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ABSTRACT

This thesis investigated thétrasound assessmeaftthe endometriaimyometrial junction
(EMJ) andits clinical relevanceo the uterine diseasesenomyosis and endometrial cancer
The iner- and intrabserver variability in the classification of EMJ visualisatismgthree
dimensional ultrasounwas assesseahdahigh level of agreementas found Endometrial
thickness and parity wefeund to besignificantly associated with the qualitf©MJ

visualisation.

Sevenrecognisediltrasound features of adenomyosi€luding an irregular endometrial
myometrial junctionwere investigatetbr their role in the ultrasound diagnosis of
adenomyosis. The other features were an asymmetricallyetredkmyometriunparallel
shadowinglinear striations, myometrial cystsyperechoic lesionand adenomyomashe
presence of any of these features was considered diagnostic of adenohngsiger and
intraobserver variability of ultrasound diagnosifsadenomyosisvas also investigatemhda
goodlevel of agreement was foun@his was the case when r¢@he ultrasound assessments
were compared with assessments made from stored uterine volumes, as well as when both

assessments were made from storddnaes.

Transvaginal ultrasoundas usedo assess the prevalence of adenomyosis in women
attending a general gynaecology clinic in a large prospective observationaVgtudgn
were considered to have adenomyosis if one or more ultrasound featureahgdegis was
found. Using this criterionhe prevalencevas estimated tbe 20.9%with 7.6% of women
being excluded from the data analysisvasalsofound that age, gravidity and pelvic

endometriosis were all significantly associated with thegores of adenomyosis.



Menorrhagia was evaluat@d order to assess if it was associated with adenomyosis.
Multivariable analysis revealed that while adenomyosis was not significantly associated with
menorrhagia when assessed as a binary outcome, when severity of disease was taken into
account, there was a significant association. A similar analysis founadiibmyosis was

significantly associated wittlysmenorrhoea

A secondstage ultrasound teftatincorporaedassessment of the ENMAS investigatetbr
its usein the diagnosis of endometrial cancer in women presenting witinpersbpausal
bleeding It wasfoundto significantly increase the&pecificity of ultrasoundh the diagnosis

of endometrial cancevhile having aminimal impacton sensitivity.



ACKNOWLEDGEMENTS

First and foremost | would like to thank my supervisor Davor Jurkdleoe of this thdas
would have been possible without his ideas, support and guidd@cea true inspiration

and someone | feel immensely privileged to have been able to work with.

| would also like to thank Naaila Aslaamd Rehan Salim for thettinical support duringny

time as a research fellowhanks also to Professor Stephenson for her research guidance.

| would like to thank my research fellow colleagues during my time at UCH: Will Hoo,
Michelle Swer, Amna JamiNatalie Nunesind Katie Pateman for their praetihelpand
support Similarly | would like to thank past research fellows Dilavrelos, Tom
Holland, Joseph Yazbek and Jara Beagi for being unfailingly helpful whenever called

upon.

Jacinta O6Neill, sister i n echamrAgddhankftoalhe GDC
the other staff in the GDOTU: Ogechi, Sarah, Ronke, Lisa, Nancy, Leilani, Sian, Gody, Fumi
and Margaret for assorted chaperoning, appointment scheduling, help with flushings and for

keeping me entertained and wtl.

To mywonderful parents, | owe everything you

Sam, Lyla & Berti You are the loves of my life. Sam, | could not have done this without

your enormous suppott.6 m sorry for neglecting you. I ho



TABLE OF CONTENTS

Page

Statement of originalitand personal contribution to work 2

Abstract 3

Acknowledgements 5

Table of contents 6

List of figures 12
List of tables 15
Hypothesis 19
Aims 20
PART | Background 21
1.0TECHNICAL ASPECTS OF ULTRASOUND 22
1.1 Introduction 22
1.2 Principles 22
1.3 Image formation 23
1.3.1B-mode image formation 23
1.3.2 Transvaginal ultrasound 23
1.4Doppler 23
1.4.1 The Doppler effect 23
1.4.2 Colour Doppler Imaging 25
1.4.3 Power Doppler imaging 27
1.5Threedimensional ultrasound 27

1.5.1 Threadimensional ultrasound volume acquisition 28



2.0ENDOMETRIAL -MYOMETRIA L JUNCTION (EMJ)
2.1 Introduction

2.2 Embryology of theEMJ

2.3 Anatomyand histologyof theEMJ

2 4 Physiologyand hormonal regulatioof theEMJ
2.5Imaging of theeMJ

2.5.1 Magnetic resonance imaging

2.5.2 Ultrasound

2.6 Pathology of theeMJ

2.6.1 Adenomyosis

2.6.1.1 History of adenomyosis

2.6.1.2 Pathogenesis of adenomyosis

2.6.1.3 Diagnosis of adengwsis
2.6.1.3.1Histology

2.6.1.3.2 Clinical

2.6.1.3.3 Ultrasound

2.6.1.3.3.1 Diagnostic accuracy of ultrasound
2.6.1.3.3.2 Ultrasound features of adenomyosis
2.6.1.3.4 MRI

2.6.1.3.4.1 Diagnostic accuracy of MRI
2.6.1.3.4.2 MRI features of adenomyosis
2.6.1.3.4.3 Comparison of diagnostic accuracy of MRI and TVUS
2.6.1.3.5 Computed tomography

2.6.1.3.6 Hysterosalpingography

2.6.1.4Clinical impact of adenomyosis

30

30

31

32

32

33

33

35

39

39

39

40

46

47

47

47

50

50

50

51

52

53



2.6.1.4.1 Prevalence 54
26.1.4.2Symptoms 54
2.6.1.4.2.1Abnormaluterinebleeding 54
2.6.1.4.2.Fain 56
2.6.1.4.2.Reproductive function 56
2.6.2 Endometrial cancer 58
2.6.2.1 Introduction 58
2.6.2.2Prevalence 58
2.6.2.3Clinical presentation 58
2.6.2.4Risk factors 59
2.6.2.5Precursor lesions 60
2.6.2.6Diagnosis of endometrigancer 60
2.6.2.61 Blind endometrial biopsy 60
2.6.2.62 Hysteroscopy 61
2.6.2.63 Transvaginal ultrasound 62
2.6.2.6.3.1 Endometrial thickness 62
2.6.2.6.3.2 Endometrial thickness and morphology 63
2.6.2.6.3.3ransvaginal ultrasoundith Doppler 63
2.6.2.6.3.4Threedimensional ultrasoungssessment of endometrial volume 64
2.6.2.7Staging of endometrial cancer 65
3.0 Conclusion to background 66
PART Il MATERIALS AND M ETHODS 68
1.1 Setting 69

1.1.1 The Gynaecology Diagnostic and Outpatient Treatment Unit, University College
Hospital 69



1.2 Ultrasound 69

1.2.1Two-dimensionatransvaginal ultrasound 69
1.2.2Threedimensiamal transvaginal ultrasound 75
1.2.2.1 Offline assessment of uterine volumes 75
1.3 Pictorial blood loss assessment charts 76
1.4 Numerical rating scale 77
1.5 Endometrial sampling 78
1.6 Statistical analysis 78
1.7 Ethical committee approval 78
PART Ill RESULTS 79

1.0Inter- and intraobserver variability in the three-dimensional assessment of the
endometrial-myometrial junction

1.1 Background 80
1.2 Methods 80
1.3 Satistical analysis 81
1.4 Results 81

2.0 Factors affecting visualisationof the endometriatmyometrial junction on three-
dimensional ultrasound

2.1 Background 84
2.2 Methods 84
2.3 Satistical analysis 85
2.4 Results 85

3.0Inter- and intraobserver variability in the ultrasound diagnosis of adenomyosis
3.1 Background 89

3.2 Methods 90



3.3 Satistical analysis

3.4 Results

10

90

91

4.0How common is adenomyosfBA prospective study of prevalenceising transvaginal

ultrasound in a gynaecology clinic

4.1 Background

4.2 Methods

4.3 Satistical analysis

4.4 Realts

5.01s adenomyosis associated with menorrhagia
5.1 Background

5.2 Methods

5.3 Satistical analysis

5.4 Results

6.01s adenomyosisssociated withdysmenorrhoed
6.1 Background

6.2 Methods

6.3 Satistical analysis

6.4 Results

96

97

97

98

104

104

105

106

115

115

116

116

7.0 Evaluation of a seconestage tesdesigned to improve the accuracy of transvaginal

ultrasound in the diagnosis of endomeial cancer
7.1 Background

7.2 Methods

7.3 Satistical analysis

7.4 Results

PART IV DISCUSSIONS

123

124

125

125

132



11

1.0Inter- and intraobserver variability in the thrdemensional assessmagitthe
endometriaimyometrial junction 133

2.0Factors affecting visualisation of the endometnlometrial junction on three
dimensional ultrasound 135

3.0Inter- and intraobserver variability in the ultrasound diagnosis of adeosisy 137

4.0How common is adenomyo8i#\ prospective study of prevalence using transvaginal

ultrasound in a gynaecology clinic 140
5.0Is adenomyosis associated with menorrhagia? 146
6.01s adenomyosis associated wilysmenorrhoea 151

7.0 Evaluation of a seconrstage test designed to improve the accuracy of transvaginal

ultrasound in the diagnosis of endometrial cancer 153
PART V CONCLUSIONS & FURTHER RESEARCH 157
REFERENCES 161

APPENDIX 180



12

List of Figures

Figure 1i Image capture showing-Biode ultrasound image with Doppler velocimetry of a
blood vessel within a malignant ovary (short white arrow). The graph at the bottom (long
white arrow) is the tracing showing the estited velocity of blood flow @axis) through the
blood vessel over time {axis) 25

Figure 2a B-mode imagef uterine corpus and a pelvic magsh appearances suggestive
of a uerine fibroid

Figure 2bi B-mode mage of same uterine corpus gradvic mass, with colour Doppler
illustrating the vascular pedicle connecting the fundus of thesiterd the pedunculated

fibroid 26
Figure 3i TVUS image showing an endometrial polyp with power Doppler clearly

delineatinglits 6feederd vesse 27
Figure 4i A 3D coronal view of a hormal uterus 29

Figure 5- Schematic diagram of a uterus in transverse section showing the endometrial and
myometrial layers and the EMJ (Naftaiind Jurkovic 2009) 31

Figure 6i Sagittal T2weighted image of a uterus showing normal zonal anatomy with a high
signal intensity endometrium (arrowhead), {signal intensity JZ (short arrow) and
intermediate signal intensity outer myometrium (long arrdvgvellas et al. 2011) 34

Figure 7i Longitudinal B-modeimage of a normal uterus in the proliferative phase of the
menstruakycle. The cHipers are placed on the basal endometrial layer which appears as a
regular continuous hyperechoic line. The surrounding inner myometrium appears hypoechoic
in comparison to both the outer endometrial and outer myometriasl@yaftalin and
Jurkovic2009) 36

Figure &i A 3D coronal view of a normal uterus showing measurements of the maximal JZ
thickness (callipers 1 and 4), minimal JZ thicknesdifeal 3) and maximal myometrial
thickness (calper 2) (Exacoustos et al. 2011) 38

Figure 8bi A schematic reg@sentation of Figure 8a 38

Figure 9- Hysterosalpingogram showing irregularity of the uterine contour with small
outpouchings of camast material. Findings consistent with diffuse adenomyosis (Simpson et
al. 2006) 53

Figure 10i lllustration of PALM COEIN mnemonic for the causes of abnormal neeri
bleeding (Munro et al. 2011) 55

Figure 117 Asymmetrical myometal thickening. A bngitudinalB-modeimageof an

anteverted uterus in which the distance from the endometrium to the anterior serosal surface
(thick white line) is much greater than the distance from the endometrium to the posterior
serosal surface (thinhite line)(Naftalin et al. 201B) 71



13

Figure 12 Parallel shadowingA longitudinalB-modeimageof a retroverted uterus in
which parallel hypoechoic lines can be seen running through the anterior myometrium
(yellow s)(Naftalinet al. 2018) 72

Figure 13 Linear striationsA transversd-mode imagef a uteruswith a linear striation
seen as thin hyperechoic littein white arrow) extending from the endometrium into the
myometrium.(Naftalin et al. 201B) 72

Figure 14i Myometrial cystsA transversd3-mode imagef auteruswith several
myometrial cysts (thin white arrows) seen as aneclesions within the myometrium
(Naftalin et al. 201B) 73

Figure 15 Hyperechoic islands. A coronal vieaf a uterus where hyperechoic islands of
tissue are seen in the fundal and lateral portions ohtfmenetrium (thin white arrows)
(Naftalin et al. 201B) 73

Figure 16- Adenomyomas. A longitudindd-mode imagef a retroverted uterugith an
acenomyoma in the anterior ragnetrium (between white arrow@aftalin et al. 2018) 74

Figure 17- Irregular endometriainyometrial junction. A coronal view of a uterus with an

irregular endometrianyometrial pnction(Naftalin et al. 201B) 74
Figure 18i A pictorial blood loss analysis chart 77
Figure 197 An 11-point numerical rating scale 77

Figure 20- Coronal view of uterus with EMJ visualisation classified as optimal (Naftalin et
al. 2012) 82

Figure 21- Coronal vew of uterus with EMJ visualisation classified as satisfactory (Naftalin
et al. 20123) 82

Figure 22- Coronal view of uterus with EMJ visualisation classified as unsatisfactory
(Naftalin et al. 2013) 82

Figure 23/ Is adenomyosia cause of menorrhagia? Flowchart showing why patieate w
excluded from data analysis 108

Figure 24i A graph illustratinglte relationship between increasing numbers of ultrasound
features of adenomyosis aRBAC-assessed menstrdass (n=304) 113

Figure 25 Is adenomyosis a cause of dysmenorrhoea? Flowchart showing why wemeen w
excluded from data analysis 118

Figure 261 A graph showing the relationship between increasing numbers of ultrasound
features of adenoyosis and NRS sco(@=304) 121



14

Figure 27 A longitudinal Bmode imagef auterus with eneterogenous endometrium. The
patient was subsequentlyadnosed with endometrial cancer 127

Figure 28 Coronal view of a uterus whera andometrial @ncercan be seen breaiag the
EMJ at the right corrum 128

Figure 297 LongitudinalB-mode imagef the uterine cavitgontaining an endometrial
polyp. Glour Doppler show thepolypd single feeder vessel h€ polyp was found to be
benign 128

Figure 30i Longitudinalview of a uterus using4ode ultrasound with colour Doppler in a
woman with endometrial cancer. Multiple vessels can be seen crosskigldhat the fundus
(white arrovs) 129

Figure 311 Flowchart illustating risks of endometrial cancer depending on results of
transvaginal ultrasound 131



15

List of tables

Table 1i Ultrasound featurethat aid differentiatiorof fibroids and adenomyomas
transvaginal ultrasound 49

Table 2i Studies conparing the diagnostic accuracy of TVUS and MRI for the diagrdsis
adenomwsis (Dueholm 2006) 52

Table 3i Risk factors and protective factors for endtmaécancer (Saso et al. 2011) 59
Table 4i Revised FIGO staging of endometriaincer (Ceasman et al. 2009) 65
Table 5i Ultrasound features of adenomyosis used in this thesis (Naftalin et ah)2072

Table 6- Inter-observer variability in the assessment of visualisation of the EMJ (Naftalin et
al. 2012) 83

Table 7- Intraobserver variability (Operator 1) in the assessment of visualisation of the EMJ
(Naftalin et al. 2013 83

Table 8- Intra-observer variability (Operator 2) in the assessment of visualisation of the EMJ
(Naftalin et al. 2018) 83

Table 9- Principal indications for examinatiaf women included in study evaluating factors
affecting EMJ visualisatiofNaftalin et al. 2013 87

Tablel0i Result of Spearmands rank correlation i
endametrial thickness on EMJ visualisation (Naftalin et al. 2012 87

Table 111 Result of KruskaMallis test in assessing the effect of stage of menstrual cycle on
EMJ visualisation (Naftalin et al. 204 87

Table 12 Result of ManAWhitney test in assessing the effect of menopausal status on EMJ
visualisation (Naftalin et al. 20&p 88

Table 13/ Results of multivariable analysis assessing the joint effect of the various factors
on EMJ visualisation (Naftalin et al. 204)2 88

Table 14- Principal indications for examination of women included in study evaluating inter
and intraobserver variability in the ulisound diagnosis of adenomyosis 92

Table 15 Number of ultrasound features of adenomyost®rdedon original reatime
scars 92

Table 16- Kappa analysis dhtra-observeragreemenin diagnosis of adenomyosis on real
time ultrasound scan and on stored uterine volulmath ¢perator 1) 92



16

Table 17- Linearweighted kappa analysis mitra-observermagreemenin the number of
ultrasound features seen on rale ultrasound scan and on stored uterine volulma$ (
operatorl) 93

Table 18 Kappa analysis ahter-observer agreement uitrasounddiagnosis of
adenomyosis on stored uterm@umes(operators 1 and) 93

Table 19a- Linearweighted kappa analigsof interobserver agreement the number of
ultrasound features seen on stored uterine volumes (opelatd2) 93

Table 19b- Kappavaluesfor inter-observer agreemeof the presence aach individual
ultrasound feature of adenomyosis (operator 1 and 2) 9

Table 20- Linearweighted kappa analysis of irtebsever agreemenhithe severity of
adenomyosis on stored uterine volumes (operasmdR) 9

Table 21- Kappa analys of intraobserver agreement in ultrasoutielgnosis of
adenomyosis on stored uterine volumastiioperator 1) 9

Table 22- Linearweighted kappa analysis oitra-observer agreement the number of
ultrasound features seen stoed uterine volumes (operator 1) 95

Table 23 Linearweighted kappa analysis of irtadbserver agreement on the severity of
adenomyosis on stored uterine volumastiioperator 1) 95

Table 241 Principal indications for examination of wem included in study assessing the
prevalence of adenomyogNaftalin et al. 201B) 100

Table 25 Summary of ultrasound diagnose#fghe women included in study assessing the
prevalence of adenomyosis (Naftalin et al. 2012b 100

Table 26- Concomitant abnormalities found in womgiagnosedvith adenomyosis
prevalence studgn=206) (Naftalin et al. 2018 101

Table 271 Results of univariable analysis looking at associations between demographic and
clinical factors and adenomysgiNaftalin et al. 20112 102

Table 28- Results of multivariate analysis looking at associations between demographic and
clinical variables and adenomyosis (Naftalin et al. 2012 103

Table 29 Principal indications for examination of womertluded in study assessing
whether adenomyosis is associated with menorri{agial4) 108

Table 30- Summary of ultrasound diagnoses recorded imibi@en included in study
assessing whether adenomyosis is associated with menoriagia) 108

Table 31- Concomitant uterine abnormalities found in wondgagnosed with adenomyosis
in the study assessing whether adenomyosis is associated with menamtiagia
adenomyosis (n=157) 109



17

Table 32 Kappa analysis assessing agreement betadgective assessment of
menorrhagia and PBAC charts (where PBAC sedi@0 consideredtbe consistent with
menorrhagia) 109

Table 33i Results of univariable analysis looking at associations between demographic and
clinical factors and the bjective assessment of menorrhagia (n=714) 110

Table 34i Results of multivariable analysis looking at associations between demographic
and clinical factors and the subjective assessment of menorrhagia (n=714) 111

Table 35" Results of multivariale analyses looking at the associations between

demographic and clinical factors and the subjective assessment of menorrhagia, where the
number of ultrasound features of adenomyosis was treated as a continuous variable (Model 1)
and where the number ofttdsound features was treated as a categorical variable (Model 2)
(n=714) 112

Table 36/ The number of ultrasound featur@sadenomyosiseen in thevomen who were
diagnosed with adenomyosis in the study assessing whether adenomyosis Viaiedsgibic
menorrhagign=157) 113

Table 371 Results of the statistical analysis looking at the effect of the number and type of
ultrasound features on tRRBAC assessment of menorrhagia (n=304) 114

Table 38 Principal indicatims for examination of women included in study assessing
whether adenomyosis is associated wifekmenorrhoeén=714) 119

Table 39- Summary of ultrasound diagnoses recordethé@women included in the study
assessing whether adenomyosis is assoomatbdlysmenorrhoeén=714) 119

Table 40- Concomitant uterine abnormalitissen irvomendiagnosedvith adenomyosis
(n=157) 119

Table 41- Results of univariable analysis looking at associations between demographic and
clinical factors ad the subjective assessment of dysmenorrhoea (n=714) 120

Table 42- Results of multivariable analysis looking at associations between demographic and
clinical factors and the subjective assessment of dysmenorrhoea (n=714) 121

Table 43- Results dthe statistical analysis looking at the effect of the number and type of
ultrasound features on the subjective assessment of dysmenorrhoea (n=304) 122

Table 44i The number of ultrasound featur@sadenomyosiseen in the study population
(n=157) 122

Table 457 Demographics of women included and excluded fronetidometrial cancer
study 130



18

Table 46/ Table showing how the endometria of women subsequently diagnosed with
endometrial cancer were classified at the tim#hef original ultrasound scan 131



19

HYPOTHESIS

This thesis will investigate the following hypotheses:

1 Threedimensional transvaginal ultrasound can be used as an accurate and
reproducible method for assessment of the endometgiametrial junction.

1 Tranwaginal ultrasound ian accurate and reproducible imaging modality for the
diagnosis of adenomyosis and for assessment of its severity

1 Adenomyosis is a common condition

1 Adenomyosis is associated with both menorrhagia and dysmenorrhoea

1 Ultrasound assesgent of the endometrighyometrial junction can be used to
improve the accuracy of transvaginal ultrasound in the diagnosis of endometrial

cancer
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AIMS

The aims of this thesis are:

1 To examine the reproducibility of threlmensional ultrasound assessmédrtihe
endometriaimyometrial junction

1 To examine the reproducibility of ultrasound diagnosis of adenomyosis using three
dimensional stored uterine volumes

1 To determine the prevalenceuwfrasound features @denomyosis in a population of
women attending general gynaecology clinic, using transvaginal ultrasound.

1 To determine if adenomyosis is associated with menorrhagia and dysmenorrhoea

1 To evaluate a secorgtage test, incorporating assessment of the endometrial
myometrial junction, designed to improthee accuracy of transvaginal ultrasound in

the diagnosis of endometrial cancer
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1.0TECHNICAL ASPECTS OF ULTRASOUND

1.1 Introduction

Ultrasound has transformed many aspects of gynaecological practice. Prior to its use in
medicine, diagosis of gynaecological conditions was based almost entirely on clinical
examinationsurgical andistologicalfindings. The first published clinical use of ultrasound
was in the field of gynaecologyhen Professor lan Donaldnd his registrar John Mcar

used transabdominal ultrasound to differentiate between solid and cystic abdominal masses
(Donald et al1958). Professor Donald combined his clinical experience and his knowledge
of SONAR, gleaned during/orld War II, with the technical expertise ®m Brown, an

engineer with an interest in theauof ultrasound in metallurgig create and use the first
clinically useful ultrasound machine. The ability to provide instant, clinically useful
information using a safe, nanvasive modality was transfimational and has revolutionised
gynaecological practice. There have been many significant technical advances, most recently
threedimensional3D) ultrasound, yet it is still Bnode ultrasound, first used by Donald and

his team over 50 years ago, thathis primaryimagingtool in gynaecologyoday.

1.2 Principles

Medical ultrasound is based on the principle of passing a current through a piezoelectric
crystal to create ultrasound pulses, which can then be transmitted through the relevant body
tissue. Wha these pulses encounter an interface between tissues of differing acoustic
impedance or density, a proportion of the emitted soundwaves will be reflected back towards
the piezolelectric element from which they were emitted (echoes). The echoes are then
converted into an electric current, the amount of current produced being dependent on the
number of echoes received. The conversion of this current into an image therefore gives a

visual representation of the varying densities within the body tissue.
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1.3 Image formation

1.3.1Brightness mode image formation

A brightnessmode or Bmode image is a crosectional image representing tissues and
orgartboundaries within the body. The image is constructed from echoes generated by the
reflection of ultrasound waves tissue boundaries. Each echo is displayed at a point in the
image which corresponds to the position of its origin in the tissue being isonated. The
brightness of the image at each point is related to the strength or amplitude of the echo,

giving rise b the term brightness mode omBode (Martin 2008

1.3.2Transvaginal ultrasound

The frequency of ultrasound pulses used is a compromise between image resolution and the
depth of penetration required. Higher ultrasound frequency results in better aalygion

but there is greater attenuation of the beam within the tissues. Therefore, transabdominal
ultrasound probes, which have to pass through multiple tissue layers before reaching the
abdominal cavity, tend to use lower frequencies-83/M1z) at theexpense of image

resolution. The ability of transvaginal ultrasoy i/ US) probes to get much closer to the
organs of interest, enables the use of higher frequencigsi{8iz) leading toimproved

image resolution.

1.4 Doppler

1.4.1 The Dopple effect

The Doppler effect is the apparent difference between the frequency at which waves (sound
or light) leave a source and that at which they reach an observer, cautieslrblative

motion of the observer and the wave soyieNay andFleming1999. The effect takes its

name from the Austrian physicist Christian Johann Doppler who presented the idea in 1842
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(Roguin 2002).When the object emitting the waves is stationary the observed frequency is the
same as the emitted frequency, howeak¢ine soundsource is moving towards the observer,

the experienced frequency is higher as thendowaves become more compressed the
opposite happens if the sound source is moving away from the observer. This change in
frequency is called the Doppler shift ancgpreportional to the relative velocityf the source

to the observer.

This effect can be applied clinically and is widely utilised in both obstetric and
gynaecological ultrasound in order to assess the velocity of blood flow through blood vessels.
When theultrasound beam is reflected off moving blood, there are two Doppler shifts, one
when the transmitted ultrasound strikes circulating blood cells and a second when circulating
blood cells emit the reflected ultrasound. Evaluation of these Doppler shdtgysale
knowledge of the transmitted ultrasound frequency, the velocity of sound through the tissue
and the angle of insonation, allow the calculation of the velocityooidopassing through the
vesselHoskinset al. 2003. This estimated velocity of bbd flow over time can be shown on

the ultrasound machine as a tracing (fredl).
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Figure 1i Image capture showing-Biode ultrasound imageith Dopplervelocimetry of a
blood vessel withim malignant ovary (shovthite arrow) Thegraph at the bottorfiong
white arrow) isthe tracingshowing theestimatedrelocity of blood flowthroughthe blood

vessely-axis)over time (xaxis).
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1.4.2. @lour Doppler Imaging

In colour Doppler scanning, the same process is applied across an area of tisstlerather
specific blood vessel. The velocity signals are presented as a colour coded overlay,
superimposed on the rei@tine B-mode image. This allows production of an angiogtiom
mapthatprovides information on the morphological arrangement of the \asttak in the
tissue of interest. While its sensitivity is good enough to enable visualisation of vessels
smaller than one millimetre @Souza and Cosgrove 2008)s restricted by its reliance on

frequency shifts.



26

Figure2ai B-mode image ofiterine orpus(long white arrow)and a pelvic magshort
white arrow)with appearances suggestive of a uterine fibroid.
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Figure 2bi B-mode imagef same uterine corpus and pelvic mass, with colour Doppler
illustrating the vasculgvedicle connectinthe uteus and the pedunculated fibroid
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1.4.3 Pwer Doppler Imaging

Power Doppler has greater sensitivity than colour Doppler imaging, because the display
depends on the amplitude of Doppler signal rather than the frequency shift. Thus, power
Doppler imaging povides information on the concentration of moving blood at the expense
of knowing its velocity and direction. In addition to being more sensitive than colour Doppler
imaging, it is relatively angle independent, more aat®iin depicting luminal edgesd

better in visuaking the continuity oflow (Rubin1999.

Figure 3i TVUS image showing an endometrialpoyp t h it s 6f eeder é ves
power Doppler

1.5Threedimensional ultrasound

3D ultrasounds a relatively recent diagnostic moithal which allows detailed evaluation of
pelvic organs by collecting a series of sequential ultrasound images and converting them into
an ultrasound volume. This information is digitally stored as a dataset which is reconstructed

in such a way as to allowsualisation of an organ from any chosen angle and in any arbitrary
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plane (Jurkovic 2002). In the field of obstetrics and gynaec@dgyitrasound has so far had

the greatest impact on the diagnosis of uterine abnormalities.

1.5.1Thred dimensionalltrasoundvolumeacquisition

3D ultrasound involves the acquisition of a series of consecutive, paraiteld® images by
sequential movement of either the transducer or the ultrasound beam. This series of images is
then stored in the computer as a voluntendgch can be examined using three methods:
section reconstruction, surface rendering and volume renderin@Drtaérasound

equipment used in this thesis is designed by Kretz Technik, Zipf, Austria (Voluson E8). This
commonly used system combines bdibrs volume acquisition time and fast computing,
enabling almost immediate online data analysis and neatimeakurface rendering. Volume
acquisition with this system is performed using mechanical movement of the ultrasound
transducer within the transyiaal probe.

An important aspect &D ultrasound is the ability to display and manipulate any chosen
section from within the dataset. This confers many advantages ewedB imaging. Firstly,

it allows the acquisition of views that are not possible withventimal two-dimensional
sonographylargely as a result of restrictions on probe movement imposed by pelvic anatomy
(Baba et al1997) The example of this most relevant to this thesis is the coronal view of the
normal female uterus (Rige 4. Secondy, the ability to view the organ in three orthogonal
planes enables a more detailed analysis of the organ to be performed. Finally, the storage of
images for manipulation enables examination of the volume set by multiple operators at

different times.



Figure 41 A 3D coronal view of a nhormal uterus

29



30

2.0ENDOMETRIAL -MYOMETRIAL JUNCTION (EMJ)

2.1 Introduction

Assessment of the uterus has historically focussed on what were considered to be its two
constituent parts: the endometrium and the myometriuagnitic resonance imaging (MRI)
studiesin the early 1980s revealed that the myometrium might be further divisible into two
distinct compartments: the inner and outer myometfidntak et al 1983. Despite being
macroscopically and microscopically indigtt, subsequent research has shown these two
compartments of the myometrium to have quite different embryology, anatomy and
physiology. The inner myometrium has been variously termed the uterine junctional zone
(J2) (Fusiet al.2006),the endometriasubendometrial unit or stratum selascularéNoe et

al. 1999, the subendometrial myometriufioyons et al.19917) the archimetrél_eyendeckeet

al. 1998 or archimyometriunfLeyendeckeet al.2006. While these terms are often used
interchangeably it is natlways clear whether they are referring to exactly the same entity.
For the purposes of this thesis, thegionwill be referred taas the EMJ. It is the transitional
zone between the mucous membrane that is the endometrium and the outer simsolgh m

layer of the myometriunfFigure 5.



31

Figure 5- Schematic diagram of a uterus in transverse section showing the endometrial and
myometrid layers and the EMJ (Naftalin addrkovic 2009)

Chatcr
- " mymctrium

EM]

. Inmer
M yomctriwm

Functiomal |h1-1|_
cndamctrium cndomctrnum

2.2 Embryologyof the EMJ

The endometrium and tleMJ both arise fran the paramesonephric ducts, whereas the outer
myometrium is ofmesenchymal origin (Daels 197osenset al.1998 The
paramesonephric ducts are formed at about
invagination of mesodermal cells at the level of thedtthoracic somitéKoff 1933;

O&Rahilly 1977. The caudal portions of these tubes make contact with each other and fuse in
the midline, giving rise to the uterus and vaginal canal. The septum that initially divides the
uterine cavity is then reabsorblegving a single cavity. The endometrial glands originate at
around 19 we ek s-poudpirgs of the dolommar epithelmam that lines the
primitive uterine cavity. The smooth muscle cells of EMJ can be seen from around 21
weeks, while the der layers of the myometrium develop in the third trimester or even

postnatallyNoe et al. 1998
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2.3 Anatomyandhistologyof the EMJ

The myometrium consists of bundles of smooth neudares, intermixed with areolar tissue,
blood vessels, lymphatiegsels, and nervebhe muscle fibres of thEMJ have
predominantly circular orientation, in contrast to lilvegitudinal smoothmuscle orientation
of theouter layers of myometriurfWetzstein and Renn 1970)he endometrium, the
mucous membrarthat linesthe uterine cavity, is composed of a single layer of columnar

epithelium.

The EMJ is structurally distinct from other mucesalscle interfaces within the human body

in that it lacks a submucosal laybtost tissues with a mucosa have a subjacent,

histologically recognizable submucosa that protects the underlying tissue from mucosal
invasion, e.g., stomach, intestine, trachea, and br@htarcus 1961, Emge 19%2Vhile the
superficial and basal layers of the endometrium are clearly distinguishableton ligh
microscopy, there is no histological distinction between the inner myometrium and the outer
myometrium on light microscopy. Tetlow et démonstrated increased vascularity of the
EMJwhen compared with #hrest of the myometrium ardiso found that thenuscle fibres

of this zone were more densely packed than in other zones of the myometrium. They
concluded that these architectural findings would account for the hypoechoic appearance of

theEMJ on bothTVUS and MRI(Tetlow et al.1999).

2.4Physiology ad hormonal regulation of the EMJ

The endometrium an@MJ do not just sharanembryological origin. While they are
physiologically distinct, they are both under the cyclical influence of ovarian sex steroids.
The main function of th&MJ appears to be motition of uterine peristalsis, an area thought

to play an increasingly significant role in fertility. Uterine contractions emanating from the
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EMJwere first visuabed and subsequentlyst@ibed by Birnholz who visuaksl them on
transabdominal ultrasour{Birnholz 1984. EMJ contractions vary in orientation, amplitude
and frequency throughout the cycle under the influence of oestradiol and progesietiome.
menstrual phase these contractionsaneo-cervicalin direction(de Ziegler et al2007)
facilitating menstruationThe direction reverses during the follicular phase becoming
predominantly cervicdundalwith theamplitude and frequenaf contactionsincreasng
significantly as ovulation approaches. There is evidence that this pattern of contriadt@ns
late follicular phaséacilitates sperm transpdifunz et al1996) After ovulation there is a
decrease in overdiMJ contractility uner the influence of progesterone. ljland et al
suggested that this may help to facilitate implantation of the developing blastalaiest

improving its supply of oxygen and nutriefiiiand et al1996)

2.5 Imagirg of the EMJ

Assessment of the EMJ himaditionally been part of the MRI evaluation of the uterus, with
changes in this area being a key component of the diagnosis of adenomyosis. With regard to
ultrasound, although the EMJ is visible, it hasimstoricallyplayed a major part in the

evaludion of uterine pathologylhis may be partlgue to the fact thahiorder to obtain clear
images of the EMigh resolution ultrasound equipment wab imaging facility is often
required, which has only been available in recent y&&is.may also edpin why the

majority ofstudies addressing visualisation and the appearanbe &\Jhave usedRI.

2.5.1Magnetic Resonance Imaging
Hricak et alfirst described the uterus as comprising three distinct zones when visualised on

MRI (Hricak et al 1983)MR imaging of uterine zonal anatomy is best demonstrated on T2
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weighted images. The endometrium is of generally high signal intensity and is therefore
visualised as a thin white stripe. The inner myometriunifras most MRI studies refer to

the innetmyometrium, is of uniformly low signal intensity while the outer myometrium is of
intermediate signal intensifizee et al. 198p(Figure §.

Figure 6i Sagittal T2weighted image of a uterus showing normal zonal anatomy with a high

signal intensity endoatrium (arrowhead), lovgignal intensitydZ (short arrow)and
intermediate signal intensity outer myometriflong arrow)(Novellaset al.2011)

Because of this observed contrast of the three uterine zones, MRI is very good at delineating
and meauring the size of these zon&tany studies have attempted to derive a normal range
for JZthicknesswith the upper limit now considered to be 8mm (Novedtaal.2011).This
measuremerns crucial in the MRI diagnosis of adenomyosis, whiclaigelydependent on
increased thickness of tl& (Reinholdet al.1996).1t is worth noting that théhicknessand

appearancef theJZis hormonedependenand therefore cyclicakith the maximal thickness
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of theJZbeing reached during the menstrual phafsbe menstrual cyclé-usiet al.2006).
Furthermore, por to menarche, during pregnancy and after the menopause, uterine zonal
anatomy is less distinct (Demetsal. 1986Brosenset al. 1998Willmset al.1995)with the

JZ and the outer myometrium beingqoly distinguishedThis finding is reversed in
postmenopausal women by the taking of hormone replacement therapy (Ma&aithy
1986).These effectsnean that théZ cannot be measured in a significant proportion of
women;up to30% of premenopaal wanen (Bazokt al.2001) andb0% of postmenopausal

women (Fuset al.2006)

2.5.3Ultrasound

Formal dtrasound examination of the uterus includes a detailed assessment of the
morphological characteristics of the myometrium and endometrium. These two main
functional components of the uterus display different acoustic properties, which facilitates
their differentiation on the ultrasound ima@m ultrasound, the inner myometrium has been
descri bed as a hypoeuaHyencicclebtirerddometrium (Kunzt! o 6
al. 2000).While this zone is distinct from both the endometrium and the outer myometrium,
the ultrasonic delineation of uterine zonal anatomy is less clear than on MRI. Ultrasound,
however, has the ability to visualise very clearlylthsal endometrial layer, which forms the
actual interface between the inner myometrium and the endometrium. @imtensional
ultrasound scan, the EMJ is best seen in the longitudinal section, which enables the
examination of its anterior and postera@pects. In this view the EMJ is seen as consisting of
two distinctive structures: basal endometrium and inner myometrium. In normal uteri the

basal endometrium is seen as a continuous uninterrupted hyperechoic line and in practical

t

h a
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terms it represents éfendometrialmyometrial interface (Naftalin anturkovic 2009)

(Figure7).

Figure 7i A TVUS image showing éngitudinal view of a normal uterus in the proliferative
phase of the cycle. Theltpers are placed on the basal endometrial layer which appea
regular continuous hyperechoic line. The surrounding inner myometrium appears hypoechoic
in comparison tdoththe outer endometri@nd outer myometrial laye(slaftalin and
Jurkovic2009)

On ultrasound, as with MRihe differences imppearace of the inner and the outer
myometrium arenfluenced byovarian sex steroid hormone levéter example, prior to
menarchavhen the levels of the ovarian sex steroids are jlast,as with MRIthe inner and
outer myometrium are indisitt onultrasoundNewren 1997)There arehoweverno
reported ultrasound studies of the cyclical charsgeswithin the EMJ(Naftalin and

Jurkovic 2009)

With the development of 3D ultrasound has come the ability to createec8bstruction of

uterine anatomy in theoronal planeThisallows ultrasounéssessent of boththe lateral
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and funél aspects of the EMJ, which westherwiseimpossible to see clearly on standBkd
mode ultrasoundnaging. The ability to see the entire lateral borders of the EMJ in a single
view has, lierally, added a new dimensionthe ability to visualise the EMJ on ultrasound.
Exacoustos et ahpplied measurements taken routinely in the MRI assessment of
adenomyosis to ultrasouadsessment of the uteriigures 8a & 8h)They tookvarious
measurements of the JZ takesinga 3D coronal vievof theuterusincluding the minimalZ
thicknesgJZmin), the maximal JZ thickness (JZmaxyd the maximal myometrial thickness
as a means of diageing adenomyosigExacoustos et al. 201Ihey considered a JZmax
>8mmand a difference between the JZmin and the JZmax of >4rhaveohigh diagnostic
accuracyhowever these measurements have not been tested prospectively and furthermore,
no studes have been performed that attempt to describe a normal rad@eHamkness as

measured bgD ultrasound
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Figure &1 A 3D coronal view of a normal uterus@ving measurements of the maximal JZ
thickness (callipers 1 and,4hinimal JZ thicknesgqcalliper 3)and maximal myometrial
thicknesgcalliper 2)(Exacoustogt al.2011)
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2.6 Pathology of the EMJ

2.6.1 Adenomyosis

Adenomyosis is a condition defined by the preseri@dometrial glands or stroma within

the myometrium. While there is still much that is poorly understood about the condition, it is

accepted that it often involves the EMJ, while some would consider it a disease of the EMJ.

2.6.1.1 History of adenomgs

Determining the history of adenomyosis, as with many other aspects of the disease, is fraught

with difficulties. It remains unclear as to when it was first described with Scroen (1690),

Rokitansky (1860) and Cullen (1896) all being credited (BenagiaddBrosens 2006

Further difficulty stems from the fact that for some time, adenomyosis and endometriosis

were considered to be the same condition. The first detailed descrigit@tsnomyois

came from Cullen in 189@ullen 1896)He subsequentlgedcated an entire book to the

condition entitledéAdenomyoma of the uter@68Cullen1908). It was Frankl who first used

the term 6dadenomyosi s6é explaining Al have <c¢ch
suggest any inflammatory genesis as do terkesddenometritis, adenomyositis and
adenomyometritisé.. We were never able to fin
either in the muscul ature or the mucosa of t
adenomyosis and the endometrium, sugggsth endometrial origin to the diseéBeankl

1925) 't was wit h S aptipnoioparifoseal endenetduiend ehé first e s ¢ r i
use of t he t etwoyearsdatethat the comditiomstairtedd fo beonsidered as

two separate entitsfSampson 1927 The modern definition of adenomyosi® b e ni g n
invasion of the endo measprovided by Bird et aintl®/72(Bircthy o me t r

et al 1972)
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2.6.1.2 Pathogenesis of adenomyosis

The precise pathogenesis of adenomyosis renuaikisown with many theories being

proposed. The most widely held theory is that it results from invagination of endometrial
tissue, across the EMJ, into the myometrilimere arenumeroushistological and ultrasound
reports of endometrial tissue being seeoontinuity with adenomyosis within the

myometrium Frankl 1925fFerenczyl998; Naftalin andurkovic2009;Vermaet al. 2009

that would appear to corroborate this theory. Other suggested mechanisms for the disease
includede novadevelopment of endonr@l tissue from mullerian remnants, although this is
thought to apply more to adenomyosis found in eutesine sites, such as the regaginal

septum (Nisolle and Donné®97).

Even if endometrial invagination is the cause, there is still significargrtainty about what
factors might trigger this invasion. As with most chronic conditions, the aetiology is likely to
bemultitf act or i al i nvolving some or all of the f
potential &8 of e ndo meated asa possible sassewiro stualiss been i n
have shown that endometrial cells have a similar invasive potential to metastatic bladder cell
lines (Gaetje et alLl995). Others have looked for differences between normal endometrial

gl ands and 0 andetia glangs dodiinah@ mymedrium. Lei et.gbund

increased expression of human chorionic gonadotrgpiery)/ luteinizing hormone (LH)

receptor mRNA in endometrial glands found in foci of adenomyosis, compared with normal
endometrial gland@_ei et al. 1993) A similarly increased hcg/LH receptor expression has
been found in endometrial cancer cells when compared to normal endometrium (Lei et al
1992), and in invasive trophoblast when compared teimaasive trophoblast in
choriocarcinomas (Liet al 1994). It is possible therefore that this increased receptor
expression may be related to the potentiarafometrial tissue to invadeto the

myometrium and fornadenomyotic foci (Ferencz998.
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Myometrial characteristics may have a role¢hisendometrial invaon. The EMJ is unusual

in lacking a submucosal layer. Mst musclemucosa interfaces within the bgdwavinga

distinct subjacent histologically recognizable sabcosal layer that protects the underlying

tissue from invasiofMarcus 196, Emge 1962)The absence of this layer might explain why
invasion can occur, but does not explain why it happens in particular atbas of

myometrium but not others.

Endometrium may cross the EMJ at areas of my
myometri al Oweaknessd might occur have been
model for this. Many studies have looked for an association between adenomyosis and

uterine surgeries, including caesarean section, uterine curettage and termination of

pregnancy. All these operations involve operating across or close to the EMJ and could easily
create defects in the EMJ or myometrium. Indeed, in the case of Caesarean section, it would
be impossible to perform the operation withbrgacling the EMJ Defects in the

myometrium following Caesarean section are clearly visible on ultrasound and have been
reported in the literature (Ofi¥eboviet al. 2008. Studies howeverhavenot consistently

found an associatidmetween Caesarean delivery and adeyasis Bergholt et al2001;

Harris et al1985. Uterine curettage might create defects in the myometrium through which
endometrial tissue might subsequently pass or could even push endometrial tissue through the
EMJ and into the myometrium at the timfesargery. Adenomyosis has been elicited in

pregnant rabbits by curetting one uterine horn and leaving the pregnancy in the other horn
(Lewinski 1931). In human studies, several authors (Leggal. 2000Vavilis et al. 1997,

Curtiset al. 2002 have found an association between adenomyosis and previous surgical
termination of pregnancy. Uterine softening in early pregnancy (Munsick h8§5)

increase the risk of EMJ trauma, perhaps explaining the association reported between
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adenomyosis and uterine ingmentation in pregnancy, but not outsaderegnancyl{evgur

et al. 2000; Curtis et al. 20p2

Since adenomyosis is more common in parous women, mechanical events at parturition have
beenconsideredo be the main pathogemic factors for the developmeaf adenomyosis
(Kitawaki 2006. However therare fewdata to support that it is parturition rather than
pregnancyper sethat is the cause. Certainly the physiological process of trophoblast
invasion, common to all pregnancies, involves inmasip to the EMIJVR images during a
conception cycle have shown focal changéthin theEMJ (Turnbull et al.1995) andtiis

known that trophoblast invasion is able to progress beyond the dibéit pathologicallyin

case of placenta accreta, incresad percreta. Perhaps the process of trophoblast invasion, in
some womenglters the EMJ leaving it susceptible to adenomyosis in thedutur

Uterine autotrauma, mediated by hyperperistalsis of the mgemetrium, has been
suggesteads a further mechamsby which both adenomyosis and endamets might
spontaneously form. This thednpldsthat chronic peristalsis or periods of hyperperistatsis
the inner myometriuncauseEMJ microtrauma and that@ycle of permanent

hyperperistalsis, mediated by irased oestrogen productidernds to overt autotrauma. This
combination of hyperperistalsis and overt trauma to the &bdiidd physicallyforce basal
endometrl tissue into the myometrium (Leyendeckerl.2009)causing adenomyosighe
increased presea®f oestrogeplays a key role in thisypothesis. Adenomyosis has been
found to be associated with oestrogkapendent conditions includingerine fibroids (Azziz
1989),endometriosigKunz et al.2000) andendometrial hyperplasi@ergholt et al2001).

It also appears to be most prevalent in women of reproductive age and regresses after the
menopauséKitawaki 2006. This has led some researchers to investigate the role of
oestrogen in the pathogenesis of adenomytidias been reportatiat oestrogn receptors

arealways found in adenomyotic tiss(lBEamaya et all979) Other investigatoreavefound
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that adenomyotic tissue contag@romatase, an enzyme that catalyses the conversion of
androgens to oestrogens, suggesting that local oestrogen pyodutiiin adenomyotic

tissue mayontribute to overall oestrogen concentratifiisabe et al1989) Further

evidence of this local production of oestrogen comes from a study that looked at oestrogen
levels in both peripheral and menstrual blood in womigh and without adenomyosis.

While there was no difference in the oestrogen levels in peripheral blood, there were
significantly increased oestrogen levels in the menstrual blood of women with adenomyosis
(Takahahiet al.1989.

A genetic predispositioto adenomyosis has been suggested from early reports suggesting
heredity (Emgel962;Arnold et al 1995 howeverfew studies have investigated the genetics
of adenomyosis. Pandit al.found a common chromosomal abnormality [7] [q21.9231.2] in
three casesf adenomyosi¢Pandis et al1995) Similarly Kitawaki found that the PP

genotype is less frequently observed in women with endometriosis and adenomyosis when
compared with women with neither conditifititawaki et al.2001).Wang et al2002found

no clromosomal gain or loss in 25 cases of adenomyosis using comparative genomic

hybridization(Wang et al2002)

2.6.1.3 Diagnosis of adenomyosis

2.6.1.3.1 Hitology

The histological diagnosis of adenomyosis requires endometrialsgytarstroma to be found
beyondthe EMJ and p until relatively recentlyhistopathological examination of the uterus
was the only way to diagno#ige condition. While recent advances in imagimake an
accurate, noimvasive diagnosis possible, almost all the published stuflibég aliagnostic

accuracy of these imaging techniques have used histology as the gold sféneaadre
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however substantiatlisadvantages to the continued use of histology for the diagnosis of
adenomyosis.

There remainsignificant disagreement as teetdepth of infiltration required for the
diagnostic criteria to be mdt.has been suggested that units of microscopic fields should be
used for this depth, howeveaported depthgary and includehalf a lowpower field of view
(Kurman1994), one lowpower field of view Rosai1l989, onemedum-power field of view
(Gompel andsilverbergl1985 andonehigh-power field of view (Entmant988.
Furthermore,Here is significant variation in the size of microscopic fields when different
microscopes are useBlljs andwhitehead 1981) leading to the suggestion that a different
measure should be used. The depth of infiltration as a proportion of the total uterine wall
thickness has begmoposedvith depths greater than 25% (Feren&®98 andgreater than
one third of the total thickness being used in the literature (Hendrickson & Kenij8€d)
howeveruterine wall thickness is not uniform throughout the uterus, particularly in the
presence of adenomyosis. Other studies have looked at specific depths afianfiltr
Bergholt et alre-examined hysterectomy specimens and applied differing depths of
infiltration of endometrial glands into the myometriunifm,>3mm & >5mm) for the
diagnosis of adenomyosis and showed that the reported prevalence varied @il 812%
(Bergholt et al200]). Further variation was found depending on whether or not the presence
of myometrial hyperplasia was used as a diagnostic criterion. This followed on from the
study by Bird et al that showed that the reported prevalence abragienis varied depending
on the number of slices bifstological tissue examind@ird et al 1972.

Histopathological grading systems for severity of adenomyosis have been pré&pasé&d
Molitor both used a histological system to grade the severitgleri@nyosis based on depth
of infiltration, whereby infiltration of endometrial tissue to the inner myometrium only was

gradedlight] infiltration to the middle third of the myometrium was terndedderatéand



45

infiltration to the outer third was terméextensivé ( Bi r d et a97l).Bildet7 2 ; Mol
al. alsoused a histological system to grade the degree of myometrial involvement. 13ere, 1
endometrial glands per lepower field was grade@light 4-9 endometrial glands per lew
power field was ppdeddmoderatéand 10 or more endagtrial glands per lovpower fied

was termedmarked ( B i r19¥2) While thesegrading systemadd an extra level of

subtlety to the histological diagnosis of adenomyosis, llaee not been prospectively

evaluaed, nor have their inteand intraobsever variability been evaluated.

Thisvariation in diagnostic criterien the histological diagnosis of adenomygsises

problemsnot only in the diagnosis of the disease, but edgbe investigation ofhediseas.

Most studies looking at associations with the condition have compared the prevalence of the
condition in differentysterectomizegopulations eg women with a history of menorrhagia

and those without a history of menorrhagia, and then looked foristts&gnificance.

Analysis and comparison of different studies is difficult when different diagnostic criteria are
being usedmaking it difficult to draw firm conclusions about the condition when studied in
this way Even wherestandardisediagnostic dteria areusedit has been suggested that
awareness of the condition amongst individual pathologists could confer a further source of
variance with the frequency of diagnesif adenomyosis varying frorf?-58% among 15

different hospitals, anftom 10-88%among 25 diffeent histopathologists (Seidman and

Kjerulff 1996. Oneexplanation for this might be that histopathologmtsysee but not

report adenomyosis unless specifically requested to do so, particularly if it is not relevant to
the primary conditn. This phenomenon may be exacerbated by the fact that once diagnosed
posthysterectomy, the condition has already been cured and so a diagnosis of adenomyaosis
will not influence @iture clinical managemernthis links to another fundamental problem

with the use of histological examination of hysterectomy specimens to diagnose

adenomyosis, which is that it precludes assessment of the success of conservative treatments
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for the condition. Tts drawback of histological diagnosiseknot apply to nofinvasive
diagnostic techniques, which must therefore be used for assessments otctherées of
conservative treatents for the condition.

Finally, as histology remains the gold standard for diagnosis, much of our current knowledge
of the condition comes fromistological examination of the entire uterus. There is great
national, international and temporal variation in theafsand indications fqrhysterectomy
(Bergholtet al 2001;Reid andViukri 2005. Furthermore, populations of women undergoing
hysteretomy in different regions are likely to be heterogenous and hence subject to
significant demographic variation. All of these factatisectly linked to the use of histology
as gold standard for diagnosexplainboththe significant variation in reportgaevalences

of adenomyosisas well aghe lack of consensus in the literature with regaiitstdinical

impact

2.6.1.3.2Clinical

There are no symptonms symptom complexdkat are pathognomic of adenomyosis and the
symptoms classically ascribedadenomyosisabnormaluterine bleeding, painful periods

and pelvic pain, are nespecific and associated with many other gynaeco#bgiathologies.
Furthermore, adenomyossoften asgnptomaticwith 35% of women diagnosed withe
conditionin one studyot having any symptoms pbained by the disease (Benson and
Sneedon 1958). Against this background, it is unsurprisinghitbatccuracy oflinical

diagnosis of adenomyosis is poor. In one study, a putative diagnosis of adenomyosis was
confirmed in undehalf of women who subsequently underwent a hysterectomy (Lee et al

1984).
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2.6.1.3.3 Ultrasound

2.6.1.3.3.1Diagnostic accuracy of ultrasound

Many investigators have assessed the accuracy of transvaginal ultrasound in the diagnosis of
adenomyosis, invably in women undergoing hysterectony comparing preoperative
ultrasound diagnosis with subsequent histological diagnbsesreported sensitivity varies

from 53%89% and the reported specificity varies from 590986 (Dueholm 2006). The
prevalence oddenomyosis in these studies varies widely which may reflect the differing
histological criteria used, trdifferent populations studieat thevaryingdegree of patient
selection involved. Generally, the more highly selected the patients are, the hegher t
sensitivity of diagnosis (Dueholm 2006). Large studies with no selection will, almost
invariably, include women with either large uterine fibsyidr large numbers of fibroids.
Fibroids of this nature are likely firevent examination of the entire nmgetrium meaning

that ultrasound features of adenomyosis may be missed (&aald2001). The difficulty in
differentiating adenomyomas and fibroids may also lead to false positive diagnosis of
adenomyosis. The presence of other pathologigbtralso reluce the accuracy oftrasound

in the diagnosisf adenomyosis. Studies of pasenopausal women, and even studies of
premenopausal women if large enough, are likely to include some women with endometrial
cancer. The presence of endometrial cancercodatly if it involves the myometrium,

makes the accurate diagnosis of adenomyosis much more challenging.

2.6.1.3.3.2 Ultrasound features of adenomyosis

Uterine enlargement in the absence of uterine fibroids and asymmetrical myometrial
thickening are indect signs of adenomyaosis originally described on transabdominal
ultrasound (Siedlegt al. 1987; Bohlman et al. 198 Mransabdominal ultrasound, however,

does not have sufficient resolution to be able to directly visualise some of the subtle
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sonographid¢eatures of adenomyosis that have been described on transvaginal ultrasound
(Bazotet al.2002). Thecharacteristic gross appearamcel individual ultrasound features of
adenomyosis on tnsvaginal ultrasound derivet only from the presence of endonmetri
glands and stroma within the myometrium, but also from the associated muscular
hypertrophy and hyperplasia (Ferenczy 1998). Many of these features of adenomyosis are
subtle and may be missed by those not trained to look for or recogniseSthreim authis

have suggested that the learning curve for those already familiaF Wit to be able to
diagnose adenomyosis can be up to 6 maf@beholm 2008 These difficulties are
compounded by the fact that the featuwEadenomyosisannot always be seen bard-copy
imagedeading some authors to suggest thatustbe diagnosed during reime

examination, which has implications for teach{fRginholdet al.1996.

The asymmetrical myometrial thickening seen on transabdominal ultrasound can also be seen
on TVUS. Another common feature described is heterogenous, poorly defined areas within
the myometriun{Reinholdet al.1995) or increased myometrial echotexture (Reinkokl.
1998. These may include or be accompanied by hyperechoic islands or anegboietnal
cysts and lacunae (Fedetal.1992). Parallel shadowing can sometimes be seen distal to
these myometrial features. Adenomyomas can be se€N@8 but can be mistaken for

uterine fibroids, with which they will often eexist. It is particulagt important to distinguish
between the two in preperative imaging as adenomyomas are less amenable to surgical
resection than uterine fibroids. Adenomyomas tend to be more elliptical than uterine fibroids
and will be less weltircumscribed than uterirféoroids. They will also tend to have less
calcification and less edggdhadowing (Reinholdt al.1998). The use of Doppler can assist in
distinguishing between adenomyomas and uterine fibroids. Blood flow around fibroids will

be circumferential with mini@a or absent blood flow seen within the fibroid, whereas with
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adenomyomas, blood vessels will be seen following their nazouakethrough the

myometrium (Table )L

Table 1i Ultrasoundfeatures of fibroids and adenomyomas that aid differentiation orSTvVU

Fibroid Adenomyanas
Border definition Clear Poor
Echogenicity Mixed with calcifications Hypoechoic with striate
effect
Shape Globular Elliptical
Blood flow on Doppler Circumferential Undisturbed
imaging

Features seen closer to the endometriunudeclinear striations and an irregular or indistinct
EMJ. Linear striations are seen as fine hyperechoic lines radiating from the endometrium into
the myometrium. An irregular EMJ has been reported as a feature of adenomyosis on both B
mode (Reinholeet d. 1998) andBD imaging (Ahmecet al. 2007. Recently, Exacoustos et al

used the 3D coronal view of the uterus to visualise the EMJ and measure its thickness, to
assess its usefulness in diagnosing adenomyosis (Exacoustos et al. 2011). They found that
alterations in the EMJ had good diagnostic accuracy for diagnosing adenomyosis. While this
is clearly an area of current research focus, there remain no published studies that describe a
normal range for EMJ thickness, when measured in this way.

A few studieshave looked at which specific ultrasound features are the most accurate in the
diagnosis of adenomyosis. Bazot effalind that myometrial cysts were the most specific

and sensitive criterion for diagnosing adenomy(Bazot et al. 2001 )Kepkep et alfound

that myometrial cysts, along with seimdometrial linear striations and a regularly enlarged
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globular uterus were the ultrasound features with the highest accuracy (74.3%, 71.4% and
80% respectively). Subndometrial linear striations were the featwith the highest
specificity (95.5%)Kepkep et al. 2007)t should be noted that while there wamsiderable

overlap in the ultrasound features used indlstadies, the features usedre notidentical

2.6.1.3.4 MRI

2.6.1.3.4.1Diagnostic accuracgf MRI

There are a small number of studies assessing the performance of MRI in the diagnosis of
adenomyois, all of which included women undergoing hysterectoriteycompared pre
operative MRI diagnosis with subsequent histological diagrmrglsshowea sensitivity of
70-86% and a specificity of 883% with a mean accuracy of 87.5% (Bagbal.2001,

Reinholdet al.1996, Dueholnet al.2001).

2.6.1.3.4.2 MRI features of adenomyosis

The most widely used feature for diagnosing adenomyosis on MRreased JZ thickness.
Focal or diffuse thickening (>12mm) of the JZ onwWe&ighted images is considered highly
suggestive of adenomyosis, whereas adenomyosis is unlikely to be present if the JZ is less
than 8mm thick (Reinholdt al.1998. Focal thickenings considered more specific than
generalised thickening which must be differentiated from the appearance of thickening
caused by physiological inner myometrial contractions. The timing of the MRI must also be
considered before diagnosing adenomyosis tsydfiterion, as JZ thickness varies
considerably during the menstrual cycle (Mastal.2001). The JZ is most clearly visible
during the late secretory phase (Imaekal.2003) and JZ thickness commonly appears to be
>12mm during the menstrual phaparticularly on days 1 and 2. For this reason, some

authors advocate avoiding MRI imaging during the menstrual giiake menstrual cycle in
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orderto avoid false positive diagnosis of adenomyosis (Tanal.2006). There are further
limitations in usiiyg JZ thickness as the sole criterion to diagnose adenomyaosis. One study
found that the JZ was unmeasurable in almost a third of the women in their study, 22% of
whom were subsequently diagnosed with adenomywskgstology(Bazot et al2001).
Lesscomma MRI features of adenomyosis that have been reported include areas of low
signal intensity within the myometrium with-tlefined borders (Reinholet al.1996) and

islands of endometrial tissue visualised as punctate foci ofdggial intensity on T2

weighted images. If cyclical bleeding occurs within these glands, they become cystic and will
appear as areas of higignal intensity on 91 weighted imaging (Outwatet al. 1998.

Rarely, endometrium can be seen to be invading the myometrium, whiclitgves
appearance on MRI of Opseudowietdldod)nwhie of t he
visualisation of these direct signs of adenomyosis has been reported, MRI fihanédsal
sensitivity in detecting them, for example small myometrial cystsrdgedetected in 50% of
cases. It has been suggested that this may be because MRI has insufficient spatial resolution

to identify these smaller features of adenomyadsvéllas et al. 2071

2.6.13.4.2Comparison otliagnostic accuracy #iRl andTVUS

Current opinion is divided as to whicimaging modalityshould be the firsiine diagnostic

tool in adenomyosisThe diagnostic accuracies BYUS and MRI have been compared in
three studies of women undergoing hysterectomy for benign reasons Z). aeile small
advantages were found with MRI, pooled results show the two techniques to be equivalent
and of intermediate accuracy (Duehd806. A significant difference was found in the
inter-observer variability of the two diagnostic modalities with MRIihg\good inter

observer agreemerkgppa value= 0.73 andTVUS havingonly fair interobserver

agreementkappa value 0.3§Dueholmet al. 2002 It may be thatlue toimprovements in
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the resolution of TVUS machines over the last decalbegsidebettertraining in the
ultrasounddiagnosis of adenomyost$ie interobserver agreement in the ultrasound

diagnosis of adenomyosis is now bettert no published studies have reassessed the inter
observer variability oTVUS in the diagnosis of adenomyosis.

While TVUS, in the hands of experienced operators had comparable accuracy to MRI, MRI
seemed to be a superior, less obsedegrendent diagnostic tool in the diagnosis of
adenomyosis. Nevertheless, a review concluded that where adenomyosis was suspected,
TVUS should be the firsline diagnostic tool, with MRI reserved for cases where TVUS was
inconclusive (Dueholn2006. This conclusion may stem from the fact that TVUS iswell
tolerated (Bennetind Richard2000) and is both cheaper and more easily acdeghién

MRI.

Table 2i Studies comparing the diagnostic accuracy of TVUS and MRI for the diagnosis of
adenomyosigDueholm 2006).

Reinhold et al. 1996 Bazot et al. 2001 Dueholm et al. 2001
% (95% CI) % (95% CI) % (95% CI)

TVUS:
Sensitivity 89 (7197) 65 (4879) 74 (6382)
Specificity 89 (80695) 98 (96100) 87 (8191)
PPV 71 (5499) 93 (7599) 68 (5877)
NPV 96 (8999) 85 (7591) 89 (8492)
MRI:
Sensitivity 86 (6695) 78 (6189) 78 (6886)
Specificity 86 (7692) 93 (8497) 88 (8392)
PPV 65 (47%79) 84 (6793) 70 (6079)
NPV 95 (87%98) 89 (80695) 92 (8#95)
2.6.1.3.5CT

Therearelimited data on the use of computerised tomogrg@iy) for the diagnosis of
adenomyosis. A retrospective study of 16 women with an MRI diagnosis of adenomyosis, 6

of whom had also had adenomyosis diagnosed on ultrasound scan, suggested that there were
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features of adenomyodisat could be seen on CT scan, howekerprospectively reported

CT scans failed to diagnose adenomyosis in any of the women (Woaatfeld2@9).

2.3.1.3.6Hysterosalpingography

Adenomyosis has been diagnosed on hysterosalpingography, with features suggestive of
adenomyosis including multiple small spicwles t h saccul ar-l ekddbngs (0l
diverticula), extending from the endometriumto the myometriunfWolf and Spatard988)
andirregularity of the uterine contour with small outpouchings of contrast material (Simpson

et al.2006) (Figure B The diagnostic sensitivity is padroweverand so

hysterosalpingography is no longer usedtfe diagnosis of adenomyosis (Arnold et al

1995)

Figure 9- Hysterosalpingogram showing irregularity of the uterine contour with small
outpouchings of contrast material. Findimgmsistent withdiffuse adenomyosigSimpson et
al. 2006)
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2.6.1.4 dinical impact of adenomyosis

2.6.1.4.1. Prevalenad adenomyosis

The prevatnce of adenomyosis in the general population remains unknown as, so far, it has
only been possible to establish the diagnosis in pathological speciwvteos confers a large
selection biasThere is wide variation in the percentage of hysterectomy spasifound to

have adenomyosis with reported prevalences ®@% (Azziz 1989). Explanations for this

wide variation include the lack of consensus in the histological criteria used and variation in

the number of tissue blocks examined.

2.6.1.4.2 Symptomsf adenomyosis

The exact clinical importance of adenomyosis remains uncertain (Dueholm 2006). The
common symptoms said to be associated with adenomyosis are menorrhagia and
dysmenorrhoegawith less commonly reported symptoms including chronic pelvic pain a
dyspareuniaThese symptoms are common to a number of other gynaecological conditions
including uterine fibroids, endometrial polyps, endometrial hyperplasia and endometriosis.
These conditions frequently -@xistent, making assessment of causatiorymipsoms

difficult. Furthermae, as is the case with endometrial polyps, fibroids and endometriosis,
many women with adenomyosis are asymptomalic (et al. 1972Benson & Sneedon

1958;Molitor 1971).

2.6.14.2.1Abnormal uterine bleeding

The first detded description of adenomyosis by Cullen over a century ago described a
condition associated with 61l eMgnyimesiigatdrs menst r
since then have looked for an associabhetween adenomyosis and abnormal uterine

bleedingwith conflicting resultsWhile manystudies havéoundan association between the



55

two (Emge 1962; Bircet al 1972; Benson and Sneedt®68) many others haveot
(Bergholt et al2001; Parrazzini et a1997; Weiss et al. 2009espite the uncertainty
regardinganassociationadenomyosiss still considered an important causfeabnormal
uterine bleedings evidenced by its appearance in PAO®@EIN, a mnemonic created by
FIGOin 2011as an aideanemoire for causes of abnormal uterine bleedlifgure 10

(Munro et al. 2011)

Figure 10i lllustration of PALM COEIN mnemonidor thecauses of abnormal uterine
bleeding (Munro et al. 2011)

Polyp Coagulopathy
Adenomyosis Ovulatory dysfunction
Submucosal End 5
i ndometria
Leiomyoma Other !
Malignancy & hyperplasia latrogenic
Not yet classified

It is not only the association between adenomyosis and abnormal uterine bleeding that is
uncertain. The mechanism by which adenomyosis migtsechieeding symptoms also

remains uncleai he finding that mefenamic acid can reduce menstrual loss suggests that
prostaglandins may play a role (Azziz 1989). Impaired contractility of the adenomyotic

uterus has been suggested as another causative nsacliBergeron et al. 2008)terine
enlargement secondary to adenomyosis might result in a larger endometrial surface area and

therefore a greater volume of menstrual l@isough a study bReeset al.foundno


http://www.sciencedirect.com/science/article/pii/S0020729211000129#gr1
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correlation betweemeasurednenstrual blood loss and emdetrial volumeto-surface ratio

(Rees et al. 1984).

2.6.1.4.2.2 Bin

As with abnormal uterine bleeding, pain symptoms featured in earlyijptests of
adenomyosis. Cullen described a condition
1908). Many authors have subsequently described an association batl@eemysis and

pain symptoms, largely dysmenorrhoea (Erhg62; Bird et al. 1972; Azz 1989; Benson
andSneedori 958, although once again, not all investigators have replicated these findings
(Bergholt et al. 2001; Weiss et al. 2009ne prospective study found no difference in either
frequency or severity of dysmenorrhoea or pelvio p&tween 28 women with adenomyosis
and 157 controls (Kilkket al. 1984. Despite the lack of consensus as to the relationship
between adenomyosis and pain, it is still considered a recogr@ged of dysmenorrhoea
(Peric and Fraser 20p@ysmenorrhoeanay be caused by uterine irritability and

inflammation secondary to bleeding into foci of adenomy@sgeron et al. 2006).

2.6.1.4.2.3 Reproductive function

Historically, alenomyosis haseen considerea condition of parous women in théater
reproductive years and so little wohlasfocussed on its effect on reproductive function.
Furthermore, an inability to diagnosee condition prénysterectomyasprevented

investigation of the condition in a subfertile populatibhe advent of pr@perative

diagnosis alongside an increase in maternal age has led to the condition being encountered
more frequently in fertility clinics. Certainly, it is now accepted that the condition can be
found in nulligravid and nulliparous womefinimal studies have sugdesd a deleterious

effect on reproductive function with induced adenomyosis in baboons being associated with

as
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lifelong infertility (Barrieret al. 2004)This has all contributed to amcreasing focus on its

role in reproductive function with some authorspgmsing that adenomyosis is a significant
contributor to subfertilityAs suchits diagnosis or exclusion should be mandatory in fertility
investigations (Leyendecket al.2006). The prevalence of adenomyosis in a specific subset
of fertility patients,women below the age of 36 with a confirmed diagnosis of endometriosis
and fertile partners, was found to be as lEgB0% (Kunzet al.2005).It has been proposed
that one mechanism througthich adenomyosis might hawaedeleteriouseffecton fertility is
throughimpairment of thenner myometrial contractions previously discussed as having a
crucial role insperm transpothrough the uteru@d.eyendeckeet al.1996). The finding that
adenomyosis has a negative impact on IVF/ICSI conception rates armtdignancy rates
(Salim et al 2012 Tahlluri and Tremeller2012) suggests that adenomyoseymegatively

impact events after fertilisation and nidataswell
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2.6.2 Endometrial cancer

2.6.2.1 Introduction

Endometrial cancer was recently estimatetié the commonest gynaecological cancer in the
developed world (Sankaranarayarsard Ferlay2006). While the prognosis is good compared

to other cancers, around 20% of women diagnosed with the condition will not survive beyond
5 years. All but the earlieendometrial cancers, or those developing in foci of adenomyosis,

will involve the EMJ.

2.6.2.2 Prevalence

In 2007, 7536 new endometrial cancers were diagnosed in the UK, making it the fourth
commonest cancer in wom€@aNS 2009) It is classically, althagh not exclusively, a

disease of poshenopausal women and its incidence is rising in this population, whereas it
seems to be stable or decreasing in premenopausal or perimenopausal womenaBray
2005). This trend is likely to continue secondaryrt@eeing population, increasing obesity
and a sharp fall in the number of hysterectomies being performeant et al. 2005

Sorosky 2008Reid and Mukri 200b

2.6.2.3 Clinical presentation

Postmenopausal bleeding, defined as vaginal bleeding occurtegsta year after the last
menstrual period, is the cardinal symptom of endometrial cancer. The probability of
endometrial cancer in women presenting with postmenopausal bleedii@% Amantet

al. 2005). Prior to menopause, women with endometaater may present with

intermenstrual bleeding or irregular dysfunctional menstrual bleeding. Pain, vaginal
discharge and pyometra are rarer symptoms and tend to be secondary to advanced cancer

(Saso et al. 2011)
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2.6.2.4 Rsk factors for endometrial cance

The development of endometrial cancer has been observed to follow two giatmeays
(Bohkman 1983). Typedancers, which account for-80%, are usually oestrogen
dependentendometrioid adenocarcinomas and gehetalve a good prognosis. Type I

cancers are largely oestrogemlependenthavea variety of differenthistologies andend to

have a higher grad&ype Il endometrial cancetbereforetend to have a worse prognosis as

they tend to present later abehave more aggressivels a signifcant majority of

endometrial cancers are typeripst of the risk factors for the disease will link in some way

to a relative increase in oestrogen exposure. A list of risk factors and protective factors can be

seen inTable3 (Saso et al. 20)1

Table 3i Risk factors and protective factors for endometrial cancer (Saso et al. 2011).

Endogenous risk factors Increasing age

Obesity and physical inactivity

Early menarche and late menopause
Low parity or infertility

Polycystic ovarian syndrome

Famiy history

Lynch syndrome (hereditary ngrolyposis
colorectal cancer)

Oestrogen secreting tumours (granulosa o
thecal cell tumoursf the ovary)

Diabetes mellitus

Hypertension

History of breast cancer
Immunodeficiency

Exogenous risk factors Unopposed oestrogesmly hormone
replacement therapy

Tamoxifen therapy

Previous radiotherapy

Dietary factors

Protective factors Cigarette smoking
Combined oral contraceptive use for at lea|
one year

Grand multiparity
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2.6.2.5 PPecursor lesios for endometrial cancer

Hyperoestrogenism is also a risk factor for endometrial hyperplasia, a premalignant condition
that predisposes to endometrial cancer. Endometrial hyperplasia involves excessive cellular
proliferation leading to an increased voluofeendometrial tissue, with an increased ratio of
endometrial glands to stroma (greater than T:&¢ WHO histological classification

(Silverberg et al. 2003) is usadthe UK. It classifies endometrial hyperplasiathe basis of

the complexity of endoetrial glands and the presence of any cytological aty@anen

with simple and complex endometrial hyperpldsae a risk oflevelopingendometrial

cancers of 1% and 3% respectivétyurthermore30-40% of women with complex atypical
endometriahyperplaia will have a concurrent adenocarcinoma, and those that do not, have a

high risk of developing it (Milland Longacr&010)

2.6.2.6 Dagnosis of endometrial cancer

In the UK, if women report postmenopausal bleeding, they should be referred urgantly to
gynaecological rapidccess clinic, where they should be seen within two weeks (NICE
2005). A variety of different diagnostic tools have been evaluated in the investigation of

women with suspected endometrial cancer.

2.6.2.6.1 Bind endometrial biopsy

Dilatation and curettage (D&C) used to be the most common method to acquire a sample of
the endometrium for histological analysis. It has fallen out of favour for a variety of reasons,
including its need to be performed under general anaesthetic, itgsctust; sensitivity in
diagnosing intrauterine pathology (Betthi et al.2001) and its relatively high complication
rate. Where a blind endometrial endometrial biopsy is required, D&C has largely been

superceded by outpatient endometrial sampling devicedelled on the pipelle de cornier
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prototype. Endometrial sampling with a pipelle can be performed in an office setting, without
general anaesthetic, and often without local anaesthetic. Aanatgsis has shown that

pipelle biopsy has a detection réde endometrial cancer of 99.6% in postmenopausal

women and 91% in premenopausal women. It had a sensitivity of 81% for the detection of
endometrial hyperplasia (Dijkhuizen et 2000). It appears to be more accurate in
symptomatic ad postmengausal woran (Clarket al.2001). For it to be cosdffective as

the firstline diagnostic tool, the population in which it is used should have a prevalence of

endometrial cancer of at least 15% (Dijkhuiztral.2003).

2.6.2.6.2 Hsteroscopy

Hysteroscopy involes the passage of a tlioopethrough the cervix, allowing direct
visualisation of the uterine cavity and endometrium. It can be performed as a daycase
procedure under general anaesthetic, but is increasingly being performed under local
anaesthetin an outpatient setting where it has been shown to have equivalent rates of
patient satisfaction but a shorter recovery time (Kreghat.2000). The advantage of
hysteroscopy over blind endometrial biopsy is that it allows targeted biopsying of suspici
areas. Even if the endometrial cavity appears normal, it is recommended that an endometrial
biopsy be performedith one study finding th&0% of the endometrial cancers diagnosed

on endometrial sampling, were not identified at hysterosfopt al 2000. A further

advantage of hysteroscopy is that where endometrial polyps are present, a polypectomy can
accurately be performed, thus treating a potential cause of abnormal bleeding, even if it
subsequently turns out to be benign.

Hysteroscopy under geral anaesthetic has the same cost disadvantages as D&C, as well as
being timeconsuming for patients. While outpatient hysteroscopy has economic and clinical

benefits it remains an invasive procedure associated with significant patient discomfort (Tahir
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et al 1999). Furthermore, it has a failure rate of up to 10% (Lo. &0&lQ. In view of the
invasive nature of outpatient hysteroscopy and its associated costs, transvaginal ultrasound
has been recommended as the preferable first line investigatiammempresenting with

abnormal bleeding (Clark 2004).

2.6.2.6.3Transvaginal ultrasound

In contrast to diagnostic hysteroscopy, TVUS is-muasive, has no complications and is
well-tolerated by womewith postenopausal bleedin@asri et al1991).1t is therefore
unsurprising that it has been extensively investigated ad totaezreening women with

postmenopausal bleeding.

2.6.2.6.3.1 Endometrial thickness

In populations where the incidence of endometrial cancer is below 15%, using TVUS as the
first line investigation, followed by endometrial biopsy if an abnormality is detected, has
been shown to be more caftective than using endometrial biopsy as the-first

diagnostic tool (Dijkhuizemrt al.2003). In addition to saving money, using TVUsc

potentially save women from undergoing invasive endometrial sampling. Aanalgsis of

35 studies involving 5892 women that evaluated different thresholds to define abnormal
endometrial thickening showed that a-offtof 5mm had a sensitivity of 96%or

endometrial cancer. Thus a postmenopausal woman presenting with vaginal bleeding with a
pre-test probability of endometrial cancer of 10%, would have a 1% chance of endometrial
cancer with a normal TVUS. The authors concluded that TVUS assessmedooietnal
thickness could reliably identify women with a very low likelihood of endometrial cancer
who could thus avoid endometrial samplikghile thesensitivity of this cubff for

diagnosing endometrial cancer is very hitjie specificity was just 61¢omith-Bindmanet
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al. 1998). Therefore the positive predictive value of endometrial thickness measurement in
diagnosing endometrial cancer is poor and many women therefore undergo ultimately
unnecessary invasive proceds. A subsequent mesmalysishadsimilar results and

concluded that while TVUS assessment of endometrial thickness was a good test for ruling
out endometrial cancer, it was not very good at ruling (Guapta et al. 2002)I'VUS remains

the standard firgline test in the diagnosis of emhetrial cancer, however because of the
limitations of using endometrial thickness alone, many investigators have looked at ways to

improve its specificity.

2.6.2.6.3.ZEndometrial thickness and morphology

Various endometrial ultrasound criteria have bagsessed in attempts to improve the
specificityof ultrasound in diagnosing endometrial cancer, with mixed resMlige some
have found assessmentsodometriabnd EMJmorphology usefuin differentiatingbenign
and malignant endometr{&andelzhofeet al. 2002; Epsteiand Valentin2006), others have

not Epstein et al200L Epstein et al. 200).

2.6.2.6.3.3ransvaginal ultrasoundith Doppler

There have been similarly contrasting results from studies assessing the use of Doppler to
improve the acuracy of ultrasound in diagnosing endometrial carkerearly study

reported promising results in the usecofourDoppler to aid diagnosisf endometrial cancer
(Bourne et al1991). Subsequent studiexf colour Doppler flowin boththe uterine and
erdometrial arteriesvere however, unable to show tlitatvasuseful in discriminating

between benign and malignant endometrial lesf{Stedkevicius et al. 1994; Sheth et al.

1995) The evidence is no more consistent when Dogpsrbeen used to assess the



64

morphology of endometrial vasculatufdcazar et alreported thaa particular power

Doppler pattern of vasculature could be obsemeadore than 80%f cases of endometrial
cancer(Alcazar et al2003).0Other investigatorased an algorithm includingower Doppler
assessment of endometrial vascularity to estimate the risk of endometrial maligiarey.
theyconcluded that their algorithm was betiesin subjective assessmeattdifferentiating

benign and malignant endometimawomen with an endommdl thickness of 8L5mm this
conclusion did not reach statistical significance (Epstead.2002). Subsequent work by the
same research group was unable to show that using colour Doppler to assess the number of
blood vessels within the endometriumexddhe diagnosis @nhdometrial cancen women

with postmenopausal bleeding (Epstein and Valentin 2006)

2.6.2.6.3.4Threedimensional ultrasound assessment of endometrial volume

Gruboeck et alused compared endometrial thickness arbeetrial volumeneasured by

3D ultrasoundn the assessment of women with postmenopausal ble@@mboeck et al.

1996. They found that endometrial volume assessment was a better screening tool than
endometrialhickness measuremenith an endometrial volume of 13mlaving a

sensitivity of 100% and a specificity of 99.8% for the diagnosis of endometrial cancer. A
subsequent study again showed a higher sensitivity for endometrial volume than endometrial
thickness (Mansouwet al.2007) although interestingly their eoff value for endometrial

volume was significantly different to that proposed in the study by Gruboeck et al.
Furthermore, they used D&C as their gold standard which has been shown to be unreliable
(Grimes 1982). Perhaps what is most noteworthy is thattdebi early promise of 3D
endometrial volume measurement in the screening of women with postmenopausal bleeding,
a relatively small number of papers have subsequently been published on the subject. A

recant review article (Alcazar and Jurado 2D$liggestd that most of the published studies
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showed that endometrial volume was superior to endometrial #isk@ne study
(Opolskiene and Valentip010) showed no advantage with 8@dometrial volume

measurement.

2.6.2.7 Staging

Staging of endometrial canceain be based on surgical, clinical, radiological of
histopathological criteria, however surgical staging has been shown to have better prognostic
value (Creasmaet al.2006). This led to FIGO updating the staging of endometrial cancer to
more accuratelyeflect sagefor-stage prognosis (Tablg @Creasman 2009). Abou0%o of

women present with stagelisease and can be treated with hysterectomy and bilateral

salpingeoophorectomy.

Table 4i Revised FIGO staging of endometrial cancer (Creasman et &). 200

Stage la <50% myometrial invasion

Stage Ib >50% myometrial invasion

Stage |l Tumour confined to the uterine corpus but involving cervical
stroma

Stage llla Tumour invading the serosa of the uterine corpus and/or adne

Stage lllb Vaginal or parametrial involvement

Stage llic Metastasis to pelvic or paeortic lymph nodes

StageVa Invasion of bladder and/or bowel mucosa

Stage Vb Distant metastases including inrsadominal and/or inguinal
lymph nodes
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3.0Conclusion tBackground

It is clearthat therds an increasing focus on the EMJ and what its role in various pathologies
might be.Gynaecologists and ultrasonographers are able to look at this area of thénuterus
greater detail andepth andareevenstarting to make clinical decisionsdea on their
assessmest Yet there is danger that the clinical decistomaking is out of step with what

we knowabout the EM&nd its appearance on ultrasou@thvious issues worth investigating
are whetheultrasound assessment of the ESldeproducike and what clinical and
demographic factors influence the appearance of the EMJ.

Adenomyosisa disease of the EMidas been studied for considerably longer than the EMJ
itself and yetstill so many aspects of the diseasenains unclear or uncertain. Viéhi
histologyhashistorically beerthe primarydiagnosticdool for investigating adenomyosithe
significant reduction in the number of hysterectomies now being performed for benign
disease haslunted its usefulness in investigating the diseAbarost dl ultrasound studies

of adenomyosis to date have assed#sadiagnostic accuracyVhile these studies have
shownthattransvaginal ultrasounttisgoodaccuracy in diagnosingdenomyosisfew if any
ultrasound studies have attempted to investigate sothe ofiany clinicalincertaintiesthat
remainabout the diseas&his has perhaps been due to concerns about the reproducibility of
ultrasound diagnosis of adenomyosgnificant uncertainties remain abdhé mostbasic
aspects of the disease includitgyprevalence anevenwhether o not it has any clinical
significance Ultrasound shoultiow be used to investigate these questions

The role of ultrasound in treereeningdf women with postmenopausal bleedirig more
establishedTransvaginal ultrasouhassessment of endometrial thicknessains the

primary determinandf which women can be safely reassuaed which women need
endometrial samplingJsing ultrasound in this way has a high sensitivity for endometrial

cancer but low specificity meaninthatmany womerundergo ultimately unnecessary
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invasive investigationsSeveal investigators have loeklat whethemore sophisticated
transvaginal ultrasounassessment of these wonmaight beable to improve the diagnostic
accuracy of ultrasounaind asessment of the EMJ has been suggested asspeedf the
ultrasound examination that may aid this.

Given the above, | feel that the aims of this thesis should é&eatoine the reproducibility of
ultrasound assessment of the EAMdl investigate what fears affect it visualisatiorexamine
the reproducibility of ultrasound diagnosis of adenomyalgtermire the prevalence of
ultrasound features @denomyosisn women attending a general gynaecology clarid
investigate whether their presence is aisged with clinical symptoms and lastiyetermine
whether assessment of the EMJ can increase the diagnostic accuracy of ultrasound in the

investigation of wome with postmenopausal bleeding
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1.0 MATERIALS AND METHODS

1.1 Setting

1.1.1 TheGynaecologicaDiagnosticand Treatmentnit, University College Hospital

The work contained in this thesis was carried out in the Gynaecology Diagnostic and
Outpatient Treatment Unit (GDOTU) of University College Hospital between OcRalo&

and March 2011. Situated in central London, University College Hospital is a teaching
hospital and tertiary referral centre which primarily serves the needs of the people of Camden
and Islington. The trust has an annual turnover of more than £76@ndmploys over 6000

staff and has 665 inpatient beds. It sees over 789,000 outpatients ad/bas around

125,000 inpatierdadmissions a year. The hospital was formed in 1994 and became an NHS
foundation Trustin 2004 he Wo me n 6 s He aUCH bfferd specilistt ment a
gynaecology services including gynaecological ultrasound scanning, early pregnancy care,
ambulatory gynaecology, urogynaecology, colposcopy, menopause, gynaecological
oncology, paediatric gynaecology, a specialist endometriosieecantassisted conception

unit and a specialist clinic for African women. In the finahgear 2009/10, there were

11,20 patient attendances at the GDOTU of which 6,487 were women with early pregnancy

problems and 4,783 of which were rpregnant womewith gynaecological problems.

1.2 Ultrasound

1.2.1Two-dimensional transvaginal ultrasound

In this thesis, all the ultrasound scans were performed by trained gynaecologists on a Voluson
E8 ultrasound machin&g Medical Systems, Milwaukee, W1, UyAsinga4-9 MHz probe

with three dimensional facilityThe scans were all perfomed in lithotomy position using a
standardised protocol. First the uterus was examined in the transverse plane to identify the

cervical canal and the uterine cavity. The probe was thkated 90antii clockwise and the
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uterus and endometrium were visualised in the longitudinal plane. Care was taken to identify
the point at which the endometrial thickness was greatest before measuring it in millimetres.
If free fluid was present in thendometrial cavity, the fluid was measured separately and
subtracted from the total thickness (Lee eR@DY5. Fibroids were diagnosed based on direct
visualisation using previously described diagnostic criteria (Andersor.1888nomyosis

was diagnosif any of the following ultrasound features of adenomyosis were present:
asymmetrical myometrial thickening, myometrial cysts, linear striations, parallel shadowing,
adenomyomas, hyperechoic islands and an irregiNgron either Bmode or 2dimensional
imaging(Table 5 Figures 1117) (Naftalin et al 2012). Previously published ultrasound
features of adenomyodisat were not used to diagnasganomyosis in this thesis include
heterogenous myomedtiechotextur@anda globular uterine configuratiomhese werdoth
excluded as thelgadbeen found to have low positive predictive valu@azot et al. 2001).

TheJZ measurements taken from 3D coronal views of the uterus proposed by Exacoustos et
al. were not used as thevere published after our studychstarted. Even so we would not

have included them as thaccuracy has yet to ospectivelyassessedEndometrial

polyps were diagnosed based on direct visualisation using previously described criteria
(Timmerman et al2003). The examination was theoncluded by examining both adnexa

and the pouch of Douglas, identifying both ovaries and any endometriotic nodules where

possible
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Table 5i Ultrasound features of adenomyosis used in this tijdsialin et al. 201B).

Asymmetrical myometrial thieening

Parallel shadowing

Linear striations

Myometrial cysts

Hyperechoic islands

Adenomyomas

Irregular EMJ

Figure 11- Asymmetrical myometrial thickening. A longitudinal view of an anteverted uterus
in which the distance from the endometritorthe anterior serosal surface (thick white line)

is much greater than the distance from the endometrium to the posterior serosal surface (thin
white line)(Naftalin et al. 2018)
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Figure 12- Parallel shadowing. A longitudinal view of a retested uérus in which parallel
hypoechoic lines can be seen running through the anterior myometrium (ye(ldafts)in
et al. 201B)

Figure 13- Linear striations. A transverse view of thierus showing a linear striatieeen
as thin hypeechoic lines (tm white arrow extending from thendometrium into the
myometrium(Naftalin et al. 201B)




73

Figure 14- Myometrial cysts. A transverse view of the uterus showing several myometrial
cysts (thin white arrows) seen as anechesions within the myometim (Naftalin et al.
201D)

Figure 15 Hyperechoic islands. A coronal view of a uterus where hyperechoic islands of
tissue are seen in the fundal and lateral portions of the myometrium (thin white arrows).
(Naftalin et al. 201B)
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Figure 16- Adenomyomas. A longitudinal view of a retroverted uterus showing an
adenomyoma in the anterior myometrium (between white arr¢gMajtalin et al. 201B)

Figure 17- Irregular endometrialnyometrial junction. A coronal view of a uterus with an
irregularendometriaimyometrial junction(Naftalin et al. 201B)
- — ~
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An ultrasound diagnosis of endometriosis was made if ovarian endometriomas or

endometriat nodules were visualised on ultrasound scan. Ovarian cysts were classified as
endometriomas when theygared as wektircumscribed thickvalled cysts that contained
homogeneous lodevel internal echoes 6 gr ound gl a $999. EnddmeEtaotid or et
nodules were typically visuakd as stellate hypoechoic or isoechogenic solid masses with
irregularouter marginsBazotet al 2007) which were tender on palpation and fixed to the

surrounding pelvic structures.

1.2.2Threedimensional transvaginal ultrasound

All 3-D ultrasound volume acquisitions were performed immediately after the 2D TVUS by
the sare operator. The volume acquisition technique was performed in a standardised fashion
using a maximum sweep angle of 120 degrees and the medium quality setting. The uterus
was visualised in the longitudinal plane with the angle of the ultrasound beaneandstiof

the endometrial cavity approaching 90 degrees. In order to minimise artefacts, the depth of
the acquired volume was adjusted to cover the entire uterus with minimal inclusion of
parametriaktructures. The volumes were generateduigraatic rotation of the mechanical
transducer through 380The probe was held steady and the patients were asked to hold their
breath whilst volume acquisition was switched on. Following acquisition, the rendered

volumes were saved to the hard drivehaf machine for analysis.

1.2.2.10ff-line assessment of uterine volumes
Assessment of 3D uterine volumes was performed offline. A coronal view was obtained
using render mode, by placing a straight or curved line along the endometrial stripe on the

sagittd and transverse views (Panel A and B of the npldihar view). The mukplanar view
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was then adjusted until a satisfactory coronal image was obtained of both the endometrial
cavity and the external uterine contour, with visualisation of both intergiitrtdons of the
fallopian tube. The gradient light and sepia settings were used to optimise the view of the

EMJ, which was visualised as a hypoechoic area surrounding the endometrial cavity.

When using offine evaluation of stored uterine volumegiagno® adenomyosisa detailed
assessment of the entire myometriwas performedboking for the presence of each

individual ultrasound feature of adenomyosis. Both operators were required to manipulate the
rendered views, in whichever way they wantedil timey had visualised the entire

myometrium and a diagnosis was reached.

1.3Pictorial Blood Loss Assessment Charts

Pictorial Blood Loss Assessment charts (PBACs) were givgmemenopausal women to
completein order toobtainsemd quantitdive information abouthe amount of menstrual

loss theyhad each cyclePBACs use a scoring system to calculate total menstrual loss that
accounts for both the number of sanitary towels or tampons a woman uses during her period
and also the degree to whieach item is soiled (Figure L&\ pictorial chart score 0100,

when used as a diagnostic test for menorrhagia, has been shown to have a high specificity and

sensitivity (Higham et alLl990).
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Figure 18 A Pictorial blood loss analysis chart
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1.4Numerical Rating Scale (NRS)

Premenopausal women were asked to complete -poihl Numercal Rating Scale (NRS)
(Figure 19 in order to obtain a subjectigssessment of how painful thisyind theirperiods.
The NRS is a scale where the extremesiarpain and pain as bad as it could be and patients

are asked to put a mark on the scale to represent the intensity of the pain being measured

Figure 197 An 11-point numerical rating scale
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Women were given the scale and asked to put a mark on the scale to represent the intensity of
the worst pain they expenced with their last period. NRSs have been shown to be sensitive
(Jenseret al.1986), simple to use with a low failure rate (Van Tubergfesl.2002) and are
considered to be preferable to traditional visual analog scales for assessment of patiy intensi
(Mannion 2007). They have been shown to have sufficient reliability and validity to be used

in clinical research (Lardunoz et al2004).

1.5Endometrial sampling (Pipelle & Hysteroscopy)

In women with postmenopausal bleeding found to have an endalntigitkness on TVUS of
>5mm, endometrial sampling was performed. If the endometrium was globally thickened,

and the woman was able to tolerate outpatient endometrial sampling, a pipelle de cornier was
used (Prodimed, Neuillyehhelle, France). Women whita focally thickened endometrium

were referred for either outpatient or dzgse hysteroscopy.

1.6 Statistical analysis

Data werecollected and stored mlectronic databaséMicrosoft Excel 2003). The Statistical
Package for Social Sciences versidn0 (Statistical Analysis Systems, Chicago, lllinois) was
used to analyse data. Details of individual tests are documented in the relevant chapters. The

level of statistical significance was chosen as p<0.05.

1.7 Ethical committee approval
The Local Res&rch and Ethics Committee of University College Hospital granted approval
for all studies undertaken. They advised that none of the studies required full formal ethical

approval.
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[1] INTER - AND INTRAOBSERVER VARIABILITY IN THREE -DIMENSIONAL
ULTRASOUND ASSESSMENT OF THE ENDOMETRIAL -MYOMETRIAL
JUNCTION

1.1BACKGROUND

The endometriainyometrial junction (EMJ) is thought to play an important role in both
physiological and pathophysiological processes within the uterus. It has been suggested that a
careful ultrasound examination of t&dJ junction can yield clinically useful information in

a number of different pathologies and so should become part of the routine ultrasound
examination of the uterus (Naftalamd Jurkovi2009).

In order to obtainlear images of the EMJ, particularly at the lateral and fundal aspects of the
uterine cavity, high resolution ultrasound equipment ®iBiimaging facilities is often

required, which has only become available in recent years. There are a small number of
published studies involving assessmenB8bDfviews of the EMJExacousto®t al.2011;

Alcazaret al.2009), howevellittle is knownabout the reproducibility @D ultrasound
assessment of the EMJ. The aim of this study to examine interand intraobsever

reproducibility of3D ultrasound visualisation of the EMJ.

1.2METHODS

Inter- and intaobserver variabilityn 3D ultrasound assessment of the EN% tested on a

group of 30 women. Real timgtrasoundexaminations were performeaad 3D volumes

were obtaned in the manner described in the materials and methods section. The investigator
who performed the ultrasound examinati@ds Will Hoo) was a specialist in gynaecological
ultrasound with a special interest in benign gynaecological conditidasncluded in the

study onlynonpregnantwvomen with a normal uterus on ultrasound sédter selecting the

volumes for the studlgedid not participate in further reproducibility analysis. All saved
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volumes were then examined indegdently by two otheinvestigdors (Mr Davor Jurkovic

andDr JoelNaftalinn who were blinded to each ot herds
using planar reformatted sections and volume rendering. The quality of visualisation of the
EMJ was graded as follows: 1.) Optinial he EMJwas clearly visible and could be

examined in its entirety, 2.) Satisfactdrivost, but not all parts of the EMJ could be clearly
visualised, 3.) UnsatisfactoryLarge parts of the EMJ could not be clearly visualised (Figs
20-22). It was consideredthatMEl 6 s gr aded as wunsatisfactory

evaluation, whereas 1) & 2) could be used for clinical evaluation.

1.3 STATISTICAL ANALYSIS
Statistical analysis was performed, using SPSS software (SPSS Inc., Chicago IL). The inter
observer anthtra-observer agreement for the classification of EMJ visualisation was

assessed by calculating the kappa statistic.

1.4RESULTS

There was complete agreement between the two operators in classifying the visualisation of
the EMJ as being optimal or n&oth operators classified 16 EMJs as optimal, 8 as

satisfactory and 2 as unsatisfactory. There was a discrepancy between the two observers in 4
cases. In two of these, operator 1 classified two cases as satisfactory which operator 2 had
described as unsatistacy. In the other two cases, the reverse occurred. Thedbsarver
agreementvas good wth a kappa value of 0.77 (Tal@g The intraobservelagreementvas
excellent for observer 1 i a kappa value of 0.83 (Tableand good for observer 2 thia

kappa value of 0.70 (Tabk.

f
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Figure 20- Coronal view of uterus with EMJ visualisation classified as opt{Maftalin et

Figure 21- Coronal view of uterus with EMJ visualisation classified as satisfa@iaftalin
et al. 20123)

Figure22 - Coronal view of uterus with EMJ visualisation classified as unsatisfactory
(Naftalin et al. 2018)
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Table 6- Inter-observer variability in the assessmenvigialisation othe EMJ(Naftalin et
al. 2012)

Operator 2
Operator Optimal | Satisfactory | Unsatisfactory| Total
1 Optimal 16 0 0 16
Satisfactory |0 8 2 10
Unsatisfactory O 2 2 4
Total 16 10 4 30
k=0.77 (good agreement)
95%CI (0.5871 0.96)
Standard error of kappa = 0.097

Table 7- Intra-observer variability (Operator 1) in the assaent of visualisation of the EMJ
(Naftalin et al. 2013

Operator 1 (¥ assessment)
Operator 1 Optimal | Satisfactory] Unsatisfactory Total
(1* Optimal 15 1 0 16
assessmen| Satisfactory |0 9 1 10
Unsatisfactory O 1 3 4
Total 15 11 4 30

k=0.83 (excellent agreement)
95%Cl (0.667 1)
Standard error of kappa = 0090

Table 8- Intra-observer variability (Operator 2) in the assessment of visualisation of the EMJ
(Naftalin et al. 2018)

Operator 2 (¥ assessment)
Operator 2 Optimal | Satisfactory] Unsatisfactory Total
(1st Optimal 16 0 0 16
assessmeni Satisfactory |3 7 0 10
Unsatisfactory 0 2 2 4
Total 19 9 2 30

k=0.70(good agreement)
95%CI (0.471 0.93
Standard error of kappa = 0117
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[2] FACTORS AFFECTING VISUALISATION OF THE EMJON T HREE-

DIMENSIONAL ULTRASOUND

2.1 BACKGROUND

The EMJ is thought to play an important role in both physiological and pathophysiological
processes within the uterus. Its appearance on ultrasound is known to be altered in the
presence ofertain pathologiespf exampleadenomyosi¢Naftalin and Jurkovic 2009nd
invasive endometrial canc@Randelzhofer et al. 2003} is not known, however, whether
physiological factors affect its ultrasound appearance. The aim of this study was to identify
demographic anghysiological factors which might affect the qualityva$ualisation of the

EMJ on 3D ultrasound

2.2 METHODS

This was a prospective observational study of women attending oagapfagy clinic. In all

women, indication for the scan, age, parity, ddte last menstrual period, menstrual

pattern and the use of exogenous hormones was recorded and stored on a dedicated database
(PIA Fetal Database, version 5.5.4.152, Viewpoint Bildverarbeitung GmbH, Munich,

Germany. Postmenopausal status was defineddaise absence of menstruat
mont hs i n wo meUitrasdund éxamynatians wereeérfdrmed in the manner
described in the materials and methods secliba.examination was then concluded by

examining the adnexand identifying both ovaes. The presence of a corpus luteum was
determined on Bnode and Doppler examinatidPtemenopausal women with regular

menstrual cycles, whose ovaries contained a corpus luteum were classified as being in the
luteal phase of the cycle, and the remainirmgn&n with regular menstrual cycles were

classified as being in the proliferative phase of the cycle.
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We included in the study only women with a normal uterus on ultrasound scan. Those with
evidence of any myometrial or endometrial pathology, pregnant wamngtthose in whom

the ovaries could not be seen clearly were excludadous demographic and physiological
variables were recorded and we analysed their effect on the quality of EMJ visualisation on

3D volume rendering.

2.3 STATISTICAL ANALYSIS

Statistcal analysis was performed, using SPSS software (SPSS Inc., Chicago IL).
Spearmandés rank correlation was used to exan
age, parity and endometrial thickness. The Kru$Hiallis test was used to examine the

assod@tion between EMJ visualisation and the stage of menstrual cycle and the Mann

Whitney test was used to examine the association between EMJ visualisation and menopausal
status. Subsequently, the joint effect of the various factors upon EMJ visualisasion w

examined in a multivariable analysis. As EMJ visualisation was measured using an ordinal

scale, the analysis was performed using ordinal logistic regression.

2.4 RESULTS

413 consecutive, hepregnant women were examined by a single operator (JN). 842w
(75.5%) were excluded due to the presence of uterine pathology and the remaining 101
(24.5%) were included in data analysis. The principal indicationgtf@soundexamination

for the womernincluded in dataralysis are presented in Tablel®47/101 (46.5%) of the

women, visualisation of the EMJ was classified as optimal, in 42/101 (41.6%) as satisfactory

and in 12101 (11.9%) as unsatisfacto§pear mands rank correl ation
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to visualise the EMJ was significantly affectedbya men6s age, parity, an

thickness as meaged by ultrasound scan (Table)10

The KruskalWallis test did not show a significant effect of the stage of the menstrual cycle
or menopausal status on the quyadif EMJ visualisation (Table 1A subsequent analysis
assessing menopausal status only, using the Mémimey test, showed a significant

association between menopausal statusEEMJ visualisation (TablE2).

The joint effect of the various factors on EMJ visualisation was examineahidtiaariable

analysis. A backwards selection procedure was used to retain only the statistically significant
variables. The results indicated that only parity and endometrial thickness were significantly
associated with EMJ visualisation. After adjustingthe effects of these two variables, there

was no significant difference in EMJ visualisation between pre anehpmsbpausal women

and the previously noted association between age and EMJ visualisation was no longer found

to be significant.

The sizeof effect of each variable upon EMJ visualisation, in the form of odds ratios, can be
seenm Table 13 These indicate the odds of being in the next best visualisation category
(optimal visualisation rather than satisfactory visualisation, or satisfagtrglisation rather

than unsatisfactory visualisation) for an increase in parity of one, or a 5mm increase in
endometrial thickness. The results suggest that increasing parity is negatively associated with
EMJ visualisation, whereby for each additionaild delivered, the odds of being in the next

best visualisation category were almost halved. The results for endometrial thickness suggest

that increasing endometrial thickness is associated with better EMJ visualisatiom a 5
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increase in endometrialittkness being associated with a thfele increased risk of being in

next best visualisation category.

Table9 - Principal indications for examinatigiNaftalin et al. 2018)

Principal indication for examination n (%)
Pelvic pain/dyspareunia 31
Subfertility 22
Irregular/Intermenstrual bleeding 11
Heavy or painful menstrual bleeding 10
Amenorrhoea 7
Postmenopausal bleeding 7
Suspected ovarian cyst 5
Postcoital bleeding 2
Other 6

TablelGir Result of Spearmands r ank ageparnteandt i on i
endometrial thickness on EMJ visualisat{dlaftalin et al. 2018)

Variable EMJ Category Median (IQR) Correlation P-value
Coefficient
Age Optimal 32 (27, 36) 0.30 0.006
Satisfactory 32 (27, 42)
Unsatisfactory 46 (39, 60)
Parity Optimal 0 (0, 0) 0.33 <0.001
Satisfactory 0(0,1)
Unsatisfactory 1.5(0.5, 3.5)
Endometrial Optimal 6.3 (3.5, 9.5) -0.36 <0.001
Thickness Satisfactory 3.5(2.5,6.0)
Unsatisfactory 3.1(1.9,4.9

Table 117 Resut of KruskalWallis test in assessing the effect of stage of menstrual cycle on
EMJ visualisatior(Naftalin et al. 2013)

Stage of cycle Optimal Satisfactory Unsatisfactory | P-value
n (%) n (%) n (%)

Proliferative 19 (46%) 20 (49%) 2 (5%) 0.08

Secetory 11 (58%) 5 (26%) 3 (16%)

Irregular / absent 10 (63%) 3 (19%) 3 (19%)

Postmenopausal 2 (14%) 8 (57%) 4 (29%)

Combined pill 5 (45%) 6 (55%) 0 (0%)
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Table 127 Result of ManAWhitney test in assessing the effect of menopausal status on EMJ
visualisation(Naftalin et al. 2018)

Menopausal Optimal Satisfactory Unsatisfactory | P-value
status n (%) n (%) n (%)
Premenopausal 45 (52%) 34 (39%) 8 (9%) 0.004
Postmenopausal 2 (14%) 8 (57%) 4 (29%)

Table 13/ Results of multivariale analysis assessing the joint effect of the various factors

on EMJ visualisation (Naftalin et al. 204)2

Variable Odds Ratio (95% CI) P-value
Parity 0.53 (0.36, 0.78) 0.001
Endometrial Thickness 3.00 (1.52, 5.88) 0.001

(*) Odds ratio give for a 5mm increase in endometrial thickness




89

[3] INTER - AND INTRAOBSERVER VARIABILITY IN THE ULTRASOUND

DIAGNOSIS OF ADENOMYOSIS USING STORED 3D VOLUMES

3.1 BACKGROUND

The ability to diagnose adenomyaosis without having to perform a hysterectomgipes h
our understanding of the disease. There remains controversy, however, as to which imaging
modality should be the firdine diagnostic tool. Ultrasound is relatively cheap, widely
accessible and wetblerated and has been shown to have comparatilessy to MRI in the
diagnosis of adenomyosis (Dueholm 200&)wever it wasfound to have significantly
lower interobserver variabilitfkappa=0.38jhan MRI(kappa= 0.73)n the only published
study to compare reproducibility of diagnosis in the madalities (Dueholnet al.2002).
Furthermore, some authors have claimed that, unlike MRI, the ultrasound diagnosis of
adenomyosis can only be made during atiea scan, as the ultrasound features of
adenomyosis cannot be reliably identified from statiages (Reinhold 1999). The aim of
this study was to assess the interd intraobserver variability in ultrasound assessment of
adenomyosis using stored 3D uterine volumes. This assessment included diafgnosis
adenomyosisthe number of ultrasound feaesof adenomyosiseen ana subjective
assessment of severity of disease. The comparisons were made between:

a) reattime ultrasound scans and evaluation of the uterus from a stored 3D uterine
volume (same operator performing scan and stored volume assed$sin3 years
apart)

b) two different operators evaluating the sanwged uterine volumes

c) the same operator evaluating the same stored uterine volumes on two separate

occasions
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3.2 METHODS

Out of a total of 985 archived 3D uterine volumes taken framenconsecutively scanned
women between January 2009 and January B@1be same operatdd6 were selectelay

one of the investigators (Dr Kate Patemfam)the examination of reproducibility of

ultrasound diagnosis of adenomyodike volumes were selectemensure a good case mix
including normal uteri and those with adenomyosis. Those with adenomyosis were selected
to ensure a wide range in both the number and type of ultrasound featuea@ingadsis.
Volumes were not selectét were not possible tadequately assess the entire

myometrium. Reasons for this included the presence of an IUCD, multiple large fibroids and
poor quality of stored volumes. Theproducibility assessmentgereperformed more than 3
years after the original retime scans imrder to minimise bias in the assessment ofintra
observer agreement betweeagtosis on regime ultrasoundnd on assessment of stored

3D uterine volumesThe first and second assessment of 3D stored uterine volumes (both
assessments by Dr Joel Naftawere performedwo weels apart, anéh a different order

from the first assessmeifthe order being selected By Kate Patemawho played no

further part in ultrasound assessmeagain, in order to reduce biasthird assessment of

the stored volmes was then performed by a third investigator (Mr Davor Jurkovic) who was
blinded to the results of all previous ultrasound assessments of thd hi®fas in order to
assess inteobserver agreement in the ultrasound diagnosis of adenomyosis based on

assessment of stored 3D ultrasound volumes of uteri.

3.3 STATISTICAL ANALYSIS
Statistical analysis was performed, using SPSS software (SPSS Inc., Chicago H.anithtra

inter-observer agreement was assessed for the diagnosis of adenomyosis, assesnent o
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number of ultrasound features oemdmyosis observed and subjeely assessed severity of
adenomyosis and for the classification of each ultrasound feature of adenomyosis. Weighted

and unweighted kappa analysis was used to assess the level ofaagrigeall cases.

3.4 RESULTS

The median age of the 36 women included in the data analysis was 4%(iatele range:
35-47.75). 10/3627.76 (95% Cl1:132% to 42.4%6)] women were nulligravid and 12/36
[33.3% (95% CI:17.9% to 48.79% were nulliparos. 6/36 [B.7% (95%C| 45% to 28.80)]
women were menopausal. The indicationsultiasound scans are listed in Table 14 total
of 22/36[60.1% (95% Cl:44.1% to 76.%)] women hadht least one ultrasound featufe
adenomyosis at their original re@ine ultrasound scaithe total number of ultrasound
features seen on different scans can be seen in Taldl&/B6(33.3%6) women had uterine

fibroidsand 2/% (5.6%) women hadcndometrial polyps.

There was goothtra-observelagreementboth whernthe obsever wascomparing reatime

scan diagnosis of adenomyosisdiagnosis from stored uterine volumesd wherthe

observer wasomparingtwo assessments sfored uterine volumgserformed on two

separate occasionsith kappa values of 0.67 and 0.&&petively (Tables 16 an@1). There
remained a good level aftra-observeragreement when comparison was made of the

number of ultrasound features of adenomyosis recorded, with-lveaghted kappa values

of 0.64 and 0.7 Tables 17 an@2). There was exdlent intraobserver agreement (kappa =

0.83 in the subjective assessment of severity of adenomyosis between the two evaluations of
the stored uterine volumé$able 23.

When two different operators assessed stored uterine volumes, there was genlnberiar

agreement for the diagnesof adenomyosis (kappa = 0)§Table 18, the number of
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ultrasound features of adenomyosis s@ieearweighted kappa = 0.§3Table19) and

subjective assessment of severity of adenomyosis i(lime@ghted kappa = 0.§{Table20).

Table 4 - Indications for ultrasound scan

Indication for ultrasound scan n (%)

Pelvic pain
Menstrual symptoms
PCB/IMB/PMB
Ovarian surveillance
Subfertility
Other

wWhOoO O OO

Table 15 Number of ultrasound features of adenomyosis seesriginal reatime scan

Number of features seen n (%)

14 (38.9)
4 (11.1)
3(8.3)
5 (13.9)
4 (11.1)
4(11.1)
2 (5.6)

0 (0)

~NOoO ok~ WNEFEO

Total 36 (100)

Table B - Kappa analysis dhtra-observeiagreement between diagnosis of adenomyosis on
reaktime ultrasound scan (operator 1) and on stored uterine volumes (operator 1)

Diagnosis on stored volume (operator 1)
Real time Not Adenomyosis | Total
ultrasound adenomyosis
diagnosis Not 13 1 14
(operator 1) adenomyosis
Adenomyosis |5 17 22
Total 18 18 36

k=0.667 (good agreement)
95%CI (0.429-0.904)
Standard error of kappa = 0.121
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Table 17- Linearweighted kappa analysis of agreement on the number of ultrasound features

seen on redime ultrasound scan (operator 1) and on stored uterinened (operatat)

Number of ultrasound features of adenomyosis seen on storg
uterine volumes (operator 1)

Number of

ultrasound

features of

adenomyosig

seen on real

time

ultrasound

Scan

(operator 1)

0 1 2 3 4 5 6 7 Total
0 13 0 1 0 0 0 0 0 14
1 2 1 1 0 0 0 0 0 4
2 2 0 1 0 0 0 0 0 3
3 0 1 1 2 0 1 0 0 5
4 1 0 2 0 1 0 0 0 4
5 0 0 0 2 0 2 0 0 4
6 0 0 0 0 1 0 1 0 2
7 0 0 0 0 0 0 0 0 0
Total | 18 2 6 4 2 3 1 0 36

Linear-weighted kappa = 0.64good agreement)
95% CI (0.47-0.80
Standard error of kappa = 0.082

Tale 18- Kappa analysis of agreement of diagnosis of adenomyosis on stored uterine
volumes(operator 1 an@)

Diagnosis on stored volume (operator 1)

Real time
ultrasound
diagnosis
(operator 1)

Not adenomyosis

Adenomyosis

Total

Not adenomyosis 13 5 18
Adenomyosis 2 16 18
Total 15 21 36

k=0.61(goodagreement)
95%CI (0.36-0.87)
Standard error of kappa = 0130

Table 1% - Linearweighted kappa analysis of irtebserver agreement on the number of
ultrasound features seen stored uterine volumes (operatoarid?)

Number of ultrasound features of adenomyosis seen on store
uterine volumes (operator 2)

Number of

ultrasound

features of

adenomyosig

seen on real

time

ultrasound

scan

(operator 1)

0 1 2 3 4 5 6 7 Total
0 13 1 3 1 0 0 0 0 18
1 0 1 1 0 0 0 0 0 2
2 2 0 2 2 0 0 0 0 6
3 0 0 1 3 0 0 0 0 4
4 0 0 0 1 1 0 0 0 2
5 0 0 0 1 1 0 1 0 3
6 0 0 0 0 1 0 0 0 1
7 0 0 0 0 0 0 0 0 0
Total | 15 2 7 8 3 0 1 0 36

Linearweighted kappa = 03(good agreement)
95% CI (047-0.78)
Standard error of kappa = 0.078
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Table 195 Table showing th&appa value$or inter-observer agreement between the
presence oihdividual ultrasound featusef adenomyosigoperator 1 and)2

Ultrasound feature Kappa value (95% CI)
Asymmetri@l thickening 0.771 (0.531)
Parallel shadowing 1(1-1)

Linear striations 0.571 (0.290.85)
Myometrial cysts 0.487 (0.220.753)
Hyperechoic islands 0.478 (0.1350.822)
Adenomyomas 0 (0-0)
Irregular EMJ 0.650 (0.3980.903)

Table 20- Linearweighted kappa analysis of intebserver agreement on the severity of
adenomyosis on gted uterine volumes (operator 1 &)d

Subjective assessment of severity of adenomyosis (¢
stored uterine volumes (operator 2)
Subjective Absent | Mild Moderate | Severe | Total
assessment o Absent | 13 5 0 0 18
severity of Mild 2 5 2 0 9
adenomysis | Moderate| O 1 2 0 3
on uterine Severe |0 1 3 2 6
volumes Total 15 12 7 2 36
(operator 1)

Linear-weighted kappa = 0.6 good agreement)
95%CI (0.44-0.78)
Standard error of kappa = 0.087

Table 21- Kappa analysis of intrabserver agreement of diagnosis of adenomyaosis on stored
uterine volumes (operator 1)

Diagnosis on stored volume (operator 1)
Real time Not adenomyosis| Adenomyosis| Totd
ultrasound Not adenomyosis 16 2 18
diagnosis Adenomyosis 1 17 18
(operator 1) | Total 17 19 36

k=0.83 (excellent agreement)
95%CIl (0.65-1.0)
Standard error of kappa = 0.092
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Table 22- Linearweighted kappa analysis of intodbserver agreement on the number of
ultrasound feres seen on stored uterine volumes (operator 1)

Number of ultrasound features of adenomyosis seen on storg
uterine volumes (operator 2)

Number of 0 1 2 3 4 5 6 7 Total
ultrasound | 0O 16 1 1 0 0 0 0 0 18
features of | 1 0 0 1 1 0 0 0 0 2
adenomyosig 2 1 1 3 0 1 0 0 0 6
seenon real| 3 0 1 1 2 0 0 0 0 4
time 4 0 0 0 0 1 1 0 0 2
ultrasound |5 0 0 0 0 1 1 1 0 3
scan 6 0 0 0 0 0 0 1 0 1
(operator 1) [7 0 0 0 0 0 0 0 0 0

Total | 17 3 6 3 3 2 2 0 36
Linear-weighted kappa = 0.77 (good agreement)

95% CI (0.65 - 0.90)

Standard erro

r of kappa = 0.064

Table 23- Linearweighted kappa analysis of irtadbserver agreement on the severity of

adenomyosis

on stored uterine volumes (operator 1)

Subjective
assessment 0o
severity of
adenomyosis
on uterine
volumes
(operator 1)

Subjective assessment of severity of adenomyosis (¢
stored uerine volumes (operator 2)

Absent | Mild Moderate | Severe | Total
Absent | 16 1 1 0 18
Mild 1 6 2 0 9
Moderate| O 0 3 0 3
Severe |0 0 1 5 6
Total 17 7 7 5 36

Linear-weighted kappa = 0.83 (excellent agreement)
95%CI (0.70-0.97)

Standard erro

r of kappa = 0.067




96

[3] HOW COMMON IS ADENOMYOSIS ? A PROSPECTIVE STUDY OF
PREVALENCE USING TRANSVAGINAL ULTRASOUND IN A GYNAECOLOGY

CLINIC

3.1 BACKGROUND

The reliance on histologat assessment of hysterectomy specimens for the diagnosis of
adenomyosidas presenteshany difficulties in accurately assessitgjprevalenceThe lack

of clear and uniform histological criteria raises concerns about the reproducibility of
histological dagnosis of adenomyosis and partially explains the variation in the proportions
of women diagnosed with adenomyosis in different studies (Bergholt et al, 2001).
Furthermore, the reliance on histology for diagnosis introdadesavy selection bias as only
womenwho have undergoree hysterectomyanbe diagnosed with the disea3éis bias has
been further amplified by the reductionthe number of hysterectomies being performed for
benign disease (Reid and Mukri, 200®ksulting in thepopulation of womerfrom which
conclusions are drawn becomimgreasingly less representative of the general population.
Continuous improvements in the resolutionf®US have now enabled a more detailed
assessment of uterine architecture. This has facilitated the detetsobtle features of
adenomyosis, which could not have been seen with older equiphivs®, along withMRI,

has recently been shown to hgeodlevels of accuracy in the pperative dagnosis of
adenomyosis (Duehol2006). VUS is relatively inexpesive, widely available and well
tolerated by patients. The aim of this study was to assess the prevalence of adenomyosis in a

population of women attending general gynaecological clinic using transvaginal ultrasound.
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3.2 METHODS

This was a prospective sérvational study of women attending our generabggology

clinic between January 2009 and January 2010. In all women, demographic data were
recorded and a detailed clinical history was taken prior to undertaking the ultrasound scan.
This included womet age, ethnicity, body mass index (kgjismoking history, age at
menarche, gravidity and parigumber of all prior pregnancies: miscarriages, terminations
of pregnancy and live births including mode of delivery), breastfeeding history (months of
breasfeeding), contraceptive history (length of time taking exogenous hormones, IUCD
usage) and menopausal status. Body mass index was calculated basedeporsetf weight
and height. Women who were not certain of these measurements had their heighghnhd we

measured using aldarated scale and stadiometer.

Women were considered to have a history of endometriosis, if it had been diagnosed

previously on laparoscopy or on ultrasound scan within our department using the criteria
previously described in theethods section. In women who subsequently underwent

hysterectomy, ultrasound findings were compared with the final histological diagnosis.

Hi st opathol ogical examinations were perfor me

1971).

3.3 STATISTICAL ANAL YSIS

Statistical analysis was performed, to examine possible associations between various
demographic and clinical variables and the presence of adenomyosis, using logistic
regressioninitially the individual effect of each factor upon the outcome veasssed in a

series of univarialel analyses. Subsequently the joint effect of the variables was examined in

a multivaridle analysis. Before the multivab&e analysis, variance inflation factors (VIFs)
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were used to examine the colinearity between the ‘asaBtatistical analysis was
performed using SPSS software (SPSS Inc., Chicago IL). Kappa analysis was used to
determine the level of agreement between ultrasound and histological diagnosis of

adenomyosis.

3.4 RESULTS

A total of 1066 consecutive womettended for clinical visits. None of them were pre
menarchal or pregnamt5/1066 [4.2% (95%CI: 3.8%.6%)] women were excluded from the
data analysis as they were unable to undergo a transvaginal scan. A further 36/1066 [3.4%
(95%CI: 2.5%4.6%)] women wer excluded as they had previously undergone a
hysterectomyThe median age of the 985 women included in the final data analysis was 40
(inter-quartile range: 328). 387/985 [39.3% (95% CI: 36.3%2.4%)] women were

nulligravid and 529/985 [53.7% (95% CI0.%%56.8%)] were nulliparous. 174/985 [17.7%
(95%CI: 15.4%20.2%)] women were menopausal. The indications for @iniisits are

listed in Table 24The diagnoses following ultrasoundassment are listed in Table. 24

total of 206/985 [20.9% (95% C18.5%- 23.6%)] women were diagnosed with

adenomyosis. In 78/206 (37.9%) of them, adenomyosis was an isolated abnormality, whilst in

128/206 (62.1%) of women concomitanhabmalities were found (Table 26

The results of the univariabdhnalysis examing associations of demographic and clinical
factors with adenomyosis arkeasvn in Table 27Themultivariable analysis (Table 28

showed that age, gravidity and pelvic endometriosis were all significantly associated with the
presence of adenomyosis. Theyalence of adenomyosis increased with age, reaching a

peak between the ages of 40 and 59, after which the prevalence decreased. Women with a
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previous or current diagnosis of endometriosis were significantly more likely to have
adenomyosis with an oddsimbf 4.06 (95% CI. 2.25.33).

Of the 985 womemn5 [4.6% (95% CI: 3.4%6.1%)] underwent hysterectomy within two

years of their ultrasound sca@.the 45 women who underwent hysterectomy, 19 did so for
suspected gynaecological malignancies, 9 for méagra, 6 for pelvic organ prolapse, 5 for
urinary symptoms, 2 for pain symptoms and a further 2 had a hysterectomy prophylactically
as they had a genetic predisposition to hereditarypadyposis colorectal cancer. Women

with uterine cancer (12 women wigmdometrial cancer and 2 with uterine sarcomas) or very
large fibroids (4 women) were not used for comparison between TVUS and histology as their
pathologies became the primary foadsistological examination. The invasive nature of the
uterine cancermterfered with assessment of the EMJ and the overall uterine size of those
women with very large numbers of fibroids made it difficult to obtain systematic
representative sections from every part of the pathological speciftensensitivity and
specifigty of ultrasound in diagnosing adenomyosis in the remaining women was 81.8%
(95% CI: 52.3%04.9%) and 81.3% (95% CI: 57.098.4%). The positive predictive value

was 75% (95% CI: 42.8993.3%) and the negative predictaive value was 86.7% (95% CI:
58.4%97.7%6). A kappa analysis showed a good level of agreement between histology and
transvaginal ultrasound in the diagnosis of adenomyosis [K&p2 (p=0.001), 95% CI

(0.320.91)].



Table 241 Primary indications for scafiNaftalin et al. 201B)

Indication for TVUS n (%)
Menorrhagia 121 (12.3)
Dysmenorrhoea 18 (1.8)
Menorrhagia Hysmenorrhoea 30 (3.0)
Pelvic pain 187 (18.9)
Infertility 129 (13.1)
Irregular bleeding / amenorrhoe; 154 (15.6)
Postmenopausal bleeding 80 (8.1)
Other 266 (27.0)

100

Table25 - Summary of ultrasound diagnoses recorded in the study population (n=985)

(Naftalin et al. 201B)

Ultrasound diagnosis n (%)
No pathology 210 (48.7)
Adenomyosis 206 (20.9)
Fibroids 346 (35.1)
Endometriosis 63 (6.4)
Polycystic ovaries 164 (16.6)
Adnexal tumours 101 (10.3)
Thick endometrium in postmenopaus({ 47 (4.8)
Endomettial polyps 45 (4.6)
Pelvic adhesions 26 (2.6)
Major congenital uterine anomalies 8 (0.8)

Other

9 (0.9)




Table 26- Concomitant abnormalities found in women with adenomyosis (N=RG&6talin

et al. 201B)

Concomitant abnormalities n (%)
Fibroids 47 (22.8)
Endometriosis 10 (4.9)
Polycystic ovaries 10 (4.9)
Adnexal tumours 17 (8.3)

Thick endometrium in postmenopaus 1(0.5)

Endometrial polyps 2(1.0)

Pelvic adhesions 1(0.5)

Major congenital uterine anomalies 0 (0)
Two or more pathologies 40 (19.4)
No additonal pathology 78 (37.9)

Total

206 (100)




Table 271 Results of univariable analysis looking at associations between demographic and clinical factors and

adenomyosi¢Naftalin et al.

201B)
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Variable Category/term Adenomyosis, n (%) | Odds ratio (95% CI) | p-value
Agée® Linear term 65.3 (19.4, 220) <0.001

Square term
Ethnicity Caucasian 119/640 (19) 1

Asian 25/80 (31) 1.99 (1.19, 3.32)

Afro-caribbean 35/149 (B) 1.34 (0.88, 2.06)

Oriental 8/38 (21) 1.17 (0.52, 2.61)

Middle eastern 10/40 (25) 1.46 (0.69, 3.07)

Mixed/other 7/38 (18) 0.99 (0.43, 2.30) 0.14
Smoking (pack years) 0 84/426 (20) 1

1-10 56/290 (19) 0.97 (0.67, 1.42)

>10 31/116 (27) 1.48 (0.92, 2.39) 0.21
BMI® (kg/nT) 1.20 (1.03, 1.41) 0.02
Gravidity 0 39/387 (10) 1

>1 165/598 (28) 3.40 (2.33, 4.95) <0.001
Gravidity (detailed) 0 39/387 (10) 1

1 38/187 (20) 2.28 (1.40, 3.70)

2 35/131 (27) 3.25 (1.96, 5.41)

35 65/220 (30) 3.74 (2.41, 5.81)

>6 27/60 (45) 7.30(3.98, 13.4) <0.001
Parity 0 75/529 (14) 1

1 38/170 (22) 1.83 (1.18, 2.83)

2 50/151 (33) 3.14 (2.06, 4.78)

>3 44/135 (33) 3.07 (1.98, 4.75) <0.001
Vaginal deliveries 0 91/607 (15) 1

1 39/150 (26) 1.99 (1.30, 3.06)

2 45/127 (35) 3.11 (2.03, 4.77)

>3 29/101 (29) 2.28 (1.41, 3.71) <0.001
Caesarean deliveries 0 166/869 (19) 1

>1 38/116 (33) 2.06 (1.35, 3.15) 0.001
Miscarriages 0 141/772 (18) 1

>1 63/213 (29) 1.85 (1.30, 2.61) 0.001
ERPC or STOP 0 119/705 (17) 1

>1 85/280 (30) 2.15 (1.56, 2.96) <0.001
Breastfeeding <6 months 32/112 (29) 1

> 6 months 34/102 (33) 1.19 (0.76, 1.87) 0.44
Age at menarche 1.02 (0.93, 1.12) 0.71
Use of intrauterine No 100/519 (19) 1
contraceptive devices Yes 44/151 (29) 1.72 (1.14, 2.60) 0.01
Time on combinedral 0 771328 (24) 1
contraceptive pill (years) | <1 22/162 (14) 0.51 (0.30, 0.86)

1-5 46/215 (21) 0.88 (0.58, 1.34)

5-10 38/174 (22) 0.91 (0.58, 1.41)

>10 21/106 (20) 0.80 (0.47, 1.38) 0.15
Time on progesterone 0 149/793 (19) 1
only contraception (years] <1 24]75 (32) 2.03 (1.21, 3.40)

1-5 21/87 (24) 1.37 (0.81, 2.31)

>5 10/30 (33) 2.15 (0.99, 4.70) 0.01
Menopausal status No 169/811 (21) 1

Yes 35/174 (20) 0.96 (0.64, 1.44) 0.83
Endometriosis No 179/922 (19) 1

Yes 25/63 (40) 2.73(1.61, 4.64) <0.001
Fibroids No 127/639 (20) 1

Yes 74/346 (21) 1.08 (0.78, 1.49) 0.63

&1 Odds ratio given for 1@nit increase in explanatory variable
P Odds ratio given for &init increase in explanatory variable




Table28 - Results of multivariate analysis lookiagjassociations between demographic and

clinical variables and adenomyosgi¢aftalin et al. 201B)

103

Variable Category / term | Odds Ratio (95% CI) P-value
Age™” Linear term 34.3 (9.9, 118) <0.001

Squared term 0.70 (0.62, 0.80)
Gravidity 0 1

1 1.83 (1.09, 3.06)

2 2.46 (1.44, 4.30)

3-5 2.66 (1.62, 4.28)

6+ 4.90 (2.57, 9.35) <0.001
Endometriosis No 1

Yes 4.06 (2.25, 7.33) <0.001

(**) Odds ratios given for a 2Qnit increase in explanatory variable
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[4] IS ADENOMYOSIS ASSOCIATED WITH MENORRHAGIA?

4.1 BACKGROUND

Original descriptions acidenomyosiseportedan associatiowith heaw and prolonged

periods (Culleri908). Several later studies reported similar findings (Emge ¥262; Bird

et al 1972; Benson anfineedon, 1958), but others have not shown significant differences in
the prevalence of adenomyosis between women with and without a history of menorrhagia
(Bergholt et al2001; Levgur et aR000; Parrazzini et a1997; Weiss et a009). Most of
thesestudies used retrospective histological examination of hysterectomy specimens to
diagnose adenomyosis and compare it to clinical symptoms. The main problem with the use
of histology for the diagnosis of adenomyosis in these studies is the heavy seliestion b
incurred (Mehasseb and Habib@09). Furthermore, in retrospective studies it is very

difficult to account for confounding variables such as concomitant uterine fibroids which
have an independent adverse effect on menstrual periods.

TVUS has recently éen used for the neinvasive diagnosis of adenomyosis (Kepkep et al
2007) and to study its prevalence (Naftalin eR@ll2b). There have been no large scale
prospective studies using novasive techniques to assess the link between adenomyaosis
and clnical symptoms. The aim of this study was to investigate the possible association

between adenomyosis antnorrhagia

4.2 METHODS

This was a prospective observational study of premenopausal women attending our general
gynaecology clinic. In all womera detailed clinical history was taken prior to undertaking

the ultrasound scan. Women were asked ath@dtequency and duration of menstrual

periods and about any episodes of intermenstrual or postcoital bleeding. The amount of

menstrual loss was assesseabjectively by asking whether they felt their periods were
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excessively heavy or not. We also asked a subgroup of women to compEA¢Can order
to obtain semiquantitativeinformation about the amount of menstrual loss. Women were
advised to complete the chart during their next period and then to return it back to the

department by post (a stamped addressed envelope was provided).

Women who were unable to underg®\AUS or had previously undergone a hysterectomy
and those with a histy of amenorrhoea or oligomenorrhoea with a cycle length greater than
60 days were excluded from the study. Women using contraceptives or taking medications
that would affect menstrual flow, women who attended for ultrasound scan during their IVF
cycle am those who underwent hysterectomy prior to their next period following the scan

were na asked to complete a PBAC.

4.3 STATISTICAL ANALYSIS

Statistical analysis was performed in two stages, first for subjective assessment of
menorrhagia and then ftite semiquantitativeassessment of menstrual loss. Regression
methods were used to examine possible associations between various demographic and
clinical variables and menorrhagia. The subjective measure was a binary outcome, and so the
analysis dthis outcome was performed using logistic regression. The PBAC scores were
measured on a continuous scahel so linear regression was used for the analysis. The scores
were found to have a heavily positiyskewed distributiomnd sowere given a log

transformation before analysis.

The analyses themselves were performed in two stages. Initially the separate association of
each factor with the outcome was examined in a series of univariable analyses. Subsequently
the joint effect of the variables upoaah outcome was assessed in a multivariable analysis.

To limit the number of variables in this analysis, only factors with a univariabédue of
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<0.2 were considered for this stage of the analysis. A backwards selection procedure was
used to retain onlthe statistically significant variables in the final model. As menstrual loss
was analysed on a log scale, the results are summarised in the form of ratios whereby the
ratios represent the PBAC values when the symptoms was present relative to when it was
absent. A Kappa analysis was used to analyse the agreement between the subjective
assessment of menorrhagia and the PBACs, where a PBAC4&f@revas considered te

consistent with menorrhagia.

4.4 RESULTS

A total of 892 consecutive premenopausal vearttended for clinic visiisetween January
2009 and January 201078 women were excluded (Figure) 2éd 714 were entered into the
data analysis. Their median age was 38 (IQR30 305 women42.7% (95% CI. 39.1%
46.4%)|women were nulligravid and 4459.4% (95% CI55.7%- 63.0%)] were

nulliparous. Pmncipalindications for ultrasund scans are listed in Table Z8e diagnoses
following ultrasound agssment are listed in Tables 30 & &l 714 women were entered
into data analysis for subjectiassessment of menorrhagh29 women were asked to
complete PBACs and the analysigidé semiquantitativeassessment of menstrual loss was
performed in the 304 women who returned their charts. There was moderately good
agreement betwedhe suljective binary assessment of menorrhagnathePBAC
assessment of menstrual lostiere a PBAC score ofL00 was considered to be consistent

with menorrhagigdk=0.529;95% CI, 0.435 to 0.623)lable32).

The results of the univariable analysimmining the associations of demographic and
clinical variables with subjective assessment of menorrhagshawen in Table 33The

multivariable analysis (Tabl@4) showedhat BMI, gravidity, fibroids, in particular sub
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mucous fibroids and endometriallpps were all significantly associated with menorrhagia.
Adenomyosis, when assessed as a binary outcome, was not significantly associated with
subjective assessment of menorrhagia. Therelweagever a significant positive correlation
between the numbef teatures of adenomyosis on ultrasound scan and the volume of
menstrual loss expressed as a PBAC seath each additional feature of adenomyosis being
associated with an average 22% [95% CI.-682% (p=0.005)]ncrease in the PBAC value

(Figure24).

Two further multivariable analyses were performed to compare the number of different
morphological features of adenomyosis recorded on ultrasound in individual women and the
presence of subjectively assessed menorrhagia. The first showed a significar posit
relationship between the number of ultrasound features of adenomyosis and menstrual loss
(Table357 Model 1). The second uftivariable analysis (Table 39Vodel 2) compared

women with no adenomyosis, women with <4 and those »thltrasound featuseof
adenomyosis. This analysis showed women withultrasound features of adenomyosis, but
not women with <4 ultrasound features of adenomyosis, were significantly more likely to
suffer with menorrhagia. A breakdown of the number of ultrasoundrésatiiadenomyosis
recordedn the study population can be seen in Ta@fleA final analysis looked at the
association betweanenorrhagia anthe specific ultrasound features seen. The outcome
variable in the analysis was PBAC score which was measured grsedie therefore the
outcomes are expressed as raficable 37) The results for the individual features suggested
that only asymmetrical thickening and irregular EMJ were strongly associated with the PBAC

scores. The presence of these features wasiatesbwith a higher PBAC score.
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Figure 23/ Flowchart showing why womenexe excluded from data analyéiaftalin et al. 2014)

892 women
assessed

Excluded from the study (178)
467 could not tolerate TVUS
3517 prior hysterectomy

94 - Cycles absent or >60 days
3 - other

[ 714 assessed for subjective menorrhagia]

Excluded from PBAC (185)

1227 Using contraceptives that effect menstrual
flow

50 1 Taking medications that effect menstrual flo
917 Had hysterectomies prior to next period

47 Had scans during IVF treatment cycles

W
J [ 529 women asked to fill in PBACs ]

[ 225 women did not return PBACs 1

J

[ 304 women returned completed PBACs

Table2971 Prindpal indications for scan (n=714Naftalin et al. 2014)

Principal indication for scan n (%)
Menorrhagia 119 (16.7)
Menarhagia / dysmenorrhoea 31 (4.3)
Intermenstrual / postcoital bleeding 68 (9.5)
Mild Oligomenorrhoea 66 (9.2)
Pelvic pain 129 (18.1)
Dysmenorrhoea 18 (2.5)
Dyspareunia 12 (1.7)
Subfertility 115 (16.1)
Recurrent misarriage 9 (1.3)
Other 147 (20.1)

Table30- Summary of ultrasound diagnoses recorded in the study population (n=714)

(Naftalin et al. 2014)

Diagnosis n (%)

No uterine pathalgy 336 (47.1)
Adenomyosis 100 (15.4)
Fibroids 176 (24.6)
Endometrial polyp 32 (4.5)
Two pathologies 69 (9.7)
Three pathologies 1(0.14)
Total 714 (100)
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Table31 - Concomitant uterine abnormalities found in women with adenomyosis (n=157)
(Naftalin etal. 2014)

n (%)
Intramural/subserous fibroids 43 (27.4)
Submucous fibroids 10 (6.4)
Endometrial polyp 3(1.9)
Two or more pathologies 1(0.6)
No additional pathology 100 (63.7)
Total 157 (100)

Table 32 Kappa analysis assessing agreement betwdgactive assessment of
menorrhagia and PBAC charts (where PBAC sedi@0 considered to be consistent with
menorrhagiafNaftalin et al. 2014)

Subjective Subjectively
menorrhagia normal
PBAC score 119 48 167
>100
PBAC score 24 113 137
<100
143 161 304
k=0.529 (moderate agreement)
95% CI (0.4290.620)
Standard error of kappa =0.048




Table 33/ Results of univariable analysis looking at associations between demographic and
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clinical factors and the subjective assessment of menorrhagia (ndN&ifglin et al. 2014)

Variable Category Menorrhagia Odds Ratio P-value
n (%) (95% ClI)
Agel) - 1.31 (0.19, 1.44) | <0.001
BMI © - 1.50 (1.22, 1.84) | <0.001
Ethnicity Caucasian 198/442 (45%) 1 <0.001
Asian 37/66 (56%) 1.57 (0.94, B5)
Afro-Caribbean | 79/122 (65%) 2.26 (1.49, 3.43)
Oriental 7126 (27%) 0.45 (0.19, 1.10)
Middle Eastern | 15/26 (58%) 1.68 (0.75, 3.74)
Mixed 16/32 (50%) 1.23 (0.60, 2.53)
Gravidity 0 142/305 (47%) 1 <0.001
1 44/133 (33%) 0.57 (0.370.87)
2-3 86/161 (53%) 1.32 (0.90, 1.93)
4+ 80/115 (70%) 2.62 (1.66, 4.14)
Parity 0 180/418 (43%) 1 <0.001
1 47/105 (45%) 1.07 (0.70, 1.65)
2 36/61 (59%) 1.90 (1.10, 3.28)
3+ 89/130 (68%) 2.87 (1.89, 4.36)
Adenomyosis| No 256/558 (46%) 1 0.001
Yes 93/157 (59%) 1.89 (1.31, 2.71)
Any fibroids | No 197/470 (42%) 1 <0.001
Yes 155/244 (64%) 2.41 (1.75, 3.32)
Submucous | No 280/624 (45%) 1 <0.001
fibroids Yes 72/90 (80%) 4.91 (2.86, 8.43)
Fibroids None 197/470 (42%) 1 <0.001
(combined) | Any fibroids 83/154 (54%) 1.62(1.12, 2.33)
Submucous 72/90 (80%) 5.54 (3.20, 9.59)
fibroids
Endometrial | No 320/664 (48%) 1 0.03
polyps
Yes 32/50 (64%) 1.91 (1.05, 3.47)

* Odds ratios giveffior 5-unit increase in explanatory variable



111

Table341 Results of multivariable analysis looking at associations between demographic
and clinical factors and the subjective assessment of menorrhagia (iNaftd)in et al.
2014)

Variable Category Odds Ratio (95% | P-value
Cl)
BMmI O - 1.40 (1.13, 1.74) 0.002
Gravidity 0 1 <0.001
1 0.34 (0.18, 0.64)
2-3 1.01 (0.59, 1.74)
4+ 2.33 (1.26, 4.30)
Fibroids None 1 <0.001
(combined)
Any fibroids 1.53 (0.91, 2.58)
Submucous fibrials | 5.60 (2.69, 11.6)
Endometrial polyps| No 1 0.02
Yes 2.81 (1.15, 11.7)

* Odds ratios given for-binit increase in explanatory variable
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Table3571 Results of multivariable analyses looking at the associations between

demographic andlinical factors and the subjective assessment of menorrhagia, where the
number of ultrasound features of adenomyosis was treated as a continuous variable (Model 1)
and where the number of ultrasound features was treated as a categorical variable (Model 2)

(n=714)(Naftalin et al.

2014)

Variable Category Odds Ratio (95% P-value
Cl)
Model 1
BMI O - 1.38 (1.11, 1.71) 0.004
Gravidity 0 1 <0.001
1 0.31 (0.16, 0.60)
2-3 0.84 (0.48, 1.48)
4+ 1.77 (0.92, 3.39)
Adenomyosis feafres| - 1.21 (1.04, 1.40) 0.01
Fibroids (combined) | None 1 <0.001
Any fibroids 1.53 (0.90, 2.58)
Submucous 6.19 (2.96, 12.9)
fibroids
Endometrial polyps | No 1 0.02
Yes 2.99 (1.21, 7.40)
Model 2
BMI © - 1.39 (1.11, 1.73) 0.003
Gravidity 0 1 <0.001
1 0.31 (0.16, 0.59)
2-3 0.91 (0.51, 1.61)
4+ 2.01 (1.04, 3.92)
Adenomyosis feature| None 1 0.002
(categorical) 173 0.73 (0.39, 1.36)
4+ 3.80 (1.62, 8.91)
Fibroids (combined) | None 1 <0.001
Any fibroids 1.49 (0.88, 2.53)
Submucous 6.16 (2.93, 12.9)
fibroids
Endometrial polyps | No 1 0.02
Yes 2.87 (1.16, 7.11)

* Odds ratios given for-binit increase in explanatory variable
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Table361 The number of ultrasound features seen in theygtogulation (n=157Naftalin

et al. 2014)

Number of ultrasound features of
adenomyosis seen

n (%)

~No o~ WNPE

18 (11.5)
37 (23.6)
41 (26.1)
32 (20.3)
16 (2.2)
10 (10.2)
3 (1.9)

Figure 27 The relationship between increasing numbéndtoasound features of
adenomyosis aneBACassessed menstrual loss (n=3Mdgftalin et al. 2014)
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Table 37 Results of the statistical analysis looking at the effect of the number and type of
ultrasound features on tRRBAC assessment of menorrhagia (n=3(Maftalin et al. 2014)

Outcome Ratio (95% CI) P-value
Number of features 1.22 (1.06, 1.42) 0.005
Asymmetrical thickening 2.24 (1.36, 3.68) 0.002
Parallel shadowing 1.63 (0.80, 3.37) 0.18
Linear striatims 0.96 (0.56, 1.63) 0.88
Myometrial Cysts 1.62 (0.99, 2.68) 0.06
Hyperechoic lesions 0.82 (0.45, 1.51) 0.53
Adenomyomas 1.07 (0.60, 1.89) 0.82
Irregular EMJ 1.83 (1.10, 3.05) 0.02
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[5] IS ADENOMY OSIS ASSOCIATED WITH DYSMENORRHOEA?

5.1 BACKGROUND

Original descriptions aidenomyosiseportedan association betweéime diseasand 6éa gr e a
deal of paindéd (Cull en, 1908). Several | at er
et al 1972; Benson and Sneed®68), but others have not shosgignificant differences in

the prevalence of adenomyosis between women with and without a history of dysmenorrhoea
(Bergholt et al2001; Parrazzini et all997; Weiss et a009). Most of these studies used
retrospective histological examination of hystdomy specimens to diagnose adenomyosis

and compare it to clinical symptoms. The main problem with the use of histology for the
diagnosis of adenomyosis in these studies is the heavy selection bias incurred (Mehasseb and
Habiba, 2009). Furthermore, inmespective studies it is very difficult to account for

confounding variables such as endometriosis warehconsidered to haam independent

adverse effect on menstrual pain.

TVUS has recently been used for the fiomasive diagnosis of adenomyosis (Kep et al

2007) and to study its prevalence (Naftalin eR@ll2b). There have been no large scale
prospective studies using novasive techniques to assess the link between adenomyosis

and clinical symptoms. The aim of this study was to investigatpdbsible association

between adenomyosis adgsmenorrhoea

5.2 METHODS

This was a prospective observational study of premenopausal women attending our general
gynaecology clinic. In all women, a detailed clinical and demographic history was taken prio
to undertaking the ultrasound scan. In addition, an assessment was made as to how painful

their periods weresing an 13pointNRS. Women who were unable to undergo a
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transvaginal scan or had previously undergone a hysterectomy and those with a history o
amenorrhoea or oligomenorrhoea with a cycle length greater than 60 days were excluded

from the study.

5.3 STATISTICAL ANALYSIS

Regression methods were used to examine factors associated with the subjective assessment
of dysmenorrhoea. As the NRS sconese measured on a continuous scale, linear regression
was used for the analysis. The scores were found to be approximately normally distributed
and thus no transformation of the scores was given. The analysis was performed in two
stages. Initially the garate association of each factor with the outcome was examined in a
series of univariable analyses. Subsequently the joint effect of the variables upon each
outcome was assessed in a multivariable analysis. To limit the number of variables in this
analyss, only factors with a univariableyalue of <0.2 were considered for this stage of the
analysis. A backwards selection procedure was used to retain only the statistically significant
variables in the final model. Two variables, gravidity and parity, iered to have a small
number of very high values. As a result these two variables were catddorisiee purposes

of analysis Statistical analysis was performed, using SPSS software (SPSS Inc., Chicago IL).

5.4 RESULTS

A total of 892 consecutive premapausal women attended for clinic videtween January
2009 and January 201078 women were excluded (Figl?® and 714 were entered into the
data analysis. Their median age was 38 (IQR30 303714[42.7% (95% CI. 39.1%

46.4%)|women were nullignad and 424714[59.4% (95% CI155.7%- 63.0%)] were
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nulliparous. Primary indications for ulti@snd scans are listed in Table 3Be diagnoses

following ultrasound asessment are listed in Tables 39 & 40

The results offte univariable analysiexaminirg the associations of demographic and
clinical variables with subjective assessment of dysmenorgtuaaed thathere was a
strong positive association between NRS score and the presence efdathetriosis and
adenomyosi¢Table 4). Women with adenonosis had higheNRSscores, on average 1.1
units higher than those without adenomyog#¥®men with endometriosis h&¢RSscores
that wereon averagd..6 units highethan No other variables were significantly associated

with NRS scores.

Themultivariableanalysis (Table 42howed thatas in the univariable analyses, both
adenomyosis and endometriosis had a significant association with dysmenasghoea

measured by NRS. The presence of either of these conditions was associated with higher pain
scores. Afer adjusting for the effects of the other variable, the size of effects of each variable
were slightly reduced from the size of effect observed in the univariable an&lyse=ar
regression analysis was performed assessing the association betwebe bathtier of

ultrasound features of adenomyosis present and the specific ultrasound features seen. The
outcome variable in the analysis was NRS score which was measured on a continuous scale.
The NRS score was found to be approximately normally distributedar regression was

used to, in turnto examine the effect of the total number of adenomyosis features, and the
individual features, upon the outcome. The analysis of the NRS score included adjustments
for both treatment and endometriosis, as these ti®ught to be potentially confounding

factors. The shape of the relationship between the total number of features present and the
outcome was examined. If the relationship was not found to be linear (a straight line), a

curved relationship was assumedhich was achieved by adding a squared term into the
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analysis. The results suggest that the number of ultrasound features of adenomyosis present
was significantly associetl with the NRS scores (Tabi8). The relationship can be seen in
Figure B which slows the fitted relationship between the number of ultrasound features of
adenomyosis present and NRS score. The graph suggests that the number of features was not
strongly associated with NR&®ore below around 4 features, howewece the number of

featues was above this level, there was an increase in the pain score with increased number
of features. The results for the individual features suggested that only asymmetrical
thickening and irregular EMJ were strongly associated with the NRS scores. Térecpreb

these features was associated with a higher NRS score. The largest effect was for irregular
EMJ, where the presence of this symptom was associated with an increase of 1.6 units in the
NRS score. A breakdown of the number ofagtsund features oflanomyosiseen in the

study population can be seenTiable 44

Figure 25/ Flowchart showing why women were excluded from data analysis.




Table 38/ Primary indications for scan (n=714)

Principal indication for scan n (%)
Menorrhagia 119 (16.7)
Menorhagia /dysmenorrhoea 31 (4.3)
Intermenstrual / postcoital bleeding 68 (9.5)
Mild Oligomenorrhoea 66 (9.2)
Pelvic pain 129 (18.1)
Dysmenorrhoea 18 (2.5)
Dyspareunia 12 (1.7)
Subfertility 115 (16.1)
Recurrent miscarriage 9(1.3)
Other 147 (20.1)
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Table 39 Summary of ultrasound diagnoses recorded in the study population (n=714)

Ultrasound diagnoses n (%)

No uterine pathology 336 (47.1)
Adenomyosis 100 (15.4)
Fibroids 176 (24.6)
Endometrial polyp 32 (4.5)
Two pathologies 69 (9.7)
Three pathologies 1(014)
Total 714 (100)

Table40 - Concomitant uterine abnormalities found in women with adenomyosis (n=157)

Concomitant uterine abnormalitie] n (%)
Intramural/subserous fibroids 43 (27.4)
Submucous fibroids 10 (6.4)
Endometrial polyp 3 (1.9
Two or more pathologies 1 (0.6)

No additionalpathology 100 (63.7)

Total

157 (100)




Table41 - Results of univariable analysis looking at associations between demographic and

clinical factors and the subjective assessment of dysmenorrhoea (n=714)
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Variale Category Coefficient (95% CI) | P-value
Age ! - -0.04 ¢0.17, 0.09) 0.53
BMmI O - 0.24 ¢0.04, 0.51) 0.09
Ethnicity Caucasian 0 0.10
Asian 0.71 €0.04, 1.46)
Afro-Caribbean 0.36 €0.22, 0.93)
Oriental -0.91 €2.06, 0.24)
Middle Eastern 0.28 €0.87, 1.43)
Mixed 0.77 €0.27, 1.82)
Gravidity 0 0 0.99
1 -0.03 €0.62, 0.57)
2-3 0.02 ¢0.53, 0.58)
4+ 0.02 ¢0.61, 0.64)
Parity 0 0 0.89
1 -0.20 €0.82, 0.42)
2 -0.11 ¢€0.89, 0.68)
3+ -0.17 €0.75, 040)
Adenomyosis No 0 <0.001
Yes 1.07 (0.56, 1.58)
Any fibroids No 0 0.38
Yes 0.20 €0.25, 0.65)
SM fibroids No 0 0.25
Yes -0.37 €1.02, 0.27)
Fibroids (combined) | None 0 0.11
Non SM fibroids 0.47 ¢0.06, 1.00)
SM fibroids -0.26 €0.92, 0.39)
Endometriosis No 0 <0.001
Yes 1.57 (0.77, 2.37)

(*) Regression coefficients given for auBit increase in explanatory variable
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Table42 - Results of multivariable analysis looking at associations betweengiapiic and
clinical factors and the subjective assessment of dysmenorrhoea (n=714)

Variable Category Coefficient (95% CI) | P-value

Adenomyosis No 0 <0.001
Yes 0.94 (0.43, 1.46)

Endometriosis No 0 0.001
Yes 1.36 (0.56, 2.17)

Figure 26/ Relationship between the number of ultrasound features of adenomyosis present

and NRS score.
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Table 43- Results of the statistical analysis looking at the effect of the number and type of
ultrasound features on the subject@ssessment of dysmenorrhoea (n=304)

Outcome Term Coefficient (95% CI) P-value
Number of features Linear -0.7 ¢1.8,0.4) <0.001
Squared 0.2 (0.0, 0.3)
Asymmetrical thickening - 1.1 (0.2, 2.1) 0.02
Parallel shadowing - 1.2 (0.1, 2.5) 0.08
Linear striations - 0.4 (0.6, 1.3) 0.46
Myometrial Cysts - 0.3 (0.6, 1.3) 0.47
Hyperechoic lesions - 0.3 (0.8, 1.3) 0.62
Adenomyomas - 0.1¢1.0,1.2) 0.86
Irregular EMJ - 1.6 (0.7, 2.6) 0.001

Table447 The number of ultrasound feature®s in the study population (n=157)

Number of ultrasound features of n (%)
adenomyosis seen

18 (11.5)
37 (23.6)
41 (26.1)
31 (19.7)
16 (2.2)
10 (10.2)
3 (1.9)

~N~No o~ wWNBRE
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[6] EVALUATION OF A SECOND -STAGE TEST DESIGNED TO IMPROVE THE
ACCURACY OF TRANSVAGINAL ULTRASOUND IN THE DIAGNOSIS OF

ENDOMETRIAL CANCER

6.1 BACKGROUND

Endometrial cancer is the commonest cancer of the female genital tract in the developed
world (Sankaranarayanan and Egr2006. Ultrasound measurement of endometrial

thickness is commonly used to triagemen with postnenopausal bleedirfgr histological
sampling. The cubffs for endometrial sampling vary between different autbate5mmis

a commonly used ctdff. The sensitivity of this cubff for diagnosing endwoetrial cancer is

very high but the specificity is justiéo (Cl: 59%63%) (SmithBindman et al1998).

Therefore the positive predictive value of endometrial thickness measurement in diagnosing
endometrial cancer is poor and many women therefore undengately unnecessary

invasive procedures.

A number of attempts have been made to improve the specificity of ultrasound in diagnosing
endometrial cancer. Many studies have assessed whether different endometrial morphologies
are more common in malignantiless (Epsteiret al. 2001Epstein et al2002,Epstein and
Valentin2006, Randelzhofest al. 2002. Other authors have looked at various Doppler
parameters to assess whether they aided diagnosis of eindbceancer (Bournet al. 1991,

Epstein and Valatin 2006).

The aim of our study was to assess whether a test that combined ultrasound examination of
endometrial morphology and the integrity of tiglJ, with Doppler examination of the

vasculature supplying endometrial lesions, could improve the spigotffaultrasound in
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diagnosing endometrial cancer in women with postmenopausal bleeding and increased

endometrial thickness onRvUS.

6.2 METHODS

This was a prospective observational study of women with a history of postmenopausal
bleeding who attended otapid-access clinic. In all women, a clinical history was taken and
documented on a dedicated datab&3A Fetal Database, version 5.5.4.152, Viewpoint
Bildverarbeitung GmbH, Munich, Germanyhey all underwent clinical assessment which
included speculm examination to exclude local vaginal and cervical abnormalities as a cause
of bleedingprior to a TVUS A smear test was performed only in women younger than 65

who were not ugio-date with their smears. Womerhavhad not been sexually actiaed

those vith severe atrophic vaginal changes were offered a transrectal scan. Women in whom
transvaginal or transrectal ssamere not possibland those in whom ultrasound images of
theuterine cavity were subptimalwere excluded from the study and advised tdengo
hysteroscopy. Women were also excluded from the study if they were taking hormone
replacement thapy (HRT) or if they hattad endometrial sampling performed within the six

months prior to attending the clinic.

In women with suspected endometrialypsd or an endometrial thicknesSmm, asecond

stage test was performatithe same time as thretial ultrasound examination. The second

stage tesinvolveda detailed subjective assessment of endometrial morphdlogintegrity

of the EMJ alongside Roppler assessment of the endometriliime endometrium was

classified as being either homogeneous or heterogeneous in the absence of focal pathology. If
focal pathology was present it was classified as being either regular or irregular. The EMJ

was assesdeand classified as bejreither regular or irregular.



125

For the purposes of the studigetassessment of endometrial morpholegsclassified as
suspicious if two criteria were méfhe first criterion was that eith&rcal patiology was
present and irradar or, if no focal pathology was present, tila¢ endometrium was
heterogenous echotextur€Figure 27. The second criterion was that there must be
evidence that any lesion breactied EMJ (Figire 28). With regard to the Doppler
assessmentgsionswith no detectable blood supply and those with a single feeding vessel
were classified as benigRigure 29)whilst those supplietly multiple vessels crossing the

EMJ were considered suspiciaiiggure 30).

Only women in whom both the endometrial morplggi@and the color Doppler assessment
were considered suspicious were classified, for the purposes of the study, as high risk for
endometrial cancer. Patient management continued as per our clinical protocol and the

ultrasound diagnosis was compared with final histological diagnosis.

6.3 STATISTICAL ANALYSIS
A database file was set up using Microsoft Excel (Redmond, WA, US) for Windows to
facilitate data entry and retrieval. Daten@analysed using 2x2 tables to assess sensitivity

and specificity.

6.4 RESULTS

125 women were assessed between September 2009 and November 2010. Eighteen women
were excluded as they were using hormone replacement therapy. A further 7 women were
excluded from statistical analysis; the endometrium could not be fully adsassiltrasound

in 4 of them, 2 of them declined surgery and 1 transferred her care to her local hospital

following the ultrasound scan. ThuD0 women were included in teaudy. Demographic
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characteristics of the women included &xdluded are showmiTable 45The median age
of women studied was 57.5 (intquartile range: 584).20/100 [20% (95% CI: 12.2%
27.8%)] women were nulliparoushere was a high burden of-aworbidity with 32% (95%
Cl: 22.9%41.1%)having hypertension, 12995% CI. 5.6%18.4%) being hypothyroid, 12%
(95% CI: 5.6%18.4%)taking anticoagulants and 12¥95% CI: 5.6%18.4%)being

diabetic.

Of the 100 women included, 49 had an endometrial thickness <5mm and no focal pathology.
These women were reassured, discharged and adwisethitn should they experience any
further vaginal bleeding. A histological diagnosis was obtained in all of the 51 women with
either an endometrial thicknesSmm or focal pathology. The final diagnosis was obtained

by pipelle in 15 cases and in a funttiecases, pipelle sampling was inadequate and the

women had to undergo an outpatient hysteroscopy to achieve a final diagnosis.

10/11 (90.9%) women eventually diagnosed with endometrial cancer were correctly
identified as high risk for endometrial cancsing the secondtage test (Table 36The one

false negative waswoman witha carcinosarcomato@sndometriapolyp. While this had an
unusual appearance on ultrasound, it did not fit the criteria for ultrasound diagnosis of
endometrial canceaxccordingto the study protocofs the EMJ was intact and only a single
blood vessel could be seen crossing the basal endometrium on colour Doppler assessment.
There were three false positives. All three of these women had fibroids and two of them had

adenomyosis.

The sensitivity and specificity of the secestdge test in diagnosing endometrial cancer were
90.9% (95% ClI: 62.3%98.4%) and 96.6% (95% CI: 90.1988.9%) respectively. 38
women were classified as low risk for endometrial cancer of whom 37 had logsegse,

giving a negative likelihood ratio of 0.098f the 13 women classified as high risk for
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endometrial cancelOwere subsequently diagnosed watiidometrial cancer, giving a
postive likelihood ratio of 27.0The effect of the secorgtageteston therisk of endometrial

cancer can be seen in Fig@®k

When endometrial morphology alone was assessed, alongside endometrial thickness, the
sensitivity and specificity in diagnosing endometrial cancer were 90.9% (95% CI: 62.3%
98.4%) and 95.5% (95% C89%- 98.2%). The sensitivity was unchanged when Doppler
assessment was analysed alone, alongside endometrial thickness and the specificity dropped

slightly to 94.4% (95% Cl: 87.5%97.6%).

Figure 271 Longitudinal view of auterus with éheterogenousndometrium. The patient was
subsequently diagnosed with endometrial cancer.



