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Abstract

Endometriosis is the presence of endometrial-like tissue outside the uterus, which
induces a chronic, inflammatory reaction. It is a common and debilitating
gynaecological condition, which may cause severe pain, significant impairment of

quality of life and infertility.

Non-invasive techniques to establish the presence and severity of pelvic
endometriosis would be valuable to patients in a number of ways: to guide patient
choice regarding treatment; to plan fertility or medical treatment; to enable referral to
the most appropriate centre and surgeon if surgery is chosen; to enable pre-operative
counselling; and better plan the operation including the involvement of other

specialties as indicated.

This thesis aims to assess: the ability of ultrasound to pre-operatively predict the
presence and severity of pelvic endometriosis; the reproducibility of these findings;
the benefit of tenderness mapping, symptomatology and serum CA125 measurement

both on their own and in addition to ultrasound.

The introduction to this thesis discusses: the pathogenesis and impact of
endometriosis; the literature regarding the diagnostic tests available including MRI

and ultrasound; and the usefulness of serum markers.

Study one assesses the reproducibility of the assessment of severity of pelvic

endometriosis by transvaginal ultrasound. Study two assesses the accuracy of the



ultrasound diagnosis of the specific features of pelvic endometriosis and assesses the
impact on the diagnostic accuracy of lesion location and total number of lesions.
Study three assesses the ability of ultrasound to accurately assess the overall severity
of pelvic endometriosis and therefore to enable preoperative triaging of patients.
Study four assesses if symptoms alone or in combination with the ultrasound findings
are diagnostically useful. In addition, tenderness mapping is assessed as an addition
to the ultrasound findings. Lastly, in study five CA125 is assessed as a test for

endometriosis on its own and as an addition to the ultrasound findings.
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Chapter 1: Introduction

1.1 Introduction

Endometriosis is a disease defined as the abnormal location of tissue similar to the
lining of the uterus (endometrium)'. This is usually confined to the pelvis and is
associated with painful periods, pelvic pain, reduced fertility and pain during sexual

intercourse.

Endometriosis is a common condition but the prevalence of this condition in the
general population is uncertain, as to date surgery is required as the gold standard for
diagnosis. Amongst women undergoing surgery the prevalence of endometriosis
varies widely depending on the indication for the operation. The reported prevalence
varies from 40 to 60% in women with dysmenorrhea, and 20 to 30% in women being
investigated for subfertility”. Endometriosis is detected in 2—50% of laparoscopies
done in women with no symptoms (e.g. in a context of tubal ligation), whilst among

those undergoing abdominal hysterectomy, it can be as high as 25%".

1.2 Clinical presentation

Patients with endometriosis present with a range of clinical symptoms. The classical
presentation is with pain before or during menstruation and pain during sexual
intercourse. Many women however do not present with these symptoms. Some may
have abdominal distension or bloating and pain not related to the menstrual cycle.
This creates diagnostic challenges for the gynaecologist, as there are many other

conditions such as irritable bowel and pelvic inflammatory disease that can present in
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very similar ways. Also, as described above, some patients can have endometriosis
found at laparoscopy for either laparoscopic sterilisation or as part of the investigation

for infertility when they are completely pain free.

1.3 Pain pathways

The simplest way to describe pain conduction pathways from the viscera to the brain
is that nociceptors transmit signals to the spinal cord via primary afferent nerve fibres
and the painful stimulus is then transmitted to the brain and the sensation of pain is
experienced by the person. However, painful sensations are subject to a series of
modulatory mechanisms which can occur in the spinal cord via descending fibres or
via pharmacological agents. At each ascending neurological level pain sensation is
influenced by modulatory activity including mental state such as anxiety, prior
sensitisation, stress, life events, the individuals understanding of the causes of pain
and social conditioning. All of these factors create highly complex interaction

between the pathological process and the person who perceives the pain®.

1.4 Types of disease

It has been proposed that pelvic endometrosis is three separate, but related disease
entities”: superficial peritoneal, ovarian endometriomas and deeply infiltrating
disease (DIE). There are likely to be different underlying mechanisms involved in the
development of these different disease states. These mechanisms will be discussed in

more detail in chapter 2.
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1.5 Diagnosis and staging of endometriosis at laparoscopy

Currently, laparoscopy is the gold standard for the diagnosis and staging of
endometriosis. Diagnostic laparoscopy is associated with 0.06% risk of major
complications (e.g. bowel perforation) whilst this risk is increased to 1.3% in
operative laparoscopy®. Repeated laparoscopies increase the operative risks due to
scarring and adhesions.

The revised American Society of Reproductive Medicine’ (rASRM) staging system
for the operative diagnosis of endometriosis is a weighted scoring system which takes
into account all the features of pelvic endometriosis. Features include superficial and
deep ovarian and peritoneal endometriosis, extent of pouch of Douglas obliteration,
density and degree of enclosure of the ovaries and tubes by adhesions and any other
evidence of bowel or urinary tract endometriosis. The benefit of this system is that it
is a systematic objective standardised approach to the findings at surgery and the

staging of the disease. Below is the scoring system as published in 1985"
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Figure 1. Revised American Society of Reproductive Medicine staging of pelvic

endometriosis at laparoscopy guidelines
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As can be seen from the above guidelines deeply invasive endometriosis (DIE), in
isolation, can score a maximum of 6 points even if invading into bowel. Thus it is
possible for DIE to be scored as mild disease when a bowel resection would be
required to excise this disease. This type of operation would carry a significant
operative risk. The deficiency of this system is a reflection of the fact that the scoring
relates to how the disease is likely to affect fertility. Any updated scoring system for
endometriosis should include the operative risk together with the impact on future

fertility.

1.6 Alternative imaging modalities to ultrasound for the diagnosis of
pelvic endometriosis.

Computerised Tomography (CT) gives reasonable quality images of the bowel but is
poor at identifying other soft tissue structures and there is a considerable amount of
radiation involved, especially when the pelvis is being assessed. For this reason
magnetic resonance imaging (MRI) is now the preferred alternative to CT. When the
patient is starved for 6 hours prior to examination and a smooth muscle relaxant is
administered reasonable quality images of bowel can be obtained on MRI. In
addition high quality images of the uterus, adnexa, vagina, bladder and upper urinary
tract can be obtained. This enables visualisation of the whole pelvis in one
examination. Although static images can not give any information regarding pelvic
organ mobility or tenderness, because of the intense desmoplastic reaction and
fibrosis that is often seen around areas of DIE, such as to the uterus and adnexa, these
distortions in pelvic anatomy can be seen on MRI. Other signs of adhesions on MRI
include triangular tenting and fluid collections. Retraction of the ovaries from the

ovarian fossa towards the midline is usually seen in deep pelvic endometriosis®.

21



On MRI, colonic endometriotic implants appear as areas of irregular wall thickening
or low signal intensity plaques on the T2 images, and are sometimes associated with
hemorrhagic foci that are hyperintense on fat suppressed T1 images® (T1 and T2 are
settings on the MRI machine which give different levels of contrast and signal
intensity between various tissue types). Other areas appear as hypo or hyper intense

foci with morphological abnormalities such as stellate margins’.

When MRI was a relatively new imaging modality the quality of the images and the
knowledge of the morphological changes resulted in a relatively low accuracy for
detecting extra-ovarian disease. In 1989 Arrive'® used MRI to assess 30 women with
clinically suspected endometriosis and compared this with the surgical findings. Three
of the five normal cases and 16 of the 25 cases of endometriosis were correctly
identified with MRI (sensitivity, 64%; specificity, 60%; accuracy, 63%). MRI
demonstrated seven of eight endometriomas but only 14 of 29 adhesions and only six
of 45 endometrial implants. They concluded that MR imaging could not be used as
the primary modality in the detection, characterization, and staging of endometriosis.
In the same year Zawin'' found a slightly better sensitivity of 71% and specificity of
82% for the MRI detection of pelvic endometriosis but also concluded that it could

not be used as a first line investigation.

Kinkel in 1999'* assessed with MRI 30 women who had proven endometriosis to
establish the morphological features of the various locations of DIE. They found that
proximal nodularity was different for uterosacral ligaments with deep endometriosis

but there was no difference in signal intensity between normal and abnormal
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uterosacral ligaments. They also found that rectal endometriosis was missed in two of
three patients and showed non-specific rectal wall thickening in one patient. It was
concluded that MR imaging can diagnose deep endometriosis of uterosacral
ligaments, the bladder and the pouch of Douglas, but lacks sensitivity in detecting

rectal endometriosis without rectal distension.

Bazot’ in 2004 compared MRI and endometriosis found at surgery and found that the
sensitivity, specificity and accuracy of MR imaging for deep pelvic endometriosis
were 90.3%, 91%, and 90.8% respectively. The sensitivity, specificity, and accuracy,
respectively, of MR imaging for the diagnosis of endometriosis in specific sites were
as follows: USL, 76%, 83.3% and 80.5%; vagina, 76%, 95.4%, and 93.3%;
rectovaginal septum, 80%, 97.8%, and 96.9%; rectosigmoid, 88%, 97.8%, and 94.9%;
and bladder, 88%, 98.9%, and 97.9%. They conclude that MRI demonstrates high
accuracy in prediction of deep pelvic endometriosis in specific locations. However,
this study was performed in a major Parisian teaching hospital with the images being
read by a radiologist with a specialist interest in endometriosis diagnosis and the
patient population was of women being referred for specialist endometriosis surgery
with an ultrasound diagnosis of endometriosis already. For this reason the results

may be superior to those seen in everyday practice.

There have been various studies related to differing modes of ultrasound compared
with MRI for the assessment of the specific locations of DIE. Bazot'’ in 2007
compared the accuracy of MRI and rectal endoscopic sonography (RES) for the
evaluation of DIE in 88 patients. Their results showed a sensitivity and specificity of

MRI and RES, respectively, of 84.8% and 45.6%, 88.8% and 40%, for uterosacral
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endometriosis; 77.7% and 7.4%, 70% and 100%, for vaginal endometriosis and 88.3
and 90%, 92.8 and 89.3 for colorectal endometriosis. Their conclusion was that MRI
is more accurate than RES for the diagnosis of uterosacral and vaginal endometriosis,

whereas the two methods are similarly accurate for colorectal endometriosis.

Bazot'* in 2008 went on to compare physical examination, transvaginal sonography,
RES and MRI for the diagnosis of DIE in 92 patients with clinically suspected
endometriosis. They found that MRI performs similarly to TVS and RES for the
diagnosis of intestinal endometriosis but has higher sensitivity and likelihood ratios
for uterosacral ligament and vaginal endometriosis. They also found that clinical
examination can detect deep endometriosis in 81.5% of cases but that the localisation

of disease was poor with much greater accuracy on the other imaging modalities.

Grasso'~ in 2009 compared three dimensional transvaginal ultrasound with MRI and
found that the sensitivity and specificity of MRI for the diagnosis of deep infiltrating
endometriosis in specific sites were: USL 69.2% and 94.3%; vagina 83.3% and
88.8%; rectovaginal septum 76.4% and 100%; rectosigmoid 75% and 100%; bladder
83.3% and 100%. This compares values for 3D TVS of : USL 50% and 94.7%;
vagina 84% and 80%; rectovaginal septum 76.9% and 100%; rectosigmoid 33.3% and
100%; bladder 25% and 100%. This shows that the 3D TVS has lower sensitivities
than MRI but similarly high specificities. However this study was performed in only
33 patients of whom only 66% had DIE and therefore further investigation with larger

studies are needed to validate these findings.
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The main criticism of MRI is that it is less readily available and significantly more
expensive than ultrasound examination. For this reason MRI is usually reserved as a

second line imaging modality.

1.7 Ultrasound diagnosis of endometriosis

Transvaginal ultrasound has been reported to be a safe, non invasive investigation and
has been shown to have a high degree of accuracy in the detection and exclusion of
ovarian endometriomas (cysts on the ovary containing endometrium)'®. However,
when this thesis was conceived there were no prospective studies confirming the
accuracy of transvaginal ultrasound for the diagnosis of non-ovarian endometriosis.
Since then there have been a number of prospective studies detailing the accuracy of
the diagnosis of deeply infiltrating disease. The transrectal and transvaginal
ultrasound assessment of endometriosis will be considered in sections 1.8 and 1.9

respectively.

1.8 Transrectal ultrasound diagnosis of endometriosis.

In contrast there have been various studies assessing the use of endorectal ultrasound
in the assessment of rectovaginal septum and uterosacral ligament endometriosis' "
Ohba® in 1996 performed transrectal ultrasound examination on patients after a
laparoscopic diagnosis of uterosacral ligament endometriosis and found that this
showed thick and irregularly shaped uterosacral ligaments. Normal uterosacral
ligaments appeared as low echoic homogeneous arcs on each side of the uterine
cervix. They measured the diameter of the uterosacral ligaments and found that the

patients who had endometriosis affecting the ligaments had diameters that were

significantly thicker than the normal ligaments (P<0.05). They also found that the
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patients with endometriosis were more likely to have tenderness on palpation of the
uterosacral ligaments if the diameter was >14mm. This possibly suggests that more
advanced infiltration gives rise to more symptoms. However, as the ligaments were
not biopsied, it is not confirmed that the thickening was due to endometriosis
infiltration. Also this study was attempting to show that there are differences that it is
possible to detect on transrectal ultrasound. No attempt was made to assess the

accuracy of the diagnosis by this method.

In a retrospective study by Chapron'® in 1998 rectal endoscopic ultrasonography
showed deep invasion of the bowel mucosa in all 16 patients who underwent
laparotomy with bowel resection. The histological results confirmed in each of these
16 patients (100%) that there was deep infiltration of the intestinal wall by
endometriotic lesions. This study can be criticised as being retrospective and
therefore open to bias. However, the findings open the possibility of assessing
preoperatively which patients could have their endometriosis treated without opening

the bowel and which would need a full bowel resection.

In a study by Griffiths'” in 2008 transrectal ultrasound for the diagnosis of deeply
invasive endometriosis the positive likelihood ratio was 10.89 and the negative
likelihood ratio was 0.24 suggesting a high degree of accuracy. However this study
does not state whether it was pro or retrospective and it was not clear whether the
patients had previously had a diagnosis of endometriosis made at laparoscopy. These
findings suggest that transrectal ultrasonography may have a high degree of accuracy
for the diagnosis of bowel endometriosis. However prospective observational studies

are necessary to validate these findings.
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Although these studies suggest a high degree of accuracy for transrectal
ultrasonography for all these studies the patients had enemas as preparation. This is
given to empty the bowel and induces diarrhoea, which is quite unpleasant for the
patient. Some patients also find the procedure so unpleasant that sedation or even
general anaesthetic is sometimes required. In addition a circumferential rectal probe
was used which does not allow for accurate visualisation of the other pelvic organs
such as the bladder, uterus and ovaries. In order to study the other pelvic organs an

alternative imaging modality would have to be used such as tranvaginal ultrasound or

MRI.

In 2003 Bazot*' compared rectal endoscopic sonography (RES) with transvaginal
ultrasound (TVS). They took 30 patients and preoperatively assessed them for signs
of deeply infiltrating endometriosis. They found that the sensitivity and specificity of
TVS and RES for the diagnosis of uterosacral ligament involvement was 75% and
75%, and 83% and 67% respectively. For the diagnosis of rectosigmoid
endometriosis the results were 95% and 82%, and 100% and 88% respectively. They
conclude that the results of TVS are similar to those possible with RES and therefore
TVS should be used at first line assessment. They state that one of the advantages of
RES is that the frequencies used are often higher than the TVS transducers and
therefore give good detail analysis of the bowel mucosa but poor penetration of
surrounding structures. This explains why it is difficult to assess the bladder or
anterior structures of the pelvis. For this reason TVS gives a broader assessment of
the pelvis. They state that this is the first study to assess the use of TVS for rectal

lesions. TVS will be discussed in more detail in the next section
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1.9 Studies assessing the role of transvaginal ultrasound assessment of extra-
ovarian endometriosis.

As seen in section 1.8 non- ovarian endometriosis features such as uterosacral
ligament involvement were first assessed on transrectal sonography (TRS)*’ in 1996.
In 1998 another study by Chapron'® suggested that rectal endoscopic sonography

(RES) was useful for the diagnosis of intestinal endometriosis.

In 2002 Ballyguier** compared MRI and TVS for the diagnosis of DIE. They found
that TVS was good at locating bladder lesions but was less good than MRI at
detecting rectal and posterior lesions. However, this was a retrospective study and
only included 12 patients, all with histologically proven endometriosis of the bladder.

Their conclusions were likely to be biased because of these drawbacks.

In 2003, Bazot et al*' demonstrated that TVS was as accurate as RES for the
diagnosis of intestinal endometriosis and may provide useful information for
assessing uterosacral ligament endometriosis. This study is discussed in relation to
RES in section 1.7. However, it was the first study to assess TVS in the diagnosis of
rectal endometriosis involvement. In 2004 the same group went on to prospectively
assess the role of TVS in 142 women when compared with laparoscopy and histology.
They found that the sensitivity and specificity of TVS for the diagnosis of DIE of the:
bladder 71.4% and 100%; uterosacral ligaments (USL) was 70.6% and 95.9%; vagina
was 29.4% and 100%; rectovaginal septum was 28.6 and 99.3%; and for interstinal
disease 87.2% and 96.8% respectively. They concluded that the assessment of

bladder and intestinal disease was accurate but the assessment of uterosacral, vaginal
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and rectovaginal septum involvement was less accurate. They noted that retroflexion
of the uterus, subserous fibroids and endometriotic ovarian cysts which were
adherent to the uterosacral ligaments can obscure the ligaments and therefore make
them difficult to visualise on TVS. They also note that in the assessment of rectal
and intestinal disease TVS can not give a distance from the rectal lesion to the anal
margin. TVS is also restricted in the ability to assess the sigmoid colon due to

distance and the presence of faecal matter.

Bazot™ repeated the comparison between TVS and RES in 2007 and found that the
accuracy of TVS had improved and the sensitivity for the diagnosis of USL disease
was 80.8%. TVS was now better than RES for all areas except intestinal disease.
This improvement may have been due to variations in the populations between these
studies or to improved technique with greater experience. However, the authors

reaffirm that TVS should be the first line imaging modality of choice.

Abrao™ in 2007 compared the use of bimanual examination, TVS and MRI for
detection of DIE of the rectosigmoid and/or ‘retrocervical sites’ as defined by the
author in 104 patients, demonstrating higher sensitivity, specificity, NPV and PPV for
TVS in cases of rectal DIE when compared with MRI and clinical examination.
However, it is not clear whether radical resection of diseased tissue, including rectal
resection and/or dissection of POD obliteration by adhesions, was performed in all
patients affected with DIE. This information is important for the full evaluation of the

test.
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Hudelist® in 2009 studied the additional benefit of TVS with clinical examination in
200 women. They found that the sensitivity of per vaginum (PV) examination was
23% for left ovary, 38% for right ovary, 52% for right USL, 74% for left USL, 25%
for bladder, 46% for rectum, 64% for vagina, 70% for pouch of Douglas, and 88%
for rectovaginal septum. The specificities were all above 98% except for left USL
which was 89%. With the addition of TVS to the PV exam the sensitivities improved
to over 80% except for bladder of which was 75% and right USL of 67%. The
specificities were maintained at their high level. These patients were all examined by
senior gynaecologists who all work in a tertiary endometriosis centre and therefore
their PV examination skills would be at a very high level. Even in this context the
accuracy was improved by the addition of ultrasound examination and therefore it is

likely that the benefit of TVS would be greater for less experienced clinicians.

Hudelist®® then went on to compare TVS and PV exam directly and found that TVS
was much more accurate than PV exam especially for ovarian endometriomas and
rectosigmoid disease. In 27 women with proven endometriomas, vaginal examination
yielded a sensitivity of only 41%, in contrast to the finding obtained by TVS with a
sensitivity of 96%. These differences were less obvious for the rectovaginal space or
vaginal deep infiltrating endometriosis with lower sensitivities and NPVs for both
modalities when compared with values for ovarian or rectosigmoidal endometriosis.
The largest difference between TVS and PV exam was for the detection of
rectosigmoidal endometriosis. In this study, 31 women (24.0%) had rectosigmoidal
deep infiltrating endometriosis, of which 39% were preoperatively diagnosed by PV
exam and 90% of them by TVS. The authors explain the obviously lower sensitivity

and accuracy of vaginal examination by two factors. First, rectosigmoidal
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endometriotic nodules situated at or above the level of the uterine fundus cannot be
palpated digitally but can be visualized by TVS. Second, it is difficult to assign
palpable nodules situated posterior to the cervix to specific anatomical structures such
as the uterosacral ligaments, rectovaginal septum, vagina, rectum or sigmoid. This
causes false-negative findings with regard to rectal or sigmoid deep infiltrating
endometriosis. By contrast, TVS clearly facilitates the differential visualization and

possible endometriotic involvement of these locations.

There are few studies on the accuracy of TVS for the diagnosis of ovarian adhesions
either due to endometriosis or to other causes. No study has previously assessed
mobility as either minimal, moderate or severe adhesions for the ovary in accordance
with the ASRM classification’. Guerriero et al*’ used the combination of 3 features as
suggestive of ovarian adhesions: blurring of the ovarian margin, the inability to
mobilise the ovary on palpation (fixation) and an increased distance from the probe.
They found that these tests either combined or individually gave a kappa value of
between 0.25 and 0.51. Okaro™ examined women with chronic pelvic pain prior to
laparoscopy for the presence of ovarian adhesions and classified them as either
mobile or fixed. They found a high degree of agreement between TVS and
laparoscopy at identifying ovarian adhesions (0.81 kappa). Yazbek® examined the
role of ultrasound for the preoperative assessment of adnexal masses. They found a
sensitivity of 44% and a specificity of 98% in the diagnosis of severe pelvic
adhesions. Guerriero®’ used a technique of applying pressure between the uterus and
ovary. If they remained linked then this was suggestive of adhesions. This gave a
sensitivity and specificity of 89% and 90% respectively for fixation of the ovaries to

the uterus.
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The preoperative diagnosis of partial or complete obliteration of the pouch of Douglas
has not been reported on directly before. Hudelist* gave a high accuracy for the
diagnosis of pouch of Douglas endometriosis but did not report obliteration
separately. Yazbek®® described the technique for diagnosing POD obliteration but did

not report this finding separately from severe pelvic adhesions.

The assessment of adhesions is important preoperatively as surgery for severe
adhesions carries a higher risk of complication and therefore needs to be performed
by more experienced surgeons. The patients may also decide that their symptoms are
not severe enough to warrant surgery. Therefore the accurate preoperative assessment

will help in counselling patients regarding the best treatment option for them.

No studies have yet assessed the role of transvaginal ultrasound for the severity of
endometriosis compared with the ASRM staging system. In addition, no studies have
assessed the interobserver variability of transvaginal ultrasound for the diagnosis of

the severity of pelvic endometriosis.
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Summary table of the important imaging studies with comparison of methods

(reproduced from Nightingale, Ballard and Wright 2012 Gynaecological Surgery with

permission)
Author StuFly
period
Abrao 2004-
2006
Bazot 2000—
2004
Bazot 2000—
2005
Chamié 2005-
2007
Chapron
Delpy 1998—
2003
Guerriero ~ 2005-
2007
Hudelist 2007—
2008

Study population

104 Consecutive
women with
clinically
suspected
endometriosis

81 Consecutive
women referred
for surgical
management of
DIE

Retrospective
study of 92
consecutive
women with
clinically
suspected pelvic
endometriosis

92 Women with a
history and
clinical
examination
consistent with
endometriosis

Retrospective
study of 81
consecutive
patients with
histologically
proven DIE. MRI
and transrectal
ultrasound given
prior to planned
surgery

31 Women with
suspected
rectovaginal
endometriosis
based on clinical
symptoms and/or
abnormal clinical
examination

88 Consecutive
women with
clinically
suspected
endometriosis

200 Women with
clinically
suspected

Age

Mean
33.8
years (SD
6.1)

Median
31.9
years

Median
31.8
years

Mean 33
years

Mean
31.0
(SD6.7)

Mean
31.5
years

Mean 33
years (SD
5)

Median
33 years

TVS TRS

HDI 5000 N/A

ultrasound scanner

with 5-9MHz

transducer within

3months before

surgery. Rectal

enema used

Ultramark HDI 5000 = Olympus

or Siemens Elegra GF UM 20

ultrasound machine. Echo

5-9MHz transducer. | endoscope,

No bowel 7.5 and

preparation used 12MHz.

Ultramark HDI 5000 = Olympus

or Siements Elegra GF UM 20

ultrasound machine, Echo

5-9MHz transducer. | endoscope,

No bowel 7.5 and

preparation used 12MHz
probe

N/A N/A

N/A Olympus
GF-UM20
scope
ultrasound
machine
with 7.5
and 12MHz
probes

N/A (for rectal 7.5MHz

infiltration) radial-
scanning
miniprobe
(Fujinon)
fitted with a
distal
balloon

1 Week before N/A

surgery using

Technos MPX with

6.5-7.0MHz

transducer. Paid
special attention to
tender areas. No
rectal enema used.
Logic 9 or Accuvix
XQ ultrasound
machine 5-9MHz

MRI

1.5T scanner
with a Torso
phase array coil.
Contrast agent
gadolinium
0.2mmol/kg. No
bowel
preparation
used

1.5T scanner.
Bowel
preparation
given. Contrast
agent
gadolinium

GE Signa 1.5T
scanner.
Contrast agent
gadolinium. No
bowel
preparation
used

1.5T Tesla Unit
with a phased-
array coil. No
contrast aged
used

N/A

N/A

Blinding

TVS carried out
blinded to clinical data.
MRI radiologist
blinded to clinical data
and TVS results

Sonographers
informed of women’s
clinical history and
symptoms but blinded
to physical
examination and
previous imaging.
Different physicians
performed TVS and
TRS

All examinations
conducted by different
physicians with
knowledge of clinical
history and symptoms
but blind to results of
physical exam and
other imaging

MRI images
interpreted
independently by 2
radiologists blinded to
patient history

Patients already had a
diagnosis of DIE but
the ultrasonographer
and radiologist were
blind to clinical
information when they
interpreted the results
of the tests

Blind to precise
clinical findings but
with the knowledge of
suspected
endometriosis. Surgery
conducted with full
knowledge of imaging
results

Not reported

PV examination
performed first
followed by TVS by
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Menada

Piketty

2006—
2007

2005-
2007

endometriosis

90 Women with
clinically
suspected
rectovaginal
endometriosis

134 Women with
clinically
suspected DIE

Median
32 years

Mean
32.1years
(SD 5)

transducer combined
with bimanual PV
examination within
2months of surgery.
No rectal enema
used

Siemens Sonoline
Antares ultrasound
machine. 3.6-
8.0MHz
multifrequency
transducer

Toshiba ultrasound

machine. 5-9MHz UM 160

transducer. No rectal | following

enema used rectal
enema. 5,
7.5 and
12MHz
frequencies
used

Olympus N/A

the same examiner

TVS carried out
independently by 2
ultrasonographers with
the knowledge of
clinically suspected
disease by blind to any
other clinical
information
Examiners told DIE
was suspected but
were not given
information on clinical
findings or other
imaging findings
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Summary table of study results: imaging of rectal or recto-sigmoid involvement in

deep infiltrating endometriosis (reproduced from Nightingale, Ballard and Wright

2012 Gynaecological Surgery with permission)

Pre-test
Study probability*
(n)

Sensitivity %

(95% CI)

Transvaginal Ultrasound

Abrao 52%

(54/104)
Menada 83%
TVS (75/90)
Menada 83%
RWC- (75/90)
TVS**,***
Guerriero  44%
(39/88)
Bazot 67%
(54/81)
Hudelist ' 24%
(48/200)

Piketty | 56%
(75/134)

Bazot 68%
(63/92)

98 (95,100)

56.5

95.7

67 (55,73)
93 (86,100)

96 (90,100)

91 (84,97)

94 (88,100)

Trans-rectal ultrasound

Chapron @ 42%
(34/81)

Delpy 40%
(12/40)
Bazot 67%
(54/81)
Piketty 56%
(75/134)
Bazot 68%
(63.92)

97 (91,100)

92 (76,100)
89 (81,97)
96 (92,100)

89 (81,97)

Specificity%

(95% CI)

100
(100,100)

92.5

100.0

92 (84, 100)
100

(100,100)
98 (96, 100)

97 (92,100)

100
(100,100)

89 (81,98)

67 (45,88)
93 (83,100)
100

(100,100)
93 (84,100)

Magnetic Resonance Imaging (MRI)

Chapron | 42%
(34/81)

76 (62,91)

98 (94,100)

LR+ (95%

Cl)

7.57

8.2
(3.1,21.4)

(o]

48.6
(15.8,
149.1)
26.3 (6.7,
102.8)

9.1
(4.0,20.9)

2.8
(1.4,5.0)
12.0
(3.2,45.7)

(o]

12.9
(3.4,49.2)

35.9

(5.1,252.1)

LR-
(95% Cl)

0.02
(0.00,
0.1)
0.47

0.04

0.4
(0.2,0.6)
0.07
(0.03,0.2)
0.04
(0.01,0.2)

0.1
(0.05,
0.2)
0.06
(0.02,
0.2)

0.03
(0.00,
0.2)

0.1
(0.02,0.8)
0.1
(0.06,0.3)
0.04
(0.01,0.1)
0.1
(0.06,0.2)

0.2
(0.1,0.4)

Post-test
probability
for study

population:

positive
test (%)

>99

97

>99

>99

94

>99

87

96
>99

96

35

Post-test
probability
for study
population:
negative
test (%)

60

15

22

12

11

11

20

20

15



Abrao 52% 83 (73,93)
(54/104)

Chamie | 54% 86 (76,96)
(50/92)

Bazot 68% 87 (79,96)
(63.92)

98 (94,100)

93 (85,100)

93 (84,100)

41.7
(6.0,291.1)

12.0
(4.0,36.0)

12.7
(3.3,48.4)

0.2 98
(0.09,

0.3)

0.2 93
(0.08,

0.3)

0,1 96
(0.07,0.3)

*Pre-test probability is the prevalence of deep infiltrating endometriosis

involving the rectum or rectosigmoid colon.

~Figures published in the paper given, no data were available to

construct a 2 x 2 table in order to calculate 95% confidence intervals

~+RWC-TVS, water contrast in the rectum combined with TVS
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1.10 Surgical treatment of endometriosis.

The success of surgery for pelvic endometriosis is highly dependent on the expertise
and training of the operating surgeon®'. In an attempt to optimise the treatment of
women suffering from severe endometriosis, tertiary referral endometriosis centres
have been established®® (RCOG green top guideline). These centres provide
comprehensive care to endometriosis patients including high quality surgical care.
The capacity of tertiary centres, however, is limited and the critical issue in routine
clinical practice is the ability to assess the severity of endometriosis in order to
facilitate the triaging of women for treatment. In cases of mild and moderate
endometriosis, treatment can be provided immediately, even when the operation is
performed by non-expert laparoscopic surgeons. In cases of severe disease, however,
treatment cannot be provided unless the surgeon has significant laparoscopic skills in

. .. . ..32.34
the surgical excision of endometriosis®*~

. This is especially important if the disease
involves the rectovaginal septum as this can extend anteriorly into the vagina,
posteriorly into the rectum and laterally to effect the ureters. Laparoscopy is
associated with surgical and anaesthetic risks, and it is very costly compared to non-
invasive diagnostic methods. A non-invasive method, which would enable a reliable
diagnosis of severe endometriosis, could facilitate early referral to tertiary
endometriosis centres or to local surgeons with special interest and skills in
laparoscopic surgery for endometriosis. In chapter 8 we examine the ability of
preoperative transvaginal ultrasound to assess the severity of pelvic endometriosis
when compared with the findings at laparoscopy. The aim of the study was to

establish whether pre-operative ultrasound examination is an accurate method to

diagnose severe pelvic endometriosis.
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Chapter 2: Pathophysiology of endometriosis.

2.1 Pathophysiology of endometriosis.

The natural history of endometriosis is not well understood and there are no non-
invasive studies regarding the natural history of this disease. Risk factors for
endometriosis include early menarche and late menopause. In contrast the use of the
oral contraceptive pill, which suppresses menstruation, is protective. These findings
suggest that the development of disease seems to be related to exposure to

35,36

menstruation™"". The exact aetiology is not well understood and several theories have

been proposed.

2.2 Retrograde menstruation

This remains the foremost theory and was first proposed by Sampson in 1927°°. He
postulated that endometrial tissue is deposited in the peritoneal cavity via retrograde
flow through the fallopian tubes during menstruation. These cells then adhere, invade

and proliferate within the structures of the peritoneal cavity.

Animal studies have shown that adhesion occurs when endometrial tissue from
baboons, mice and humans is transplanted into the peritoneal cavity®’. Stromal
endometrial cells have a high level of VEGF (vascular endothelial growth factor),
which suggests an active vascular network is necessary for graft survival and
implicates them in graft attachment. Glandular cells have a high proliferation rate in
freshly-implanted endometriotic lesions, suggesting a more prominent role for these
cell types in graft growth®®. Stromal cells may contribute to adhesion via secretion of

extracellular matrix components and the endocrine environment is likely to play a role
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in this activity. Additionally, IL-6 and TNF-alpha have been show to increase

endometrial cell adhesion to the peritoneum in mice®’.

The theory of transplantation via retrograde menstruation is supported by evidence
that endometriosis is more common in adolescents with obstructive outflow
reproductive tract anomalies™. It is also supported by the fact that dependent areas of
the pelvis, where pooling of menstrual effluent occurs, are more likely to be
affected*’. However it is unclear whether retrograde menstuation occurs more
frequently in women with endometriosis than in those without. The presence of
retrograde menstruation has been described as being between 76 and 90% of women

3841 In one of these studies*' the presence of retrograde

investigate with laparoscopy
menstruation was higher (97%) in women with endometriosis than in those without.
However in the other study™® no difference was found. The transplantation theory

plausibly explains peritoneal endometriosis but does not adequately explain deeply-

infiltrating, ovarian or distant site disease.

2.3 Epithelial transformation

Meyer proposed the metaplasia theory in 1919* which was further refined by
Gruenwald® into the coelomic metaplasia theory. This suggests that cells in the lining
of the coelomic cavity are able to differentiate into endometrial tissue under the
influence of certain factors. Cases of endometriosis in which retrograde menstruation
cannot occur, such as Rokitanshky-Kuster-Hauser syndrome support this theory***°.
Additionally it has been suggested that some types of deeply infiltrating disease are

due to local metaplasia®’ **.
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2.4 Embryonic cells

Distant site endometriosis cannot be explained by either of the above theories, and the
theory of embryonic cell transformation has been proposed to explain this. Pluripotent
embryonic stem cells may undergo differentiation into functioning endometrium at
any site in the body. This may explain case reports of catamenial haemo- and
pneumothorax™, catamenial nasal haemorrhage, brain and other distant site deposits.

The alternative theory for these sites is the lymphatic / blood borne metastasis theory.

2.5 Familial / genetic characteristics

There appears to be a genetic basis for the development of endometriosis. In a study
by Kennedy’ 230 women with surgically confirmed endometriosis in 100 families
were identified. The families consisted of 19 mother-daughter pairs, 1 set of cousins
and 56 sister pairs. There were 5 families with 3 affected sisters, 1 family with 5
affected sisters, and 18 families with >3 affected members in more than one
generation. The study confirmed a familial tendency for endometriosis and supports
the hypothesis that endometriosis has a genetic basis. However the pattern of
inheritance is not Mendelian and is more likely to represent a polygenic and /or

multifactorial etiology.

The 5-8% risk observed for first-degree relatives is more consistent with
polygenic/multifactorial tendencies than with a single mutant gene (25 or 50%).
Either one assumes that more than a single gene is involved or that multiple alleles
exist at a single locus. One or more Mendelian forms could coexist but polygenic
inheritance is obligatory if endometriosis is assumed to be a single entity. Additional

support for polygenic inheritance is the increased severity in familial cases’'2. As
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predicted, the greater the severity of a polygenic disorder, the greater the underlying
genetic liability™. Thus, the higher the proportion of affected relatives, the greater the

likelihood that the affected individual has severe endometriosis.

The number of genes necessary to explain observed heritability is surprisingly small.
This is illustrated by the following reasoning: If three genes exist, each with two
alleles, there are 27 different classes (3n). If three alleles exist per locus and two loci
exist, 36 genotypes (6n) would be possible. As the number of genotypic classes
increases, a histograph showing the distribution of genotypes (phenotypes) in the
population will more closely approximate a normal distribution. Thus, continuous

variation can be approximated in the population by only a few genes.
Various specific genes have been suggested as playing a role in the development of

the disease including the 1031T/C polymorphism of the TNF-alpha gene* and

various polymorphisms of the N-acetyl transferase 2 (NAT 2) gene”.

41



Chapter 3. Biochemical markers for endometriosis

3.1 CA125

Many biochemical markers have been investigated for the evaluation of
endometriosis. The most widely researched marker is Cancer Antigen 125 (CA125),
which is known to be raised in moderate to severe endometriosis. This was first
discovered by Bast’® in 1981and is a mucin-type glycoprotein with a molecular
weight of over 200,000 daltons’’. It has two major binding domains A and B: these
bind the monoclonal antibodies OC125 and M11 respectively™®. Apart from
endometriosis, there are many other benign and malignant diseases, which can raise

59,60

CA125 including uterine leiomyomas”®’, adenomyosis®' and pelvic inflammatory

disease® all of which can be associated with pelvic pain.

A meta-analysis® by Mol showed that CA125 is a better discriminator for stage 3 and
4 disease than stage 1 and 2 disease. In this study the test’s performance in
diagnosing all disease stages was limited: the estimated sensitivity was only 28% for a
specificity of 90% (corresponding likelihood ratio of a raised level is 2.8). The test’s
performance for moderate—severe endometriosis was better: for a specificity of 89%,
the sensitivity was 47% (corresponding likelihood ratio of a raised level is 4.3).
However, most of the studies included in this meta-analysis used a CA125 cut off

level of 351U/ml.

An interesting study by Kafali®* looked at 28 patients who were having laparoscopies
for infertility. CA125 levels in the menstrual phase of the cycle were compared with

CAI125 levels in the rest of the cycle. They found that there was no difference in the
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patients who did not have endometriosis but there was a large difference in patients
who did have endometriosis. Using a cut-off point of an 83% increase in CA125
levels between the menstrual and the non-menstrual phase of the cycle gave a
sensitivity of 93% and a specificity of 92% specificity. All of the endometriosis

found was either stage 1 or 2.

Since then there have been studies to further investigate the role of CA125 in the
diagnosis of deeply infiltrating endometriosis as separate from ovarian disease. In a
cohort study by Patrelli® serum CA125 values were significantly elevated in patients
with ovarian and mixed endometriosis lesions (median levels 48 U/mL), compared
with those who had exclusively extraovarian foci (median levels 27 U/mL), however

the location did not affect the subsequent fertility rate after two years of follow up.

3.2 VEGF, TNF-alpha and CRP

Xavier® showed that serum VEGF is raised in the late secretory phase of the cycle in
patients with endometriosis. Serum TNF-alpha concentrations were also raised
throughout the cycle in women with endometriosis compared with controls®®. A
positive correlation between CRP and VEGF was also found throughout the menstrual
cycle except for the early secretory phase. However there was no statistical difference
in CRP between women with endometriosis compared with controls. Fasciani®’ found
that serum VEGF concentrations were significantly raised in patients with
endometriomas and malignant ovarian disease when compared with other benign
ovarian cysts. Conversely Gagne® found no increase in serum VEGF level in

endometriosis patient when compared with controls.
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3.31L-6

IL-6 is a regulator of inflammation and immunity, which may play a role in linking
the endocrine and the immune systems. It also modulates secretion of other cytokines,
promotes T-cell activation and B-cell differentiation and inhibits growth of various
human cell lines®. IL-6 is produced by monocytes, macrophages, fibroblasts,
endothelial cells, vascular smooth-muscle cells and endometrial epithelial stromal
cells and by several endocrine glands, including the pituitary and the pancreas’. In
one study, it was found that IL-6 was significantly elevated in the serum of
endometriosis patients but not in their peritoneal fluid as compared with patients with
unexplained infertility and tubal ligation/reanastomosis’’

Darai’' found that IL-6 was raised in the serum of patients with endometriosis when
compare with other benign ovarian cysts but was reduced when compared with
malignant ovarian tumours. Serum TNF-alpha levels were equally raised with
endometriomas and malignant disease when compared with other benign tumours.
Pellicer . found that IL- is raised in the serum and follicular fluid of patients

undergoing IVF treatment compared with controls.

No studies have tested these five serum markers (CA125, CRP, TNF-alpha, VEGF
and IL-6) together in patients undergoing laparoscopy for chronic pelvic pain to
evaluate if they are helpful at distinguishing those with and without endometriosis. In
addition no studies have attempted to integrate these markers together with history

and ultrasound characteristics into a model for the diagnosis of endometriosis.

3.4 Combination of serum markers.

A study by Mihalyi’* has shown that it is possible to exclude endometriosis on a
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serum test. In this cohort study they tested for IL6 and 8, tumour necrosis factor-
alpha, high-sensitivity C-reactive protein (hsCRP), and cancer antigens CA125 and
CA-19-9. Using stepwise logistic regression, moderate—severe endometriosis was
diagnosed with a sensitivity of 100% (specificity 84%) and minimal-mild

endometriosis was detected with a sensitivity of 87% (specificity 71%) during the

secretory phase. Using LSSVM analysis, minimal-mild endometriosis was diagnosed

with a sensitivity of 94% (specificity 61%) during the secretory phase and with a
sensitivity of 92% (specificity 63%) during the menstrual phase. Their aim was to
provide a test that would have a high sensitivity and moderate specificity therefore
enabling women without endometriosis to avoid having an invasive laparoscopy
unnecessarily. However, before these tests can be used in a clinical setting they

would have to be validated by larger prospective studies.
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4.0 Chapter 4: Thesis hypotheses

The hypothesis is that transvaginal ultrasound performed as part of a routine
work up for patients with chronic pelvic pain is an accurate and reproducible
diagnostic technique for the exclusion and staging of pelvic endometriosis.
This should facilitate the correct referral to a general gynaecologist for
assessment if mild to moderate endometriosis is expected and to a specialist
tertiary referral centre if severe disease is expected.

The inclusion of subjective features such as symptomatology and tenderness
during the TVS examination can help improve the accuracy of the diagnosis of
the presence and severity of endometriosis.

Combining serum CA125 levels with TVS characteristics will provide better
diagnostic accuracy, in terms of the presence and severity of endometriosis,

than either test alone.
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4.1 Thesis aims

The aim of this thesis is to assess:

the sensitivity of ultrasound for the detection of endometriosis in a population
of women with chronic pelvic pain when compared with laparoscopy.

the inter-observer variability in the diagnosis of endometriosis between two
ultrasound operators.

the ability of transvaginal ultrasound performed by experienced operators to
predict the severity of pelvic endometriosis.

if it is possible to predict the presence and severity of pelvic endometriosis
from symptomatology and tenderness at TVS.

if the addition of symptomatology and tenderness at TVS can help in the
diagnosis of pelvic endometriosis in patients who have false negative findings
for pelvic endometriosis at transvaginal ultrasound examination, and in doing
so establish which patients would benefit from laparoscopy in spite of a
normal TVS result.

if combining serum CA125 levels with TVS characteristics will provide better
diagnostic accuracy, in terms of the presence and severity of endometriosis,

than either test alone.
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Chapter 5: General methods

The methods which follow are applicable to all studies with specific details for each

study being explained in those chapters.

These were prospective, observational, multicentre studies, which were conducted at
King’s College Hospital and at University College Hospital in London. These are
major teaching hospitals and the latter included a specialist tertiary endometriosis
centre. Consecutive women with clinically suspected or proven pelvic endometriosis
were invited to join the study. The inclusion criteria were: pre-menopausal women
with a clinical suspicion of endometriosis awaiting diagnostic laparoscopy; women
diagnosed with pelvic endometriosis at diagnostic laparoscopy awaiting operative
treatment, age 16 or over, ability to provide informed consent. Women who could not
undergo a transvaginal ultrasound scan and those who became pregnant whilst

awaiting surgery were excluded from the study.

The studies were ethically approved and an information leaflet was given to all
eligible women before assessment. Informed consent was obtained from all patients

who agreed to take part in the studies.

Procedures

All women were assessed by the attending clinicians who obtained a detailed history,
which was recorded on a dedicated clinical database (ViewPoint, GE Healthcare,

Fairfield, Connecticut, USA). Women were specifically asked about symptoms
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associated with endometriosis such as dysmenorrhoea, chronic pelvic pain,

dyspareunia, subfertility, dyschezia and cyclic rectal bleeding.

Transvaginal ultrasound examination was performed by four ultrasound operators
who were all gynaecologists with a high level of expertise in gynaecological
ultrasonography. The ultrasound operators were blinded to any previous surgical
findings. All patients were operated on by four different laparoscopic surgeons with a
high level of expertise in laparoscopic surgery. When moderate, severe or deeply
invasive disease (DIE) was present a complete surgical exploration of the pelvis was
performed, involving dissection of the pouch of Douglas when obliterated and
resection of any DIE, especially of bowel or RVS, so as not to miss any disease. The

operating surgeons were blinded to the detailed transvaginal ultrasound findings.

Transvaginal ultrasound assessment of pelvic endometriosis

All women were examined in the dorsal lithotomy position using a high resolution
transvaginal ultrasound probe. The examinations were performed in a standardised
and systematic way. Firstly the uterus was assessed in the transverse and sagittal
planes. Next the ovaries were found and their size was measured in three orthogonal

planes.

Ovarian cysts were diagnosed as endometriomas when they appeared as well
circumscribed thick walled cysts which contained homogenous low level internal
echos (“ground glass™)” (Figure 2). Measurements were recorded from the inside of
the cyst wall in three orthogonal planes. The adnexa were also systematically

examined for the presence of tubal dilatation.
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Ovarian mobility was assessed by a combination of gentle pressure with the vaginal
probe and abdominal pressure with the examiner’s free hand as in a bimanual
examination. The ovary was deemed to be completely free when all of its borders
could be seen sliding across the surrounding structures. Minimal adhesions were
considered to be present when some of the surrounding structures could not be
separated from the ovary with gentle pressure but the ovary could be mobilised from
the majority (approximately >2/3) of the surrounding structures. Moderate adhesions
were thought to be present when the ovarian mobility was reduced due to adhesions
with the surrounding structures but the structures on 2/3-1/3 of the surface of the
ovary were sliding across it on gentle pressure. Fixed ovaries could not be mobilised
at all with gentle pressure nor separated from the surrounding structures (Figures 3
and 4). If the tubes were dilated the mobility of the dilated tubes was documented in a
similar fashion. Normal fallopian tubes are difficult to identify in the absence of
background fluid in the pelvis and therefore it was not possible to score non dilated
tubes for adhesions. It is difficult to see filmy adhesions on TVS unless there is fluid
entrapped within the adhesions, giving rise to the “flapping sail sign”’*, or unless the
mobility of the affected organs is reduced and therefore these features were not scored

separately at TVS.

The presence of adhesions in the pouch of Douglas was assessed next. The uterus
was gently mobilised by a combination of pressure on the cervix with the ultrasound
probe alternating with pressure on the fundus from the examiners free hand on the
abdominal wall. The aim was to watch the interface of the posterior uterine serosa

and the bowel behind to ensure that the two structures were sliding easily across one
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another. If these two surfaces were completely free of one another this was assessed
as no adhesions present. Complete obliteration was assessed as the absence of any
sliding between the serosa on the posterior surface of the cervix or uterus and the
bowel behind. Partial obliteration of the pouch of Douglas was present if there were
some adhesions between the bowel and the uterus but some free sliding was seen.
Partial obliteration was also present when adnexal structures were firmly adherent to

the posterior aspect of the uterus but the bowel appeared to be free.

Endometriotic nodules or deeply invasive endometriosis (DIE) were typically
visualised as stellate hypoechoic or isoechogenic solid masses with irregular outer
margins’> which were tender on palpation and fixed to the surrounding pelvic
structures. They were usually located in the uterosacral ligaments, adnexa,
rectovaginal septum, and urinary bladder (Figure 7). Endometriotic nodules located
in the wall of the rectosigmoid colon tend to appear as hypoechoic thickenings of
bowel muscularis propria (Figures 5 and 6), which sometimes protrude into the lumen
of the bowel’®. The presence and largest diameter of any deep lesions were

documented.

All these findings were recorded on a database file using a Microsoft Excel for
Windows spreadsheet to facilitate data entry and retrieval. The severity of
endometriosis as assessed by TVS was compared with laparoscopic findings using the

same rAFS classification.
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Statistical Analysis

All statistical analyses were carried out using Medcalc version 9.2.0.2 (Medcalc
Software, Mariakerke, Belgium). The diagnostic accuracy of the tests was assessed
using sensitivity, specificity, positive (PPV) and negative (NPV) predictive value, and
positive (LR+) and negative (LR—) likelihood ratio measures. Overall levels of
agreement for non binary data was calculated using Cohen’s quadratic weighted
Kappa coefficient. Kappa values of 0.81-1.0 indicated very good agreement, Kappa
values of 0.61-0.80 good agreement, Kappa values of 0.41-0.60 moderate agreement,
Kappa values of 0.21-0.40 fair agreement and Kappa values <0.20 poor agreement’ -
7 The Kruskal-Wallis one-way analysis of variance was used to assess for statistical

difference between rank sum of the groups as the data was not normally distributed.
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Figure 2. Transvaginal ultrasound image of an ovarian

endometrioma with the typical ground glass appearance.
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Figure 3. Transvaginal ultrasound image of an ovarian

endometrioma which is firmly adherent to the fundus of the uterus
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Figure 4. Transvaginal ultrasound image of ovarian endometriomas

within each ovary causing adhesions between the ovaries and the

posterior aspect of the uterus: “The Kkissing ovaries” sign.

55



Figures 5 and 6. Two transvaginal ultrasound images of hypoechoic
thickening of the muscularis layer of the rectum due to deeply

infiltrating endometriosis.
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Figure 7. Transvaginal ultrasound image of deeply infiltrating

endometriosis of the bladder.
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Chapter 6: Study 1
The reproducibility of the assessment of severity of

pelvic endometriosis by transvaginal ultrasound.

Introduction

As stated in the introduction (chapter 1.5) there is no clear consensus regarding the

8081 and the most commonly used classification, the

definition of severe endometriosis
American Society of Reproductive Medicine (ASRM) classification’ , has advantages
and disadvantages. The advantage of this classification is that it is widely used in
clinical practice and provides a formalized systematic approach to documenting the
impact of the disease on the patient’s fertility. However many authors recognize that
the features of deeply infiltrating endometriosis (DIE) are often the most

symptomatic>** and difficult to treat®>. These features are poorly represented in the

ASRM classification and therefore need to be documented separately.

In keeping with the recommendations of Khan®* any diagnostic test has to have the
reliability (the test has to give a similar measurement when repeated by different
observers) tested prior to the validity (the measurement must be accurate when
compared with the “true” state of the attribute estimated by a suitable reference
standard. Therefore in this study we tested the inter-observer reproducibility of the
diagnosis of both the individual features of endometriosis and the overall severity.

No previous study has tested this before.
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The aim of the study was to establish whether TVS is a reproducible technique for the

preoperative assessment of the severity of pelvic endometriosis.

Materials and Methods

This was a prospective, observational, multicentre study, which was conducted at
King’s College Hospital and at University College Hospital in London. These are
major teaching hospitals and the latter included a specialist tertiary endometriosis
centre. Women with clinically suspected or proven pelvic endometriosis were invited
to join the study. The inclusion criteria were: pre-menopausal women with a clinical
suspicion of endometriosis awaiting diagnostic laparoscopy; women diagnosed with
pelvic endometriosis at diagnostic laparoscopy awaiting operative treatment; age 16
or over; ability to provide informed consent. Women who could not undergo a
transvaginal ultrasound scan and those who became pregnant whilst awaiting surgery
were excluded from the study.

The study was ethically approved and an information leaflet was given to all eligible
women before assessment. Informed consent was obtained from all patients who

agreed to take part in the study.

Methods.

All women were assessed separately by both attending clinicians who obtained a
detailed history, which was recorded on a dedicated clinical database (ViewPoint, GE
Healthcare, Fairfield, Connecticut, USA). Women were specifically asked about
symptoms associated with endometriosis such as dysmenorrhoea, chronic pelvic pain,

dyspareunia, subfertility, dyschezia and cyclic rectal bleeding.
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Transvaginal ultrasound examination was performed by two ultrasound observers
who were both gynecologists with a high level of expertise in gynecological
ultrasonography. All patients were examined by both ultrasound observers and the
observers were blinded to each other’s findings. The ultrasound observers were also
blinded to any previous surgical findings. All patients were operated on by two
different laparoscopic surgeons with a high level of expertise. When moderate,
severe or deeply invasive disease (DIE) was present a complete surgical exploration
of the pelvis was performed, involving dissection of the pouch of Douglas (when
obliterated) and resection of any DIE, especially of bowel or RVS, so as not to miss
any disease. The operating surgeons were blinded to the detailed transvaginal

ultrasound findings.

Transvaginal ultrasound assessment of pelvic endometriosis was performed as

described in the general method section (chapter 5).

Statistical Analysis

All statistical analyses were carried out using Medcalc version 9.2.0.2 (Medcalc
Software, Mariakerke, Belgium). In order to determine any systematic bias between
the two diagnostic methods and to assess the relationship betw