University of St Andrews

Full metadata for this thesis is available in
St Andrews Research Repository
at:
http://research-repository.st-andrews.ac.uk/

This thesis is protected by original copyright

1

Morphological and metabolic studies of the subseptate uterus

Zahid Rehan SALIM

The

Early Pregnancy and Gynaecological Assessment Unit,

Department of Obstetrics and Gynaecology, King's College Hospital, Denmark Hill,
London, SE5 9PJ

Thesis submitted for the

degree of MD, University of St Andrews
April 2004

2

Table of Contents
Page
12

Abstract
Statement of originality

and personal contribution to work

14

Acknowledgements

15

Hypothesis

16

Aims

17

Part I

(Background)

1.0 Normal

embryology of the female genital system

1.1

Early development and gonadal genesis

19

1.2

Development of the genital ducts

20

2.0

Aetiology and pathophysiology of congenital uterine anomalies

2.1

Aetiology of congenital uterine anomalies

28

2.2

Pathophysiology of congenital uterine anomalies

30

2.3 Associated structural anomalies

3.0
3.1

36

Congenital uterine anomalies
Diagnosis of congenital uterine anomalies

37

3.1.1 B-mode ultrasound

38

3.1.2 Saline infusion

40

sonohysterography

3.1.3

Hysterosalpingography

40

3.1.4

Magnetic

41

3.1.5

Diagnostic hysteroscopy and laparoscopy

3.2

resonance

imaging

Epidemiology of uterine anomalies

3.2.1 General

population

42
43

43

3.2.2 Women with

a

history of recurrent first trimester miscarriage

45

3.2.3 Women with

a

history of infertility

45

3.3 Clinical

impact of congenital uterine anomalies

3.3.1 Women with

previously normal reproductive histories

3.3.2 Women with poor

reproductive histories

47
47
47

3

3.3.2.1 Recurrent first trimester

3.3.2.2

47

miscarriage

48

Infertility

3.3.2.3 Pre-term

49

delivery

3.4 Classification of congenital

49

uterine anomalies

4.0 Three-dimensional ultrasound and

diagnosis of congenital uterine anomalies
53

4.1 Technical considerations
4.2 Three-dimensional

ultrasonography for the diagnosis of congenital uterine anomalies
55

5.0 Endometrial function in

early

pregnancy

development

5.1 Normal endometrial structure

59

5.2 Endometrial

59

5.3

6.0
6.1

receptivity

Investigation of endometrial receptivity

62

Glycodelin
65

Background

6.2 Genetic and

physiochemical properties

66

6.3

Expression of Glycodelin in female reproductive tissues

67

6.4

Regulation of synthesis

68

6.4.1

Oestrogens

68

6.4.2

Progestogens

68

6.5 Role in endometrial
6.6

Expression in early

receptivity
pregnancy

70
72

6.6.1 Normal pregnancy

72

6.6.2

72

Spontaneous miscarriage

6.6.3 Recurrent spontaneous

7.0
7.1

miscarriage

72

Immunological aspects of miscarriage
Background

74

7.2 Immune cells in the endometrium and materno-fetal interface

74

7.3

Cytokines

75

7.4

Cytokines and miscarriage

76

7.5

Cytokines and recurrent miscarriage

78

4

7.6

Cytokines and mechanism of miscarriage

8.0 Insulin-like

8.1

growth factor binding protein-1 (IGFBP-1)

81

Background

8.2 IGFBP-1 in the

8.3 IGFBP-1 in

non

pregnant endometrium

implantation and early

8.4 IGF/IGFBP system

Part II

79

and abnormal

pregnancy

pregnancy

81
83
85

(Methods and Results)

2.0 Materials and methods

88

2.1

88

Setting

2.1.1 The

Early Pregnancy & Gynaecology Assessment Unit (EPAGU),

King's College Hospital, London
2.1.2 The Recurrent
St

88

Miscarriage Clinic,

Mary's Hospital, Paddington, London

88

2.2 Three-dimensional ultrasound

89

2.3

91

Reproducibility of three-dimensional ultrasound

2.4 Uterine

94

flushings

2.5 Measurement of analytes

96

2.5.1

96

Glycodelin

2.5.2 Insulin-like
2.5.3 T

growth factor binding protein-1

helper-1 & T helper-2 cytokines
(IL-2, IL-12, IL-4, IL-6, IL-10, IFNy)

2.6 Statistical

Analysis

2.7 Ethics Committee

3.0

98

approval

101
104
104

Study 1: Reproducibility of three-dimensional ultrasound diagnosis of

congenital uterine anomalies
3.1

Background

105

3.2

Population

106

3.3 Statistical
3.4 Results

Analysis

106
107

5

4.0

Study 2: A comparative study of the prevalence and morphology of

congenital uterine anomalies in
first trimester

women

with and without

a

history of recurrent

miscarriage

4.1

Background

114

4.2

Population

115

4.3 Statistical

Analysis

115

4.4 Results

5.0

116

Study 3: Reproductive outcomes in

detected

on

women

three-dimensional ultrasound

with congenital uterine anomalies

screening

5.1

Background

122

5.2

Population

122

5.3 Statistical

analysis

123

5.4 Results

6.0

123

Study 4: Glycodelin concentration in uterine flushings obtained from

with

unexplained recurrent first trimester miscarriage and

women

with

women

a

subseptate uterus.
6.1

Background

128
129

6.2 Results

7.0

Study 5: T helper 1 and T helper 2 cytokine profile in peri-implantation

endometrium in
and
7.1

women

with

women

a

Background

7.2 Statistical
7.3 Results

analysis

with

unexplained recurrent first trimester miscarriage

subseptate uterus
131

132
132

6

8.0

Study 6: Insulin-like growth factor binding protein-1

flushings from
with

women

8.1

women

an

with

incidental

a

assay

in uterine

history of recurrent first trimester miscarriage and

diagnosis of subseptate uterus
134

Background

8.2 Statistical

135

analysis

8.3 Results

135

Part III
3.1

(Discussions)

Study 1: Reproducibility of three-dimensional ultrasound diagnosis of congenital
138

uterine anomalies
3.2

Study 2: A comparative study of the prevalence and morphology of congenital uterine anomalies in

women

with and without

a

history of recurrent first trimester

miscarriage
3.3

Study 3: Reproductive outcomes in

detected
3.4

141

on

women

three-dimensional ultrasound

with congenital uterine anomalies

screening

145

Study 4: Glycodelin concentration in uterine flushings obtained from

unexplained recurrent first trimester miscarriage and

women

with

a

women

with

subseptate
148

uterus

3.5

Study 5: T helper I and T helper 2 cytokine profile in peri-implantation

endometrium in
women

3.6

with

a

women

with

unexplained recurrent first trimester miscarriage and

Study 6: Insulin-like growth factor binding protein-1

from

women

incidental

152

subseptate uterus

with

a

assay

in uterine flushings

history of recurrent first trimester miscarriage and

diagnosis of subseptate uterus

Part IV

(Conclusions & Further Research)

women

with

an

155

158

References

162

Appendix: Standard Equipment & Reagents

195

Figures
Page

Figure 1.1
Cross-section of a 4 week

embryo demonstrating the three mesodermal layers
20

Figure 1.2
Diagram of primordial

germ

cells migrating from the yolk

sac to

the genital ridge
22

Figure 1. 3
Diagram of the genital ducts at 2 months gestation and their mature adult remnants
23

Figure 1.4
Schematic

diagram of the Mullerian duct invagination into the coelomic epithelium
24

Figure 1.5
Diagram showing the medial progression of the genital ducts (A) to form the broad ligaments,
uterorectal and

(B) uterovesical pouches
25

Figure 2.1
Normally formed uterine body with atretic portion of cervix extending into

upper

vagina
31

Figure 2.2
An arcuate and

subseptate uterus

32

Figure 2.3
Diagrammatic representation of three types of uterine septa, firstly only extending partially into the
uterine

cavity, secondly extending through the cavity and finally extending down to the level of the

cervix and upper

vagina
33

8

Figure 2.4
Unicornuate uterus
34

Figure 2.5
Unicornuate uterus with

non

communicating rudimentary

cornu

35

Figure 2.6
A bicornuate uterus with two

cervices, vaginal septum and a unilateral atretric vaginal

portion
35

Figure 3
The American

Fertility Society Classification of Mullerian anomalies

52

Figure 4
A coronal view of a

septate uterus demonstrating the normal outer uterine contour. The length of the

septum (F) is measured between its distal tip and the midpoint of the line

length of the residual uterine cavity (C)
internal

was

adjoining tubal ostia. The

measured between the distal tip of the septum and the

os.

92

Figure 5
A coronal view of an arcuate uterus

fundal indentation

ostia. The

demonstrating the normal outer uterine contour. The length of the

(F) is measured between its distal tip and the midpoint of the line adjoining tubal

length of the residual uterine cavity (C)

indentation and the internal

was

measured between the distal tip of the fundal

os.

93

9

Figure 6
Inter observer
2.145mm to

variability for measurement W (mean difference -0.33mm, 95% limits of agreement -

1.483mm)
108

Figure 7
Inter observer
1.63mm to

variability for measurement F (mean difference -0.195mm, 95% limits of agreement -

1.24mm)
109

Figure 8
Inter observer

variability for measurement C (mean difference -0.149, 95% limits of agreement

-

1.677mm to 1.379mm)
110

Figure 9
Glycodelin concentration in uterine flushing from
trimester

miscarriage and control

women

with subseptate uterus, recurrent first

group.
130

Figure 9
IGFBP-1 concentration in uterine

miscarriage and control

flushing from

women

with subseptate uterus, recurrent first trimester

group
136

10

Tables
Page
Table 1
Prevalence of congenital

uterine anomalies
46

Table 2
Three-dimensional ultrasound classification of congenital

uterine anomalies
90

Table 3

Demographic data of women undergoing uterine flushing
95
Table 4
Minimum sensitivities of cytokine assay

kits
103

Table 5

The intra and inter assay

coefficients of variation of cytokine

assays
103

Table 6
Inter observer

diagnosis of congenital uterine anomalies
111

Table 7
Intra-observer

reproducibility of measurements of uterine dimensions
112

Table 8

Analysis of variance of inter-observer mean difference of intrauterine dimensions
113

Table 9

Demographics of women included into the final data analysis
118

11

Table 10
Relative
recurrent

proportions of congenital uterine anomalies in low risk

women

and those with

a

history of

miscarriage
119

Table 11

Comparison of uterine morphology in

women

with congenital uterine anomalies
120

Table 12

Comparison of uterine morphology in nulliparous

women

with congenital uterine anomalies
121

Table 13
Indications for ultrasound assessment
125

Table 14
Outcomes of pregnancies
127

Table 15
T

helper 1 and T helper 2 cytokine levels in healthy controls (n

miscarriage (n

=

20) and

women

=

16),

women

with history of recurrent

with ultrasound diagnosis of subseptate uterus (n

=

8)
133

12

Abstract

Transvaginal, three-dimensional ultrasonography,

diagnosis of congenital uterine anomalies,

was

a

non-invasive method for the

investigated for its

accuracy

in the

diagnosis of congenital uterine anomalies and measurement of intrauterine
dimensions. This

technique

was

found to be

a

highly accurate and reproducible

technique for the diagnosis of congenital uterine anomalies with
variance in the measurement of intrauterine dimensions.

dimensional ultrasound,

congenital uterine anomalies

significant

Using transvaginal, three-

were

screened for in low risk

who presented for ultrasonography for indications unrelated to reproductive

women,

performance, and in high risk
whom

no

women,

congenital uterine anomalies

anomalies
the most

were more common

common

with recurrent first trimester miscarriages, in

may

in the

be implicated

high risk

as a cause.

Congenital uterine

with the arcuate uterus being

group,

anomaly and the subseptate uterus being the most

common

major

anomaly. Comparative morphological analysis of intrauterine dimensions of arcuate
and

subseptate uteri in these two

defect

nor

women

that

the

in the

groups

of women revealed that neither the fundal

lengths of unaffected cavity
high-risk

group

had

a

were

significantly different. However,

significantly higher distortion ratio, indicating

congenital uterine anomalies encountered in this

group are more severe.

Analysis of the past reproductive histories of women with congenital uterine
anomalies in the low risk group,
normal uterus revealed that

more

women

likely to have suffered

Similarly,
trimester

women

with

miscarriage.

a

in comparison to

a

with

an

women

with

a

morphologically

incidentally diagnosed arcuate uterus

were

second trimester miscarriage and pre-term labour.

subseptate uterus

were more

likely to have suffered

a

first

13

Uterine

uteri,

women

uterus

were

cavity flushings from

a

control

group

of fertile

women

with normal

with recurrent first trimester miscarriage and women with a subseptate

obtained

during the implantation window. These

were

investigated for

known markers of endometrial

receptivity, which have been shown to be abnormally

expressed in

reproductive histories. Women with

uterus

and

women

women

control group,
and

with

poor

with recurrent first trimester

a

subseptate

miscarriages, in comparison to the

had significantly lower levels of Glycodelin and T helper 2 cytokines

higher levels of Insulin-like growth factor binding protein-1 and T helper 1

cytokines. These results indicate that endometrial function in
uterus demonstrates similar differences

as

found in

women

women

with subseptate

with recurrent

miscarriages, suggesting similar mechanisms of pregnancy failure.
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Hypothesis
This thesis will
1.

investigate the following hypotheses:

Three-dimensional ultrasound

can

be used

as an

accurate and

reproducible

out-patient method for diagnosing congenital uterine anomalies.
2.

The

prevalence of congenital uterine anomalies is higher in

women

with

poor

reproductive histories.
3.

There

are

morphological differences between congenital uterine anomalies

encountered in low risk and

high risk populations that

may account

for the

reproductive failure.
4.

The endometrium in

women

with

abnormalities to that found in
recurrent pregnancy

loss.

subseptate uterus demonstrates similar

women

with normal uterus and

a

history of

17

Aims
The aims of this thesis

•

are:

Examine the accuracy

and reproducibility of three-dimensional ultrasound

diagnosis of congenital uterine anomalies.
•

•

Determine the

prevalence of congenital uterine anomalies in
history of recurrent miscarriage

infertility) and high risk

(with

women

(recurrent first trimester miscarriage) using three-dimensional ultrasound.

Assess the

no

impact,

on

or

reproductive performance, of congenital uterine anomalies

of women.

Compare the degree of morphological disruption in congenital uterine anomalies
in these two groups

•

low risk group of

women

in the low risk group
•

a

of women.

Evaluate endometrial function in

women

women

with recurrent first trimester

women

using the following markers:

with

a

subseptate uterus compared to

miscarriage and

1.

Glycodelin (PP14)

2.

T-helperl and T-helper2 cytokines

3.

Insulin-like

growth factor binding protein-1

a

control

group

of fertile

18

Part I

Background
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1.0 Normal
The female

embryology of the female genital system

urinary and genital systems develop in close association. Primordial

elements of the
and this

urinary system participate in the development of the genital structures

requisite overlap continues from 4 to 12 weeks after fertilisation. The

complex development of these two interlinked systems is evident by the incomplete
separation found in
with

a

some

congenital anomalies (i.e. female pseudohermaphroditism

persistent urogenital sinus.)

1.1

Early development and gonadal genesis

The

urogenital system develops from four

sources:

(1) Intermediate mesoderm,
(2) Coelomic epithelium lining the peritoneal cavity,

(3) Endoderm of the urogenital sinus,
(4) Primordial

germ

cells.

Following fertilization, the blastocyst cell
distinct

portions,

rise to the
and

an

inner cell

mass

and

a

mass

trophoblast

embryo after further dividing into

a

splits and develops

mass.

The inner cell

as two
mass

gives

bilaminar disk composed of epiblast

hypoblast cell layers. Continued growth of the hypoblast forms the endodermal

part of the extraembryonic membranes. The hypoblast in contrast undergoes a range
of more

complex changes that give rise to the embryo itself.

The intermediate mesoderm, the coelomic

urogenital sinus

are

embryonic disk into
endoderm

all formed
a

as a

epithelium and the endoderm of the

result of transformation of the bilaminar

trilaminar disk composed of ectoderm, mesoderm and

during the third week of development. During this

streak forms

as a

midline

depression

on

process,

the primitive

the dorsal surface of the coelomic cavity.

20

embryonic epiblastic cells migrate and form embryonic mesoderm and endoderm.
Epiblast cells overlying the embryonic mesoderm then become the embryonic
ectoderm.
distinct

By the end of this

layers

on

process,

the mesoderm has organised itself into three

either side of the developing neural tube. The medial most clusters

of mesodermal cells

are

known

as

the

paraxial mesoderm from which the somites and

much of the axial skeleton form. The lateral most clusters
mesoderm in which
mesodermal

a

space,

are

the coelom, develops and creates

termed the lateral
a

dorsal and ventral

layer. In between the paraxial and lateral plate mesoderm,

a

third cluster

of cells form, the intermediate mesoderm. This intermediate mesoderm is the
the

plate

origin of

urogenital ridge and hence the majority of reproductive and excretory systems

(Bast, 1994). (Figure 1.1)

Figure 1.1
Cross-section of a 4 week

embryo demonstrating the three mesodermal layers (Bast,

1994)

Notochord

Yolk
sac

Mesonephric tubule rudiment

Splanchnic
mesoderm
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Sexual differentiation in humans

in

occurs

a

gonadal, ductal and genital. Genetic determination
phenotypic gender differences in the embryo
after

conception. This early period is known

sequential order: genetic,

occurs at

fertilisation; however,

are not apparent
as

till about nine weeks

the indifferent stage, when

morphological differentiation has not occurred and preferential differentiation for
sex

has not been

differentiation

expresses

imposed

occurs

on

the

when the

as yet

sexless primordial

primitive gonad, in the

presence

TDF (testis determining factor.) This is encoded

chromosome in the SRY

a

on

Sexual

of a Y chromosome,

the short

arm

of the Y

(sex determining region of the Y chromosome) region. The

expression of TDF initiates
gonad into

organs.

one

a

chain of events that results in the differentiation of the

testis and subsequent production from this primitive testis of anti

Mtillerian hormone, which causes

regression of the paramesonephric ducts, and

testosterone, which influences the

persistence and differentiation of the mesonephric

ducts. These two factors will then influence and
maleness. In the absence of the SRY
form

an

ovary

"default"'

cause

development of somatic

region, the gonad does not produce TDF and will

instead. It is apparent, therefore, that the female phenotype is the

development pathway and development of male phenotype

the presence
The

occurs

only in

of further superimposed factors.

primitive gonads contain both

germ

derived from three different tissues: coelomic

cells and somatic cells, which

epithelium, mesenchyme and

mesonephric tissue. Development of the gonad

occurs

when the germinal epithelium,

overlying the gonadal ridge, invades deeper and forms the primary
contain the germ

cells. The primordial

germ

are

cells

appear

sex

cords that later

in the early fourth week of

22

development
then

among

the endodermal cells of in the dorsal wall of the yolk

sac.

They

migrate along the dorsal mesentery of the hindgut, by amoeboid movement,

using pseudopodia. These

germ

cells then arrive at the primitive gonad by the

week and invade the medial aspect

6th

of the genital ridges. (Figure 1.2)

Figure 1.2
Diagram of primordial
et

germ

cells migrating from the yolk

sac to

the genital ridge (Lin

ah, 2002)

3rd Week

6th Week

Subsequent proliferation of the coelomic epithelium results in the formation of the
primitive

sex

cords, thickening of the genital ridges and ultimately formation of the

primitive indifferent gonad. Once the primitive gonad has been formed, the
divide

rapidly and generate either spermatogonia

also starts

or

In the absence of a Y chromosome and in the presence

develop normally. The primary

are

mesodermal in origin.

of two X chromosome, the
sex

cords

are

broken

clusters of cells and form the rete ovarii and the vascular stroma of the ovary.
ovarian

cells

oogonia. The gonad at this stage

secreting hormones from endocrine cells, which

ovaries will continue to

germ

epithelium continues to proliferate at the genital ridge and by the

up

into

The

7th week, the

23

cortical cords

are

formed, each surrounding a primitive germ cell to form oogonia.

The ovaries then descend into the true
1.2

pelvis to

occupy

their anatomical position.

Development of the genital ducts

During the

6th week of development, the Mullerian ducts are formed by longitudinal

invaginations of the coelomic epithelium

on

the anterolateral surface of the urogenital

ridge, adjacent to the Wollfian ducts. The Mullerian ducts

are

named after a German

physiologist, Johannes Muller, who originally described the embryology of the
genitalia in 1830. The Wolffian ducts
Although adult structures

are

were

described

Wolffian ducts, these two structures

as

described earlier by Kaspar Wolff in 1759.

being derivatives of either the Mullerian

only contribute to the epithelial lining (Figure

1.3).

Figure 1. 3
Diagram of the genital ducts at 2 months gestation and their mature adult remnants

(Lin et al., 2002)

abdominal
ostium of
uterine
tube

i0— Gartner's

Mulleria
du<

duct

or

24

Muscle and connective tissue for these two systems
mesoderm and

originates from splanchnic

mesenchyme adjacent to the ducts (Figure 1.4).

Figure 1.4
Schematic

diagram of the Mullerian duct invagination into the coelomic epithelium

(Lin et al., 2002)

Mullerian duct

invagination

The Wolffian ducts

are

originally the excretory ducts of the primitive, mesonephric,

kidneys therefore they develop almost two weeks earlier than the Mullerian ducts. The
two

pairs of genital ducts share

a

close anatomical relationship in their bilateral course

through the urogenital ridge. At their caudal limit, both sets of ducts meet the part of
the cloaca that is later

separated

Mullerian hormone, which is
ducts

as

the urogenital sinus. In the absence of Anti

produced by the Sertoli cells in the testis, the Mullerian

proliferate and develop into uterus and Fallopian tubes with the

oestrogen from the maternal

presence

of

circulation and placenta being instrumental in organising

25

normal Mullerian duct

development. The Wolffian ducts, in contrast, in the absence of

Anti Mullerian hormone and testosterone, regress.

Development of the Mullerian ducts essentially involves fusion of the distal
portion to form
form the
and this

a

single cavity with the

more

proximal portions remaining separate to

Fallopian tube. The fusion of the caudal segments is complete by 8 weeks
conjoined portion of the

becomes the

now

Y shaped paramesonephric complex will

uterovaginal primordium which ultimately will form the uterine body,

cervix and upper

vagina. The free, non-fused, proximal portions that form the

fallopian tubes have patent ostia at their origins, which develop into funnel shaped

openings of the Fallopian tubes.
Initial

development of the paramesonephric ducts is cranio-caudal through the

mesenchyme of the urogenital ridge. More inferiorly, the Mullerian ducts have
caudo-medial

course

with each duct

passing ventral to the Wolffian duct. The caudal

tip of each duct lies in close apposition to its counterpart from the opposite side

(Figure 1.5).

a

26

Figure 1.5
Diagram showing the medial progression of the genital ducts (A) to form the broad
ligaments, uterorectal and (B) uterovesical pouches (Lin et al., 2002)

A

B

fused Mullerian ducts

Early in the ninth week, the uterovaginal primordium
the medial aspect

comes

into contact with

of urogenital sinus. This places the uterovaginal primordium in

a

position between the openings of the two proximal portions of the Wolffian ducts,
which joined

the dorsal wall during the fifth week of development before the

subdivision of the
wall of the

urogenital sinus from the cloaca. A ventral protrusion of the dorsal

urogenital sinus forms at the point of contact of the uterovaginal

primordium with the wall and between the openings of the mesonephric ducts. This
protrusion is termed the Mullerian tubercle and consists of several types of epithelial
cells that

are

derived from the ducts and the wall of the sinus.

The formation of the Mullerian tubercle, fusion of the middle and caudal

portions of the Mullerian ducts and subsequent degeneration of the vertical septum
(the apposed walls of the two Mullerian ducts) within the uterovaginal primordium
creates a

single cavity. The solid distal end of this primordium continues to

grow

27

caudally and

a

mesenchymal thickening surrounds the cervical region. The

uterovaginal primordium itself gives rise to the fundus, body and isthmus of the uterus
including the endometrium and endometrial glands. The endometrial stroma and the
smooth muscle of the

myometrium

are

derived from the adjacent splanchnic

mesenchyme. The epithelium of the cervix will form from the lower aspects of the
primordium. Further development of the anatomical portions of the uterus will
continue

throughout gestation, however,

trimester. Formation of the

a

basic template is generated in the first

glands and muscular layers of the uterus normally

in the middle of the second trimester and mucinous cells in the cervix appear
third trimester.

occurs

in the
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2.0

2.1

The

Aetiology and pathophysiology of congenital uterine anomalies
Aetiology of congenital uterine anomalies
aetiology of the majority of congenital uterine anomalies is unknown. Several

hypotheses have been proposed involving genetic, environmental and iatrogenic
mechanisms. However, none are
What is known is that the

anomaly will have

a

Studies have
in the

comes

universally accepted and opinions differ widely.

majority of women diagnosed with

a

congenital uterine

normal karyotype.
previously investigated the role of abnormal genetic expression

aetiology of congenital uterine anomalies. The majority of work in this field
indirectly from studies of familial linkage that investigate clusters of anomalies

within families. However, these studies are

usually only possible in

a

single

generation, it is unlikely that subsequent generations will be treated by the
clinician and furthermore the invasive nature of investigations
anomalies

precludes screening outside

that among

a

same

for congenital uterine

research setting. Elias et al. (1984) showed

first-degree relatives, the incidence of congenital uterine anomalies

only 2.7% and amongst second degree relatives of the
congenital uterine anomaly

were

same

generation,

was

no cases

of

found. Elias' study is limited in that it did not

investigate all members of a single family and therefore it remains unknown what the
true

undiagnosed incidence

under

was

in his study. However, from his study,

even

if he had

diagnosed anomalies, it is apparent that the prevalence of congenital uterine

anomalies is in

keeping with currently accepted prevalence figures in the general

population of fertile

women

Several other authors have

with normal reproductive histories (Ashton et al., 1988).

subsequently reported

on

familial aggregations of

congenital uterine anomalies. Ergun et al. (1997) reported
of septate uterus among

a rare

familial aggregation

three sisters, all of whom had various manifestations of
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septate uterus, either complete or incomplete septa. Mikkila et al. (1994) reported an
X linked

laterality

alterations in the

sequence

consisting of situs invertus, complex cardiac defects and

development of the spleen. The obligate carrier females in this

pedigree all had septate uterus and hypertelorism, which the authors proposed
carrier gene

dominant
and

manifestations. Edwards and Gale (1972) reported

syndrome characterised by

a

an

as

autosomal

longitudinal vaginal septum, hand anomalies

urinary incontinence possibly due to

a

bladder neck anomaly. Similarly Sarto and

Simpson (1978) have reported siblings with Mullerian aplasia suggesting

polygenic

a

multifactorial inheritance pattern.

Shokeir (1978) suggested that

autosomal dominant mutant gene,

carried by the male, might be responsible for

cases

with

of Mullerian anomalies after

usually with

similar reports

one

limited
some

investigating the families of 13 unrelated families

aplasia of the Mullerian duct; similarly affected siblings

families

a sex

were

found in 10

affected female paternal relative. The literature has several

of familial aggregates of incomplete Mullerian fusion anomalies.

However, all reports are consistent in that the problem does not affect all in a

generation and thus if a genetic factor is responsible for the aetiology of congenital
uterine anomalies, it is

likely to be expressed variably.

The extra and intra uterine environment has been

implicated in

a range

of

congenital birth defects. Exposure to ionising radiation in utero often results in
chromosomal

damage and hence malformation of the fetus. Intrauterine infections

also result in retardation of fetal

cause

of defects of the heart, eye, ear

teratogenic agents in utero
case

growth and anomalies. The rubella virus is

with exposure to

may

and genital tract. Similarly,

exposure

result in anomalies of the genital system;

diethylstilboesterol.

a

can

known

to certain

as was

the
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The

aetiology of congenital uterine anomalies is likely to be complex with

contribution from both

genetic and environmental factors, which together create

environment, which disrupts the complex embryological

processes

an

that result in

congenital uterine anomalies.

2.2

Pathophysiology of congenital uterine anomalies

The

epithelium of the uterus, cervix and the fibromuscular wall of the vagina

derived from the Mullerian ducts, the distal ends of which fuse

are

medially to form the

primordial utero-vagina. The bulk of this primordium will form the uterus, with the
caudal most

tip coming into contact with the pelvic part of the urogenital sinus where

this interaction forms the upper
can

be

portion of the vagina. Various steps in this

sequence

deranged and result in the genesis of an anomaly:

(1) Complete
(2) Lack of,

or

or

partial failure of one

or

both ducts to form.

incomplete, fusion of the caudal segments of the uterovaginal

primordium.
(3) Failure of development after successful formation.
Many of the anomalies

complex interactions

occur

because the number of sites for potential

necessary

fusion

or a

disturbance in the

anomalies of the

1997).

of urogenital tract development. The majority of

occur as a

uterovaginal primordium in the

the

for the development of the Mullerian derivatives and

the duration of the entire process

congenital uterine anomalies

error,

result of arrest in the development of the

8th week of development. Most involve a defect in the

migration of the Mullerian ducts, which

Fallopian tubes, uterus and

upper two

may

result in

thirds, of the vagina (Duncan,
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Complete agenesis of the uterus is
anomalies of the upper

very rare

portion of the vagina,

as

and often associated with

encountered in the Mayer-

Rokitansky-Kuster-Hauser syndrome). The impairment of the reproductive system is
such that
with

a

no

host uterus

anomalies
been

a

reproductive potential is possible and in vitro fertilization techniques

are

are

also

the

only option (Lin et ah, 2002). Associated urinary tract

common

in several

proposed that the initial

knock

on

effect

on

cases

error may

Mullerian duct

of congenital

uterine anomaly and it has

be in the formation of the urinary system with

development (Marshall & Beisel, 1978; Homer et

ah, 2000).
Disorders of vertical fusion of the two ducts

are

representative of faults in the

junction between the caudo-medially growing ducts and the cranially growing
derivative of the

urogenital sinus. These disorders

are

characterised by

an

atretic

portion of vagina extending for almost half the entire length of the vagina;
be limited to

a

thin transverse

or

it

may

vaginal septum (Figure 2.1)

Figure 2.1
Normally formed uterine body with atretic portion of cervix extending into

vagina (Bast, 1994)

upper
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Disorders of lateral fusion of the two Mullerian ducts

range

of anomalies. The two Mullerian ducts

form two separate

may

uterine bodies, cervices and

one

upper

vaginas;

uterine medial

one

a

wide

as seen

come

with the uterus

together and fuse to

single vagina and cervix; however, there

uterine bodies; as seen with a bicornuate uterus. More

together in the midline to form

result in

remain completely separate and

didelphys. More commonly, the two Mullerian ducts will
varying degree such that there is

can

often the two ducts

uterine body, however,

a

may

only be

a

uterus, as seen with the arcuate uterus, or it may
from the fundus and divides the uterine

are two

come

variable portion of the

portions of the adjoining ducts do not degenerate and therefore

portion of it remains. This portion

a

a

small indent in the fundus of the
involve

a septum

that extends down

cavity into two halves, the subseptate and

septate uterus (Figure 2.2).

Figure 2.2 An arcuate and subseptate uterus (American Fertility Society Classification
of Mullerian

anomalies).

Arcuate uterus

Subseptate uterus
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The septum may

also involve the cervical canal and divide it into two halves (Figure

2.3).

Figure 2.3
Diagrammatic representation of three types of uterine septa, firstly only extending
partially into the uterine cavity, secondly extending through the cavity and finally
extending down to the level of the cervix and

upper

vagina (Bast, 1994)

Embryologically, the medial portions of the Mullerian ducts degenerate by
that

proceeds caphalad. Apoptosis has recently been proposed
in septum

occurs

process

resorption. Bcl-2 is

a

as

the

a process

process

that

protein that in intimately involved in the

of apoptosis and has been found to be absent in the septa of four uteri

investigated using monoclonal antibodies and immunohistochemical analysis (Lee et
ah, 1998).
More unusual

configurations

occur

when

one

Mullerian duct develops

normally and the other does not. The abnormal Mullerian duct
absent;
case a

as seen

with the unicornuate uterus

rudimentary

with the other

cornu

cavity

or

it

or

it

may

be isolated. Either

be completely

form only partially, in which

will be present. This rudimentary
may

may

way,

cornu may

communicate

both forms of rudimentary

cornu are

likely to contain endometrial tissue with the potential to support a

pregnancy

(Figure 2.4 & Figure 2.5).

Figure 2.4
Unicornuate uterus (Bast,

1994)
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Figure 2.5
Unicornuate uterus with

non

communicating rudimentary

Often combinations of the above defects arise that
anomalies that

a

transverse

vaginal septum (Figure 2.6)

longitudinal fusion defect,

may

(Bast, 1994)

give rise to congenital uterine

display disorders of several embryological

which has

cornu

processes.

Thus,

a uterus,

coexist with agenesis at another site

or a

Figure 2.6
A bicornuate uterus with two

portion (Bast, 1994)

cervices, vaginal septum and a unilateral atretric vaginal
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2.3 Associated structural anomalies
Fore et al.

(1975) have reported that 47% of women with Mullerian anomalies had

associated

urological anomalies too. Other studies have also confirmed such findings,

with

approximately 1/3 of women with complete vaginal agenesis found to have

significant urological anomalies, including

upper

renal tract and kidney anomalies

(Valle and Sciarra, 1986; March and Israel, 1987; Choe and Baggish, 1992; Ergun et
ah, 1997.)
Skeletal anomalies have been

was

first described. Griffin et al.

reported since congenital absence of the vagina

(1976) reviewed 574 reported

cases

of congenital

uterine anomalies and found that almost 12% of women had associated skeletal
anomalies. The

majority of skeletal anomalies

are

minor and involve wedge vertebrae,

fusions, rudimentary vertebral bodies and supernumerary vertebrae. Only rarely are
limbs and ribs involved.
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3.0
3.1

Congenital uterine anomalies
Diagnosis of congenital uterine anomalies

Historically, the diagnosis of congenital uterine anomalies

was

made clinically (Jones,

1957; Zabrinske, 1962; Hauzlik, 1966). The identification of a vaginal septum or
cervical

duplication

on

clinical examination formed the basis of suspicion of a

congenital uterine anomaly. As the ability to visualise the uterus
uterus

was

evaluated

on

bimanual examination, or at

vaginal palpation is of limited

diagnostic test for
was

a

uterus.

was

cervical

however, this method

was

the main

duplication

or a

vaginal septum. A broad
or a

fundal cleft

diagnosis of uterine duplication anomalies, such

Thus, it is only the most

lower overall

laparotomy. Examination by

palpation of two distinct uterine bodies

basis for the clinical

limited, the

long time, especially after childbirth. Suspicion of an anomaly

also made when there

uterine fundus, the

accuracy;

was

prevalence and

a

severe

anomalies that

were

as

the bicornuate

detected resulting in

uterus, was considered to be low, such anomalies

when

a

a

imaging methods to diagnose uterine anomalies

(Hauzlik, 1966). Consequently, the prevalence of minor anomalies, such

dilatation and curettage

the

higher proportion of major anomalies compared to the

later studies, which used various

arcuate

was

small fundal septum,

or

as

the

being usually diagnosed at

indent, could be felt with the

operating curette (Rock, 1997).
In contemporary

gynaecological practice, the most

diagnosis of congenital uterine anomalies
ultrasound and

are

common

methods for

conventional B-mode transvaginal

hysterosalpingography (HSG). In order to correctly classify

a

congenital uterine anomaly, both the internal and external fundal contours of the
uterus must be examined

to differentiate

(Rock, 1997). The importance of this relates to the necessity

between the most

common

duplication anomalies, namely arcuate.
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subseptate and bicornuate uterus. The clinical significance of each type of anomaly is
different, and the management also varies depending on the nature of morphological
defect. In the
to

perform

a

case

of a bicornuate uterus, mistaken for a

hysteroscopic metroplasty

may

an attempt

result in perforation of the uterus (Rock,

1997). Although both transvaginal ultrasound and HSG
detection of uterine

subseptate uterus,

are

sensitive methods for the

anomalies, neither enables accurate differentiation between

subseptate and bicornuate uterus.
Accurate

diagnosis of other anomalies is also important. Women with

unicornuate uteri may, or may not,
with the uterine

it

have

a

rudimentary horn which communicates

cavity. HSG alone is unable to identify non-communicating

only allows views of the dominant cavity. Further differentiation

with

transvaginal ultrasound

this condition
menstruation

as women

causing

1999). In addition
may

severe

one

cornu

may

suffer from retrograde

dysmenorrhoea and pelvic adhesions (Vercellini et al.,

a pregnancy may

severe

develop in

a

non-communicating

cornu,

of the problems, which illustrates the need to establish

anaesthetic, such

as

which

intra-abdominal haemorrhage (Daskalakis et al.,

diagnosis of a congenital uterine anomaly
tests under

be possible

diagnostic laparoscopy. It is important to diagnose

with non-communication

result in rupture and

2002). This is

or a

may

cornua as

even

if this necessitates the

use

an

accurate

of invasive

combined laparoscopy and hysteroscopy.

3.1.1 B-mode ultrasound

The

use

of ultrasound in the

investigation of women with reproductive

problems has the significant advantages of being
that avoids the

use

of harmful

a

non-invasive outpatient procedure

ionising radiation. Trans-abdominal ultrasound

provides the further advantage of being the least invasive method within this field.
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However, adipose tissue and poor bladder filing often compromise image clarity.

Early studies investigating the contribution of trans-abdominal ultrasound in the
differentiation between bicornuate uterus and

improved diagnostic
of

subseptate uterus demonstrated

HSG when compared to the invasive gold standard

accuracy over

laparoscopy and hysteroscopy. However, the study reported

43% and

a

a

sensitivity of only

specificity of 98% (Nicolini et ah, 1987). A further advantage of trans¬

abdominal ultrasound is that it
tract anomalies

be used

can

simultaneously to detect associated renal

(Rock, 1997).

Although conventional transvaginal B-mode transvaginal ultrasound allows
improved visualisation of pelvic structures and has become
part in the diagnosis of most acquired uterine pathology,
constraints of pelvic anatomy

an accurate

and integral

it remains limited by the

(Pellerito et ah, 1992; Jurkovic and Aslam, 1998).

Nevertheless, it provides excellent images and is of great value in the detection of

acquired uterine pathology. Specifically, for the detection of intrauterine adhesions,
submucous fibroids, and endometrial

polyps, the positive predictive value of

transvaginal ultrasound, in comparison to hysteroscopy, is
96%

as

high

as

98%, 92% and

respectively (Narayan & Goswamy, 1993; Vercellini et al., 1997; Fabres et al.,

1998; Shalev et al., 2000).
In the

diagnosis of congenital uterine anomalies, it has provided

results due to the

as

more

inability of the operator to visualise the uterus in the coronal plane

the ultrasound beam

usually

runs

parallel to it, which hampers the differential

diagnosis between arcuate, subseptate and bicornuate uterus. Furthermore, it
be used

intra-operatively to

perforation; and

sobering

a

assess

may

also

myometrial extension of uterine fibroids to avoid

similar approach

may

be advocated for uterine septa (Cohen &

Valle, 2000). It is therefore not surprising that the studies

investigating

accuracy

of
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transvaginal ultrasound in the diagnosis of congenital uterine anomalies report high
sensitivity, but low specificity (Pellerito et al., 1992; Kupesic & Kurjak, 1998;
Storment et al.,
uterus with

a

1998). In the detection of more

severe

anomalies, such

as

unicornuate

rudimentary horn, conventional B mode transvaginal ultrasound has

sensitivity of 86% and

3.1.2 Saline infusion

a

a

specificity of 100% (Fedele et al., 1988).

sonohysterography

The instillation of saline into the uterine

specificity of B-mode scanning. In

one

cavity

may

help to improve the

study, saline infusion sonohysterography

agreed with hysteroscopy and laparoscopy findings of uterine anomalies in 78% of
cases,

compared to 44% for HSG and un-enhanced B-mode transvaginal ultrasound

(Soares et al., 2000). Although the
the differentiation of duplication
have used

hysteroscopy

as

accuracy

of saline infusion sonohysterography for

anomalies is reported to be

up to

100%, all studies

the gold standard, which also shares the

same

limitation of

being unable to accurately visualise the external uterine fundal contour (Keltz et al.,
1997). It should also be noted that this procedure is associated with pain and the risk
of retrograde

3.1.3

spread of infection (Forsey et al., 1990; Ayida et al., 1996).

Hysterosalpingography
HSG has been used to define uterine

1914). This procedure
subnitrate. HSG is
uterine

an

cavity, such

was

a

century (Cary,

first performed by Rindfleisch in 1910 using bismuth

excellent tool for the

as

morphology for almost

diagnosis of any filling defect in the

adhesions, polyps and submucous fibroids. The differentiation

between the defects is, however,

more

subjective. Furthermore, HSG, similar to

transvaginal ultrasound, allows visualisation of the internal cavity of the uterus only
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and does not

give

any

information

on

the serosal surface of the uterus. Technical

constraints also limit the usefulness of HSG with air bubbles, blood clots and mucus
all

being able to masquerade

as

filling defects. Specifically, in the context of

congenital uterine anomalies, the
obscure the

a

can

false diagnosis of a normal

(Raziel et ah, 1994).

It has been

any

of a large amount of contrast medium

diagnosis of small uterine septa and causing

be made

uterus to

use

shown, in several studies, that the

intrauterine pathology

may

use

of HSG for the diagnosis of

provide false positive rates

as

high

as

54% and false

negative rates of 28% in comparison to hysteroscopy (Mencaglia et ah, 1988; Taylor
and

Goswamy, 1989; Raziel et ah, 1994.). In the context of congenital uterine

anomalies, HSG is unable to distinguish between subseptate and bicornuate uteri in up
to 45%

of cases and it often misses small uterine septa

(Reuter et ah, 1989; Golan et

ah, 1992). Several methods have been devised in attempt to overcome this problem

involving complex descriptions of the angle and attitude of the medial walls of the
uterine

cavity. None of these, however, have been shown to be either reproducible

accurate

3.1.4

or

(Barbot, 1995).

Magnetic

resonance

imaging

Increasingly, MRI has been used to

assess

uterine morphology. Its multiplanar

capability, good soft tissue contrast,

use

invasive nature make it

imaging technique. Critically, it allows

an

reconstruction of images
contours,

attractive

of non-ionising radiation and relatively

non¬

and evaluation of both the internal and external fundal

thereby being able to differentiate between the various duplication

anomalies and to detect the presence
found MRI to have

an

excellent

of rudimentary

diagnostic

accuracy,

cornua.

Several studies have

consistent with intra operative
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findings (Fischetti et al., 1995). MRI is also able to identify septal tissue by virtue of
the fact that it contains
muscular normal
not

a

higher amount of fibrous tissue in contrast to the

more

myometrium (Pellerito et al., 1998). However, MRI is expensive and

readily accessible in all centres. Furthermore, studies do exist that question the

widely held belief that MRI is highly accurate in the diagnosis of congenital uterine
anomalies. Letterie et al.

diagnosis of 16

cases

(1995) compared the findings of MRI and ultrasound, in the

of congenital uterine anomaly, to diagnostic laparoscopy and

hysteroscopy. Ultrasound and MRI correctly diagnosed subseptate uterus in 33% and
50% of cases

respectively and MRI had

an

overall sensitivity of only 77% and

specificity of 33%.

3.1.5

Diagnostic hysteroscopy and laparoscopy

Diagnostic hysteroscopy is considered to be the gold standard for assessment of
intrauterine abnormalities
Combined

including uterine septa and intrauterine adhesions.

hysteroscopy and laparoscopy

are

considered the gold standard for the

diagnosis of congenital uterine anomalies (Homer et al., 2000). These methods allow
visualisation of the both fundal contours of the uterus. The

hysteroscopy alone does not provide information
It

on

use

of diagnostic

the serosal surface of the uterus.

is, therefore, not possible to distinguish between the various Mullerian duplication

anomalies. Unlike HSG,

hysteroscopy does not provide

any

information

on

tubal

patency; however, this is likely to only affect the management of women with history
of infertility.
a

false

In

women

with complete uterine septa, which extend down to the cervix,

impression of a unicornuate uterus

hemicavity only.

may

be made if the operator inspects

one
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Laparoscopic descriptions of fundal morphology

are

likely to be based

subjective impression of the operator. Studies will often classify
bicornuate if there is any
minor indentations

3.2

as

fundal indentation. However,

some

a

the

on

uterus as being

operators may consider

being diagnostic of bicornuate uterus, whilst others

may not.

Epidemiology of uterine anomalies

3.2.1 General

The

population

principle factor that forms the uncertainty regarding the significance of congenital

uterine anomalies in

also be found
who present

women

incidentally in

with poor
women

reproductive histories is the fact that they

may

with apparently normal reproductive histories

for pelvic imaging for indications not related to reproductive

performance (Ashton et al., 1988; Acien, P., 1993; Raga et al., 1997). Several studies
have

previously attempted to define the prevalence of uterine anomalies in this

population of women. Of the initial studies that attempted to define the prevalence of
congenital uterine anomalies, Jarcho (1946) reported anomalies in
deliveries and

a

one

in 200 non-pregnant

subsequent study reported

500

-

an

in 15,000

gynaecological patients. In contrast, however,

incidence of congenital uterine anomalies of one in

700 deliveries and 1 in 100000

both studies, the

one

non

pregnant women (Moore et al., 1941). In

previous reproductive histories

are

unknown and classification of

congenital uterine anomalies is subjective and arbitrary, varying between the studies.
Furthermore, the diagnosis of congenital uterine anomaly in both studies is made upon
the

subjective impression of the clinician

uterine

on

clinical examination

or

exploration of the

cavity.
The advent of the

hysteroscope, and its increased

use

diagnosis, enabled Cooper et al. inl 983 to provide first data

in gynaecological

on

the prevalence of these
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malformations of the uterine

cavity in

sterilisation.

prevalence of 6.2%, however,

They reported

diagnosis is based
to

on

a

parous women

undergoing hysteroscopic
as

with previous studies,

the subjective impression of the operator and

no attempt

is made

accurately differentiate between the various duplication anomalies, namely the
subseptate and bicornuate uterus.

arcuate,

More

recently, Ashton et al. (1988) evaluated the data from

hysterosalpingograms done after transcervical tubal sterilisation in 872
defined uterine anomalies

according to their

own

women.

They

criteria, which did not attempt to

differentiate between

subseptate and bicornuate uteri and did not include arcuate uteri,

considering them

variant of normal. The prevalence of major anomalies

1.9% with the

Simon et al.
women

as a

bicornuate/septate uterus being the most

undergone various surgical procedures for sterilisation, and found

incidence of 3.2%.

no

Subsequently,

(1991), evaluated the post procedure hysterosalpingograms, from 679

who had

uterine septa

common types.

was

an

Again this study excluded all arcuate uteri and also excluded

that occupied less than

a

third of the uterine cavity. This study also made

attempt to differentiate between the various duplication anomalies and it assumed

that septa,

which do not occupy

more

than

a

third of the uterine cavity,

are

essentially

benign. Finally, Raga et al (1997) examined the hysterosalpingograms of 1289
who had

previously undergone tubal sterilisation. They found

a

women

prevalence of

congenital uterine anomalies of 3.8%. This study did, in contrast to the previous,
include arcuate uteri, which
followed

were

the most

by septate uteri, found in 1.5%.

common

anomalies found in 1.6% of cases
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3.2.2 Women with
The

a

history of recurrent first trimester miscarriage

reported prevalence of congenital uterine anomalies in

trimester

women

with recurrent first

miscarriage varies widely (Table 1). Some studies report that

as many as

38% of women with recurrent first trimester

miscarriage have congenital uterine

anomalies whist others report

low

prevalence

Clifford et al., 1994; Acien, P.,

as

1.8% (Makino et al., 1992;

as

1996). These wide variations in prevalence

due to variations in definitions of recurrent first trimester

studies

including

women

with two

or

three consecutive,

miscarriages and others including late

pregnancy

anomalies and inclusion of women with
variations.

miscarriage, with

or

prevalence in

women

partly

some

non-consecutive,

losses. The exclusion of some

history of infertility also have contributed to

Irrespective of the limitation of these studies, the majority do report

overall increased
the

a

are

with recurrent

pregnancy

an

loss, compared to

general gynaecological population. The only study that reported

a

lower

prevalence used trans-abdominal ultrasound, which probably reflects the low
sensitivity of this method for the detection of congenital uterine anomalies (Clifford et
al., 1994).

3.2.3 Women with
The

a

history of infertility

prevalence of congenital uterine anomalies in

is also

highly variable and

ranges

women

with

a

history of infertility

from between 1% to 26% (Tulandi et al., 1980;

Raga et al., 1996; Raga et al., 1997). A recent meta-analysis of the prevalence of

congenital uterine anomalies in
of 3.4%, which is

with infertility reported

comparable to that of low risk

indirect conclusion is made that
women's

women

women

a

median prevalence

(Grimbizis et al., 2001). An

congenital uterine anomalies have

fertility (ESHRE Capri Workshop, 1996)

no

impact

on
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Table 1

Prevalence of congenital

uterine anomalies
Diagnostic method

General

Prevalence

population

Jarcho, 1946

Clinical examination

0.005

Moore et al., 1941

Clinical examination

0.002

Cooper et al., 1983

Hysteroscopy
HSG*

6.2

Ashton et al., 1988
Simon et al., 1991

HSG*

3.2

Raga et al., 1997

HSG*

3.8

Three dimensional ultrasound

5.4

HSG*/ TAUSS**

1.8

HSG*

15.7

Jurkovic et al., 1997
Recurrent

1.9

miscarriage

Clifford et al., 1994
Makino et al., 1992b
Raziel et al., 1994
Acien et al., 1996

HSG*/

Hysteroscopy

18

HSG*

37.6

HSG*

1

Infertility
Tulandi et al., 1980

Raga et al., 1997
*

HSG*/

Hysteroscopy

Hysterosalpingography; **Trans-abdominal ultrasound

2.4%

(%)
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3.3 Clinical

impact of congenital uterine anomalies

3.3.1 Women with

Generally,
presence

previously normal reproductive histories
women are

investigated for congenital uterine anomalies only in the

of a history of adverse

anomalies

also found

are

indications unrelated to

pregnancy outcomes.

incidentally in

incidental

who have pelvic imaging for

reproductive performance. It has been observed that

congenital uterine anomalies have
latter group

women

However, congenital uterine

a

little impact

on

reproductive performance in this

of women. Ashton et al. (1988) reported that all of the 16

impact

on

associated with

only

on

a

subseptate uteri, the latter being

much poorer

live births, it did not elaborate

other studies have been

3.3.2 Women with poor

an

have

commonly found and

more common

on

in

gestation of delivery, pre-term

women

with

a

on

bicornuate uterus. No

the reproductive

incidental diagnosis of congenital uterine anomaly.

reproductive histories

3.3.2.1 Recurrent first trimester

and

more

published to date that have reported

performance of women with

a

women

prognosis for pregnancies. Furthermore, the study

delivery being considered to be

There is

an

reproductive performance. However, this study did not differentiate

between bicornuate and

focused

with

finding of uterine anomaly had had multiple successful pregnancies and

thereby concluded that congenital uterine anomalies found in low risk
limited

women

miscarriage

well-recognised association between recurrent first trimester miscarriage

subseptate uterus (Homer et al., 2000; Grimbizis et al., 2001). This anomaly is

often the most

commonly encountered, however, it is also the anomaly associated

with the poorest pregnancy outcomes
first trimester

(Homer et al., 2000). In

women

with recurrent

miscarriage who have untreated subseptate uterus, the early

pregnancy
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loss rate is

reported to be

as

high

as

91% and live birth rates

low

as

as

0% (Perino et

al., 1987; Cararach et al., 1994). However, these studies have almost exclusively

investigated

women

selection bias.

with

reproductive histories only and

are

therefore limited by

Irrespective of these limitations, the live birth rates in

recurrent first trimester

reported to be

poor

as

high

miscarriage after surgical correction

women

with

impressive and

are

94% (Mencaglia and Tantini, 1996). This should be,

as

however, considered with the finding that the live birth rate in women after three
consecutive losses is

as

high

as

70% (Clifford et ah, 1998). Furthermore, closer

scrutiny of these studies reveals huge variations in diagnostic criteria, with
studies

including

women

three consecutive losses

Although, there
in

are a

with arcuate uteri and others including

study to

large number of studies in literature reporting

in the

are

women

also found in

women

without

a

pregnancy

never

been

a

randomised controlled

loss. The finding that subseptate uteri

history of recurrent

uncertainty. At present, it is been unclear if there

3.3.2.2

improvement

the benefit of intervention and the real contribution of subseptate uteri

pathophysiology of recurrent

two groups

an

with subseptate uterus and recurrent first

miscarriage, after metroplasty, there has

assess

with less than

(Makino et al., 1992; Mencaglia and Tantini, 1996).

reproductive performance, in

trimester

women

some

pregnancy

are any

loss also adds to the

differences between these

of women.

Infertility

There is

an

indirect inference that

significant role in fertility based
is similar in both the

congenital uterine anomalies do not have

on

a

the finding that the prevalence of these anomalies

general population and infertile

Workshop, 1996). However, the outcome of any

women

pregnancy

(ESHRE Capri

is likely to be affected by
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the presence

of a congenital uterine anomaly. Marcus et al. reported

incidence of miscarriage,
rate in

The

women

study

was

an

increased

both early and late, pre-term delivery and lower live birth

with uncorrected

congenital uterine anomalies (Marcus et ah, 1996).

unable to accurately differentiate between the various duplication

anomalies, however, regardless of this, the success of IVF was relatively poor. In an
attempt to improve the chances of a live birth, Grimbizis et al. (1998)

hysteroscopic metroplasty prophylactically in women with
were

a

attempting

pregnancy.

lower pregnancy

women

They reported

a

history of infertility who

significantly increased live birth rate and

loss rate. However, this study, like

with recurrent first trimester

a

performed

in this field, includes

many

miscarriage and infertility

as a

single

group.

Thus, these results should be interpreted with caution.

3.3.2.3 Pre-term

delivery

Although pre-term labour
rarely arcuate uteri, it is
uterine anomalies such

may

more

as

be found in association with subseptate uteri and

commonly associated with the

more severe

the bicornuate and unicomuate uterus

more

congenital

(Beernick et al.,

1976; Stein and March, 1990; Moutos et al., 1992). Studies that have reported on this

phenomenon

are

small

selected for their poor
unicornuate uterus is
this

or

based

on case reports

and

women

included have been

pre

reproductive histories. The prevalence of bicomuate and

significantly lower than either subseptate

rarity has contributed to

our

or arcuate

uteri and

lack of knowledge.

3.4 Classification of congenital

uterine anomalies

The classification of congenital

uterine anomalies has been arbitrary and highly

subjective. The most basic classification divides the Mullerian anomalies into three
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groups

( Rock and Schlaff, 1985; Jones, 1981): agenesis, vertical fusion

fusion defects: obstructive and

obstructive and non-obstructive; and lateral
obstructive. This classification had

employed the term hemi-uterus for

double uterus for

cases

of septate

non¬

given rise to much confusion and debate over the

exactly what the terminology used in various studies
studies

defects:

cases

was

actually referring to. Many

of unicornuate uterus and the term

and bicornuate uterus (Buttram, 1983; Heinonen and

Pystynen, 1983).
and Gibbons proposed a new classification for congenital

In 1979, Buttram

uterine anomalies which
the female

was

based

on

degree of failure of normal development of

the

genital tract and which separated congenital uterine anomalies into groups

based

on

clinical manifestations, treatment and

based

on

the

and

original proposals by Jarcho (1946) which

Singh in 1952. Jarcho's classification

the uterus

prognosis. This classification

didelphys into two

groups, one

were

was

then modified by Fenton

was

considered inadequate

with

a

vaginal septum and

as

one

it allocated

without

which led to the creation of two separate groups

for septate vagina. Jarcho's

classification also had

unusual anomalies encountered with

no

provision for the

more

deficiency of the cervix, vagina and uterine fundus
Buttram and Gibbons

anomaly should not be allocated

poor

or

in conjunction with

a separate group as

there

vaginal septa to fetal loss. However, there is

reproductive performance
In 1983 Buttram

Fallopian tubes.

(1979) proposed that anomalies such

vagina which could be found in isolation

associate

or

as

an

was no

the septate

congenital uterine
evidence to

association with septa and

related to dyspareunia and dystocia in labour.

proposed his classification for

a

second time. The

classification bases anomalies in six groups:
1.

a

as

Agenesis (vagina, cervix, uterine fundus, Fallopian tube)
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2.

Unicornuate uterus

3.

Uterus

4.

Bicornuate uterus

5.

Septate uterus (complete, partial)

6.

Diethylstilboestrol

(communicating and non-communicating)

didelphys
(complete, partial arcuate)

use

related "T" shaped uterus.

This classification and its modern version, The

Classification of Congenital
the most

Uterine Anomalies (AFS) (1988) (Figure 3) today form

accepted working classification of congenital uterine anomalies. This system

too groups

anomalies based

prognosis. However,
that it

American Fertility Society

was

based

a

on a

on

their presumed clinical significance, treatment and

major limitation of the Buttram and Gibbons classification is

retrospective analysis of a small

group

of women with previous

diagnosis of congenital uterine anomaly. It does not specify the diagnostic methods
criteria, which should be used to analyse uterine morphology. Therefore, since its
introduction, the classification has not been universally accepted, although it does
form the basis for

practice, in principle, for most clinicians. Furthermore, this

classification, although used repeatedly in studies and clinical work, has never been
assessed for inter and intra observer

reproducibility.

or
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Figure 3
The American

I.

a.

c

II. Unicornuate

Hypoplasia/agenesis

b. cervical

vaginal

fundal

d. tubal
V.

a.

Fertility Society Classification of Mullerian anomalies

complete

e,

combined

a.

communicating

c. no

b. non-communicating

cavity
V. Arcuate

Septate

b. partial

III.

d.

no

horn

Didelphus

IV. Bicornuate

a.

complete
VII. DES

b. partial

drug related
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4.0 Three-dimensional ultrasound and

diagnosis of congenital uterine

anomalies
4.1 Technical considerations

Three-dimensional ultrasound
methods. The

images

can

be produced using

number of different

simplest is volume imaging, described by Kossof et al. (1995). A

cylindrical divergent lens is attached to
volume of tissue. Its

standard linear transducer to isonate

a

a

only real clinical application is real-time three-dimensional

visualisation of the fetal face and skeleton in obstetrics. The
used in

a

technique has not been

Gynaecology because of the relatively large lens that needs to be attached to

vaginal transducer. Furthermore, the

use

a

of defocusing lenses decreases the quality of

B mode

imaging, which is likely to affect diagnostic

volume

imaging is to produce real time three-dimensional ultrasound images. This is

of little

importance in Gynaecology, unlike obstetrics where the point of interest often

needs to be observed in motion, and it is

accuracy.

The main advantage of

unlikely that this technique will play

a

significant role in gynaecological diagnosis.
More

based

on

the

movement

complex methods to generate three-dimensional ultrasound images

are

acquisition of a large number of consecutive tomograms through the

of a transducer. The

throughout the

process

spatial orientation of sonograms is monitored

of acquisition and these

volume set. The relative

are

position and orientation

os

then stored in the computer
the tomograms

can

as a

then be

established

using mechanical, electromagnetic and acoustic techniques. The volume

dataset

be examined

can

using three methods: section reconstruction, surface

rendering and volume rendering.
The three-dimensional ultrasound
Kretz

equipment used in this thesis is designed by

Technik, Zipf, Austria (Combison 530 and 730D Voluson). The majority of
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clinical studies in literature have also used this system.
is based

its short volume

on

The popularity of this system

acquisition time and fast computing, which enables

almost immediate online data

analysis and

near

real-time surface rendering. Volume

acquisition with this system is performed using mechanical movement of an
ultrasound transducer within the

shaped with

a

transvaginal probe. The acquired volumes

maximum angle of

include the entire uterus

or a

130° and depth of 117

moderately enlarged

ovary

a

fan-

This size is sufficient to

mm.

in

are

single three-dimensional

volume.
An

important advantage of three-dimensional ultrasound

two-dimensional

imaging is the ability to reconstruct and display

chosen section within the volume dataset.
on

conventional two-dimensional

movements

Many of these planes

sonography,

as a

any

or

plane, which

trans-abdominal

dimensional volumes

arbitrarily
be obtained

can not

result of restrictions

can

scan.

be done

can

rarely be accomplished

on

probe

Another

on

either

In addition, the examination of three-

by displaying three orthogonal planes

simultaneously, which facilitates topographic exploration of the

organ

of interest.

advantage of three-dimensional ultrasound is the ability to

the volume of pelvic organs

regardless of their shape. The

accuracy

been shown to be accurate in both in vivo and in vitro studies

endometrial volume in both
ovarian volume in

women

measure

of this method has

(Gilga et al., 1994;

Kyei-Mensah et al., 1996). Thus far this technique has been used to

al., 1997).

conventional

imposed by pelvic anatomy. A typical example of this is the examination

of the uterus in the coronal

transvaginal

over

measure

physiological and pathological conditions and to

with

assess

polycystic ovarian disease (Lee et ah, 1997; Tulandi et
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Volume

rendering is the most popular method for displaying three-

dimensional volume sets in obstetrics and fetal faces are, in the minds of many,
synonymous

with three-dimensional ultrasound. In gynaecology this type of imaging

has attracted much less interest. This may
and ovarian anatomy,

which

are

be due to the relative simplicity of uterine

easily comprehended

on

two-dimensional displays.

Furthermore, the morphology of ovarian tumours is often non-specific and relying on
the

image analysis alone does not always provide the sufficient information to make

diagnosis. However,

more recent reports

indicate that surface rendering

may

a

be of

diagnostic value (Tan, 1999).
Three-dimensional ultrasound is, however, not without
and these have been

largely responsible for its slow acceptance. A major limitation is

the lack of real time information, which is of particular
These limitations

significant limitations,

are

of less

importance in obstetrics.

importance in gynaecology. The pelvic

reactively stationary and movement artefacts
time information is of little value in

are

rarely

a

organs are

problem. Additionally, real

gynaecology and its absence does not

significantly alter the quality of the examination. With transvaginal ultrasound, the
probe

can

be placed

very

in between them, which

4.2 Three-dimensional

close to the

organ

of interest with

no

intervening tissue lying

helps to maintain the clarity of three-dimensional images.

ultrasonography for the diagnosis of congenital uterine

anomalies

The uterus is

easily accessible

on

transvaginal ultrasound examination due to its close

proximity to the vagina and its relatively small size. This enables detection of a
of uterine abnormalities such

as

polyps and fibroids, which

are

range

often responsible for

symptoms. The limited number of scanning planes on transvaginal sonography offers
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little limitation with the

diagnosis of acquired uterine abnormalities; however it

causes

major problems in the diagnosis of congenital uterine anomalies. In order to describe
a

uterine

anomaly, it is important to describe both the uterine fundus and serosal

surface of the uterus in the coronal
conventional two-dimensional

plane. This plane is rarely obtained

scans

and therefore

invasive methods, such as

more

hysterosalpingography and hysteroscopy and laparoscopy
make the
of these

diagnosis of congenital uterine anomalies. As

investigations, they have been limited to

indication, such
suitable for

as

use

on

a

required routinely to

are

result of the invasive nature

with women who have

infertility and recurrent miscarriage. They

are not

a

clinical

considered to be

screening, for congenital uterine anomalies, in the general gynaecological

population of women due to their invasive nature.
Three-dimensional ultrasound

images of the uterus

allow visualisation of the uterus in the coronal
The

optimal time to examine patients for the

luteal

cavity

can

presence

of uterine anomalies is in the

appears

thick and echogenic and the

be clearly differentiated from the surrounding myometrium.

Two studies have examined the

dimensional

easily manipulated and

plane, using section reconstruction.

phase of the cycle when the endometrium

uterine

are

diagnostic

accuracy

of two and three

-

ultrasonography for the diagnosis of congenital uterine anomalies, using

hysterosalpingography

as

the gold standard (Jurkovic et al., 1995; Raga et ah, 1996).

Jurkovic et al.

(1995) included 61

miscarriage

infertility. There

or

women

was

with

a

history of recurrent first trimester

complete agreement between three-dimensional

ultrasound and

hysterosalpingography in classifying the uterus

This result

superior to that of two-dimensional ultrasound which also identified

all

cases

was

of abnormal uterus but also gave a

as

abnormal

or

normal.

number of false positives. Raga et al.

(1996) reported similar results when comparing three-dimensional ultrasound to
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hysterosalpingography and laparoscopy. There
three-dimensional ultrasound and
12

cases

of congenital

complete agreement between

hysterosalpingography in all 44

In

cases.

one

of the

uterine anomaly, the description of the uterine fundus differed

between three-dimensional ultrasound and
dimensional ultrasound, in the
confirmed

was

laparoscopy. The value of three-

diagnosis of congenital uterine anomaly,

by Merz (1999), who found it helpful in 20

cases

also

was

of suspected anomaly.

The non-invasiveness of three-dimensional ultrasound has also enabled the

first

large scale screening studies of low risk

uterine anomalies. Jurkovic et al.

was

women

for the

(1997) reported the prevalence of major anomalies

2.3%, which is similar to the results of previous studies that have used more

invasive methods. The
uncertain in this

reproductive impact of these anomalies, however, remains

population of women.

These results indicate that three-dimensional ultrasound may
alternative to

more

invasive

anomalies. The test is

or

relatively simple, non-invasive, fast and carries

dimensional ultrasound

suspected anomaly should be referred to

for

screening all

are

women

in routine

use

no

anaesthetic

is that three-

a centre

screening tool and

women

with three-dimensional
as an

alternative to the

practice currently. Ultrasound provides

more

a means

for congenital uterine anomalies, however, screening in this

context should be limited to

recurrent

as a

facility for the confirmation of the diagnosis

invasive methods that

as an

equipment is not widely available in all hospitals. Thus, two-

dimensional ultrasound should continue to be used

ultrasound

be used

diagnostic methods for the diagnosis of congenital uterine

surgical risks. However, the major limitation to its widespread

with

of congenital

presence

high-risk

women

only (i.e.

women

with infertility

or

miscarriage). Screening for congenital uterine anomalies in the general

gynaecological population of women is at present of no benefit

as

the clinical
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implications of an incidental finding of a congenital uterine anomaly
Additionally, using two-dimensional ultrasound
diagnosis of a congenital uterine anomaly

as a

occurs

screening tool,

The

a

a

uncertain.

false positive

in 6% of women. This would

significant increase in workload for tertiary centres with
intervention in this group

are

no proven

cause a

benefit from

of women.

reproducibility of diagnosis of congenital uterine anomalies also remains

problem. No diagnostic method in

use so

far, including three-dimensional

ultrasound, has been evaluated for this. There also remains

diagnostic criteria that

are

no

agreement on the

used to diagnose various congenital uterine anomalies. This

is reflected in the results of studies that have used three-dimensional ultrasound to

screen

for

congenital uterine anomalies. Thus, in infertile

found anomalies in 6.3% overall and 2% of women had
contrast, in a

for

Raga et al. (1997)

subseptate uterus. In

study by Kurjak and Kupesic (1998), the subseptate uterus

diagnosed in 66.2% of infertile
variations in

a

women,

women.

study populations and

are

Such differences

can not

was

be explained by

almost certainly the result of differing criteria

diagnosing congenital uterine anomalies.

59

5.0 Endometrial function in

early

pregnancy

development

5.1 Normal endometrial structure
The endometrium is

a

specialised surface tissue that lines the entire uterine cavity.

Traditionally, the endometrium is considered to contain two main cell populations,
epithelial and stromal (Beier and Beier-Hellwig, 1998). The epithelial component
comprises of a variety of surface and glandular epithelial cells, which
tubular

found in the

glands of the stratum basale and stratum functionale. The stroma, in turn,

consists of reticular connective tissue of the mucosa, which is
in the luteal

extensively infiltrated,

phase, with lymphocytes and granulocytes. The reticular connective

tissue contains
can

are

specialised fibroblasts which, in the

presence

of an implanted embryo,

transform into decidualised cells. The endometrium also has

an

extensive vascular

supply. Basal anastomosing arteries branch into the terminal spiral arteries which, in
turn, sprout

into capillaries that drain the periglandular and subepithelial

compartments into venous sinuses. Under the influence of progesterone, a large
number of

lymphocytes, granulocytes and macrophages migrate into this stromal

compartment via the extensive network of blood vessels. Similarly, this rich network
of blood vessels is also the

source

of endocrine

signals and facilitates paracrine

signals; the ultimate aim being to enable endometrial proliferation and transformation.

5.2 Endometrial

receptivity

The endometrium

undergoes

a range

of morphological and functional changes under

the control of steroid hormones to enable it to support an
process

early

pregnancy.

The

of implantation, around day 20 of the menstrual cycle, is the culmination of

these processes,

which

the two processes,

are

under the control of ovarian hormones. It is important for

adequate development of the blastocyst and adequate endometrial
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preparation, to be in synchrony to enable successful implantation. This period of
synchrony has been termed the implantation window (Psychoyos, 1976, 1986). The
classical concept
with the uterine

of implantation dictates that the embryo must first

epithelium

so

that adhesive interactions

can

come

into contact

take place between the

opposing membranes of the trophoblast and endometrial cells. This is then followed
by penetration and placentation (Enders, 1994.) A
in

range

of complex mechanisms

operation that enable the endometrium to change from

a

proliferative to

are

a secretory,

receptive endometrium that allows normal implantation (Tabibzadeh & Babaknia,
1995.) Survival and successful implantation of the blastocyst requires both
endometrial and
used

embryonic factors; data from assisted conception studies that have

embryos of good quality reveal that

impossible; thus suggesting that

an

pregnancy rates

of 100%

are

almost

endometrial factor must be involved in infertility

(Medical Research International Society for Assisted Reproductive Technology,
1992.) Similarly,
after

up to

50% of embryos with

implantation, again suggesting

an

also

normal karyotype will miscarry

endometrial factor in early

These endometrial factors which govern
are

a

the

success

pregnancy

of implantation and

soon

loss.

pregnancy

likely to be instrumental in establishing and maintaining the period of

endometrial

receptivity. Studies from rats have shown that the endometrium

maintained in

a

state of neutrality,

can

be

receptivity and refractivity. The period of

receptivity is also termed the implantation window and postulated to exist in humans

(Psychoyos and Casmiri, 1980.). The

presence

of a receptive and non-receptive phase

in the menstrual

cycle is consistent with the hypothesis that the receptivity of the

endometrium to

implantation is

that removal of the endometrial

a

regulated

process.

In 1969, Cowell demonstrated

epithelium allows embryos to implant into the uterine

cavity independent of ovarian steroid control. Similarly, Licht et al. (1998)

demonstrated that

an

embryo

may

implant anywhere in human tissue except

non

receptive endometrium. Thus, the maternal endometrium should not be considered
a

as

passive counterpart (Simon et al., 1998.)
The

to

between

temporal expression of this implantation, receptive, window is restricted
days 19 and 24 of a regular 28 day cycle following which there is

of refractivity

a

period

during which implantation is not permitted (Bergh and Navot, 1992;

Psychoyos and Nikas, 1994.) It is important to realise, however, that the initial stages
of embryo
based

on

implantation, in humans, have not been visualised and current concepts

inferred theories from animal models

are

(Acosta et al., 2000; Bischof &

Campana, 2000.) However, what is known is that synchronous events in various
pathways, involving glandular and surface epithelia, stromal cells, vascular
endothelium, smooth muscle cells, fibroblast and other connective tissue cells,

required. Precisely timed changes

occur

are

in the morphological structure of

endometrium under the influence of ovarian steroids

(Aplin, 1994.) During the

proliferative phase, the endometrium is under then influence of oestrogen which
causes

significant growth of the glandular epithelium, vascular cells and stromal cells

(Noyes et al., 1950.) Progesterone primes the uterus, in the luteal phase, in order that
set

of autocrine and

endometrial

paracrine

messengers can

then allow the precise control of

receptivity (Smith, 1994; Tazuke & Guidice, 1996; Sharkey, 1998.)

Similarly, the developing embryo will also prime the endometrium (Rice & Chard,
1998.)

a
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5.3

Investigation of endometrial receptivity

Investigation of endometrial receptivity is, in contrast to other indications for
endometrial assessment, such
menstrual

as

neoplasia, is highly dependent

the time in the

cycle that it is performed. Thus, the ideal, logical time for investigation is

the mid luteal,

implantation window which starts from 7 days after the luteinising

hormone surge,

which

was

previously inferred from timing from onset of menses but

in current

practice is determined

plasma

urine sample monitoring (Li et ah, 1993.) The LH

or

on

determined

more

accurately by detecting the LH

surge

surge may

by daily

also be

by observing follicle rupture in ultrasound guided ovarian follicle tracking

(Shoupe et ah, 1989.) Investigation of endometrial receptivity is also limited by
ethical constraints to

non-conception cycles only. However, during conception cycles,

the endometrium may
cause, pregnancy

There

are

undergo changes, which

may

be the result of, rather than the

failure.
several methods for

investigation of endometrial receptivity

including endometrial biopsy, measurement of proteins obtained by uterine cavity
flushing

or measurement

assessment

of endometrial proteins in plasma. The gold standard for

of endometrial

receptivity has been considered to endometrial biopsy

during the luteal phase of the menstrual cycle (Noyes et ah, 1950.) However, recent
studies have revealed that normal endometrial
endometrial
&

histology,

on post

ovulatory

samples, do not necessarily reflect normal endometrial function (Swiersz

Guidice, 1997.) Furthermore, the biopsy may not be reflective of the endometrial

sample

as a

whole, especially since there is evidence of microenvironments within

endometrial tissue. Blood tests for
to be

with

specific endometrial proteins have been postulated

of benefit (McRae et al., 1991.) However, in

practice this has not been realised

plasma levels often being at discrepancy with endometrial biopsy results. Uterine
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cavity lavage is dependent
established method for
information

on

secreted markers of endometrial function and is

an

obtaining biochemical, microbiological and immunological

through the menstrual cycle and early

pregnancy

in animals (Peplow et

ah, 1973; Aitken, 1977; Khan-Dawood and Dawood, 1984; Strezemienski & Kenney,

1984; Stephenson and Hansen, 1990.) The principle of this investigation
the fact that there is

a

cavity. These proteins

thin inner
are

is reliant

on

layer of fluid, rich in proteins, within the endometrial

the transudates of serum origin and products of endometrial

glandular and stromal cells (Beier, 1974.) The composition of this fluid varies with
the time in the menstrual
Thus under
menstrual

a

cycle and is dependent

on

ovarian steroid hormone control.

primarily oestrogenic environment, in the proliferative phase of the

cycle, the fluid is less viscous. This is consistent with the function of

oestrogen, which increases the capillary permeability of endometrial vessels. In
contrast, progesterone causes
its action

1991;

on

the endometrial

the fluid to be

more

viscous

as a

direct

consequence

of

glandular epithelium (Terada et al., 1989; Rotello et al.,

Rango et al., 1998.) The initial studies using uterine cavity flushing to

von

investigate protein patterns focused primarily

on patterns

secretory proteins in relation to serum Progesterone

of expression of various

concentration (Beier et al., 1970;

Beier and

Beir-Hellwig, 1973; Wolf and Mastroianni, 1975; Voss and Beato, 1977.)

However,

more

recently, the ability to

knowledge that these proteins
the uterine

for specific endometrial proteins and the

expressed in significantly greater concentration in

are

cavity than peripheral

assay

serum

has led to renewed interest in this technique

(Bohn et al., 1982; Julkunen et al., 1990.) The technique has
a

cheap, safe and rapid

performed in
endometrial

an

way to asses

endometrial function;

now

become accepted

moreover,

it

can

outpatient setting with little discomfort, in comparison to

biopsy, to the

woman

as

be

an

(Li et al., 1993.) It is. however, limited by the fact
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that the amount of re-aspirated

fluid is often less secondary to spillage through the

Fallopian tubes (Hamilton et al., 2002.)
The

composition of uterine fluid in

i.e. recurrent first trimester

women at

high risk of pregnancy failure,

miscarriage, has been extensively investigated. One of the

primary aims of this thesis is to investigate the composition of uterine fluid in women
with

subseptate uterus,

a

congenital uterine anomaly specifically associated with

high risk of early miscarriage.

a
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6.0
6.1

Glycodelin
Background

Glycodelin is

one

of the most abundantly produced endometrial proteins of

decidualised and secretory

endometrium. However, it

also be secreted by other

may

glandular tissues including seminal vesicles (Julkunen et al., 1984), haematopoetic
cells

(Kamarainen et al., 1994; Morrow et al., 1994.), breast and breast

cell

cancer

lines, pancreatic glands, sweat glands, hidradenoma and parabronchial glands

(Kamarainen et al., 1997; Seppala et al., 1998; Bohn et al., 1982) It
several

investigators independently and given

synthesis, detection

or

names

was

identified by

according to the site of

physiochemical properties. Thus

names

such

as

placental

protein 14 (PPM), chorionic a2-globuIin (CAG), placental a2-globulin, a-uterine
protein (AUP), progestagen dependent endometrial protein (PEP),
associated

a2-globulin (a2 PEG) and progestagen associated endometrial protein

(PAEP) have all been used previously to describe
termed

pregnancy

a

protein that is

Glycodelin. The realisation that these proteins

closely related allowed
term is now

used to

a

single term, Glycodelin, to

were

come

now

collectively

all essentially identical

into

use.

Although

a

or

single

identify the protein, remarkable differences exist in the

glycosylation of the protein depending

on

the site of production. Differences in

glycosylation have led to the amniotic fluid, i.e. endometrial/ decidual, isoform being
referred to

as

Glycodelin-A and the corresponding isoform from seminal vesicles is

referred to

as

Glycodelin-S. Overall, the Glycodelin family refers to splicing variants

and

glycoforms that have diverse biological functions (Morrow et al., 1994; Garde et

al., 1991.) In this thesis the term Glycodelin is used to refer to the endometrial
isoform.
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6.2 Genetic and

physiochemical properties

The human gene
denotes

mapping nomenclature committee (Winnipeg, Manitoba, Canada)

Glycodelin

as progesterone

associated endometrial protein (PAEP). The

gene

encoding PAEP (Glycodelin) has been localised to chromosome 9q34 (Nguyen et al.,
1991). PAEP (Glycodelin) cDNA has been sequenced and aHirtfC restriction

enzyme

polymorphism has been observed (Kamarainen et ah, 1991). The cDNA encodes

a

protein consisting of 180 amino acids and, 18 of which correspond to the putative
signal peptide (Julkunen et ah, 1988). The
seven exons

5042 bp divided into

by six introns (Vaisse et ah, 1990). The promoter region of PAEP

(Glycodelin) cDNA contains
(GRE/PRE), and two other
exons

gene encompasses

3 and 4

a

glucocorticoid/progesterone responsive element

consensus

regions

are

found inside the

gene

between

(Vaisse et ah, 1990). The Glycodelin-A protein found in human mid

trimester amniotic fluid is

a

28kDa

glycoprotein

on

SDS PAGE (Riittinen et ah, 1989)

and 18787 Da deduced from its full cDNA sequence

(Julkunen et ah, 1988.)

Glycodelin contains 17.5% carbohydrate by weight (Bohn et ah, 1982.) There
three N linked

glycosylation sites, two of which

structures, terminal

glycosylated lacdiNAC

Oligosaccharides bearing sialylated lacNAc
ends have been

reported to

express

carry very

sequences
or

are

unusual oligosaccharide

(Dell et ah, 1995.)

lacdiNAc antennae at their terminal

immunosuppressive activity by specifically

blocking adhesive and activation related events mediated by CD22, the human B cell
receptor (Powell et ah, 1995). Furthermore, as one of the N linked glycosylation sites
of Glycodelin

bears Lewis", Glycodelin also exhibits potent inhibition of E selectin

mediated adhesion (Grinnell et ah.

1994). It has been proposed, therefore, that the

immunosuppressive action of Glycodelin is mediated by selectin binding sites by this
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carbohydrate

sequence

(Dell et al., 1995). However, direct in vivo evidence for this

theory is lacking.

6.3

Expression of Glycodelin in female reproductive tissues

Glycodelin has been identified by immunohistochemical staining of secretory
endometrial
and Bell,

glands and of the glandular epithelium of the decidua spongiosa (Waites

1989). It is found almost exclusively in the secretory phase of the menstrual

cycle, with maximal staining occurring in the late luteal phase. Immunohistochemical
studies have failed to demonstrate the presence

from

of Glycodelin in the endometrium

days 5 to 17 of the menstrual cycle and apart from minimal retention of

Glycodelin in the basal portions of endometrial glands there is effectively
of Glycodelin

in the proliferative phase. However, it usually

ovulation but the
with

no

pregnancy,

amniotic fluid at 10

-

in expression

cycle

18 weeks'

can

4 -5 days after

in the late luteal phase (Brown et al.,
are

found in decidua and

gestation (Bell et al., 1986).
into the uterine cavity during the secretory phase

be measured by using the technique of uterine cavity

flushing (Li et al., 1993). Corresponding
luteal

even

the highest levels of Glycodelin

The secretion of Glycodelin
of the menstrual

absence

expression of Glycodelin in the endometrial glands is not uniform

consistent patterns

2000). During

appears

an

serum

concentrations

phase, but the concentration of Glycodelin in

morphometric dating of endometrium based

on

serum

are

also elevated in the

does not correlate with

the Noyes' criteria (Noyes et al.,

1950; Li et al., 1993). In contrast, the levels of Glycodelin in uterine flushings do

correspond to histological maturation of the endometrium and
be

a

are

thus considered to

useful, less invasive, marker for assessing endometrial development (Li et al.,

1993). In uterine flushings, the concentration of Glycodelin rises rapidly 6 days after

68

the

ovulatory LH peak (LH+6) with

luteal

a

doubling time of 6.6 to 14.6 hours in the mid-

phase of the menstrual cycle. In the late luteal phase, the concentration of

Glycodelin in uterine flushing is 100 times higher than in

serum

(Waites et al., 1988).

Glycodelin is synthesised by all tissue that bears its origin from the Mullerian
ducts. Thus, it is also

synthesised in the Fallopian tubes and cervix, with significant

inter-individual variation.
menstrual

cycle

are

Cyclical variations according to temporal changes in the

also observed in the expression from Fallopian tubes. This is

especially evident at the fimbrial end of the Fallopian tubes where concentrations

are

highest in the late luteal phase of the menstrual cycle. (Julkunen, 1986a)
Glycodelin expression has been localised in the histologically normal
areas

of stromal condensation in the ovarian cortex, theca interna and the

the follicular

granulosa in

phase of the menstrual cycle. In the luteal phase, Glycodelin is localised

in the theca interna of the corpus
albicans and the

6.4

ovary to

luteum and leuteinized granulosa cells,

corpus

Leydig cells of the ovarian hilus in the luteal phase.

Regulation of synthesis

6.4.1

Oestrogens

There is

no

evidence to suggest

that Glycodelin synthesis is directly regulated by

oestrogen, either endogenous or exogenous. However, studies have indicated that
there may
serum

be

an

association between follicular phase oestrogen levels and luteal phase

PP14 concentration. This would suggest

involved

may

be indirectly

by priming Glycodelin production (Waites et al.l988; Taylor et al 1998;

Taylor et al., 2000).
6.4.2

that oestrogens

Progestogens
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Three
that the

putative GRE/PREs have been identified in the PAEP

synthesis of Glycodelin is regulated by progesterone. In

Taylor et al. (2000), the regulation of Glycodelin synthesis
fold

by the

to increase

presence

was

gene

a recent

suggesting
study by

upregulated 4 to 9

of progestins in vitro. Serum Glycodelin levels have been shown

following treatment with progestins and in

response to

progestin

containing hormone replacement therapy (Seppala et ah, 1987; Li et ah, 1992; Okon
et

ah, 1998). Similarly, the

presence

has also been shown to induce the

an

of progesterone containing intra uterine device

production of Glycodelin in the follicular phase of

ovulatory menstrual cycle when it would normally be expected to be absent

(Mandelin et ah 1997.)
Based

on

these

findings, Check et ah (1991), investigated the effect of

exogenous progesterone

concentration.

used to correct endometrial defects

They reported

a poor

correlation between

Glycodelin

on

serum

Glycodelin levels and

histological maturation of endometrial biopsies. They also reported
correlation between

serum

levels. However, such a

study

can not

as

be taken

as

evidence against the regulation of

Glycodelin secretion follows progesterone secretion

by 3 to 4 days, thus explaining the lack of correlation between

serum

PP14 levels and

phase progesterone. There is also evidence that Glycodelin levels do not

rise unless progesterone
normal

levels rise first (Julkunen at al 1986b.) Interestingly, in

ovulatory cycle, the administration of exogenous progestogens

decrease

significant

Glycodelin and mid luteal progesterone and oestradiol

Glycodelin by ovarian steroids

mid luteal

no

can

a

actually

endogenous progestogen levels (Johannson, 1971). Thus the overall net

effect of this may

be less strong than expected.
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6.5 Role in endometrial
A finite

receptivity

period of receptivity has been identified during which implantation

place. In

a

regular ovulatory cycle, this

may

take

from LH+5 to LH+11. After

spans

fertilization, the embryo migrates to the uterus and arrives around LH+5 and

implantation takes place (Aplin et al., 1998). The
-

6 onwards, at the

may

presence

of Glycodelin from LH+5

opening of the implantation window, has led to speculation that it

be involved in early embryonic development. Glycodelin has been shown to

inhibit NK function

(Okamoto et al., 1991), monocyte cell chemotaxis (Vigne et al.,

2001), T cell proliferation (Rachmilewitz et al., 1999) and to induce T cell apoptosis

(Mukhyopadhyay et al., 2001) at concentrations present in endometrial tissue and
uterine fluid. Thus it is has been

proposed that Glycodelin is involved in early

materno-fetal interactions and allows the semi
endometrial
the latter

an

allogenic embryo to avoid detection by

immunocompetent cells, including T cells and monocytes and NK cells;

being part of the innate immune system and requiring

no

prior

exposure to

antigen to react (Mackenna et al.. 1993). Interest in Glycodelin and its

immunosuppressive activity

was

initiated by

decidual extracts from first trimester

effects

on

mixed

monoclonal anti
exhibited similar

stimulated

early study, which showed that

trophoblast tissue had potent immunosuppressive

lymphocyte cultures. This could be neutralised by the addition of
Glycodelin antibody (Bolton et al., 1987). Purified Glycodelin also

immunosuppressive properties and Glycodelin containing first

trimester decidual extract also demonstrates

responses

an

a

dose

dependent inhibition of mitogenic

to phytohaemaggultinin (Pockley et al., 1988). In turn, mitogenically

lymphocytes

are

inhibited from producing IL-2, reduction of IL-2 receptor
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release and reduction of IL-1

production from mitogenically stimulated stimulated

monocytes (Okamoto et al., 1991). Several in vitro experimental studies have also

provided evidence to support the immunosuppressive actions of Glycodelin in
endometrium. Human
/CD56+
a

early

pregnancy

decidua contains

an

abundance of CD3-

large granular lymphocytes (LGL)/NK cells. K562 erythroleukemia cells

standard

experimental target for these cells. In

response to

are

phytohaemaggutinin

stimulation, these K562 cells become resistant to lysis and it has been proposed that

Glycodelin production by these target cells
evade the NK cell

may

be the mechanism by which they

lysis. Glycodelin also disrupts enhancement of IL-2 induced

cytotoxicity and the addition of Glycodelin to IL-2 stimulated lymphocytes markedly
suppresses

LGL proliferative

response.

11-2 induced tyrosine phosphorylation is also

potently inhibited by Glycodelin (Okamoto et al., 1991). Thus, it is likely that

Glycodelin

suppresses

IL-2 mediated functions of LGL, most likely by inhibiting

signal transduction after binding of IL-2 to IL-2 receptors. Glycodelin also dosedependently increases IL-6 production by epithelial cells prepared from secretory
endometrium. However,

Glycodelin is less effective than IL-1 at stimulating IL-6

production (Laird et al., 1994).
Thus, there is substantial evidence to suggest that Glycodelin plays a
endometrial
other

role in

receptivity. However, it is likely that it acts in conjunction with several

immunocompetent peptides in the endometrium to influence embryo

implantation.
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6.6

Expression in early

pregnancy

6.6.1 Normal pregnancy
Both

Glycodelin and human chorionic gonadotrophin (hCG) concentrations increase

markedly in the first 8-9 weeks of pregnancy and these high levels
until the 14-15 week of gestation.

Later in

pregnancy

are

maintained

their concentrations decline, but

they remain detectable throughout gestation (Joshi et al., 1982.) This early study into

Glycodelin levels in

pregnancy

raised hopes that

a serum

test may be developed to

provide information about endometrial responsiveness to hormonal stimulation by
corpus

luteum. A subsequent study by Julkunen et al. (1985) expanded

investigated 340 pregnant
highest in maternal

women.

serum at

considerably higher than

6.6.2

Spontaneous miscarriage
phase

outcomes. No

serum

were

serum

found to be

levels and these values peaked at 16 weeks.

Glycodelin levels have also been compared to

differences

this and

9-10 weeks' gestation. However, amniotic fluid levels

were

Late luteal

In this population, PP14 levels

on

were

found in mid luteal

serum

pregnancy

progesterone and late luteal

phase Glycodelin between

women

who suffered

loss (Check et al., 1993.) Following implantation,

a

pregnancy

who had successful pregnancies compared to those

Glycodelin levels continue to rise in normally developing pregnancies and
pregnancies that subsequently miscarry (Wood et al., 1989.) Thus, in
isolated spontaneous
role for

miscarriages, there is little evidence to suggest

Glycodelin.

6.6.3 Recurrent spontaneous

miscarriage

women

any

with

significant
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There is

an

increasing amount of evidence to suggest that in

first trimester

miscarriage,

an

endometrial defect

1994.) A recent study investigating the
sites, using monoclonal antibodies, in

miscarriage has reported

an

presence

women

may

some cases

of recurrent

be implicated (Serle et al.,

of natural killer cells at implantation

suffering from recurrent first trimester

elevated NK CD56+ concentration at this site (Kwak et

ah, 1999.). This study also investigated peripheral NK CD56+ levels in these women
and found

a

similar elevation in

with recurrent first trimester

serum.

A

previous study by the

same group

miscarriage has also reported that there is

an

in

women

elevated NK

(CD56+, CD56+/CD16) and B cell (CD 19+) level in peripheral blood (Kwak et al.,
1995.) Based

on

the considerable evidence of Glycodelin immunosuppresive

properties and the fact that is locally concentrated at the feto-maternal surface, it is

likely, therefore, that this protein has
et

an

immunoregulatory in early

pregnancy

(Bolton

al., 1987; Rachmilewitz et al., 1999; Vigne et al., 2001; Mukhoyopadhyay et al.,

2001.)

Tulppala et al. (1995) have reported
phase of the menstrual cycle in 50
Blood

specimens

were

taken

on

women

on

Glycodelin levels in the late luteal

with recurrent first trimester miscarriage.

day 19-23 and also in the follicular and peri-ovulatory

part of the cycle. In comparison to a control group of fertile women without a history
of recurrent first trimester

miscarriage, Glycodelin levels

were

significantly lower in the late luteal phase. However, there
observed luteal
12. Dalton et al.
recurrent

was no

correlation with the

phase defects determined by endometrial biopsy taken
(1998) investigated

pre-pregnancy

on

Glycodelin levels in

day LH+10-

women

with

miscarriage. In this study, the difference in Glycodelin levels in uterine

flushings, compared to
LH+12

found to be

were more

an age

matched control

group,

significant than similar levels

on

performed

day LH+7.

on

day LH+10

or

74

7.0
7.1

Immunological aspects of miscarriage
Background

The observation that the human conceptus,

despite being

a

semi allograft, and hence

antigenically distinct, from the mother, is able to evade the maternal immune system
was

an

made

more

than 40 years ago

(Medawar, 1953). Successful implantation remains

immunological paradox and knowledge of this

understanding of early

pregnancy

complications such

miscarriage. Thus, research into this
risk of

miscarriage, such

women,

cause

as women

the abnormal early

for

process may

process

as

improve

our

implantation failure and

has been directed at

women

who

are

at

with recurrent first trimester miscarriage. In these

materno-embryonic interactions

may

be implicated

as a

subsequent miscarriage.

7.2 Immune cells in the endometrium and materno-fetal interface
Human decidua contains

a

distinct

population of immune cells in comparison to

peripheral blood. In human endometrium there

are no

B cells and

very

few

neutrophils (Bulmer et al., 1991; Johnson et al., 1999; Salamonsen and Lathbury,
2000.) Endometrial immune cells
and uterine natural killer

are

made of three subtypes, T cells, macrophages

(NK) cells (also called large granular lymphocytes) (Bulmer

1995; 1996; Johnson et al., 1999). These NK cells differ from the majority ofNK
cells found in
markers

peripheral blood

as

they do not

express

classical T cell

(Bulmer et al., 1991).The proportions of these immune cells

the menstrual

cycle and in early

immune cells in the

pregnancy.

T cells make

up

or

NK cell

vary

throughout

45% of endometrial

proliferative phase with their absolute numbers remaining static

through the menstrual cycle. In early

pregnancy

the numbers of T cells decrease

proportion of NK cells increase (Bulmer et al., 1991.) Macrophages make

up

as

the

15% of
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immune cells in the

phase and early

proliferative phase and their numbers increase in the secretory

pregnancy to

comprise 20%. The uterine NK cells, in contrast,

are

highly cycle dependent. In the proliferative phase they approximate T cells in number,
however, in the secretory phase they will comprise 70% of endometrial immune cells
with further increase in numbers if pregnancy occurs.

(King et al., 1989; Bulmer et

al„ 1991.)

7.3

Cytokines

Cytokines

are

cell-derived glycoproteins with

been shown to have

processes.

has been

As

a

a

low molecular weight. They have

multiple biological roles and

are

involved in several physiological

result of their ubiquitous production, the

adopted to refer to these glycoproteins. Cytokines

normal function of the immune system

activation of immunocompetent

Cytokines

are

on

are

are

essential for the

involved in growth, development and

cells and control of inflammatory

responses.

characterised by considerable redundancy with different cytokines

having similar functions. Cytokines
able to act

and

general term cytokine

more

are

several different cells.

and/or intracellular

also pleiotropic with the capability of being

They usually act

as

intercellular (paracrine)

(autocrine) signals in local tissues and sometimes also

as

endocrine mediators.

Cytokines have been divided into

groups

depending

on

immunological effects they bring about. CD4+T helper cells
cells involved in

cytokine production; these cells

Thl, Th2 and ThO, depending on the
of cell mediated immune responses
and

can

cell of origin and

are

the major immune

be divided into three subtypes,

cytokine type produced. Thl cells

are

effectors

and produce Thl cytokines including IFNy, IL-2

TNFp. Th2 cells produce IL-4,11-5, 11-6 and 11-10, which

are

mainly effectors of
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antibody mediated humoral
converted into Thl
and

or

responses.

Th2 cells and

ThO cells

are precursor

cells that

produce Thl and Th2 cytokines

as

can

be

well

as

TNFa

granulocyte-macrophage colony stimulating factor. Pro inflammatory cytokines,

including IL-1, TNFa, IL-6 and LIF,
to tissue

damage and repair and

are

are

involved in the inflammatory events leading

produced by macrophages. Cytokines

may

also be

produced by cells other than those of the immune system. In the female reproductive
tract

these

are

epithelial and stromal cells of the endometrium and decidual and

cytotrophoblast cells of the placenta (de Moraes-Pinto et ah, 1997; Dealtry et al.,
1998). Overall, T helper cells

are

only

a

minority of all immune cells in the

endometrium, and the ability of other cells to produce cytokines is important in their

potential role in early

pregnancy.

As cytokines act locally, measurements in the local

endometrial and in turn feto-maternal interface
absolute levels in

7.4

are

of greater

peripheral blood.

Cytokines and miscarriage
The activation of some forms of maternal cellular

be hazardous to
the

significance than

immunity has been shown to

embryonic development (Ragupathy, 1997). This

may

prospective loss of early pregnancies following implantation that

number of clinically

recognised pregnancies and be

as

high

as

be reflected by

may

exceed the

31%. Thus,

spontaneous miscarriage is a common complication of early pregnancy and at least
one

in four

women

will

undergo at least

one

miscarriage. At the extreme of this

spectrum are women who miscarry consecutively, in these women up to 60% of

miscarriages
model to
failure.

are

unexplained. This large, unknown proportion has been used

investigate the potential role of an abnormal immune

response

in

as a

pregnancy
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Early studies implicated several cytokines, especially TNFa, IFNy and IL-2, to
have shown to have adverse effects

on

developing pregnancies. Chaouat et al. (1990)

have shown that the administration of exogenous
mice will result in
reduces the

TNFa, IFNy and IL-2 to pregnant

miscarriage whilst the administration of anti TNFa antibodies

resorption of these pregnancies. Similarly, TNFa and IFNy have been

shown to inhibit the

outgrowth of human trophoblast and stimulate the programmed

cell death of human

primary trophoblast. The stimulation of maternal spleen cells

from mice prone to

immunologically mediated spontaneous fetal resorption has

resulted in the secretion of high
are

consistent with

a

levels of TNFa, IFNy and IL-2 and these cytokines

Type 1 profile. Piccini et al (1998) have shown that there

are

significantly higher levels of CD4+ T cells producing IL-4 and IL-10 in decidua from
women

with normal

pregnancies compared to

women

with recurrent miscarriages.

Similarly, IL-10 has been shown to be produced by the decidua, amnion and chorion;
IL-4 is also

cells

expressed by cytotrophoblast and both maternal and foetal endothelial

(de Moraes-Pinto et ah, 1997; Dealtry et al., 1998). Krasnow et al. (1996) have

shown that the endometrium in normal pregnancy
fold increase in the

is associated with

an

at least ten

production of IL-6 and IL-10. Lim et al. (1998) have shown

a

predominant Type 2 cytokine expression profile and relative lack of Type 1 cytokine
expression in normal fertile
women

with recurrent

from the control group

women.

miscarriages

of fertile

In this study, almost two thirds of samples from

were

positive for IL-12 and

women were

potent T helper 1 inducing cytokine.

none

of the samples

positive for this cytokine, IL-12 being

a
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7.5

Cytokines and recurrent miscarriage

The

predominant maternal immune

response

mediated with successful pregnancy

cytokines being detrimental to

in

pregnancy

is humoral rather than cell

being associated with Th2 cytokines and Thl

pregnancy

(Wegmann et ah, 1993.) Consistent with

this is the observation that maternal autoimmune diseases which
such

as

rheumatoid arthritis, are

such

as

systemic lupus erythematosus,

immune response to
Some studies do

are

cell mediated,

usually less active and antibody mediated diseases,
are

aggravated. An abnormal Thl cellular

reproductive antigens is

more

difficult to demonstrate, however.

provide evidence for this and others provide evidence to the contrary.

Peripheral blood mononuclear cells (PBMC) taken before

pregnancy

in

women

history of recurrent spontaneous miscarriage produce TNFa and IFNy in
stimulation from
normal

trophoblast cell extracts. In contrast, PBMC from

with

a

response to

women

with

reproductive histories produced IL-10 (Hill et ah, 1995.) Similarly,

supernatants taken from PBMC from women with recurrent miscarriage have been
shown to be toxic to

mouse

and human

embryos (Hill et ah, 1995; Polgar and Hill,

2002.)

Ragupathy et ah (1999) have shown that PBMC, obtained at the time of
miscarriage, from

women

with

a

history of unexplained recurrent spontaneous

miscarriage and stimulated with trophoblast extracts produce lower amount of IL-6
and IL-10 and

higher amounts of IFNy in comparison to

women

with normal

reproductive histories at the time of delivery. A further study from the
shown decreased

same group

has

production of IL-4, IL-5, IL-6 and 11-10 and increased production of

IFNy, IL-2, TNFa and TNFp from stimulated PBMC, of women with recurrent

miscarriage, at the time of miscarriage compared to
histories and

women

with normal reproductive

ongoing pregnancies (Ragupathy et ah, 2000). Unstimulated PBMC
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isolated from

non

pregnant women with a history of recurrent first trimester

miscarriage have also been shown to produce less IL-2 in comparison to
no

history of miscarriage (Hamai et ah, 1998.) In contrast, however,

into

cytokine production by PBMC taken in early

shown

pregnancy,

a recent

women

women

miscarriage, from

women

miscarriage also show significant deviation from similar cells from

with normal

pregnancies undergoing termination of pregnancy (Piccini et al.,

1998.) Significantly lower levels of IL-4 and 11-10
obtained from

study

miscarriage (Bates et ah, 2002.)

T cells isolated from decidual tissue, obtained at

with recurrent

with

before miscarriage, has

opposite effects with increased IL-4 and IL-10 and decreased IFNy in

with recurrent spontaneous

clones

women

women

with

a

were

produced by CD4+ clones

history of recurrent miscarriage. Stimulated CD8+

produced, similarly, lower levels of IL-4. This study is, however, significantly

limited

by the fact that the decidual cells in both

groups

underwent significant

manipulation in vitro before cytokine measurement. It should also be noted that T
cells

comprise only

of producing

a

small proportion cells in the endometrium and decidua capable

cytokines. Lim et al. (2000) investigated the Thl and Th2 cytokine

mRNA in the endometrium of normal fertile

recurrent

fewer

first trimester

women

more

and

women

with

a

history of

miscarriage during the implantation window. In this study,

with recurrent

endometrium and

women

miscarriage had detectable levels of IL-6 in their

of these

women

had detectable levels of TNFa,

IFNy, IL-2

and IL-12.

7.6
It is

Cytokines and mechanism of miscarriage
recognised that trophoblast is resistant to killing directly by cytotoxic T

lymphocytes, conventional NK cells and macrophages. Flowever, increased blood and
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uterine NK cell

cells

are

activity is linked with miscarriage (Coulam et ah, 1995). Thus, these

likely to act indirectly via the secretion of cytokines (Baines et ah, 1997).

The initiation of cytotoxin
to

correlate with

early

pregnancy

inflammatory cytokines
to be

secretion by primed decidual macrophages has been shown
failure (Haddad et ah, 1997). Additionally,

may convert

NK cells to LAK cells, which have been shown

directly toxic to the trophoblast, and high levels of LAK cells in peripheral

blood have been shown to correlate with

high miscarriage rates (Baines et al., 1997).

Cytokines have also been shown to have direct effects
TNFa and

IFNy

cause

a

on

trophoblast tissue.

apoptosis of trophoblast cells, inhibit secretion of growth

factors from the uterine

fgl2,

pro¬

epithelium and prevent the

up

regulation of the pro-coagulant

prothrombinase (Wegmann et al., 1993; Yui et ah, 1994; Clark et al., 1999a).

In the context of fgl2,

it has been proposed that activation of maternal coagulation

pathways in the decidual bed leads to trophoblast anoxia by local thrombus formation
(Clark et al., 1999a; Clark et al., 1999b). Consistent with this there

are

significantly

higher levels of fgl2 in trophoblast cells in association with thrombus formation in

miscarriages of karyotypically normal embryos. Interestingly, Type 2 cytokines,
including IL-4 and IL-10, have been shown to have antagonistic properties to fgl2
(Clark et al., 1999a).
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8.0 Insulin-like
8.1

growth factor binding protein-1 (IGFBP-1)

Background

IGFBP-1

was

the first member of a

be characterised
of insulin-like

family of structurally related soluble proteins to

(Lee et al., 1988). The family is involved in modulating the activity

growth factors II and I (IGF II and I) which have important roles in

apoptosis, metabolism and development. IGFBP-1 is
the

et

bioavailability of IGF, and also itself acts in

an

an

endocrine factor, which alters

autocrine/paracrine

(Reece

manner

al., 1994). IGF and their binding proteins are known to be important in the human

female

reproductive cycle and in

the endometrium and

during early

IGFBP and IGFBP proteases are

and

pregnancy

(Zhou et al., 1994; Han et al., 1996.) In

pregnancy,

the IGF family, including IGF peptides,

considered to have

a

major effect

on

implantation

trophoblast migration. IGFBP-1 is the predominant binding protein species in

secretory endometrium and decidualised stromal cells, with a tightly controlled

expression.

8.2 IGFBP-1 in the

The IGF system

is

non

one

pregnant endometrium

of several growth factors that

are

involved in physiological and

in the endometrium. The IGF/IGFBP axis is important in

pathological

processes

endometrial

cyclical development and blastocyst implantation and

the

may

have

pathogenesis of neoplasia (Guidice et al., 1994.)The cyclical changes

endometrial tissue

during the menstrual cycle

are

a

seem

role in
in

likely to be partly under the

influence of growth

factors, including the IGF family. In neoplasia, however, these

growth factors

also be involved; IGF-1 has been shown to

may

a

mediator for

oestrogen in endometrial cancer and the IGFs may be involved in the causation of
abnormal

proliferation and differentiation depending

on

the

presence

of modulators,
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the

corresponding binding proteins (Rutanen et al., 1994.) Studies using IGFBP-1

transgenic mice,
uterine

an

in-vivo system in which IGFBP-1 is over-expressed in murine

glandular tissue, have shown that high levels of IGFBP-1 impair the ability of

oestrogens to stimulate DNA synthesis and also inhibit IGF-I (Rajkumar et al., 1996;
Rutanen et al.,

growth

may

1988). The inhibition of oestrogen related synthesis and IGF mediated

enable the development of treatment for endometrial neoplasia. High

concentration of IGFBP-1 would be
thus IGF-I,

expected to

inhibition of oestradiol and

causing endometrial glandular atrophy.

Earlier studies have shown that the
endometrium
12 and has

cause

was an

now

IGF

major secretory protein of decidualised

binding protein that

been renamed IGFBP-1

was

previously termed placental protein

(Koistinen et al., 1986.) The ability of

placental protein to bind IGFs at high capacity and elucidation of its primary structure
were

reported independently by Bell et al. (1988) and Julkunen et al. (1988.)
There is tissue and

its receptors

based

on

developmental time-specific expression of IGF/IGFBP and

data using immunohistochemical localisation and in-situ

hybridisation (Guidice et al., 1993; Zhou et al., 1994; Han et al., 1996.) This phase

specific pattern of expression, with both IGF-II and IGFBP-I being expressed
maximally in the progesterone dependent secretory phase, is highly suggestive of
interaction between these two
Zhou et al.,

1994.) The timing of expression and localisation in endometrial stroma of

IGFBP-I and

proliferative
for these

peptides in endometrial regulation (Guidice et al., 1993;

IGF-II, with neither expressed in endometrial epithelium in either the
or

secretory phases of the menstrual cycle, is further evidence of a role

proteins in decidualisation of endometrial stroma (Wang and Chard, 1999).

Following

pregnancy,

the differential

and the differentiation of secretory endometrium into decidua,

expression of IGFBP-I by decidua and IGF-II by trophoblast then
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suggests a paracrine interaction of these factors at the feto-maternal interface (Guidice
et

al., 1993).
The

expression of IGFBP-1 is dependent

on

both oestrogen and progesterone,

however, maximal expression of IGFBP-1 only occurs in the presence if progesterone.
In-vitro studies have demonstrated that

although endometrial stromal cells

synthesise and secrete low concentrations of IGFBP -2, -3 and —4, there
detectable levels of IGFBP-1 until endometrial cells

are

can

are no

treated with exogenous

progesterone to cause decidualisation (Richards et al., 1995.) This action is blocked

by the addition of a progesterone antagonist, RU 486 and endometrial cells cultured in
the presence

of exogenous progesterone will show

IGFBP-1 concentration

8.3 IGFBP-1 in

During blastocyst implantation, there

been shown to be

pregnancy

dramatic 4000 fold increase in

(Lane et al., 1994.)

implantation and early

decidual IGFBP-1 and

a

pregnancy

may

be

an

important interaction between

trophoblast derived IGF-II. IGFBP-1 and IGFBP-1 mRNA has

highly expressed at the decidua-trophoblast interface in human early

samples (Flustin et al., 1994.) IGFBP-1 immunoreactivity has been

localised to the extracellular matrix and stroma of decidua and the

peri-arteriolar

regions (Bryant-Greenwood et al., 1993.) IGF-II is highly expressed in trophoblast
and there is

edifice. At

a

gradient of concentration, with the highest being found at the invading

implantation, the proximity of invading trophoblast, which produces active

peptides, and decidua, with
interface may

an

abundance of growth factors and cytokines at this

regulate IGFBP-1 production. It is known that IGF-II and IL-ip

are

inhibitory to IGFBP-1, with IL-ip being able to inhibit decidualisation. Other growth

factors, such
IGFBP-1

as

TGF-P and LIF, have not been shown to have an inhibitory effect

(Mark et al., 1996.)

IGFBP-1 has been shown to have
mediated

a

on

IGF binding and IGF

similar relationship may exist at the trophoblast-decidua interface.

precise mechanisms of this are unclear and it remains to be proven

choriocarcinoma studies

can

be applied to

evidence for the role of IGFBP-1 in
shown that IGFBP-1 may
is

inhibitory effects

mitogenesis in choriocarcinoma cells in vitro (Ritvos et al., 1989.) It is

proposed that
The

of

if in-vitro

in-vivo physiological conditions. Further

implantation has been shown in a study that has

be binding site for a5|3| integrin/fibronectin receptor, which

uniquely expressed by invading trophoblast (Irving and Lala, 1995.) IGFBP-1

binds

specifically and inhibits fibronectin binding to integrin at these sites. This action
would tend to suppress

fibronectin inhibition of trophoblast cell migration, thus

potentiating invasion (Jones et al., 1993.) However, it is known that
overall suppressor

of trophoblast invasion. This contrasting data may be explained by

the fact that IGF-I and IGF-II
works

are

potent stimulators

of cell migration and IGFBP-1

by inhibiting IGF binding to cell surface receptors and thus

migration and invasion. It is possible that, in-vivo, the net effect

predominate
al.
is

over

that of IGFBP-1

on

selective and

inhibitory effect

decidualised endometrial cells

Endometrial laminin is

on

plated

inhibiting

of IGF may

the fibronectin action (Lee et al., 1997.) Brar et

(1995) have also provided data to support the inhibitory actions
a

IGFBP-1 is an

of IGFBP-1. There

IGFBP-1 and prolactin secretion from
on

laminin, which

can

bind to integrins.

important during decidualisation and it is considered to be

important during normal cell adhesion.
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8.4 IGF/IGFBP system

and abnormal

pregnancy

Fetal and maternal IGF and IGFBP systems are

(1997) have shown that

over

involved in fetal growth. Miell et al.

expression of IGFBP-1

occurs

in the first trimester of

Trisomy 18 pregnancies which is characterised by growth restriction in the first
trimester. IGF-I and IGF-II gene
human studies
and fetal

concur

serum

with this

knockout mice show marked growth restriction and

finding with

a

IGF-I concentration and fetal

direct correlation between cord blood
weight (Baker et al., 1993; Guidice et

al., 1995; Spencer et al., 1995; Nonoshita et al., 1997). Transgenic rodent models have
been useful

as

mRNAs and

they enable investigation of over and under expression of human

peptides, characterise the genotype and observe the phenotype in vivo. In

transgenic mice that

over express

Additionally, there is

a severe

IGFBP-1, there is fetal growth retardation.

impairment of reproductive function with homozygous

females, with pregnancies failing in 50% of these mice mated with normal males (Gay
et

al., 1997).
In human pregnancy,

and 30-34 weeks

serum

IGFBP-1 concentrations at 20-24 weeks

gestation correlate inversely with fetal size

(Baldwin et al., 1993). Fetal
a

maternal

serum

as

assessed by ultrasound

obtained by cordocentesis at 26-27 weeks showed

greater than 2 fold increase in IGFBP-1 and a 4 fold reduction in IGF-I

concentrations in fetuses with

uteroplacental insufficiency compared with small and

appropriate -for -dates fetuses (Langford et al., 1993). This is consistent with the
finding that chronic hypoxia
al.

may

be

a

regulator for IGFBP-1. In

(1998), hypoxia responsible elements (HRE)

were

a

study by Tazuke et

placed downstream to

a

promoter in a plasmid with a reporter gene. Reporter gene activity rose 30 fold with

hypoxia, mutations in HRE abolished this
genes

with

a

response.

Co transfection of HRE reported

hypoxia inducible factor-1 plasmid in HepG2 cells also increased
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reporter activity. These in vitro results help to explain the finding that maternal and
fetal

serum

IGFBP-1, in conditions associated with uteroplacental insufficiency and

therefore chronic

hypoxia,

are

elevated.
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Part II
Methods and Results
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2.0 Materials and methods
2.1

Setting

2.1.1 The

Early Pregnancy & Gynaecology Assessment Unit (EPAGU), King's

College Hospital, London
The work contained in this thesis

was

carried out

primarily in the Early Pregnancy

and

Gynaecology Assessment Unit of King's College Hospital between August 2000

and

August 2002. Situated in Southeast London, King's College Hospital is

centre, which
Health

primarily

serves

a

teaching

the needs of Lambeth, Southwark and Lewisham

Authority. The local population of around % million people is

one

of the most

deprived in England with high levels of premature death, mental illness and infectious
diseases
beds and
2002

one

including HIV. The hospital, which became
employs 4000 staff with

over

of the

ultrasound

an

500,000 patients were treated. The Women's Health Care Directorate is

biggest departments and offers specialist services including gynaecological
scanning, urogynaecology, colposcopy, oncology,

EPAGU, 5224

women

a

total of 9786

menopause,

women were

assisted

referred to the

with early pregnancy problems and 4652 non-pregnant women

gynaecological problems.

2.1.2 The Recurrent
A

in April 1993, has 900

annual budget of approximately £185 million. In

conception and family planning. In 2002,

with

a trust

Miscarriage Clinic, St Mary's Hospital, Paddington, London

proportion of women (85%), with

included into the

a

history of recurrent first trimester miscarriage,

screening study and the study comparing the morphological

characteristics of congenital

uterine anomalies

were

recruited from The Recurrent

Miscarriage Clinic at St Mary's Hospital, Paddington. This specialist tertiary referral
unit is

Europe's largest clinic dedicated to investigation, treatment and research into
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causes

of recurrent

miscarriage. It is located in

a

West London teaching hospital,

serving Parkside Health Authority, with 600 beds employing
serving

a

over

3,000 staff and

local population of 300,000 people. In the time period August 200 to August

2002 The Recurrent

Miscarriage clinic

saw over

1000

women.

2.2 Three-dimensional ultrasound
All

women

had

transvaginal ultrasound examinations performed in the dorsal

lithotomy position. A two-dimensional B mode ultrasound
screen

for

scan was

used first to

congenital uterine anomalies (Combison 530 3-D Voluson & Voluson 730,

Kretztechnik, Zipf, Austria). Uterine anomalies were suspected when there was
evidence of duplication

of uterine cavity

Fallopian tube could not be
examined

seen.

All

or

when the interstitial portion of either

women

with suspected anomalies

were

then

by three-dimensional ultrasound (Combison 530 3-D Voluson & Voluson

730, Kretztechnik, Zipf, Austria). In order to obtain three-dimensional ultrasound

images the uterus

was

ultrasound volume

visualised in the longitudinal plane. A three-dimensional

was

then

generated by the automatic

transducer. The

acquired volumes

of 4.3

and

-

8.6

cm

a

removable hard disc

vertical

were

angle

a =

sweep

of the mechanical

in the shape of a truncated

cone

with the depth

90°. The volumes were immediately stored on

cartridges (Magneto-Optic 3.0\ 640MB: Olympus Optical Co.,

Hamburg, Germany). The analysis of uterine morphology

was

then performed on-line

using the technique of planar reformatted sections with the interstitial portions of the
Fallopian tubes

as

uterine anomalies

reference points (Jurkovic and Aslam, 1998) (Figure 4). Congenital
were

classified

according to the modified American Fertility

Society Classification of Congenital Uterine Anomalies (The American Fertility
Society, 1988) (Table 2).
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Table 2

Three-dimensional ultrasound classification of congenital

uterine anomalies

Uterine

Fundal contour

External

Straight

Uniformly

morphology

Normal

or convex

contour

convex or

with

indentation <10mm

Arcuate

Fundal indentation with central

point of indentation at obtuse

Uniformly

convex or
indentation <10mm

with

Uniformly

with

angle(>90°)

Subseptate

Presence of septum, which
does not extend to cervix, with

central
acute

Bicornuate

point of septum at
angle (<90°)

an

Two well formed uterine
cornua

-

fundal contour

convex or
indentation <10mm

convex

Fundal indentation >10mm

dividing the two

comua

in each

Unicornuate

Single well-formed uterine
cavity with a single interstitial
portion of Fallopian tube and
concave

fundal contour

Fundal indentation >10mm

dividing the two comua if
rudimentary horn present
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2.3

Reproducibility of three-dimensional ultrasound
All

cases

with confirmed

diagnosis of congenital uterine abnormality

diagnosed in both centres (King's & St Mary's), three-dimensional ultrasound
volumes

were

permanently stored

on

removable hard disk cartridges (Magneto-Optic

3.0', 640MB Olympus Europe, Hamburg, Germany). Out of total 239 stored cases in
archive

(which included normal and abnormal uteri), 83

examination of reproducibility

were

Salim & Dr

then examined

a way

to ensure a

independently by two experienced operators (Dr Rehan

Fertility Society Classification (Table 2)

addition, in 35

cases

of congenital uterine anomalies the reproducibility of

measurements of uterine dimensions

significant

a

discrepancy in the

statistical power

as a

indentation

or

mean

was

also examined. This

sample would detect

difference of one standard deviation with

taken in each

case:

the uterine

cavity width (W), which

distance between the two internal tubal ostia; the
the septum

a

length (F), which

was

defined

as a

was

depth of fundal

distance between the

midpoint of the line adjoining the tubal ostia and the distal tip of fundal indentation
uterine septum;

and finally the length of the unaffected uterine cavity (C), which

measured from the distal
the internal

os

as

of 85% at the 0.05 significance level (Altman, 1992). Three

measurements were

measured

selected in

senior

Brigitte Woelfer), who described uterine morphology in accordance with

the modified American
In

were

a

mix including normal uteri, minor and major uterine anomalies. The

case

volumes

selected for the

of three-dimensional ultrasound diagnosis by

investigator (Mr Davor Jurkovic). The volumes
good

were

tip of the fundal indentation

(Fig. 3 and Fig.4). The internal

section of the uterus

os was

or

or

was

uterine septum to the level of

identified in the longitudinal

using the reflection of urinary bladder

as a

reference point
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(Hugin & Cadieux, 2003). Each of the two operators obtained two blinded readings
of intrauterine dimensions, which

were

recorded by an independent observer.

Figure 4
A coronal view of a septate uterus

demonstrating the normal outer uterine contour.

The

length of the septum (F) is measured between its distal tip and the midpoint of the

line

adjoining tubal ostia. The length of the residual uterine cavity (C)

between the distal

tip of the septum and the internal

os.

was

measured
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Figure 5
A coronal view of an arcuate uterus

The

demonstrating the normal outer uterine contour.

length of the fundal indentation (F) is measured between its distal tip and the

midpoint of the line adjoining tubal ostia. The length of the residual uterine cavity (C)
was

measured between the distal

tip of the fundal indentation and the internal

os.

94

2.4 Uterine

Eight

flushings

women

attending for pelvic ultrasound for indications unrelated to reproductive

performance (3 for suspected pelvic
uterine

3 for dysmenorrhoea, 1 for congenital

anomaly suspected at termination of pregnancy and 1 for ovarian
an

of these

had any

women

Similarly, twenty

miscarriages

other abnormality found

women

with

abnormality found
who

women

had

anatomical

on

on

ultrasound examination.

in this

women

had normal karyotype and had

ultrasound examination. A control
were

no

pelvic abnormality found

on

group

of sixteen

cycle. There

was no

However,

women

pregnancy

losses

any

no

parous

also recruited into the study. These
or

infertility and had

ultrasound examination. All

study had regular ovulatory cycles (range 28 to 34 days) and
taking

had

anatomical uterine

group

history of recurrent first trimester miscarriage

women were

women

none

of the

hormonal contraception for the duration of the investigative

significant difference in the

age

of women in the three

with recurrent first trimester miscarriage had

per woman

than either

women

in the control

groups.

significantly

more

in the control

births per woman

women

with recurrent first trimester miscarriages

a

than either

subseptate uterus (Table 3)

group

with

group or women

women

with

no

included

subseptate uterus. Similarly,

women

none

history of unexplained recurrent first trimester

awaiting sterilisation

were

no

a

also included in the study. The

were

evidence of thrombophilia,

women

cancer

incidental diagnosis of subseptate had uterine cavity flushing;

screening) with

into the

mass,

had significantly

more

live

or

a
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Table 3

Demographic data of women undergoing uterine flushing
(Kurskal

-

Wallis ANOVA test)
Age

First trimester

Mean

Mean

(sd)
Control

35

(n=16)

(9.4)

Recurrent

34

miscarriage

(n=20)

30

(n=8)

(8.2)

P

0.147
had uterine

women

(LH)

surge.

LH

Mean

(sd)

(sd)

0.5(1.1)

2.9(1.6)

3.1(0.6)

0.3

England). Ovulation
luteum

corpus

the dorsal

on

(0.9)

a

0.25

(0.9)

seven

(0.8)

<0.001

<0.001

days after their leuteinising hormone

confirmed by sequential

assay

of early morning urine

commercially available kit (ClearPlan, Unipath Ltd, Bedford,

was

confirmed,

on

the day of flushing, by the

transvaginal ultrasound

lithotomy position with

was

0.5

flushing exactly

surge was

sample analysis using

which

Woman

(8.1)

Subseptate uterus

All

Live births/

miscarriage/

woman

a

scan.

presence

The uterine flushing

Cusco's bivalve speculum to

thoroughly cleaned with sterile saline solution to

was

expose

remove

of a fresh

obtained in
the cervix,

all visible

potential contaminants. An 8 F paediatric Foley balloon catheter (Schering AG,
Berlin)

was

then passed into the uterine cavity through the cervix and the balloon then

inflated with 2mls of air. Under simultaneous
balloon

was

transvaginal ultrasound guidance, the

withdrawn to lie above the level of the internal cervical os,

the reflection of the
chloride solution

identified at

urinary bladder. Five aliquots of 2mls sterile 0.154M sodium

were

then

sequentially injected and aspirated from the uterine cavity
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approximately 10 seconds. Ultrasound guidance

over

fluid did not enter the
when the fluid
interstitial

were

then

was seen

distending the

cervical canal, with re-aspiration being done

upper

uterine cavity, at the level of the
were

pooled and immediately frozen and stored at -20°C. Each aliquot

analysis

on a

discarded. After

were

or

used to confirm that the

portions of the Fallopian tubes. The five 2 mis aliquots that

thawed for

was

Fallopian tubes

was

single occasion only and

any

18°C for

rpm at

was

remaining uterine flushing fluid

thawing and prior to commencement of any

centrifuged at 2,500

obtained

all flushings

assay,

10 minutes.

2.5 Measurement of analytes

The standard

equipment and reagents used

performed in duplicate and

any

2.5.1

listed in Appendix A. All

assays were

samples where either of the duplicate values did not

fall into within 10% of the other
differed

are

were

reassayed. When

by greater than 10% from previous

a

assay means,

quality control value
the

assay was

repeated.

Glycodelin

Background
Glycodelin
linked

assay was

performed using

immunoassay (ELISA) based

on

a

commercially available solid phase

enzyme

the sandwich principle (Bioserve Diagnostics,

Rostock, Germany). In this assay, the ELISA plate is coated with an antibody directed

against Glycodelin. Glycodelin from samples and standards then binds to these
antibodies and is immobilised

on

the

plates. An

enzyme

conjugate containing another

antibody directed against Glycodelin and POD (peroxidase) binds to the Glycodelinantibody-complex during the incubation. Unbound conjugate is then washed off with
washing solution. In

a

further step the existing complex oxidises TMB (3,5
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tetramethybenzene) being added by the substrate solution which is turning blue. The

enzymatic colour reaction is then stopped after
concentration of oxidised TMB correlates

a

defined period of time. The

proportionally to the concentration of

Glycodelin and is measured photometrically.

Procedure
1.

Secure the desired number of Glycodelin-ELISA

2.

Dispense 50pl of Glycodelin standard into the wells intended for control

plates into the holder.

determination.
3.

Dispense 50pl of specimen into appropriate wells.

4.

Incubate

5.

Briskly shake out the incubation solution and rinse the wells 5 times with distilled

plates for 90minutes at

room

temperature without agitation.

water.

6.

Add

7.

Incubate 30 minutes at

8.

Discard the incubation solution, rinse the wells 5 times with water and remove any

50pl of enzyme conjugate to each well.

residual
9.

by tapping the plates

Add 1 OOjliI

on

absorbent

paper.

strips for 15 minutes at

room temperature.

Stop the enzymatic reaction by adding lOOpl of stop solution (0.25 mol/1 H2SO4)
into each well with the

12. Determine the

same

sequence

adopted to dispense the substrate solution.

absorbency of each well at 450nm with

30 minutes of step
13.

temperature without agitation.

of substrate solution immediately after each washing.

10. Incubate the microtitre
11.

room

a

microplate reader within

11.

Samples containing >100ng/ml Glycodelin must be diluted and reassayed.
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Evaluation of results
The average

absorbency (Y) of each reference standard is plotted against its

corresponding concentration (X) to form

a

standard linear

sample is determined by simple interpolation from this

curve.

The value of each

curve.

Specificity, Sensitivity and Precision
The assay was

tested for specificity, by the manufacturer, against human chorionic

gonadotrophin (2000iU/l), alpha feto-protein (300kU/l), human placental lactogen
(20mg/l) and prolactin (200pg/l) with Glycodelin being undetectable in all
sensitivity of the
6.2% and 1.2%

assay was

6ng/mL. The intra

assay

and inter

assay

respectively (data supplied by manufacturer with

2.5.2 Insulin-like

cases.

precision

assay

The

were

kit).

growth factor binding protein-1

Background
IGFBP-1 assay was

performed using the two-site imuunoradiometric

assay

(IRMA)

process as

described by Miles et al. (1974.) The IRMA is

which the

analyte to be measured is sandwiched between two antibodies (DSL,

a

non-competitive

assay

in

Webster, Texas, USA). The first antibody is immobilised to the inside walls of the
tubes. The other

antibody is radiolabeled for detection. The analyte present in the

unknowns, standards and controls is bound by both of the antibodies to form a
"sandwich"
tubes.

complex. Unbound materials

are

removed by decanting and washing the
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Procedure
All reagents
1.

should reach

Label two

room temperature

(25°C) before use.

plain, uncoated, tubes for total counts. Label and

coated tubes in the

arrange

anti-IGFBP-1

duplicate for standards (six vials containing 0.5,2.0, 10.0, 40.0,

80.0, 160.0 ng/ml IGFBP-1 in non-human serum with sodium azide as a

preservative), controls (two vials containing high and low concentrations of
IGFBP-1 in non-human

unknowns
2.

serum

with sodium azide

as a

preservative), and

(uterine flushing).

Pipette 25 pi of the standards, controls and unknowns to the bottom of the
appropriate tubes.

3.

Add 200

pi of the

assay

buffer (protein-based buffer with

a non-mercury

preservative) to each tube except the total count tubes.
4.

Vortex

hours
5.

gently for 1-2 seconds and incubate all tubes at

on a

Aspirate
with

a

shaker set at

or

room

temperature for 4

180rpm.

decant all tubes, except total count tubes, by simultaneous inversion

sponge

rack into

a

suitable waste receptacle. Strike the tubes sharply

absorbent material to facilitate

drainage. Blot the tubes to

remove any

on

droplets

adhering to the rim before returning them to the upright position.
6.

Add 2 ml of deionised water to all tubes except

the total count tubes. Decant and

repeat for a total of two washings.
7.

Add

200pl of the anti-IGFBP-1 reagent (containing <10pCi (370 kBq) of [1-125]-

labelled anti IGFBP-1

antibody in

a

protein based buffer with sodium azide

as

preservative) to all tubes.
8.

Incubate all tubes at

room

temperature on a shaker set at 180rpm for 18-22 hours.
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9.

Aspirate
with

a

decant all tubes, except total count tubes, by simultaneous inversion

or

sponge

rack into

a

suitable waste receptacle. Strike the tubes sharply

absorbent material to facilitate

drainage. Blot the tubes to

remove any

on

droplets

adhering to the rim before returning them to the upright position.
10. Wash all

as

tubes, except total count tubes, by adding 2ml of wash solution. Decant

per step

9 twice and repeat wash step twice for

11. Count all tubes

on a

gamma counter

for

one

a

total of three washings.

minute.

Evaluation of results
1.

Calculate net count per
minute

minute (net cpm) by subtracting the

(mean cpm) of the Ong/ml standard from the

mean counts per

mean cpm

of each standard,

control and unknown. Calculate the % B/T for each standard, control and
unknown
2.

3.

Plot

as

a curve

follows: %B/T

of the net cpm or

(net cpm / mean total cpm) x 100.

%B/T for each standard (y-axis) against the IGFBP-

1 concentration

(x-axis)

the

duplicate points.

mean

Based

on

of the

the net cpm or

concentration of the
from the standard
4.

=

on

log-log graph

paper.

Draw

a

standard

curve

through

%B/T for control and unknown, determine the IGFBP-1

means

of the

duplicate counts of each control and unknown

curve.

Any sample reading greater than the highest standard should be diluted

appropriately with Ong.ml IGFBP-1 standard and reassayed.
5.

Any sample reading lower than the lowest standard should be reported

as

such.
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Sensitivity and Precision
The theoretical

sensitivity calculated by interpolation of the

deviations of 20

assay

mean

plus two standard

replicates of the Ong/ml IGFBP-1 standard is 0.33 ng/ml. The intra-

coefficient of variation is 2.7% and the inter-assay coefficient of variation is

3.6%. No

cross

IGFBP-3

(glycosylated and non-glycosylated), IGFBP-4, IGFBP-5, IGFBP-6 (data

reactivity

was

found between the IGFBP-1 antibody and IGFBP-2,

supplied by manufacturer with

2.5.3 T

assay

kit).

helper-1 & T helper-2 cytokines (IL-2, IL-12, IL-4, IL-6, IL-10, IFNy)

Background
All

cytokines

were

analysed using commercially available solid phase sandwich

Enzyme Linked Immuno-Sorbent Assays (ELISA) (Diaclone Research, Besancon,
France). A monoclonal antibody specific to each cytokine had been coated onto the
wells of microtitre

strips provided. Samples, including standards of known cytokine

concentration and unknowns
the

are

pipetted into these wells. During the first incubation,

specific cytokine antigen and biotinylated monoclonal cytokine antibodies

simultaneously incubated. After washing, the
added. Unbound enzyme

sterptavidin peroxydase, is

is then removed after incubation by washing and then

substrate solution, which acts
reaction. The

enzyme,

on

cytokine present in the samples.

Assay Procedure
1.

Add

a

the bound enzyme, is added to produce a coloured

intensity of this coloured reaction is directly proportional to the

concentration of each

are

lOOpl of sample, standard and control to microwells in duplicate.
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2.

Incubate 2 hours at

3.

Add

4.

Incubate 1 hour

room

temperature then wash three times (IL-4 only).

50pl of diluted biotinylated detection antibody to all wells
(IL-2, IL-6), 2 hours (IFNy, IL-4, IL-10), 3 hours (IL-12)at

room

temperature.
5.

Wash three times

6.

Add

7.

Incubate 30 minutes at

8.

Wash three times.

9.

Add

lOOpl of streptavidin-HRP to all wells.
room

temperature.

lOOpl of ready-to-use TMB. Protect from light. Let the colour develop for

15-20 minutes.
10. Add

lOOpl of H2S04.

11. Read absorbance at 450nm.

Evaluation of results
Generate
axis

a

versus

linear standard
the

curve

average

absorbance

corresponding cytokine standard concentration

The amount of cytokine

on

on

the vertical

the horizontal axis.

in each sample is determined by extrapolating OD values to

cytokine concentrations using
to

by plotting the

a

standard

curve.

The

curve

should not be extrapolated

beyond 400pg/ml(IL-10), 35pg/ml(IL-4), 1000pg/ml(IL-2), 200pg/ml(IL-12),

400pg/ml(IFNy), 200pg/ml(IL-6)
accuracy

as

the dose

response

in this region is not linear and

is difficult to obtain. Samples with values higher than these should be

diluted with standard diluent and

appropriate factor.

reassayed with the results being multiplied by the
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Sensitivity and Precision
The minimum sensitivities

were

when

obtained by
zero

(Table 4) and precision (Table 5)

adding 3 standard deviations to the

standard

was

mean

are

shown below. These

optical density obtained

assayed 32 times.

Table 4
Minimum sensitivities of cytokine assay

(data supplied by manufacturer with

Cytokine

Minimum detectable

IL-6

2

IFNy

5

IL-12

3

IL-2

10

IL-4

0.5

IL-10

5

kits
kit).

assay

(pg/ml)

Table 5
The intra and inter assay

coefficients of variation for cytokine assays
(data supplied by manufacturer with assay kit).
Cytokine Intra assay coefficient of variation
Inter assay Coefficient of variation
(%)

(%)

IL-6

(183

L89~

IFNy

0.59

4.959

IL-12

0.64

IL-2

1.4

1.8

IL-4

0.68

0.448

IL-10

2.6

2.8

.

2.218
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2.6 Statistical

The Statistical

Analysis
Package for Social Sciences version 10.0 (Statistical Analysis Systems,

Chicago, Illinois)
in the relevant

was

used to analyse data. Details of individual tests

chapters. The level of statistical significance

2.7 Ethics Committee

was

are

chosen

documented

as

p<0.05.

approval

The Local Research and Ethics Committees of Kings

College Hospital (99-206 & 00-

159) and St Mary's Hospital, Paddington (LREC: 2000/188), granted approval for all
three-dimensional ultrasound examinations, uterine

flushings and

assays

performed.
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3.0

Study 1

Reproducibility of three-dimensional ultrasound diagnosis of
congenital uterine anomalies

3.1

Background

Congenital uterine anomalies
as

are

associated with adverse reproductive outcomes, such

miscarriage and preterm labour (Tulandi et ah, 1980; Acien 1993; Raga et ah,

1993; Homer et ah, 2000). As
the routine clinical

miscarriage
assessment

a

result, screening for uterine anomalies forms

investigations of women with

a

infertility (Rai et ah, 1996). The conventional methods for the

or

of uterine

morphology

are

congenital uterine anomaly is based
performing the test. There is,

hysterosalpingography, hysteroscopy and

as

on

are

invasive and the diagnosis of

the subjective impression of the operator

yet, no agreement, on the criteria and diagnostic tool,

which should be used to differentiate between various types
has

ever

been

assessment

a

of uterine anomalies and

investigated for their reproducibility.

Three-dimensional ultrasound has

practice. It is

of

history of recurrent first trimester

laparoscopy (Bennett 1987). However, all these tests

none

a part

recently become available in gynaecological

non-invasive, out-patient diagnostic modality, which enables detailed

of uterine

level of agreement

morphology (Wu et ah, 1997; Jurkovic et ah, 1997.) A high

between three-dimensional ultrasound, hysterosalpingography and

laparoscopy in the classification of uterine morphology has been reported previously
(Jurkovic et ah, 1995). In this study,
observer

we

examined the inter-observer and intra-

variability of three-dimensional ultrasound diagnosis of congenital uterine

anomalies. We have also assessed the

reproducibility in the measurements of intra-
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uterine dimensions, which were obtained

using the technique of planar reformatted

sections.

3.2

Population

All

women

referred to the

Early Pregnancy & Gynaecology Assessment Unit at

King's College Hospital &

women

with

a

history of recurrent first trimester

miscarriage, referred to The Recurrent Miscarriage Clinic at St Mary's Paddington,
between
uterine

January 1997 and May 2002,

anomaly. Whenever,

a

were

screened for the

uterine anomaly

was

suspected

dimensional ultrasound examination, a three-dimensional
was

on

of congenital

conventional two-

transvaginal ultrasound

scan

performed (Voluson 530 and Voluson 730, KretzTechnik, Zipf, Austria) in order

to establish the final

3.3 Statistical

diagnosis.

Analysis

The inter-observer agreement
assessed

for the diagnosis of each uterine anomaly

deviations of differences between the 35

was

analysed by calculating standard

pairs of measurements of W, F and C taken

by each observer (Figure 4 and Figure 5). The differences
mean

assess

was

by calculating the kappa statistic. Intra-observer variation of the

measurements of intrauterine dimensions

the

presence

of the two

readings

on a scatter

were

then plotted against

diagram. Analysis of variance

the interobserver variation of the measurements of the uterine

dimensions.

was

cavity

used to
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3.4 Results

Reproducibility of diagnosis of congenital uterine anomalies
There

was a

complete agreement between two operators in classifying the uterus

being normal
in 33 cases,

or

malformed. The observers agreed

subseptate uterus in 19

on

the diagnosis of arcuate uterus

cases

and unicornuate uterus in all three

case,

which

There

was

A and

subseptate by Operator B (kappa 0.97, 95% C.I. 0.94

disagreement in

a

single

was

as

classified
-

as arcuate

cases.

by Operator

1.0) (Table 6).

Repeatability of measurements of uterine dimensions
There

was no

relationship between

and either intra-observer

or

mean measurement

inter-observer difference.

also showed that >95% of differences

were

within

their normal distribution. Limits of agreement
+/- 1.696 and +/- 2.514mm for
for

of any of uterine dimensions

Inspection of the scatter grams

mean

+/- 2 S.D., thus

confirming

for repeated readings ranged between

Operator A, and between +/- 1.762 and +/- 2.07

mm

Operator B (Table 7).
The examination of the interobserver

differences between the two observers

were on

average

(Figures 5

-

variability showed

no

significant

(p>0.05) (Table 8). Readings by Observer A

0.149 to 0.33mm higher than measurements taken by Observer B

7). However, this small bias is unlikely to be of clinical significance.
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Figure 5
Inter observer

of agreement

2

variability for measurement W (mean difference -0.33mm, 95% limits

-2.145mm to 1.483mm)
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Figure 6
Inter observer

of agreement

variability for measurement F (mean difference -0.195mm, 95% limits

-1,63mm to 1,24mm)
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Figure 7
Inter observer

variability for measurement C (mean difference -0.149, 95% limits of

agreement -1.677mm to 1.379mm)
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Table 6
Inter observer

diagnosis of congenital uterine anomalies

Operator A

Operator B
Normal

Arcuate

Subseptate

Unicornuate

Total

Normal

27

0

0

0

27

Arcuate

0

33

0

0

33

Subseptate

0

1

19

0

20

Unicornuate

0

0

0

3

3

Total

27

34

19

3

83

2t.6o92) 1t.6o85) 2t.o8 )

Upper 2.168

2.266

1.26

(1.64 (0.835 (1.652

C(9a5g.re%Imnt)

BOperator Limofits

Lower -1.356

to-0.832) to-1.78) to-1.25)
-1.603

-1.87

(-1.8 (-2.03 (-2.48

difernc C.I) 0t.7o9) 0(-t.0.o47184) 0(-t.05.o1566)
-0.17

0.406

Mean

(95%

(0.103

Upper 1.832

Tabl7e

dimeounmotersaesprofdfnuciblty

C(9a5g.re%Imnt)

Lower -2.04

0.2

to-1.604) to-1.34) to-1.936)
-1.845

(-2.084

difernc C.I)

M
e
a
s
u
r
m
n
t
Intra-obsev

0t.7o9) 0t.o74) 0t.5o6)
-0.17

(0.103 (-0.418 (-0.156

AOperator Liofmits

Mean

0.2

(95%

-2.684

(-3.432

(-2.35

0t.1o6) 0t.o14) 0t.o23)
Cavity (W) funofdal i(ndeFtaion) cavity (C)
-0.149

-0.186

(-0.53

Uterine

width

Depth

-0.17

(-0.4

(-0.60

Uterine length
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Table 8

Analysis of variance of inter-observer

mean

difference of intrauterine dimensions

Source of variation

df

Sums of squares

P

34

20.98

Mean squares
0.62

F

Measurements

0.944

0.562

0.484

0.618

2

0.63

0.32

Residual

68

44.4

0.65

Total

104

66.01

Observers

df:

degrees of freedom
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4.0
A

Study 2

comparative study of the prevalence and morphology of congenital

uterine anomalies in

first trimester

4.1

women

with and without

a

history of recurrent

miscarriage

Background

The

prevalence of congenital uterine anomalies in the general gynaecological

population, who present for imaging for indications unrelated to reproductive
outcomes, remains uncertain due to the invasive nature of most
Most studies have been

or

performed in

women

with

a

diagnostic methods.

history of recurrent miscarriage

infertility. The reported prevalence of congenital uterine anomalies in

recurrent pregnancy

women

with

loss varies between 6% and 38 % (Acien, 1996; Clifford et al.,

1994; Makino et al., 1992a). This wide variation is likely to reflect differences in the

diagnostic criteria and techniques used for diagnosis. Although most authors subscribe
to the

American

American

Fertility Association Classification of Uterine anomalies (The

Fertility Society, 1988), the final diagnosis is based

on

the subjective

impression of the clinician performing the test. Absence of clear data

on

the low risk

population of women has caused uncertainty regarding the true significance of
congenital uterine anomalies in
In this

study

we

women

with recurrent miscarriage.

have used three-dimensional ultrasound

as

the sole diagnostic

method and the three-dimensional ultrasound classification of congenital

anomalies to

miscarriage

investigate both low risk

or

first trimester

women

infertility) and high risk

(with

women

no

history of recurrent

(women with

miscarriage.) The aim of the study

was to

uterine

a

history of recurrent

investigate the prevalence and
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severity of uterine anomalies in

with recurrent

pregnancy

loss and then to

the results to the findings in low-risk women.

compare

4.2

women

Population

522 consecutive

women

with the

recruited from the Recurrent

history of recurrent miscarriage

women were

of antiphospholipid antibodies and both partners had

peripheral blood karyotyping. All
scan as a

prospectively

Miscarriage Clinics at St. Mary's and King's College

Hospitals, London, between August 1997 and January 2001. All
screened for the presence

were

women

also underwent

a

transvaginal ultrasound

part of the investigations into the causes of recurrent pregnancy loss. The

inclusion criteria

history of unexplained three

or more

losses before 14 weeks'

gestation. The control

consisted of 2034 consecutive

pre-menopausal

without

were

were a

women

referred for

an

ultrasound

a

group

pregnancy

history of infertility of recurrent miscarriage who

scan

for

a

variety of indications unrelated to

reproductive outcomes. Exclusion criteria in both
pregnancy, presence

consecutive

groups

of women

were an

on-going

of uterine fibroids distorting the uterine cavity, previous

hysterectomy

or

4.3 Statistical

Analysis

myomectomy and inadequate visualisation of the uterine cavity.

A database file

was

set up

using Microsoft Excel for Windows (Redmond,

WA, USA) to facilitate data entry and retrieval. Statistical analysis was performed

using SPSS for Windows (Version 6.0; SPSS Inc, Chicago, IL, USA). The Student ttest

was

used to compare

the

mean ages

of the

women

and septum length

fundal indentation, in arcuate uteri, and distortion ratio,
relative

or

depth of

y2 test was used to compare

proportions of various types of uterine anomalies between control and
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recurrent

miscarriage

used to compare

trimester

groups.

The Mann-Whitney test for non-parametric data was

the differences in proportions of women who had been pregnant, first

miscarriage, second trimester miscarriage, pre-term labours and live births.

4.4 Results
A total of 509

final data

women

with

analysis. Thirteen

a

history of recurrent miscarriage,

women

submucous fibroids, which were
women

had

additional

an

(2.6%)

were

irregular uterine cavity following previous uterine

women,

who

were

In the control group,
women

women were

conclusive

was

were

surgery.

An

also excluded from the final data

diagnosed in 121 (23.8%) (Table 9).

satisfactory three-dimensional ultrasound images

(97.1%) with 43

women

being excluded due to the

submucous fibroids, 11 due to the presence
4

found to have

included into the final analysis, 388 (76.2%)

normal uterus and uterine anomalies

in 1976

were

patient with the diagnosis of an arcuate uterus tested positive for

analysis. Of the 509
a

excluded: three

included into the

significantly distorting the uterine cavity and nine

antiphospholipid antibodies and therefore she

had

were

excluded due to

an

common

presence

obtained

of

of an intrauterine contraceptive device and

irregular uterine cavity following myomectomy. A

diagnosis of congenital uterine anomaly

The most

were

was

made in 105 (5.3%)

anomalies in both groups were arcuate

uterus, which accounted for more than 90% of cases

women.

and subseptate

(Table 10). There

was no

significant difference in the relative proportions of congenital uterine anomalies in the
two groups

of women

anomalies in

women

(x2 = 2.3;

p>0.05) Morphological characteristics of uterine

with recurrent

miscarriage

were

compared to the control

group.

Depth of fundal indentation (F), in arcuate uteri, and septum length (F), in subseptate
uteri,

were not

significantly different between the two

groups

of women. However, in
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both arcuate and

subseptate uteri, the length of the normal uterine cavity (C)

significantly shorter and the degree of distortion of the uterine cavity
higher in

women

eliminate

a

was

was

significantly

with history of recurrent miscarriage (Table 11). In order to

potential effect of parity

on

performed in the cohort of nulliparous

uterine morphology, comparisons

women

were

also

only. This revealed similar results

except that the depth of fundal indentation in arcuate uteri in the recurrent miscarriage
group was

significantly greater compared to the low risk

women

(Table 12).
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Table 9

Demographics of women included into the final data analysis
Low risk

N= 105

Recurrent

miscarriage

N=121
P

Mean age

(range)

Total number of women who
were

32.4
(18-48)

34.9
(21 -45)

<0.001

56(53.3)

121 (100)

<0.001

126

491

1.26
(0-9)

4.0
(3-11)

<0.001

37(29.4)

411 (83.7)

<0.001

9(7.1)

35 (7.0)

0.020

14(11.1)

9(1.8)

0.423

68 (53.9)

36(7.3)

0.012

pregnant in past (%)

Total number of pregnancies

Number of pregnancies per
woman

(mean and range)

First trimester

miscarriage (%)

Second trimester

miscarriage (%)

Pre-term labours

(%)

Live births

(%)
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Table 10
Relative
with

a

proportions of congenital uterine anomalies in low risk women and those

history of recurrent miscarriage
Uterine

anomaly

Recurrent
N

miscarriage
(%)

Low risk
N

(%)

Arcuate uterus

86

(71.1)

72

(68.6)

Subseptate uterus

27

(22.3)

28

(26.6)

Bicornuate uterus

6

Unicornuate uterus

Total

X2=2.3; p>0.05

(5.0)

2(1.6)
121

(100)

4(3.8)
1

(1.0)

105(100)

P

t

Subsepta

risk

28

Low

Recurent miscar ge

27

P

t

11Table

aucnotoemgrils

inwmuoteirmptrihhenlgy
Comoparisfn

Arcuate

risk

72

0.128

<0. 01

<0. 01

0.128

4.380

-3.84

18.73

(8.76)

24.84

(1 .43)

0.40

(0.25)

21.78

(5.42)

14.24

(5.34)

0.60

(0.12)

0.703

<0. 01

0.004

-0.38

6.069

-2.95

5.42

(1.77)

29.60

(6.09)

0.16

(0. 04)

5.57

(2.72)

24.08

(5.44)

0.18

(0.0 4)

Low

Recurent miscar ge

86

Nuombefr

(m ) (SD)

septum fundal indetaion cavity l(emngth) deogrfe distao/ri+bn

women Mean /length

(SD)

Mean

Mean

(SD)

P

t

Subsepta

risk

17

21

P

12Table

acuwontegmirilhs

inwnmuuotloeimprrapirehnslgy
Comoparisfn

0.007

0.010

-2.0 1

2.847

-2.734

17.0

(5.72)

23.53

(12.4)

0.40

(0.28)

21.33

(21.3 )

15.04

(5.25)

0.59

(0.12)

Low

Recurent miscar ge
t

Arcuate

0.51

risk

42

0.019

0.001

0.001

-2.376

3.765

-3.628

Recurent miscar ge

56

Nuombefr

(5.69)

4.77

(1.58)

27.65

5.84

(2.84)

23.61 (5.3)

Low

(SD)

0.15

0.2

(0. 04)
(0.01)

septum fundal indetaion (SD) cavity l(emngth) deogrfe Fdis/tor+iCn

women Mean /length (mm)

Mean

Mean

(SD)
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5.0

Study 3

Reproductive outcomes in
detected
5.1

women

with congenital uterine anomalies

three-dimensional ultrasound

on

screening

Background

Until

recently, the

use

of invasive tests, such

hysterosalpingography,
anomalies (Reuter et
uterine

morphology

fertility

or recurrent

was

laparoscopy, hysteroscopy and

mandatory for the diagnosis of congenital uterine

ah, 1989; Paton, 1994; Fayez et al 1987). The assessment of
was

therefore offered selectively to

early

pregnancy

uterine abnormalities. The

anomalies in

as

loss, which

are

with

a

history of sub

traditionally associated with

prevalence and clinical significance of congenital uterine

general population thus remained largely unknown (Ashton et al., 1988).

In this

study

we

have used three-dimensional ultrasound to perform

analysis of uterine morphology in

a group

of low-risk

women

presence

of congenital uterine anomalies. The main aim

presence

of uterine anomaly

pregnancy outcomes

5.2

women

was

associated with

an

a

detailed

screened for the

was to

establish whether the

increased risk of adverse

in this population.

Population

This

study that

was

carried out at The Early Pregnancy & Gynaecology Assessment

Unit, King's College Hospital, between August 1997 and September 2000. The
women

they

included in the

were

study

were

referred for ultrasound

either self-referred for ovarian

scans

by their primary

care

cancer

physicians

screening
or

hospital

or

123

consultants.
of a

or

(Table 3.1) In contrast to the previous study, these

screening

recurrent

group.

Exclusion criteria

miscarriage,

previous hysterectomy

presence

were on

going

pregnancy,

or myomectomy.

The attending clinician obtained

a

full

women.

analysis

A database file

was

to facilitate data

SPSS

history of infertility

of uterine fibroids distorting the uterine cavity and

history, including details of all past pregnancies, from all

5.3 Statistical

women were not part

set up

using Microsoft Excel (Redmond, WA, USA) for Windows

entry and retrieval. Statistical analysis was then performed using

(Version 6.0, SPSS Inc., Chicago, IL, USA.) for Windows. The

unpaired data

were

and the Mann

-

means

for

compared using the Student /-test, for normally distributed data

Whitney U test, for data that

proportions of indication for referral

were

were not

normally distributed. The

compared using

test

5.4 Results
A total of 1289

normal uterine

women were

morphology

recruited into the

was

stopped

once

study. Recruitment of women with
their number exceeded 1100, whilst

recruitment of women with uterine abnormalities continued

study period. 200
fibroids

women were

subsequently excluded because of the

distorting the cavity (184),

presence

throughout the whole

poor

presence

visualisation of the endometrium (14) and

of intrauterine contraceptive device causing extensive shadowing

dimensional

scan

(2).

of

on

three-

124

Out of 1089
normal
29

women

who

were

included into final data

shape of the uterine cavity. 106 uterine anomalies

subseptate and 5 bicornuate uteri. There

indication for referral and

normally shaped uterus
(t=4.14, p<0.01)

or

was no

were

were

a

detected: 72 arcuate,

significant association between the

diagnosis of uterine anomalies (Table 13), but
significantly older compared to

women

women

with

with

an arcuate

subseptate uterus (t=2.97, p<0.01) (Table 14).

All adverse pregnancy outcomes were
uterus

analysis 983 had

less frequent in

women

with normal

compared to those with congenital uterine anomalies. (Table 14). When

proportions of reproductive outcomes
those with

a

women

trimester losses

women

calculated for each individual

woman,

subseptate uterus experienced significantly higher proportion of first

trimester loses in
addition

were

comparison to

women

with normal uterus (Z

with arcuate uterus suffered

(Z=5.76, p<0.01) and

with normal uterus. There

outcomes between

women

4.68, p<0.01). In

significantly higher proportion of second

more preterm

was no

=

labours (Z=4.1, p<0.01) than

difference in other adverse pregnancy

with normal and abnormal uterine

morphology.
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Table 13

Indications for ultrasound assessment

Uterine

Indication

Normal uterus

pain

Ovarian

cancer

Abnormal

screening

bleeding

Arcuate uterus

Subseptate uterus
n (%)
2(9)

265(27)

(%)
13 (18)

236

(24)

21

(29)

6(21)

236

(24)

13

(18)

10(34)

n

Pelvic

morphology

(%)

n

Suspected fibroids

118(12)

4(6)

5(17)

Suspected ovarian cyst

98(10)

15(21)

2(7)

30(3)

6(8)

4(14)

Other

X2 = 5.7;p>0.05
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Table 14
Outcomes of pregnancies

Uterine

Women's age

(mean and range)

Total number of women
Total number of women who

were

morphology

Normal

Arcuate

Subseptate

41.0

35.3

34.7

983

72

29

818

64

22

1965

88

57

2.0

1.2

2.0

(12)

14(15.9)

24(42.0)

(3.5)

7(7.9)

2(3.6)

11(12.5)

6(10.5)

pregnant in the past
Total number of pregnancies
Number of pregnancies per woman

(mean and range)
First trimester

miscarriages (%)

Second trimester
Pre-term labours

miscarriages (%)

235
69

114(6.2)
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6.0

Study 4

Glycodelin concentration in uterine flushings obtained from
with

unexplained recurrent first trimester miscarriage and

with

a

6.1

women

women

subseptate uterus

Background

Glycodelin is quantitatively

one

of the most important of the endometrial secretory

proteins. It has been shown to be present in high concentrations during the
implantation window and its immunosuppressive properties have been well
established

(Bolton et al., 1987; Pockley et ah, 1988; Okamoto et ah, 1991; Miller et

ah, 1998; Connor et ah, 2000; Mukhyopadyay et ah, 2001; Vigne et ah, 2001.) The

provision of a protective microenvironment by Glycodelin
successful

women

at

implantation and determine

success

of any

high risk of miscarriage, have shown

a

may

be facilitative to

pregnancy.

Previous studies, in

significantly lower concentration of

Glycodelin, measured in uterine flushings. This finding is suggestive of a role for
Glycodelin in early embryonic development.
In this

incidental

we

have obtained uterine flushings from

diagnosis of a subseptate uterus,

first trimester
then been

study

miscarriage,

even

a

women

anomaly associated with

when diagnosed in

women

compared with similarly obtained uterine flushings from

fertile

women.

The aim of the study is to

compare

a

an

high risk of

incidentally. These have

history of unexplained recurrent first trimester miscarriage and
parous,

with

a

women

control

with

group

a

of

the secretory profile of

Glycodelin in morphologically abnormal uteri and morphologically normal uteri in
women

at

high risk of pregnancy failure.
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6.2 Results

Glycodelin
9.7

range

women

-

was

detectable in all samples of uterine flushings (median 46.4ng/ml,

78.5 ng/ml). Glycodelin concentration, in uterine flushing, obtained from

with recurrent

miscarriage (n=20) (median 26.8 ng/ml,

ng/ml) and subseptate uteri (n=8) (median 32.9 ng/ml,
were

59.0

significantly lower than in the control
ng/ml

-

77.6 ng/ml.)

group

range

first trimester

miscarriage and

There

correlation between the distortion ratio for

was no

a

17.1 ng/ml

-

women

-

78.5

52.4 ng/ml)

8). However, there

significant difference in Glycodelin concentration in between

with

9.7 ng/ml

(n=16) (median 67.7 ng/ml,

(A.2=T9.565, p<0.001) (Figure

women

range

range

was no

with recurrent

subseptate uterus (z=-0.098, p=0.922.)
subseptate uteri and

Glycodelin concentration in uterine flushings (p=0.411, r=-0.339).
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Figure 9
Glycodelin concentration in uterine flushing from
recurrent first

E
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7.0
T

Study 5

helper 1 and T helper 2 cytokine profile in peri-implantation

endometrium in

women

with

unexplained recurrent first trimester

miscarriage and

women

with

a

7.1

subseptate uterus

Background

The activation of a maternal T

helper 1 immune

response

has been shown to be

potentially hazardous to embryonic development (Ragupathy 1997). During normal
pregnancy,
response

there is

an

inherent shift towards predominantly T helper 2 immune

and this is consistent with the clinical evidence that

infections and cell mediated autoimmune responses are

al., 1993; Dudley et al., 1993). In

women

considerable evidence to suggest

that there is

milieu in both local decidual tissue and
et

who

are

a

response to

less efficacious (Wegman et

high risk of miscarriage, there is

predominantly T helper 1 immune

peripheral leucocytes (Ragupathy, 1997; Hill

al., 1992; Tangri et al., 1993; Hill et al., 1995). This shift in immune

toward

a

response,

predominantly T helper 1 type, has been shown to be present in

recurrent

intracellular

women

with

miscarriages in the peri-implantation period. Exposure to maternal T helper

1 immune responses at

this early stage

may

be

a

factor in

pregnancy

failure (Lim et

al., 2000).
In this

first trimester
uterus, an

both T

study

we

have obtained uterine flushings from

miscarriages and

women

anomaly associated with

a

with

an

women

with recurrent

incidental diagnosis of a subseptate

high risk of miscarriage, and analysed them for

helper 1 and T helper 2 cytokines. The aim of this study is to investigate

whether

an

abnormal immune response

endometrium of women with

a

is prevalent in the peri-implantation

subseptate uterus.
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7.2 Statistical

analysis

A database file

to

was

set up

facilitate data entry

SPSS

using Microsoft Excel (Redmond, WA, USA) for Windows

and retrieval. Statistical analysis

was

then performed using

(Version 6.0, SPSS Inc., Chicago, IL, USA.) for Windows. The median

number of miscarriages,

Kurskal-Wallis

live births and cytokine levels

analysis of variance in the three

groups

were

age,

compared using the

of women (see Chapter 2.1).

7.3 Results

IFNy, IL-12, IL-2, IL-10, IL-4 and IL-6

samples, however, IL-12
median levels of IFNy
control group
women

with

a

was not

women

with

a

were

among

comparison to

subseptate uterus. There

the three

women

was no

with

a

group.

The

women

in the

history of recurrent miscarriages and

groups

were not

of women. Conversely, the median

significantly higher in the control

with recurrent miscarriage and

women

group

with

of

a

significant difference in the median levels of IFNy,

IL-12, IL-2, IL-10, IL-4 and IL-6 between
women

all significantly lower in

subseptate uterus. Flowever, median levels of IL-2

levels of IL-10, IL-4 and IL-6 were all
in

detectable in all uterine flushing

detectable in 11 samples in the control

and detected IL-12

compared to

significantly different

women

were

women

subseptate uterus (Table 2.5.2)

with recurrent miscarriage and

Table 15
T

helper 1 and T helper 2 cytokine levels in healthy controls with

16),

women

women

with history of recurrent miscarriage with

with ultrasound

recurrent

miscarriage

Cytokine

Group

IFNy

Control

or

infertility (n

miscarriage
Subseptate uterus
Control
Recurrent

miscarriage
Subseptate uterus
IL-2

Median

(Range)
pg/ml
12.4 (8.1 - 18.3)
19.4(12.9-25.5)
16.7(13.8-19.6)
0(0-3.3)
(3.0-5.4)
3.5 (3.0-4.8)

32.6

Control

36.4

(35.4- 117.2)
27.5 (19.2-34.2)
30.6 (22.0-32.2)
2.3

Recurrent

1.3

Control
Recurrent

miscarriage
Subseptate uterus

(15.9-27.3)
(20.5-91.1)
(24.3 -47.1)

44.5

Control

miscarriage
Subseptate uterus

=
a

20) and

history of

x2

P

15.951

<0.01

26.932

(1.7-5.1)
(0.9-1.7)
1.3 (0.8-1.6)

66.9

(37.8-261.0)
(5.1-30.6)
14.5 (5.2-32.6)

10.9

1.760

31.756

30.248

30.434

z

P

-0.903

0.374

-0.834

0.429

-0.489

0.649

-1.866

0.062

-.0684

0.518

-0.634

0.549

<0.01

3.6

Recurrent

miscarriage
Subseptate uterus

IL-6

normal uterus (n

8).

22.8

Recurrent

IL-4

=

Control

miscarriage
Subseptate uterus
IL-10

normal uterus (n =

diagnosis of subseptate uterus, who did not have

Recurrent

IL-12

a

a

0.415

<0.01

<0.01

<0.01
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8.0

Study 6

Insulin-like

growth factor binding protein-1

flushings from

women

miscarriage and

with

women

a

with

assay

in uterine

history of recurrent first trimester
an

incidental diagnosis of subseptate

uterus

8.1

Background

Insulin-like

growth factor-II (IGF-II) is known to play

an

important role in the

regulation of growth of embryonic and extraembryonic tissue in
relative
et a.,

deficiency is associated with

a range

of adverse

a

and

pregnancy outcomes

a

(Baker

1993; Fowler et al., 1999; Langford et al., 1998). IGF-II is expressed by

invading cytotrophoblast and is considered to have
at

pregnancy

the feto-matemal interface

a

role in invasion and proliferation

(Flan et al., 1996). Disruption of the IGF-II receptor and

reduction of IGF-II clearance results in excessive

trophoblast proliferation and

placental hypertrophy (Lau et al., 1994). Control of IGF-II actions

are

thus stringently

regulated by maternal decidual production of high affinity binding proteins, (IGFBPs)
that determine the

bioavailability of IGF-II at this interface (Jones and Clemmons,

1995). Several studies have reported

an

inverse correlation between the levels of

IGFBP-1 in fetal and maternal circulation and disorders of abnormal

placentation

(Fowler et al., 1999; Langford et al., 1998; Stone et al., 2003). IGFBP-1 is known to
act

in

an

auto/paracrine

manner

and is

one

of the most characterised of endometrial

secretory proteins (Fazleabas et al. 1995). Its expression is limited to the secretory
endometrial from the mid luteal

phase onwards only and its

presence at

this time

suggests a role in early pregnancy development (Flan et al., 1996; Licht et al., 2002).
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In this

study

have obtained uterine flushings during the implantation

we

window form fertile controls, women with a

miscarriage and

with

women

an

history of recurrent first trimester

incidental diagnosis of a subseptate uterus,

a

congenital uterine anomaly specifically associated with high risk of miscarriage. The
aim of this

study is to evaluate IGFBP-1 expression, in peri-implantation

endometrium, in

8.2 Statistical

was

using Microsoft Excel (Redmond, WA, USA) for Windows

set up

facilitate data entry

SPSS

high risk of miscarriage, in comparison to fertile controls.

analysis

A database file

to

women at

and retrieval. Statistical analysis

was

then performed using

(Version 6.0, SPSS Inc., Chicago, IL, USA.) for Windows. The median

number of miscarriages,

Kurskal-Wallis

live births and cytokine levels

analysis of variance in the three

correlation coefficient

was

groups

age,

compared using the

were

of women. Pearsons bivariate

used to examine correlation of the distortion ratio with

IGFBP-1 levels.

8.3 Results
IGFBP-1
0.54

0.58

-

was

detectable in all uterine

flushing samples (median 0.67ng/ml,

139.46). The concentration of IGFBP-1 in the control

ng/mL,

range

0.54

-

0.66)

was

women

=

with

a

(n=16) (median

group

significantly lower compared to

history of recurrent miscarriage (n=20) (median 0.69 ng/mL,
subseptate uterus (n=8) (median 1.37 ng/mL,

range

range

range

women

0.63

0.71

-

-

with

a

124.57) and
139.46)

(j2

29.206, p<0.01) (Figure 2.6.1). Women with a subseptate uterus had a significantly

higher level of IGFBP-1 in comparison to

miscarriages (z

=

-2.624, p=0.007).

women

with

a

history of recurrent
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There

was no

correlation between the distortion ratio for

1 concentration

Three

women

uterus had

any

subseptate uteri and IGFBP-

(x2--0.316, p=0.446).

in the recurrent

miscarriage

group

and three

women

with

a

subseptate

significantly higher levels of IGFBP-1. This small number did not allow

meaningful statistical analysis to be made. However, they did not, overall, have

higher number of pregnancy losses and there

were no

significantly differing

morphological features.

Figure 9
IGFBP-1 concentration in uterine
recurrent first trimester

flushing from

miscarriage and control

women

with subseptate uterus,

group
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Part III

Discussions

138

3.1

Study 1

Reproducibility of three-dimensional ultrasound diagnosis of
congenital uterine anomalies

This

study showed

good level of agreement between two different operators in the

a

diagnosis of congenital uterine anomalies using three-dimensional ultrasound. The
description of congenital uterine anomalies

was

based

on

the American Fertility

Society Classification (1988). However, the diagnostic criteria used to classify uterine
anomalies

levels for the fundal

arbitrarily, they
similar

previously described and they included cut-off

shape and distortion. Although these cut-offs

were necessary to

were

selected

differentiate between uterine anomalies with

morphological features such

without
the

detailed than

were more

as

subseptate and arcuate uteri. Furthermore,

clearly defined diagnostic criteria it would not have been possible to examine

reproducibility of ultrasound diagnosis.
The American

clinicians in routine

Fertility Society Classification (1988), which is used by most

practice, does not specify either morphological features

or

diagnostic methods to describe uterine morphology. It is therefore not surprising that
to

date

no

study has been published investigating the reproducibility of diagnosis of

uterine anomalies

likely

using

consequence

interobserver

any

of the traditional invasive diagnostic methods. Another

of the lack of agreed diagnostic standards is

a

significant

variability in the diagnosis of uterine anomalies. Operators with varying

levels of experience,

using different diagnostic methods,

are

likely to disagree

on

both
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the type

is

a

and severity of uterine anomaly in individual

wide

cases.

An indirect proof of this

variety of reported prevalence of uterine anomalies in different studies of

both low-risk

women

and those with

a

history of adverse

pregnancy outcomes

(Ashton et ah, 1988; Acien, 1997; Clifford et ah, 1994). Similar problems have also
affected three-dimensional ultrasound
studies

reporting

groups

of women, such

&

very

diagnosis of uterine anomalies, with different

different prevalence rates of uterine anomalies in well-defined
as

those with history of infertility (Raga et ah, 1997; Kupesic

Kurjak, 1998).
Three-dimensional ultrasound

provides

a very

different view of uterine

anatomy, which further hampers comparisons with other diagnostic modalities. For

example, arcuate uterus is the most

common

uterine anomaly in studies of uterine

morphology using three-dimensional ultrasound (Jurkovic et
anomaly is
is

only

a

very

difficult to diagnose

on

a.,

1997). Flowever, this

traditional invasive tests, and

as a

result there

handful of reports in the literature describing the diagnosis and clinical

significance of this anomaly (Raga et ah, 1997; Tulandi et ah, 1980).
The

only

way to overcome

these limitations is by quantifying the degree of

disruption of uterine morphology and comparing the results to reproductive outcomes.
Findings of good intraobserver and interobserver reproducibilities of measurements of
uterine dimensions with three-dimensional ultra-sound
context.

are

Quantitative description of uterine morphology

very

may

encouraging in this

show that not only the

type of uterine anomaly, but also its severity, may be important in assessing the risk of
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adverse pregnancy outcomes.

This could help to refine selection criteria for

resulting in improved long-term outcomes in
In order to achieve this

collected.

objective,

a

women

with uterine anomalies.

relatively large quantity of data needs to be

Bearing in mind the rarity of uterine anomalies, this

by establishing

a

wide international collaboration involving

research centres. Three-dimensional ultrasound is the
available to facilitate such collaboration.

morphology would

ensure

that the

same

surgery,

a

can

only be achieved

large number of

only diagnostic method

Quantitative description of uterine

diagnostic criteria

were

used in each

case.

Furthermore, by asking the participating centres to submit archived three-dimensional
volumes, both operator dependence and subjective bias in the assessment of uterine

morphology would be almost completely eliminated. Until such
conducted,
and

we

a

study has been

will have to face continued uncertainty about the clinical significance

optimal management of congenital uterine anomalies.
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3.2
A

Study 2

comparative study of the prevalence and morphology of congenital

uterine anomalies in
first trimester

In this

women

miscarriage. The most

whilst

major anomalies

with

history of recurrent early

1200

were

Japanese

were

anomaly, however,

pregnancy
a

found in 23.8% of women with
was

the arcuate uterus,

loss have shown

a

variable prevalence of

study by Clifford et al. (1994) major uterine
cases

(1.8%). Another large screening study of

found major anomalies in 4.6% of women (Makino et al.,

1992), whilst in

a

anomalies

found in 4

our

history of recurrent

in 6.9% of women. Previous studies of women

found in nine out 500

women

were

common

were present

congenital uterine anomalies. In
anomalies

a

miscarriage

study congenital uterine anomalies

recurrent

a

with and without

study of 55

women,

cases

by Tulppala et al. (1993), major uterine

(7.2%). The prevalence of major uterine anomalies in

study is broadly in agreement with these previous studies, which used invasive

diagnostic techniques to detect uterine anomalies. The lower prevalence reported
Clifford et al.

(1994)

may

be explained by the low sensitivity of two-dimensional

trans-abdominal ultrasound for the
The

pregnancy

diagnosis of congenital uterine defects.

potential significance of uterine anomalies in the context of recurrent

loss cannot be established without comparisons with the low risk

population. In

a

previous screening study of 1022 of low-risk

women we

found major
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congenital uterine anomalies in 2.3% of cases (Jurkovic et al., 1997), which is
relatively comparable to the prevalence of 1.7% in this series. Similar results have
been

reported by others, who have used

uterine anomalies, in women

a

combination of invasive tests to

screen

for

undergoing tubal sterilisation. A study by Ashton et al.

(1988), found major anomalies in 1.9% of cases using hysterosalpingography and

hysteroscopy; whilst Simon et al. (1991) reported the prevalence of 3.2% using
combination of laparoscopy
al.

and hysterosalpingography. A recent study by Byrne et

(2000), using trans-abdominal two-dimensional ultrasound to

found

prevalence of only 0.4% in 2065 low risk

Clifford et al

a

women.

screen

for anomalies,

Similar to the study by

(1995), this low prevalence is likely to be the reflection of the

poor

sensitivity of trans-abdominal two-dimensional ultrasound for the diagnosis of uterine
anomalies.
The results of these studies show that the
uterine anomalies
times

higher in

prevalence of major congenital

(i.e. all anomalies except the arcuate uterus) is approximately three

women

with history of recurrent miscarriage, compared to the low risk

population. This suggests that congenital uterine anomalies
for pregnancy

loss in

a

women

with recurrent

2000). The results of our study
most

common

uterus

was

indeed be responsible

small proportion of women with recurrent miscarriages.

A recent literature review showed that the most

anomaly in

may

are

pregnancy

common

major uterine

loss is subseptate uterus (Homer et al.,

similar showing that the subseptate uterus

was

major uterine anomaly accounting for 77% of cases. The subseptate

also the most

common

anomaly in low risk

women

accounting for 70 % to
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90% of cases

(Simon et al., 1991; Raga et al., 1997; Jurkovic et al., 1997). Subseptate

uterus accounted for 84% of

major anomalies found in low risk

women

in the present

study, which is again consistent with the data form the literature.
The

pathophysiology of early

pregnancy

loss in

cases

of subseptate uterus is

explained by the inability of the relatively avascular septum to provide adequate blood
supply to the developing embryo (Burchell et al., 1978). This view is supported by

histological evaluation of the septum, which showed significantly reduced vascular
supply in relation to the rest of the uterus (Dabirashafi et al., 1995; Nakada et al.,
1989). If this theory is correct, then the likelihood of miscarriage caused by septal

implantation should increase with the severity of the disruption of uterine
morphology.
Makino et al.

(1992) tried to quantify the degree of distortion of the uterine

cavity by calculating the ratio between the fundal distortion and the length of the
uterine

cavity

on

hysterosalpingography. They found

no

association between the

severity of uterine anomaly and the number of previous miscarriages. In contrast, the
results of this

study showed that the degree of distortion of the uterine cavity in

subseptate uterus

was

higher in

risk

was

mainly due to the reduced length of unaffected cavity, rather

women.

This

than the increased septum
be

a

women

with recurrent miscarriage, compared to low-

length. Differences between

result of different measurement

our

and Makino's study could

techniques and different definition of recurrent

miscarriage in their study which included
trimester losses. Nevertheless

our

women

with only two consecutive first

results indicate that the distortion of the uterine
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anatomy in subseptate uterus is greater in women with recurrent pregnancy loss. This

finding supports the hypothesis of septal implantation
miscarriage
of septal

as

potential

the likelihood of septal implantation increases with

size to functional cavity.

The

as a

cause

an

of

increasing ratio

.

prevalence of arcuate uterus in

women

with recurrent miscarriage

was

17%, which is significantly higher compared to the prevalence of 3.2% in low-risk
women

(Jurkovic et al., 1997). In addition, similar to the subseptate uterus, the

distortion of uterine
The

cavity

was greater

in

women

with recurrent first trimester loss.

diagnosis of arcuate uterus is difficult using conventional methods such

hysteroscopy

or

laparoscopy and the diagnostic criteria

are

as

far from clear (Golan et

al., 1992). As a result little is known about its prevalence and clinical significance.
However, all studies report an increase in adverse
second trimester loss

reproductive outcomes, mostly

(Acien, 1993; Raga et al., 1997; Tulandi et al., 1980; Woelfer et

al., 2001). The pathophysiology of miscarriage in women with arcuate uterus remains
unknown. The

only therapeutic intervention, which

of miscarriage,
intervention is

pregnancy

was

proposed to decrease the risk,

is the insertion of cervical suture (Golan et al., 1990). However, this
unlikely to be helpful in

loss.

women

with history of first trimester
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3.3

Study 3

Reproductive outcomes in
detected

This

on

women

with congenital uterine anomalies

three-dimensional ultrasound

screening study has confirmed

a strong

screening

association between incidentally

diagnosed congenital uterine anomalies and adverse reproductive outcomes. However,
all adverse outcomes
et

were

less

common

ah, 1997; Homer et ah, 2000). In

uterus, Homer et al

compared to
study

was

than

a recent

meta-analysis of women with subseptate

(2000) found miscarriage rate of 88% in, which

or pre-term

There

was

twice

as

results. Contrary to previous reports the risk of miscarriage in

our

confined to the first trimester, with

miscarriage

previously reported (Acien, 1993;Raga

are

only

a

no

high,

our

significant risk of second trimester

labour.

handful of studies that have investigated reproductive

performance in the arcuate uterus. All studies have been retrospective and have
included

mostly

women

with history of infertility. Two studies have reported

increase in adverse pregnancy outcomes

no

with live-birth rates of 83% to 86% (Raga et

al., 1997; Acien, 1993). A third study, however, has reported a successful pregnancy
outcome in

study,

only 45% of women with arcuate uterus (Tulandi et al., 1980). In

women

with

an arcuate uterus

trimester losses and pre-term

had

a

significantly higher number of second

labours compared to

deliveries occurred in 64% of pregnancies.

our

women

with normal uterus. Term
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The differences between the results of our

study and previous reports almost

certainly reflect differences in study designs. Whilst almost all-previous studies
investigated
women

women

which

outcomes

are

with history of recurrent

pregnancy

considered to be at low-risk of having an

of previous pregnancy are

study populations. There

are

are not

hysterosalpingography and hysteroscopy
are

are

we

studied

anomalous uterus. The
our

study

only hampered by the

are

of uterine anomalies. Both

limited to the assessment of the uterine

unable to differentiate reliably between the subseptate, arcuate and

bicornuate uterus
methods

infertility,

also differences in the diagnostic methods

and criteria used to differentiate between various types

cavity and

or

therefore expected to be better in

population. Comparisons between different studies
differences in

loss

(Sheth & Sonkawade, 2000; Reuter et al., 1989). Even when these

combined with

laparoscopy the diagnosis relies

on

the subjective

impression of the clinician, rather than strict diagnostic criteria. With this approach,
subtle differences in uterine

morphology cannot be assessed, and the only

describe uterine anomalies is
The
treatment

findings in this study

of women with

Although there
all

women

by using

with

seems to

may

a

simplified classification system.

further fuel controversy about the appropriate

subseptate uterus (Kirk et ah, 1993; Propst et ah, 2000).

be general

consensus

that metroplasty should be offered to

subseptate uterus and history of recurrent miscarriage (Homer et ah,

2000), it is not clear whether the treatment should be offered to
incidental

way to

diagnosis

as

well. Our data show that these

chance of successful pregnancy

women

women

have

a

with

an

reasonable

and elective excision of septum would be difficult to
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justify. In
patients

case

may

of arcuate uterus, correction of uterine anomaly is not possible and

only be offered mid-trimester cervical cerclage to reduce the risk of late

miscarriage and pre-term labour (Golan et al., 199). However, the effectiveness of
cervical

cerclage in this context is uncertain.
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3.4

Study 4

Glycodelin concentration in uterine flushings obtained from
with

unexplained recurrent first trimester miscarriage and

with

a

women

women

subseptate uterus

The results of this

study confirm previous data that have shown

between recurrent

miscarriage and lower levels of Glycodelin in the peri-implantation

endometrium

association

(Dalton et ah, 1998.) However, this study is the first to demonstrate

similar association in

women

with

incidental

an

miscarriage in

women

with

an

a

diagnosis of a subseptate uterus. This

finding is consistent with previous studies that have shown
trimester

an

an

increased risk of first

incidentally diagnosed subseptate uterus

(Homer et ah, 2000; Woelfer et al., 2001). This study also adds to the evidence, for
the role of the
have

Glycodelin, in the

success

of early pregnancies. Previous studies that

investigated endometrial function in relation to reproductive outcomes have all

been done in

women

with

morphologically normal uteri (Dalton et al., 1995; Li et al.,

1993; McKenna et al., 1993; Serle et al, 1994.) Thus, the functional significance of
lower

Glycodelin levels has been debatable,

women are

likely to have

consecutive losses

a

as even

without

high chance of successful

any

intervention, these

pregnancy, even

after

(Rai et al., 1996). A morphologically anomalous uterus, such

subseptate uterus, is associated with

a

higher risk of miscarriage, thus it would

as

the

seem
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logical that lower Glycodelin level expression in such uteri would be supportive of its
role in

early

pregnancy

Fedele et al
with uterine septa

development.

(1996) examined peri-ovulatory endometrium in eleven

and reported that in contrast to endometrium

over

women

the lateral,

more

normal, uterine cavity walls, the endometrium overlying uterine septa was more likely
to

display heterogeneity with

non

ciliated cells and fewer,

more

irregularly distributed

glandular ostia. Similarly, Dabirsahrafi et al (1995) reported that uterine septa contain
less connective tissue and

more

irregularly arranged muscle tissue in comparison to

myometrial tissue from lateral uterine walls. It is apparent, therefore, that uterine septa
have not

only

myometrium

an
on

abnormal endometrial layer but also

an

abnormal underlying

which this endometrium is found, however the functional

significance of these morphological differences has been uncertain until

now.

Although the majority of evidence for the role of Glycodelin is suggestive of an

immunosuppresive function, this endometrial secretory protein is also recognised
an

as

angiogenic factor. Richlin et al (2002) reported that Glycodelin analogues

increases
from the

capillary formation and endothelial cell migration in vitro. Preliminary data
same

group reports

that there is intense staining for Glycodelin and

significant increase in blood vessels in the

near

vicinity of the myometrium

surrounding uterine fibroids. A similar elevated level of Glycodelin

flushing obtained from
Therefore, Glycodelin

women

may

a

was

found in

with endometrial adenocarcinoma (Li et al., 1998).

also be involved in neo-vascularisation by promoting

growth and angiogenesis that in turn support growth. In the context of the subseptate
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uterus, the most

likely aetiology for pregnancy failure is septal implantation, where

embryo implants
blood

on

the uterine septum and subsequently miscarries

uterine septum

recurrent pregnancy

in

a

it outgrows its

supply from the relatively avascular septum. This theory is supported by

previous study demonstrating that
more

as

more severe

in relation to cavity,

are

an

our

subseptate uteri, with proportionally

likely to be found in

women

with

losses. The results from this study of lower levels of Glycodelin

subseptate uterus would be consistent with the fact that the uterine septum is

a

relatively avascular bed for implantation.
Glycodelin has been shown to inhibit
dependent
ensures

manner

sperm-egg

that it does not

occur

ensures

a potent

inhibitory effect

subseptate uterus has

no

impact

on

prevalence of subseptate uteri in

women

are

also consistent with

fertility (ESHRE Capri

Workshop). Previous studies have shown that there is

no

significant difference in the

with infertility and

women

population (Guirguis et al.; Shrivastav et al.). Similarly, there

differences in the chances of successful

pregnancy

in

women

on

(Okamoto et al., 1991). The lower levels of Glycodelin in

subseptate uterus compared to the fertile controls

the view that the

fertile

that multiple fertilisation

(Seppala et al., 2001). In the mid-luteal phase of the menstrual cycle,

endometrial NK cells
with

dose

impair successful fertilisation (Oehninger et al., 1995).

Glycodelin levels in the uterine cavity also have

women

a

and its absence from the ovulatory phase of the menstrual cycle

Similarly, its rising concentration in the luteal phase
do not

interaction in

implantation and

with congenital uterine anomalies.

from the normal
are no

occurrence a

reported

of clinical
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The

finding that there

and distortion ratio in this

distortion ratios
lower

may

are

was no

study

was

association between Glycodelin concentration

unexpected. It would

associated with poorer

seem

logical that,

as

higher

reproductive prognosis, there would be

expression of Glycodelin. This result

may

be explained in two

ways,

firstly it

be that the severity of the anomaly and Glycodelin levels influence reproductive

performance independently. However, what is
higher distortion ratios have greater surface
uterine septum.

Thus, there is

Glycodelin synthesis.

a

more

areas as

likely is that the anomalies with
they have proportionally

greater endometrial glandular surface area for

more
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3.5
T

Study 5

helper 1 and T helper 2 cytokine profile in peri-implantation

endometrium in

women

with

unexplained recurrent first trimester

miscarriage and

women

with

a

The results of this

subseptate uterus

study confirm the previous findings that

unexplained recurrent miscarriage show

women

with

predominantly T helper 2 cytokine profile

a

(Ragupathy, 1997; Hill et ah, 1992; Tangri et al., 1993; Hill et ah, 1995). However, all
studies done

on

this to date have been

subseptate uterus is

specific uterine

a

on

morphologically normal uteri. The

cause,

associated with

a

high risk of miscarriage

and, therefore, provides a model for investigating the peri implantation endometrium
in relation to pregnancy

loss. The finding in this study of a predominating T helper 2

profile in subseptate uteri confirms that cytokines

miscarriage when attributed to
The presence
women

into T

with

a

an

of IL-12 and IFNy in

a

factor in

women

with recurrent miscarriages and

subseptate uterus enables the induction of T helper 0 cells to proliferate

women.

group

Its absence in the

histories would prevent
cell types

indeed be

abnormal endometrium.

helper 1 cells. In the control

of the sixteen

may

of women, IL-12

was

undetectable in 11 out

majority of women with normal reproductive

this induction into T helper 1 cells. IL-12 is made by several

including decidual stromal and macrophage cells and IL -12 has been

shown to stimulate the release of IFNy

by large granular lymphocytes, the
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predominant lymphocyte population of secretory endometrium and early
decidua.

IFNy in turn has been shown to be directly embryotoxic by causing apoptosis

of trophoblast
The
to

an

cells.

predominance of 1L-4 in the control

induction of T

encourage

cells into

pregnancy

helper 2

responses.

The

group

presence

this. A recent study has shown that the

of women would instead lead

of IL-6 and IL-10 would

presence

of IL-6

can

polarise Th 0

becoming T helper 2 cells by initiating the production of IL-4. The

of IL4 then dominates

over

all other

cytokines

so

presence

that differentiation into T helper 2

continues. Once this bias is established, IL-10 then serves to

maintain this by

interfering with antigen presentation, down regulating cytokine production from T
helper 1 cells and inhibiting Natural Killer cell

responses.

Consistent with this

finding, Krasnow et al. (1996) have shown that IL-6 immunoreactivity, in both
endometrial stroma and

glands,

in normal, fertile women,
one

of the most

was

increased significantly in the mid secretory phase

compared to the follicular and late secretory phase. IL-10 is

important cytokines that helps to maintain

a

T helper 2

response,

being able to interfere with antigen presentation, down regulating Type 1
and

inhibiting NK cell activity. Chaouat et al. (1999) have shown that human

trophoblast produces high levels of IL-10. The
administration of exogenous
rate

responses

of pregnancies

same group

IL-10 to miscarriage

prone

previously showed that

mice reduced the resorption

(Chaouat et al., 1995).

Interestingly, in this study, both
majority of patients with

an

groups

of cytokines

were

detectable in the

absence of a clear delineating absence of one

group

of
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cytokines depending

on

reproductive performance. The

cytokines in peri-implantation endometrium in all

presence

women

of both Thl and Th2

is consistent with the

pluripotent nature of cytokines and demonstrates their wide spectrum of action.
Ashkar and

Croy (1999) have shown that IFNy,

a

major product of NK cells, is

essential for the maintenance of maternal tissue in pregnancy

and that at low

concentrations is not detrimental but in fact essential to maintain

viability. Similarly, TNFa
human

can

implantation site

has been shown to induce programmed cell death of

trophoblast, however, it is also produced by normal gestational tissues and is

proposed to be pivotal factor in maintaining pregnancy (Flunt et al., 1996). The
functions of cytokines may
which these
context

are

when

be dependent

on

relative concentrations and the stage at

present and their presence has be to be considered in a physiological

signal and counter-signals

cytokine that occupies receptors at

a

are

present. The relative amount of each

threshold that triggers signal transduction

the critical factors in their ultimate function

(Guilbert 1996).

may

be
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3.6

Study 6

Insulin-like

growth factor binding protein-1

flushings from

women

miscarriage and

with

women

a

with

assay

in uterine

history of recurrent first trimester
an

incidental diagnosis of subseptate

uterus

Invasion of maternal endometrium is
of pregnancy.

also

Several molecules

are

one

of the

key steps in implantation and

produced not only by maternal endometrium, but

by the invading trophoblast to facilitate and control this

trophoblast production of IGF-II is

one

pre-eclampsia. Such
IGF-II binds to its

a

process.

Of these,

of the major trophic influences

invasion into maternal decidua. A relative
with disorders of abnormal

success

on

growth and

deficiency of this hormone is associated

placentation including intra uterine growth restriction and

deficiency

may

arise secondary to altered bioavailability when

high affinity binding protein IGFBP-1. IGFBP-1 is

major decidual proteins and in normal

pregnancy, serum

levels

are

one

of the

normally high.

However, in pregnancies complicated by disorders of abnormal placentation, the
serum

to

on

and amniotic fluid concentration of IGFBP-1 is

significantly higher compared

uncomplicated pregnancies. Thus, IGFBP-1 is considered to be
uncontrolled

maternal restraint

trophoblast invasion with in vitro evidence supporting its ability to

inhibit IGF actions,
IGFBP-1 is

a

including trophoblast cell growth and invasion. Expression of

highly controlled and limited to the mid-secretory phase of the menstrual
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cycle and beyond. Its

appearance

in peri-implantation endometrium and the

subsequent rapid rise in concentration have led to speculation for
pregnancy

levels from

women

study provide for the first time evidence that IGFBP-1

high risk of miscarriage, in comparison to

at

reproductive histories,

are

there may

role in early

indeed be

1 at this stage

a

women

with normal

higher in peri-implantation endometrium suggesting that
pregnancy

development. A higher level of IGFBP-

would dampen the action of trophoblast derived IGF-II and result in

invasion and implantation. This initial abnormal implantation would then

predispose chromosomally normal pregnancies to miscarry,
Peri-implantation endometrium in
to

role in early

placentation.

The results of this

poor

a

demonstrate

women

as occurs

in these

women.

with recurrent miscarriage has been shown

significant deviations from normal, with disruptions in mechanisms

ranging from attachment of blastocyst to abnormal endometrial immunology. The
subseptate uterus provides

miscarriage,

as

it is

risk of miscarriage.
the

hypothesis that

a

a

model for investigating local, endometrial

congenital uterine anomaly specifically associated with

an

endometrial defect is likely to contribute to

a

no

some causes

recognised association between

high

miscarriage

abnormal

placentation. Therefore, the increased levels of IGFBP-1

or women

seem to

have

an

with

a

women

of

with

subseptate uterus and other disorders of

recurrent

with data

for

The finding of similar IGFBP-1 levels in subseptate uteri supports

miscarriage. Flowever, there is

period does not

causes

impact in later

pregnancy.

seen

during this

This finding is consistent

suggesting that IGFBP-1 does not act in isolation to regulate trophoblast
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growth. Interestingly,

a recent

study by Licht et al. (2002) has shown that embryonic

hCG itself is

inhibitory to IGFBP-1 suggesting that the embryo is able to exert

control

maternal restraints

over

Tazuke et al.

on

a

implantation.

(1998) have shown that conditions of relative hypoxia

may

induce

expression of IGFBP-1. In the context of the subseptate uterus, it is interesting

to note

that uterine septa are

with

a

less than

Nakada et al.,

tissues that

are

relatively avascular and thus associated

optimal blood supply (Burchell et al., 1978; Dabirashafi et al., 1995;

1989.) This relatively hypoxic environment

may

also be instrumental in

causing higher levels of IGFBP-1 in the mid-secretory phase thus pre-empting the
course

of any pregnancy.

miscarriages
for

are

The relative levels of IGFBP-1 in

lower than

women

women

with recurrent

with subseptate uterus, further supporting

hypoxia in inducing IGFBP-1 expression in

women

with subseptate uterus.

a

role
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Part IV

Conclusions & Further Research
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This thesis shows that three-dimensional ultrasound is
method for

diagnosing congenital uterine anomalies and is feasible

imaging modality to
technology and

screen

in

for these in both high and low risk

with

women

a

congenital uterine anomalies

uterus

are

women

women.

Using this

are more common

groups,

and

failure. Specifically,

women

with

are

an

also associated with

more

a

higher

incidental finding of an arcuate

higher risk of second trimester miscarriage and pre-term labour and

at

with

an

incidental

finding of a subseptate uterus

are at

higher risk of early

miscarriage. Thus, the diagnosis of a congenital uterine anomaly in low risk
can

this

history of recurrent first trimester miscarriage. However,

incidentally diagnosed congenital uterine anomalies
risk of pregnancy

out-patient

as an

classification system that is uniformly applied to both

a

research has shown that

severe

reproducible and accurate

a

not be considered to have little

impact

on

women

reproductive function.

Assays of uterine cavity flushings, done during the implantation window, in

high risk
and

including

women,

with

women

with

an

incidental diagnosis of a subseptate uterus

a

history of recurrent miscarriages, showed significantly different

levels of secretory

proteins and cytokines, in comparison to fertile controls. Lower

women

levels of Glycodelin
an

and T helper 2 cytokine in the high risk

abnormal local immune environment which may

developing

pregnancy.

adversely affect the

suggestive of
course

of a

The finding of lower levels of Glycodelin specifically provides

evidence for abnormal endometrial function in these

of IGFBP-1 in the

groups are

high risk

groups

women.

provide evidence for

a

In contrast,

higher levels

potential impairment in

implantation and invasion of trophoblast, thus predisposing karyotypically normal
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pregnancies to miscarry. The results from the
cytokines
recurrent

are

assays

done for Glycodelin and

consistent with finding in previous studies done in

women

with

miscarriage. However, these results provide insight into the likely

mechanism for

miscarriage in

women

finding of elevated IGFBP-1 in both

with subseptate uterus for the first time. The

groups

has not been reported previously.

However, the mechanism for the loss of karyotypically normal pregnancies has

always been debated and these results

placentation in early
The
in

are

suggestive of potentially abnormal

pregnancy as a cause.

morphological differences between the two

some women

these anomalies present

with recurrent

others the chances of successful pregnancy are
between the two groups

groups may
pregnancy

be the

reason

failure whilst in

higher. The clear difference found

is indicative of a distortion ratio "threshold" above which the

chances of miscarriage are

higher. Further research should be directed towards

collecting large numbers of women with these anomalies and to adequately define
cut

off level. This may

potentially then be used to triage those

women

who

are

randomised trial has

never

metroplasty in these

women

of women into such

a

result.

a

been done to

study

assess

the

distortion ratio may

women

a

efficacy of hysteroscopic

and much debate surround this subject. Careful selection
may

help to include those

women

mechanism of pregnancy failure; thus providing

Similarly, in

a

most

likely to benefit from resection of uterine septa. However, its should be noted that

likely to be

why

with

an arcuate uterus, women

be offered inclusion into studies that

in whom the septum is
a more

meaningful

above the "threshold"

assess

the efficacy of

161

intervention, cervical cerclage for example. The ability to store three-dimensional
ultrasound data

on

computer disks and to review this at remote terminals provides the

opportunity for multicentre collaboration and collation of this data. The constraints

on

recruiting adequate numbers of women due to the rarity of these anomalies would thus
be

overcome.

The results

presented from flushing of uterine cavity of subseptate uteri

reflection of the endometrium of the entire uterine

However, the results

are

cavity, including the septa.

still significantly different. This may be because the

embryological aberrations that generated the anomaly
and affect normal

are a

may

have wider implications

myometrial and endometrial tissue. On the other hand, these

secretory proteins are well recognised as having paracrine functions and the presence
of the

abnormally functioning septum

may

well

cause

knock

on

abnormal function of

adjacent endometrium. A reasonable method to resolve this would be to repeat the

flushing after resection of uterine septum. The restored cavity should function
normally if the latter of the two hypotheses is true.
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Appendix
Standard

•

Equipment & Reagents

Centrifuge

MSE Centaur II

MSE Scientific Instruments
Manor Road,

Crawley,

Sussex

•

Gamma Counter

NE 1600 Multihead

Nuclear

Enterprises

Edinburgh, Scotland
•

pH Meter
Pentacourt

EDT GP 353

Ltd, Halstead,

Essex

•

Freezer
PLS

Derby 3000
•

Vortex Mixer

Hook & Tucker Instruments Ltd.,
New

•

Microtitre

plate reader

Laboratories, London

Addington, Croydon

EL311SX

Anachem/Scotlab

Luton, Bedfordshire
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•

Balloon Catheter

Schering AG (U.K.)
Burgess Hill, Sussex

•

Ultrasound Machine

Voluson 730 & Combison 530

KretzTechnik, Zipf, Austria
•

Pipettes

Finn

pipettes

Jencons Scientific

Hemel

Eppendorf dispenser & cartridge

Eqipment

Hempstead, Herts.

Anderson & Co.,

Kingston-on Thames, Surrey.
•

Plastics

Pipette yips Rainin S20 and S200

Anachem, Luton, Beds.

Polythene tubes (2.5ml and 5ml)

Griffiths & Neilson Ltd.,

Billingshurst, Sussex
•

Analyte test kits

Glycodelin

Bioserve

IGFBP-1

DSL, Webster, Texas, USA

T

Diaclone Research, Besancon, France

helper-1 & T helper-2 cytokines

(IL-2, IL-12, IL-4, IL-6, IL-10, IFNy)

Diagnostics, Rostock, Germany

