens. Macerated em-

ryos are especially fragile, and mechanical b
rauma, occurring either during spontaneous pas-
age or instrumental evacuation of the uterus,
eads to further destruction and subsequent loss of
he embryonic parts. Transcervical embryoscopy
n cases of missed abortion (4) is a technique that
llows direct visualization of the dead embryo in
tero, unaffected by the damage caused by either
nstrumental evacuation or spontaneous passage.

In the present study, localized and systemic
efects diagnosed embryoscopically in the em-

ryonic morphogenesis of 23 missed abortions
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esulting from IVF are described. The findings are supple-
ented by the results of cytogenetic analysis in all cases.
actors that might influence a positive outcome of pregnancy
fter IVF and possible implications for future preimplanta-
ion genetic diagnosis (PGD) protocols for aneuploidy
creening in patients undergoing IVF treatment are dis-
ussed.

MATERIALS AND METHODS
The study population included 23 women who had con-

eived by IVF and had suffered a first-trimester missed
bortion. Only abortuses with ultrasonographic evidence of a
ead embryo were included in this study. The 23 patients had
een transferred from an IVF center for detailed embryo-
copic and cytogenetic evaluation of the dead embryo to the
anube Hospital (Vienna, Austria), and anembryonic sacs
ad been excluded. The diagnosis of missed abortion was
ased on demonstration of an embryo without cardiac activ-
ty by means of transvaginal ultrasonography (7.5-MHz
ransvaginal probe).

The study was approved by the ethics committee of the
ospital, and informed consent for embryoscopy was ob-
ained from the patients. Embryoscopy and subsequent cu-
ettage were performed under intravenous general anesthesia
y an obstetrician specialized in endoscopic techniques. The
atient was placed in a dorsal lithotomy position, and a
peculum cleansed with Betadine solution was inserted into
he vagina. After careful dilatation of the cervix, and before
urettage was performed, a rigid hysteroscope (12° angle of
iew with both the biopsy and the irrigation working chan-
el, Circon Ch 25: 8 mm) was passed transcervically into the
terine cavity. A continuous normal saline flow was used
hroughout the procedure (pressure, 40–120 mm Hg) to help
istend and clean and thus provide a clear view. The chorion
as opened with microscissors (CH 7: 2 mm), and the

mbryo was first viewed through the amnion. The amnion
as then carefully opened with microscissors, in most cases,

o obtain a detailed view of the embryo. All procedures were
iewed on a television monitor by connecting a video cam-
ra (STORZ, tricam SL, Karl Storz, Tuttlingen, Germany) to
he eyepiece of the endoscope and were recorded for later
nalysis.

The embryoscopic findings were classified into three cat-
gories: [1] embryos showing normal development, [2]
rowth-disorganized (GD) embryos, and [3] embryos with
solated or combined external defects.

Growth-disorganized embryos were further subdivided
ccording to their degree of disorganization (5). The first
ategory of growth disorganization, empty sac or anembry-
nic sac (GD1), was excluded, because our study was lim-
ted to abortuses with ultrasonographic evidence of a dead
mbryo. Embryos in the second category of growth disorga-

ization, GD2, showed embryonic tissue 3 to 5 mm in n

338 Philipp et al. Morphology of early intrauterine deaths after
ength. These conceptuses had no recognizable external em-
ryonic landmarks and no retinal pigment.

Embryos categorized as GD3 were �10 mm long. They
acked limb buds, but retinal pigment was often present. A
ephalic and caudal pole could be identified.

Embryos categorized as GD4 were not observed in this
tudy. These embryos have a crown-rump length of �10
m, with a discernible head, trunk, and limb buds. The limb

uds show markedly retarded development, and the facial
tructures are usually highly abnormal.

The diagnosis of localized and systemic defects in em-
ryonic morphogenesis was made by experienced embryo-
athologists.

Karyotyping was attempted in all cases. Chorionic villi
ere obtained either by curettage (18 cases) or by direct

horion biopsies (5 cases). One woman had a bichorionic,
iamniotic twin pregnancy with early intrauterine death of
oth embryos; the two chorionic sacs were biopsied sepa-
ately (6). The chorionic villi were placed in normal saline
nd carefully dissected. Samples from the curettage material
ere freed from decidual cells and blood and were washed

wo times in normal saline. The chorionic villi were placed
n culture medium (Chang Medium C; Irvine Scientific,
anta Ana, CA) and immediately forwarded to the cytoge-
etic laboratory for further processing. Subsequently the
issue was cultured and analyzed cytogenetically, using stan-
ard G-banding cytogenetic techniques. Comparative
enomic hybridization in combination with flow cytometry
nalysis was performed in three cases in which the tradi-
ional cytogenetic analysis failed to provide results (7).

RESULTS
The mean age of the 23 women experiencing missed

bortion after IVF was 35.5 years (range, 29–42 years).
ifteen patients had a history of at least two previous IVF
ailures. Table 1 summarizes the embryonic and cytogenetic
ndings and the clinical data obtained in these cases.

An embryo could be visualized in 22 cases. In one case,
valuation of the embryo was not possible because the in-
estigator’s vision was obscured by bleeding at the site. The
ollective included one set of twins, yielding a total of 23
mbryos that could be subjected to a complete anatomic
urvey. Both twin embryos exhibited embryonic growth
isorganization and had a normal karyotype (46,XY).

Table 1 shows that no external embryonic abnormalities
ould be detected in two (9%) cases, whereas abnormally
eveloped embryos were seen in 21 (91%) missed abortions
esulting from IVF.

Among the abnormal embryos, embryonic GD was de-
ected in 11 embryoscopies. Nine GD2 conceptuses showed
o recognizable external embryonic landmarks and no reti-

al pigment (Figs. 1 and 2). Two GD3 lacked limb buds, but

IVF Vol. 82, No. 5, November 2004
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etinal pigment was present. A cephalic and caudal pole
ould be identified.

Ten cases had multiple local developmental defects, in-
luding central nervous system defects (microcephaly), fa-
ial dysplasia, facial cleft, fused mouth, and retarded limb
evelopment (Figs. 3 and 4). Microcephalic embryos were
een on embryoscopy with a poorly developed cranium
howing a loss of normal vascular markings. In particular,
he frontal area lost the usual bulge expected for embryos of
his size.

In three embryos, the brachial arch and midface structures

T A B L E 1

ummary of embryoscopic and cytogenetic findings identifie

Case
Maternal
age (y)

Crown–rump
length (mm)

1 37 5 Normal embryo with an
2 38 10 Normal embryo
3a 32 10 Macerated embryo in a t

facial dysplasia, and r
4 35 3 GD2
5a 33 18 Macerated, microcephali
6 36 18 Generalized degeneration

limb development, um
7a 37 23 Macerated microcephalic

digits, indicating retar
size

8 40 3 GD2
9 38 6 GD3

10 29 22 Microcephalic embryo w
sixth digital ray postax
angles to the body but
indicating retarded lim

11 41 12 Microcephalic embryo w
12 35 5 GD2
13 32 8 GD2
14 35 17 Macerated embryo, seve

limb development
15 30 16 Microcephaly, fusion of

development
16 42 15 Macerated microcephalic

pigmentation in the th
17 40 3 GD2
18b 28 4 Dichorionic twin pregna

tissue showing no exte
pigment (GD2)

4
19b 37 8 GD3
20b 37 3 GD2
21b 36 5 GD2
22 33 4 Not available
23b 35 4 Abnormal embryo direct

visible forebrain prom
present, no limb buds

Were examined by comparative genomic hybridization–flow cytometry a
Direct chorionic biopsies were performed.

hilipp. Morphology of early intrauterine deaths after IVF. Fertil Steril 2004.
eemed to be poorly developed on embryoscopic examina- s

ERTILITY & STERILITY�
ion; the endoscopic appearance was suggestive of facial
ysplasia.

Of the 23 cases studied, a successful cytogenetic eval-
ation was performed in all cases. Chromosomal abnor-
alities were found in 17 (74%) of 23 missed abortions.
he majority were numerical aberrations such as mono-
omy X (two cases). Trisomies for chromosomes 18 (1
ase), 16 (three cases), 15 (one case), 14 (two cases), 13
one case), 12 (one case), 11 (one case), 10 (one case), 9
one case), 8 (one case), and 3 (one case) were observed.

structural chromosome anomaly leading to chromo-

23 patients with missed abortions in pregnancy by IVF.

orphology Karyotype

limb bud and a prominent tail 46,XY
47,XX,�18

mniotic sac with severe microcephaly,
d limb development

46,XX

47,XX,�10
ryo with retarded limb development 45,X
rocephaly with facial dysplasia, retarded
l cord cyst

47,XX,�14

ryo with incomplete separation of the
mb development for an embryo of this

45,X

47,XX,�12
47,XX,�14

median cleft lip and an appendicular
; the axes of the arms were at right
pper limbs were not bent at the elbows,
elopment for an embryo of this size

46,XX,�14,�t(13q;14q)

tarded limb development 47,XY,�9
47,XY,�11
46,XX

rocephaly, facial dysplasia, retarded 47,XY,�15

ce to the chest, retarded limb 46,XY

ryo with face-to-chest fusion, brownish
region, retarded limb development

47,XY,�13

46,XY
oth embryos consisted of embryonic

embryonic landmarks and no retinal
46,XY

47,XX,�16
47,XY,�3
47,XY,�16
47,XY,�8

ached to the amnion, cephalic end with
e and nonpigmented eye spot, tail

47,XX,�16

s.
d in

M
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ight a
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, mic
bilica
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omal trisomy was observed in one case. Parental karyo-
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yping established de novo origin of the chromosomal
nomaly.

DISCUSSION
The morphologic features of 23 early intrauterine deaths

esulting from IVF are described in this report. Twenty-one
11 GD embryos and 10 multiple defects) of 23 embryos
howed abnormal development, whereas 2 cases revealed no
xternal embryonic abnormalities on embryoscopy.

Chromosomal aneuploidy was identified cytogenetically
n 17 of 23 missed abortions and explained the grossly
bnormal embryonic development documented by embryo-
copy in 15 of 21 embryos studied (cases 4–12, 14, 16,
9–21, and 23; Table 1), suggesting that embryonic aneu-
loidy is the major factor affecting normal embryo develop-
ent in missed abortions after IVF.

The chromosome abnormalities observed in this study
ere confined to missed abortions that originated de novo

fter IVF. The majority of the abnormalities are lethal (e.g.,
risomies 3, 10–12, 14–16) or have an estimated prenatal
urvival ranging between 1% (trisomy 8, 9 monosomy X),
% (trisomy 13), and 5% (trisomy 18). Although the study
as limited to abortuses with ultrasonographic evidence of
eath and excluded anembryonic sacs, it is interesting to note
hat abnormal embryonic formation could be documented
mbryoscopically, even among lethal trisomies.

In vitro fertilization allows PGD of aneuploidy. Fluores-

F I G U R E 1

ase 20. Close up of a trisomy 3 (47,XY,�3) IVF embryo. The
D2 embryo, 3 mm in length, showed no recognizable ex-

ernal structures after the amnion had been opened.

hilipp. Morphology of early intrauterine deaths after IVF. Fertil Steril 2004.
ent in situ hybridization probes for up to nine chromosomes k

340 Philipp et al. Morphology of early intrauterine deaths after
X, Y, 13–16, 18, 21, and 22) have been integrated in
ssisted reproduction programs to reduce the likelihood of
pontaneous abortion after IVF (8).

It is interesting to note that 6 of 15 trisomies (trisomies 3,
–12) observed in our small series are usually not tested in
GD protocols using fluorescent in situ hybridization anal-
sis with chromosome-specific probes. These trisomies are
onsidered rare among early abortion specimens, their fre-
uency ranging between 0.2%–1% (trisomy 3, 11, 12) and
%–4% (trisomies 8–10) (9).

Comparative genomic hybridization is a molecular tech-
ique that simultaneously evaluates all chromosomes from a
ingle cell and allows aneuploidy involving any chromo-
ome to be ruled out before implantation (10, 11). Although
ew molecular genetic techniques such as comparative
enomic hybridization might signify a marked advancement
n future PGD protocols by enhancing the proportion of
mbryos that have the full potential of completing their
evelopment to term and being transferred to the mother, the
echnique might have certain limitations.

In this series, six grossly abnormal embryos had an ap-
arently normal karyotype. At present, our knowledge about
he mechanism leading to abnormal embryonic development
ith a normal karyotype is limited. Specimens with a grossly

bnormal embryonic development and apparently normal
hromosomes have not been investigated so far, because
ntact embryonic specimens resulting from IVF with a

F I G U R E 2

ase 13. Intact amniotic sac (A) containing a growth-
isorganized IVF embryo 8 mm in length. The GD2 embryo is
irectly attached to the amnion. An apparently normal karyo-

ype was diagnosed cytogenetically (46,XX).

hilipp. Morphology of early intrauterine deaths after IVF. Fertil Steril 2004.
nown karyotype are rarely available.

IVF Vol. 82, No. 5, November 2004
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It is interesting to note that embryonic maldevelopment
ocumented embryoscopically in these cases with appar-
ntly normal chromosomes was as severe as that resulting
rom the lethal aneuploid syndromes listed above. This

F I G U R E 3

ase 16. Close-up lateral (a) and anterolateral (b) view of a
acerated trisomy 13 (47,XY,�13) embryo after the amniotic
embrane (A) had been opened. External developmental
efects of the 15-mm-long embryo resulting from IVF are
evere microcephaly, fusion of the face to the chest, and
etarded limb development. The dark brown areas in the
horacic region are due to maceration; umbilical cord (U).

hilipp. Morphology of early intrauterine deaths after IVF. Fertil Steril 2004.
reliminary report supports the idea that genetic lesions, f

ERTILITY & STERILITY�
ndetectable by the cytogenetic techniques used in the
resent study, might have prevented normal embryogen-
sis in these cases (12).

The grossly abnormal development observed on embryo-
copy in six embryos with an apparently normal karyotype in
ur small series indicates that such investigations are neces-
ary and might assist investigators in answering specific
uestions from parents concerning the probable cause of
arly intrauterine death of greatly desired IVF pregnancies.

Embryoscopy in cases of missed abortion spots subtle
orphologic abnormalities and thus permits better moni-

oring of early pregnancy loss after IVF. The technique
ight be a central component for further detailed genetic

tudies to specifically identify submicroscopic deletions
r duplications of specific chromosomes preventing nor-
al embryogenesis. If we are correct in hypothesizing that

ubmicroscopic chromosomal imbalances containing
enes required for survival exist in chromosomally nor-
al abortions with developmental defects, the finding
ight serve as a foundation for future PGD protocols for

neuploidy screening. This could improve the outcome of
ssisted reproductive procedures by further enhancing the
roportion of embryos that have the full potential of
ompleting their development to term and being trans-

F I G U R E 4

ase 6. Lateral view of a macerated, microcephalic trisomy
4 (47,XX,�14) embryo. Upper (UL) and lower (LL) limbs of
he 18-mm-long embryo resulting from IVF show hand and
oot plate development. Digital rays are beginning to be
pparent on the hands but are not notched, indicating re-
arded development for an embryo of this size. M marks the
icroforceps.

hilipp. Morphology of early intrauterine deaths after IVF. Fertil Steril 2004.
erred to the mother.
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Imunotherapy and recurrent miscarriage: are we
any wiser?

L. Regan
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Endometrial natural killer cells and early
pregnancy loss

S. Quenby
University of Liverpool

Department of Developmental and Reproductive Medicine
Crown Street

Liverpool L87SS
United Kingdom

E-mail  squenby@liv.ac.uk

Recurrent Miscarriage

• 3 consecutive pregnancy losses
prior to  20 weeks gestation

• 50% no known cause

• ?endometrial factor

uNK cells

• CD56+,  CD16-,  CD3-

• Different from peripheral NK cells
• CD56+, CD16+, some CD3+

• Materno-fetal interaction in early
pregnancy
• Most numerous early pregnancy
• Adjacent to fetal trophoblast
• Express receptors that recognise trophoblast

antigens

• Express glucocorticoid receptors
• Henderson et al., 2003

• Function unknown
• no evidence of killing trophoblast in vivo
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NK cell receptors that may
recognize the class I HLA
of trophoblast.

• Trophoblast uNK cells

• HLA-E CD94/NKG2

• HLA-C KIRs

• HLA-G ILT-2 (+ILT-4)

KIR2DL4

Are the uNK cells in RM
active?

Background
• uNK cells more numerous in idiopathic RM

• Quenby et al, 1999; Clifford et al, 1999

• More uNK cells in RM women predicted
further miscarriage
• Quenby et al 1999
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Killer inhibitory receptor/CD56+ cell in
reproductive failure
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Was this a chance occurrence or did
prednisolone reduce the uNK cells?
(Quenby et al., 2005 F&S)

• Methods
• 110 contacted clinic

• Following publicity from all over UK

• 85 with RM

• 3-22 previous miscarriages

• Lining of the womb sampled

•  day 21

• Counted 5000 cells to find % uNK

• 29 took prednisolone

• Repeated sample

Case  History
• 17 consecutive miscarriages

• No Cause found

• Most NK cells in study n=40

• Preconceptual prednisolone 5mgs

• Two further miscarriages

• Higher dose (prednisolone 20mg)

• Live Birth aged 42
• (IUGR 32/40)

• Alive and well age 2 years
• Quenby et al., 2004

Killer activatory receptor/CD56+ cell in
reproductive failure
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Methods-2

• 29 took prednisolone

• 20mgs day1-day21

• Endometrial biopsy repeated

• 10mgs prednisolone 3 days

• 5mgs prednisolone 4 days

Patients

16

5

28

12

100

18

Women who had a
previous live birth

%

number

13.4

9.6-25.5

1.7

0.8-2.6

2.8

1.2-4.9

% CD56+

Median

IQ range

6

3-22

6

3-20

0

Miscarriages

Mean

Range

39

32-49

35

20-46

37

24-41

Age

Mean

Range

RM

uNK >5%

n=32

RM

uNK <5%

n=43

Controls

n=18
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P=0.0009
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_1_1 integrin and uNK cell

Adhesion molecules

• Integrins help attachment of
embryo to luminal surface
endometrium
• 1 1, 4 1, v 3

• Maximal expressed in
implantation window

• Lower in infertile women

Observational data

• Six successful pregnancies
• Another IUGR 32/40 OK

• 3 miscarriages

• Other trouble conceiving
• Side effects

• Plan to give in early pregnancy
• uNK most active then
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_1_1 on glandular epithelium
HSCORE medians and IQ ranges

RM fetal versus RM embryo p=0.013
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Conclusions

• Prednisolone reduced number uNK cells

• Does this reduction lead to more live
births?

• Need randomised controlled trial before
introducing prednisolone as treatment

Uterine NK

• Increased numbers of RM patients
• Quenby  et al, 1999; Clifford et al, 1999

• more numerous in chromosomally
abnormal miscarriages than in
chromosomally normal miscarriages
• Yamamoto et al,  1999, Quack et al., 2001

• may facilitate the implantation of
abnormal blastocysts

_1_1 on luminal  epithelium
HSCORE medians and IQ ranges

RM fetal  versus RM embryo p=0.002
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Inclusion

• >2consecutive idiopathic first
trimester miscarriages

•  >5% of endometrial cells CD56+,

• Age 20 - 40.

694 biopsies
_

35% raised NK cells
_

243 women eligible
_

80% pregnancy rate
194 women

_
 70% agree to trial

    136 women randomised
 / \

  68   68
          placebo                prednisolone

/    _             _      \
Expected outcomes

    34           34              54         14
   live births       miscarriages            live births    miscarriages

(50%)      (50%)    (79%)          (21%)

Power Calculation

A randomised controlled trial of
prednisolone  for women with

recurrent miscarriage and high
levels of uNK cells in the

endometrium .
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DATA ANALYSIS

• Intention to treat basis.

• A Chi squared test
•  live birth rate between prednisolone and

placebo groups.

• P<0.05 will be considered to be significant.

Outcome measures

• Primary
• Live birth rate

• Secondary

• Miscarriages
• First/ Second trimester losses

• Karyotype of miscarried pregnancies

• Still births

• Obstetric complications
• IUGR, Pre-eclampsia, abruption,

• gestation at delivery

• Fetal abnormality

• Side effects of steroids

Exclusion

• Known cause for pregnancy losses;
• APS

• parental balanced translocation,

• uterine anomaly
• subseptate uterus, cervical weakness

• known thrombophilia

• Contraindications to steroid therapy;
• hypertension, diabetes, mental health problems,

obesity BMI>25.
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Implantation and endometrial receptivity

J. Aplin
St. Mary's Hospital

Department of OB/GYN & Reprod. Health Care
Whitworth Park

Manchester M13 0JH
United Kingdom

E-mail  japln@mail1.mcc.ac.uk
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• 1.  Polycystic ovary syndrome

• 2.  PCOS and miscarriage: is there an
increased incidence?

• 3. Can risk of miscarriage be reduced?

Polycystic ovarian disease and pregnancy loss:
an overview

A. Balen
Leeds General Infirmary

Dept. of Reproductive Medicine
Belmont Grove

Leeds, Yorkshire LS2 9NS
United Kingdom

E-mail  adam.balen@leedsth.nhs.uk

2 out of 3 criteria required2 out of 3 criteria required
 Oligo- and/or anovulation

 Hyperandrogenism (clinical and/or biochemical)

 Polycystic ovaries

   Exclusion of other aetiologies

The Rotterdam ESHRE/ASRM Consensus Group 
Revised 2003 Diagnostic Criteria for PCOS

Human Reproduction 2004; 19: 41-47.  Fertility & Sterility, 2004; 81: 19-25.
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Heterogeneity in 1741 women with PCOS

Obesity 40%

Amenorrhoea 20%
Oligomenorrhoea 50%

Hyperandrogenism 66%

Elevated total testosterone 33%

Elevated LH  40%

Balen et al, Hum Reprod 1995; 10: 2107

Ultrasound Assessment of the Polycystic Ovary: 
International Consensus Definitions    

The The polycysticpolycystic ovary contains 12 or more ovary contains 12 or more
follicles measuring 2-9 mm in diameterfollicles measuring 2-9 mm in diameter

and/orand/or

    increased ovarian volume (>10 cm    increased ovarian volume (>10 cm33))

Balen, Laven, Tan & Dewailly; Hum Reprod Update 2003; 9: 505
ESHRE/ASRM Consensus 2003

ultra-
sound

hormones

symptoms OBESITY

INSULININSULIN

WEIGHT
LOSS

1741 Women with PCOS

Balen et al Hum Reprod 1995; 10: 2107
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Obesity:

BMI BMI –– WHO criteria  (overweight 25-30, obese > 30 kg/m WHO criteria  (overweight 25-30, obese > 30 kg/m22))

Waist Circumference > 88 cmWaist Circumference > 88 cm
  

Menstrual Cycle Abnormalities:

Greater if overweightGreater if overweight

Inter-cycle length correlates with degree of Inter-cycle length correlates with degree of hyperinsulinaemiahyperinsulinaemia

Conway et al., Clin  Endo 1993; 30: 459

PCOS and hyperinsulinaemia

•  Hyperinsulinaemia in 30% slim

   and 75% obese PCOS

•  Insulin resistance out of proportion
    to obesity in PCOS:

increased truncal  abdominal fat,
even if BMI normal

Kirchengast et al F&S 2004;81:539
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Possible causes of increased
miscarriage risk in PCOS

• Obesity, Hyperinsulinemia Hyperinsulinemia 

••  High LHHigh LH  

•• High PAI-1 High PAI-1

•• Poor egg and/or Poor egg and/or endometrial endometrial quality quality

• PCOS and miscarriage:

• is there an increased incidence?

Prevalence of miscarriage in
PCOS

Mean prevalence – 43%
                   Range - 25-65%

Glueck et al, 2002             206/319 (65%)

Jakubovicz et al, 2002        13/31  (41%)

Wang et al, 2002                 93/373 (25%)
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•LH

Current Understanding
of

 Polycystic Ovary Syndrome

PCOS and anovulatory infertility

 Risk of infertility correlates with

 rising BMI (particularly > 30 kg/m 2)
rising serum LH concentration

Balen et al Hum Reprod 1995; 10:2107
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            High LH?

Natural cycles (n = 193)

                  LH               > 10      < 10 iu/l

            Miscarriage      65%        12%

Regan et al, 1990

LH concentration

Balen et al Hum Rep ‘95;10:2107

LH concentration

LH and infertility in PCOS

Hypersecretion of LH in PCOS

Associated with:

• reduced chance conception –

spontaneous and stimulated cycles

• increased risk of miscarriage
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Treatment with GnRH agonists
in ovulation induction and IVF

0

5

10

15

20

25

30

35

40

With
GnRHa

No
GnRHA

% Miscarriage% Miscarriage   raterate

                                                                        Balen et al, 1993, Homburg et al, 1993

Clomiphene citrate (n = 128)

miscarriage rate 23.6% - LH higher
 

Kousta et al, Hum Reprod Update 1997; 3: 359

Low dose gonadotrophin therapy (n=100)

        high LH - higher miscarriage rate

Hamilton-Fairley et al, 1992

High LH

Pulsatile GnRH therapy for PCOS (n=54)

                                              LH (IU/l)
    Normal pregnancy              9.6
    Early pregnancy loss         17.9

Homburg et al, 1988
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Obesity

• Obesity            EPL
Wang et al, 2002; Hamilton-Fairley et al, 1992

• PCOS               Obesity
Pasquali et al, 1997; Solomon 1999

• PCOS               EPL
Glueck et al, 2002; Homburg et al, 1993; Balen et al, 1993

•Obesity

Laparoscopic ovarian drilling

• Fall in LH is main endocrine change.

• Miscarriage rate of 14%
 Abdel Gadir, 1990; Balen, 1994; Armar,1993

• Meta-analysis – surgical treatment of PCOS
   Miscarriage rate – 15.9%  of 1076 pregnancies.

Campo, 1998
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Hyperinsulinemia

Hyperinsulinemia associated with

• Obesity

• High plasminogen activator inhibitor activity (PAI)   =
hypofibrinolysis

Glueck et al, 1999

Treatment of Obesity

• 67 patients, BMI > 30, infertility > 2 years

• Lifestyle change programme, 6 months

• Before loss of weight –
           75% spontaneous abortions

• After losing mean 10.2kg body weight
           52 pregnancies –
           18% spontaneous abortions

Clark et al, 1998

PCOS or Obesity ?

• 1018 patients treated with ART (37% PCOS)

• EPL - PCOS               25%,
            - normal ovaries 18%

• Multivariate logistic regression –
      Higher risk of EPL in PCOS likely
      due to high prevalence of obesity

 Wang et al, 2001
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Treatment of hyperinsulinemia

Metformin  –

• Reduces insulin, androgen, LH

• Reduces waist-hip ratio

• Reduces PAI concentrations

Insulin resistance and recurrent
pregnancy loss (RPL)

• 74 women with RPL     vs
    74 women with no RPL and live infants

• Matched for age, race, BMI

• Insulin resistance:
            RPL  –  27%
       controls  – 9.5%

                                                     Craig et al, 2002

Plasminogen activator inhibitor (PAI-1)

• Glycoprotein

• Potent inhibitor of fibrinolysis

• Elevated in PCOS, hyperinsulinemia

• High levels are risk factor for EPL in PCOS
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Randomised
101

Placebo
49

Metformin
52

Withdrew
2

Withdrew
5

Completed
47

Completed
47

The use of metformin for
women with PCOS

undergoing IVF treatment

Treatment of hyperinsulinemia

Egg or Endometrium?
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Treatment with metformin

• Without metformin – 319 pregnancies
            Live births  34%
            Early pregnancy loss 65%

• With metformin -     328 pregnancies
             Live births 80%
             Early pregnancy loss 20%

Uses patients as retrospective controls…

                                                                               Glueck et al, 2002

Conclusions

• Women who have PCOS have higher rates of
miscarriage than women with normal ovaries

• Obesity, high LH, hyperinsulinemia and high
concentrations of PAI may all be involved

• Treatment to reduce weight, LH and insulin
    levels may improve the miscarriage rate

Outcomes (Metformin v Placebo)

•0.022•19.1•44.4•Clinical preg . rate per transfer (%)
(beyond 12 weeks)

•0.023•16.3•35.5•Clinical preg . rate per cycle (%)
(beyond 12 weeks)

•0.233•40.5•55.6•Positive preg . rate per transfer
(%)

•0.245•34.7•48.1•Positive preg . rate per cycle (%)

•0.259•16•17•Average embryo score

•0.695•2•2•No of embryo transferred

•p•PLA•MET
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Ultrasound uses and pitfalls
P. Loughna

Nottingham City Hospital
Department of OB/GYN

Hucknall Road
Nottingham NG5 1PB

United Kingdom
E-mail  pam.loughna@nottingham.ac.uk

(NO TEXT RECEIVED)

NOTES
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Early Pregnancy Loss

Potentially lethal

Serious morbidity

Adverse outcomes
unlikely

Clinically significant

Clinically insignificant

1850

1900

2003

1990

Combined ultrasound/biochemical prediction of
very early pregnancy loss

J. Elson
Sunderland Royal Hospital

Department of OB/GYN
Kayll Road

Sunderland SR4 7TP
United Kingdom

E-mail  janine.elson@chs.northy.nhs.uk

Guidelines to establish
embryonic death

Ultrasound findings Action

Gestational sac >20 mm with no embryo
or yolk sac

Repeat  scan in one week

Crown-rump length >10 mm with no
heart action

Repeat scan in one week

Gestational sac <15 mm or crown-rump
length <10 mm

Repeat scan in two weeks

Hatley et al 1995
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Small Sac –prediction of viability

• Prospective observational
study

• 50 women, bleeding
• MSD <16mm No FP
• Multiple parameters

– Maternal age
– Menstrual age
– MGSD
– hCG
– Sonographic age

Falco et al 2003

Which one is normal?

Models for prediction of early
pregnancy viability

• Logistic Regression Models

• Decision Tree analysis
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Small sac - prediction of viability

• 200 women with mean sac
diameter <20mm

• Multiple parameters
recorded at initial visit

Elson et al 2003

Logistic Regression Model
Small sacs & bleeding

Probability of miscarriage = 1/(1+e-z)

Where z =
( -0.9808 + 3.5457x SD score mean gestational sac diameter)

Sensitivity 81% (95% CI 0.64-0.93)
Specificity 89% (95% CI 0.65-0.99) 

Falco 2003

Small sac
Results

 

Variable 
 

Viable 
pregnancies 

N= 118  

Non-viable 
pregnancies 

N= 82  

P 

Maternal age (yrs) 29.3 (6.2) 32.3 (7.4) <0.01 
Gestational age (days) 42.8 (9.8) 59.8 (16.2) <0.01 
Vaginal bleeding (%)  34.7 76.8 <0.01 
Gestational sac  
diameter (mm)  

6.8 (4.2-8.3) 10.7 (6.0-15.8) <0.01 

Progesterone (nmol/l)  84 (62 – 109) 31 (19 – 41) <0.01 
-hCG (IU/l)  

 
3974  

(1661-8638) 
3556  

(1000-11083) 
>0.05 
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Small sac in ART patients-
prediction of viability

• 49 women with an
intrauterine gestation sac on
scan

• Blood sample taken for
measurements of serum hCG
and progesterone

• Follow up scans were
arranged at 7 weeks
gestation

Elson et al 2005

Logistic regression model
 Small sacs spontaneous conception

Probability of viability = 1/(1+e -z)

Where z = (6.091 x ln progesteroneln progesterone) - (0.159 x
sacsac  diameterdiameter) - (0.1640x maternal agematernal age) – 17.435

 Sensitivity 99.2% ( 95% CI 95.8 – 99.97)
 Specificity 70.7% (95% CI 61.3 – 78.9)

Elson 2003

Small Sacs Models
Performance

63.8
(95% CI 50.9 –

77.54)

98.1
(95% CI 94.45 – 100)

LR prospective

70.7
(95% CI 61.3 – 78.9)

99.2
(95% CI 95.8 –
99.97)

LR original
data

Specificity (%)Sensitivity (%)
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Conclusions

• Progesterone significant marker predicting viability
spontaneous and ART pregnancies

• More work done level appropriate for ART patients

• Question the need to supplement with progesterone
for pregnancy maintenance

Logistic regression model
 Small sacs ART

Probability of viability = 1/(1+e -z)

Where z = (3.445 x ln progesterone) + (1.994 x sac diameter) -
(3.94 x maternal age) – (10.524 x bleeding) – (7.82 x
gestational age)+ 5.079

Elson et al 2005

Sensitivity 100%
Specificity 73%

Small sac ART
Results

Variable Normal pregnancy 
N = 34 

Miscarriage 
N = 15 

p 

Maternal age (yrs) 31.6 (4.2) 34.4 (2.6) <0.05 

Gestational age 
(days) 

19.6 (3.25) 20 (3.3) >0.05 

Vaginal bleeding 
(%) 

5 33 <0.05 

Sac diameter (mm) 7.09 (4) 4.8 (2) <0.05 

-hCG (IU/l) 2117 (1275-3490) 706 (438-2480) <0.01 

Progesterone 
(nmol/l) 

84.4 (42.2-123) 45.5 (34.6-74) <0.01 

 

 

N =49
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Early Pregnancy Loss
Biochemistry

CLtrophoblast

hCG

Inhibin A

Progesterone

Inhibin A

IGFBP-1

IGFBP-1

IGFBP-1
• Major decidualised endometrial glycoprotein

• pIGFBP-1 and npIGFBP-1

• Acts as maternal restraint to invading trophoblast

• Over expression results in disorders of abnormal
placentation : IUGR, PET

• Regulated by progesterone

Inhibin A

• Glycoprotein 32KDa
• Produced by corpus luteum and synctiotrophoblast.

Unsure which is dominant source
• Short half life 45 minutes
• Acts via GnRH affect placental hCG production
• Animal sources suggested maintains steroid

production from corpus luteum
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Conclusions

• Biochemical markers could assist in the prediction of
outcome of expectant management of miscarriage

• Low inhibin A and high IGFBP1 most useful in
assessing the likely outcome in individual cases

Outcome of conservative
management of miscarriage

• 54 women with diagnosed
miscarriage

• Serum hCG, progesterone,
17-OH progesterone, inhibin
A, inhibin pro  C RI and
IGFBP 1

Results
Root Node

Successful expectant management 37
Failed expectant management         17

Node1
Successful 20

Failed 1

Inhibin A
< 3.9 >3.9

Node2
Successful 17

Failed 16

IGFBP-1

Node3
Successful 3

Failed 9

<=15

Node 4 
Successful 14

Failed 7

>15

Inhibin pro C RI

Node 5 
Successful 10

Failed 2

<=400 >400 Node6
Successful 4

Failed 5



54

Models for prediction of early
pregnancy viability

•
– Multiple markers
– Reduce diagnostic error
– Numerical probability/ flow chart
– Dynamics of markers

•
– LR computer
– Similar population

New Hypothesis?

• Low progesterone leads to tissue rejection

• Action tissue rejection stimulates IGFBP-1 further
preventing further invasion cytotrophoblast causing
miscarriage ?

• Embryonic signalling nonviability causes rise IGFBP-
1?

• Answer lie npIGFBP-1 v pIGFBP-1?

IGFBP-1 in ART

0

20

40

60

80

100

120

140

Viable Miscarriage

Elson et al 2005P>0.05
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Aspects of gestational trophoblastic disease

E.R.M. Jauniaux
University College - Medical School

Dept. of OB/GYN
86-96 Chenies Mews

London WC1E 6HX
United Kingdom

E-mail e.jauniaux@ucl.ac.uk

Routine histopathological examination in sporadic miscarriage has generated a lot of debate
and controversy mainly because of the inaccuracy of histological criteria in identifying the
cause of an early pregnancy failure. It is well established that more than 50% of sporadic
miscarriages are associated with a chromosomal defect of the conceptus and that the incidence
of chromosome abnormality increases with increasing maternal age and decreasing gestational
age1,2. Most of these abnormalities are numerical chromosomal abnormalities and less
than 10% are caused by structural abnormalities or other genetic mechanisms3. The overall
recurrence risk of numerical chromosomal abnormalities is low and the risk of live born
trisomy following an aneuploid early pregnancy failure is around 1%4.  Within this context
the role of routine histology of sporadic miscarriage is limited, however, a molar pregnancy
is a condition, which needs to be detected because of the potential long-term risk to the
mother. A method of determining which cases are more likely to need follow-up may help
improve diagnostic accuracy.

The estimated incidence of partial mole (PHM) is one in 700 pregnancies whereas the
incidence of complete mole (CHM) is around one in 1500-2000 pregnancies5,6. The vast
majority of CHM and PHM abort spontaneously during the first three to four months of
pregnancy resulting in an incidence of molar placenta of one in every 41 miscarriages5.
Following uterine evacuation approximately 10-20% of women with a CHM develop
persistent gestational trophoblastic disease (GTD)7. The incidence of this complication
after a PHM ranges between 0.5 and 11%7,8,9,10 and is almost certainly underestimated
since many early PHM will escape diagnosis.

Placental molar changes can now be detected from the third month of pregnancy by ultrasound
which typically reveals a uterine cavity filled with multiple sonolucent areas of varying size and
shape (“snow storm appearance”) without associated embryonic or fetal structures in the case
of CHM11. In the case of a PHM, the early ultrasound diagnosis may be more difficult because
the placental changes may be limited to a few molar villi and/or an increase in placental
thickness12-13. Histological examination of early products of conception will identify about
60-70% of molar pregnancies14.The distinction between CHM and PHM was made in the
late 1970s on the basis of gross morphological, histological and cytogenetic criteria in
second and third trimester pregnancies15,16. The complete or classical hydatidiform mole
has been defined as a conceptus with a placenta showing generalized swelling of the villi
and diffuse trophoblastic hyperplasia, in the absence of an ascertainable fetus17. The partial
hydatidiform mole has been characterized by focal trophoblastic hyperplasia with focal
villous hydrops and identifiable embryonic or fetal tissue. The clinico-pathologic picture of
the two molar syndromes overlap to a degree since both the phenotype and natural history
of the partial mole seem to represent a mild, bland version of those of the complete mole18.
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We have recently prospectively evaluated the role of ultrasound examination in combination
with serum hCG in screening for molar changes in women diagnosed with a first trimester
miscarriage19. All women with suspected molar pregnancy on transvaginal ultrasound were
recommended surgical evacuation, at which tissue was sent for histological examination
plus karyotype if possible. All cases of molar pregnancy diagnosed histologically were
examined and cross referenced with cases diagnosed on ultrasound and with the
supplementary report from the regional referral centre. Fifty-one cases of suspected molar
pregnancy were referred to the regional centre for further histological opinion and follow-
up, five cases were subsequently excluded from the final analysis when the diagnosis was
confirmed as hydropic abortion (HA). In 33 cases, a molar pregnancy was suspected at
the initial scan. Of these 26 (78.8%) were confirmed on histology resulting in a 56% detection
rate using ultrasound alone.  In 15 cases, pre-operative serum hCG results were available,
of which nine were greater than two multiples of the median (MoM).

The diagnosis of both complete (CHM) and partial moles (PHM) in first trimester
miscarriages is more difficult because both ultrasound and histological appearances are
less pronounced that later in pregnancy. Serum hCG is significantly higher in both CHM
and PHM and in conjunction with transvaginal ultrasound may provide the screening test
required to reduce the need for routine histopathological examination. Morphological
features, including villous size and proliferative activity of trophoblast, change with gestation
and need to be taken into account when examining specimens of varying gestations.
Difficulties arise when determining between PHM, CHM and hydropic miscarriage
particularly when there is prolonged post-mortem retention in utero in missed miscarriage
for example14 and where there are focal hydropic changes found in aneuploidies. It has
been suggested that PHM in the first trimester are frequently missed on ultrasound and
that pathological examination should remain the mainstay of diagnosis9. The debate
surrounding whether or not tissues obtained after evacuation of the uterus should be sent
for routine histological examination has been long and is still unresolved4. Routine
histological examination of products of conception is expensive and time consuming and
the histological features of molar pregnancy are also different in the first trimester. Typical
ultrasound features may or may not be present, with the diagnosis of PHM often being
difficult even in later gestations, presenting with fetal growth restriction or subtle placental
changes.

Pre-evacuation hCG levels may be a useful adjunct to histology in first trimester
spontaneous miscarriages, in particular in cases with unusual ultrasound appearances18.
Nine of our 13 molar pregnancies in which a pre-operative hCG was available demonstrated
an hCG of 2 to 10.8  MoM. The two hydropic abortions had very low hCG levels.  In three
cases of partial mole, where the MoM were low, there was a significant discrepancy between
gestational age from the date of the last menstrual period (LMP) and the dates suggested
by the ultrasound scan. This would suggest prolonged post-mortem retention and
trophoblast degeneration, explaining the low serum hCG. Ongoing CHM are associated
with beta hCG levels of 10-200 MoM, PHM with levels of 10-60 MoM13.  In the case of
CHM, the typical ultrasound features in association with a high hCG are diagnostic of
molar pregnancy even before histological diagnosis to confirm this11. With the use of high
resolution ultrasound early in pregnancy in combination with early determination of hCG
levels, diagnostic accuracy could be improved on the strength of the absence of fetal
tissue and abnormally high hCG level. Caution should be exercised, however, in cases
where there is a significant discrepancy between LMP and US dates occurs as
demonstrated above. .Karyotype or ploidy determination could be a useful adjunct to
diagnosis in difficult cases, but are not useful as first line diagnostic tools as they are
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expensive. DNA ploidy can be useful in problem cases to determine between PHM and
CHM and is cheaper and faster than karyotype9, but can also be associated with
misclassification, particularly if maternal tissue is present.

The routine use of histopathology in the diagnosis of molar pregnancy is significantly more
expensive than the cost of a single serum hCG. The examination of products of conception
costs approximately £40 per patient in our hospital whereas the cost of a single serum
hCG is approximately £8. There are an estimated 200 000 miscarriages in the UK per
annum. If it is assumed that 70% of these will undergo ERPC and therefore routine
histopathology the cost to the NHS would be approximately £5.6 million per annum. The
use of serum hCG as a screening tool to identify those women at risk could result in a five
fold reduction in cost, with a significantly smaller number of cases requiring additional
histopathological examination and follow up.
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BALB/c mouse

Days  8 and 12 of pregnancy

Hu aPL-IgG intraperitoneal
Sacrified  day  15

Investigate  decidua  in uteri  removed  90 min
after  injection

With  hu aPL-Ig (not  controls )

• Cellular  infiltrates

• Focal  necrosis

• Clumping , apoptosis  and clusters of neutrophils

• Deposition  of Ig

• Deposition  of C3

Cellular infiltrates
and C3 deposition

Hu-IgG deposition

Jane Salmon et al.

J Exp Med 2002; 2: 211

JCI 2003; 112: 1644
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With hu - LAC-positive samples

• More apoptosis (TUNEL, M30
formation, DNA laddering)

• Less poliferation  of 
cytotrophoblast  (decreased 
villous trophoblast  proliferation)

• Less extravillous  trophoblast
invasion through matrigel

Detrimental effects on the Detrimental effects on the trophoblasttrophoblast  layer and thus the whole layer and thus the whole
placenta and the developing fetusplacenta and the developing fetus

Culture of placental tissue in 24-well
dishes. Assessment of trophoblast
function in villous and extravillous

sites.

Explant  culture system

LACLAC
apoptosisapoptosis __

mitosismitosis __
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Bose et al. Am J Obstet  Gynecol  2004; 191: 2125
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••  NormalNormal   controlscontrols 1-61-6 <2<2
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•• SLE SLE 25-4025-40 10-3010-30

StudyStudy   groupgroup prevalenceprevalence  (%) (%)
aCLaCL  LACLAC

aPLaPL &  & pregnancypregnancy
- different - different populationspopulations  - -

apparentlyapparently   healthyhealthy   womenwomen
0-2 0-2 earlyearly   losseslosses ; < 3% ; < 3% fetalfetal  loss loss
nono  SLE;  SLE; nono   thrombotic historythrombotic history

healthyhealthy   womenwomen   withwith   obstetricobstetric  APS APS
2-3 2-3 consecutiveconsecutive   earlyearly   losseslosses ; ; rarelyrarely   fetalfetal  loss loss

nono  SLE;  SLE; nono   thrombotic historythrombotic history
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SinceSince  1983  1983 almostalmost
everyevery   patientpatient   withwith
obstetricobstetric  APS had APS had

pharmacologicpharmacologic
treatmenttreatment

6 pregnant 6 pregnant womenwomen   withwith  LAC LAC

4/6 SLE; 6/6 ANA pos.4/6 SLE; 6/6 ANA pos.

allall  14  14 previousprevious  histories  histories endedended   withwith
fetalfetal  loss (50% > 20 weeks) loss (50% > 20 weeks)

LubbeLubbe  et al. Lancet 1983 et al. Lancet 1983

outcomeoutcome ::

live infant 5/6 (4<37 weeks)live infant 5/6 (4<37 weeks)

1 1 fetalfetal  loss 16 weeks loss 16 weeks

R/R/ prednisone prednisone  40-60 mg/ 40-60 mg/ dayday

aspirinaspirin  75 mg/ 75 mg/ dayday
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live birth
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19 19 healthyhealthy   womenwomen   withwith   aPLaPL and  and 0-0-1 1 spontaneousspontaneous   abortionabortion
RandomisationRandomisation : : aspirinaspirin   oror   usualusual  care care

Cowchock et al.  Am J Obstet Gynecol 1997; 176: 1099

n = 11 n = 8

aPLaPL in  in lowlow -risk -risk pregnanciespregnancies
((apparentlyapparently   healthyhealthy   womenwomen ))

Comments
aPL status based on results  with  a single sample

aPL definitions  very heterogeneous

Conclusions
Prevalence  of  aPL is low  in healthy  women

With  aPL higher  rates of pregnancy  loss
No indication  for  screening  or  treatment

first year women gestational  aPL + live birth rate
author (n) age (weeks) (n) (%) aPL+ aPL-

at aPL test

Pattison 1983 933 0 18 2 83 98
Lockwood 1989 737 16 16 2 62 91
Lynch 1994 389 13 95 24 84 93
Yasuda 1994 860 9 60 7 72 90
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high-risk high-risk groupsgroups

first year study pregnancies women live birth rate (%) related to treatment
author type (n) (n) any H H+A H+A+ glob

Lockshin 1989 retro 30 25 33 - - -
Rosove 1990 retro 15 14 - 93 - -

Branch 1992 retro 82 54 63 - - -

Lima 1996 retro 60 47 70 - - -
Branch 2000 rando 16 16 - - 100 100

Criticism
often  > 1 pregnancy /patient  included
Up to 31 % primigravida ’s included

Impossible  to compare  treatment  strategies

19801980 19901990 20002000
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20 women WITH aPL20 women WITH aPL
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32 years32 years

100 women WITHOUT aPL100 women WITHOUT aPL

4 consecutive miscarriages4 consecutive miscarriages

33 years33 years

aPL relatedaPL related   recurrentrecurrent   embryonicembryonic  loss loss
- without - without therapytherapy   poorpoor   prognosisprognosis  - -

RaiRai et al. Hum  et al. Hum ReprodReprod 1995; 10: 3301 1995; 10: 3301

 90 % loss 90 % loss
(94 % 1st trimester)(94 % 1st trimester)

   34 % loss   34 % loss
(97 % 1st trimester)(97 % 1st trimester)

DECLINED MEDICALDECLINED MEDICAL
TREATMENTTREATMENT

HealthyHealthy   womenwomen   withwith   obstetricobstetric  APS APS

first year study pregnancies live birth rate (%) related to treatment

author type (n) = women (n) no R/ A A+H P+A

Cowchock 1992 rando 20 - - 75 75

Silver 1993 rando 34 - 100 - 100

Balasch 1993 pro/o 18 91
Rai 1995 pro/o 20 10

Kutteh 1996 C/NR 50 - 44 80 -

Kutteh 1996 C/NR 50 - - 80/76* -
Tulppala 1997 rando 12 17 17 - -

Laskin 1997 rando 88 52 - - 60

Rai 1997 rando 90 - 42 71 -
Backos 1999 pro/o 150 - - 71 -

Pattison 2000 rando 40 85 80 - -

Farquharson 2002 rando 98 72 78 -

rando= randomized; pro/o= prospecrive/observational; C/NR =controlled/non-randomized;
*= high/low dose heparin
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MetaMeta --analysisanalysis   EmpsonEmpson  et al.  et al. ObstetObstet   GynecolGynecol  2002; 99: 135 2002; 99: 135

< 45%  live < 45%  live birthbirth   ratesrates   withwith   aspirinaspirin

Aspirin  vs . Placebo or  usual  care (OR 1.05)
first  author year patients  (n)

Cowchock 1997 11 vs 8

Tulppala 1997 6 vs 6

Pattison 2000 20 vs 20

AspirinAspirin   vsvs . . HeparinHeparin ++aspirinaspirin  (OR 0.46) (OR 0.46)
firstfirst   author author year year patientspatients  (n) (n)

KuttehKutteh 1996 1996 25 25 vsvs 25 25

RaiRai 1997 1997 45 45 vsvs 45 45

PatientsPatients   diddid   notnot  have  have obstetricobstetric   apsaps

Non-Non- randomizedrandomized   studystudy

CountsCounts   blightedblighted   ovumovum  and  and ectopicectopic
pregnancypregnancy  as  as losseslosses

MetaMeta--analysisanalysis  of RR  of RR forfor   pregnancypregnancy  loss  loss withwith   interventionsinterventions  in APS in APS

OR

Aspirin vs placebo

Heparin/aspirin vs aspirin

Prednisone/aspirin vs aspirin

Prednisone/aspirin vs
heparin/aspirin

1.05 (0.66-1.68)

0.46 (0.29-0.71)

0.85 (0.53-1.36)

1.17 (0.47-2.93)

EmpsonEmpson  et al.  et al. ObstetObstet   GynecolGynecol  2002; 99: 135 2002; 99: 135
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ComparisonComparison  of the important trials of the important trials
KuttehKutteh RaiRai FarquharsonFarquharson
19961996 19971997 20022002

live live birthbirth   raterate  (%) (%)
    aspirinaspirin 4444 4242 7272
    aspirinaspirin  +  + heparinheparin 8080 7171 7878

patientspatients
  total  total 5050 9090 9898
  LAC (%)  LAC (%) 00 9191 4242
  GPL Units  GPL Units 2727 55 99
  MPL Units  MPL Units  23 23 33 55

start start medicationmedication
  aspirin  aspirin preconceptionpreconception pos.pos.  pr pr . test. test <12 weeks<12 weeks
    heparinheparin pos.pos.  pr pr . test. test pos. pos. fetalfetal   heartheart pos. pos. fetalfetal   heartheart

activityactivity activityactivity

heparinheparin unfractionatedunfractionated unfractionated unfractionated LMWHLMWH
adjustedadjusted fixedfixed fixedfixed

MulticenterMulticenter
randomizedrandomized  trial trial

recurrentrecurrent   miscarriagemiscarriage

47 47 aspirinaspirin

51 51 aspirinaspirin  + LMWH + LMWH

resultresult : NS: NS

Farquarson  R. Obstet  Gynecol  2002;100:408

0

20

40

60

80

100

aspirin aspirin + LMWH

live births pregnancy loss

7272
%%

7878
%%

SupportiveSupportive  care  care alonealone   resultsresults  in over 85% live  in over 85% live birthbirth   raterate
in in womenwomen   withwith   unexplainedunexplained   recurrentrecurrent   miscarriagemiscarriage

Stray-Pedersen et al. Am J Obstet Gynecol 1984; 148: 140
Liddell  et al. Aust NZJ Obstet Gynecol 1991; 31: 320

Clifford et al. Hum Reprod 1997; 12 : 140

••  Frequent Frequent antenatalantenatal   visitsvisits

••  ContinuityContinuity  of care- of care- providersproviders

••  LiberalLiberal   admissionadmission   policypolicy

••  MultidisciplinaryMultidisciplinary   approachapproach   withwith  AID AID

••  ObstetricObstetric  ultrasound  ultrasound everyevery  2  2 toto  4 weeks 4 weeks

••  FromFrom  16 weeks  16 weeks onon  (at least)  (at least) monthlymonthly   DopplerDoppler   velocimetryvelocimetry  of of
umbilicalumbilical  arteries arteries

••  FromFrom  24 weeks  24 weeks onon  (at least)  (at least) weeklyweekly   cardiotocographycardiotocography

••  FromFrom  26-130 weeks  26-130 weeks onon   weeklyweekly  non-stress  non-stress testingtesting
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A rationale for heparin and aspirin other thanA rationale for heparin and aspirin other than
anticoagulationanticoagulation

HuHu--aPLaPL  IgIg mice model mice model

••  UnfractionatedUnfractionated  heparin and LMWH, even at  heparin and LMWH, even at 
subanticoagulantsubanticoagulant  doses, NOT  doses, NOT hirudinhirudin  or  or Fondaparinux Fondaparinux 
(specific (specific XaXa inhibitor), given from day 7-13 inhibitor), given from day 7-13 prevented prevented 
complement activation and protected mice from complement activation and protected mice from aPLaPL--
induced pregnancy complications. Binding induced pregnancy complications. Binding aPLaPL--decidua decidua 
persists.persists.

••  Via inhibition of classical pathway inhibition. EnhancedVia inhibition of classical pathway inhibition. Enhanced
effects by effects by blockade at multiple points in the C-cascadeblockade at multiple points in the C-cascade

GirardiGirardi  et al. Nature Med 2004; 10: 1222 et al. Nature Med 2004; 10: 1222

A rationale for heparin and aspirin other thanA rationale for heparin and aspirin other than
anticoagulationanticoagulation

ExplantExplant  culture system culture system
Am J Am J ObstetObstet   GynecolGynecol  2004; 191: 2125 2004; 191: 2125

••  UnfractionatedUnfractionated  heparin attenuated LAC-induced  heparin attenuated LAC-induced 
apoptosis and facilitated apoptosis and facilitated trophoblasttrophoblast  invasion via  invasion via 
reduction of apoptosisreduction of apoptosis

••  Via interaction with Via interaction with __22GP-1?, heparin-binding epidermalGP-1?, heparin-binding epidermal
growth factor (HB-EGF)? or fibroblast growth factor (HB-EGF)? or fibroblast grothgroth  factor 4  factor 4 

(FGF4)?(FGF4)?

Am J Am J ObstetObstet   GynecolGynecol  2005; 192: 23 2005; 192: 23

••  Both Both unfractionatedunfractionated  heparin (25 IU/ml) and aspirin (3  heparin (25 IU/ml) and aspirin (3 
__g/ml) attenuate g/ml) attenuate trophoblasttrophoblast  apoptosis apoptosis
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Factor V gene polymorphism studies and fetal
loss

F. Dawood
Liverpool Women's Hospital

Department of OB/GYN
Crown Street

Liverpool, England L8 7SS
United Kingdom

E-mail  feroza.dawood@doctors.org.uk

(NO TEXT RECEIVED)

NOTES
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A new logistic regression model for predicting
the outcome of pregnancies of unknown location

T. Bourne
St. George's Hospital - Medical School

Early Pregnancy Unit
Cranmer Terrace - Tooting

London SW 17 0RE
United Kingdom

E-mail  tom.bourne@stgeorges.nhs.uk

(NO TEXT RECEIVED)

NOTES
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Evidence-based medicine is theEvidence-based medicine is the
judicious and conscientious usejudicious and conscientious use
of current best evidence fromof current best evidence from

medical care researchmedical care research

for making medical decisions.for making medical decisions.

ESHRE Winter symposium – december 10th 2005

Evidence based practice for management of
early pregnancy loss

B. W. Mol
Maxima Medisch Centrum

Department of OB/GYN
De Run 4600

5504 DB Veldhoven
Netherlands

E-mail  b.mol1@chello.nl

AimsAims

•• To To demonstratedemonstrate that  that classificationclassification of of
evidenceevidence in  in levelslevels is  is misleadingmisleading

•• (or at least (or at least shouldshould be  be differentiateddifferentiated in in
therapeutictherapeutic and non- and non-therapeutictherapeutic issues) issues)

•• To To provideprovide  fundedfunded  recommendationsrecommendations on on
whatwhat to do in  to do in recurrentrecurrent  miscarriagemiscarriage

ESHRE Winter symposium – december 10th 2005
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PubmedPubmed--searchsearch

ESHRE Winter symposium – december 10th 2005

• "Abortion, Habitual"[MeSH]
– 4527 hits

• Limits
– Randomized clinical trial    83 hits
– Meta-analysis    23 hits
– Review 631 hits

EvidenceEvidence--basedbased  medicinemedicine (EBM) (EBM)
is the is the integrationintegration of of

best research best research evidenceevidence with with
clinical expertise and clinical expertise and patientpatient

valuesvalues..

ESHRE Winter symposium – december 10th 2005
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The art of The art of medicinemedicine  consistsconsists of of
amusingamusing the  the patientpatient  whilewhile
nature nature curescures the  the diseasedisease

ESHRE Winter symposium – december 10th 2005
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AssessmentAssessment of a  of a PrognosticPrognostic Study Study

•• Was an Was an inceptioninception cohort  cohort assembledassembled??

•• Was complete follow-up Was complete follow-up achievedachieved??

•• Was Was outcomeoutcome  assessmentassessment  blindedblinded??

•• WereWere different  different prognosticprognostic  profilesprofiles taken  taken intointo
account?account?

TableTable 2.1 page 13 2.1 page 13

ESHRE Winter symposium – december 10th 2005
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Was Was outcomeoutcome  assessmentassessment  blindedblinded??

•• StandardizedStandardized clinical protocol clinical protocol

•• TransvaginalTransvaginal  sonographysonography

•• AssessmentAssessment of  of viabilityviability at 12 weeks at 12 weeks

•• SuccesfullSuccesfull  outcomeoutcome: survival : survival beyondbeyond 24 weeks 24 weeks

Was Was outcomeoutcome  assessmentassessment  blindedblinded??

ESHRE Winter symposium – december 10th 2005

Was an Was an inceptioninception cohort  cohort assembledassembled??

•• HistoryHistory of  of twotwo or  or threethree  consecutiveconsecutive
miscarriagesmiscarriages

•• ExcludeExclude  knownknown  associationsassociations of  of recurrentrecurrent
pregnancypregnancy loss (APL,  loss (APL, oligomenorrheaoligomenorrhea,,
cervicalcervical  weaknessweakness, , abnormalabnormal
chromsomeschromsomes))

•• No No clearclear  descriptiondescription of  of workwork--upup
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DifferencesDifferences in  in prognosisprognosis

•• ResultsResults  werewere  stratifiedstratified for  for ageage and number of and number of
previousprevious  miscarriagesmiscarriages

Was complete follow-upWas complete follow-up
achievedachieved??

•• 716 716 consecutiveconsecutive patients in database patients in database
•• 325 had 325 had ‘‘ idiopathicidiopathic  recurrentrecurrent  miscarriagemiscarriage’’

•• 23 lost to follow-up23 lost to follow-up

•• 76 no 76 no furtherfurther  pregnancypregnancy

•• 2 2 ectopicsectopics, 2 , 2 terminationsterminations of  of pregnancypregnancy

•• 222 with 222 with ‘‘at riskat risk’’ for  for miscarriagemiscarriage
•• 90% 90% werewere  seenseen < 8 weeks, 98% < 10 weeks < 8 weeks, 98% < 10 weeks
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Level of Evidence Ia

Strength of recommendation A

Level of Evidence IV

Strength of re
commendation C
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        The The prevalenceprevalence of  of persistentlypersistently  positivepositive tests for LA was 9.6% tests for LA was 9.6%
and for and for immunoglobulinimmunoglobulin G ( G (IgGIgG) and ) and immunoglobulinimmunoglobulin M M
((IgMIgM) ACA was 3.3 and 2.2% ) ACA was 3.3 and 2.2% respectivelyrespectively..

        RepeatRepeat  testingtesting, , afterafter an interval of at least 8 weeks, an interval of at least 8 weeks,
demonstrateddemonstrated that  that onlyonly 65.7% of LA  65.7% of LA positivepositive, 36.6% , 36.6% IgGIgG
ACA ACA positivepositive and 36.0%  and 36.0% IgMIgM ACA  ACA positivepositive  womenwomen on on
initialinitial  testingtesting had a  had a secondsecond  positivepositive test  test resultresult..

Hum Reprod. 1995 Aug;10(8):2001-5. 

    The     The prevalenceprevalence of  of persistentlypersistently  positivepositive tests for LA was 9.6% tests for LA was 9.6%
and for and for immunoglobulinimmunoglobulin G ( G (IgGIgG) and ) and immunoglobulinimmunoglobulin M M
((IgMIgM) ACA was 3.3 and 2.2% ) ACA was 3.3 and 2.2% respectivelyrespectively..

Hum Reprod. 1995 Aug;10(8):2001-5. 
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GeneticGenetic  causescauses

RCOG:RCOG:
AllAll couples with  couples with recurrentrecurrent  miscarriagemiscarriage  shouldshould
have have peripheralperipheral  bloodblood  karyotypingkaryotyping  performedperformed..

NVOG:NVOG:
PeripheralPeripheral  bloodblood  karyotypingkaryotyping  shouldshould be  be offeredoffered
afterafter  twotwo  miscarriagesmiscarriages

LevelLevel of  of EvidenceEvidence Ia??? Ia???

GuidelinesGuidelines

DespiteDespite statements on the need for  statements on the need for repeatedrepeated
testingtesting with 8 weeks intervals and the with 8 weeks intervals and the
treatmenttreatment effect of  effect of heparinheparin, no , no clearclear
statements are statements are givengiven on  on whenwhen to test for APS to test for APS

AgeAge
Number of Number of miscarriagesmiscarriages



83

GeneticGenetic  causescauses

NestedNested case- case-controlcontrol  studystudy

ESHRE Winter symposium – december 10th 2005

Population 12.000 couples Population 12.000 couples havinghaving  chromosomechromosome
analysis for analysis for 2 2 miscarriagesmiscarriages..

Carrier couples (cases) and non-carrier Carrier couples (cases) and non-carrier controlscontrols

ExposureExposure::
maternalmaternal   ageage
number of number of miscarriagemiscarriage
historyhistory of  of twotwo or more  or more miscarriagesmiscarriages in a  in a brotherbrother or sister of or sister of
eithereither partner, partner,
historyhistory of  of twotwo or more  or more miscarriagesmiscarriages in the  in the parentsparents of  of eithereither
partner.partner.
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Untreated Uterine Malformations

54260Unicornuate

Agenesis

56152Didelphys

55627Bicornuate

50499Septate

66241Arcuate

Live Births (%)ConceptionsType

Summary of nine prevalence reports
Grimbizis et al 2001.  Hum Reprod Update 7:161-74
Adapted from John Collins

Prevalence of Uterine
Malformations

10134Unicornuate

340Agenesis

8114Didelphys

26362Bicornuate

35486Septate

18255Arcuate

Percent of AnomaliesCasesType

Summary of nine prevalence reports
Grimbizis  et al 2001.  Hum  Reprod Update 7:161-74
Adapted from John Collins

Uterine malformations are identified in 15% of RPL cases. 
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ConclusionsConclusions

•• GeneticGenetic  testingtesting  shouldshould  dependdepend on  on ageage,,
number of number of miscarriagesmiscarriages and  and familyfamily  historyhistory

•• The The levelslevels of  of evidenceevidence are  are misleadingmisleading in the in the
assessmentassessment  of  of prognosticprognostic/ diagnostic studies/ diagnostic studies

ConclusionsConclusions

•• SpontaneousSpontaneous  curecure  raterate > 50% > 50%

•• Randomised studies, Randomised studies, ifif present, do  present, do notnot have a have a
non-non-interventionintervention arm arm

•• AlthoughAlthough patients with APS  patients with APS shouldshould be  be treatedtreated
with with heparinheparin, it is , it is notnot  clearclear  whowho  shouldshould be be
treatedtreated for APS for APS

Surgical Procedures
for Septate Uterus

Summary of nine prevalence reports
Grimbizis et al 2001.  Hum Reprod Update 7:161-74
Adapted from John Collins

Saygili-Yilmaz  Arch GO 2003;268:289.80“592002

Grimbizis  ea 2001. HRUpdate 7:161-7483“3222002

 91hysteroscopic20

Venturoli ea. Arch GO 2002;266:157-9.46“722001
 

 87abdominal32 

Heinonen. JAAG Lapar 1997; 4:311-7.67none1161997

Candiani et al. BJOG 1990; 97:613-7.70abdominal731990

ReferenceBirths
(%)

MetroplastyPatientsYear
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Comparable Comparable 
groups?groups?

RandomisationRandomisation
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Types of Abnormalities

Unicornuate

Didelphys  with  septate  vagina
Arcuate  deformity

Septate  or sub- septate  uterus

Prevalance

• Rate of uterine anomalies in UK and estimates in
other populations vary between 3-5% (Acien, 1997)

• Can be as high as 43% from high risk populations
with infertility and recurrent pregnancy loss

• Uterine malformations have been associated with
recurrent miscarriage, second trimester abortion, late
fetal  loss, preterm labour, malpresentation  and
increased incidence of caesarean section

Uterine anomalities and recurrent miscarriage

J. Gupta
Birmingham Women's Hospital

Academic Department of OB/GYN
Metchley Park Road

Edgbaston, Birmingham B15 2TG
United Kingdom

E-mail  j.k.gupta@bham.ac.uk
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Reproductive
Performance

Septate  uterus is only type
amenable to  hysteroscopic
surgical correction

HSG can only demonstrate
bicornuate  or  septate  uterus

Diagnostic  hysteroscopy  and
laparoscopy  can distinguish
between the two

Types of surgical
interventions for uterine

anomalies

• Abdominal wedge resection
(Jones / Strassman  procedure)

• Excision of septum
(Tomkin ’s procedure)

• Hysteroscopic  excision
• shorter inpatient stay
• reduced operating time
• avoidance of  laparotomy
• possibility of vaginal delivery

Outcome of pregnancy
Fetal survival rates in untreated uterine

anomalies

• 89• 69• Subseptate

• 86• 59• Septate

• 64• 44• Bicornuate

• 64• 72• Didelphys

• 40• 71• Unicornuate

• Fetal  survival
• rate (%)

• Fetal  survival
• rate (%)

• Type of uterine
• anomaly

• Heinonen et al,
1982

• N = 182

• Acien, 1993
• N = 176
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Infertility and
hysteroscopic  metroplasty

Colacurci  et al 1996 and Daly et al  1989
separately looked at the role of metroplasty
in infertility and demonstrated that
conception rates were not different to the
general infertile population after
hysteroscopic  metroplasty  and that
metroplasty  did not ‘cure ’ infertility.

Reproductive
Performance

Septate  Uteri
10 year retrospective study from Italian multicentre
data reporting experience
973 women
Hysteroscopic metroplasty
Pregnancy rates “ good ”
Hysteroscopic  surgery safe and effective in pregnancy
rates and outcome

Colacurci  et al  1998

Reproductive
Performance

Didelphic  Uteri
23-43% fetal wastage rates
57% successful pregnancy without
any treament
Similar success rates (60%) with
unicornuate  uteri

Semmens  1962
Musich  & Behrman  1978
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Summary of evidence available on fetal
survival rates from case series on abdominal

and hysteroscopic  metroplasty  in septate
uterus.

35 CASE SERIES

(1966-1998)
2669 WOMEN

_______________________________________________________
                                                                                                 

ABDOMINAL                            HYSTEROSCOPIC                 NO OPERATION
341 women                                       1970 women                                             358 women

Before  2.2% (15/681)            Before 7.9% (110/1398)                        65 %
After  76.9% (249/324)               After  77.4% (816/1054)                             (216/330)

N.B. Rates calculated per pregnancy, not per woman

The group was heterogenous ,
containing women with both
recurrent and late pregnancy loss and
with infertility
87% of these women had another
attributed cause for their failure to
conceive
This study showed that surgery
reduced conception rates and did not
produce a significant improval  in
pregnancy rate or fetal  survival

Summary of critical appraisal of comparison of
women with abdominal or hysteroscopic

metroplasty  or no treatment ( Heinonen , 1997)

404 women with uterine anomaly

247 women with septate/subseptate/                  157 women with other 
bicornuate uterus                                                  uterine anomalies

                                                                              EXCLUDED
                   

     
                                                                                                              

192 women with septate/subseptate uterus      55 women with bicornuate
                                                                             uterus – EXCLUDED

                            
    

                                                                                                               
20 women undergoing          32 women undergoing           140 women had
abdominal metroplasty         hysteroscopic metroplasty    no operation

85% conceived before treatment       75% conceived before treatment       83% conceived
60% conceived after treatment          63% conceived after treatment 
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Reproductive
Performance

Uterine Volume  
Marked increased volume may occur after
excision of septum

Wedge resection following abdominal
metroplasty  markedly reduces uterine volume

Fetal survival is same in both procedures

Reproductive
Performance

Inadequate  Vascularisation  
Histologic  study shows that septum
has:

Less connective tissue
More muscle fibres
More vessels than uterine wall

Dabirashrafi  et al 1995

Reproductive
Performance

Proposed Theories for Miscarriage

Cervical Incompetence

Inadequate  Vascularisation

Volume Defect of Uterine cavity
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Conclusions

Counsel patients to make informed decisions
Abdominal metroplasty  has been replaced by hysteroscopic
metroplasty  in the treatment of septate  and subseptate
uterus in the last decade
Evidence supporting hysteroscopic  metroplasty  is of poor
quality on critical appraisal
Metroplasty  in recurrent abortion and infertility may reduce
conception rates
Other causes for pregnancy loss and infertility should be
excluded before embarking on surgery for uterine anomaly
i.e. Causes of infertility or miscarriage may be inherent
rather than related to uterine anomaly
Until a multi-centre Randomised Controlled Trial is
conducted to address the efficacy of surgery on uterine
anomaly, more harm than good may be done by performing
hysteroscopic  surgery
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Outcomes after threatened miscarriage and
placental haematomas in early pregnancy

J. Johns
University College - Medical School

Department of OB/GYN
86-96 Chenies Mews

London WC1E 6HX
United Kingdom

E-mail  j.johns@ucl.ac.uk
Introduction

Threatened Miscarriage, defined as vaginal bleeding before 24 weeks gestation occurs in
15-20% of ongoing pregnancies1. It is the commonest reason for emergency gynaecology
GP referrals in the UK. Threatened miscarriage in the first trimester has been associated
with many adverse pregnancy outcomes. If not associated with immediate fetal loss,
threatened miscarriage has been linked to fetal loss later in the pregnancy1;2 as well as
abruption3-5, fetal growth restriction (FGR), pre-term labour (PTL)3-5, preterm pre-labour
rupture of the membranes (PPROM)4, pre-eclampsia (PET)4 and low birth weight6 (LBW).
A frequent ultrasonographic finding in women with bleeding in the first trimester is the
presence of subchorionic bleeding or intrauterine haematoma (IUH). These IUH are present
in approximately 18% of women with threatened miscarriage7;8 and there has been much
debate over the resolution and clinical significance of their presence on ultrasound. The
incidence of miscarriage has been variably reported and ranges from 4-33 % depending
on the gestation at presentation9. Intrauterine hematoma have been shown to be associated
with an increased incidence of pre-term labour and low birth weight6, but an association
with complications such as PPROM, fetal growth restriction and pregnancy-induced
hypertension is still debated6;9-13.

If the link between first trimester threatened miscarriage and PET, FGR, PPROM and
subsequent PTL is confirmed, it will have major implications for health care resources and
provision. Identification of women at risk remains the only strategy for reducing the incidence
of premature delivery and if 15-20% of ongoing pregnancies are complicated by threatened
miscarriage, a large number of potentially high risk women are going unidentified. Many
maternal serum markers have been investigated in attempts to predict the outcome of
pregnancy in the first trimester and in particular the likelihood of subsequent miscarriage,
with varying degrees of success. The relationship between first trimester serum markers
and later pregnancy complications is uncertain14;15 and associations have been made
between low levels and FGR14;16 and pregnancy induced hypertension (PIH).

Objectives

The objectives of this prospective study were to investigate the link between threatened
miscarriage and placental haematoma and adverse pregnancy outcome, and also to
determine if levels of inhibin A, activin A, follistatin, hCG and PAPP-A in women who present
with first trimester threatened miscarriage are related to pregnancy outcome.
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Materials and Methods

We identified women with a clinical diagnosis of threatened miscarriage who were referred
to the Early Pregnancy Unit of a large London teaching hospital by their GP or from the
A&E department between April 2003 and March 2004 and followed them prospectively
until the outcome of the pregnancy was known.

Results

The first trimester miscarriage rate, after confirmation of viability in the threatened
miscarriage group was 9.3%. Compared with controls, women presenting with threatened
miscarriage were more likely to deliver prematurely (RR 2.29, 95%CI 1.4-4.6) and this
was most likely to be between 34 and 37 weeks. They were also more likely to have pre-
term pre-labour rupture of the membranes (RR 3.72, 95% CI 1.2-11.2).

When gestation at maximum hematoma volumes for each pregnancy were compared,
those that ended with first trimester miscarriage reached maximum volume significantly
earlier than term births (p=0.001). Pregnancies ending in pre-term birth reached maximum
hematoma volume significantly later than term births (p=0.00).

Inhibin A levels were significantly lower in cases of threatened miscarriage that ended in
first trimester miscarriage, when compared with both pre-term and term labours (p=0.04
and p=0.0007 respectively). The levels were also lower in the miscarriage cases than
controls (p=0.02). Activin A levels were lower in the cases that ended with first trimester
miscarriage than pre-term (p=0.018) and control cases (p=0.012) but not for term births.
The trend of the hCG levels were similar to that of inhibin A. The levels were significantly
lower in cases of threatened miscarriage that subsequently ended in a first trimester
miscarriage when compared with pre-term (p=0.017) or term deliveries (p=0.0001). hCG
levels were significantly higher when all cases of threatened miscarriage were combined
and compared with the control pregnancies (p=0.0009) with pre-term and term births having
significantly higher hCG levels than the control pregnancies individually (p=0.032 and
p=0.0001 respectively). PAPP-A levels in the threatened miscarriage group were lower in
pregnancies ending in first trimester miscarriage (p=0.033) when compared with term
births.

Overall, oestradiol levels were significantly lower in the threatened miscarriage group when
compared with the controls (p=0.02) and with those that went on to both a pre-term and a
term birth (p=0.014 and p=0.0001 respectively). Progesterone levels were lower in the
cases of threatened miscarriage that went on to miscarry when compared with pregnancies
that delivered at term (p=0.03).

Logistic regression analysis of inhibin A and hCG MoM’s found that inhibin A in isolation
provided the best predictor for miscarriage in the first trimester miscarriage after threatened
miscarriage.

Discussion

Women with threatened miscarriage in the first trimester are at increased risk of premature
delivery and this risk factor should be taken into consideration when deciding upon antenatal
surveillance and management of their pregnancies. In this study, inhibin A alone was found
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to be highly predictive of first trimester miscarriage, without the addition of other markers
and its potential for use with other markers such as ultrasound parameters and demographic
features requires further investigation. Development of interventions, such as progesterone
and antioxidant supplementation require further investigation, however  identification of
women at risk would allow such interventions to be implemented from an early gestation.
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The Miscarriage Association

Acknowledging pregnancy loss

Human aspects of
pregnancy loss

Experiences and feelings

Wants and needs

Meeting those needs

Meeting your  needs

Coping with pregnancy loss
R. Bender Atik

National Director
Miscarriage Association c/o Clayton Hospital

Wakefield
West Yorkshire WF1 3JS

United Kingdom
E-mail  ruth@miscarriageassociation.org.uk
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Common responses (1)
Shock

Loss & grief

Confusion & powerlessness

Anxiety & fear

Anger       …..

Possible responses

Relief

Regret

Acceptance & moving on

Individuality of
experience

This woman / couple

This pregnancy / this time
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Meeting those needs (1)
You can ’t meet them all, but …

Respect for the patient, partner and baby

Listening

Acknowledging feelings

Providing information …..

Wants and needs
Everyone differs, but …

Respect

To be heard

Acknowledgement of feelings

Information

Common responses (2)
Seeking explanations

Guilt & self-blame

Isolation & loneliness

Jealousy

Loss of confidence
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Meeting those needs

Support for yourself
– in the workplace
– external sources

Time out

Your feelings & needs

Coping with patients ’ responses

Your own feelings

Meeting those needs (2)

Explaining process and events

Meeting physical needs

Sensitive terminology

Language and culture
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The Miscarriage Association

Acknowledging pregnancy loss

The Miscarriage
Association

A national UK charity:

offering support

providing information

raising awareness

promoting good practice
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Does endometriosis affect implantation?

D. Hapangama
Liverpool Women's Hospital

University Department of OB/GYN
Crown Street

Liverpool, England L8 7SS
United Kingdom

E-mail  dharani.hapangama@liv.ac.uk

(NO TEXT RECEIVED)

NOTES
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