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I ABSTRACT

The relationship between pain and endometriosis remains an enigma. This thesis 
investigated the association between pain and endometriosis, its natural history, treatment, 
and aetiological factors involved.

A detailed pain history was taken from women prior to laparoscopy to test the hypothesis 
that endometriosis could be predicted from the history alone. Severe dysmenorrhoea was 
found to have a sensitivity and specificity of 41% and 98%. A detailed pain history cannot 
substitute for laparoscopy in the diagnosis of endometriosis, but may help to reduce the 
interval from presentation and referral for specialist opinion.

All current treatments of endometriosis are contraceptive, with considerable side effects. 
We proposed that luteal phase progestogen may be beneficial in the treatment of 
endometriosis, without affecting conception. Luteal phase dydrogesterone (40 and 60 mg) 
for six months was compared with placebo in the treatment of minimal to mild 
endometriosis. Treatment did not affect pregnancy rates or the laparoscopic appearances 
of the disease, but 60 mg dydrogesterone significantly reduced pain compared with 
placebo. Longterm follow up suggests that the natural history of pain associated with 
endometriosis is improvement.

The lack of correlation between AFS (American Fertility Society) score and pain suggests 
that either endometriosis does not cause pain, that the current classification is inadequate or 
that some factor other some other factors such as peritoneal fluid cytokines or proliferation 
may be involved. Women with endometriosis were compared with women without the 
disease. Peritoneal fluid cytokines and endometrial gland and stromal cell proliferation in 
vitro were studied. No relationship was demonstrated between peritoneal fluid cytokine 
levels or proliferation in vitro with either pain or AFS score.

In conclusion, there is only a poor correlation between laparoscopic appearance and pain 
and some other factor (s) may cause the pain associated with endometriosis.
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1. INTRODUCTION

Endometriosis is one of the most frequently encountered gynaecological diseases requiring 

surgical and medical treatment, yet the pathophysiology of endometriosis remains 

controversial. Endometriosis is being diagnosed with increasing frequency and yet the 

significance of this is uncertain. The classic description of endometriosis is deceptively 

simple: the extrauterine growth of endometrial tissue (Sampson, 1940). Since Sampson 

first used the term in the 1920's, endometriosis has remained a perplexing and poorly 

understood disease of the female reproductive system. It affects women in the 

reproductive years, is associated with pelvic pain and infertility, and, although it is not life 

threatening can seriously impair health.

1.1  EPIDEMIOLOGY OF ENDOMETRIOSIS

The exact prevalence of endometriosis in the general female population is unknown, but 

has been estimated as 10-15% of all premenopausal women (Hassan, 1976). Diagnosis 

depends on the observation of lesions, either at the time of laparoscopy or laparotomy and, 

until a simple screening test is developed, the true incidence will remain unknown. 

Present information, therefore, is based upon prevalence studies in women presenting with 

one of several symptoms justifying laparoscopy, e.g. pelvic pain, dysmenorrhoea and 

infertility. Endometriosis, is a primarily a disease of the reproductive years and only 

rarely described in adolescents (when it is associated with obstructing genital tract 

abnormalities) and postmenopausal women (when it is associated with obesity and 

exogenous hormones). Contrary to the early epidemiological studies, no racial or social 

predilection has been found except for Japanese women who have twice the incidence of 

the disease of Caucasian women (Miyazawa, 1976). Delayed childbearing, either by 

choice or infertility, has been implicated as a risk factor for the development of 

endometriosis. The risk of developing the disease corresponds with the cumulative 

menstruation (menstrual frequency and volume over time) (Cramer et al., 1986; Olive and
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Hammond, 1986). Women with shorter menstrual cycles (less than 27 days) and longer 

flow (more than seven days) were found to be twice as likely to develop endometriosis than 

those with longer cycles and shorter flow.

Several clinical studies indicate a polygenetic or multifactorial inheritance and 

endometriosis is more prevalent in certain families. Based on the assumption that the 

incidence of endometriosis in the general population is 1%, the risk of having 

endometriosis is approximately 7% if a first degree female relative is affected (Simpson et 

al., 1984; Lamb et al., 1986) and 2% for second degree relatives (Lamb et al. 1986). No 

association was found with particular HLA tissue types (Simpson et al., 1984).
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1 .2  PATHOGENESIS OF ENDOMETRIOSIS

The major theories of causation of endometriosis are metaplasia of the coelomic cells 

(Meyer, 1919) or the implantation of endometrial fragments which reach the pelvic cavity 

by retrograde menstruation (Sampson, 1927).

The theory of coelomic metaplasia states that endometriosis develops from 

metaplasia of cells lining the pelvic peritoneum and was initially proposed by Dr Robert 

Meyer (Meyer, 1919). This theory is based on embryologie studies demonstrating that 

Mullerian ducts, germinal epithelium of the ovary, and pelvic peritoneum are all derived 

from the epithelium of the coelomic wall (Gruenwald, 1942). If this theory is correct, 

peritoneum must either contain undifferentiated cells capable of transformation into 

endometrial cells, or differentiated cells that maintain the capacity for further differentiation. 

The rare case reports of endometriosis in males is taken as evidence for the theory of 

coelomic metaplasia (Melicow and Pachter, 1967; Olikar and Harris, 1971; Pinkert, et al., 

1979; Schrodt et al., 1980). However, each involves the treatment of metastatic prostate 

cancer with high dose oestrogens and probably represents hyperplasia of endometrial cell 

rests in the prostatic utricle, the remnant of Mullerian ducts in men. If the theory is correct 

coelomic metaplasia should occur where ever coelomic membranes are present, but, while 

there is embryological evidence that the coelomic membrane covers the abdominal and 

thoracic cavities, endometriosis is rare outside the pelvis. Lastly, if coelomic metaplasia is 

similar to metaplasia elsewhere, it should occur with increasing frequency with advancing 

age. The clinical pattern of endometriosis is distinctly different, with an abrupt halt in the 

disease at the cessation of menstruation.

The most popular theory is that proposed by Sampson in 1921 (Sampson, 1921). 

He proposed that the menstrual effluent contained viable endometrial cells that could be 

transplanted to ectopic sites (Sampson, 1921; Sampson, 1925; Sampson, 1927a; Sampson, 

1927b; Sampson, 1940). He postulated that fragments of the uterine endometrium, 

transported through the Fallopian tubes in a retrograde manner at the time of menstruation.
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implant in the peritoneal cavity, giving rise to endometriosis. Endometriosis may also 

arise as a result of lymphatic and vascular metastasis, mechanical transplantation or direct 

extension of uterine endometrium.

The following evidence exists to support the theory of retrograde menstruation 

being the prime mechanism for the development of endometriosis; Viable endometrial cells 

have been demonstrated in menstrual effluent (Geist, 1979; Novak, 1926; Bartosik et al., 

1986) and have been grown in vitro (Mungyer et al., 1987) or even within the peritoneal 

cavity (in monkeys) if the menstrual flow is diverted to permit intraperitoneal menstruation 

(TeLinde and Scott, 1950). Endometrial cells obtained from the menstrual effluent have 

been demonstrated to be transplantable to abdominal wall fascia (Ridley and Edwards, 

1958). The tubal ostia are located near the uterosacral ligament in the Pouch of Douglas 

which is one of the commonest sites of endometrial cell implantation (Jenkins et al., 1986). 

However, several studies have confirmed a high incidence of retrograde menstruation (90- 

99%) and the presence of endometrial cells in PF in women of reproductive age, and yet, 

only 1-5% of these women have endometriosis (Halme et al., 1984a; Liu and Hitchcock, 

1986). This suggests that retrograde menstruation alone does not give rise to 

endometriosis, but that some other factor(s) must be involved in the development of 

endometriosis. Those factors could include some alteration in the uterine endometrium of 

women with endometriosis; an altered immune response to retrograde menstruation; or 

alternatively, a more favourable peritoneal environment which may stimulate the growth 

and implantation of ectopic endometrium in the peritoneal cavity.
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1 .3  HISTOPATHOLOGY OF ENDOMETRIOSIS

Endometriosis is defined histologically as the presence of endometrial glands and stroma 

outside the uterine cavity.

The use of scanning microscopy has altered the histological interpretation of 

endometriosis. Using a combination of scanning electron microscopy and histology 

Vasquez described three different types of endometriotic lesions (Vasquez et al., 1984). 

The first type is characterized by endometriotic polyps covered by non-ciliated cells with no 

glandular openings and the presence of highly vascularized stroma beneath the surface 

epithelium. The second type presents stromal foci with gland openings and covered by 

non-ciliated glandular cells. This type of implant can be found by scanning electron 

microscopy in areas where no lesions are seen at laparoscopy (Murphy et al., 1986). A 

third type cannot be detected by scanning electron microscopy as it is enclosed in the 

subperitoneal tissue. The endometriotic elements include glands and stroma, but no 

surface epithelium.

Cyclic histological changes in ectopic implants similar to uterine endometrium have 

been reported by Roddick (Roddick, et al., 1960). Schweppe has shown by histological 

and electron-microscopic studies that functional changes in endometriotic glands do not 

proceed as clearly or uniformly as in the uterine mucosa (Schweppe et al., 1984). He 

showed that if biopsies of endometriotic implants were compared with biopsies from the 

endometrium in relation to the day of the menstrual cycle, more than half of the 

endometriotic deposits were in phase with the endometrium, whereas in the remainder a 

dating was impossible.

The endometriotic implant reacts differently during the menstmal cycle according to 

the presence or absence of surface epithelium. In the presence of surface epithelium, the 

implant compares with the superficial endometrium, where, at the end of the cycle the 

secretory changes are associated with arteriolar changes, leading to necrosis and bleeding 

at the time of menstruation. In the absence of surface epithelium, the implant compares
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with basal endometrium, where proliferation, some secretory changes and vasodilatation 

occur but no necrosis of the arterioles at the time of menstruation. In the absence of 

stroma, the atrophic cystic gland is enclosed in connective tissue, resulting in scar 

formation.

These studies suggest that endometriotic endometrium has many similarities with 

uterine endometrium but that development is delayed in the proliferative phase of the cycle. 

These observations suggest an inadequate response to the ovarian steroids mediated by 

differences in the receptor levels and may explain the unpredictable response of 

endometriosis to hormonal therapy.

In the ovary, endometriosis usually presents either in the form of a superficial 

haemorrhagic lesion or in the more severe form as a haemorrhagic or 'chocolate cyst'. The 

histopathology of ovarian endometriosis is characterized by a large variation in the amount 

of endometrial tissue. The endometrial cyst can be lined by free endometrial tissue that 

histologically and functionally cannot be distinguished from eutopic endometrium, or, all 

traces of endometrial tissue can be lost and the wall of the cyst covered by fibrotic and 

reactive tissue. No specific pathology can be found in up to one third of clinically typical 

endometriosis cases and these cysts are classified as haemorrhagic cysts (compatible with 

endometriosis). The haemorrhagic content of these cysts is likely to originate from chronic 

bleeding of small areas of free endometriosis.
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1 .4  THE AMERICAN FERTILITY SOCIETY CLASSIFICATION
SYSTEM

The diagnosis of endometriosis requires visual assessment of the pelvis by 

laparotomy or laparoscopy. As laparoscopic skills develop, so more subtle appearances 

of endometriosis are diagnosed, such as non-pigmented lesions (Jansen and Russell, 

1986). In one study, the incidence of endometriosis rose due to increased recognition of 

’subtle' lesions from 15% of laparoscopies between January and May 1986, to 65% in the 

period October 1987 to June 1988 (Martin et al., 1989).

Laparoscopy is associated with significant morbidity and it has a number of 

inherent faults. The diagnostic accuracy of laparoscopy relies upon the operator’s visual 

and subjective assessment of the pelvis (Dmowski, 1987). The surgeon’s experience, the 

presence of co-existing pelvic adhesions and the pre-operative bias can all influence the 

interpretation of the laparoscopic findings (Dmowski, 1987). In addition, microscopic 

disease which has been described in visually normal peritoneum (Murphy et al., 1986; 

Vasquez et al., 1984) can theoretically be missed at laparoscopy. Microscopic disease has 

been found in visually normal peritoneum of 7 of 52 (13%) women with endometriosis and 

2 of 32 women (6%) without endometriosis (Stripling et al., 1988). The difference was 

not significant. However, Redwine (1988) failed to demonstrate any endometriosis in 

biopsies from normal peritoneum taken from 33 women, of whom 24 had endometriosis 

elsewhere and nine with a normal pelvis at laparoscopy. He argued that the discrepancy 

between his and previous findings can only be explained by ’the discriminatory threshold 

of the clinicians’ in defining what is visually normal peritoneum.

More than 15 laparoscopic appearances of peritoneal endometriosis have been 

described. The classical implant is a nodular lesion characterized by a variable degree of 

fibrosis and pigmentation. The colour can vary from white to blue, brown or black. 

Lesions may be vesicular (frequently red in appearance), papular (usually whitish or 

yellow), or haemorrhagic (Jansen and Russell, 1986). On histological examination the
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biopsies of such lesions show glandular tissue in 50 - 95% of biopsies (Nisolle-Pochet et 

al., 1990). Healed implants present as nodular or fibrotic scar tissue. The peritoneal 

implants may represent different stages of the disease and further studies are needed to 

clarify the evolution of these implants. Laparoscopic criteria for distinguishing between 

the active and the inactive or healed nodular implant have not been established.

The extent of endometriosis is usually staged by the American Fertility Society 

Classification System (American Fertility Society, 1979; American Fertility Society, 1985). 

Four anatomical areas (peritoneum, fallopian tubes, ovaries and Pouch of Douglas) are 

examined for the presence of endometriosis or adhesions. It evaluates the sequelae of 

endometriosis in terms of fibrosis, adhesions or cyst formation but not the implants in 

terms of cells or evolution (Brosens et al., 1985). This system was devised to evaluate the 

results of surgical treatment. What is called stage I or minimal endometriosis may 

represent a pelvis full of active, atypical endometriosis as well as a single inactive healed 

implant. Adhesions and scar formation can represent progression of the disease as well as 

a healing process and the size of an endometrioma has never been correlated with the 

amount of endometrial tissue.

Development of a clinically useful classification system of endometriosis requires 

an understanding of the natural development and pathophysiology of the disease. The 

pathophysiology of endometriosis may change during its evolution. A more functional 

classification system of endometriosis is needed. Lesions have been found to differ in 

their functional activity. Red petechial lesions produce the highest amount of 

prostaglandin with less from brown and least from black lesions (Vernon et al., 1986). 

Free endometrial implants may be more related to infertility and active enclosed implants to 

pelvic pain.
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1 .5  ENDOMETRIOSIS AND PAIN

The symptoms of endometriosis are variable and often unrelated to the extent of the 

disease. The most frequent complaints among women with endometriosis are 

dysmenorrhoea, dyspareunia and pelvic pain. The pain is often cycle-related and increases 

pre-menstrually. There is, however, little conclusive evidence that endometriosis causes 

pain.

The International Association for the Study of Pain has defined pain as 'an 

unpleasant sensory and emotional experience, associated with actual, or potential tissue 

damage' (Merskey et al., 1979). Pain may, therefore, be a protective mechanism, 

occurring whenever tissue is damaged and causing the individual to react to remove the 

pain stimulus. The additional component to the sensation of pain is the emotional; causing 

anguish, anxiety and depression. Quantitative assessment of pain severity is difficult and 

little attempt has been made in endometriosis research to use well validated and 

reproducible methodology.

Pelvic pain is an immense problem in terms of pelvic suffering and financial cost. 

The annual incidence of pelvic pain in the UK is estimated at 14,000 with a prevalence of

345,000 (Davies et al., 1992). The economic burden of the condition can be calculated 

directly in terms of the cost of health care resources consumed, and indirectly in terms of 

lost work capacity; the cost of intangibles such as suffering and reduced quality of life is 

impossible to estimate. The estimated total annual cost to society for all women with 

pelvic pain is £158.4 million (direct) and £24 million (indirect). The estimated total 

lifetime treatment costs for a one year incidence cohort of women with pelvic pain is £10.5 

million (direct) and £2.6 million (indirect) (Davies et al., 1992). The contribution made by 

endometriosis to the total cost is 20-30%, although it is impossible to give an exact figure 

as not every woman with pelvic pain will have a laparoscopy: one third of women with 

pelvic pain are cared for solely by a general practitioner and are presumably treated on an 

empirical basis.
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There has been little evidence to support the association between endometriosis and 

pain, as the severity of the symptoms has rarely correlated with the extent of the disease. 

Women with severe disease have often been noted to be asymptomatic (Buttram, 1979). 

In many studies, pain severity is inadequately assessed. Only Fedele et al. (1992) 

attempted to quantify dysmenorrhoea, pelvic pain and dyspareunia using a scoring system 

(Fedele et al., 1992). Dysmenorrhoea, dyspareunia and pelvic pain are reported more 

frequently in women with endometriosis than in those without the disease (Williams and 

Pratt, 1977; Duignan et al., 1972; Mahmood et al., 1991). However, other studies have 

reported no significant difference in the incidence of endometriosis in women undergoing 

laparoscopy for pain or laparoscopic sterilization and demonstrate the weak association 

between pain and endometriosis (Kresch et al., 1984; Hasson, 1976).

Given the poor correlation between most pain symptoms and endometriosis, only 

two conclusions are possible. Endometriosis may not be a cause of pelvic pain, and the 

finding of endometriosis at laparoscopy may therefore be coincidental. Alternatively, 

endometriosis may exist in different forms e.g. superficial and deep, only some of which 

cause pain. Sturgis and Call (1954), proposed that the amount of pain generated by a 

lesion is related to the pressure it causes within the surrounding tissues, a function of its 

menstrual activity and location. Thus, deep menstruating lesions are painful if they occur 

within unyielding scar tissue and superficial peritoneal lesions are not, as they usually 

expand into the peritoneal cavity. Deeply infiltrating endometriosis has been strongly 

associated with pelvic pain. In a prospective study of 643 consecutive laparoscopies for 

infertility and pelvic pain, pelvic pain was associated with total volume of endometriosis (p 

= 0.01) and depth of infiltration of the deepest lesion (p < 0.0001) (Koninckx et al., 1991).

1 . 5 .1  Aetiology of pain

The aetiology of pain in endometriosis is uncertain. Some investigators believe 

women who present with pain represent a different subgroup of endometriosis, where the
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disease is progressive and destructive (Koninckx et aL, 1991). Pain may arise due to 

stretching of tissues by the menstrual process (Sturgis and Call, 1954), the local production 

of prostaglandins by endometriotic implants (Willman et al., 1976) or tissue damage and 

adhesion formation. Deep dyspareunia may result from pressure on diseased ovaries, 

uterosacral ligaments or rectovaginal septum (Hayden and Soderstrom, 1977; Roddick, et 

aL, 1960).

The initiating event in the perception of pain is stimulation of the nociceptor. Pain 

signals are conducted in the afferent nerves to the higher centres via the anterolateral 

spinothalamic tracts; the signals are modulated and further processed in the cerebral cortex. 

Three types of pain are perceived: somatic pain, arising from the abdominal wall, is sharp 

and well localized; visceral pain is diffuse and poorly localized and referred pain is caused 

by the activation of somatic afferents by visceral pain signals in the same or adjacent 

dermatomes.

Visceral pain arises in the nociceptors of pelvic organs covered with peritoneum, 

stimulated by stretching, inflammation and ischaemia; the pain is perceived as diffuse and 

vague. Symptoms may therefore be caused by mechanical activation of nociceptors due to 

expansion of endometriotic tissue during menstruation or invasion of normal tissue by the 

disease. Endometriotic implants may cause pain by any of the following mechanisms. 

Vulvar or lower vaginal endometriosis may elicit pain when touched or rubbed (somatic). 

Ruptured or leaking endometriomas may cause peritoneal irritation and acute pain 

(somatic). Peritoneal endometriotic implants may secrete factors e.g. cytokines, histamine 

that irritate the peritoneal surface (somatic). Pelvic adhesions with scarring or retraction of 

peritoneal surface may cause pain transmitted by somatic fibres of the peritoneum. 

Retroverted uteri and ovaries adherent in the Pouch of Douglas may cause dyspareunia due 

to compression of these structures (visceral) or due to tension on surrounding peritoneum 

(somatic). Uterosacral nodules may cause pain when touched due to compression
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(visceral) or to stretching of the surrounding peritoneum (somatic). Invasion of the 

urinary or gastrointestinal tract with or without obstruction may elicit visceral pain.

Dysmenorrhoea has long been associated with endometriosis and has been 

proposed to be a consequence of the disease. Schulman et al. (1983) proposed that 

dysmenorrhoea was caused by prostaglandin-induced elevations in uterine pressure and 

that uterine pressure may increase sufficiently to alter the volume of retrograde 

menstruation. This is particularly true if relative uterine outflow obstruction is present, 

and nulliparous women may be considered to have some degree of outflow obstruction in 

the absence of a vaginal delivery. According to this concept, dysmenorrhoea may be a 

clinical characteristic associated with higher pressures and increased tubal regurgitation 

rather than a consequence of the disease. However, in a study of fertile women the 

incidence of dysmenorrhoea was similar in women with and without endometriosis (Liu 

and Hitchcock, 1986) and cervical dilatation has never been shown to be therapeutic.

It has been postulated that retrograde spillage of menstrual debris causes 

dysmenorrhoea, but this seems unlikely as retrograde menstruation occurs in 90% of 

women (Liu and Hitchcock, 1986). Prostaglandin levels in PF, menstrual fluid, 

endometrium and endometriotic tissue have been measured in studies with conflicting 

results. Vernon et al. (1986) reported that the rate of in vitro prostaglandin F synthesis 

varied with the age of the endometriotic tissue. Maximum synthesis was found in fresh 

lesions with little haemosiderin content and no synthesis in powder-bum lesions. He 

suggested that the relationship between patient symptoms and biochemical status of 

endometriotic implants should be investigated.

There is no universally accepted hypothesis that explains how endometriosis can 

cause pain, especially in the case of minimal-mild endometriosis. Many investigators have 

proposed that women with endometriosis have an altered pelvic environment that interferes 

with fertility and provides the mechanism for pain. Endometriotic tissue may release 

chemicals and inflammatory products which activate nociceptors, such as cytokines.
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bradykinin, serotonin and histamine. Higher levels of cytokines tumour necrosis factor 

(TNF) (Eiserman et aL, 1988), interleukin (IL) -1 (Fakih et al., 1987; Hill and Anderson, 

1989) and platelet derived growth factor (PDGF) (Chegini et al., 1992) have been found in 

the PF of women with endometriosis compared with controls. Fibrosis itself may lead to 

ischaemic changes. Unfortunately there is no evidence in the literature to support any of 

these claims.

1 . 5 . 2  Treatment of pain

There is a significant risk of recurrence of pain symptoms following all current 

treatments for endometriosis. The choice of treatment is dictated by the age of the woman, 

family status, desire for conception, severity of symptoms, stage of disease and prior 

response to any treatment. In selecting the specific hormonal regimen, side effects of the 

drug, individual sensitivity and response, as well as economic factors may have to be 

considered. Conservative surgical methods such as laser laparoscopy offer direct 

destruction of visible and accessible lesions but some lesions may be missed. Peritoneal 

endometriosis may be too extensive to be effectively treated by laser.

Reports on the use of laser laparoscopy have mostly been retrospective and 

uncontrolled with the resolution of infertility as the principal outcome (Cook and Rock,

1991). Controlled trials of the laparoscopic treatment of pain in endometriosis are lacking. 

Sutton and Hill (1990) have reported on the laser laparoscopic treatment of women with 

endometriosis with five year follow-up and seven year follow-up (Sutton, 1991). The 

latter report included 260 women with pelvic pain. Of these, 167 (64%) experienced an 

improvement; 58 (22%) were unchanged and 24 (9%) relapsed between six and 18 

months. Second-look laparoscopy in a subgroup of 33 women who did not respond 

showed that 50% had no visible disease remaining and 18 had new areas of involvement.

Where the problem is sustained pelvic pain, the approach is to destroy visible 

lesions, with special care being taken when the lesions are in close proximity to structures
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such as the ureter. Where the problem is severe dysmenorrhoea there is a good chance that 

there are lesions affecting the uterosacral ligaments. Nociceptor signals from this area tend 

to pass via the Lee-Frankenhauser plexus and can be intercepted by laser ligation of the area 

at the insertion of the uterosacral ligaments into the cervix. If there is significant 

dyspareunia, there may be implants on the uterosacral ligaments or on the peritoneum in the 

Pouch of Douglas which are accessible to laser treatment, but there are few controlled 

trials.

In a small double blind, placebo-controlled study of uterosacral transection by 

bipolar diathermy in 21 women with dysmenorrhoea, Lichten and Bombard (1987) found 

that there was a significant improvement or relief of symptoms in 9 of 11 actively treated 

women at three months, and five were still improved at one year. None of the 10 women 

in the control group had relief of symptoms. In an uncontrolled study Sutton and Hill 

(1990) observed improvement of dysmenorrhoea in 81 (81%) of 100 women with 

endometriosis after laser laparoscopic uterine nerve ablation.

Conservative surgery performed by laparotomy is less popular, but there are 

occasions where it is required. The release of adhesions, the destruction of implants and 

the possibly greater surgical control might imply that a more complete job could be done 

than with the laparoscope. However, there is a significant recurrence rate after 

conservative surgery: 14% at three years and 40% at 5 years (Wheeler and Malinak, 1983).

Combining surgical approaches with one of the medical methods may offer 

improved success, but as yet there is no data on this. Medical treatment without surgery is 

often successful, but there is a significant recurrence of pain and disease. Unfortunately, 

most drug studies are of relatively small numbers of women and provide information only 

in the treatment phase or with brief follow-up after treatment. Subjective improvement in 

pain has been reported with several of the progestogens. The larger progestogen studies 

have involved the use of medroxyprogesterone acetate (MPA) at a dose of 30 - 50mg 

(Luciano et al., 1988; Moghissi and Boyce, 1976; Roland et al., 1976). These have been
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open studies, but each reported good relief of symptoms and in one controlled study 

lOOmg MPA daily was found to have equivalent efficacy to 600mg danazol daily (Telimaa 

et aL, 1987) with both drugs performing significantly better than placebo in the relief of 

pelvic pain.

More reports exist concerning relief of pain in women treated with danazol (Barbieri 

et aL, 1982) or gonadotrophin releasing hormone (GnRH) agonists (Lemay et aL, 1984; 

Shaw et al., 1983), and large trials comparing the efficacy of oral danazol with intranasal 

GnRH agonists. These trials differed in their design, but basically consisted of random 

allocation to danazol or the GnRH agonist for six months' treatment. The comparison 

involving buserelin was not blind (Jelley and Magill, 1986) whereas the nafarelin studies 

were double-blind (Henzl et al., 1988; Kennedy et al., 1990a). These controlled studies 

revealed pain relief in the majority of women, with the therapies being equally effective; 

however, the side effect profiles differed. There is also evidence of good efficacy using 

subcutaneous monthly injections of the GnRH agonist, goserelin, reported from a large 

open study (Reichel and Schweppe, 1992).

When pain does recur at some time after treatment there is a clinical dilemma. 

Evers (1991) has addressed this issue, summarising the 5-year recurrence risk of up to 

47% after conservative surgery and up to 51% after medical therapy. The recurrence is 

usually indicated by the recurrence of pain. In many cases a reassessment laparoscopy 

will not be required since medical treatment can be explored further by being titrated against 

a response in terms of pain relief. If medical therapy was free from side effects it would 

be clear that surgery should routinely be followed by drug treatment; however, there is no 

consensus on this.

Many women with recurrent endometriosis wish to preserve their potential for 

fertility; however, where fertility is no longer required or where the chronic pain becomes 

the paramount problem then radical surgery is an option. Total hysterectomy with bilateral 

oophorectomy provides the nearest approach to definitive treatment. Estimates vary as to
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the risk of recurrence if the ovaries are conserved, but are in the range of 1% to 10% in 

studies involving 100 or more women (Andrews and Larsen, 1974; Ranney, 1970; 

Williams and Pratt, 1977). This supports current practice which recommends bilateral 

oophorectomy at the time of hysterectomy: however, there remains a finite risk of 

recurrence which is likely to be increased if oestrogen replacement is given.

1 . 5 . 3  The impact of medical therapy on the natural history of endometriosis

The published literature describing the natural history of endometriosis is limited. This is 

because, prior to the introduction of laparoscopy, only symptomatic disease was treated 

and the symptoms were used to define the progress of the disease and the effectiveness of 

the therapy. Since laparoscopy, it has been possible to visualize the effect of drugs on the 

disease. However, until the late 1980s no report had verified that treatment had a 

beneficial effect, compared with the natural history of the disease. Telimaa et al. (1987) 

reported a placebo-controlled trial of danazol and medroxyprogesterone acetate in which 

they showed that the disease deteriorated in 23% of those on placebo compared with none 

of the women on treatment. The disease improved in only 18% of women on placebo, 

compared with 60% of women on danazol and 63% of women on MPA. However, some 

of these women also had laparoscopic electrocoagulation initially as treatment and, 

therefore, it is not a pure observation of the natural history of endometriosis.

Thomas and Cooke (1987a) reported a placebo group that had no other treatment. 

They carried out a double-blind, randomized, placebo-controlled trial of gestrinone in 

asymptomatic endometriosis in infertile women. All women had a pre-treatment 

laparoscopy at which the disease was scored using the original American Fertility Society 

(APS) score (1979), and then a repeat laparoscopy in the final week of treatment. There 

was a significantly greater improvement in the treatment group compared with placebo. 

APS score deteriorated in eight of 17 women on placebo. In three, this deterioration 

included the appearance of new periovarian and peritubal adhesions. APS scores did not
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deteriorate in any woman on treatment. The conclusion of this study was that the natural 

history of the disease was to deteriorate and that this deterioration was unpredictable. This 

likely deterioration of the disease was, therefore, a good reason to treat the finding of 

asymptomatic endometriosis.

However, there has been further evidence that questions the validity of this 

reconunendation. The frequency of the diagnosis appears to be increasing as our 

sensitivity to the visual diagnosis heightens. Dodge et al. (1986) reported a high incidence 

of endometriosis in women presenting for reversal of sterilization who did not have the 

disease at the original procedure. This is a group that would previously have been 

expected to have a low incidence because of tubal occlusion and highlights the increased 

possibilities of diagnosis with careful inspection. Murphy et al. (1986) described 

microscopic endometriosis in peritoneal mésothélium that had appeared normal when 

biopsied. Redwine subsequently reported that microscopic endometriosis was not present 

if great care was taken in selecting the site of biopsy (Redwine, 1988). These papers are 

not contradictory: one shows that random biopsies will demonstrate microscopic 

endometriosis, while the other shows that you have to look very carefully not to find the 

disease. The final conclusion is still that the disease is common in the pelvic peritoneum 

and may be able to be found in all women if searched for vigorously.

A review article reported that 20% of women with unexplained infertility were 

found to have endometriosis two years after a normal laparoscopy (Pepperell and McBain,

1985). This suggests that endometriosis may be constantly appearing and disappearing in 

the pelvis. Evers (1987) has reported a study that suggests that the impact of medical 

therapy in endometriosis is only temporary. He divided women who had equivalent 

amounts of endometriosis at the initial laparoscopy into two groups; the first group had the 

repeat laparoscopy in the final week of treatment and the second had the procedure delayed 

until the follicular phase of the second menstrual cycle after treatment was stopped. 

Resolution of the disease was significantly less in the second group, suggesting that the
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disease is not removed by medical therapy but is suppressed and reappears when 

oestrogen stimulation returns. This new evidence makes it difficult to justify the medical 

treatment of asymptomatic endometriosis when the disease appears ubiquitous, is not 

removed by treatment, and does not improve fertility.
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1 .6  THE PERITONEAL ENVIRONMENT IN ENDOMETRIOSIS

The mésothélium is composed of a single layer of flattened cells forming an epithelium that 

lines serous cavities including the peritoneum, pericardium and pleura. The peritoneum is 

a completely enclosed sac with the exception of the openings of the fallopian tubes. The 

peritoneum is highly permeable. Water, electrolytes, urea and other small molecules and 

toxins are transported across the peritoneal membrane (Rohr and McDonald, 1986). 

Microscopically, the peritoneum consists of a simple squamous cell layer of mésothélium 

and a deeper loose connective-tissue layer that contains collagen, elastic fibres, fat cells, 

reticulum and tissue macrophages. With peritoneal irritation or inflammation, the 

squamous cells may become cuboidal and develop small spaces (Rohr and McDonald,

1986).

PF may play a role in the aetiology of pain or infertility by serving as a reservoir for 

toxic cells or substances. The source of the toxic factors may be macrophages, 

endometrial implants, or retrograde menstruation. Prostaglandins, cytokines, complement 

components, growth factors, protein hormones and plasminogen activators have been 

proposed as mediators of the symptoms of pain and infertility in endometriosis.

1 . 6 .1  Peritoneal fluid volume

PF is an ultrafiltrate of plasma. In normally cycling women, the PF volumes are low (8 - 

10 mis in the follicular phase). As the cycle progresses, PF volume gradually increases to 

its maximum volume of approximately 20 ml during the early luteal phase of the cycle. PF 

volume then decreases following the mid-luteal phase (Koninckx et al., 1980a; Maathuis et 

al., 1978). The normal increase in PF volume in the luteal phase may be significantly 

greater in women with endometriosis (Badawy et al., 1985; Chacho et al., 1986; DeLeon et 

al., 1986; Drake and Grunert, 1980; Halme et al., 1984b; Koninckx et al., 1980a; Mudge 

et al., 1985).
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The source of PF is debated. Some investigators have suggested that oestradiol 

may cause accumulation of fluid within the peritoneal cavity (Maathuis et aL, 1978). 

Others believe that the volume changes are a direct result of ovarian exudative fluid, with an 

additional contribution from follicular rupture (Koninckx, et al., 1980a). The fallopian 

tube contribution to PF is minimal in most conditions (Lippes et al., 1972). Endometriosis 

may alter PF volumes by increasing fluid production by the ovaries, altering mésothélial 

permeability, or increasing the colloid osmotic pressure as a result of altered protein 

content.

1 . 6 . 2  Macrophages

The peritoneal cavity normally contains 20 ml or less of straw coloured fluid. Normal PF 

contains approximately 10^ cells/ ml, of which 90% are macrophages and the rest are 

desquamated mésothélial cells and lymphocytes (van Furth et al., 1979). Many studies 

report that the total number of macrophages is significantly increased in women with 

endometriosis compared with fertile controls and infertile women without endometriosis 

(Badawy et al., 1984; Chacho et al., 1986; Dunselman et al., 1988; Halme et al., 1982; 

Halme et al., 1987; Haney et al., 1983; Hill et al., 1988; Olive et al., 1985; Syrop and 

Halme, 1987). There are no studies that show a decrease in macrophage number with 

endometriosis, but, two studies showed similar numbers of macrophages in women with 

and without endometriosis (Awadalla et al., 1987; Zeller et al., 1987). The measurement 

of macrophage concentration is not as consistent as those on total number.

As well as increasing in number, peritoneal macrophages have been reported to be 

more activated in endometriosis. Measurable indicators of macrophage activation are 

cellular enlargement, capping, or segregation of ligand-specific cell membrane receptors at 

one pole of the cell and increases in enzymes such as acid phosphatase, myeloperoxidase, 

leucine aminopeptidase and chemiluminescence. Macrophage activation can be evaluated 

in vitro by the observation of phagocytic ability. In all but one study, at least one index of
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macrophage activation was significantly increased in women with endometriosis (Halme et 

al., 1983; Halme et al., 1987; Halme et al., 1984b; Muscato et al., 1982; Chacho et al., 

1986; Dunselman et al., 1988). Awadalla was unable to demonstrate increased sperm 

phagocytosis in women with endometriosis (Awadalla et al., 1987)..

Studies evaluating peritoneal macrophages are limited by variations in PF volumes. 

Cycle day at the time of recovery is rarely controlled, and alteration in PF volume may 

affect macrophage numbers. Increased PF during the early luteal phase of the cycle may 

result in a lower macrophage concentration and a relative increase in concentration during 

the early follicular phase may occur when the fluid volume is low. Total macrophage 

number may be influenced by menstrual reflux before, during, or after menses, due to 

inflammation, menstrual debris or tubal macrophages. Collection techniques are 

inconsistent and minimal variations bias results. Selection of control groups has also been 

criticized; most studies include infertile women without endometriosis who may have active 

microscopic or atypical endometriosis. Women with tubal occlusion have fewer 

macrophages present in PF than patients with patent tubes and patients with pelvic 

infections are likely to have higher macrophage counts.

1 . 6 . 3  Prostanoids

Pickles and Clitheroe (1960) first suggested that PCs were involved in the aetiology 

of dysmenorrhoea. The mechanism by which PCs cause dysmenorrhoea is thought to be 

a direct stimulation of myométrial contractions (Smith, and Powell, 1982). Increased 

concentrations of PGs have been demonstrated in endometrium, endometrial washings, and 

menstrual effluent of women with dysmenorrhoea (Chan and Hill, 1978; Jones et al., 

1975; Pickles et al., 1965; Willman et al., 1976) and increased plasma levels of PG 

metabolites have been reported (Chan and Hill, 1978; Lundstrom and Green, 1978). PG 

synthetase inhibitors relieve dysmenorrhoea, correlated with a decrease in uterine 

contractility and menstrual fluid PG concentrations (Anderson et al., 1978; Chan et al..
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1979; Csapo et al., 1977; Henzl et aL, 1977; Lundstrom et al., 1976; Schwartz et al., 

1974) and have been shown to significantly relieve dysmenorrhoea in women with 

endometriosis compared with placebo (Kauppila et al., 1979).

The source of PGs in PF of women with endometriosis may be the peritoneal 

macrophages, but also endometriotic implants, peritoneum, endometrium, fallopian tube, 

ovaries or menstrual reflux. No significant differences have been noticed in PG 

concentrations between follicular and luteal phase in either endometriosis patients or 

controls (Dawood et al., 1984; DeLeon et al., 1986; Ylikorkla and Viinikka, 1983). Some 

studies report that levels of PG in PF are higher in women with endometriosis than in 

controls (Drake et al., 1981; Ylikorkla and Viinikka, 1983; Sondheimer and Flickinger, 

1982). However, an equal number of studies report no differences (Chacho et al., 1986; 

Dawood et al., 1984; Halme et al., 1983; Sgarlatta et al., 1983). The many contradictions 

between studies measuring the levels of PGs in PF of women with and without 

endometriosis could be explained by the differences in collection techniques, cycle timing, 

and control group selection, making it difficult to interpret the data.

Studies of PF prostaglandins are limited by the ubiquitous nature of PGs and their 

short half lives of seconds or minutes. Minimal trauma can elicit a large and rapid PG 

response and studies measuring gross changes in prostaglandin metabolites may be 

inadequately sensitive to explain subtle differences in women with endometriosis. Rock 

(1982) and Rezai (1987) controlled for cycle stage and studied PG levels in PF primarily 

in the luteal phase. They failed to demonstrate a significant change in women with 

endometriosis in the luteal phase compared with controls. Vernon et al. (1986) proposed 

that PG production may be altered by the histology of the endometrial implants. Active 

petechial implants produce much higher levels of PGF in vitro than inactive implants, 

although PGF content is comparable. These findings suggest that in vitro incubation 

techniques may be a more useful indication of prostaglandin alterations than direct 

measurement of prostaglandins.
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1.6 .4  Cytokines

The potential effects of cytokines in women with endometriosis have not been 

completely defined, but they may play a role in endometriosis-associated pain and 

infertility. Cytokines are polypeptides of high biological activity, produced in small 

amounts within tissues and to which the cells respond through highly specific cell surface 

or nuclear receptors and are known to act in a variety of tissues (Semer et al., 1991). They 

have paracrine, autocrine, and endocrine function and modulate cell functions ranging from 

proliferation to differentiation. In addition to T-cells and monocytes, other cells including 

epithelial, endothelial and mesenchymal cells produce cytokines. Originally described as a 

separate group, growth factors are now included in the cytokine family, which includes 

interleukins (IL-1 to IL-11), colony stimulating factors (M-CSF, G-CSF, GM-CSF), , 

tumour necrosis factors (TNF a  and P), interferons (IFNs a , p and y), transforming 

growth factor a  and p (TGF P 1 - 5), activin, inhibin, chemotactic factors and epidermal, 

fibroblast, insulin-like, nerve and platelet derived growth factors (PDGF).

Interleukin-1 is a primary mediator of the inflanunatory response. It induces 

prostaglandin synthesis (Rossi et al., 1985) and stimulates B-cells to produce 

immunoglobulins (Falkoff et al., 19831. Significantly higher levels of ELI have been 

found in PF from women with endometriosis compared with controls (Fakih, Baggett et 

al., 1987; Hill and Anderson, 1989). ILl, as measured by bioassay, was present in the 

PF of 10 of 11 women with minimal-mild endometriosis but was undetectable in fertile 

women undergoing tubal ligation (Fakih et al., 1987). In the same study, recombinant 

ILl, inhibited in vitro mouse embryo survival, although it is not clear whether the amounts 

of ILl used in the mouse embryo experiments were comparable to the levels detected in the 

PF from women with endometriosis (Fakih et al., 1987). ILl stimulates fibroblast 

proliferation, collagen deposition and adhesion formation (Postlethwaite et al., 1984) and 

Fakih (1987) has proposed that the elevated levels of ILl associated with the advanced 

stages of endometriosis may explain the occurrence of fibrosis and adhesion formation.
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Other investigators have looked at the levels of growth factors in PF of women with 

endometriosis. Similar levels of epidermal growth factor (EOF) have been found in PF of 

women with endometriosis and women with normal pelvic anatomy (DeLeon et aL, 1986). 

Levels of PF EOF were significantly higher in secretory compared with the proliferative 

phase of the cycle (p<0.05) (DeLeon et al., 1986). Macrophage-derived growth factors 

are produced in higher amounts by macrophages from women with endometriosis than 

controls (Halme, 1988) and Halme has proposed that macrophage-derived growth factor 

enhances the ectopic growth of endometrial cells in the peritoneal cavity. There is evidence 

that PDGF is identical to the major macrophage-derived growth factor (Shimokado et al., 

1985).

Tumour necrosis factor exists in two forms, a  and p. TNF is able to elicit 

haemorrhagic necrosis of tumours in animals and has been shown to be cytotoxic for a 

variety of cell lines in vitro. TNF is primarily secreted by macrophages and mediates 

macrophage cytotoxicity against susceptible cells (Urban et al., 1986). TNF is elevated in 

patients with moderate or severe endometriosis, compared with women with normal pelvic 

anatomy (P<0.001) (Eiserman et al., 1988). Elevated levels have also been found in 

women with pelvic inflammatory disease (Eiserman et al., 1988). The concentration of 

peritoneal macrophages in women with endometriosis was not correlated with the presence 

or level of PF-TNF, which suggests that macrophages may not be the only source of TNF 

in PF (Eiserman et al., 1988).

IL6 has also been found in PF, although levels were similar in women with 

endometriosis and women with normal pelvic anatomy (Buyalos et al., 1992). Higher 

levels of IL6 were found in women with pelvic inflammatory disease (Buyalos et al.,

1992). M-CSF has also been found in PF, although no significant differences were 

reported between women with endometriosis, women with PID or women with normal 

pelvic anatomy (Weinberg et al., 1991).
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1 . 6 . 5  Peritoneal fluid proteins

Suginami et al. (1986) demonstrated that PF from women with endometriosis interferes 

with ovum pick-up in the golden hamster and identified a protein that inhibits the fimbrial 

capture of ovum in vitro. This substance is a water-soluble protein with a molecular 

weight greater than 100,000. The study was criticised for mixing PF, oocytes and 

fimbriae from different species, the lack of control of cycle stage and the diverse control 

group.

Joshi et al. (1986) have identified a progestogen-associated endometrial protein 

(PEP) that is elevated in PF in the secretory phase of the menstrual cycle from women with 

moderate to severe endometriosis compared with women with mild endometriosis and 

disease-free controls. PEP is a major secretory protein of the human endometrium and 

rises rapidly during the late luteal phase of the menstrual cycle. The tissue origin of PF 

PEP has not been determined, but may result from retrograde menstruation or secretion by 

endometriotic implants. Serum concentrations of this protein are elevated on days 5-20 in 

patients with severe endometriosis compared with controls (Telimaa et al., 1989). Serum 

levels of PEP are lowered by conservative surgery or medical therapy in patients with 

endometriosis (Telimaa et al., 1989) and early reports on its use as a clinical marker for 

endometriosis are encouraging. The physiological role of PEP in endometriosis has not 

been established.

Other proteins in PF have been examined. Acid phosphatase is elevated in PF 

from women with endometriosis, although the significance of this finding is not clear 

(Halme et al., 1983). Plasminogen activator is a serine proteinase that is present in high 

concentrations in many extracellular fluids. When plasminogen activator is reduced by 

50% or more, fibrin cannot be cleared and permanent adhesions may subsequently form 

(Buckman et al., 1976). Malick has proposed that a deficiency in plasminogen activity in 

women with endometriosis may explain adhesion formation with endometriosis (Malick, 

1982). However, plasminogen activator activity is unchanged in PF from women with
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endometriosis (Batzofin et al. 1985) and the severity of endometriosis does not affect 

activity levels (Olive et al., 1987). Prolactin is a secretory product of normal 

endometrium, but, PF prolactin levels are unchanged with endometriosis (Haney et al., 

1984).

CA-125 is a cell surface antigen expressed in derivatives of coelomic epithelium, 

peritoneum and the endocervix. CA-125 is elevated in PF of women with moderate and 

severe endometriosis, although other investigators have found that serum CA-125 levels 

are a more sensitive indicator of endometriosis than PF levels (Moretuzzo et al., 1988; 

Williams et al., 1988). The reason for elevated levels of CA-125 is not clear, but serum 

levels may provide a useful clinical marker.
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1 .7  EXPERIMENTAL AIMS

The first aim of this thesis was to investigate the relationship between pain 

symptoms and endometriosis, and particularly if a detailed pain history could predict a 

laparoscopic finding of endometriosis.

The second aim was to investigate a new treatment for endometriosis with respect to 

AFS score, pregnancy rates and relief of pain in a randomized, double-blind study and to 

study the natural history of the disease in the placebo group.

The third aim was to study the relationship between PF environment and pain. PF 

cytokines were assayed and related to clinical symptoms, in order to determine which, if 

any, were related to pain. Proliferation of endometrial gland and stromal cells in PF were 

related to clinical symptoms and cytokine levels, in order to determine if pain was related to 

proliferative disease.
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2.1  INTRODUCTION

The diagnosis of endometriosis should be considered on clinical grounds in a wide 

range of presentations in women from the menarche to the menopause. A definitive 

diagnosis can only be made by visual inspection of the pelvis at laparoscopy or laparotomy 

(Barlow and Kennedy, 1990). Patient self help groups emphasise how frequently medical 

practitioners delay making the diagnosis, often because they fail to consider it as a 

diagnostic possibility. Even in the United States, where women have arguably greater 

access to laparoscopy, 27% of women with endometriosis in a retrospective study had been 

symptomatic for at least six years before a diagnosis was finally made (Kennedy, 1992). 

Many women believe that a delayed diagnosis leads to increased personal suffering, more 

prolonged ill-health and a disease state that is more difficult to treat (Kennedy, 1991). It is 

the opinion of many endometriosis sufferers that delays are caused by doctors failing to 

recognise the importance of symptoms and claiming that women are over-reacting.

The aim of this prospective study was to examine the relationship between pain and 

pelvic pathology in women referred for laparoscopy. The intention was to study a high 

risk population in order to identify features in the history which might be predictive of 

endometriosis.
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2 .2  MATERIALS & METHODS

The author questioned one hundred consecutive women (median age 31, range 22-42) 

admitted for laparoscopy under the care of one consultant. Ethical approval was obtained 

from the Central Oxford Research Ethics Committee and women gave verbal consent to 

participate in the study. Laparoscopy was indicated as part of their diagnostic 

investigations for infertility (n=76) and pain (n=16) or request for sterilization (n=8). Of 

these women 19 were taking concurrent medication; 13 infertile women were taking 

clomiphene or cyclofenil, six of eight women undergoing sterilization were taking the oral 

contraceptive pill and five of 16 women with pelvic pain were taking medication (two were 

taking the oral contraceptive pill, two were taking hormone replacement therapy and one a 

cyclical progestagen from days 15-25).

The women were questioned in the 24 hours prior to surgery and asked if they 

regularly experienced pre-menstrual pain, dysmenorrhoea, dyspareunia or pelvic pain 

unrelated to menses or sexual intercourse. They were specifically asked about dyspareunia 

and whether it was deep inside or at the entrance of the vagina. Only symptoms of deep 

dyspareunia were included in the analysis. A detailed menstrual history was also taken. 

Pre-menstrual pain was classified as pain in the lower back or abdomen that occurred in the 

week before the menses and was not accompanied by bleeding. Dysmenorrhoea was 

classified as pain in the lower back or abdomen with menstruation. Pelvic pain was 

classified as pain felt at other times of the cycle and included mittelschmerz.

The severity of pain was evaluated using a scoring system modified from that of 

Andersch and Milsom (1982). The system defines pain according to limitation of working 

ability. Pre-menstrual pain, dysmenorrhoea and pelvic pain were graded as mild (no 

analgesia required, no interference with lifestyle) moderate (analgesia required, but the 

woman was still able to carry out her daily tasks) or, severe (despite analgesia, the woman 

was unable to carry out her daily tasks, or was confined to the house because of pain). 

Dyspareunia was classified as mild (momentary pain, not interfering with sexual
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intercourse), moderate (pain interfering with sexual intercourse, requiring an alteration in 

some aspect of intercourse) or severe (sexual intercourse avoided because of pain). The 

questionnaire is shown in the appendix.

To avoid observer bias, the study was single blind and the surgeon performing the 

laparoscopy was unaware of the results of the questionnaire and the patient history apart 

from knowing the indication for laparoscopy. All laparoscopies were performed by a 

single team. Laparoscopy was carried out under general anaesthesia with endotracheal 

intubation and using a double puncture technique. A 10mm laparoscope was introduced 

through an infra-umbilical incision and a second suprapubic portal for manipulation. The 

pelvis was systematically inspected: initially the uterus was held in retroversion and the 

anterior surface of the uterus, utero vesicle reflection and all peritoneal surfaces were 

inspected. The uterus was then held in anteversion and the posterior surface of the uterus, 

uterosacral ligaments, pouch of Douglas and rectovaginal septum were inspected and free 

fluid from that area was aspirated. Both Fallopian tubes were inspected and mobility, 

presence of peritubal adhesions or tubal distortion was noted. Both ovaries were 

mobilized to look for the presence of endometriosis on the undersurfaces and also 

periovarian adhesions. Among infertile patients, tubal patency was confirmed by 

transcervical injection of 0.5% methylene blue in isotonic saline using a Leach Wilkinson 

cannula. Patients undergoing laparoscopic sterilization had tubal occlusion performed with 

Filshie clips approximately 2.5cm distal to the cornual end of the tube.

The diagnosis of endometriosis was based on the characteristic visual presentation 

of the disease and biopsies were not taken. All endometriotic deposits were documented 

on a preprinted drawing of pelvic organs for each patient and the extent of the 

endometriosis was scored using the Revised American Fertility Society classification 

(1985). In this system a score <5 signifies minimal endometriosis, 6-15 mild 

endometriosis, 16-40 moderate endometriosis and >40 indicates severe endometriosis.
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2 .3  STATISTICAL ANALYSIS

Tests of statistical significance for differences in the frequency of symptoms in relation to 

endometriosis were based on Chi-squared values, comparing observed and expected 

numbers of events. A p < 0.05 was considered statistically significant.

The association between the clinical symptoms (including menstrual history) and 

the presence of endometriosis and pelvic adhesions was evaluated. An arbitrary scoring 

system was used, allocating 0 for no pain, 1 for mild, 2 for moderate and 3 for severe pain. 

The sum of the pain symptom scores was calculated to give the pain score for each woman.

The positive predictive value, negative predictive value, sensitivity and specificity 

were calculated for each symptom. The positive predictive value is the proportion of 

women with endometriosis who are correctly diagnosed and the negative predictive value is 

the proportion of women without endometriosis who are correctly diagnosed. The 

sensitivity is the proportion of women with endometriosis that are correctly identified by 

the symptom and the specificity is the proportion of women without endometriosis that are 

correctly identified.
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2 . 4  R E S U L T S

One hundred consecutive women were questioned prior to laparoscopy. The indications 

were infertility (n=76) [primary infertility = 45; secondary infertility = 31], pelvic pain 

(n=16) and sterilisation (n=8). Endometriosis was found in 49 women [AFS stage I = 29, 

stage II = 16, stage III = 3 and stage IV = 1]. The incidence of endometriosis in the 

different groups was infertility 45%, pelvic pain 94% and sterilization 0% [Figure 1].

Figure 1
Incidence of endometriosis by indication for laparoscopy
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Endometriosis was found in similar equal frequency in all age groups: 20-30 years, 23 of 

48 women (48%); 31-40 years, 25 of 50 women (50%); and 41-42 years, 1 of 2 women 

(50%) [Figure 2].
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Figure 2. Prevalence of endometriosis by age.
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Endometriosis was present in 55% (25/45) of women with primary infertility and 29% (9 

of 31 women) with secondary infertility (p<0.02). The disease was found in 16 of 29 

nulliparous women (55%) compared with 8 of 34 parous women (24%) (p<0.05) [Figure 

3].
Figure 3.
Prevalence of endometriosis by parity
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Women with and without endometriosis complained of pain. Pain symptoms were 

present in 41 of 49 (84%) women with endometriosis and 30 of 51 (59%) women without 

endometriosis (p< 0.02 by Chi squared). The prevalence of pain symptoms in relation to 

the presence or absence of endometriosis are shown in Table 1 and Figure 4.

Table 1. Prevalence of symptoms in women with and without endometriosis

Symptom Women Women PPV NPV Sensitivity Specificity
with without
endometriosis endometriosis

Any pain 
symptom

Pain score>3

Premenstrual
pain

Moderate
Dyspareunia

Severe
Dyspareunia

All grades 
Dyspareunia

Pelvic pain

41

32

16

Mild
Dysmenorrhoea 12 

Moderate
Dysmenorrhoea 17 

Severe
dysmenorrhoea 20 

All grades
dysmenorrhoea 49 

Mild
Dyspareunia 1

13

30

16

10

26

24

51

16

21

6

15

58% 72% 84%

67% 83% 65%

62% 55% 33%

32% 40% 24%

41% 46% 35%

95% 63% 41%

49% 0% 100%

50% 51% 2%

72% 56% 27%

100% 52% 4%

73% 58% 33%

58% 56% 43%

41%

69%

80%

49%

53%

98%

0%

98%

90%

100%

88%

71%

PPV = positive predictive value 
NPV = negative predictive value
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Prevalence of endometriosis by symptoms.
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All women complained of at least mild dysmenorrhoea, which suggests that this is normal 

for this population. There was a significant association between severe dysmenorrhoea 

and the presence of endometriosis compared to those without the disease (p<0.05). The 

complaint of severe dysmenorrhoea was the most predictive of endometriosis, identifying 

20 of 49 (41%) women with endometriosis and 50 of 51 (98%) women without the 

disease. Analysing women with pain and infertility separately, the difference was still 

significant, with 9/10 women with infertility and endometriosis identified by the symptom 

and 11/16 women presenting with pain. There were no significant differences in pre

m enstrual pain, dyspareunia and pelvic pain between women with and without 

endometriosis, and no association between pelvic adhesions and dyspareunia or pelvic 

pain.

Bowel and urinary symptoms were not commonly reported (Table 2). Two of 4 

women who complained of painful m icturition had endom etriosis and 3 of 4 who 

complained of painful defaecation. Twenty one of 36 women (58%) who complained of 

pelvic pain had endometriosis. There was no relationship between the site of pain and a
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laparoscopic finding of endometriosis, with similar numbers of women complaining of 

right and left iliac fossa pain. Seventeen of 22 women who complained of dyspareunia 

had endometriosis. A laparoscopic finding of adhesions was not usually associated with 

pain, only 4 of 25 (16%) women with adhesions complained of pelvic pain.

Table 2. 
Prevalence of bowel, urinary and pelvic pain symptoms

Number Women
of women with endometriosis

Painful micturition 4 2
Painful defaecation 4 3
Pelvic pain 36 21
Mid cycle pain 6 3
Left iliac fossa 13 6
Right iliac fossa 11 6
Both iliac fossae 4 4
Suprapubic 2 2

A total pain score of greater than three was highly significant for the diagnosis of 

endometriosis, p<0.001 (positive predictive value 67%, negative predictive value 83%, 

65% sensitivity and 67% specificity). Thirty-two of 49 women (65%) with endometriosis 

scored greater than three points compared with 16 of 51 women (31%) without 

endometriosis.

There was a significantly higher incidence of endometriosis in 40 of 68 women 

(59%) with menses lasting 5 days or more, than in 9 of 32 women (28%) with menses 

lasting 4 days or less (p<0.05) [Figure 5]. No association was found between cycle 

length and prevalence of endometriosis [Figure 6].
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Figure 5
Duration of menses in women with and without endometriosis
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Figure 6
Cycle duration in women with and without endometriosis
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2.5  DISCUSSION

The aim of the study was to prospectively investigate the value of a detailed pain 

history in predicting a finding of endometriosis in a 'high risk' population of women 

undergoing laparoscopy. It is well accepted that the accuracy of diagnostic laparoscopy 

depends on the skill of the laparoscopist (Dmowski, 1984) and on the preoperative bias 

(Samuelsson and Sjovall, 1968). The study was therefore carried out single blind with the 

surgeon unaware of the results of the questionnaire. The women are representative of one 

gynaecologist's practice, in order that the same meticulous care was taken at every 

laparoscopy in the inspection of the pelvis and diagnosis of endometriosis.

The association between pelvic pain and endometriosis is standard teaching in 

gynaecology text books and is based upon a traditional view of the disease that antedates 

the widespread use of laparoscopy for the investigation of pelvic pain and infertility. It is 

also based on the assumption that only blue-black spots and chocolate cysts constitute the 

disease. Since the 1980's, more numerous manifestations have been recognized, such as, 

white opacification of the peritoneum, glandular excrescences on the peritoneal surface, red 

flame-like peritoneal lesions, unexplained adhesions between the undersurface of the ovary 

and ovarian fossa (Jansen and Russell, 1986).

The question now arises, whether the association between pelvic pain and 

endometriosis is genuine, given the increased frequency with which the diagnosis is being 

made. In the past there has been little evidence to support the association, as the severity 

of the symptoms has rarely correlated with the stage of the disease (Fedele et al., 1990; 

Kresch et al., 1984; Williams & Pratt, 1977; Duignan et al., 1972; Hasson, 1976) In fact, 

women with severe disease have often been noted to be asymptomatic (Buttram, 1979). 

There may even be an argument for ignoring all past epidemiological data as being 

unrepresentative of the tme prevalence of the disease.

The prevalence of endometriosis in our study was 45% of women presenting with 

infertility, 94% with pelvic pain and none of the women being sterilized. These compare
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with the literature, 4-65% with pelvic pain, 2-39% with infertility and 1-43% of previously 

fertile women undergoing sterilization (Mahmood & Templeton, 1991a). Endometriosis 

was equally distributed in the different age groups, similar to the findings of Koninckx et 

al. (1991) and Redwine (1987), with a significantly increased incidence among nulliparous 

compared with parous women (p<0.02), also reported by Cramer et al. (1986) and 

Candidiani et al. (1991).

The incidence of endometriosis was significantly higher among women with long 

menses > 5 days, compared with short menses < 4 days, similar to the results of Cramer et 

al. (1986) who reported a higher incidence of endometriosis in women with menses > 7 

days. We found no correlation between cycle length and incidence of endometriosis in 

our study, although there are two reports in the literature of a significant association 

between endometriosis and cycles < 27 days (Cramer et al., 1986) and < 2 1  days 

(Candidiani et al., 1991). However, both these studies can be criticized for including 

controls who had not had endometriosis excluded by laparoscopy.

Screening tests are traditionally characterized in terms of their specificity and 

sensitivity. A sensitive test is one that rarely misses the diagnosis, while a specific test 

causes few false alarms. Therefore, sensitivity is assessed on women with the disease and 

specificity on healthy women. In clinical practice, a screening test is applied to women 

with and without the disease. The clinician is interested in the number of women with a 

positive test (who required further investigation) and the number of false alarms. The 

number of women with positive results who have the disease, is termed the positive 

predictive value and the proportion of women with negative results who do not have the 

disease, is termed the negative predictive value. Screening applies to asymptomatic 

subjects and require a test of high sensitivity. Women in who the disease is suspected, 

require a test of high specificity. The most specific test for endometriosis is laparoscopy.

We found no statistically significant differences in the incidence of premenstrual 

pain and pelvic pain in women with and without endometriosis. Severe dysmenorrhoea
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and dyspareunia were the most specific, 98% and 88%. The positive predictive value of 

symptoms ranged from 49% for dysmenorrhoea (mild, moderate and severe) to 100% for 

severe dyspareunia and negative predictive value from 0% for dysmenorrhoea (mild, 

moderate and severe) to 63% for severe dysmenorrhoea.

Mahmood et al. (1991) reported that dysmenorrhoea was the most commonly 

reported symptom, but did not enquire about symptom severity (PPV 28%, NPV 85%, 

sensitivity 68% and specificity 50%). Fedele et al. (1992) used a scoring to analyse the 

severity of dysmenorrhoea, pelvic pain and dyspareunia. They reported that 

dysmenorrhoea was as common in women with endometriosis as in controls, but it was 

significantly more severe in women with moderate and severe endometriosis compared 

with minimal-mild endometriosis and controls.

Any study of the relationship between endometriosis and pain immediately runs into 

problems with classification. The current APS scoring system is based on visual 

inspection, lesions which can only be detected by microscopy in normal-looking 

peritoneum cannot be included (Vasquez et al., 1984). Arbitrary points are awarded for 

endometriosis and adhesions. The APS score is weighted toward ovarian involvement and 

attempts to predict pregnancy and as our results show, has only a poor correlation with 

pain. Deeply infiltrating endometriosis, rather than total pelvic area, is strongly correlated 

with pain (Koninckx et al., 1991) and while the APS system weights deep endometriosis 

more strongly than superficial disease, it has been pointed out that the assessment of depth 

by laparoscopic examination is unreliable (Brosens et al., 1985). A recent study suggested 

that intensity of menstrual pain was related to the number of endometrial implants and 

abandonned the APS system.

Brosens et al. (1993) recommended the following steps to improve the 

classification of pain. He suggested that other possible causes of lower abdominal pain 

should be indicated and investigated and that a scoring system for dysmenorrhoea, 

dyspareunia and pelvic pain should be used. The scoring system is almost identical to that
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used in this study with a cumulative score for pelvic symptoms. In our study bowel and 

urinary symptoms were uncommon, although it is possible that iliac fossa pain may be 

incorrectly attributed to endometriosis. We have shown that a pain score of >3 had a 

significant association with endometriosis compared to women without the disease (p< 

0 .001).

Endometriosis may lead to the production of dense and filmy adhesions, these 

sequelae are not thought to have a role in the generation of pain, unless they prevent the 

normal distension of organs such as bowel, ureter or bladder, or displace organs from their 

normal position so that partial obstruction of blood flow or function may occur. Treatment 

regimens have often produced relief of pain without affecting adhesion scores. In this 

study, only 16% of women with adhesions complained of pain symptoms.

A criticism of this study is that concurrent medication may have masked symptoms. 

Six of the 8 women undergoing sterilization were taking the oral contraceptive pill and their 

only symptom was mild dysmenorrhoea. Women complaining of pain as their primary 

symptom were already taking hormonal preparations in 5/16 cases. This may indicate that 

other pathology was responsible or that the treatment was ineffective.

Another criticism is that no psychological assessment was made. The 

psychological status of the woman can influence the perception of pain, although it is 

difficult to know, in individual cases, whether the psychological disturbance precedes, 

aggravates, or is the result of chronic exposure to pain. Waller and Shaw (1995) 

reported that women with pelvic pain (with or without endometriosis) had similar scores 

for the Beck Depression Inventory which were significantly higher than women with 

asymptomatic disease and normal women admitted for sterilization.

In the investigation of pain and infertility, it seems sensible to give priority for 

laparoscopy to women who are most likely to have pathology. The present study shows 

that severe dysmenorrhoea is the best predictor of a laparoscopic finding of endometriosis. 

A detailed pain history is the first step in reducing the delay between first presentation to the
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General Practitioner and gynaecological referral. In the gynaecological clinic, it may be 

worth trying empirical treatment with the contraceptive pill in women who require 

contraception, or, simple analgesics in women who wish to conceive. At present, there is 

no treatment for pain associated with endometriosis, which does not interfere with 

conception.
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3.1 INTRODUCTION

Pain remains the prime indication for treatment (Telimaa, 1988). Many studies 

report high pregnancy rates after either medical or surgical treatment (Buttram et al., 1985; 

Dmowski & Cohen, 1978; Schenken & Malinak, 1982), but these and other studies can be 

criticized for not using random allocation, or for not using cumulative conception rates for 

comparison. Treatment of minimal to mild endometriosis does not improve fertility and 

since current medical treatment is potently contraceptive, there is no indication for its use in 

asymptomatic women wishing to conceive. The ideal treatment would provide both pain 

relief and allow pregnancy to occur safely while on treatment.

Synthetic progestogens were first used to treat endometriosis in 1958 (Kistner, 

1958). These are administered either continuously or cyclically. The proposed 

mechanism of action of progestogens is initial decidualisation of endometrial tissue and 

eventual atrophy. They have been shown to reduce American Fertility Society (AFS) 

scores (Telimaa et al., 1987) and provide pain relief (Telimaa et al., 1987; Moghissi & 

Boyce, 1976; Timonen & Johansson, 1968). There are only a few controlled studies of 

dydrogesterone in the treatment of endometriosis (Johnston, 1976; Walker, 1982; Comillie 

et al., 1987) which have shown symptomatic improvement with some evidence of objective 

improvement. In an uncontrolled study, dydrogesterone taken for 9 months produced a 

52.6% crude pregnancy rate among 19 women (Johnston, 1976).

The effect of dydrogesterone on ovulation and the endocrinology of the menstrual 

cycle appears to depend on the timing of administration. When given prior to ovulation, 

studies suggest that ovulation does not take place (Jaffe at al., 1969; Lenton, 1984) or that 

follicular development occurs, but, that there is a failure of rupture (Lenton & Page, 1991). 

These changes are not seen when the drug is given after ovulation (Lenton, 1984; Balasch 

et al., 1980) and therefore we administered dydrogesterone in the luteal phase only.

Since increasing plasma progesterone, by giving dydrogesterone continuously or 

from days 5-25 of the cycle is an effective treatment of endometriosis (Grant, 1963), we
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postulated that giving dydrogesterone in the luteal phase may also be beneficial without 

being contraceptive. Treatment with dydrogesterone after ovulation would shorten the 

time for which endometrial tissue is exposed to the drug, therefore, a higher dosage was 

selected than that used in earlier studies. Dydrogesterone has been used in early pregnancy 

for the treatment of recurrent abortion, endometrial luteal phase deficiency (Balasch et al., 

1982, Balasch et al., 1983) and luteal phase support following in vitro fertilisation and 

embryo transfer (Kupferminc et al., 1990, Belaisch-Allart et al., 1987) for more than 20 

years with no significant risk of teratogenicity.

This is the first placebo-controlled study of luteal phase dydrogesterone given to 62 

women for the treatment of minimal to mild endometriosis.
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3 .2  MATERIALS, METHODS & STATISTICAL ANALYSIS

The regimen consists of two high dosages of dydrogesterone (either 40 mg or 60 

mg) or a placebo which was given for 12 days, beginning 2 days after the LH surge in the 

treatment of endometriosis. The effect of treatment on the change in AFS score before and 

after treatment, fertility and pain was studied.

Sixty-seven women were recruited from three centres. Twenty-seven women 

(43%) were recruited at the John Radcliffe Hospital in Oxford, 21 women (31%) were 

recruited by Mr P. C. Lindsay and Professor R. W. Shaw at the Academic Department of 

Obstetrics and Gynaecology, Royal Free Hospital, London and 19 (28%) by Miss B. Johal 

and Mr N. C. Siddle at the Department of Obstetrics and Gynaecology, University College 

Hospital, London. Ethical approval was obtained from the Research Ethics Committees 

and informed consent was obtained from the women before participation in the study.

Sixty-two women participated (mean age 30 years, range 21 - 42). All women had 

minimal-mild endometriosis diagnosed at initial laparoscopy (AFS classification score 1- 

15, stage I or II) (American Fertility Society, 1985) and were recruited into the trial within 

three months of laparoscopic diagnosis. Women taking corticosteroids, hormones, 

danazol or GnRH agonists in the month prior to admission into the study were excluded. 

Women received 12 days of treatment each month commencing 48 hours after the LH surge 

as detected by a monoclonal antibody precipitation test (Clearplan, Unipath, Bedford, U.K. 

and Ovuquick, Monoclonal Antibodies Inc., Mountain View, California, U.S.A.). Both 

are urine self-test kits. If ovulation was not detected by day 17, treatment was commenced 

on day 18. A repeat laparoscopy was performed within three months of completing 

treatment.

Symptoms were assessed every two months during treatment and one month and 

12 months post-treatment. The severity of pelvic pain (l=mild, 2=moderate and 3=severe) 

in their daily diaries (see appendix for example). A total score was calculated for each 

cycle.
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A power calculation was carried out prior to the study. Assuming an 85% 

improvement in the disease on dydrogesterone (Johnston, 1976; Walker, 1983) and a 35% 

improvement on placebo (Telimaa et al., 1987; Thomas and Cooke, 1987a) it was 

estimated that the sample size required to show a statistically significant difference between 

the three groups would be 45, i.e. 15 per group (power = 90%, level of significance = 

0.05). Allowing for dropouts, the aim was to recruit approximately 20 patients per 

treatment group.

Statistical analyses were carried out on data from those women who completed six 

months on treatment, and who provided laparoscopy results both before and after 

treatment. The main parameter for analysis was the change between before and after 

treatment AFS score. The scoring system is non-parametric and a normal distribution 

cannot be assured. Kruskall-Wallis non-parametric analysis of variance was therefore 

used to compare the three treatment groups. The outcomes were compared for 

improvement, no change or deterioration of the disease and summarized using histograms. 

Improvement was defined as a lower AFS score and deterioration as a higher AFS score at 

second look laparoscopy.

Sixty-seven women were recruited. Five women completed the baseline month 

only (four conceived and one refused treatment) and 62 entered the double blind phase of 

the trial. Their principal complaints were infertility with or without pain (n=50) and pain 

only (n=12). Women were randomly allocated to receive 40mg dydrogesterone (n=23), 

60mg (n=20) dydrogesterone or identical placebo (n=19) orally for 12 days per cycle for 

six months. Randomization was achieved using computer generated randomization lists. 

The women in the three groups were comparable with respect to menarche, age and length 

of infertility (Table 1). Thirty nine women completed six months treatment and had a 

second laparoscopy within three months (completers). Summary statistics of demographic 

data are presented for all 62 women in Table 1, and for completers (n = 39) in Table 2.
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Completers were comparable with respect to age, height, weight, age at menarche, average 

cycle length and length of infertility.
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Table 1

Summary statistics of demographic data, reproductive and fertility history

Age (years)

Weight (kg)

Height (m)

Age
at menarche

Average 
cycle length

Infertility

Months 
trying 
to conceive

for all women (n=62)

Statistic 40mg dydro 60mg dydro Placebo Total

Mean 30.0 29.4 30.7 30.0
s.d. 3.35 3.75 5.3 4.12
Range 25-35 21-37 24-42 21-42

Mean 61.2 59.3 58.0 59.6
s.d. 8.67 5.74 8.54 7.76
Range 41-77.6 50-70.4 43.4-76.2 41-77.6

Mean 1.64 1.65 1.64 1.64
s.d. 0.05 0.06 0.06 0.06
Range 1.52-1.74 1.52-1.75 1.52-1.73 1.52-1.75

Mean 12.5 12.4 12.6 12.5
s.d. 1.65 1.53 1.39 1.51
Range 11-16 9-15 11-16 9-16

Mean 28.5 28.1 27.8 28.2
s.d. 1.92 2.2 1.23 1.85
Range 24-32 23-33 24-30 23-33

Yes 18 14 18 50
No 5 6 1 12

Mean 31.7 34.3 33.4 33.1
s.d. 8.63 14.32 14.22 12.42
Range 12-42 12-60 18-72 12-72
n 18 14 18 50
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Table 2

Summary statistics of demographic data, reproductive and fertility history
for completers only (n=39)

Dydrogesterone
Statistic 40mg 60mg Placebo Total

Age (years) Mean 29.6 29.3 31.3 30.1
s.d. 3.65 4.2 5.3 4.46
Range 25-35 21-37 24-42 21-42

Weight (kg) Mean 62.9 58.0 57.9 59.7
s.d. 9.43 5.88 7.79 8.12
Range 41-77.6 50-70.4 43.4-68.4 41-77.6

Height (m) Mean 1.64 1.63 1.65 1.64
s.d. 0.05 0.04 0.06 0.05
Range 1.52-1.70 1.54-1.70 1.52-1.73 1.52-1.73

Age Mean 12.7 12.3 12.5 12.5
at menarche s.d. 1.59 1.79 1.55 1.60

Range 11-16 9-14 11-16 9-16

Average Mean 28.6 28.2 27.9 28.2
cycle length s.d. 1.87 2.52 1.28 1.86

Range 24-32 23-33 24-30 23-33

Infertility Yes 12 8 14 34
No 2 2 1 5

Months Mean 29.4 29.8 32.4 30.7
trying to s.d. 9.33 13.12 14.45 12.27
conceive Range 12-42 12-60 18-72 12-72

n 12 8 14 34
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The infertile women (n=50) were aged 24-34 years (median 30 years), body mass index 

18-30 (median 24 ) and length of infertility 18-60 months (median 36 months). Women 

with azoospermie partners, who had more than 12 cycles of unsuccessful donor 

insemination (n=8) and women taking clomiphene citrate (CC) or cyclofenil for ovulation 

induction (n=4) were included in the study. The women had regular ovulatory cycles 

(length = 23-33 days), patent tubes, a partner with a normal semen analysis (World Health 

Organisation criteria) and a normal postcoital test, or had azoospermie partners and so were 

receiving donor insemination.

Women were asked to keep daily menstrual and pain diaries and to record any side 

effects, concomitant medication and frequency of intercourse for one month before starting 

treatment and during the six month treatment period. Pelvic pain was recorded as 1 = 

mild, 2 = moderate and 3 = severe and bleeding was recorded as 1 =light, 2=normal and 

3=heavy . The change in total pelvic pain during the study was compared within each 

group using Wilcoxon's matched pairs signed rank test. Demographic data, length of each 

menstrual cycle, and pregnancy rates were compared using descriptive statistics only. All 

statistical tests were two-sided with p-values considered significant at the 5% level.
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3 .3  RESULTS

Thirty nine women completed six months' treatment and had a second laparoscopy within

three months (completers). Twenty three women did not complete the treatment and did

not have a second laparoscopy; thirteen women conceived, five women withdrew due to

unwanted effects and five for miscellaneous/social reasons. Two of the women who

withdrew had completed only five months treatment and their results are shown, but were

not included in the statistical analysis. Dydrogesterone appeared to be well tolerated with

five of 62 (8%) withdrawals due to side effects. Most women (58 of 62) in the study

reported acceptable bleeding patterns and cycles during the study [Table 3], but three

women receiving dydrogesterone reported longer than average cycles and two receiving

the 60mg dose withdrew due to irregular cycles. Three women withdrew due to severe

headaches (two were receiving 40mg and one was receiving 60mg dydrogesterone).

Table 3. Summary statistics of menstrual cycle length (days) for all 
available data (n = 32) expressed in median (range).

Cycles 40mg dydro 60mg dydro Placebo

1 30 (27-41) 30 (23-33) 27.5 (21-33)
n = 22 n = 17 n = 18

2 30.5 (26-34) 29 (16-34) 27.5 (22-33)
n = 20 n = 15 n = 18

3 31 (27-39) 31 (20-33) 27.5 (24-30)
n = 18 n = 12 n = 16

4 31 (22-41) 30 (22-33) 27 (25-32)
n = 16 n = 12 n = 16

5 30 (23-35) 29 (24-32) 27(19-31)
n = 14 n = 13 n = 15

6 31 (25-38) 28.5 (21-31) 27 (22-31)
n = 12 n = 10 n = 12

The change in AFS score was similar between the three treatment groups. AFS scores 

improved or remained unchanged in 7 of 10 women (70%) taking 60mg dydrogesterone, 9 

of 14 women (64%) taking 40mg dydrogesterone and 11 of 15 women (73%) taking
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placebo [Table 4]. The differences between the groups were insignificant (p=0.585, 

Kruskall-Wallis test). The raw data is shown in the appendix.

Table 4

Change in AFS score between first and second look laparoscopy (n = 39)

n Improved/remission No change Deterioration

60mg dydro 10 2(20%) 5(50%) 3(30%)

40mg dydro 14 7(50%) 2(14%) 5(36%)

Placebo 15 8 (53%) 3(20%) 4(27%)

Pregnancies occurred in all three treatment groups (n = 13). Eleven women conceived 

while receiving treatment and two after treatment but before laparoscopy. Ten of the 13 

women had presented with infertility and three had presented with pain only (two in the 40 

mg group and one in the 60 mg group). The raw data is shown in the appendix. Six of 

23 women (26%) taking 40 mg dydrogesterone conceived, 4 of 20 (20%) on 60 mg 

dydrogesterone and 3 of 19 (16%) on placebo during the six month treatment period [Table 

5]. There was a higher number of pregnancies on dydrogesterone (10 of 43, 23%) than 

placebo (3 of 19, 16%), although this was not statistically significant.

Fifty seven women were followed up 12 months later. Twenty four women 

conceived during the treatment and follow-up period (42%); 8 of 16 women (50%) on 60 

mg dydrogesterone, 10 of 22 women (48%) on 40 mg dydrogesterone and 6 of 19 women 

(32%) on placebo. Twenty-one pregnancies were conceived by infertile women, ages 24- 

34 years (median 30), body mass index 18-30 (median 24), cycle length 26-33 days 

(median 28) and length of infertility 18-60 months (median 36). Four of six women 

receiving donor insemination conceived and three of five women taking CC (Table 5). Of 

these 24 pregnancies, 16 were full term normal deliveries, one preterm delivery at 26 

weeks (in the 60 mg dydrogesterone group), two miscarriages (both in the 40 mg
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dydrogesterone group) and one termination. Four were still pregnant at the time of follow 

up. Of the deliveries, two infants (both in the placebo group) had cleft lip and one in the 

40 mg dydrogesterone group had talipes and hypospadias. The preterm baby had cerebral 

palsy as a result of prematurity and intraventricular haemorrhage.

Table 5 
Pregnancies during treatment and 12 month follow up (n = 24)

60mg dydrogesterone 40mg dydrogesterone Placebo

Infertile women 7 8 6

Donor insemination 2(3) 1(2) 0(1)
pregnancies

Cyclofenil/
clomiphene 0 (1) 2 (2) 1(2)

Women with pain 1 2  0

Total pregnancies 8 10 6

(The numbers in brackets indicate the total number of patients within the group)

The severity of pelvic pain was recorded in the women's daily diaries. A total score was 

calculated each cycle. Thirty two women recorded pelvic pain during cycles 1 and 6. 

Change in pain score is shown [Table 6]. There was a statistically significant decrease in 

pelvic pain in the 60 mg dydrogesterone group (p=0.025, Wilcoxon matched pairs signed 

rank test), but no significant changes in either the 40 mg dydrogesterone or placebo groups 

(p=0.575 for both). The severity ranged from 2 to 63 (median 11) in cycle one and 0 to 

21 (median 6) in cycle six. Four women who presented with pain only were omitted from
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the analysis, in order to avoid any bias. A significant decrease in the 60 mg group was 

still observed by cycle six (p=0.044), with no changes in the other two groups.

Table 6
Change in pain scores between months one and six of treatment with 
dydrogesterone or placebo for all available data (n = 32)

n Improvement/ No change Deterioration

60mg dydrogesterone 10

resolution

7* 2 1

40mg dydrogesterone 11 4 3 4

Placebo 11 5 1 5

* statistically significant p < 0.05

There was no relationship between change in pain score and AFS score [Table 7] and 

resolution of endometriosis did not result in resolution of pain or vice versa. For four 

women in whom endometriosis resolved, pain was better in two, worse in one and 

unchanged in one. In four women in whom pain resolved during the 6 months, the AFS 

score improved in two and was unchanged in two.

Table 7
Table to show the relationship between pain and change in laparoscopic 

appearances for all available data (n=32)

AFS score Improved/resolved Deteriorated No change

Pain improved or resolved 8 4 6

Pain deteriorated 4 3 1

No change in pain 2 2 2

Fifty seven of the 62 women were followed up for 12 months after treatment and the pain 

data is shown in Table 8. The raw data is shown in the appendix. Forty women had pain
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and 17 were asymptomatic. Pain was improved or resolved in 10 of 12 (83%) women on 

60 mg dydrogesterone, 11 of 15 (73%) women on 40mg dydrogesterone and 8 of 13 

(62%) women on placebo [Table 8]. The differences were not significant.

Table 8
Change in pain scores at 12 month follow up for all available data (n=57)

Resolved/ Deterioration No change Infertility only 
Improved (no pain)

60mg dydrogesterone
(n = 16) 10 0

40mg dydrogesterone
(n = 22) 11

Placebo 
(n = 19)
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3.4  DISCUSSION

This is the first placebo-controlled study of cyclical progestogen in the treatment of 

mild to moderate endometriosis and the third placebo-controlled study with after treatment 

laparoscopy for the treatment of endometriosis. The effect of luteal phase dydrogesterone 

on AFS scores and pregnancy rates in an infertile population.

Our study showed that luteal-phase dydrogesterone did not improve laparoscopic 

appearances compared with placebo treatment and that 53% of the placebo group showed 

spontaneous improvement. The 95% confidence interval for the difference in percentages 

between treatment and placebo was -23% to +35%, which shows the imprecision due to 

small sample size. The total number of drop-outs (33%) led to a lower than planned 

number of women providing both pre- and post- treatment laparoscopy results in each 

group. It is likely therefore that more women would have been required to show any 

significant differences between the three groups.

The natural history of endometriosis has been studied and a spontaneous 

improvement in 18% of the placebo group has also been show by Telimaa et al. (1987) and 

53% by Thomas & Cooke (1987a). However, Telimaa's study (1987) was not a pure 

study of the natural history of endometriosis, since some women were treated initially with 

electrocoagulation and Thomas and Cooke (1987a) performed laparoscopy in the last week 

of treatment which has been shown to underestimate the extent of the disease (Evers, 

1987). Our results, and those of Telimaa (1987) and Thomas & Cooke (1987a) suggest 

that endometriosis may be constantly appearing and disappearing in the pelvis and that 

studies for the treatment of endometriosis should be placebo-controlled, in order to show a 

benefit from expectant management alone.

We showed that women were able to conceive during treatment, but, treatment does 

not benefit fertility compared with placebo, and that up to 50% of infertile women with 

minimal to mild endometriosis will conceive with expectant management alone. The other 

placebo-controlled studies also showed that treatment did not improve pregnancy rates
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compared with placebo (Telimaa, 1988; Thomas & Cooke, 1987b) and elimination of the 

disease did not return fertility to normal (Thomas & Cooke, 1987b). Our results failed to 

show any effect of treatment on fertility and that up to 50% of these women will conceive 

spontaneously. These findings question a causal role of the disease in infertility and 

therefore, we would not expect treatment with luteal-phase dydrogesterone to affect 

fertility.

The severity of pelvic pain was not a primary aim of the study, but a statistically 

significant decrease between cycle 1 and cycle 6 was observed in the 60 mg dydrogesterone 

group. Previous studies have reported symptomatic improvement in women receiving 

dydrogesterone for endometriosis (Johnston, 1976; Walker, 1982) and this study appears 

to confirm these findings. It should be noted however, that although the majority of 

women certainly felt better on treatment, this was primarily an infertile population with 

endometriosis and only 12 women were recruited for investigation of pain. In spite of 

this, a significant result remained when the analysis was repeated with the symptomatic 

patients excluded.

A significant improvement in pelvic pain and dysmenorrhoea was seen in women 

receiving 60 mg dydrogesterone, but this difference was not apparent at the 12 month 

follow up when there was no significant difference between the groups. Elimination of the 

disease did not eliminate pain and pain could not be related to the AFS score. This data 

highlights the complexity of the clinical development of endometriosis and the 

shortcomings of the current AFS scoring system. The scoring system is also insensitive 

with respect to change, particularly in the appearance of mild disease, yet remains the best 

available.

Recurrence rates following progestogen therapy vary between 16 and 34% 

(Nevinny-Stickel, 1962; Korte et al., 1970) In our study, there was no significant effect 

of six months treatment with 40 mg dydrogesterone compared to placebo, but a significant 

improvement with 60 mg dydrogesterone. Twelve months later, 92% of the women in the
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study were followed up. Pain was significantly improved in all three groups, compared to 

the assessment at 6 months. In the placebo group, pain was improved or resolved in 45% 

after six months treatment and in 75% at follow-up. We were unable to relate the change 

in symptoms to AFS scores, age, parity or initial severity of the disease. These results 

suggest that, similar to the laparoscopic appearances, pain symptoms may also improve 

spontaneously and that all studies of the treatment of pain associated with endometriosis 

should be placebo-controlled.

In summary this study has shown that treatment with high dosages of 

dydrogesterone during the luteal phase allows conception to occur, but does not benefit 

fertility compared with placebo and does not alter the natural history of endometriosis. 

These findings agree with the other studies that treatment does not benefit infertility and that 

minimal to mild endometriosis is best managed expectantly. Pain however, improved 

significantly during treatment with 60 mg dydrogesterone, while allowing conception to 

occur. This improvement could not be related to laparoscopic appearances and suggests 

that some other factor(s) causes the pain associated with endometriosis. The natural 

history of pain symptoms is towards improvement and suggests that all studies on the 

treatment of pain and endometriosis should be placebo-controlled. The need for more 

effective treatment of endometriosis is evident. Further research on the factors implicated 

in the aetiology of pain has been carried out and their possible correlation with clinical 

symptoms studied.
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4.1  INTRODUCTION

Complex interactions of a network of cells comprised of epithelial, stromal, 

endothelial and lymphoid cells in human endometrium are displayed as orchestrated phases 

of proliferation, differentiation and menstrual shedding. These dynamic cell interactions 

require a well developed array of intercellular communication signals. Several cytokines 

and their receptors have been shown to be present in the endometrium (including PDGF, 

EGF, TGFp, ILl, TNF-a and EL6) or in decidua (IL2, IL4, and M-CSF) and some have 

been related to the proliferation of cells in those tissues. Cytokines have also been found 

in PF where they may have potential to affect the growth of endometrium inside the 

peritoneal cavity and may be implicated in the aetiology of pain.

Several studies have shown that the PF from women with endometriosis differs 

from that of women without the disease. Cytokines have been measured in PF and higher 

levels of TNF (Eisermann et al., 1988) and IL-1 (Fakih et al., 1987; Mori et al., 1991) 

have been found in PF of women with endometriosis compared with normal controls. PF 

EGF (DeLeon et al., 1986), IL-6 (Buyalos et al., 1992; Boutten et al., 1992) and M-CSF 

(Weinberg et al., 1991) have also been measured and similar levels found in women with 

and without endometriosis.

Some researchers have postulated that some cytokines are present in greater 

concentration in PF because endometriosis produces an intraperitoneal inflammatory 

response, but animal studies show no change in peritoneal macrophage number or function 

after experimental endometriosis is induced (Johnson et al., 1991). Cytokines may be 

directly involved in the aetiology of pelvic pain by the stimulation of the nociceptor or they 

may be indirectly involved e.g. by stimulating the production of prostaglandins. ILl 

produced by macrophages is a primary mediator of the inflammatory response and induces 

prostaglandin synthesis (Rossi et al., 1985). Levels of other cytokines produced by 

activated macrophages and T cells, including IL-4, IL6 and colony stimulating factors
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(CSFs) may also be elevated, as part of the of the auto-immune response which can also 

occur in endometriosis (Kennedy et al., 1990b).

We chose to measure TNF-a, PDGF, IL4 and IL6, since these cytokines and their 

receptors have been detected in either endometrium or decidua and are known to be 

involved in the inflammatory process and wound healing. TNF is primarily secreted by 

macrophages and mediates macrophage cytotoxicity against susceptible cells (Urban et al., 

1986). TNF receptors have been detected in stromal cells by immunostaining (Femandez- 

Shaw, 1993) and full-term decidua, where TNF receptors were only found on 

macrophages (using immunohistology and flow cytometry) (Vince et al., 1992). EL-6 is a 

multifunctional cytokine and is produced by various cells, including T- and B-cells (Hirano 

and Kishimoto, 1989). It regulates growth and differentiation within a complex cytokine 

network with major activities on the immune system and inflammation (Kishimoto, 1989). 

PDGF is a secretory product of activated macrophages and plays a major role in the 

inflammatory response. PDGF plays a role in the normal process of wound healing and 

has been demonstrated to accelerate the rate of wound healing of various types of wounds 

(Pierce et al., 1991; Raines, 1990). 114 is produced by T-lymphocytes and affects the

proliferation and differentiation of T- and B-lymphocytes and other cell types including 

macrophages and mast cells. Studies of the effect of IL4 in vivo have been limited, but it 

has been suggested that IL4 is involved in the regulation of IgE synthesis (deVries et al, 

1991).

The aim of this study was to test the hypothesis that the cytokine content of PF 

from women with endometriosis differs from women without the disease. Levels of TNF- 

a , IL-4, IL-6, PDGF and TNF-a activity in peritoneal fluid were measured. Cytokine 

levels were related to the clinical history, to indicate whether cytokines contribute to 

infertility or pain.
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4 .2  MATERIALS & METHODS

Peritoneal fluid levels of PDGF, TNF-a, IL4 and EL6 were measured using 

commercially available ELISA kits. The assays were performed directly on serum or 

plasma, without any treatment or extraction. In order to determine that the collection and 

storage of peritoneal samples did not alter cytokine levels, known amounts of the TNF-a, 

IL6 or PDGF were added to PF samples and re-assayed after centrifugation and storage for 

one week and one month. The activity of TNF-a in PF was measured using a bioassay 

available in the Department.

PF was obtained at laparoscopy from women investigated for infertility and pain 

(n=43 ) and asymptomatic, fertile women undergoing sterilisation (n=8). Of these 

women, 11 had a normal pelvis, 34 had minimal-mild endometriosis and 6 had moderate- 

severe endometriosis. All women had regular menstrual cycles 23-31 days (median 28 

days) and had not taken corticosteroids, hormones, danazol or GnRH agonists in the 

month prior to laparoscopy. Women were aged 24-44 years (median 31 years), menarche 

9-16 years (median 12 years) and duration of infertility 15-96 months (median 34 months).

PF was aspirated from the Pouch of Douglas with the patient in a 15-degree 

Trendelenburg position at the time of laparoscopy and collected into plain glass tubes. The 

samples were kept on ice for up to two hours until centrifuged (4,000 rpm for 10 minutes). 

The supernatant was divided into 500 pi aliquots, labelled and stored at -20^C until assay. 

Freeze-thaw cycles were avoided. Samples were divided into proliferative (n=25), 

secretory (n=15) or menstrual (n=3) on the basis of the LMP and collected in accordance 

with the requirements of the Central Oxfordshire Research Ethics Committee. A detailed 

pain history (as described in chapter 2) was taken from the 51 women participating in this 

study and its relation to laparoscopic findings (AFS score) studied. Length of infertility, 

pregnancy and pregnancy outcome was recorded.
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4 . 2 . 1  Tumour Necrosis Factor a  and p bioassay

Twenty-four PF samples were bioassayed. The biological activity of Tumour necrosis 

factor (a  and p) was assayed by its cytotoxic activity against WeHi cells (Espevik and 

Nissen-Meyer, 1987) with cell number being measured by a colorimetric assay (Mosmann, 

1983). The specificity of the assay was confirmed by neutralisation of cytotoxicity with 

anti-TNF-a antibodies (101-4, gift of Dr A Meager, NEB SC, Herts, UK). Cells were 

maintained in RPMI 1640 containing 20mM glutamine (Gibco Europe, Uxbridge, U.K.) 

supplemented with SOpg/ml gentamicin (Roche Products Limited, Hertfordshire, U.K.), 

100|ig/ml streptomycin (Evans Medical Limited, Surrey, U.K.) and lOOU/ml 

benzylpenicillin (Britannia Pharmaceuticals Limited, Surrey, U.K.) and 10% heat- 

inactivated fetal calf serum (hiFCS, Imperial Laboratories, Andover, UK). PF samples 

were serially diluted in triplicate in 96 well flat bottomed microtitre plates (Nunc, Gibco 

Europe) and 4 x 10^ WeHi cells added to each well. After incubation for 20 h at 37^C, 

lOpl of lOmg/ml 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide [MTT] 

(Sigma, Poole, UK) was added to each well. After a further 4 hours at 37^C the 

supernatant was removed and and the blue formazan crystals (reaction product) dissolved 

in acid isopropanol). The absorbance at 570nm was measured (with reference set at 

630nm) by a multiwell scanning spectrophotometer (Titertek Multiskan MC, Flow Labs, 

Herts, UK). Recombinant TNF-a was used as a standard (specific activity 2x10^  U/mg) 

(British Biotechnology Ltd, Oxford, UK). The limit of detection of the assay was 50 

pg/ml.

4 . 2 . 2  Tumour Necrosis Factor a  ELISA

The author would like to thank Dr. Dominic Kwiatkowski (Department of 

Paediatrics, John Radcliffe Hospital, Oxford) for performing the TNF-a ELISA. The 

method is described. TNF was measured by an enzyme-linked immunoassay (ELISA). 

Microtitre plates were coated with murine monoclonal antibody to human TNF-a
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(Rockefeller University: SOW 18.1.1) in carbonate buffer. After washing plates with 

phosphate-buffered saline (PBS) plus 'Tween 20' (PBS-T), PF samples were incubated in 

the wells. The following reagents were then applied successively, with PBS-T washes 

before each step: 1) ammonium-sulphate-precipitated rabbit antiserum to recombinant 

human TNF (rhTNF) with 2% goat serum in PBS-T; 2) affinity-purified, alkaline- 

phosphatase-conjugated goat antibodies to IgG (adsorbed to mouse and human 

immunoglobulin, supplied by American Qualex) with 2% human PF in PBS-T; and 3) p- 

nitrophenylphosphate in diethanolamine buffer. Optical densities at 405nm were measured 

by automated dual-beam ELISA reader (Titertek Multiskan MC, Flow Labs, Herts, UK) 

and TNF concentrations in the samples were determined by reference to a serially diluted 

recombinant human TNF standard (Amersham International, UK) included on each plate. 

The detection limits of this assay was 10 pg/ml.

4 . 2 . 3  Interleukin 6 ELISA

Medgenix IL-6-EASIA (Medgenix Diagnostics, Milton Keynes, U.K.) is an enzyme 

amplified sensitivity immunoassay. The assay recognizes natural and recombinant human 

IL-6. It is based on the oligoclonal system in which several monoclonal antibodies 

directed against distinct isotopes of IL-6 are used. The immunoassay was performed 

according to the manufacturer's instructions. The standards contained 0, 20, 50, 150, 

500, 1,000 and 2,000 pg/mL of recombinant human IL-6 in a buffered protein base (borate 

buffer with BSA and preservative). Standards and samples were run in duplicate. The 

optical density of each well was measured immediately, using a spectrophotometer set to 

450nm with wavelength correction 620 nm. The duplicate readings were averaged and the 

zero standard optical density subtracted. The optical density for the standards was plotted 

against the concentration of IL-6 in the standard wells and the best curve drawn. The 

concentration of IL-6 in the unknown sample was determined by comparing the optical 

density of the samples with this standard curve.
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4 . 2 . 4  Interleukin 4 ELISA

The Quantikine IL-4 Immunoassay (research and Diagnostics Systems, Minneapolis, USA) 

is a solid phase ELISA designed to measure IL-4 levels in tissue culture media, sera and 

other biological fluids. The immunoassay was performed according to the manufacturer's 

instructions. The standards contained 0, 31.3, 62.5, 125, 250, 500, 1,000 and 2,000 

pg/mL IL-4 in animal serum. All standards and samples were run in duplicate. The 

optical density of each well was measured immediately, using a spectrophotometer set to 

450nm and wavelength correction 540nm. The duplicate readings were averaged. The 

optical density for the standards was plotted against the concentration of the standards and 

the best curve drawn. The concentration of the IL-4 in the unknown sample was 

determined by comparing the Optical Density of the samples to this standard curve.

4 . 2 . 5  Platelet derived growth factor ELISA

Quantikine Human PDGF-AB Immunoassay (Research and Diagnostic Systems, 

Minneapolis, USA) is a solid phase ELISA which measures PDGF in tissue culture 

supernatant, serum, plasma and other fluids. Although Quantikine PDGF-AB 

Immunoassay contains recombinant human PDGF, it has been shown to accurately 

quantitate natural and recombinant PDGF-AB.

The immunoassay was performed according to the manufacturer's instructions, 

with PF samples diluted 1:10 with a buffered, lyophilized protein base. The standards 

contained 0, 31.3, 62.5, 125, 250, 500, 1,000 and 2,000 pg/mL of recombinant human

PDGF-AB in a buffered protein base. Standards and samples were run in duplicate. The 

optical density of each well was determined immediately, using a spectrophotometer set to 

450nm and wavelength correction 540nm. The duplicate readings were averaged and the 

zero standard optical density subtracted. The optical density for the standards was plotted 

against the concentration of the standards and the best curve drawn. The concentration of 

PDGF in the unknown sample was determined by comparing the optical density of the
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samples to this standard curve and multiplying by the dilution factor, ten. PDGF was 

found in only low concentrations in PF and, therefore, the ELISA was repeated with 

undiluted samples.
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4 .3  STATISTICAL ANALYSIS & RESULTS

Continuous variables were analysed by means of Analysis of Variance, which 

when only two treatment groups are being examined, corresponds to the Student "t" test. 

The distribution of many of the concentration variables studied, which were bounded 

below by zero and yet contained some moderate values, displayed severe positive 

skewness. In such cases a natural logarithmic concentration was applied, in order to 

render the variables more amenable to statistical analysis. Contingency tables and 

proportion were analysed by means of Fisher's Exact test for a contingency table, this 

being a distribution-free analogue of the familiar Chi-squared test.

The mean values and the standard errors of the total pain score, PF TNF, PDGF 

and IL-6 for the different grades of endometriosis are shown in Table 1. The values are on 

the logarithmic scale. There was a significant association between pain and endometriosis; 

pain was significantly greater with more severe endometriosis (p<0.001), but no significant 

relationship was found between PF cytokine levels and pain.

Table 1 

Table giving the mean values and standard errors of the variables of 
total pain, IL6, TNF and PDGF (on the logarithmic scale)

AFS score Total pain score TNF (pg/mL) IL6 (pg/mL) PDGF (pg/mL)

0 0.43 +/- 0.16 0.72 +/- 0.72 4.20 +/- 0.42 3.63 +/- 0.13

1 - 5 1.29 +/- 0.10 1.66 +/- 0.31 3.93 +/- 0.45 3.57 +/- 0.09

6 -  15 1.73 +/- 0.20 1.81 +/- 0.52 4.37 +/- 0.60 3.34 +/- 0.15

1 6- 39 1.27 +/- 0.17 0.97 +/- 0.17 4.37 +/- 1.83 3.86 +/- 0.35

>39 1.59 +/- 0.20 0.55 +/- 0.55 5.60 +/- 0.04 3.78 (n=l)

P value < 0.001 N.S. N.S. N.S.
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The inter- and intra-assay precision of the IL-6, IL-4 and PDGF ELISA was less than 10% 

and the minimum detectable dose in PF was 3.0 pg/mL for IL-6, 4.1 pg/ml for IL-4 and 

84 pg/mL for PDGF assayed at a 10-fold dilution and 8.4 pg/mL for undiluted samples. 

The collection and storage of peritoneal samples did not alter cytokine levels and recovery 

of the different cytokines added to control PF was 95% for TNF-a, 85% for IL6, 94% for 

IL4 and 89% for PDGF.

Highest TNF levels were found in women with minimal-mild endometriosis (mean 

130 pg/mL, range 0-873 pg/mL) compared with women with moderate-severe disease or a 

normal pelvis. This erratic pattern of values for TNF prompted an alternative 

representation, simply the presence or absence of TNF (Table 2). A clear positive 

association was detected between the presence of TNF and endometriosis. A higher 

incidence of endometriosis was found among women with detectable levels of TNF in the 

PF (p<0.001). Thirty-four of 40 women with endometriosis (85%) had detectable levels 

compared with only one of 11 women with a normal pelvis (9%).

Table 2 

Table showing the presence or absence of peritoneal fluid TNF in women 
with and without endometriosis

Normal pelvis Women with Proportion (>0)
(n= 11) endometriosis

(n=40)

TNF absent (n= 16) 10 6 0.375

TNF present (n=35) 1 34 0.971

*p < 0.001

There was also evidence that the group of women with undetectable levels of TNF in the 

PF contained a significantly higher proportion with a history of pregnancy (Table 3)
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(p=0.025 by Fisher's exact test). Eleven of 19 multiparous women (58%) had 

undetectable PF TNF compared with 5 of 32 nulliparous women (16%).

Table 3

Table showing the negative association between the presence of peritoneal 
fluid TNF and a history of pregnancy

Nulliparous Multiparous Proportion
(n=32) (n=19)

TNF absent (n=16) 5 11 0.69

TNF present (n=35) 27 8 0.23

p=0.025 by Fisher's exact test

There appeared to be no effect of cycle phase on PF TNF levels (Table 4).

Table 4

Contingency tables of peritoneal fluid TNF by cycle phase

PF TNF (pg/mL) Proliferative Secretory Menstrual

TNF absent 5 2 1

TNF present 19 13 3

n 24 15 4

Proportion 0.21 0.13 0.25

The TNF (a  and P) bioassay was less sensitive than the ELISA (limit of detection 50 

pg/mL compared with 10 pg/mL), but, the same trend was evident, with undetectable levels 

of TNF in PF from normal women (p<0.001) Bioassayed levels for women with 

endometriosis varied from 0 - 8500 pg/mL (mean=1270 pg/mL). Nine of 13 women with 

endometriosis had detectable levels of TNF-a, as detected by bioassay, compared with
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none of the normal women, TNF-a levels as detected by bioassay were not directly 

comparable with levels detected by ELISA.

PDGF was found in the PF of women with endometriosis (mean 44 pg/mL, range 

25-37 pg/mL) and without endometriosis (mean 44 pg/mL, range 12-88 pg/mL). There 

was no evidence of a relationship between PDGF levels and pain (Table 1). However, 

PDGF values were on average higher in the women who achieved a pregnancy (p=0.054 

by Students t-test) (Table 5). PDGF levels in nulliparous women were 12-72 pg/mL 

(mean 35 pg/mL) and in multiparous women 27-88 pg/mL (mean 47 pg/mL).

Table 5

Table summarising the association between PDGF in peritoneal fluid and a 
history of pregnancy (log scale)

PDGF (pg/mL)

Nulliparous 1.80+/-0.13 n=25

Multiparous 2.21+/-0.16 n=14

p = 0.054 by Students t-test

There was evidence that the PDGF values were highest in the menstrual phase of the cycle 

(mean 65 pg/mL) compared with secretory (mean 38.92 pg/mL) or proliferative (mean 

33.17 pg/mL) phases (p<0.005) as shown in Table 6.

Table 6

Table of mean values of peritoneal fluid PDGF by cycle phase

Proliferative Secretory Menstrual

PDGF (pg/mL) 33.17 +/- 2.58 38.92 +/- 5.05 65.00 +/- 14.50

n 18 13 4

* p<0.005
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IL6 was found in PF of women with endometriosis (mean 320.5 pg/mL, range 3- 

1932 pg/mL) and without endometriosis (mean 53.5 pg/mL, range 32-81 pg/mL). There 

was no evidence of an association between IL6 levels and pain. Elevated levels of IL6 

(>150 pg/ml) were found in the presence of adhesions in 4 of 6 women (67%) with 

endometriosis and adhesions, compared with 11 of 36 women (31%) with endometriosis 

and no adhesions and none of the control women, but this was not statistically significant. 

There was evidence of an association between IL6 and the phase of the cycle with lowest 

IL6 levels detected in the menstrual phase (p < 0.05) (Table 7). The sense of the effect 

may be appreciated by the diminishing proportions of low IL6 in the secretory and 

menstrual phases.

Table 7 

Contingency tables of peritoneal fluid IL6 by cycle phase

PF IL6 (pg/mL) Proliferative Secretory Menstrual

0 -  100 18 8 1

101 - 500 2 5 0

>500 3 2 3

n 23 15 4

Proportion 0.783 0.533 0.250

p<0.005
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4.4  DISCUSSION

The presence of cytokines has been studied in PF of women with endometriosis 

and are thought to be involved in the development of the disease, but few studies to date 

have found a relation between cytokines in PF and the severity of the disease or its clinical 

symptoms.

Measurement of cytokine levels in tissue fluids is complicated by the fact that 

cytokines are never produced in isolation, but as a mixture of cytokines which may have 

similar or opposing actions on particular bioassays. Other biologically active proteins or 

lipids may also be co-produced and interfere. The assay for IL4 demonstrates no 

measurable cross-reactivity with other cytokines, but IL-6 demonstrates some cross

reactivity with G-CSF and PDGF some cross-reactivity with PDGF-AA (9.8%) and 

PDGF-BB (1.6%). The recovery for human recombinant cytokines ranged between 85- 

95%.

The biological half-life of cytokines in vivo is seconds or minutes and the 

collection technique may have provoked the release of cytokines or the cytokines may have 

degraded by the time of the assay. The measured cytokine concentration may be altered by 

interference from other proteins and interactions between the cytokines. In order to reduce 

the inter and intra-sample variation, the collection of samples was standardized, and all 

samples were collected by one investigator. To determine if the collection or storage of 

samples altered the cytokine content, known amounts of TNF, IL-6 and PDGF were added 

to control PF samples and re-assayed. The recovery rate indicated that the collection 

methods did not alter the cytokine levels. However, it is not certain that these results for 

human recombinant cytokines can be applied to cytokines in vivo which are part of a 

complex cytokine network with a biological half-life of seconds or minutes.

Previous studies have been criticized for the control group selection and for failing 

to control for cycle effects. It is well recognized that PF volume alters with day of the 

menstrual cycle, with an increase in the early luteal phase of the cycle (Koninckx et al..
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1980a; Maathuis et al., 1978). PF volume is increased in the early luteal phase and the 

cytokine level will appear lower by simple dilution. Our control group was selected on the 

basis of normal pelvic anatomy, negative pain history, proof of fertility and no drug or 

hormone treatment in the month prior to laparoscopy. The strict entry criteria for women 

into this group meant that the sample numbers were small (n = 8), but previous studies 

have been criticized for including infertile women without endometriosis (DeLeon et al., 

1986; Eiserman et al., 1988; Surrey and Halme, 1991). Infertile women may have had 

microscopic endometriosis not detected at laparoscopy. The number of control samples 

were necessarily small, since the fluid obtained from these women was of such small 

volume that several aliquots had to be pooled in order to produce sufficient volume for the 

determination of several cytokines. We chose to have strict entry criteria for the control 

group at the expense of numbers.

We found that levels of TNF-a in PF, as detected by ELISA, were very variable, 

with no obvious relationship between levels of TNF and pain or severity of endometriosis 

(table 3). Endometriosis was associated with detectable levels of TNF (p< 0.001) and 

fertility was associated with absent PF TNF (p=0.025). There appeared to be no 

relationship between TNF levels and phase of the menstrual cycle. This confirms a study 

by Eisermann et al. (1988) who reported similar findings.

However, we also found that TNF levels were significantly higher in women with 

minimal to mild endometriosis compared with women with moderate to severe disease or 

controls. This suggests that different conditions exist in minimal to mild disease compared 

with the well established severe disease. Perhaps higher TNF levels in women with 

minimal to mild disease could explain the enigma that these women often complain of 

severe pain, while women with moderate to severe disease are asymptomatic.

Eisermann et al. (1988) reported that TNF-a levels were significantly higher in 

women with moderate to severe endometriosis compared with normal women, while the 

difference was not significant between women with minimal-mild endometriosis and
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women with a normal pelvis. The different results may be explained by the different 

assays used. We measured TNF-a with an ELISA which measures TNF-a as an antigen, 

while Eisermann et al. measured TNF-a in PF by means of a ^^Cr release assay which 

measures lysis of the TNF sensitive cell line L929. Bioassays are difficult to perform, can 

lack specificity due to the presence of competing cytokines and are insensitive when used 

with complex biological fluids such as PF due to non-specific protein binding and the 

presence of TNF antagonists. In contrast monoclonal antibodies and polyclonal antisera 

have provided a means of identifying functionally important regions of the TNF molecule 

which may include biologically inactive moieties. The storage of PF samples also 

differed, Eisermann et al. stored the PF at 4®C for 7 days before assaying and did not 

validate their collection and storage method.

We also bioassayed TNF-a for 24 of the PF samples, by means of its cytotoxic 

effect against WeHi cells and found similar results to the ELISA. The trend was similar 

but levels of TNF detected by the ELISA and bioassay differed,, which reflects the 

difference between the assay techniques. The bioassay detects biologically active TNF, 

while the ELISA detects TNF as an antigen.

We found PDGF in PF of women with normal pelvic anatomy (range 25-37 

pg/mL) and women with endometriosis (12-88 pg/mL) at lower levels than those found in 

serum (1023-17326 pg/mL) and plasma (226-4877 pg/mL) in normal, healthy donors 

(Quantikine data sheet). We found no association between PDGF levels and severity of 

endometriosis or pain symptoms, but did demonstrate significant evidence of increased 

PDGF levels in fertile women (p = 0.054). We found that levels of PDGF were 

significantly higher in the menstrual phase of the cycle (p<0.005) with lowest levels in the 

proliferative phase of the cycle. This may reflect increased macrophage activity in PF 

around the time of menstruation.

We demonstrated that IL6 was a normal constituent of peritoneal fluid from women 

with and without endometriosis. Elevated peritoneal fluid IL-6 was associated with pelvic
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adhesions (not significant), but there was no evidence of a relationship between levels of 

peritoneal fluid IL-6 and severity of endometriosis, pain symptoms or pregnancy. This 

confirms previous reports (Buyalos et al., 1992; Boutten et al., 1992) who also measured 

IL-6 in peritoneal fluid. Boutten et al. (1992) showed no differences between women with 

minimal to mild endometriosis, women with infertility and fertile women with a normal 

pelvis. Buyalos et al. (1992) reported similar findings but demonstrated a significant 

relationship between levels of IL6 and pelvic adhesions. They validated their storage 

conditions by demonstrating that the freezing and thawing of cell-free PF did not alter the 

IL6 level. However, they reported no effect of cycle phase on IL6 levels, while we found 

that levels of IL6 were highest in the proliferative phase and lowest in the menstrual phase 

of the cycle (p<0.05). The significance of this is uncertain.

There are no previous studies on the measurement of IL-4 in PF, although normal, 

healthy donor sera contains no IL-4 (Quantikine data sheet). Previous studies have shown 

that IL-4 affects the growth of endometrial gland and stromal cells (Femandez-Shaw, 

1993) and IL-4 receptor is present in endometrium (Starkey, 1991). We did not detect IL4 

in PF from normal women nor from women with endometriosis. Perhaps, it is not 

surprising that a cytokine involved in allergic reactions and anaphylaxis is not present in 

PF.

In conclusion, we studied the relationship between concentrations of PF TNF-a, 

IL6 and PDGF and pain. We have showed that TNF was significantly associated with 

endometriosis and infertility, that PDGF was significantly associated with pregnancy and 

that IL6 was significantly associated with adhesions. PDGF and DL6 were cycle related 

with highest levels in the menstrual and proliferative phases respectively. We were able to 

confirm the significant relationship between increasing pain and endometriosis reported in 

chapter 3. Cytokines have been implicated in the pathogenesis of pain and infertility 

associated with endometriosis, but, disappointingly we have failed to demonstrate any 

association between levels of cytokines in vitro and pain symptoms or severity of
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endometriosis. If cytokines are not related to pain or severity of endometriosis, then it 

may be that some other factor(s) is involved or that different conditions exist in women 

with pain than in women with no symptoms. It has been suggested that women with pain 

have proliferative and progressive disease (Koninckx et al., 1991).
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5.1 INTRODUCTION

It has been suggested that women with endometriosis and pain represent a 

subgroup of women with progressive and destructive disease (Koninckx et al., 1991). If 

this is the case, it might be possible to relate proliferation of cultured endometrial gland and 

stromal cells to clinical symptoms and/or PF cytokine levels. The effect of one 

endometrial cell type on the growth of another was assessed in co-culture experiments, 

with the two cell populations separated by a semi-permeable membrane in Transwells 

(Costar).

Surrey and Halme (1990) reported increased proliferation of endometrial stromal 

cells cultured in calf serum and PF from women with endometriosis compared with calf 

serum alone. The source of this growth stimulatory activity is probably peritoneal 

macrophages, which are more numerous (Halme et al., 1987) and more activated (Halme et 

al., 1984) in women with endometriosis. There are also more T-cells and large granular 

lymphocytes (LGL) (Hill et al., 1988) in the PF of women with endometriosis compared 

with normal controls. Halme et al (1988) have reported that peritoneal macrophages 

isolated from women with endometriosis secrete a growth factor that stimulated [^H]- 

thymidine incorporation in fibroblasts. This growth factor bears structural and functional 

similarity to platelet derived growth factor (Shimokado et al., 1985). The growth of 

murine endometrial stromal cells is stimulated in vitro by medium conditioned by 

incubation by peritoneal macrophages (Olive et al., 1991), and several cytokines produced 

by macrophages have been implicated in the regulation of both stromal and gland cells.

Endometrium rather than endometriotic tissue was used in these experiments for 

several reasons. Endometrial samples were easily available and in sufficient quantity for 

the isolation techniques. Endometriotic tissue is usually only available in small quantities 

and is often contaminated with surrounding tissues e.g. peritoneum or ovary. Other 

researchers have obtained endometriotic tissue from endometriotic cysts, but contamination 

is a problem and there is no marker to differentiate these cysts from haemorrhagic cysts.
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In vitro experiments have shown that endometrium and endometriotic implants are similar 

in their staining and culture properties and the current belief is that endometriosis arises 

from implanted endometrium.

Isolation of pure preparations of the different cell populations is a pre-requisite for 

studies of in vitro function. The major cellular components of normal endometrium are 

surface and glandular epithelium, fibroblast-derived stromal cells and a heterogeneous 

population of cells of bone marrow origin. Previous studies with stromal cells included 

the endogenous bone marrow-derived cells, but in our studies these were removed by a 

method developed in our Department to isolate purified populations of endometrial 

glandular and stromal cells (Femandez-Shaw et al., 1991). This method is based on work 

that has shown that anti-Thy-1 antibody can be used to specifically recognise stromal cells 

in human endometrium. The anti-Thy-1 antibody, when bound to magnetic microspheres, 

can be used to purify the glandular fraction from stromal cells, since it recognizes a cell 

surface, but not a cytoplasmic marker (Femandez-Shaw et al, 1991).

Cytokines have been shown to affect the in vitro growth of endometrial cells 

(Femandez-Shaw, 1993). Proliferation of endometrial gland cells was stimulated by IL4, 

EGF and to a lesser extent M-CSF and inhibited by IL-3, TGF-(3, TNF and PDGF. TGF- 

P and TNF-p were inhibitory when added alone to cell culture, while TNF-a and PDGF 

were only inhibitory in the presence of oestradiol. IL-1, IL-2 and IL6 had no effect on the 

growth of gland cells. Proliferation of endometrial stromal cells was stimulated by PDGF, 

TGF-p, IL4, EGF and TNF-a and inhibited by ILl. TNF-p, M-CSF, IL3, IL6 and IL2 

had no effect on the growth of stromal cells.

This study aimed to test the hypothesis that the cell-free fraction of PF from women 

with endometriosis affects the proliferation of isolated endometrial gland and stromal cells 

in culture and that this effect might be related to the pain symptoms or cytokine content. 

The effect of semm on cell culture from these same women was also studied, and the 

results compared with those of PF. Because it has been assumed that the sustained
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proliferation of tissue derived from the endometrium represents a crucial aspect in the 

establishment (Surrey and Halme, 1990) and progression of endometriosis, isolated human 

endometrial gland and stromal cells were used as a model for endometriosis.
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5 .2  MATERIALS & METHODS

5 . 2 . 1  Sources of tissue, serum & peritoneal fluid

Endometrial curettings (n= 17) were obtained from the uterine cavity of premenopausal, 

parous women undergoing hysterectomy for indications other than malignancy or 

endometriosis (usually dysfunctional uterine bleeding). The uterus was opened 

longitudinally and if the endometrium appeared normal, one half was sampled. The 

curettings were taken between days six and 28 of the cycle (day one = first day of 

menstruation) and the menstrual stage was confirmed by histological analysis according to 

the criteria of Noyes et al. (Noyes et al., 1950) by the Department of Histopathology, John 

Radcliffe Hospital, Oxford. Tissue was collected in accordance with the requirements of 

the Central Oxfordshire Research Ethics Committee.

Blood (n = 30) and PF (n = 35) was collected from women undergoing diagnostic 

laparoscopy. 'Control' media selected were; heat inactivated fetal calf serum, normal 

human serum (pooled human AB-male serum from the Blood Transfusion Service, John 

Radcliffe Hospital, Oxford, UK), RPMI and sera and PF collected from fertile, 

asymptomatic women who were not taking hormones and had a normal pelvis at 

laparoscopic sterilization (n = 8). None of the women had taken corticosteroids, 

hormones, danazol or GnRH agonists in the month prior to laparoscopy. The women 

were aged 24-44 years (mean 31 years), menarche 9-16 years (mean 12 years), average 

cycle 23-31 days (mean 28 days) and duration of infertility 15-96 months (mean 34 

months). The samples were classified as proliferative or secretory on the basis of the last 

menstrual period.

PF was aspirated from the cul-de-sac with the patient in a 15-degree Trendelenburg 

position. Blood and PF were collected into plain glass tubes. Samples were cooled in ice 

and centrifuged at 4000 rpm for ten minutes at 4®C within two hours of collection. 

Samples were divided into 500jil aliquots and frozen at -20®C. Samples were collected in 

accordance with the requirements of the Central Oxfordshire Research Ethics Committee.
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Oestradiol was measured in each serum and peritoneal fluid sample using 'Coat-A- 

Count Estradiol' kit (cat. no. TKE21, Diagnostic Products Corporation, Los Angeles, CA, 

USA) following the manufacturer's instructions. The limit of detection for oestradiol was 

20 pg/ml oestradiol.

Cytokines TNF, IL4, IL6 and PDGF in peritoneal fluid were measured as 

described in the previous chapter.

5 . 2 . 2  Cell isolation and purification

Tissue was collected into 20 ml RPMI 1640 medium (Gibco, Europe, Uxbridge, UK) 

containing 10% heat-inactivated fetal calf serum (MFCS) (Imperial, Andover, UK) 

weighed and stored overnight at 4®C.

All incubations were performed at 37^C in a 5% CO2 incubator. Cells were 

dissociated essentially as described by Satyaswaroop et al. (1979). The tissue was teased 

into 2-3 mm pieces and incubated with collagenase (type I, 133 U/mg, Worthington 

Biochemical Corporation, New Jersey, USA) 0.25% in RPMI/hiFCS for 2h. The 

suspension was filtered through a 250)im sieve (Nylon Bolting Cloth, Lockortex, 

Warrington, UK) to remove mucous material and undigested tissue and then through a 

40|Lim sieve (Lockortex) which allowed the stromal cells to pass through, while whole 

glands were retained. The glands were recovered from the filter by backwashing with 

phosphate-buffered saline (PBS) containing 0.1% bovine serum albumin (BSA) (both from 

Sigma Chemical Co. Ltd, Poole, UK).

The stromal cells were further purified by centrifugation on a Percoll gradient. 

Cells were suspended in 5ml of 25% Percoll (Pharmacia, Milton Keynes, UK) in RPMI 

1640 medium in a 12ml centrifuge tube, underlayered with 5ml of 60% Percoll in RPMI 

and overlayered with 2ml PBS. Percoll (100%) was taken as nine parts Percoll, diluted 

with one part 1.5 M sodium chloride. After centrifugation at 670 g for 30 min at 12°C,
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the cells at the 25% interface were recovered, washed in five volumes of PBS and 

resuspended in PBS/BSA.

The cells were counted in a counting chamber (improved Neubauer, A.R. Horwell 

Ltd, London, UK). Three counts were performed and the average of the results taken. 

The percentage viability was established according to trypan blue exclusion. A small 

aliquot (0.25 x 10^ cells) was put aside for preparation of cytospins, as described 

subsequently.

M-450 Dynabeads precoated with sheep anti-(mouse IgG) IgG (Dynal Inc., USA) 

were incubated, for 18h at 4^C with rotation, with mouse anti-CD-45 antibody (Serotec, 

Kidlington, Oxford, U.K.) diluted 1:500 in 1ml 0.1% PBS/BSA. After incubation, the 

beads were collected with a magnetic concentrator (Dynal Magnetic Particle Concentrator, 

DYNAL MPCl). The coated beads were washed four times for 30 min in PBS/BSA on 

the rotating apparatus at 4®C, and finally collected and stored in PBS/BSA at 4®C and 

used within two weeks.

To remove contaminating CD-45 positive cells from the stromal cell preparation, 

aliquots of 1.0 x 10^ dispersed stromal cells, in a final volume of 500 pi, were incubated 

with antibody-labelled immunomagnetic beads. Based on previous work (Fernandez- 

Shaw, 1993), it was assumed that one fifth of the cell count was contaminating CD-45 

positive cells and 15 immunomagnetic beads per CD-45 positive cell were required for 

complete elimination. The cell-bead mixtures were incubated for 60 min at 4^C on the 

rotating apparatus, then the bead-CD-45 positive cell rosettes were removed with the 

magnet (four washes with with PBS/BSA followed by bead removal). The remaining 

cells were counted, viability established, and plated onto culture plates, leaving 0.25 x 10^ 

in 0.1% PBS/BSA to prepare cytospins.

The glandular fraction was resuspended in PBS/BSA and washed by 

centrifugation. To disperse the glands into single glandular, epithelial cells, the cells were 

incubated in 3ml of trypsin (0.025%)-EDTA (0.01%) (Sigma) in PBS/BSA and incubated
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in a 35 mm culture dish (Falcon,USA). The cell suspension was viewed under the 

microscope every 2.5 min, and when most glands were disaggregated (after 7-12 min), the 

incubation was stopped by addition of 500 pi of normal human serum. The cell 

suspension was washed again by centrifugation, resuspended with DNase (Sigma) 50 

pg/ml in 3ml RPMI, and incubated in a 35 mm culture dish for 5 min to reduce viscosity 

resulting from the release of DNA from dead cells.

M-450 Dynabeads precoated with sheep anti-(mouse IgG) IgG (Dynal Inc., USA) 

were incubated with mouse anti-Thy-1 antibody (gift from Dr Dalchau, Blond Mclndoe 

Centre for Medical Research, East Grinstead, Sussex, UK) diluted 1:500. Beads were 

collected and stored as described above.

To remove contaminating stromal cells from the glandular preparation, aliquots of 

1.0 X 10^ dispersed glandular cells, in a final volume of 500 pi, were incubated with 

antibody-labelled immunomagnetic beads. It was estimated that one third of the cell count 

was contaminating stromal cells and 20 anti-Thy-1 antibody labelled immunomagnetic 

beads were required per stromal cell for total elimination. The cell-bead mixtures were 

incubated for 30 min at room temperature on the rotating apparatus, then the bead-stromal 

cell rosettes were removed with the magnet. The remaining cells were counted, viability 

established and plated onto culture plates, leaving 0.25 x 10^ in 0.1% PBS/BSA to prepare 

cytospins. Figure 1 summarises the isolation and purification method of gland and stromal 

cells from endometrium.
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FIGURE 1
Purification method for the isolation of endometrial 

gland and stromal cells

Endometrial tissue

I
Tease into 2 -3  mm pieces

I
Collagenase type I incubation (6650/20ml)
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Filtration through 20|im then 40|xm sieves

Gland enriched fraction
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Incubation with DNase
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Removal of contaminating cells 

with Thy-1 coated 
immunomagnetic beads

I
Purified gland cells
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Centrifugation in 25/60% Percoll 
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Purified stromal cells
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5 .2 .3  Cytospins and immunohistology

Cytospins (Shandon Southern Products Ltd, Runcorn, UK) were prepared of both stromal 

and glandular cell preparations before and after the purification steps (lOOpl of cells at 0.25 

X 10^/ml in 0.1% PBS/BSA per slide) to check the percentage purity in the cell 

preparations. The cells were centrifuged at 19g for 6 min (Shandon Southern Products) 

on to single well slides (Henley Ltd.) and air-dried overnight. The slides were then fixed 

in 50:50 acetone and methanol for 90s and air dried again before non-immune rabbit serum 

was added for 1 min to saturate non-specific binding sites. Slides were then incubated 

with primary mouse monoclonal antibodies for 30 min at room temperature. The 

antibodies selected were JMB2 (gift of Professor McGee, Department of Histopathology, 

John Radcliffe Hospital, Oxford, UK) (used undiluted) which labels intermediate filament 

cytokeratin no. 18 (McGee et al., 1982); anti-Thy-1 (gift of Dr. Dalchau, Blond Mclndoe 

Centre for Medical Research, East Grinstead, Sussex, U.K.) (used at a dilution of 1:500 in 

PBS containing 5% normal human serum) which labels stromal cells; and F 10/89/4 (gift of 

Dr. J. W. Fabre, Institute of Child Health, London, U.K.) (used at a dilution of 1:100 in 

PBS containing 5% NHS), which labels CD45, leucocyte common antigen. These 

antibodies were used as markers for epithelial cells, stromal cells or cells of bone marrow 

origin respectively. Slides were washed for 30 s in PBS and the bound antibody detected 

by a 30 min incubation at room temperature with a peroxidase-conjugated rabbit anti-mouse 

IgG (Dako Ltd, Aylesbury, Bucks, UK) at 1:50 dilution in PBS containing 10% NHS. 

Slides were then washed in PBS for 30 s and developed with 50 pi diaminobenzidine 

tetrahydrochloride (DAB: Sigma, Poole, Dorset, UK) 0.6 mg/ml in PBS containing 3 pl/ml 

H2O2 (Thornton and Ross Ltd, Huddersfield, Yorkshire, UK) for 5 min. All cytospins 

were counterstained with haematoxylin (Shandon Southern Products, Runcorn, Cheshire, 

UK), dehydrated with methanol and mounted in DPX. Negative controls used mouse IgG 

in place of the first antibody (1:100 in PBS) or 5% normal human serum in PBS. Positive 

cells were scored as brown-staining cells and negatives as blue-staining cells. In each
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case, 100 cells were counted and the results expressed as a percentage. Viability, purity 

and yield were expressed as median and range.

5 . 2 . 4  Cell culture

Purified stromal and gland cell preparations, for each patient (n = 8), were washed by 

centrifugation and resuspended in RPMI (with L-glutamine) which contained 10% hiFCS 

and 50jLig/ml gentamicin (Roussel Lab. Ltd, Uxbridge, UK). Aliquots of 25,000 stromal 

and glandular cells per 200 pi of medium per well were plated. Stromal cells were 

cultured in uncoated, 96-well, flat-bottomed microtitre plates (Nunclon, Nunc, Flow 

Laboratories, Irvine, UK). Gland cells were cultured on 1:5 Matrigel. Matrigel 

(Basement membrane matrigel; Becton Dickinson U.K. Ltd, Oxon, U.K.) is a solubilized 

basement membrane preparation extracted from the Engelbreth-Holm-Swarm (EHS) mouse 

sarcoma. Matrigel 1:5 was prepared according to the manufacturer's instructions, and 

plates coated (lOOpL per well) following the 'thin coating method.' Cell cultures were 

incubated in CO2 (5% in air) at 37®C. Plates were washed after 24 hours with PBS to 

eliminate non-adherent cells and the medium changed. All experiments were run in 

triplicate.

Proliferation was assessed by the uptake of [^H-methyl] thymidine (TRK 120, 

Amersham International PLC, Amersham, UK) during 48 hours before harvesting. 

Proliferation was measured on days 3, 5, 7, 10 and 14, when all cultures were stopped. A 

volume of 20pl of [^H-methyl] thymidine per well (0.5pCi/well) was added on days 1, 3, 

5, 8 and 12 and cells were allowed to proliferate for 48 h before harvesting. The cells 

were detached for harvesting by incubating for 5-10 min at 37®C with trypsin 0.05%- 

EDTA 0.02% (lOOpl/well). Cells were harvested with a cell harvester (Skatron, Norway) 

onto a glass fibre filter paper (Pharmacia). Thymidine uptake was measured using a flat

bed liquid scintillation counter (1205 Betaplate counter, LKB, Wallac, Finland).
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The effect of various concentrations of serum or peritoneal fluid on endometrial cell 

proliferation was studied. Gland cells and stromal cells were cultured in phenol red-free 

RPMI with L-glutamine containing 50 pg/ml gentamicin and 2.5%, 5% or 10% PF or 

serum and incubated at 37^C in 95% air and 5% CO2 . The medium was changed on days 

3, 5, 7, 10 and 12, by removing 100 pi of medium and replacing this with 100 pi of fresh 

solution. Proliferation of gland and stromal cells was measured on days 3, 5, 7, 10 and 

14. The effect of phenol red and charcoal stripped serum on the growth of endometrial 

cells was investigated for a 48 hour period. RPMI with or without phenol red was added 

to the cell culture on day one and proliferation measured on day three. Charcoal stripped 

PCS and NHS were added to the cell culture on day one and proliferation measured on day 

three. Results were compared with unstripped PCS and NHS.

5 . 2 . 5  Charcoal stripped serum

Charcoal stripped hiPCS and NHS were prepared under sterile conditions. Activated 

charcoal (Norit A, Sigma) 0.25% and dextran T70 (Pharmacia) 0.0025% were diluted in 

PBS (pH 7.7) and incubated with stirring for one hour at 37°C. The solution was then 

centrifuged at 4000 rpm for 10 min and the supernatant discarded. The pellet was 

resuspended in a volume of hiPCS, equal to that of the PBS used in the previous 

incubation, and incubated overnight at 4^C in a rotating apparatus. The next day, the 

solution was centrifuged three times at 4000 rpm for 10 min discarding the pellet and 

keeping the supernatant, which was finally filtered in succession through a 5 pm, 0.45 pm 

and 0.2 pm sieves. The resultant charcoal stripped hiPCS was aliquoted and stored under 

sterile conditions. The level of oestradiol in hiPCS, NHS and charcoal stripped serum 

was measured using the Coat-A-Count Estradiol' kit.
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5 . 2 . 6  Co-cultures of gland and stromal cells

The effect of glands and stroma on each other via soluble mediators were studied by co- 

culturing glands and stroma in Transwell cell culture dishes (Transwell-COL, Costar, High 

Wycombe, UK). Each Trans well consisted of an uncoated plastic well and a 6.5 mm 

chamber insert. A transparent, collagen-treated, microporous membrane with a pore size 

of 0.4 |xm separates the two cell cultures. The Trans well-COL membrane has been treated 

with an equimolar mixture of types I and III collagen derived from bovine placentae, 

retaining the microporosity, for a rapid diffusion of medium between the upper and lower 

compartment and being transparent allows the visuahsation of the cells.

Stromal and gland cell isolation and purification was performed as described 

previously. Gland and stromal cells from the same endometrial sample were co-cultured. 

Stromal cells were plated in aliquots of 125,000 cells in 1 ml in the uncoated plastic well 

and gland cells in aliquots of 25,000 cells in 200 |Lil in the 6.5mm chamber insert. The 

plates were washed with PBS on day one and the medium replaced with 10% PF or serum 

solutions (1 ml of solution in the lower compartment and 200 |xl in the chamber insert). 

[^H-methyl] thymidine was added on day one; 20 pi (0.5 pCi) was added to the gland cell 

suspension in the transwell and 50 pi (1.25 pCi per well) to the stromal cell suspension in 

the bottom well. Proliferation was measured after 48 hours. Controls of gland cells and 

stromal cells growing alone on the Transwells were compared with co-cultures.

5 . 2 . 7  Cell Morphology & May Gruenwald Giemsa Staining

Cells were inspected daily. Photographs of growing cell cultures were taken under the 

phase contrast microscope. Cells were also stained with the May-Gruenwald Giemsa stain 

(see method) and photographed under light microscopy.

Culture medium was tipped out of the wells and the cells were washed five times 

with PBS. The final wash was aspirated and the cells air-dried for 60 s. The cells were 

dehydrated with methanol for 15 min and then discarded. The May-Gruenwald stain
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(British Drug House) (1:1 Sorensen's buffer pH 6.8) was applied for 15 minutes and then 

discarded, followed by Giemsa's stain (British Drug House) (1:10 Sorensen's buffer pH 

6.8) for 15 minutes. The cells were then washed three times with Sorensen's buffer 

( 1:200 Sorensen's buffer in distilled water) leaving the final wash for five min. The final 

wash was discarded and the cells left to dry overnight.
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5 .3  STATISTICAL ANALYSIS & RESULTS

Endometrial tissue obtained was classified as secretory (n=10) or proliferative (n=7). The 

median weight of endometrial tissue obtained was 112 mg, range 25 -241 mg (n = 17). 

The weight of tissue obtained was higher in the secretory phase 147 (87 - 225) mg 

compared with the proliferative phase 105 (25 - 241) mg.

Cytokines TNF, IL-6 and PDGF were measured in peritoneal fluid and the results 

are shown in Table 1. The PF obtained from 'control' women was of such small volume 

that in order to produce sufficient sample for the determination of proliferation for a number 

of tissue samples that several aliquots were then pooled.

Table 1
Table giving the mean values and ranges of cytokines TNF, IL-6 and PDGF

in peritoneal fluid.

APS score TNF (pg/mL) IL-6 (pg/mL) PDGF (pg/mL)

0 262 (0-2884) 110.9 (20-405) 39.5 (25-66)

1 -5 45.5 (0-867) 241.2 (0-1766) 38.7 (19-88)

6 -1 5 74.7 (0-873) 340.2 (0-1817) 30.7 (12-48)

16-39 1.75 (1-3) 817.8 (0-1932) 53.7 (27-89)

> 39 1 (n=2) 269.5 (258-281) 44 (n=l)

Oestradiol levels from the same women were higher in PF, mean 226 (range 53 - 281) 

ng/mL compared with serum 119 (45 - 163) ng/mL. Levels were higher in the secretory 

phase compared with the proliferative phase, with lowest levels in the menstrual phase 

[Table 2].
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Table 2
Summary of oestradiol concentration in peritoneal fluid 

and sera of women with endometriosis

Phase of cycle Oestradiol 
range ng/mL

Oestradiol 
mean ng/mL

Peritoneal fluid 
Proliferative 24
Secretory 15
Menstrual 4

13 - 734 
18 - 726 
19-90

281
345
53

Serum
Proliferative
Secretory
Menstrual

20
16
2

25-413 
55 - 336 
36-53

148
163
45

5 .3 .1  Isolation and purification

The sum of percentage cytokeratin-positive, Thy-1-positive and CD-45 positive cells in 

cytospins of each sample was always in the region of 100%. Controls show no staining 

of glandular and stromal cells [Figure 2].
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Figure 2

Cytospins after staining with anti-mouse immunoglobulin G

a) Glandular cells

Stromal cells

*
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The median (range) viability of the stromal cell preparation after Percoll centrifugation was 

85% (59-93%), and the yield 45.8 (8.8 - 100) x 10^ cells/g of tissue. Contaminating CD- 

45 positive cells were removed by incubation with anti-CD-45 coated inununomagnetic 

beads to 2% (0-8%) after incubation with beads. Contaminating cytokeratin positive cells 

represented less than 7% of the purified stromal cell preparation [Figure 3]. The 

proportion of Thy-1 positive cells in the final stromal cell suspension was 89% (64-96%) 

[Figure 4], with 87% (79-93%) viability and yield 23.7 (5.5 - 56.5) x 10^ cells/g [Table 

3].

Table 3
Endometrial cell preparations before and after antibody coated 

immunomagnetic beads expressed as median (range).

Stromal cell preparation

Before beads After beads

Cytokeratin positive cells (%) 1 (0-6) 2 (0-7)

Thy-1 positive cells (%) 85 (59-93) 89 (64-96)

CD-45 positive cells (%) 5 (4-35) 2 (0-8)

Viabihty (%) 89 (80-96) 87 (79-93)

Yield (lOxlO^/g endometrium) 45.8 (8.8-100) 23.7 (5.5-56.

Gland cell preparation

Before beads After beads

Cytokeratin positive cells (%) 59 (34-76) 90 (68-98)

Thy-1 positive cells (%) 38 (18-64) 3 (0-12)

CD-45 positive cells (%) 0 (0-1) 0 (0-1)

Viability (%) 89 (80-96) 87 (79-93)

Yield (lOxlO^/g endometrium) 18.4 (3.8-24.2) 8.7 (4.0-24,

The proportion of cytokeratin positive cells increased from 59% (34-76%) to 90% (68- 

98%) after incubation with anti-Thy-1 antibody-coated beads [Figure 5 & 6]. The
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viability of the final glandular cell preparation was 87% (79-93%) and yield 8.7 (4.0 - 

24.1) X 10^ cells/g of tissue [Table 3]. Less than 1% of the glandular cell preparation 

stained with anti-CD45 antibody.

The final cellular purity and viability were not related to the stage of the menstrual 

cycle, although yield was higher in the proliferative phase of the cycle [Table 4].

Table 4

Purity of stromal and glandular cells after isolation and purification with 
antibody-coated immunomagnetic beads expressed in median (range)

Proliferative Secretory
endometrium (n = 6) endometrium (n = 5)

Glandular cells

Cytokeratin positive cells (%) 88 (75-98) 92 (68-95)

Thy-1 positive cells (%) 5 (0-12) 0 (0-6)

CD-45 positive cells (%) 0(0-1) 0

Viability (%) 86 (79-93) 88 (82-91)

Yield (10 X 10^/ g  tissue) 8 (5-24) 6 (4-16)

Stromal cells

Cytokeratin staining (%) 1 (0-5) 3 (0-7)

Thy-1 staining (%) 86 (67-92) 92 (64-96)

CD-45 staining (%) 2(1-5) 2(0-8)

Viabihty (%) 88 (81-93) 89 (82-95)

Yield (10 X 1q6/ g tissue) 28 (6-59) 21 (6-36)
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Figure 3

Cytospins of stromal cells after staining with anti-CD-45 which stains cells 
of bone marrow origin

a) before purification with immunomagnetic beads
b) after purification with immunomagnetic beads
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Figure 4

Cytospins of stromal cells after staining with anti-Thy-1 which stains
stromal cells

a) before purification with immunomagnetic beads
b) after purification with immunomagnetic beads

Î  *  ;
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Figure 5

Cytospins of glandular cells after staining with anti-Thy-1 which stains
stromal cells

a) before purification with immunomagnetic beads
b) after purification with immunomagnetic beads

f
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Figure 6

Cytospins of glandular cells after staining with JMB2 which stains
cytokeratin 18 (epithelial cells)

a) before purification with immunomagnetic beads
b) after purification with immunomagnetic beads
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5 .3 .2  Morphological description

Stromal and gland cells tended to attach better around the peripheries of each well, whether 

plated on plastic or Matrigel. After 24-48h of culture, cells in both isolated stromal and 

glandular fractions were adherent to the culture dishes. The glandular cells appeared to 

form colonies and curl around in a 'whorled' pattern which was characteristic of epithelial 

cells in culture (Figure 7), while the stromal cells appeared as spindle-shaped fibroblasts 

with long drawn out cytoplasmic processes and large intercellular spaces (Figure 8). 

Stromal cells reached confluency between days five and seven, when the cells lost their 

spindle shape and became polygonal (Figure 9). Gland cells formed groups of cells 

during the first 24 hours and whorl formations by the second day in culture. Confluency 

in the gland cell cultures was never reached. The gland and stromal cells displayed the 

same behaviour regardless of the phase of the menstmal cycle.
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Figure 7

Glandular epithelial cells purified using immunomagnetic microspheres, 
forming the characteristic whorled pattern after 48 hours in culture.
Phase contrast microscopy x 20
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Figure 8

Endometrial stromal ceils purified using immunomagnetic microspheres, 
after 48 hours in culture.
The cells are stained with May-Gruenwald Giemsa stain and resemble fibroblast-like cells 
with long cytoplasmic processes.
a) Low power x 4
b) Higher power X 10
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Figure 9

Stromal cells purified using immunomagnetic microspheres.
The cells are stained with May-Gruenwald-Giemsa stain.
a) After 48 hours in culture the stromal cells resemble fibroblast-like cells with long 
cytoplasmic processes (xlO)
b) After 5 days in culture the stromal cells reach confluence and become polygonal in 

shape (x 10)
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Cell culture conditions

5 . 3 . 3  Phenol red-free medium

The morphological appearance of the cells was similar in medium with or without phenol 

red. Thymidine incorporation was consistently higher in gland and stromal cells grown in 

medium containing phenol red (statistically non significant) which suggests that phenol red 

may have a small stimulatory effect on the growth of gland and stromal cells (Table 5). In 

order to reduce the number of variables, phenol red-free medium was used in all the 

proliferation studies.

Table 5

Table giving mean proliferation (on the logarithmic scale) 
for endometrial samples (n=3)

10% PCS with phenol red without phenol red

Sample 1 7.343 6.638

Sample 2 5.024 4.174

Sample 3 6.811 5.739

Mean 6.39 5.52

Sample 1 7.550 6.737

Sample 2 5.505 6.014

Sample 3 4.357 3.611

Mean 5.80 5.45

5 . 3 . 4  Charcoal stripped serum

Oestradiol promotes growth of endometrial cells and could affect cell proliferation. 

Unstripped and stripped MFCS contained 30.34 pg/ml and 17.3 pg/ml of oestradiol 

respectively (Coat-A-Count Estradiol). Unstripped and stripped NHS contained 39.7
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pg/ml 2.53 pg/ml respectively. Gland and stromal cells grown in stripped and unstripped 

serum had similar morphological appearances. Maximum proliferation was obtained when 

gland cells were grown in charcoal-stripped FCS and stromal cells were grown in 

unstripped NHS. Proliferation of endometrial gland and stromal cells was less if grown in 

medium containing stripped NHS compared with unstripped NHS [Table 6], but the 

reverse was true of endometrial gland and stromal cells grown in stripped hiFCS, where 

proliferation was greater in stripped serum. Since the presence of oestradiol in serum 

could alter the proliferation rate of the cells, subsequent cell cultures were plated in 10% 

charcoal-stripped hiFCS and medium changed on day one.

Table 6 

Table giving mean proliferation (on the logarithmic scale) 
for endometrial samples (n=3)

Unstripped Charcoal-stripped Unstripped Charcoal-stripped
FCS FCS NHS NHS

Gland
proliferation 7.20 7.78 8.79 8.26

Stroma
proliferation 7.18 7.55 8.05 7.92

5 . 3 . 5  Concentration of serum/peritoneal fluid and day of harvest

Endometrial gland and stromal cells were grown in 2.5%, 5% and 10% serum or PF. In 

order to investigate the effect of the time in culture on the growth variable, the proliferation 

figures were analysed on portions of the database which were 'balanced' as regards patient, 

time and concentration of medium. For stromal cell culture, proliferation increased with 

increasing concentrations of FCS and was maximum in 10% FCS compared with 

proliferation in 2.5% or 5% PF (p < 0.001) [Figure 10].
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Figure 10
Graph to show the mean stromal cell proliferation (on the 
logarithmic scale) for varying concentrations of serum 
& peritoneal fluid
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Figure 11
Graph to show the mean gland proliferation (on the logarithmic scale) 
for varying concentrations of serum and peritoneal fluid samples
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Concentration of serum & peritoneal fluid

For the gland cells, the results were more variable, but again, maximum 

proliferation was seen grown in 10% FCS compared with proliferation in 2.5% or 5% 

serum (not significant) [Figure 11].
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Gland cells cultured in serum have maximum proliferation at day 3, with a steady decline 

thereafter. This temporal effect was statistically significant in the samples of data 

investigated (n=3) (p < 0.001). For the stromal cell culture, maximum proliferation was 

obtained at day 3, however, the pattern was more diffuse (not significant) [Figure 12].
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Figure 12. Graph to show the mean proliferation
(on the logarithmic scale) for gland & stromal cells grown
in 10% serum and harvested on varying days
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Day of harvest

Gland and stromal cells showed a similar pattern, with maximum proliferation on day 3 

[Figure 13].
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Figure 13. Graph to show the mean proliferation
(on the logarithmic scale) for gland & stromal cells grown
in 10% peritoneal fluid and harvested on varying days
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Subsequent cultures of endometrial gland and stromal cells were grown in 10% serum or 

PF and harvested on day 3 since this gave the highest thymidine incorporation,

5 . 3 . 6  Proliferation of endometrial gland and stromal cells in peritoneal 

fluid and serum from women with and without endometriosis

Proliferation was measured by the incorporation of thymidine during 48h. Stromal cells 

showed greater proliferation than gland cells grown in either PF or serum. Glands & 

stroma showed greater proliferation in PF compared with serum from the same woman.

Table 7.
Proliferation (cpm) of gland & stromal cells grown in 10% serum & 

peritoneal fluid from the same woman

Serum Peritoneal fluid

Glands
Stroma

2 395
11 924

2(%4
12 461
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For the purposes of statistical evaluation, the growth variables for the different culture 

media, for each patient, were divided into four groups; serum and PF from women with 

endometriosis (n=39) and from women without endometriosis (n=4), hiFCS (n=3) or 

pooled male AB serum (n=l). This 'all or nothing' approach was decided upon, since 

initial investigation by means of regression analyses, failed to detect a progressive effect of 

increasing score of endometriosis on the growth variable. Because of the very large 

variation in the growth variables, the data were transformed onto the logarithmic scale prior 

to analysis. One way analyses of variance were carried out on these growth variables for 

each patient: for the glandular and the stromal data separately, and for the PF and serum 

data separately. The results for the analyses of the growth variables for each patient, for 

the glandular and the stromal data separately, and for the PF and serum data separately are 

summarized in Table 8, which displays the mean values on the logarithmic scale for each 

subgroup.

Table 8

Table giving the median (range) values of the proliferation of endometrial 
cells (n=8) grown in serum or peritoneal fluid. The original observations 
were transformed onto the natural logarithmic scale prior to analysis.

Stroma Glands

PF from women with endometriosis 7.6 (5.9-8.0) 8.0 (4.8-7.9)

PF from women without endometriosis 7.8 (5.8-9.4) 7.8 (5.0-8.5)

Serum from women with endometriosis 7.3 (5.0-8.8) 7.6 (2.3-8.3)

Serum from women without endometriosis 7.4 (5.4-9.0) 7.6 (4.3-8.4)

Male serum 7.4 (5.7-9.3) 7.3 (4.3-8.2)

Fetal calf serum 6.8 (4.3-8.8) 6.1 (3.7-7.0)

The results displayed in Table 8 are also illustrated graphically in figures 14-18. 

Proliferation was less in the six of eight cultures of glandular cells (Figure 14) and five of
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eight cultures of stromal cells (Figure 15) grown in PF from women with endometriosis 

compared with normal women.

Figure 14. Graph giving the mean proliferation (on the 
logarithmic scale) of glandular cells grown in peritoneal fluid 
from women with and without endometriosis
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Figure 15. Graph giving the mean proliferation (on the 
logarithmic scale) of stromal cells grown in peritoneal fluid 
from women with and without endometriosis
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The effect is similar for stromal cells grown in serum, where proliferation was less in five 

of eight cultures of stromal cells grown in serum from women with endometriosis 

compared with normal women (Figure 16). Proliferation of endometrial gland and 

stromal cells was similar grown in female and male serum, but consistently less when 

grown in PCS (Figures 16 & 17).

Figure 16. Graph giving the mean proliferation (on the 
logarithmic scale) of stromal cells grown in serum
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The mean values and the standard errors of gland and stromal cells grown in PF and sera 

from women with endometriosis do not provide evidence of a systematic difference 

between the groups. The differences were small and just failed to reach statistical 

significance (p=0.08 by Wilcoxon signed rank test). Proliferation of glandular cells in 

serum from women with and without endometriosis was similar for seven of eight cultures 

(Figure 17).
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Figure 17. Graph giving the mean proliferation (on the 
logarithmic scale) of glandular cells grown in serum
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The proliferation of glands and stroma was less when grown in serum compared with PF

(Figures 18 & 19).
Figure 18. Graph giving the mean proliferation (on the 
logarithmic scale) of glandular cells grown in serum and 
peritoneal fluid from women with and without endometriosis
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Figure 19. Graph giving the mean proliferation (on the 
log scale) of stromal cells grown in serum and peritoneal fluid 
from women with and without endometriosis
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There was no evidence of any difference between proliferative or secretory phase 

endometrium (Table 9).

Table 9

Table giving mean proliferation (on the logarithmic scale) of the 
endometrial samples classed as either proliferative or secretory

Peritoneal fluid Gland

Stroma

Proliferative (n=5) Secretory (n=3)

7.32 +/- 0.66 6.65 +/- 0.83

7.66 +/- 0.47 7.12+/- 0.77

N.S.

N.S.

Serum Gland

Stroma

7.29 +/- 0.60 

7.46 +/- 0.46

6.22 +/- 1.03 N.S.

76.40 +/- 0.85 N.S,

Variation in the oestradiol levels in serum and peritoneal fluid was taken into consideration, 

but there was no evidence that oestradiol exerted a systematic effect on proliferation. The 

mean values and standard errors in Table 10 were therefore derived from one-way analyses 

of variance.
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Table 10

Table giving mean proliferation (on the logarithmic scale) for women 
grouped by AFS score. The numbers in brackets denote the number of 

observations comprising the mean values.

Peritoneal fluid Serum

AFS Stromal cells Glandular cells Stromal cells Glandular cells

0 7.73+/-0.015 (3) 7.21+/-0.093 (2) 7.29+/-0.310 (3) 6.82 (1)

1-5 7.50+/-0.106 (17) 7.01+/-0.87 (10) 6.96+/-0.085 (22) 6.90+/-0.47 (20)

6-15 7.29+7-0.120 (8) 7.21+7-0.043 (2) 7.00+7-0.151 (4) 6.79+7-0.064 (4)

16-39 7.42 (1) 7.46+7-0.300 (2) 7.08 (1)

Table 10 gives the mean proliferation in PF from women with endometriosis (on the 

logarithmic scale) grouped by AFS score (four groups), where a single value has been 

derived for the proliferation, by averaging over tissue samples (n=8). There was no 

statistically significant relationship between severity of endometriosis or PF cytokine levels 

and proliferation of gland or stromal cells.

Proliferation results were also analysed depending on the cytokine levels in 

peritoneal fluid. PF IL6 [Table 11] appeared to have a small stimulatory effect on gland 

cell proliferation (not statistically significant), but for stromal cells the effect was more 

variable.

Table 11

Table giving mean proliferation (on the logarithmic scale) for women 
grouped by peritoneal fluid IL6. The number in brackets denote the 

number of observations comprising the mean values.

IL6 Stromal cells Glandular cells

0 - 100 7.53 +7- 0.084 (19) 7.01 +7- 0.110 (8)

101 - 500 7.19 +7- 0.307 (2) 7.11 +7- 0.186 (2)

> 500 7.42 +7- 0.187 (5) 7.17 +7- 0.029 (3)
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PF TNF showed a small inhibitoiy effect (not statistically significant) on proliferation of 

both glands and stroma [Table 12].

Table 12

Table giving mean proliferation (on the logarithmic scale) for women 
grouped by peritoneal fluid TNF. The number in brackets denote the 

number of observations comprising the mean values.

TNF Stromal cells Glandular cells

0 7.69+/-0.140 (4) 7.22 (1)

> 0 7.42 +/- 0.083 (24) 7.05 +/- 0.077 (12)

There appeared to be a small increase in proliferation of gland and stromal cells with 

increasing PF PDGF levels [Table 13], with maximum proliferation in menstrual phase PF 

with highest PDGF levels (p<0.01).

Table 13

Table giving mean values and standard errors of proliferation (on the 
logarithmic scale) and PDGF by phase of cycle.

Proliferative Secretory Menstrual

PF Stroma 7.41 +/- 0.079 7.39 +/- 0.160 (8) 7.89 +/- 0.289 (3)

PF Gland 7.00+7-0.090(8) 7.15 +/- 0.149 (4) 7.22 (1)

PDGF 33.17 +/- 2.58 (18) 38.92 +/- 5.05 (13) 65.00 +/- 14.50 (4)**

** p<0.01
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5 . 3 . 7  Co-culture of glandular and stromal cells

The results of thymidine incorporation after 48 hours of stromal and gland cells in co

culture are not strictly comparable with cells grown in 96 well microtitre plates since the 

culture conditions differ. Table 14 gives the mean proliferation (on the logarithmic scale) 

for endometrial gland and stromal cells grown in isolation on the Trans wells and in co

culture with peritoneal fluid. The results showed no statistical difference between cells 

grown in isolation or in co-culture, although proliferation of glands and stromal cells in co

culture was greater than cells grown in isolation.

Table 14
Table giving mean proliferation on the logarithmic scale for endometrial 

gland and stromal cells grown in isolation and in co-culture (n=l)

Proliferation Glands Stroma

Stromal cells in isolation - 8.29

Gland cells in isolation 5.34

Glands and stroma in co-culture 5.46 8.84
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5.4  DISCUSSION

Uterine endometrium obtained by curettage was used to isolate endometrial cells to 

further study endometriosis on the basis that both uterine and ectopic endometrium are 

closely similar. Matthews et al. (1992) have shown a close similarity between cultured 

stromal and epithelial cells from endometrium and endometriotic deposits. The advantages 

of using uterine endometrium include its relatively easy availability and the almost certain 

lack of contamination by surrounding tissues. Ectopic endometrium, by contrast, is likely 

to have many contaminating cells from the tissues surrounding the implant (e.g. ovary or 

peritoneum). These contaminating cells would be impossible to differentiate from the 

endometrial cells either by morphology or by specific staining. Peritoneal and ovarian 

fibroblasts are Thy-1 positive, as are endometrial stromal cells: and mésothélial cells can be 

cytokeratin-positive, as are endometrial epithelial cells. Matthews et al. (1992) have 

nevertheless described the isolation of gland and stromal cells from ectopic endometrium, 

but did not establish the purity of the cell fractions obtained.

There have been several attempts to culture endometrial cells from ectopic 

endometrium. Cells have been grown from whole biopsy specimens (Willemsen et al., 

1985a) or after isolating epithelial and stromal cells from implants (Matthews et al., 1992). 

Both studies described the in vitro growth of typical endometrial epithelial and stromal 

cells similar to those isolated from uterine endometrium, but cultures were contaminated by 

fibrous connective tissue in whole biopsy specimens (Willemsen et al., 1985a) and even 

5% contamination of stromal cells in epithelial cultures resulted in overgrowth by stromal 

cells (Matthews et al., 1992).

The possibility of obtaining freshly isolated endometrial gland and stromal cells led 

us to the culture of these cells and the study in vitro of the proliferation of these cells in 

serum and PF of women with and without endometriosis as well as the relationship 

between cytokine levels in PF, pain and proliferation. In the investigation of 

endometriosis, the isolation of endometrial cell populations may provide a useful model for
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the study of the factor(s) in the PF that regulate survival, growth and implantation in the 

peritoneal cavity.

The use of isolated cells in vitro to investigate the effect of PF or serum on 

endometrial cell growth has certain problems. 'Normal' endometrium was collected from 

women undergoing gynaecological surgery for benign conditions such as dysfunctional 

uterine bleeding. These women are by definition 'abnormal', since 'normal' women do 

not require hysterectomy. However, there are practical and ethical consderations affecting 

the collection of endometrium from 'normal' women. There is an unavoidable variability 

between cell preparations: cells were isolated from different women at different times of 

the menstrual cycle (days 5-26), and there were small variations in the viability and purity 

of the cell preparations. High affinity cell surface cytokine or other receptors (e.g. ER or 

PR) might have disappeared or been altered during isolation of the cells. The collection of 

PF and serum was standardized in order to reduce variability between samples, 

nevertheless, small variations may have significantly affected the results. The biological 

half-life of cytokines is short and cells damaged by the centrifugation process may release 

cytokines and other factors which may also affect endometrial cell growth. The use of 

Matrigel (which contains TGF p, fibroblast growth factor, tissue plasminogen activator and 

other growth factors at low concentrations) as a substrate for the glandular epithelial cells in 

culture (Product specification sheet: Collaborative Biomedical Products) might also have 

altered the effect of PF and semm on the growth of endometrial cells.

Our isolation and purification method allows the establishment of very highly 

purified cell population of the human endometrium under a controlled environment. 

Stromal cells were cultured on plastic , but gland cells have been shown to grow better on 

Matrigel (Femandez-Shaw, 1993). After 24 hours in culture, both stromal and glandular 

cells were adherent to the culture dishes. Their morphology resembled that described by 

others (Bongso et al., 1988; Maudelonde and Rochefort, 1987; Osteen et al., 1989; 

Satyaswaroop et al., 1979; Trent et al., 1980). The stromal cells resembled fibroblast cells
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with long cytoplasmic processes. When confluent these cells lost their typical spindle 

shape and became polygonal. Others have described this change in morphology in the 

presence of progesterone (Kariya et al., 1991) or CMRL-1066 medium (Holinka and 

Gurpide, 1987). Gland cells appeared to form colonies and a whorled pattern typical of 

endometrial epithelial cells in culture. Single glandular cells were able to attach and grow 

in culture dishes, as described by Negami and Tominaga (1989). The plating efficiency 

did not depend, as suggested by Chaminadas et al. (1986), on the integrity of the glands 

but on the viability of the initial glandular suspension.

Endometrial cells collected in the late luteal or menstrual phase of the cycle showed 

very low thymidine incorporation rates and these results were not included in the final 

statistical analysis. This may have been due to the low rate of proliferation of these cells or 

a failure to adhere to the substrate (Matthews et al., 1992). Both may reflect that these 

cells have a limited lifespan and undergo some irreversible differentiation. The tissue 

samples used were collected between days 5 and 26 and we found no differences between 

proliferative and secretory phase endometrium which confirms a large study on human 

endometrial stromal cells by Chegini et al. (1992).

In vivo, exfoliated endometrial cells would implant under the influence of PF 

(Sampson, 1940) and proliferation would also be influenced by PF. In vitro, different 

concentrations of PF in culture media (2.5%, 5% and 10%) were used to study the effect of 

PF on proliferation. If PF originates from serum, then any difference in proliferation 

between cells grown in PF from women with and without endometriosis might also be seen 

in serum which is more easily obtainable and would allow repeated sampling. In our 

experiments there was little proliferation in the absence of serum or PF and a linear 

relationship between concentration and proliferation. Maximum proliferation was found 

with 10% serum or PF which was used for all subsequent experiments. These results 

confirm those of Surrey and Halme (1990) and Chegini et al. (1992) on endometrial 

stromal cells.
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It has been assumed that endometriotic implants require oestrogen for maintenance 

and growth (Dizerega et al., 1980) and investigators have demonstrated that the endometrial 

stroma is responsive to sex steroid hormones in vitro (Kirk et al., 1978). Oestrogen and 

progesterone receptors have been found in epithelium and stroma of endometriotic implants 

using immunohistochemical techniques (Bergqvist et al., 1981; Lessey et al., 1989). 

Matthews et al. (1992) have shown that endometriotic stromal cells cultured in vitro in the 

presence of oestradiol showed significantly increased proliferation. We demonstrated that 

proliferation rates of glandular and stromal cells were lower when grown in charcoal- 

stripped NHS compared with unstripped NHS which may be explained by the lower levels 

of oestrogen (< 20 pg/mL compared with 30.34 pg/ml). However, the reverse was true of 

charcoal stripped PCS, where proliferation was consistently higher (n=6). Pavlik and 

Katzenellenbogen (1978) have shown that charcoal also removes 5-10% of proteins in 

addition to steroids. The process of charcoal stripping may have removed some inhibitory 

factor which affects the growth of endometrial cells. Species differences exist and 

endometrial gland and stromal cells showed lower proliferation in PCS compared with 

NHS.

Phenol red is used widely as a pH indicator in tissue culture media. It was found 

to influence the proliferation of endometrial gland and stromal cells. Phenol red is reported 

to have an oestrogenic growth promoting activity and has been shown to have a stimulatory 

effect on the growth of other cells containing oestrogen receptors, such as breast cancer 

cells (Berthois et al., 1986). Phenol red bears a structural resemblance to nonsteroidal 

oestrogens and its stimulatory effect was found to be suppressed by anti-oestrogens. It 

has therefore been suggested to have an oestrogenic-like activity (Berthois et al., 1986). 

All cell cultures were carried out using charcoal-stripped PCS and Phenol red-free medium.

We found higher mean levels of PP and plasma oestradiol in the secretory 

compared with the follicular phase of the cycle, and higher mean oestradiol levels in PP 

compared with serum. PP levels of 17 beta-oestradiol and progesterone vary throughout

137



the menstrual cycle in parallel with blood levels, with an increase in concentration after 

ovulation and a decrease after the mid-luteal phase. Our results are similar to those of 

Bouckaert et al. (1986) who reported PF levels of steroids as equal or higher than serum 

levels with most marked increases after ovulation (Loumaye et al., 1985). We found no 

significant differences in oestradiol levels between women with or without endometriosis, 

also reported by De Leon et al. (1986). Other authors have shown that while levels of 

steroids in PF of women with minimal and mild endometriosis were the same as those of 

healthy women, steroid PF concentrations in women with moderate and severe 

endometriosis were lower than normal between days 14 and 22 of the cycle, which might 

in turn be related to luteinized unruptured follicle syndrome (Donnez et al., 1983; 

Mahmood and Templeton, 1991b).

No relationship was found between oestrogen level and growth of endometrial 

cells. This result is supported by work from Femandez-Shaw (1993) who showed that 

the addition of oestrogen to the culture medium had no effect on the proliferation of gland 

and stromal cells. These results differ from those of Surrey and Halme (1990) who 

showed that oestradiol had a stimulatory effect on the growth of stromal cells during days 

two, three and four in culture, in the presence or absence of semm. Their results were 

only significant after 72 hours, which may explain the differences between their and our 

results, since our cells were only kept in culture for 48 hours.

The specific mechanisms whereby oestrogen stimulates proliferation of 

endometriotic tissue are unknown (Soto and Sonnenschein, 1987). Classic teaching holds 

that interaction of oestrogen with the receptor triggers the multiplication of cells (O'Malley 

and Means, 1974). Surrey and Halme (1990) demonstrated a stimulatory effect of 

oestradiol on the growth of stromal cells not isolated from bone marrow-derived cells. 

Femandez-Shaw (1993) reported that semm alone or in combination with oestradiol 

stimulated proliferation of gland cells and stromal cells (with or without bone marrow- 

derived cells). Oestradiol alone had an inhibitory effect on gland cells and a stimulatory
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(non-significant) effect on the proliferation of stromal cells (freed or not from CD45- 

positive cells). Serum and oestradiol had a stimulatory effect compared with serum alone, 

which suggests that serum is a strong competence factor and oestradiol a weak progression 

factor for the growth of stromal cells, freed or not from endogenous bone marrow-derived 

cells.

The lack of effect of oestradiol on the proliferation of endometrial cells suggests that 

bone marrow-derived cells and stromal cells are involved in the release of growth factors in 

response to oestradiol and that their removal results in a reduced response by the epithelial 

cells. This is supported by work by Fernandez-Shaw (1993) who reported that 

proliferation of stromal cells containing bone marrow-derived cells was higher in four of 

five cultures compared with stromal cells freed from bone marrow-derived cells, 

suggesting that paracrine factors derived from bone marrow derived cells stimulate the 

growth of fibroblast-like stromal cells. It is known that bone marrow-derived cells in 

endometrium contain oestrogen receptors (Tabibzadeh & Satyaswaroop, 1989) which 

makes them a potential target for oestrogen effects. In addition, the proximity between 

stromal elements and macrophages within normal endometrium implies that the stromal cell 

might represent the initial or primary site of paracrine interaction with activated 

macrophages and their secretory products (Tabibzadeh et al., 1989).

It was of interest to compare proliferation of cells grown in PF with those 

grown in serum, since specific local factors which influence the growth of endometriosis, 

may be present in PF, rather than the general changes in serum (e.g. hormonal). 

Endometrial gland and stromal cells showed greater proliferation grown in PF compared 

with serum (not significant) which suggests that local factors (e.g. cytokines found locally 

in the PF) may have an effect on proliferation of ectopic endometrium. It is known that 

endometrial cells, cast off during menstruation are viable and able to survive in vitro 

(Keetel and Stein, 1951) and endometrial stromal and epithelial cells collected from the 

peritoneal cavity after retrograde menstruation have been grown in culture (Kruitwagen et
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al., 1991; Willemsen et al., 1985a). This suggests that PF contains factors which maintain 

the viability of endometrial cells and may influence the growth of endometriotic implants. 

In the comparison of women with and without endometriosis, we found no statistically 

significant differences between the growth of glands and stroma in PF or serum of women 

with or without endometriosis (p=0.08 by Wilcoxon's signed rank test). For stromal 

cells, we found a clear linear dose response curve between PF and serum concentration of 

women with endometriosis and normal women. For gland cells the pattern was more 

diffuse, but least proliferation was found in 2.5% and maximum proliferation in 10% PF or 

serum. We were able to culture gland and stromal cells in PF alone, disproving previous 

work (Surrey & Halme, 1990) which suggested that serum in culture was necessary in 

order to see a proliferative effect. It appears that two types of growth factors are required 

to produce a proliferative response in these cells, a competence factor, which confers on the 

cell the ability to respond to specific mitogens and a progression factor that allows a 

"competent" cell to progress through the Gi phase to the S phase of cell growth (Wharton 

et al., 1982). PF and serum both must contain some competence factors and probably 

local progression factors that result in increased growth in PF compared with serum.

Wharton et al. (1982) proposed that in the pathogenesis of endometriosis, 

transplanted endometrium fails to develop in the absence of sufficient competence or 

progression growth factor. Olive et al. (1991) demonstrated that macrophage-conditioned 

medium increased the growth of mouse endometrial stromal cells in the presence of insulin 

(which is a known progression factor) but not in insulin-free media and proposed that a 

primary disorder of macrophage number or function may contribute directly to ectopic 

endometrial growth. Macrophage-derived growth factors that enhance the growth of 

fibroblast cell lines in vitro have been identified (Bitterman et al., 1982; Leslie et al., 

1984), and women with endometriosis have been shown to possess peritoneal 

macrophages with excessive secretion of such growth factors (Halme et al., 1988).
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Studies on the effect of PF on the growth of endometrial cells in vitro are 

contradictory. Experiments by Koutsilieris et al. (1991) have shown that PF from 

'normal' women without endometriosis demonstrated mitogenic properties on stromal and 

epithelial cells from rabbit endometrium. Removal of steroids by charcoal stripping had no 

effect on this mitogenic activity. Surrey and Halme (1990) failed to demonstrate this 

mitogenic effect when they cultured endometrial stromal cells from late proliferative phase 

in medium containing 2.5% FCS. They found no difference in proliferation between cells 

grown in medium containing 2.5% FCS and PF from 'normal' women without 

endometriosis, or, cells grown in medium containing 2.5% FCS only. The differences in 

these results may be explained by the different methods used; proliferation in each study 

was measured by thymidine incorporation, for two hours in one study (Koutsilieris, 1991) 

and 24 hours in the other (Surrey & Halme, 1990). Koutsilieris (1991) compared cells 

grown in medium alone with medium and PF, while Surrey & Halme (1990) compared 

cells grown in 2.5% FCS with cells grown in 2.5% FCS and PF.

Both Koutsilieris (1991) and Surrey & Halme (1990) compared the growth of 

endometrial cells in PF from women with and without endometriosis. Surrey and Halme

(1990) found significantly increased proliferation of stromal cells in PF of women with 

endometriosis and a linear dose-response relationship between PF concentration and 

proliferation compared with PF of normal women. The PF were matched in their 

oestradiol and progesterone concentrations so the effect observed was not steroid 

dependent. They did however include women with infertility in their control group, who 

may have had microscopic endometriosis. Differences in the effect of PF from women 

with and without endometriosis, as observed by Surrey & Halme (1990), could be due to 

some mitogenic factor(s) in PF of women with endometriosis. Koutsilieris et al. (1991) 

demonstrated that PF from women with or without endometriosis had identical mitogenic 

properties on stromal and epithelial cells from rabbit endometrium. The inability of 

Koutsilieris to detect differences between PF with and without endometriosis may indicate
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that the receptors from some growth factors present in human endometrium are absent from 

rabbit endometrium, or that rabbit receptors may not bind human cytokines. The 

differences observed by Surrey may be explained by the presence of a competence factor in 

serum and the presence of growth factor(s) in PF from women with endometriosis that 

enhances the growth of endometrial cells.

There are several variations in the methods used which may explain the differences 

between the results. We isolated and cultured gland (90% pure) and stromal (89% pure) 

cells, while Surrey and Halme (1990) cultured stromal cells separated by filtration only 

with no separation of bone marrow-derived cells or fibroblast-like cells. Stromal cells may 

be involved in the paracrine regulation of gland cells and bone marrow-derived cells in the 

regulation of stromal cells and that cells grown in isolation are less capable of responding. 

Our isolation method allows the study of purified cell types, but may have selected a certain 

population of cell types or certain GF receptors. Although, several cytokines and OF have 

been found to be elevated in PF of women with endometriosis (Eisermann et al., 1988; 

Fakih et al., 1987; Buyalos et al., 1992; Weinberg et al., 1991) they may oppose each 

other in their effect on the growth of endometrial cells. The very short half-life of certain 

GF may be too short to measure their possible effects after the collection of the sample, 

even though samples were snap frozen. The length of time in culture varies; Surrey & 

Halme cultured their stromal cells for 72 hours compared with 48 hours in our cultures.

We were unable to demonstrate any relationship between pain scores and 

proliferation of glands or stroma in PF or serum and unable to show any statistically 

significant association between levels of cytokines IL4, IL6, PDGF or TNF in PF and 

proliferation of gland and stromal cells in PF. However, there were some small effects 

noted. PDGF in PF appeared to have a small stimulatory effect on proliferation of gland 

and stromal cells with maximum proliferation in menstrual phase PF with highest PDGF 

levels. This stimulatory effect of PDGF has also been reported by Surrey and Halme 

(1991) who demonstrated that the addition of PDGF to proliferative phase stromal cells in
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culture exerted a significant dose-dependent effect on proliferation; Femandez-Shaw 

(1993) showed that the addition of PDGF to cultured endometrial cells had a stimulatory 

effect on proliferation of stromal cells, but had an inhibitory effect on proliferation of gland 

cells. The difference between our results may be explained by the presence of other 

cytokines in the PF which may have antagonistic or synergistic effects.

We found that IL6 had a small stimulatory effect on the proliferation of gland cells 

and a variable effect on the proliferation of stromal cells. These results differ from those 

of Tabibzadeh et al. (1989) who reported that IL-6, produced by stromal cells in response 

to IL-1, TNF or gamma-IFN, inhibited gland cell proliferation and that pre-treatment of 

stromal cells with oestradiol blocked the release of IL-6. They proposed that this provided 

a mechanism for the observation that stromal cells mediate the effect of oestrogen on gland 

proliferation (Bigsby and Cunha, 1986). We found that TNF appeared to have a small 

inhibitory effect on the proliferation of gland and stromal cells. This has also been 

reported by Femandez-Shaw (1993) who showed that the addition of TNF in vitro had an 

inhibitory effect on the proliferation of gland and stromal cells. The presence of PDGF in 

PF of fertile women and the presence of TNF in the PF of women with endometriosis may 

explain the small inhibitory effect on proliferation.

It is not surprising that we have not discovered any statistically significant 

association between pain and proliferation or levels of cytokines in PF and proliferation, 

since studying the relationship between proliferation and cytokine levels can only begin to 

reveal the complex interactions that occur in vivo. Many cytokines may only be active in 

the presence of others, which may alter their effects and receptors to one cytokine may be 

induced by another. Endometrial cells do not act in isolation, but interact with each other 

as a complex of epithelial, stromal, endothelial and lymphoid cells. These cell-to-cell 

interactions require a well-developed array of intercellular communication signals and one 

cell may modulate the action of another e.g. the inhibitory effect of oestrogen on the
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stromal cell secretion of interferon-13 and IL6 (Tabibzadeh et al., 1989). Cells in isolated 

culture may not respond in the same way as the whole tissue.

In summary, we have successfully established primary short term cultures of 

isolated gland and stromal cells alone and in co-culture. Epithelial cells might lose their 

three dimensional glandular appearance and form a monolayer in the substratum, but with 

the use of Matrigel there is no loss of functional integrity.

There are disadvantages to our model. The variation among different individuals 

and changes throughout the menstrual cycle will probably condition the response of the 

cells to different hormones and growth factors. The study fails to define the activity of the 

endometrium as a whole, and there may be a lack of, or a change in, responsiveness of 

cells in culture and their functional character compared with those in whole tissue. The 

reason for this unresponsiveness may be trivial, e.g. suboptimal culture conditions, or they 

may reflect more fundamental regulatory requirements. However, ectopic endometrium 

very seldom maintains the same proportion of cell types as uterine endometrium. Great 

variations exist between implants, and the proliferation capacity of single endometrial cells 

within the peritoneal cavity may be of the utmost importance for the understanding of the 

aetiopathology of endometriosis. It was, therefore, important to study the effect that 

different substances might have on individual cells.

We have shown that oestrogen levels are unimportant for the growth of single cells. 

We have demonstrated that thymidine incorporation was higher in endometrial gland and 

stromal cells grown in PF compared with serum, which suggests that local factors present 

in the PF influence growth to a greater extent than the general changes that occur in serum 

e.g. hormonal changes. We have studied the relationship between endometriosis and 

proliferation of endometrial stromal and glandular cells in vitro and found no significant 

difference between endometrial cell proliferation in serum or PF of women with 

endometriosis compared with normal women. We were unable to find any statistically 

significant relationship between PF cytokines TNF, IL6 and PDGF and proliferation in
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vitro, but there were some small trends noted. PDGF appeared to have a stimulatory effect 

on gland and stromal cell proliferation, IL6 was stimulatory for glands and TNF appeared 

to be inhibitory for gland and stromal cell proliferation. The small inhibitory effect of PF 

from women with endometriosis may be explained by a predominance of inhibitory 

cytokines over stimulatory. It may be that the most important effect of the cytokine in vivo 

is to potentiate the initial proliferation and survival of the endometriotic implant. If this is 

true, then an invasion or attachment assay may have yielded significant results. It was not 

surprising that no relationship could be demonstrated between pain and proliferation.
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6 DISCUSSION AND FUTURE RESEARCH

Endometriosis is a perplexing, poorly understood disease of the female 

reproductive system. Difficulties arise in establishing the diagnosis, in relating the disease 

to symptoms and in knowing how best to manage patients once the diagnosis has been 

made. This thesis has been directed towards the investigation of pain associated with 

endometriosis; factors possibly involved in the aetiology of pain and the assessment of the 

clinical symptoms and possible treatment.

The diagnosis of endometriosis has traditionally been based upon histological 

criteria: the presence of endometrial glands and stroma. The possibility of microscopic 

endometriosis presents a clinical dilemma especially in the management of women with 

pelvic pain. If microscopic disease does exist, then normal laparoscopic findings do not 

exclude the diagnosis and the prevalence of endometriosis may be higher than previously 

estimated even by the most meticulous laparoscopists. If endometriosis does cause pain 

and microscopic disease does exist, then women with persistent pain following a negative 

laparoscopy need to be re-investigated.

Despite a traditional belief that endometriosis causes pain, taking a clinical history is 

an unreliable way of screening for the disease as pelvic pain occurs as commonly in women 

with and without the disease (Duignan et al., 1972; Kresch et al., 1984), and in women 

with endometriosis, the severity of their symptoms is unrelated to the extent of the disease 

(Buttram, 1979). Very few studies have addressed the predictive value of a pain history in 

distinguishing between women with and without the disease. There may also be an 

argument for ignoring all past epidemiological data as being unrepresentative of the true 

prevalence of the disease. These studies were based on the premise that endometriosis 

consisted of blue-black spots in the pelvis.

Larger studies of menstrual history have failed to show a relationship between 

endometriosis or pain although dysmenorrhoea was more common among women with 

endometriosis (Mahmood et al., 1991). Fedele et al. (1992) attempted to quantify the pain
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severity using a multidimensional scoring system and a ten point linear scale to analyse the 

severity of dysmenorrhoea, pelvic pain and dyspareunia in 192 infertile women 

(endometriosis = 124, normal pelvis = 67). Dysmenorrhoea was as common in women 

with endometriosis as controls, but it was significantly more severe in moderate and severe 

disease compared with minimal-mild endometriosis or controls. Deep dyspareunia was 

reported more often in women with endometriosis regardless of disease severity, while 

pelvic pain occurred more frequently only in moderate and severe endometriosis.

We showed that severe dysmenorrhoea, pain so severe that a woman was unable to 

carry out her normal daily tasks despite analgesia, was highly predictive of endometriosis 

with 98% specificity, 41% sensitivity, 95% positive and 63% negative predictive value. It 

is capable of picking up just over half the women with endometriosis although a negative 

history does not exclude the disease. A detailed pain history cannot take the place of 

laparoscopy in the diagnosis of endometriosis, but may serve to reduce the time between 

presentation to the general practitioner and referral for gynaecological opinion. In 

gynaecological practice, after clinical examination to exclude other pathology, women with 

a history of severe dysmenorrhoea might be treated empirically and laparoscopy reserved 

for those women who did not respond to treatment.

The study was small and the majority of women with endometriosis had minimal- 

mild disease (45 of 49 women). A much larger prospective study is needed to confirm the 

association between endometriosis and severe dysmenorrhoea. It is unhelpful to diagnose 

minimal to mild disease, if we are unable to detect women with moderate and severe 

disease. In order to study the association between pain and endometriosis, a prospective 

study of a detailed pain history in the diagnosis of endometriosis, with analysis of three 

separate groups; diagnostic laparoscopy for infertility or pain and laparoscopic 

sterilisation, should be undertaken. Some clinicians (Thomas, 1993) believe that minimal- 

mild endometriosis is so common that it is not a disease at all, or that women with pain.

148



may represent a separate sub-group of endometriosis with progressive and destructive 

disease.

Subtle differences exist between uterine and ectopic endometrium. However, the 

tissue is essentially endometrium and is capable of implanting and proliferating. Based on 

this fact, all current treatments for endometriosis suppress the ovarian cycle in the belief 

that ectopic endometrium is dependent on ovarian steroids and all have unpleasant side 

effects. It is difficult to justify medical therapy for asymptomatic endometriosis, when the 

disease appears ubiquitous, is not eradicated by treatment, and does not improve fertility. 

Women with minimal-mild endometriosis managed expectantly have higher pregnancy rates 

than those treated with six months ovarian suppression (Telimaa, 1988). Some 

investigators argue that asymptomatic women should be treated despite their minimal 

disease, since the disease has the tendency to progress with time and that the presence of 

adhesions in more severe endometriosis reduces fertility (Thomas and Cooke, 1987a).

The ideal treatment for infertile women with minimal-mild disease would result in 

resolution of endometriosis, or at least prevent progression of the disease, alleviate pain, 

improve fertility and allow conception to safely take place during treatment. Cyclical 

dydrogesterone, while being well tolerated, did not alter the natural history of 

endometriosis. Pregnancy occurred during treatment and although more women conceived 

on treatment than placebo, the difference was not statistically significant. Pain was 

significantly reduced in women taking 60 mg dydrogesterone compared with placebo, with 

improvement in seven of ten (70%) women. However, pain outcome was unrelated to 

change in laparoscopic appearances and resolution of endometriosis did not result in 

remission of pain. The failure of hormone therapy probably arises from incomplete 

suppression of endometriotic foci, but clearly it does not alter the underlying pathology of 

this disorder. Our placebo-controlled study of dydrogesterone in the treatment of 

endometriosis described in Chapter 3 is one of the few reports on the natural evolution of 

the disease. It is recognized that endometriotic implants appear and disappear
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spontaneously. In our study eight of 15 (53%) on placebo treatment had improvement or 

complete resolution in the laparoscopic appearances of the disease . No factor, including 

the original severity of endometriosis, age of the woman, her parity, or duration of fertility 

could predict the improvement or deterioration in AFS scores. Symptoms also improved 

in the placebo group, in five of 11 women (45%) during the six months treatment and at the 

nine of 12 women (75%) at the 12 month follow-up. This improvement was unrelated to 

any factor including initial severity of the disease or change in AFS score before and after 

treatment. It does suggest, however, that all treatments for endometriosis and pain should 

be placebo controlled to demonstrate an improvement over the spontaneous remission of 

symptoms.

Many authors agree that an intra-abdominal steady state exists in which defence 

mechanisms (including leucocytes, macrophages, inflammatory response, encapsulation 

and sequestration, fibrosis) are operative that keep peritoneal insult (by regurgitated 

menstrual debris) at bay, and prevent, in most women, the implantation of viable 

endometrial cells. If the defence is defective, or the offence too strong, regurgitated 

endometrial cells may implant and give rise to to the development of endometriosis. The 

stage of development that can be controlled by these peritoneal defence mechanisms is as 

yet unknown, but it may be that even after clinically recognisable implants have appeared 

the defence may gain the upper hand and overpower the disease. On the other hand, if 

after medical suppression of the disease, or after surgical destruction of all visible lesions, 

the defence mechanisms fail, the residual (microscopic) implants may regenerate, especially 

after resumption of ovarian activity. Also, reseeding due to resumed retrograde 

menstruation will contribute to reappearance of the disease after discontinuance of medical 

suppression of ovarian activity. Recurrent (or persistent) endometriosis will then be 

diagnosed.

It appears that symptoms can improve or resolve spontaneously, in the same way 

that endometriosis can improve or resolve spontaneously. If it is not possible to relate
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change in AFS score to change in pain, then we must conclude that either an association 

between endometriosis and pain does not exist in vivo, or that pain is related to some other 

factor(s) that is (are) not measured in the current AFS classification. Future classification 

systems may be based on a physiological marker, e.g. prostaglandin production, Ca-125, 

anti-endometrial antibodies or other cytokines.

All current treatments for endometriosis cause regression of explants and alleviation 

of symptoms (Barbieri et al., 1982; Moghissi & Boyce, 1976; Shaw et al., 1983; Thomas 

& Cooke, 1987a). However, treatment is often associated with unpleasant side effects 

(Barbieri et al., 1982; Kennedy & Barlow, 1992; Moghissi & Boyce, 1976), the disease 

recurs in between 16 and 52% of women (Barbieri et al., 1982; Kistner, 1962; Moore et 

al., 1981) and subsequent conception rates even in mild endometriosis are not improved 

(Buttram et al., 1985; Portuondo et al., 1983; Seibel et al., 1982; Thomas & Cooke, 

1987b). The fact that all conservative medical or surgical treatment options are associated 

with a high recurrence rate means that women should be counselled before the start of 

treatment that symptoms may recur. There can be a loss of trust if the woman has been led 

to believe that the treatment offered will be a 'cure'. Current treatments for endometriosis 

are inadequate and reflect the paucity of knowledge concerning the factors that regulate 

normal and abnormal endometrial growth.

The mammalian cell cycle is a complex mechanism. Little is known of the 

stages of the cell cycle that endometriotic cells are in and this is likely to be an important 

area in which a greater understanding of the pathophysiology of endometriosis will arise. 

Cells arrested in Go require competence factors that permit them to be stimulated to proceed 

through Gi to DNA synthesis and mitosis. These stimulatory factors are as yet poorly 

defined but are present in serum (Russell et al., 1984). The detailed knowledge of cell 

regulatory factors has been best outlined in fibroblasts and it is not known if this is 

reflected in the regulation of glandular or stromal proliferation in endometriotic implants. 

However, there is increasing evidence to suggest that peptide growth factors are expressed
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in mammalian endometrium and that they play an important role in permitting cells to enter 

the cell cycle.

PF from women with endometriosis has been shown to contain an increased 

number of activated peritoneal macrophages (Halme et al., 1987), and these macrophages 

are capable of releasing cytokines and growth factors that may promote the growth of 

endometrial cells (Halme et al., 1988) or may be involved in the aetiology of pain. We 

showed that TNF, IL6 and PDGF were present in PF, while IL4 was not detected. There 

was significant evidence that endometriosis was associated with pain and that severe 

endometriosis was associated with higher pain scores (p<0.05). However, we found no 

evidence of a relationship between cytokine levels and pain. There was a significant 

association between endometriosis and infertility (p<0.05). We found that fertile women 

were more likely to have absent PF TNF and higher levels of PDGF and women with 

endometriosis were more likely to have PF TNF and lower levels of PDGF. Women with 

adhesions were more likely to have higher levels of IL6 (p<0.05). This suggests that TNF 

may be associated with infertility which has also been proposed by Eisermann et al. 

(1988), but that PDGF may be associated with fertility.

The absence of a relationship between AFS score and cytokine levels could be due 

to the insensitivity of the AFS scoring system; what may be scored as mild endometriosis, 

may represent a pelvis full of active endometriosis. The classification system was 

designed to provide consistent scoring of endometriosis and give some estimation of the 

likelihood of pregnancy. It does, however, have a poor correlation with predicted 

resolution of endometriosis following danazol treatment (Buttram, 1987) and biological 

function such as pain. Until the aetiology of endometriosis is elucidated and we have a 

better biological marker, it is likely to remain the best classification system available.

Histopathological characterization has showed a close similarity between ectopic 

and uterine endometrium (Matthews et al., 1992). They have the same cytoskeletal 

proteins within the cells, intact basement membranes, the same distribution of the
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plasminogen activator/plasmin system and the same cell populations, but differ in their 

hormonal responsiveness and the expression of steroid receptors. The similarities between 

ectopic and uterine endometrium lends weight to the argument that ectopic endometrium 

derives from uterine endometrium. However, it is still possible that endometriosis arises 

from peritoneum and that the cells undergo differentiation that results in them being difficult 

to distinguish from endometrium. If, however, uterine endometrium is the origin of 

ectopic endometrium, then the natural history of the disease is still unclear, since retrograde 

menstruation occurs in 90% of women, and yet, only 2-5% of women have endometriosis. 

Women who develop endometriosis may be different in some way from women who do 

not develop the disease and since endometrial debris is deposited in the pelvic cavity bathed 

in PF, it seems logical to suggest that the PF is different in these women. It has been 

suggested that PF may promote the growth of endometriosis (Surrey and Halme, 1990) 

and that the development of endometriosis may further alter PF, so favouring further 

growth and development. It has also been suggested that women with endometriosis and 

pain represent those women with invasive and progressive disease.

In order to study some of the factors that may be involved in the aetiology of 

endometriosis and pain, we observed the effect of PF on the growth of isolated gland and 

stromal cells and related this to PF cytokine levels and pain in order to decide which, if any 

of the PF cytokines were related to proliferation and whether proliferation was related to 

pain. We found no relationship between proliferation and pain and no statistically 

significant relationship between the growth of endometrial glands and stroma in PF and PF 

cytokine levels in vitro, but small trends were seen. PDGF appeared to have a stimulatory 

effect on gland and stromal cell proliferation, IL6 had a stimulatory effect on stromal cells 

and TNF inhibited gland and stromal cell proliferation. It is not surprising that no 

significant results were found, since cytokines operate in vivo within a complex network. 

Cytokines may exerts synergistic and antagonistic effects on each other, and be capable of
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stimulating or inhibiting cytokine production, and inducing or down-regulating cytokine 

receptors.

We found that PF stimulated increased proliferation of gland and stromal cells in 

vitro compared with serum and suggest that this is due to growth factors present in PF. 

We failed to show any significant difference in the effect of PF from women with or 

without endometriosis on the growth of endometrial cells in vitro. Proliferation was 

independent of cycle phase or oestradiol level. Alternatively, the isolation and purification 

of cells from endometrium may have removed the complex communication system 

necessary for the cells to respond, since bone marrow-derived cells are thought to be 

intimately involved with the control of growth of stromal cells. It is however, possible 

that cytokines are responsible for implantation of endometriosis in vivo and that it may 

have been more appropriate to study an implantation or attachment assay.

PF is thought to derive from serum. It has been suggested that endometriosis is a 

systemic disease and that the serum of these women is also different. If cells grown in 

serum exhibited the same effect as those grown in PF, it might provide a means of 

monitoring women with endometriosis. The same experiments with serum showed no 

significant difference in proliferation between women with or without endometriosis. The 

results were similar, but not identical to that of PF and one cannot be used as a substitute 

for the other.

The pathophysiology of endometriosis is poorly understood and the development of 

a biological model for endometriosis would be a major breakthrough for research into 

endometriosis. Most animal models of endometriosis involve artificial induction of an 

endometriosis-like condition rather than the true disease. Culture of endometrial cells from 

endometriotic tissue is limited by the low numbers of cells obtained and contamination by 

cells from tissues surrounding the implant e.g. ovary and peritoneum. One of the major 

drawbacks of our experiments was the enormous biological variation between samples of 

endometrium used to isolate gland and stromal cells. We attempted to overcome this by
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repeating experiments many times in order to show a consistent effect. Development of an 

endometrial, or, endometriotic cell line would reduce this biological variation. We have 

established a primary short-term culture of purified endometrial gland and stromal cells in 

isolation and in co-culture which allows the study of the behaviour of individual cell types.

We have been unable to show a statistically significant effect of PF cytokines on the 

proliferation of endometrial gland and stromal cells. Identification of factor(s) influencing 

proliferation would increase our understanding of the regulation of growth in endometriosis 

and the development of new therapies, such as cytokine antagonists. IL6 is known to be 

present in PF (although it is not elevated in women with endometriosis) (Buyalos et al., 

1992) and is capable of inhibiting the growth of fibroblasts, probably by interfering with 

the ILl induced proliferation (Kohase et al., 1987). Cytokines may not be related to pain, 

but PF from women with endometriosis has been shown to be more angiogenic than PF 

from women without the disease (Oosterlynk et al., 1993) and PDGF, EOF, TNF and ILl 

have been found to be stimulatory for fibroblasts in different locations in the body and may 

be involved in formation or lysis of adhesions.

We were not surprised to find that we could not show any relationship between 

pain and proliferation or pain and cytokine levels in PF. Our experiments may have been 

too insensitive, with too many variables to demonstrate any relationship that might exist. 

The way ahead must be to elucidate the factors controlling the growth of endometriosis in 

the peritoneal cavity.

This thesis raises several questions:

1. The value of a detailed pain history in the diagnosis of endometriosis. The 

majority of women studied had minimal-mild disease and a larger study of the value of a 

detailed pain history in the prediction of endometriosis should be undertaken.
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2. The value of our current treatments for endometriosis which have unpleasant side 

effects, high recurrence rates and do not improve fertility. Further clinical studies of the 

treatment of the endometriosis with the anti-progesterone RU486 or the new progesterone 

coil.

3. The exact role of cytokines in the proliferation of endometrial cells and their 

relationship to pain and progression of the disease. Further studies would include the 

addition of cytokines in physiological concentrations to isolated gland and stromal cells in 

vitro in order to determine which are involved in the control of growth. Understanding 

the factors that control growth might provide new treatments by modulating the peritoneal 

cavity environment.

4. The development of an endometrial cell line would reduce the biological variation 

between different tissue samples.
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6.2 CONCLUSIONS

1. Endometriosis is associated with pain but we have been unable to relate this to PF 

cytokine levels or proliferation of gland and stromal cells. Women who complain of 

severe dysmenorrhoea are likely to have endometriosis, but the absence of this symptom 

does not exclude the disease.

2. The natural history of pain associated with endometriosis is improvement or remission. 

This improvement was unrelated to the initial severity of the disease or the change in AFS 

scores. All studies, therefore, should be placebo controlled in order to demonstrate a 

benefit over this spontaneous improvement with time.

3. Women with pain and endometriosis may be treated with 60 mg dydrogesterone for 12 

days in the luteal phase each month. This treatment allows women to conceive and may be 

an option in women where treatment with simple analgesia has failed.

4. The PF environment differs from serum and stimulates increased proliferation of gland 

and stromal cells. The PF in women with endometriosis differs from fertile women 

without the disease. However, this was not reflected in the proliferation of isolated 

endometrial cells in vitro. Endometriosis is associated with TNF and low levels of PDGF 

and fertile women with absent PF TNF and higher levels of PDGF. Factor(s) present in 

the PF of women with endometriosis may inhibit the growth of gland and stromal cells in 

vitro. Changes in cytokine levels in PF may be more important in the development of 

adhesions which is in turn associated with the two main complaints by women with 

endometriosis, pain and infertility.
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PAIN QUESTIONNAIRE
Indication for laparoscopy 
Age and occupation 
Last Menstrual period 
Parity
Contraception 
Length of menses
Length of cycle and whether regular or irregular 
Menstrual loss
Light Normal Heavy
Dysmenorrhoea
None
Mild(No analgesia required, no interference with lifestyle)
Moderate (Analgesia required, but able to carry out daily tasks)
Severe (Despite analgesia, unable to carry out daily tasks, or confined to the house)
Premenstrual pain
Number of days premenstrually
Mild(No analgesia required, no interference with lifestyle)
Moderate (Analgesia required, but able to carry out daily tasks)
Severe (Despite analgesia, unable to carry out daily tasks, or confined to the house)
Deep dyspareunia
None
Momentary pain, not interfering with sexual intercourse 
Pain requiring an alteration in some aspect of intercourse 
Sexual intercourse avoided because of pain 
Pelvic pain
Present Absent
Mild Moderate Severe
Nature and locahzation of the pain
Urinary symptoms
Present Absent
Nature of urinary symptoms
Gastrointestinal symptoms
Present Absent
Particularly, constipation, diarrhoea, or the passage of blood, mucus or slime
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PAIN DATA

n Endometriosis Minimal-mild Moderate-severe

All cases 
Indication

100 49 45 4

Sterilization 8 0 0 0
Infertility 76 34 31 3
Primary 45 25 22 3
Secondary 31 9 9 0
Pain 16 15 14 1

Age group
21-30 42 22 19 3

31-40 52 26 25 1

41-44 6 1 1 0

Pregnancies
Gravida 0 55 35 31 4

Gravida>0 45 14 14 0

Parity 0 74 41 37 4

Parity>0 26 8 8 0

Menstruation
>5 days 68 40 38 2

^  days 32 9 7 2

Cvcle length
< 27 days 23 12 10 2

> 28 days 77 37 35 2

Menstrual blood loss
Light 4 0 0 0

Normal 64 30 28 2

Heavy 32 19 17 2
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Dysmenorrhoea
Mild 38 12 12 0
Moderate 41 17 15 2
Severe 21 20 18 2

Premenstrual pain
Present 26 16 14 2
Absent 74 33 17 2

Dvspareunia
Mild 2 1 0 1
Moderate 18 13 13 0
severe 2 2 2 0

Pelvic pain 36 21 20 1
Mid cycle pain 6 3 3
Left iliac fossa 13 6 6
Right iliac fossa 11 6 6
Both iliac fossae 4 4 3 1
Suprapubic 2 2 2

Adhesions 25 13 9 4

Urogenital svmptoms
Pain on micturition 4 2 2 0

Bowel svmptoms
Pain on defaecation 4 3 3 0
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AFS SCORES PRE AND POST TREATMENT WITH LUTEAL PHASE
DYDROGESTERONE

Group 1=40 mg dydrogesterone, Group 2=60 mg dydrogesterone, Group 3=Placebo 

Fertility Group l=Fertility group Fertility group 2=Non-fertility group

Number Group Fertility group Initial AFS score Final AFS score

7766 1 1 5 -

7770 1 1 4 1
7772 1 1 5 0
7796 1 1 2 0
7805 1 1 2 2
7806 1 1 2 2
7807 1 1 2 11
7812 1 1 1 -

7814 1 1 2 -

7817 1 1 5 0
7820 1 1 1 5
7823 1 1 2 -

7825 1 1 3 -

7830 1 1 2 -

7832 1 1 10 5
7837 1 1 2 4
7841 1 1 1 0
7843 1 1 1 2
7776 1 2 4 -

7778 1 2 3 -

7781 1 2 4 3
7785 1 2 6 -

7789 1 2 3 4
7784 1 - - -

7771 2 1 4 4
7797 2 1 1 1
7798 2 1 2 4
7800 2 1 4 4
7803 2 1 1 2
7804 2 1 2 -

7808 2 1 4 -

7811 2 1 3 3
7813 2 1 5 -

7816 2 1 1 -

7821 2 1 3 -

7822 2 1 4 -

7827 2 1 19 20
7831 2 1 3 0
7833 2 1 6 6
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Continued

Number Group Fertility group Initial AFS score Final AFS score

7838 2 1 2 _

7842 2 1 2 _

7768 2 2 3 -

7774 2 2 5 -

7777 2 2 4 2
7782 2 2 6 -

7783 2 2 2 7
7790 2 2 7 6

7767 3 1 2 0
7769 3 1 4 3
7775 3 1 3 8
7799 3 1 3 2
7801 3 1 2 -

7802 3 1 1 3
7809 3 1 2 0
7810 3 1 2 -

7815 3 1 6 2
7818 3 1 3 3
7819 3 1 2 1
7824 3 1 2 3
7826 3 1 1 1
7828 3 1 1 -

7834 3 1 3 -

7835 3 1 8 7
7836 3 1 13 25
7844 3 1 2 1
7773 3 2 4 4
7779 3 2 2 -
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PAIN DIARIES

Nam e: M onth N um ber; 
(B aselin e  1-6)

Your next a p p o in tm en t i s ............................... am /p

FIR ST
DAY
O F
P E R IO D

DAY OF CYCLE 
DATE:

\

2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

BLEEDING

PELVIC PAIN

LH TEST( ) DAYS 
<-^or -) RESULT

DUPHASTON

INTERCOURSE 
YES OR NO

BASAL BODY TEMP

ANY OTHER 
MEDICINES 
TICK DATE TAKEN

■ P le ase  record  n a m e s  a n d  d o s a g e  o t any o th e r  d ru g s  tak e n  th is  m o n th  

In addition to th o se  you normally lake
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PAIN SCORES DURING TREATMENT WITH DYDROGESTERONE

Number Group Fertility Cycle 1 2 3 4 5 6

7770 1 1 2 1 2 3 3
7805 1 1 0 0 0 0 0 0
7806 1 1 2 4 1 2 1 1
7807 1 1 4 5 2 9 8 4
7817 1 1 10 6 7 6 7 1
7820 1 1 2 2 3 2 4 5
7832 1 1 3 9 10 11 6 4
7837 1 1 5 6 4 1 2 0
7841 1 1 0 3 1 4 0 0
7843 1 1 0 8 0 0 0 6
7766 1 1 14 5 9 - - -

7772 1 1 12 10 4 11 - -

7796 1 1 3 6 2 2 1 -

7812 1 1 0 5 - - - -

7814 1 1 7 8 7 9 - -

7823 1 1 5 5 4 2 - -

7825 1 1 2 4 8 1 1 -

7830 1 1 6 7 10 - - -

7789 1 2 33 52 21 11 11 17
7776 1 2 26 - - - - -

7778 1 2 11 16 - - - -

7781 1 2 14 12 9 16 9 -

7785 1 2 0 3 - - - -

7771 2 1 30 36 40 25 27 18
7797 2 1 11 12 9 2 1 3
7798 2 1 6 6 2 5 3 2
7803 2 1 3 5 1 2 2 6
7811 2 1 14 17 9 6 4 8
7827 2 1 24 11 11 18 12 8
7831 2 1 2 2 6 6 6 0
7833 2 1 3 8 7 1 0 2
7800 2 1 6 4 2 4 0 -

7804 2 1 6 16 - - - -

7813 2 1 15 5 - - - -

7816 2 1 9 - - - - -

7821 2 1 2 - - - - -

7822 2 1 8 9 12 - - -

7842 2 1 - - - - - -

7783 2 2 63 53 34 27 12 8
7790 2 2 21 13 - 18 10 21
7768 2 2 - - - - - -

7774 2 2 11 4 19 - - -

7777 2 2 - - - - - -
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Continued

Number Group Fertility Cycle 1 2 3 4 5 6

7782 2 2 - - - - - -

7769 3 1 0 7 7 0 9 3
7809 3 1 27 25 21 27 28 29
7815 3 1 2 2 0 1 0 0
7818 3 1 3 2 4 2 0 0
7819 3 1 5 9 8 5 6 6
7824 3 1 11 10 14 15 8 10
7828 3 1 4 4 1 4 3 5
7835 3 1 5 5 5 11 8 6
7836 3 1 6 8 11 7 7 6
7844 3 1 4 3 1 1 2 2

7767 3 1 17 7 8 3 7
7775 3 1 - - - - - -

7799 3 1 0 1 2 2 - -

7801 3 1 17 17 2 - - -

7802 3 1 14 8 11 14 12 -

7810 3 1 12 - - - - -

7826 3 1 10 11 10 12 9 -

7834 3 1 6 4 4 - - -

7773 3 2 21 14 14 18 13 17
7779 3 2 - - - - - -
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PREGNANCIES DURING DYDROGESTERONE TREATMENT

Number Group Fertility group AID Clomiphene

7810 Placebo Y N N
7828 * Placebo Y N N
7834 Placebo Y N N

7766 40 Y N N
7823 40 Y Y Y
7825 * 40 Y N N
7830 40 Y N N
7778 40 N N N
7785 40 N N N

7804 60 Y N N
7816 60 Y Y N
7821 60 Y N N

7768 60 N N N

* Conceived after 6 months treatment before second laparoscopy
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TWELVE MONTH FOLLOW  UP DATA
Group 1= 40 mg dydrogesterone, Group 2 = 60 mg dydrogesterone, Group 3 = Placebo 
Fertility l=Fertility group. Fertility 2= Non-fertility group 
D.L=Donor insemination

No. Group Fertility Pain Conception Symptoms Treatment

7766 1 1 0 Y
7772 1 1 0 Y - Clomiphene
7823 1 1 0 Y - D.I.
7796 1 1 0 N - -

7812 1 1 0 N - -

7841 1 1 0 N - -

7843 1 1 0 N - -

7805 1 1 1 Y Resolved «

7830 1 1 1 Y Resolved Clomiphene
7806 1 1 1 N Improved -

7817 1 1 1 N Improved D.I.
7820 1 1 1 N Improved -

7825 1 1 1 Y Improved -

7832 1 1 1 Y Improved -

7837 1 1 1 N Improved -

7807 1 1 1 N Worse Danazol
7814 1 1 1 Y Worse -

7778 1 2 1 Y Resolved -

7785 1 2 1 Y Resolved -

7789 1 2 1 N Improved COCP
7776 1 2 1 N No change -

7781 1 2 1 N Worse

7804 2 1 0 Y .

7821 2 1 0 Y - D.I.
7831 2 1 0 Y - -

7798 2 1 0 N - -

7797 2 1 1 Y Resolved -

7813 2 1 1 Y Resolved D.I.
7816 2 1 1 Y Resolved -

7800 2 1 1 Y Improved “

7803 2 1 1 N Improved Goserelin
7811 2 1 1 N Improved D.I.
7827 2 1 1 N Improved Clomiphene
7833 2 1 1 N Improved Superovulation
7822 2 1 1 N No change -
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Continued

Group 1= 40 mg dydrogesterone, Group 2 = 60 mg dydrogesterone. Group 3 = Placebo 
Fertility l=Fertility group. Fertility 2= Non-fertility group 
D.I.=Donor insemination

No. Group Fertility Pain Conception Symptoms Treatment

7768 2 2 1 Y Improved
7774 2 2 1 N Improved -

7790 2 2 1 N No change

7801 3 1 0 Y
7844 3 1 0 Y - -

7769 3 1 0 N - -

7775 3 1 0 N - Clomiphene
7799 3 1 0 N - -

7809 3 1 0 N - -

7810 3 1 1 Y Resolved
7824 3 1 1 Y Resolved Clomiphene
7834 3 1 1 Y Resolved -

7767 3 1 1 N Improved -

7818 3 1 1 N Improved -

7819 3 1 1 N Improved -

7826 3 1 1 N Improved -

7815 3 1 1 N No change -

7828 3 1 1 Y No change -

7835 3 1 1 N No change D.L
7836 3 1 1 N No change -

7802 3 1 1 N Worse -

7773 3 2 1 N Improved -

195


