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3 ABSTRACT

Uterine leiomyomas constitute a substantial health issue for women and these
benign tumors represent the most common single indication for hysterectomy.
Leiomyomas have a major impact on economic costs and the quality of life of the
patient.

Vitamin D is a potent anti-proliferative and immunomodulatory secosteroid
hormone. Apart from its well-established role in the maintenance of calcium
homeostasis, vitamin D modulates cell proliferation, differentiation, cancer invasion
and angiogenesis. Despite extensive research on the role of vitamin D in the
inhibition of cell growth in a large variety of tissues, there are no reports concerning
the possible growth-modulatory effects of vitamin D on benign uterine tumor cells.
The first aim of the present study was to assess the potential effect of 1,25(OH),Ds
and 25(OH)D; vitamin D derivates on the growth of leiomyoma and myometrial
cells in vitro. Samples of leiomyomas and normal myometrial tissues were obtained
from six premenopausal women with uterine leiomyomas undergoing hysterectomy.
Paired cultures were established and the effect of these two compounds examined
using a colorimetric crystal violet assay. Vitamin 1,25(OH),D; effectively and
concentration-dependently inhibited the growth of myometrial and leiomyoma cells.
Hypovitaminosis D may play a role in the etiology and growth of leiomyoma cells.

Manual palpation and estimation of the size of the uterus is an important part of
the routine gynecological examination, as it is necessary to exclude abnormal
growth of this reproductive organ due to benign or malignant tumors. The size of the
uterus is also a crucial factor in assessing the method of hysterectomy most
appropriate for the patient. The dominant practice is to estimate the size of the
nongravid uterus by bimanual examination and compare it to a pregnant uterus of
comparable size. However, only a rough estimate may be obtained by this method,
and other more accurate means for the purpose have been developed. Gynecological
ultrasound and use of the geometric formula of the prolate ellipsoid has been the
most common means of estimating the uterine dimensions by imaging techniques.
This method has also involved a potential for errors in estimation of uterine size.

The second aim here was to evaluate the accuracy of a new formula combining
the prolate ellipsoid (uterine corpus) and cylinder (uterine cervix) formulas in
estimating the preoperative weight of the total myomatous uterus, using a
transvaginal ultrasound probe to obtain the uterine dimensions for the formulas. The
third aim was to establish different sources of variation in these measurements using
repeatability and reproducibility method. The length, width and anteroposterior
diameter of the uterine corpus, and the length and anteroposterior diameter of the
cervix were preoperatively determined using a transvaginal ultrasound probe in 12
women with symptomatic leiomyomas scheduled to undergo hysterectomy. Three
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investigators repeated all rounds of measurement three times, producing in total of
108 findings. The geometric formula of prolate ellipsoid was compared to a formula
combining the ellipsoid and cylinder formulas for accuracy in predicting overall
uterine size (corpus and cervix) through correlation with hysterectomy specimens.

The new combination formula was more accurate in predicting the true total
weight of the uterus than the plain prolate ellipsoid formula, and the transvaginal
ultrasound probe proved useful in evaluating the dimensions of the uterine corpus
and cervix. Variation due to differences across trials (repeatability), across
physicians (reproducibility), and across patients (variability) was then estimated.
The more experienced the physician was in taking the ultrasound measurements, the
less deviation was observed between her own three measurements. The experience
of the physician thus had an effect on repeatability (differences across
measurements), but not on reproducibility (differences across physicians), in
estimating uterine weight by ultrasound.

Surgery is the cornerstone of treatment for leiomyomas. Hysterectomy serves as
a terminal procedure, while myomectomy is a treatment of choice for women who
desire future pregnancies or otherwise wish to retain their uterus. The fourth aim
was to evaluate the clinical effectiveness and safety of the enucleation of uterine
leiomyomas by traction method via colpotomy. Ten women with menorrhagia,
pelvic pain or secondary infertility associated with single uterine myomas
underwent transvaginal myomectomy with screw traction by colpotomy. Traction
myomectomy was completed vaginally in all patients. All women reported relief of
their symptoms after a mean follow-up of 24 months. Three patients had a term
delivery postoperatively. Traction myomectomy by colpotomy proved to be a
feasible approach for selected patients wishing to preserve their ability to conceive.
A single well-lined myoma of 5-8 cm diameter and accessible via colpotomy is a
suitable subject for the procedure.

The fifth aim was to study long-term outcomes and hysterectomy rates after
hysteroscopic endometrial resection with or without myomectomy for menorrhagia.
Endometrial resection and concomitant hysteroscopic myomectomy was performed
in 53 women involving submucous myomas with an intramural extension of less
than 50 % and smaller than 5 cm in diameter. Each subject was matched with a
patient who had no submucous myomas and who had been treated by endometrial
resection only. During the mean follow-up period of 6.5 years, hysterectomy was
performed in 26.9 % of the patients with myomectomy and in 17.0 % of those
without (p=0.22). Most (75.6 %) of the 82 women who had not required
hysterectomy had reached menopause. All the patients without hysterectomy in both
groups reported amenorrhoea or slight bleeding, and this response persisted for
years after the treatment. Endometrial resection may be combined with
hysteroscopic myomectomy without a significant increase or decrease in
hysterectomy rates during a long-term follow-up.
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4 TIVISTELMA

Kohtumyoomilla on merkittdvé vaikutus naisen terveyteen ja eldméinlaatuun. Nama
hyvénlaatuiset kasvaimet ovat my0s yleisin yksittdinen kohdunpoistoleikkauksen
Syy.

D- vitamiini on tehokas antiproliferatiivinen ja immuniteettia sédételeva
steroidihormoni, jonka vaikutukset kalsiumtasapainoon tunnetaan hyvin. Se moduloi
solujen proliferaatiota ja erilaistumista, syOpdinvaasiota sekd verisuonten
uudismuodostusta. Vaikka D- vitamiinin merkitystd solujen kasvun estossa on
tutkittu lukuisilla eri kudostyypeilld, julkaisuja D- vitamiinin mahdollisista
vaikutuksista hyvénlaatuisten kohtulihaskasvainsolujen kasvun sddtelyyn ei ole.
Nykytutkimuksen ensimmdinen tavoite oli selvittdd 1,25(OH),D; - ja 25(OH)D; -
D- vitamiinijohdannaisten vaikutus myooma- ja kohtulihassolujen kasvuun in vitro.
Kuudelta vaihdevuosi- ikdd ldhestyvéltd naiselta otettiin  myooma- ja
kohtulihasndytteet kohdunpoistoleikkauksen yhteydessd. Niistdi muodostettiin
soluviljelmit ja edelld mainittujen D- vitamiinijohdannaisten vaikutukset viljelmiin
tutkittiin  kristalliviolettikolorimetrialla.  1,25(OH),D; esti  tehokkaasti ja
konsentraatioriippuvaisesti kohtulihas- ja myoomasolujen kasvua. D- vitamiinin
puutteella saattaa olla merkitystd myoomasolujen etiologiassa ja kasvussa.

Kohdun tunnustelu ja sen koon arviointi on tirked osa gynekologista tutkimusta
hyvén- tai pahanlaatuisten kasvainten aiheuttaman poikkeavan kasvun
poissulkemiseksi. Kohdun koko on myds merkittdvd tekijd valittaessa potilaalle
parhaiten soveltuvaa kohdunpoistomenetelméé. Yleinen kaytdntd on ilmoittaa koko
kayttden hyvéksi vastaavia raskausviikkoja. Néin pdéstddn kuitenkin vain karkeaan
arvioon ja tarkempia menetelmid on pyritty kehittdmidn titd tarkoitusta varten.
Kuvantamistekniikoista yleisin tapa on ollut gynekologinen ultradénitutkimus
yhdistettynd matemaattisen ellipsoidin kaavan kéyttoon. Tassdkin menetelméssd on
ollut virheléhteita.

Tamaén tutkimuksen toinen tavoite oli selvittdd uudenlaisen, ellipsoidin (kohdun
runko- osa) ja sylinterin (kohdun kaulaosa) kaavan yhdistdvin matemaattisen
kaavan tarkkuus leikkausta edeltivin kohdun kokonaispainon arvioinnissa
hyodyntden emadttimen kautta tehtidvdd ultradédnitutkimusta kohtumittojen otossa.
Kolmas tavoite oli selvittdd erilaisia tilastollisen variaation ldhteitd néissa
mittauksissa toistettavuustutkimusta kéyttden. Kohdunrungon pituus, leveys ja
paksuus sekd kohdunkaulan pituus ja paksuus madritettiin emdittimen kautta
ultraddnelld ennen kohdunpoistoleikkausta 12 potilaalta, joilla oli oireita aiheuttavat
myoomat. Kolme tutkijaa suoritti mittaukset kolme kertaa, jolloin mittaustulosten
kokonaismddrd oli 108. Ellipsoidin kaavan ja ellipsoidin ja sylinterin
yhdistelmikaavan tarkkuutta kohdun kokonaiskoon arvioinnissa verrattiin poistetun
kohdun todelliseen kokoon.
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Uusi yhdistelmékaava ennusti tarkemmin kohdun todellisen kokonaispainon kuin
pelkké ellipsoidin kaava. Tutkimusten, lddkdreiden ja potilaiden keskindisistd eroista
johtuva variaatio selvitettiin. Mitd kokeneempi ladkéri oli ultradénimittausten
otossa, sitd vihemmaén hajontaa todettiin hinen kolmen oman mittauksensa viélilla.
Ladkarin kokeneisuudella oli siten vaikutusta eroihin mittausten kesken, muttei
eroihin lddkireiden kesken arvioitaessa kohdun painoa ultraddnella.

Myoomien hoidon kulmakivi on leikkaus. Kohdunpoistoleikkaus on lopullinen
toimenpide, kun taas myooman poisto on paras vaihtoehto potilaalle, joka toivoo
vield raskauksia tai muusta syystd kohdun sdédstimistd. Tutkimuksen neljds tavoite
oli arvioida emittimen pohjukan kautta tehtdvin myooman poiston kliinistd
tehokkuutta ja turvallisuutta. Tdmé toimenpide tehtiin kymmenelle potilaalle, joilla
esiintyi yksittdiseen myoomaan liittyen runsaita kuukautisvuotoja, lantion seudun
kipua tai sekundaarista hedelmittomyyttd. Myooman poisto onnistui kaikilla
potilailla eméttimen kautta. Keskiméérdisen 24 kuukauden seuranta- ajan jélkeen
kaikki potilaat ilmoittivat oireiden helpottaneen. Kolme potilasta synnytti
taysiaikaisen lapsen toimenpiteen jélkeen. Leikkaus osoittautui kayttdkelpoiseksi
vaihtoehdoksi valikoiduille potilaille, jotka toivoivat pystyvdnsd sdilyttimidn
raskausmahdollisuutensa. Leikkaukseen soveltuu parhaiten potilas, jolla on
yksittdinen, hyvin rajautuva, 5-8 cm halkaisijaltaan oleva myooma, johon on
mahdollista yltdd emittimen kautta.

Tutkimuksen viides tavoite oli selvittid kohdun tidhystyksessd tehtdvin pelkin
kohdun limakalvon hdyldyksen ja timén sekd toimenpiteeseen yhdistetyn myooman
poiston jdlkeisid pitkdaikaistuloksia sekd kohdunpoistomiirid. Kohdun limakalvon
hoyldys yhdistettynd myooman poistoon tehtiin 53 naiselle. Néilld potilailla oli
kohdun limakalvon alainen myooma, jonka halkaisija oli alle 5 cm ja josta alle
puolet sijaitsi kohdun lihaskerroksessa. Jokaiselle potilaalle etsittiin verrokki, jolla
ei ollut kohdun limakalvon alaisia myoomia ja jolle tehtiin pelkkd kohdun
limakalvon hdoyldys. Keskimddrdisen 6.5 vuoden seuranta- ajan jéilkeen
kohdunpoistoleikkaus tehtiin 26.9 %:lle potilaista, joille oli tehty samalla myooman
poisto ja 17.0 %:lle, joille oli tehty pelkkd kohdun limakalvon hoyldys. Valtaosa
(75.6 %) 82 potilaasta, joille ei ollut tehty kohdunpoistoa, oli ehtinyt vaihdevuosi-
ikddan. Kaikki potilaat, joille ei ollut tehty kohdunpoistoleikkausta, ilmoittivat
kuukautisten jddneen pois tai olevan niukat molemmissa tutkimusryhmissd. Tdma
vaste sdilyi vuosia hoidon jidlkeen. Kohdun limakalvon poisto voidaan yhdistda
kohdun téhystyksessd tehtivdin myooman hoyldykseen ilman ettd kohdunpoisto-
médrit merkitsevésti vihenevit tai kasvavat pitkin seurannan aikana.
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5 INTRODUCTION

Uterine leiomyomas are the most general pelvic tumors in women and represent the
single commonest indication for hysterectomy. These benign neoplasms have a
major impact on women'’s health, as they can cause significant morbidity, including
heavy or prolonged menstrual bleeding, pelvic pressure or pain, and, more rarely,
reproductive dysfunction. Thus, both the economic cost and the effect on quality of
life are notable.

Despite extensive research on the factors involved in the initiation and growth of
uterine leiomyomas, the precise causes of these tumors still remain unknown.
Chromosomal abnormalities have been found in 40-50 % of uterine leiomyomas
(Nilbert and Heim 1990, Ligon and Morton 2000). Intrinsic abnormalities of the
myometrium, congenitally elevated myometrial estrogen receptors (ER), hormonal
changes, or a response to ischemic injury during menstruation may possibly be
responsible for the initiation of genetic changes found in these neoplasms (Richards
and Tiltman 1996, Stewart and Nowak 1996, Rein 2000). When these changes have
developed, they are further influenced by ovarian steroids (promoters) and growth
factors (effectors) (Rein and Nowak 1992, Mangrulkar et al. 1995, Rein et al. 1995).

Leiomyomas are the most common reason for enlargement of the uterus. Manual
palpation and estimation of the size of the uterus forms an important part of the
gynecological examination, as it is necessary to exclude abnormal growth of this
reproductive organ due to benign or malignant tumors. The size of the uterus is also
a crucial factor in assessing the method of hysterectomy most appropriate for the
patient (Kovac 1995). The size, number and position of myomas should be
established with an eye to optimal choice of patients for medical therapy,
noninvasive or invasive procedures. Sonography with or without saline infusion,
hysteroscopy or magnetic resonance imaging (MRI) can be utilized for the purpose.

Only symptomatic or rapidly growing uterine leiomyomas should be actively
treated, and surgery remains a cornerstone of therapy. Hysterectomy represents a
terminal procedure, while myomectomy and myolysis are treatments of choice for
women desiring future pregnancies or otherwise wishing to retain their uterus.
Myoma embolization or magnetic resonance-guided focused ultrasound surgery are
nonsurgical options for patients who have completed childbearing. Hormonal
therapy may be used to relieve symptoms associated with uterine leiomyomas and it
may enable conservation of the uterus. However, symptoms often rapidly return
after discontinuation of the treatment.

The aim of this study was to bring out certain new aspects of the etiology,
diagnostics and surgical treatment of uterine leiomyomas. The first objective was to
determine the effects of two vitamin D derivates on the growth of leiomyoma and
myometrial cells in vitro. The study also sought to evaluate the accuracy of a
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formula combining the prolate ellipsoid and cylinder formulas in estimating the
weight of the myomatous uterus prior to hysterectomy, using transvaginal
sonography. Different sources of variation in estimating the preoperative uterine
weight were also analyzed. In addition, the clinical effectiveness and safety of a
novel traction modification of vaginal myomectomy was studied. The last aim was
to compare hysterectomy rates after hysteroscopic endometrial resection with or
without myomectomy for menorrhagia and to establish the long-term outcomes of
these two procedures.
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6 REVIEW OF THE LITERATURE

6.1 Uterine leiomyomas

6.1.1 General characteristics and incidence

Leiomyomas are benign, monoclonal smooth muscle cell neoplasms presenting in
both sexes, approximately 95 % occurring within the female uterus (Cotran et al.
1989). These tumors arise from the uterine myometrium and are composed of
extracellular matrix containing collagen, fibronectin and proteoglycan. The collagen
fibrils are in disarray and abnormally formed (Ferenczy et al. 1971, Kawaguchi et
al. 1989, Stewart et al. 1994). The leiomyomas and the myometrium share the same
ultrastructure (Kawaguchi et al. 1985). Uterine leiomyomas can present as isolated
microscopic growths but are more commonly multiple and may reach massive
proportions, weighing more than 45 kg (Conley and Lacey 1987).

Uterine leiomyomas are the most common solid pelvic tumors in women,
occurring in an estimated 20-50 % of all women over the age of 30 years (Wallach
1992). The incidence of leiomyomas is found to be 60 % among African-American
women by the age of 35, the number increasing to over 80 % by the age of 50.
Corresponding incidences among Caucasian women are of 40 % by 35, and almost
70 % by 50, respectively (Day Baird et al. 2003). It is estimated that in Finland
every second woman has uterine leiomyomas (Luoto et al. 1994). In a study by
Cramer and Patel (1990), a gross serial sectioning at 2-mm intervals applied in
hysterectomy specimens from 100 consecutive women revealed leiomyomas in 77
%. Leiomyomas occur during reproductive life and they have tendency to regress
after menopause. Women are most likely to be diagnosed with leiomyomas at the
age of 40-50 (Merril and Creasman 1986), although these tumors have been found
in girls as young as 11 years (Novak and Woodruff 1979).

6.1.2 Classification of uterine leiomyomas

Leiomyomas are classified according to their location (Figure 1) in the uterus.
Firstly, they can be situated cervically or corporeally, the former constituting only a
small fraction of the total number (Novak and Woodruff 1979, Jones and Jones
1981). The most common location in the cervix is the posterior wall, although
lateral and anterior leiomyomas also have been found. A majority of leiomyomas
occur in the uterine corpus (Novak and Woodruff 1979). Secondly, although
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recognizing that myomas are of variable shape and size, they are commonly
subdivided into subserous, intramural and submucous varieties.

Intramural leiomyomas, which are also most common, are situated in the
myometrium without connection to the uterine mucosa or serosa. As these tumors
grow, they distort the intrauterine cavity as well as the outer margin of the uterus.
Solitary intramural leiomyomas may also enlarge the uterus symmetrically (Merril
and Creasman 1986).

Subserous leiomyomas are situated immediately beneath the uterine serosa and
swell the outer margin of the uterus. As they grow, they may eventually become
pedunculated (Merrill and Creasman 1986). The incidence of this type of
leiomyoma is not well known (Buttram and Reiter 1981). In rare cases, a
pedunculated tumor may become attached to adjacent inner organs, peritoneum or
omentum, lose their original blood circulation and develop a secondary one from
adjacent structures. Such leiomyomas are called parasitic. Intraligamentary tumors
develop when a subserous leiomyoma grows into the ligamentum latum.

Submucous tumors grow immediately beneath the endometrium, bulging towards
the intrauterine cavity (Merrill and Creasman 1986) and constituting approximately
5-10 % of all leiomyomas (Novak and Woodruff 1979, Buttram and Snabes 1992,
Ubaldi et al. 1995). These leiomyomas may also become pedunculated and
eventually emerge in the uterine cervix or vagina (Merrill and Creasman 1986).
Large leiomyomas may present as a mixture of different location varieties, as the
outer margin of a massive leiomyoma may protrude subserously, the middle part
situated intramurally and the inner part reaching the submucous space.

Pedunculated Subserous

Subrancons

Endometrial lining

Intraligarmentary

Figure 1. Location of uterine leiomyomas
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6.1.3 Etiology of uterine leiomyomas

Although the exact pathophysiology of leiomyomas remains unknown, a significant
amount of research data is available concerning the genetics, molecular biology,
hormonal aspects and epidemiology of these tumors. Intrinsic myometrial
abnormalities, congenitally elevated ERs in the myometrium, hormonal changes, or
a response to menstrual ischemic injury are all factors possibly responsible for the
initiation of acquired genetic changes found in these neoplasms (Richards and
Tiltman 1996, Stewart and Nowak 1996, Rein 2000). Hormones (promoters) and
growth factors (effectors) further have an influence on these developed changes
(Rein and Nowak 1992, Mangrulkar et al. 1995, Rein et al. 1995).

6.1.3.1 Genetics

Multiple studies of clonality have concluded that leiomyoma cells arise from single
cells (Linder and Gartler 1965, Townsend et al. 1970) and that uterine leiomyomas
are monoclonal in origin (Mashal et al. 1994, Hashimoto et al. 1995). Nonrandom
chromosomal abnormalities have been reported in approximately 40-50 % of uterine
leiomyomas (Nilbert and Heim 1990, Ligon and Morton 2000), the two most
common being a translocation between chromosomes 12 and 14, specifically
t(12;14) (q14-q15;923-q24), presenting in about 20 % of karyotypically abnormal
leiomyomas, and a deletion of chromosome 7, del(7)(q22q32), presenting in about
17 %, respectively (Ligon and Morton 2000). Aberrations of 6p21 have been
established, their occurrence being less than five per cent in leiomyomas. Several
other cytogenetic abnormalities have also been identified in these tumors (Nilbert
and Heim 1990, Vanni et al. 1992).

A hereditary predisposition to leiomyomas is suggested by twin and family
studies. More hospitalizations for treatment of leiomyomas are reported in
monozygous than dizygous twins, though, a reporting bias may have resulted in
these findings (Treolar et al. 1992). It has been shown that first-degree relatives of
women with leiomyomas have a 2.5 times increased risk of developing these tumors
(Vikhlyaeva et al. 1995, Schwartz et al. 2000), and women reporting leiomyomas in
two first-degree realtives are more than twice as likely to have strong expression of
a myoma-related growth factor (vascular endothelial growth factor alpha, VEGF-a)
than women with leiomyomas but without a family history (Okolo et al. 2005).

Leiomyomas are found in two syndromes in kindred with other specific
abnormalities: Reed’s syndrome, or multiple leiomyomatosis, which is characterized
by the appearance of multiple leiomyomas in the skin, uterus or both, and
Bannayan-Zonana syndrome with other benign tumors including lipomas and
hemangiomas (Reed et al. 1973, Marsh et al. 1997). Recent studies concerning
several families in England and Finland with multiple uterine and cutaneous
leiomyomas, and a subset of these with papillary renal carcinoma, have linked this
disorder to a predisposing gene in the region of chromosome 1q42.3-q43 (Alam et
al. 2001, Kiuru et al. 2001, Launonen et al. 2001).
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6.1.3.2 Hormones

6.1.3.2.1 Estrogen

Since uterine leiomyomas rarely occur before puberty, evolve during the fertile
years and soon lessen in size postmenopausally, estrogen has been suggested as an
important promoter of myoma growth. The risk of leilomyomas is increased in obese
women with greater aromatization of androgens to estrone in the fat, and in
nulliparous women who might have more anovulatory cycles (Ross et al. 1986,
Romieu et al. 1991, Cramer 1992, Parazzini et al. 1996a). The use of transdermal
(Polatti et al. 2000) or injected (Frigo et al. 1995) estrogen replacement therapy or
tamoxifen (Dilts et al. 1991, Le Bouedec et al. 1995, Kang et al. 1996) also
increases the growth of these tumors. Exercise and increased parity protect against
leiomyomas, as they are associated with decreased exposure to estrogen (Cook and
Walker 2004). Furthermore, leiomyomas regress dramatically in size during therapy
with  gonadotropin-releasing hormone (GnRH) agonists, resulting in a
hypoestrogenic state (Friedman et al. 1989). Higher estradiol (E,) concentrations
(Otubu et al. 1982, Folkerd et al. 1984) and more frequent expression or
overexpression of aromatase activity in leiomyomas than in matched myometrial
samples (Folkerd et al. 1984, Yamamoto et al. 1984, Sumitani et al. 2000,) have
been demonstrated. The concentrations of both ER and progesterone receptors (PR)
are higher in leiomyomas than in the myometrium (Sadan et al. 1987, Nisolle et al.
1999) and when compared with matched myometrium, they are elevated in
leiomyomas during all phases of the menstrual cycle (Sadan et al. 1987).

6.1.3.2.2 Progesterone

The natural cyclical course of progesterone during the female’s life resembles that
of estrogen (Rein et al. 1995), as it is also present during reproductive life and is
suppressed after menopause. Biochemical and histological studies indicate that
progesterone may have an important role in the growth of leiomyomas. Compared
with the normal myometrium, elevated concentrations of PRs A and B have been
detected (Englund et al. 1998, Nisolle et al. 1999). Furthermore, simultaneous
administration of medroxyprogesterone acetate (MPA) has been shown to inhibit the
myoma and uterine volume shrinkage effect of a GnRH agonist (Friedman et al.
1988, Carr et al. 1993). Wise and associates (2004) established an inverse
association between the use of injectable contraceptives containing progestin and
the risk of leilomyomas. In addition, RU 486, a synthetic steroid with antiprogestin
and antiglucocorticoid properties, has been shown to induce a lessening of size of
these tumors (Murphy et al. 1993). This regression was suggested to be attained
through a direct antiprogesterone effect, as a concomitant reduction in PR but not
ER in the myomas was found.
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6.1.3.3 Growth factors

Multiple growth factors, proteins or polypeptides locally produced by smooth
muscle cells and fibroblasts, together with their receptors, have been found in both
uterine leiomyomas and the myometrium. They act as controllers of cell
proliferation and seem to stimulate myoma growth, primarily by increasing the
extracellular matrix. It has been established that upon administration of estrogen or
progesterone, the production of certain growth factors increases or decreases in
tissue culture cell lines or laboratory animals in vivo, suggesting that growth factors
are regulated by these hormones (Presta 1988, Cullinan-Bove and Koos 1993,
Fujimoto et al. 1997, Reynolds et al. 1998). The growth factors most extensively
studied in the context of leiomyomas are transforming growth factor-  (TGF)-j,
basic fibrolast growth factor (bFGF), epidermal growth factor (EGF), platelet-
derived growth factor (PDGF), vascular endothelial growth factor (VEGF), insulin-
like growth factor (IGF) and prolactin.

TGF- B and TGF- B receptors I-III have been detected in human myometrial tissue
(Chegini et al. 1994, Tang et al. 1997) and in leiomyomas (Arici and Sozen 2000,
Nowak 2000). TGF- Bs promote mitogenesis and upregulate the synthesis of many
components of the extracellular matrix, leading to fibrosis (Lyons and Moses 1990).
An increased expression for bFGF and bFGF mRNA (messenger ribonucleic acid)
in leiomyomas has been found compared to the myometrium (Mangrulkar et al.
1995). BFGF causes proliferation of leiomyoma and myometrial cells (Stewart and
Nowak 1996), and promotes angiogenesis. MRNA for PDGF (Boehm et al. 1990)
and EGF receptor (Yeh et al. 1991) have been found in leiomyomas and
myometrium, both acting as mitogens for smooth muscle cells (Fayed et al. 1989,
Nowak 1999). VEGF stimulates angiogenesis, increases capillary permeability and
acts synergistically with bFGF (Hyder et al. 2000). Both smooth muscle cells of the
myometrium and leiomyomas express VEGF mRNA and VEGF protein (Harrison-
Woolrych et al. 1995, Dixon et al. 2000). IGF-I is responsible for myogenesis, IGF-
IT for terminal differentiation of skeletal muscle cells and the down-regulation of
IGF-I receptor gene expression (Rosenthal et al. 1994, Strawn et al. 1995). MRNAs
for IGF-I and IGF-II and their receptors have been established in both the
myometrium and leiomyomas. IGF-I acted as a mitogenic in leiomyoma cell
cultures (Strawn et al. 1995). Prolactin hormone production has been demonstrated
in the endometrium, myometrium, and uterine leiomyomas (Maslar and Riddick
1979, Walters et al. 1983, Daly et al. 1984) and prolactin is mitogenic for vascular
smooth muscle (Sauro and Zorn 1991).

6.1.4 Risk factors for uterine leiomyomas

Several factors have been connected to the risk of uterine leiomyomas (Table 1)
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Table 1. Factors associated with the risk of uterine leiomyomas.

Factors Risk Risk Controversial results
increased decreased

Increasing age X

Increasing parity X

Smoking X

Relatives with uterine leiomyomas X

African-American ethnicity X

Obesity X

Athletics X

Frequent consumption of beef, other meat, ham X

Limited consumption of green vegetables, fruit and fish X

Early onset of menarche X

Late onset of menarche X

Postmenopausal status X

Oral contraceptives X

Hormone therapy X



6.1.4.1 Age and parity

A number of epidemiologic studies have found an increase with age in the
prevalence of leiomyomas during the fertile years (Ross et al. 1986, Wilcox et al.
1994, Velebil et al. 1995, Marshall et al. 1997). It is not known whether the risk of
new leiomyomas truly increases in patients of this age or whether it results from
increased growth or symptoms of already existing leiomyomas.

The more parous the woman is the more the incidence and number of
leiomyomas decreases (Lumbiganon et al. 1996, Parazzini et al. 1996a, Baird and
Dunson 2003). Parazzini and associates (1988) found that parous women have a half
of the relative risk of uterine leilomyomas compared to that in nulliparous women.
Childbearing at the age of 25 to 29 years was shown to offer the greatest protection
against leiomyoma formation in a study by Baird and Dunson (2003). If a woman
becomes pregnant before the age of 25 myomas may not yet have developed. On the
other hand, leiomyomas may be too large to decrease in size if the pregnancy occurs
beyond the age of 30 (Baird and Dunson 2003).

6.1.4.2 Family history and ethnicity

A 2.5 fold increased risk of leiomyoma formation has been shown in first-degree
relatives of women with these tumors (Vikhlyaeva et al. 1995, Schwartz et al. 2000).
The incidence rates of leitomyomas among Hispanic and Asian women are similar to
those of white women (Marshall et al. 1997). However, African-American women
have a 2.9 times higher risk of leiomyomas compared to Caucasians, and these
tumors also present at a younger age, and are more numerous, more symptomatic
and larger (Kjerulff et al. 1996, Marshall et al. 1997). It is not known whether these
differences are genetic or due to environmental factors, diet or circulating levels or
metabolism of estrogen.

6.1.4.3 Life style factors

Whereas several reports imply an association between obesity and an increased
incidence of uterine leiomyomas, studies examining the association between diet
and these tumors are sparse. In a study of 843 women with uterine myomas
compared to 1557 women without, Chiaffarino and associates (1999) found that
women in the former group reported more frequent consumption of beef, other red
meat and ham and less frequent usage of green vegetables, fruit and fish. The risk of
leiomyomas rises with increasing body mass index (BMI) (Ross et al. 1986,
Lumbiganon et al. 1996, Marshall et al. 1998b), being approximately 21 % for each
10-kg increase in body weight (Ross et al. 1986) and for each unit increase in BMI,
the leiomyoma risk becomes 6 % higher (Lumbiganon et al. 1996). Shikora and
associates (1991) reported comparable findings in women with greater than 30 %
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body fat. In contrast, data from three studies showed little or no increased risk
associated with elevated BMI (Parazzini et al. 1988, Romieu et al. 1991, Samadi et
al. 1996). Wyshak and colleagues (1986) establisehd that compared with
nonathletes, former college athletes have a 40 % lower prevalence of leiomyomas.
Lean body mass may lower conversion rates of androgens to estrogens, possibly
reducing the risk of leiomyomas, whereas obesity may have the opposite effect.

An inverse relationship between risk of uterine leiomyomas and cigarette
smoking has been established by most epidemiologic studies (Ross et al. 1986,
Romieu et al. 1991, Lumbiganon et al. 1996, Parazzini et al. 1996b). Current
smoking, but not past smoking, has been found to lower this risk (Ross et al. 1986,
Wyshak et al. 1986, Parazzini et al. 1988, Lumbiganon et al. 1996, Parazzini et al.
1996b, Samadi et al. 1996). In contrast, Marshall and colleagues (1998b) found no
sign of reduced risk in smokers. Bioavailability at estrogen target tissues is reduced
by the increased 2-hydroxylation of E, occurring in smokers (Michnovicz et al.
1986). Nicotine inhibition of aromatase has been also found to lower the conversion
of androgens to estrone (Barbieri et al. 1986).

6.1.4.4 Endo- and exogenous hormonal factors

An inverse association between age at menarche and risk of leiomyomas has been
presented, as early onset of menstruation (< 10 years old) has been found to increase
and late onset (>16 years) to lower the risk of these tumors (Marshall et al. 1998a).
Several studies show that postmenopausal women are at a 70-90 % reduced risk of
uterine leiomyomas (Ross et al. 1986, Parazzini et al. 1988, Romieu et al. 1991,
Samadi et al. 1996). In a study by Cramer and Patel (1990), a gross serial sectioning
at 2-mm intervals applied in hysterectomy specimens showed a comparable
incidence of leiomyomas in pre- and postmenopausal patients (74 and 84 %,
respectively), but the tumors were smaller and less numerous in the latter group.

Despite extensive studies concerning the relationship between the use of oral
contraceptives and uterine leiomyomas, no clear patterns have been detected.
Compared to never-users, the risk of uterine leiomyomas in women who have used
oral contraceptives has been observed to be increased (Ramcharan et al. 1980),
similar (Romieu et al. 1991, Parazzini et al. 1992, Samadi et al. 1996), and reduced
(Ross et al. 1986, Lumbiganon et al. 1996).

Similarly, the effect of hormone therapy on leiomyomas remains controversial. In
a study by Palomba and associates (2002b), seventy-seven per cent of
postmenopausal women taking 2 mg oral micronized E2 and 2.5 mg MPA daily had
either no change or a decrease in myoma diameter, and 23 % had a slight increase
one year after treatment. A mean diameter increase of 3.2 cm was however found in
fifty percent of women taking 2 mg oral E; and 5 mg of MPA daily. After one year
of use of transdermal estrogen and oral progesterone, postmenopausal women with
known leiomyomas were detected to have an average 0.5 cm increase in the
diameter of these tumors. When taking both estrogen and progesterone orally, no
increase in myoma size was found (Reed et al. 2004). Treatment of postmenopausal
women with leiomyomas with a daily combination of 0.05 mg transdermal E, and
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2.5 mg MPA for 12 months resulted in no change or reduction in uterine size in 74
% of patients and in a slight increase in 26 % (Palomba et al. 2001). Comparable
findings were noted in plain transdermal E, users. Cook and Walker (2004)
demonstrated that postmenopausal women who for one year used raloxifene, a
selective estrogen-receptor modulator, had a reduction in leiomyoma size, but this
effect was not detected in premenopausal women.

6.1.4.5 Uterine sarcoma

Leiomyosarcoma is a rare malignant tumor constituting 2-7 % of uterine cancers
(Hendrickson and Kempson 1995, Zaloudek and Hendrickson 2002). The frequency
of this malignancy is 0.64/100 000 women per year, with a prevalence of 0.23-1 %
in patients operated for presumed leiomyoma (Harlow et al. 1986, Leibsohn et al.
1990, Parker et al. 1994). Cytogenetic studies suggest that leiomyosarcomas arise de
novo via distinct pathogenetic pathways, although benign myomas and sarcomas
may coexist in the same patient, (Levy et al. 2000, Stewart 2001). In contrast to
leiomyosarcomas, leiomyomas remain differentiated and evince chromosomal
rearrangements similar to other benign lesions (Walker and Stewart 2005).

Parker and colleagues (1994) analyzed the medical records of 371 women
operated for rapid growth of leiomyomas, and one leiomyosarcoma was found in
this group (0.27 %). None of the 198 patients who met a published definition of
rapid growth had a uterine sarcoma. On this basis, a rapid increase in uterine size in
premenopausal women very rarely indicates the presence of this malignancy.

6.1.4.6 Natural history of uterine leiomyomas

Studies following a large cohort of women with leiomyomas to investigate the
natural history of their growth and symptoms are scarce. Lethaby (2003) followed
106 women over 12 months and no significant change in symptoms or quality of life
was detected in these patients. Another study prospectively followed 64
asymptomatic premenopausal women using saline-infusion sonograms over an
average of 2.5 years (Dewaay et al. 2002). Sixteen percent of the women had at least
one myoma at the initial ultrasound. After the follow-up period, 4 of these 11
women had at least one myoma which was no longer detectable. In contrast, the
leiomyomas persisting during 2.5 years tended to increase in size, and the average
growth was 1.2 cm. Growth patterns varied among patients, however, from a
decrease of 0.9 cm in size to an increase of 6.8 cm. The cumulative incidence rate of
new myomas was 13 % during 2.5 years.

Possibly since each uterine leiomyoma is monoclonal, individual tumors will
show charasteristic growth patterns (Wallach and Vlahos 2004). Although the size
of a myoma may remain unchanged for many years, the general pattern is slow
growth over the long-term during the premenopausal years, followed by fairly rapid
growth during the fifth decade of a woman'’s life, immediately prior to menopause
(Marshall et al. 1997, Dewaay et al. 2002, Wallach and Vlahos 2004).
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6.1.5 Vitamin D and cell proliferation

Vitamin D is a potent anti-proliferative and immunomodulatory secosteroid
hormone with a well-established role in the maintenance of calcium homeostasis.
Synthesis of the active form of vitamin D, 1,25(OH),D; (la,25-
dihydroxycholecalciferol, i.e. calcitriol) takes place through sunlight-induced
conversion of 7-dehydrocholesterol to vitamin Ds and its successive hydroxylations
to 25(OH)D; (25-hydroxycholecalciferol) and 1,25(OH),Ds in the liver and the
kidney. Vitamin D3 may also be consumed in the diet (Holick 2004). The signalling
of 1,25(0OH);D; is mediated via its ubiquitously expressed nuclear receptor, the
vitamin D receptor (VDR), which is present in both the myometrium and
endometrium of the human uterus throughout the menstrual cycle (McDonnel et al.
1987, Baker et al., 1988, Vienonen et al. 2004). A role has been suggested for
1,25(OH),D3 in normal uterine organogenesis and fetal-placental development
(Yoshizawa et al. 1997, Evans et al. 2006).

1,25(OH),D; maintains mineral homeostasis by stimulating renal calcium
reabsorption, intenstinal absorption of phosphate and calcium, and mobilization of
calcium from bone (DeLuca 1988, Haussler et al. 1998, Jones et al. 1998).
1,25(0OH),D5 is greatly dependent on the synthesis and function of parathyroid
hormone (PTH), which acts as the main renal activator of 1a- hydroxylase (DeLuca
1988, Haussler et al. 1998, Jones et al. 1998). In turn, 1,25(OH),D; provides a
negative feedback for calcium homeostasis by down-regulating transcription of both
PTH and lo- hydroxylase. Besides its predominant expression in the kidney, la-
hydroxylase activity has been shown in a wide range of other tissues, including the
uterus, indicating the possibility of local production of 1,25(OH),D; (Hewison et al.
2001, Hewison et al. 2004).

1,25(0OH),D3 has also nonendocrine actions which do not appear to be either
PTH-dependent or subject to classic autoregulation (Hewison et al. 2000, Hewison
et al. 2004). It modulates cell proliferation, differentiation, cancer invasion and
angiogenesis (Schwartz et al. 1997, Lokeshwar et al. 1999, Mantell et al. 2000,
Ylikomi et al. 2002, Bouillon et al. 2008). Vitamin D deficiency may stimulate cell
proliferation (Ylikomi et al. 2002). The vitamin D [1,25(OH),D;]-induced
antiproliferative action is mediated predominantly through a G,/S phase block of the
cell cycle. 1,25(OH),D; regulates many of the cell cycle regulatory genes and
reduces or increases the kinase activities of cyclin-dependent kinases. This results in
a decreased number of cells in the S phase and an accumulation of cells in the Go-G;
phase (Wang et al. 1996, Simboli-Campbell et al. 1997, Zhuang and Burnstein
1998). The cyclin-dependent kinase inhibitors p21 and/or p27 are genomic targets of
the 1,25(OH),D; -VDR complex in many cell types (Hager et al. 2001, Audo et al.
2003). 1,25(0OH),Ds also blocks mitogenic signalling, including that of estrogen,
EGF and IGF-I, and up-regulates growth inhibitors such as TGF- B (Colston and
Hansen 2002). 1,25(OH),D; activates VDR-mediated apoptosis (Welsh et al. 1995).

Both epidemiologic and in vitro studies suggest that vitamin D may be an
important factor in the development and progression of malignancy (Garland et al.
1989, Ross et al. 1994, Tangrea et al. 1997, Ahonen et al. 2000a). The incidence of
prostata (Hanchette and Schwartz 1992), breast (Garland et al. 1990) and colon
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cancer (Apperly 1941) increases when moving away from the equator towards
circumpolar regions. Recently, indirect evidence on the vitamin D and sun
dependence of a number of other malignancies has been introduced: ovarian cancer,
non-Hodgin lymphoma, bladder, esophagus, rectum, kidney, lung, pancreas, gastric
and endometrium carcinoma (Grant 2002). Connection between hypovitaminosis D
and multiple cancers has also been suggested (Garland et al. 1989, Hanchette and
Schwartz 1992, Grant, 2002). 1,25(OH),D3 has been shown to inhibit the growth of
human breast (Frampton et al. 1983), prostate (Blutt and Weigel 1999) and ovarian
(Saunders et al. 1992, Saunders et al. 1993, Ahonen et al. 2000b) cancer cells in
vitro. In breast cancer VDR- positive patients have had longer disease-free survival
than VDR-negative patients (Colston et al. 1989). Expression of VDR at protein
level was detected more often in cervical carcinomas than in normal cervical tissues
(Reichrath et al. 1998, Friedrich et al. 2002). VDR expression has been established
in endometrial adenocarcinomas and ovarian tumors (Saunders et al. 1992,
Yabushita et al. 1996) Potent anti-proliferative and immunosuppressive responses to
1,25(0OH),D5 have led to the use of vitamin D analogs as therapy for diseases such
as psoriasis and leukemia (Bouillon et al. 1995, Jones et al. 1998, Hewison et al.
2001).

Despite extensive research on the role of vitamin D in the inhibition of cell
growth in a large variety of tissues, there are no reports concerning the possible
growth-modulatory effects of vitamin D on benign uterine tumor cells.

6.2 Symptomatology of uterine leiomyomas

Even large leiomyomas are often asymptomatic (Conley and Lacey 1987).
Regardless of this fact, it is estimated that 60 % of laparotomies are performed
because of leiomyomas (Merrill and Creasman 1986). Possible symptoms depend on
the location, size and number of uterine leiomyomas and whether the patient is
pregnant (Buttram and Reiter 1981, Conley and Lacey 1987). Twenty to fifty per
cent of patients with leiomyomas report symptoms (Buttram and Reiter 1981,
Conley and Lacey 1987).

6.2.1 Abnormal bleeding

Uterine leiomyomas do not necessarily result in menorrhagia, as approximately one
third of women with these tumors report abnormal bleeding (Buttram and Reiter
1981). The most typical pattern for leiomyomas is menorrhagia or hypermenorrhea,
prolonged or excessively heavy menstruation (Stewart 2001). If bleeding occurs at
the other times during menstrual cycle, endometrial disease should be ruled out, as
this symptom is not characteristic of uterine leiomyomas. Heavy menstruation may
result in medical problems, particularly iron-deficiency anemia. (Stewart 2001).
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The location of the leiomyoma seems to be more essential factor than size in
evaluating bleeding symptoms, and submucous myomas are most likely to result in
menorrhagia (Stewart 2001). However, in a study by Wegienka and associates
(2003), heavy menstruation and length of periods were associated with size of
myomas, but not presence of submucous or numerous myomas. The authors found
that of 878 randomly sampled women aged 35-49 years, 64 % had leiomyomas.
Compared with 28 % of the women without leiomyomas, 46 % of those with
myomas reported heavy menstruation. Marino and colleagues (2004) detected
leiomyomas in 21.4 % of healthy women examined by sonography. There was no
correlation between the presence of myomas and heaviness of menstruation or
length of cycle. The location (insufficient numbers to analyze submucosal), position,
number or volume of myomas were not associated with menstrual cycle features.

Theories for menorrhagia in women with uterine leiomyomas include
compression of veins by myomas resulting in venous ectasia, or altered function,
expression or storage of vasoactive growth factors produced by myomas (Farrer-
Brown et al. 1970, Farrer-Brown et al. 1971, Stewart and Nowak 1998).

6.2.2 Pain and pressure effects

Approximately 30 % of women with uterine leiomyomas experience abdominal
pain. This usually results from acute degeneration and necrosis, torsion of a
pedunculated subserosal tumor or prolapse of pedunculated submucous tumors.
Chronic pelvic pain is atypical for leiomyomas and if this is a presenting symptom
other predisposing factors should be considered. (Hutchins 1995a). Lippman and
associates (2003) found leiomyomas in 15 % of 635 healthy women evaluated by
transvaginal ultrasound. The women with myomas were only slightly more likely to
report noncyclic pelvic pain or moderate or severe dyspareunia and had no higher
incidence of moderate or severe dysmenorrhea than women without myomas. There
were no correlation between the number or total volume of myomas and pain.

As tumors grow, an increase in abdominal girth and a variety of abdominal and
pelvic pressure symptoms tend to occur (Hutchins 1995a). As the myomatous uterus
is irregular, specific symptoms can be caused by myomas in particular locations.
Anterior myomas may result in urinary symptoms and posterior to constipation
(Stewart 2001). Pressure on the urinary bladder may result in frequency and stress
incontinence (Carlson et al. 1993). Enlarging myomas rarely cause ureteral
obstruction or urinary retention (Buttram and Reiter 1981). Pron and colleagues
(2003) showed that frequency and urgency was greatly improved in 53 %,
moderately improved in 15 %, slightly improved in 18 %, and unchanged or worse
in 14 % of 306 women following a 35 % mean volume reduction in a myomatous
uterus after uterine artery embolization, indicating that myomas are truly associated
with urinary symptomatology.
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6.3 Diagnostics of uterine leiomyomas

Manual palpation and estimation of the size of the uterus is an important part of the
routine gynecological examination, as it is necessary to exclude abnormal growth of
this reproductive organ due to benign or malignant tumors. The size of the uterus is
also a crucial factor in assessing the method of hysterectomy most appropriate for
the patient (Kovac 1995). The dominant practice is to estimate the size of the
nongravid uterus by bimanual examination and compare it with a pregnant uterus of
comparable size. Indirect estimation of size may be performed by sounding the
uterine cavity.

Uterine leiomyomas are the most common reason for enlargement of the uterus.
Pelvic examination usually reveals clinically significant subserosal and intramural
myomas, diagnosis being based on an enlarged, irregular, firm and nontender uterus
(Cantuaria et al. 1998, ACOG 2001). However, the obesity and muscle tension of
the patient may hamper this evaluation. Even in favorable conditions the impression
of the size of the uterus may remain subjective (Flickinger et al. 1986). Moreover,
saline-infusion sonography, hysteroscopy or MRI is often required for the diagnosis
of submucous myomas (Cantuaria et al. 1998).

6.3.1 Imaging

It is important to evaluate accurately the size, number and position of myomas so as
to optimally select the patients for medical therapy, noninvasive or invasive
procedures. Sonography with or without saline infusion, hysteroscopy and MRI can
be utilized for this purpose.

6.3.1.1 Sonography, saline-infusion sonography and hysteroscopy

Gynecological ultrasound has proved to be the most accurate means of estimating
the uterine dimensions (Flickinger et al. 1986) and a number of clinicians have
introduced ultrasonographic evaluation for this purpose. Transvaginal sonography is
the most readily available and cheapest technique and may be useful in
distinguishing leiomyomas from other diseases. In the case of large myomas a
combination of transabdominal and transvaginal sonography may prove appropriate
for adequate imaging. Leiomyomas usually appear as symmetrical, well-defined,
hypoechoic, and heterogenecous masses. Ultrasound may be inadequate for
determining the precise number and position of myomas, although transvaginal
sonography is considered fairly reliable for uteri containing four myomas or fewer
or less than 375 mL in total volume (Dueholm et al. 2002).

Previous studies on the estimation of the volume and weight of the uterus have
mainly been carried out using an abdominal ultrasound probe (Piiroinen 1975,
Flickinger et al. 1986, Goldstein et al. 1988, Platt et al. 1990, Saxton et al. 1990,
Wiener and Newcombe 1992, Kovac 1995, Kung and Chang 1996, Dekel et al.

28



1998). Only two researchers have estimated uterine weights with a transvaginal
ultrasound probe and compared the estimates to the true weights of excised
specimens (Becker et al. 1994, Dekel et al. 1998).

The most common mode of estimating the size of the uterus is to use the
geometric formula of the prolate ellipsoid: volume = 0.5236 x L x W x AP, where L
stands for length (cm), W for width (cm), and AP for anteroposterior diameter (cm)
of the uterine corpus (Grossman et al. 1982, Flickinger et al. 1986, Goldstein et al.
1988, Platt et al. 1990, Wiener and Newcombe 1992, Bakos et al. 1994, Kung and
Chang 1996, Dekel et al. 1998). Some investigators have measured only the length
of the uterine corpus for the formula, leaving the mass of the uterine cervix outside
the estimation of total uterine volume (Grossman et al. 1982, Goldstein et al. 1988,
Bakos et al. 1994, Dekel et al. 1998). Others have measured the length of the uterus
from its fundus to the external os of the cervix, the cervix being concidered to lie in
the ellipsoid (Flickinger et al. 1986, Platt et al. 1990, Wiener and Newcombe 1992,
Kovac 1995, Kung and Chang 1996). In this latter approach there is empty space in
the ellipsoid around the cervix, and this makes for overestimation of total uterine
size. In the former system, the volume of the cervix is left outside the measurement,
which in turn may cause underestimation of total uterine weight. Both methods may
thus cause errors in estimation of uterine size. Previous studies have mainly
concerned non-pathological uteruses (Piiroinen 1975, Flickinger et al. 1986, Platt et
al. 1990, Wiener and Newcombe 1992, Bakos et al. 1994).

The average size of the nonpathological, nonpregnant uterus varies from 70 g in a
nulliparous woman to 75-125 g in a multiparous woman (Kovac and Ameo 1999).
The volume of the uterus changes during the menstrual cycle (Bakos et al. 1994).
Becker and associates (1994) used transvaginal ultrasound to obtain normal ranges
for uterine dimensions to estimate the weight of the apparently normal uterus. Using
linear regression analysis, they derived a formula for assessing uterine weight:
uterine length x depth x width x 0.00038 + 24. Kung and Chang (1996) used
abdominal ultrasound to measure uterine dimensions and calculated uterine volume
using the formula for the prolate ellipsoid. By linear regression analysis, they
established a formula for uterine volume and true uterine weight: 50 + 0.71 x
volume (cm’).

Platt and colleagues (1990) determined uterine weight and volume as assessed by
water displacement of 156 hysterectomy specimens. From the data gathered, an
estimate of density (weight in grams/volume in mL) was obtained for each
specimen. The mean density was found to be 1.03. When this mean was compared
to 1 with a t-test, no statistically significant difference was found. The researchers
concluded that the uterine weight can be determined from an estimation of uterine
volume with 1 mL approximately equal to 1 g of uterine tissue.

Ultrasound scanning has not been utilized to establish the separate volume of the
cervix, while MRI has been employed in patients with cervical malignancy. Most
commonly, the formula for the ellipsoid has also been used for estimating the
volume of a tumor and the cervix (Toita et al. 1999). As the real shape of the cervix
is in fact more like a cylinder than an ellipse/ellipsoid, Dumanli and associates
(2000) compared the geometric formulas of these two in MRI and found the formula
for a cylinder to be significantly more accurate.
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Three-dimensional ultrasound (3D) has been introduced in clinical application
for the estimation of organ volume (Brunner et al. 1995, Riccabona et al. 1995).
Compared to the two-dimensional (2D) method, 3D ultrasound offers improved
accuracy and provides precise volume measurements of objects of different shapes
(Riccabona et al. 1995, Kyei-Mensah et al. 1996). Chou and associates (1997)
compared the accuracy of these two modalities with a vaginal ultrasonography
probe in estimating the volume of a cervical carcinoma. True cervical carcinoma
volume was measured more accurately by the 3D than 2D ultrasound system. No
studies have been published to date comparing 3D and 2D vaginal ultrasonography
in estimating total uterine volume.

Saline-infusion sonography is a method in which saline is inserted via a catheter
into the uterine cavity to gain contrast and better identify submucous myomas and
other intrauterine conditions. In unclear cases, hysteroscopy may be performed for
the diagnosis of submucous leiomyomas. However, local anesthetic or sedation has
to be used for this approach. An advantage for hysteroscopy is that a submucous
leiomyoma may be treated by resection during the same procedure.

6.3.1.2 Magnetic resonance imaging

MRI is considered to be the most accurate imaging technique for the detection and
localization of leiomyomas (Hricak et al. 1986, Mayer and Shipilov 1995), and in
determination of the nature of these tumors, it has been shown to be more sensitive
than ultrasound (Dudiak et al. 1988). In a study by Dueholm and associates (2002),
transvaginal sonography, saline-infusion sonography, hysteroscopy and MRI were
all performed in each of 106 women prior to hysterectomy, and the findings
compared with the pathologic results. Submucous myomas were best indentified
with MRI (100 % sensitivity, 91 % specificity). Identification was approximately
the same with transvaginal sonography (sensitivity 83 %, specificity 90 %), saline-
infusion sonography (sensitivity 90 %, specificity 89 %), and hysteroscopy
(sensitivity 82 %, specificity 87 %). Goto and colleagues (2002) found 100 %
specificity, 100 % positive predictive value, 100 % negative predictive value, and
100 % diagnostic accuracy for leilomyosarcoma when diagnosing with total serum
lactic acid dehydrogenase (LDH), LDH isoenzyme 3, and gadolinium-enhanced
MRI (Gd-DTPA).

6.4 Uterine leiomyomas and reproduction

6.4.1 Fertility

Leiomyomas are the only etiologic factor in 1% to 2.4% of infertile women and
about 5% to 10% of women suffering from sterility have at least such tumor
(Donnez and Jadoul 2002). Leiomyomas may intefere with sperm transport or
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embryo implantation by inducing increased uterine contractility, chronic
endometrial inflammation and abnormal local endocrine patterns and
vascularization (Hunt and Wallach 1974, Buttram and Reiter 1981, Donnez and
Jadoul 2002). Randomized, sufficiently powered studies determining the effect of
myomas on fertility are still lacking. It has been established by retrospective and
case control studies that submucosal and intramural myomas which protrude into the
endometrial cavity are associated with lowered pregnancy and implantation rates in
patients trying to conceive spontaneously or undergoing in vitro fertilization
(Narayan et al. 1994, Farhi et al. 1995, Varasteh et al. 1999, Bernard et al. 2000) and
the pregnancy rate improves after their removal (Garcia and Tureck 1984,
Goldenberg et al. 1995, Fernandez et al. 2001). It is a commonly accepted fact that
submucous myomas reduce fertility, and after their extirpation, pregnancy rates
improve. It is not clear whether myomas without distortion of the endometrial cavity
have an effect on spontaneous conception and assisted reproductive technology
outcomes. Many studies suggest an adverse effect on clinical pregnancy and
implantation rates in women undergoing in vitro fertilization, particularly with large
myomas (e.g., >4 cm) (Elder-Geva et al. 1998, Stovall et al. 1998, Buletti et al.
1999, Hart et al. 2001, Oliveira et al. 2004, Gianaroli et al. 2005, Feinberg et al.
2006), whereas others have found no such an association (Dietterich et al. 2000, Jun
et al. 2001, Surrey et al. 2001, Yarali and Bukulmez 2002, Wang and Check 2004,
Klatsky et al. 2007). Klatsky and colleagues (2007) conducted a sufficiently
powered study and established a difference in pregnancy rates. The assumption that
subserous leiomyomas do not affect fertility or spontaneous abortion was reinforced
in a systematic literature review by Pritts and associates (2008). There was no clear
evidence that myomectomy for intramural leiomyomas is beneficial for fertility.

6.4.2 Pregnancy

A low incidence of leiomyomas (1.5 %) has been observed during pregnancy
(Cooper and Okolo 2005). Rosati and associates (1992) found that most of these
tumors do not grow during pregnancy, as 69 % of the pregnant women with a single
leiomyoma in their study had no increase in leiomyoma volume. The greatest
growth was observed before the 10th gestational week in the 31 % of women found
to have an increase in myoma volume. One month postpartum, a reduction in
myoma size was detected. Signs of myoma degeneration have been detected in
approximately 5 % of pregnant women (Lev-Toaff et al. 1987, Vergani et al. 1994).
Vergani and associates (1994) found no significant differences in the incidence
of preterm delivery, premature rupture of membranes, fetal growth restriction,
placenta previa, placental abruption, postpartum hemorrhage or retained placenta in
a study of 12 600 pregnant women when the outcomes of 167 women with myomas
were compared with women without these tumors. Only cesarean section was more
common among myoma patients (23 % vs 12 %, P< 0.001). However, in a study by
Qidwai and colleagues (2006) the risk of preterm delivery (19.2 % vs 12.7 %),
placenta previa (3.5 % vs 1.8 %), postpartum hemorrhage (8.3 % vs 2.9 %) and
cesarean section (49.1 % vs 21. 4 %) was elevated. The mechanical compression
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due to leiomyomas very rarely causes injuries to the fetus, as only four such cases
during 25 years have been reported (Romero et al. 1981, Graham 1985, Chuang et
al. 2001, Joo et al. 2001).

6.5 Treatment of uterine leiomyomas

There are a number of options for the treatment of uterine leiomyomas (Table 2).

Table 2. Treatment modalities for uterine leiomyomas

Surgical treatment

Hysterectomy

Abdominal myomectomy

Laparoscopic myomectomy

Laparoscopic-assisted myomectomy

Vaginal myomectomy

Laparoscopic-assisted vaginal myomectomy

Hysteroscopic myomectomy

Interstitial laserphotocoagulation

Laparoscopic cryomyolysis

Interstitial magnetic resonance imaging guided thermo-ablation
Interstitial magnetic resonance imaging guided cryotherapy
Laparoscopic uterine artery occlusion

Nonsurgical treatment

Myoma embolization
Magnetic resonance guided focused ultrasound surgery

Hormonal treatment

Gonadotropin-releasing hormone agonists
Others (mifepristone, danazol, gestrinone, raloxifene,
levonorgestrel-releasing intrauterine system)
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6.5.1 Surgical treatment

Surgery is the cornerstone of treatment for leiomyomas. Hysterectomy serves as a
terminal procedure, while myomectomy and myolysis are treatments of choice for
women who desire future pregnancies or otherwise wish to retain their uterus.

6.5.1.1 Hysterectomy

In women who have completed childbearing, hysterectomy for symptomatic
leiomyomas is an attractive option. Leiomyomas are the most common indication
for this procedure, accounting for 30 % of hysterectomies in Caucasians and over 50
% 1in black women, respectively (Evidence Report 2001). In Finland, approximately
nine thousand hysterectomies were performed per year in 1987-1989 and
leiomyomas were detected in every second of these (Luoto et al. 1994).
Hysterectomy may be perfomed abdominally, laparoscopically or vaginally with
laparoscopic assistance under general anesthesis or vaginally in spinal block. The
preoperative evaluation of the patient is an essential factor in assessing the method
of hysterectomy most suitable for the patient and specific guidelines for uterine size,
risk factors, and uterine and adnexal mobility and accessibility should be used
(Kovac 1995). These also reduce the need for abdominal operations.

In a study by Kjerulff and colleagues (2000), decreased symptom severity,
depression and anxiety levels and better quality of life were observed in more than
90 % of women who had undergone hysterectomy for benign diseases. In a large
population-based cohort study, Altman and associates (2007) established that
hysterectomy, irrespective of surgical technique, increased the risk of stress-urinary-
incontinence surgery later in life. Hysterectomy is a major operation, as there is
significant morbidity in 3 % of cases and minor morbidity in approximately 14 %
(Lumsden et al. 2000). A mortality rate of 0.02 % after abdominal hysterectomy,
0.06 % after vaginal hysterectomy and 0.04 % after laparoscopic hysterectomy in
benign conditions have been recorded (Mékinen et al. 2001).

6.5.1.2 Abdominal myomectomy

Myomectomy by various techniques is an alternative procedure for women who
wish to retain the possibility of childbearing. The traditional approach has been
through a laparotomy incision. In the case of women with multiple myomas or a
significantly enlarged uterus (i.e., >14 week size or myomas > 8 cm), myomectomy
by laparotomy or minilaparotomy incision is often the technique of choice (Hillis et
al. 1996, Dubuisson et al. 2000a). Mostly, a low transverse abdominal incision
provides adequate access to the tumors. Vertical incision may be required if the
uterus reaches substantially above the umbilicus or when extensive adhesions are
anticipated (Hutchins, 1995b). After access to the peritoneal cavity is achieved, the
size, location and number of myomas are evaluated. The utmost effort is made to
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conservate the uterine blood supply and minimize the bleeding. Limiting the number
of incisions on the uterus to a single anterior vertical incision wherever possible is
advocated by most authors (Buttram and Reiter 1981, Garcia and Pfeifer 1993,
Wallach 1992). The posterior uterine incision should be avoided, as it is associated
with an increase in adnexal adhesions (Buttram and Reiter 1981, Tulandi et al.
1993). In the case of solitary and large myomas it is best to locate the incision where
the overlying myometrium is thinnest.

The uterine incision is made through the myometrium into the myoma and the
tumor is grasped and traction applied. The myoma is enucleated from its myometrial
bed with a combination of sharp and blunt dissection. The size of both the uterine
and skin incisions may be reduced by morcellation of myomas during their removal.
After extirpation of a leiomyoma, meticulous closure of all empty space is essential.
An improperly closed defect may result in postoperative bleeding, intramural
hematomas, anemia and febrile morbidity. Moreover, there is an increased risk of
uterine rupture in pregnancy (Hutchins 1995b). A multilayered closure of the
myometrium using absorbable suture should be used. If narrow deep pockets are
found, suturing in concentric circles to obliterate empty space is advisable. When
the endometrial cavity is entered, the endometrium is closed as an individual layer.
The serosal layer is closed using a continuous stitch (Hutchins 1995b).

Intraoperative complications include blood loss and injury to the bowel or
urinary tract. The volume of blood loss during abdominal myomectomy varies with
the size and location of the myomas. An average blood loss of 230-800 mL has been
reported in studies of abdominal myomectomy for uterine sizes exeeding 14
gestational weeks (Sawin et al. 2000, West et al. 2006). Mechanical techniques
including tourniquets and clamps to occlude the uterine and ovarian arteries have
been shown to be effective in reducing blood loss during the operation (Taylor et al.
2005). Nonmechanical techniques have also been used with success (Kongnyuy and
Wiysonge 2007, Gutmann and Corson 2005).

Abdominal myomectomy is successful in relieving symptoms in about 80 % of
cases (Buttram and Reiter 1981), while satisfaction rates in excess of 90 % have
been reported after hysterectomy (Dwyer et al. 1993). Following abdominal
myomectomy performed for infertility, a 57 % pregnancy rate has been recored
(Vercellini et al. 1998). The cumulative myoma recurrence rate after abdominal
myomectomy has been found to be 27-51 % during five to ten years of follow-up
(Candiani et al. 1991, Fedele et al. 1995).

The operative time, blood loss and hospital stay are comparable with abdominal
hysterectomy (Hillis et al. 1996, Iverson et al. 1996). The risk of unexpected need
for hysterectomy at the time of myomectomy is less than one per cent for
experienced surgeons (ACOG 2001). There is no clinically significant difference in
perioperative morbidity between abdominal myomectomy and hysterectomy (39 %
versus 40 %) (Sawin et al. 2000).

Postoperative adhesions are formed in 98 % of cases (Dubuisson et al. 1998).
Compared to the situation after classical cesarean delivery (about 3.7 %) (Stotland et
al. 2002), the risk of uterine rupture before labor is very low after abdominal
myomectomy (about 0.002 %) (Garnet 1964, Dubuisson et al. 2000b). A delay of
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three to six months prior to attempting to conceive is advisable for women who
undergo myomectomy with significant uterine disruption.

6.5.1.3 Laparoscopic myomectomy

Laparoscopic myomectomy was first described by Semm (1977). Later the
technique became more common and several researchers reported good results
(Daniell and Gurley 1991, Nezhat et al 1991, Mais et al. 1996). The method can be
considered for patients with a small number of subserosal or intramural leiomyomas
or with a uterus less than 17 weeks  gestational size. Proper endoscopic
visualization of the operation cannot be achieved, if the uterus is too large.
Dubuisson and associates (2001) found that a leitomyoma size > 5.0 cm, intramural
location, anterior position and preoperative use of a GnRH-agonist were all factors
leading to an increased risk of conversion to an open procedure. In contrast, Sinha
and colleagues (2008) showed that regardless of the size, number or location of the
leiomyomas, myomectomy can be performed laparoscopically by experienced
surgeons. A total number of 912 myomas were laparoscopically removed in 505
patients and only one conversion to laparotomy was registered. The mean size of the
removed tumors was 5.9 + 3.3 cm. The advantages of the use of GnRH agonists
prior to laparoscopic myomectomy include correction of anemia preoperatively, and
a slight reduction in blood loss during surgery (Lethaby et al. 2004). It may,
however, complicate myoma enucleation by altering the myoma-myometrium
interface (Campo and Carcea 1999).

The uterine serosa is first incised with scissors or a monopolar needle and the
incision then extended into the myoma. The tumor is grasped and traction applied.
Securing hemostasis in the process, the myoma is dissected from the surrounding
myometrium. Once the myoma has been extracted, additional hemostasis is
obtained. The myoma cavity is sutured using laparoscopic instruments. The myoma
is removed either by using laparoscopic morcellator or by extending a port site to
accommodate a small myoma, or piece by piece in the case of a larger tumor
(Gomel and Taylor 1995).

There are several technical limitations to laparoscopic myomectomy. If myomas
are large or multiple, operating time and blood loss can be substantial. If a myoma is
situated deep in the myometrium, repair of the uterine wall can be difficult or even
impossible and increase the risk of uterine rupture during pregnancy (Breech and
Rock 2003). Eleven uterine ruptures have been reported in laparoscopic
myomectomy between the years 1992 and 2005 (Parker 2006). A study by Cobellis
and associates (2002) found that gross inspection of myomectomy scars during
cesarean section showed a thinner scar with more tension in five women with prior
laparoscopic myomectomy than in ten women with earlier abdominal myomectomy.
Removal of the resected or morcellated pieces of the myoma from the abdominal
cavity may also be challenging (Breech and Rock 2003). A risk of 1.8- 8 % of
conversion to open myomectomy has been reported (Nezhat et al. 1991, Dubuisson
et al. 1996, Seinera et al. 1997). Adhesion rates of 35.6-41.3 % have been reported
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after laparoscopic myomectomy (Nezhat et al. 1991, Stringer and Strassner 1996,
Dubuisson et al. 1998), which is clearly less than following open myomectomy.

Compared to abdominal myomectomy, the laparoscopic approach is associated
with a shorter postoperative recovery period and hospital stay (Miller 2000), but is
technically challenging and time-consuming, and only selected leiomyomas are
suitable for the technique (Miskry and Magos 1999).

6.5.1.4 Laparoscopic-assisted myomectomy

In 1994, Nezhat and associates described a laparoscopic-assisted myomectomy, a
method combining laparoscopy and mini-laparotomy in the removal of uterine
leiomyomas (Nezhat et al. 1994). A minilaparotomy incision is made after partial
laparoscopic enucleation of the tumor. Enucleation is finished outside the abdominal
cavity and the uterine incision closed as in laparotomy. The uterus is replaced in the
abdominal cavity and the abdominal incision sutured (Tulandi and Al-Took 1999).
Minilaparotomy permits thorough removal of the myomas and effective closure of
the uterine defect (Gomel and Taylor 1995).

Laparoscopic-assisted myomectomy is as effective as abdominal myomectomy,
but the cutaneous incision is smaller, hospital stay shorter, recovery faster and blood
loss lesser. The operating time in laparoscopic-assisted myomectomy has varied
from 94-127 min and the mean blood loss has been 110-267 ml (Nezhat et al. 1994).
The uterine incision is effectively manually closed with conventional instruments
(Tulandi and Al-Took 1999).

6.5.1.5 Vaginal myomectomy

Bessenay and associates (1998) mentioned that vaginal myomectomy was first
described in 1842. The modern technique was first reported by Magos and
associates in 1994. Only few reports have been published on this procedure (Magos
et al. 1994, Davies et al. 1999, Birsan et al. 2003, Agostini et al. 2004). There must
be adequate vaginal access, good uterine mobility and a maximum myoma
dimension of 11 cm to permit this procedure (Davies et al. 1999). Depending on the
location of the myoma, anterior or posterior colpotomy is made to reach it, the
myoma is enucleated, and the uterine wall sutured as in laparoscopic or abdominal
myomectomy. Posterior leiomyomas are easier of access, as there is more space for
colpotomy and uterine manipulation in the posterior pelvic compartment.

Agostini and associates (2004) reported a retrospective study of 45 patients out of
whom 40 underwent posterior colpotomy. Only one myoma was found in 93.3% of
patients, two myomas in 2.2% and three in 4.4% of patients. The mean mass of the
excised myomas was 207 g. Davies and associates (1999) conducted a prospective
study of 35 patients who underwent anterior or posterior colpotomy and excision of
a mean number of 2.5 myomas per patient with a mean mass of 114 g.

In a study by Davies and colleagues (1999), the mean operating time was 78
minutes and blood loss 313.6 mL. Four patients (11.4 %) developed a pelvic
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hematoma postoperatively and one of these required draining (Davies et al. 1999).
Seventy-four per cent of patients reported symptom relief three months
postoperatively and three patients had become pregnant and given birth.

Birsan and associates (2003) compared the feasibility and complications of
vaginal and laparoscopic myomectomy. The mean operating time was shorter and
the need for postoperative analgesics lower in the vaginal group. There were no
differences in mean perioperative blood loss, length of postoperative hospital stay or
the time of return to normal activity between these two groups.

6.5.1.6 Laparoscopic-assisted vaginal myomectomy

Pelosi and Pelosi (1997) were first to describe the laparoscopic-assisted transvaginal
myomectomy. Other researchers have since used their own modifications of the
technique (Goldfarb and Fanarjian 2001). Laparoscopic enucleation of leiomyomas
is performed as described above. A laparoscopic myoma screw is inserted into the
myoma and the tumor guided to the fossa Douglas. Vaginal posterior colpotomy is
made and the myoma removed via this. The uterine incision is sutured via
colpotomy by a technique described elsewhere (Goldfarb and Fanarjian 2001).

In a series of 11 patients, the mean opertaing time for laparoscopic- assisted
vaginal myomectomy has been 93 minutes and blood loss 125 cc. Three patients had
urinary retention and one patient fever postoperatively (Goldfarb and Fanarjian,
2001). Transvaginal removal of the leiomyoma avoids the need for port site
extension; however, the longer operative time, the risk of infection, bowel or
ureteral injury, and the need to maintain two surgical sites must be considered
(Gomel and Taylor 1995).

6.5.1.7 Hysteroscopic myomectomy

Hysteroscopic myomectomy is the option of choice for women with symptomatic
intracavitary leiomyomas (Lefebvre et al. 2003), including those with abnormal
uterine bleeding, pain, infertility (Farhi et al. 1995), or recurrent pregnancy loss.
These leiomyomas are classified by a method developed by Wamsteker and
associates (1993) and adopted by the European Society of Gynaecological
Endoscopy (ESGE), which takes account of the degree of myometrial penetration of
the submucous tumor. Pedunculated submucous leiomyomas without intramural
extension are classified as GO, sessile tumors with less than 50 % intramural
extension as G1 and myomas with more than 50 % intramural extension as G2 type.
Submucous myoma types GO and Gl can be resected by hysteroscopic
myomectomy. Repeated resection is needed for tumors extending more than 50 %
intramurally in order to ensure bleeding control, and more complications are
associated with them (Wamsteker et al. 1993).

Combination of endometrial ablation and myomectomy has been reported with
varying levels of success (Wortman and Daggett 1995, O’Connor and Magos 1996,
Loffer 2005). Studies examining the long-term impact of endometrial resection
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combined with myomectomy are sparse (Loffer 2005). Hysteroscopic surgery is a
commonly accepted alternative to hysterectomy in the treatment of menorrhagia
(Abbott and Garry 2002) and a variety of transcervical methods of endometrial
ablation have been utilized. Hysteroscopic resection of the endometrium is one of
the oldest, and its operative outcomes, perioperative complications and short-term
follow-up results are well documented (Lethaby et al. 2000a).

Hysteroscopic myomectomy is performed under general or spinal anesthesia. The
cervix is dilated to Hegar 9-10 mm and a standard resectoscope advanced
transcervically. The uterine cavity is distended by an electrolyte-free, low-viscosity
solution such as 1.5 % glycine, 3 % D-sorbitol or 5 % mannitol. The recent
development of a bipolar hysteroscopic system and bipolar scissors, and the use of a
special morcellator also allows surgery to be performed in electrolyte-rich media
such as normal saline (Emanuel and Wamsteker 2005). It is important to keep the
pressure below the patient’s mean arterial pressure to limit fluid intravasation and to
measure precisely the inflow and outflow during the procedure. A wire monopolar
or bipolar cutting loop is passed superior to the myoma and withdrawn toward the
operator while keeping the resectoscope fixed in place. The myoma is shaved down
to the level of the endometrium, until the uterine cavity is normalized or the myoma
has been satisfactorily debulked. If the myoma is entirely situated in the uterine
cavity, the stalk of the myoma is cut with the loop and then the myoma cut into
pieces, which are removed by forceps from the uterine cavity. In the case of a large
myoma, it is recommended to perform the procedure in two sessions. The myoma is
resected as much as is safely possible in the first hysteroscopy, and after two
months, the rest of the myoma is removed.

Endometrial ablation, either alone or in combination with hysteroscopic
myomectomy, may alleviate bleeding with minimal invasiveness in women with
uterine leiomyomas who have completed childbearing. Loffer (2005) reported a
hysterectomy rate of 17.8 % among 73 women undergoing hysteroscopic
myomectomy combined with endometrial ablation, and a rate of 22.1 % among 104
women with hysteroscopic myomectomy only. Derman and associates (1991)
examined endometrial ablation with hysteroscopic myomectomy and found only an
eight per cent risk of second surgery after a mean of six years of follow-up.

Complication rates increase with increasing number and size of myomas.
Hemorrhage, cervical laceration, infection, uterine perforation or fluid overload is
experienced by up to 6.6 % of women undergoing hysteroscopic myomectomy
(Taylor and Gomel 2008). Twenty-two per cent will require a second procedure for
incomplete resection or symptom recurrence (Batra et al. 2004). Campo and
associates (2005) found myoma recurrence in 6 % of women two years
postoperatively. Over 90 % of menorrhagia patients experience relief of symptoms
after hysteroscopic resection of submucous leiomyoma. The pregnancy rate after the
procedure is reported to be approximately 48 % (Fernandez et al. 2001).
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6.5.1.8 Other techniques

Several new mini-invasive techniques have been developed for treatment of uterine
leiomyomas. The series in question are, however, small and there are no studies
concerning the long-term outcomes of these methods.

Visvanathan and colleagues (2002) described interstitial laserphotocoagulation,
which involves the insertion of optical fibers into the leiomyoma by laparoscopy.
Low-power laser energy is then connected to the fibers, causing localized
coagulation. Thirty myomas were treated in 24 patients and median reduction of
myoma volume was 40 % in MRI in twelve patients followed for one year. Forty-
four per cent of patients with menorrhagia reported a subjective improvement. Of
three patients with infertility, one delivered a healthy infant vaginally at term 33
months after the procedure.

Zreik and colleagues (1998) described a method for laparoscopic cryomyolysis
for leiomyomas. At laparoscopy and under ultrasound monitoring, a monopolar
hook is used to create a tract extending from the serosa of the myoma to within 1 cm
of the inferior capsule and at the location of the primary blood supply of the myoma.
The hook is replaced with a cryoprobe, cooled to temperatures below -90 °C
destroying tissues through sclerohyaline degeneration (Zupi et al. 2004). Twenty
patients were treated with this technique and after six months the mean volume
reduction of leiomyomas was 56.9 %. Fifteen patients had complete elimination of
symptoms, and four reported marked improvement.

Law and Regan (2000) described a method of interstitial MRI guided thermo-
ablation. Under local anesthesia, four compatible 18-gauge Turner needles were
introduced under MRI guidance in a square configuration 1 cm apart into the center
of the targeted leiomyoma in thirty women. The inner trochars were then replaced
by bare laser fibres, and a diode laser transmitted to these. Thermal ablation was
terminated when the real-time image processing software showed a tissue
temperature greater than 55 °C, resulting in irreversible tissue necrosis. The mean
duration of applied laser therapy was 15 minutes. Four women went on to
subsequent surgery and 26 declined their planned hysterectomy. Three months after
the procedure, the myoma volume had decreased by a mean of 37.5 %. All women
reported notable improvement in symptoms at three months post-ablation. Cowan
and colleagues (2002) have employed a similar technique, using cryotherapy instead
of thermo-ablation. They described nine cases in which 65 % myoma shrinkage was
achieved and primary symptoms were either improved or resolved.

In laparoscopic uterine artery occlusion, the uterine artery is closed with two to
three endoclips on each side using the lateral approach to the origin of the uterine
artery from the internal iliac artery (Hald et al. 2004, Hald et al. 2007). The utero-
ovarial ligaments are also coagulated bilaterally with bipolar forceps. A reduction in
the amount of bleeding in 93 % and in bulk symptoms in 85 % of the patients
(n=28) after the procedure has been reported (Hald et al. 2007). Uterus volume was
reduced by 37 % and the dominant leiomyoma by 36 % (Hald et al. 2004).
Temporary damage to the obturator nerve was found in 14 % of women (Hald et al.
2004).
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Hald and colleagues (2007) compared clinical outcomes six months after
treatment with bilateral laparoscopic occlusion of the uterine artery versus uterine
leiomyoma embolization. The percentage reduction in Pictorial Bleeding
Assessment Chart scores did not differ between the treatment groups (52 % after
uterine leiomyoma embolization and 53 % after laparoscopy, p=0.96). Four per cent
of patients in the the group treated with uterine leiomyoma embolization complained
of heavy bleeding after six months, compared to 21 % of patients in the other group
(p=0.44).

6.5.2 Nonsurgical treatment

6.5.2.1 Myoma embolization

Uterine artery embolization is a technique based on limitation of myometrial arterial
blood flow, resulting in infarction of leiomyomas (Ravina et al. 1995, Spies et al.
2001). The approach has been widely utilized for post-partum hemorrhage, post-
operative bleeding and arteriovenous malformations (Poppe et al. 1987, Abbas et al.
1994). The first embolization of a leiomyoma was described by Ravina and
colleagues (1995). Initially, embolization had been utilized before myomectomy and
hysterectomy for reducing bleeding complications. Several series have since been
published (Worthington-Kirsch et al. 1998, Hutchins Jr et al. 1999, Walker et al.
1999).

Before myoma embolization is carried out it is particularly important that the
diagnosis has been confirmed and embolization is indicated (Scoutt et al. 1995,
Dequesne and Schmidt 1998). The procedure is performed under regional or local
anesthesia with conscious sedation and analgesics (Worthington-Kirsch et al. 2002)
and most commmonly via the right femoral artery. A catheter is passed into the
distal portion of one of the uterine arteries under fluoroscopic guidance, followed by
infusion of an embolizing agent (gelatin sponges, polyvinyl alcohol particles or tris-
acryl gelatin microspheres). The embolization is completed when total occlusion of
the uterine artery with stasis of contrast material is detected (Ravina et al. 1995,
Walker et al. 1999, Worthington-Kirsch et al. 2002). Following the procedure, post-
embolization syndrome, including pelvic pain and cramping, nausea, vomiting, low-
grade fever, fatigue, myalgias, malaise and leukocytosis may occur within the first
48 hours. These symptoms gradually improve over seven days (Walker et al. 2002).

Patient satisfaction of 78-97 % and a significant enhancement in the quality of
life have been reported after embolization (Spies et al. 2002a). An overall
improvement of 61-96 % for leiomyoma-related complaints (84-96 % for
hypermenorrhea, 81-97 % for menorrhagia, 70-88 % for lower abdominal pain, and
61-94 % for pressure symptoms) has been confirmed (David and Ebert 2004).
Shrinkage of the uterus (median values 23-60 %) and of the dominant leiomyoma
(42-78 %) has been detected (Vogl et al. 2003), with a constant decrease in
leiomyoma size extending over a period of up to one year after the procedure
(McLucas et al. 2001).
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The technical success rate for uterine artery embolization has been found to be at
95-100% (Radeleff et al. 2003). Inguinal hematomas occur in 0-3.2 %. In 6.7 % of
patients, vaginal expulsion of myoma material may be observed and a chronic
smelly discharge has emerged in up to 5 % (Spies 2004). Infections are reported in
0-11 % and premature menopause-induced amenorrhea in a maximum of 13.6 %. A
mortality rate of 0.01 % has been found (Agency for Heatlthcare Research and
Quality 20006).

Spontaneous abortion was noted in 32 % of women in a study of 34 pregnancies
after uterine artery embolization (Goldberg et al. 2004). In a study by Goldberg and
associates (2002), the premature delivery rate was 28 % and malposition was found
in 17 %. Small for gestational age children were seen in 7 %, the cesarean section
rate was 58 %, and increased postpartum bleeding was detected in 13 %. Higher
rates of preterm delivery and malpresentation have been reported in pregnancies
after uterine artery embolization than after laparoscopic myomectomy (Goldberg et
al. 2004). For these reasons, uterine artery embolization should be regarded as
(relatively) contraindicated in patients desiring to preserve their fertility (ACOG
2004).

In a recent study comparing uterine artery embolization (n= 106) and surgery (n=
51; 43 hysterectomies, 8 myomectomies) for symptomatic uterine leiomyomas
found no significant differences in quality of life scores between these two groups
one year after treatment (the REST investigators 2007). The median duration of
hospitalization and time before return to work were shorter in the embolization than
in the surgical group. Repeated embolization or hysterectomy for insufficient
symptom control was needed in 9 % of the patients in the embolization group. At
one year of follow-up, total costs for uterine artery embolization were significantly
lower than those associated with surgery.

Broder and associates (2002) found that during a follow-up of 3-5 years after
leiomyoma enucleation or uterine artery embolization, both treatment satisfaction
and improvement of symptoms were similarly high in both groups, but that
embolization patients underwent significantly more invasive procedures (myoma
enucleation, repeat embolization, hysterectomy) because of myoma-associated
complaints (29 % versus 3 %). Razavi and colleagues (2003), however, were not
able to confirm this. Pinto and associates (2003) conducted a prospective
randomized controlled clinical study in which leiomyoma therapy by uterine artery
embolization (40 patients) was compared with abdominal hysterectomy (20
patients). Bleeding control was achieved in 86 % of embolization patients and,
naturally, 100 % of hysterectomy patients. After embolization, the mean hospital
stay was four days shorter. During or following uterine artery embolization, minor
complications occurred in 25 % and only one serious complication (deep venous
thrombosis) was detected. Major complications were significantly higher in the
hysterectomy group, 20 % occurring intraoperatively (bladder injury, blood
transfusions) and 45 % postoperatively (thrombosis, wound abscess, transfusions).

A morbidity of five per cent has been noted in the course of uterine artery
embolization (Spies et al. 2002b). American studies report a total morbidity of 38.6
% after myomectomy and 40.1 % after hysterectomy (Sawin et al. 2000).
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6.5.2.2 Magnetic resonance guided focused ultrasound surgery

The noninvasive focused ultrasound surgery system creates an ultrasound beam of
approximately 1-1.5 MHz frequency producing coagulative necrosis at a precise
focal point within the body. The location and extent of treatment is monitored by
real-time MRI and thermal mapping (Chung et al. 1999, Hynynen et al. 1996), and
the treatment can be performed as an outpatient procedure (Stewart et al. 2003).
Leiomyomas which are resectable with a hysteroscope, near the bowel or bladder,
heavily calcified, or in women desiring future pregnancy are contraindications for
the treatment. Morita and associates (2007) found a reduction of 33 % in the mean
fibroid size in 39 women after six months of follow- up.

This method appears to target treatment for myomas with high safety. Patients
have few complaints after magnetic resonance-guided focused ultrasound surgery,
in contrast to uterine artery embolization, after which postprocedure pain and fever
are usual. No cases of postembolization syndrome or marked pain after focused
ultrasound surgery have been reported (Stewart et al. 2003).

6.5.2.3 Hormonal treatment

Medical therapy aims to relieve symptoms and may enable conservation of the
uterus. However, as symptoms often rapidly return after discontinuation of the
treatment, many women prefer direct surgery.

6.5.2.3.1 Gonadotropin-releasing hormone agonists

GnRH agonists create a menopause mimicking hypogonadotropic hypogonadal
state. They may be utilized to reduce tumor size and vascularity before surgery or as
a temporary medication in perimenopausal women (Wallach 1992). A significant,
rapid shrinkage of 35- 65 % in uterine size is observed (Shaw 1991), occurring
mostly during the first three months of therapy (Broekmans 1996). Friedman and
associates (1991) found resolution of menorrhagia in 36 of 37 women after six
months of leuprolide acetate. Menses return in 4-8 weeks after discontinuation of
the treatment (Palomba et al. 1999).

A rapid regrowth of myomas to pretreatment size occurs within a few months
after discontinuing treatment (Wallach 1992) and uterine size returns to original
levels within 4-6 months (Letterie et al. 1989). The severe hypoestrogenic state may
also result in marked symptoms, bone loss leading to osteoporosis after long-term
use being the most serious complication (Friedman et al. 1988). Significant bone
loss is detected after half a year of treatment (Leather et al. 1993), and for this
reason, GnRH analogues cannot be administered for more than three to six months.
Side- effects including hot flushes, vaginal dryness and frontal headaches are
reported in 95 % of patients (Letterie et al. 1989). Low doses of estrogen and
progestins may be used along with GnRH analogue treatment to limit side-effects
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and bone loss. The results concerning the benefit of this “add back™ therapy are
controversial (Friedman et al. 1994, Pierce et al. 2000).

When GnRH analogues were used before either hysterectomy or myomectomy,
pre- and postoperative hemoglobin were significantly improved, and uterine and
myoma volume and pelvic symptoms decreased. Hysterectomy was easier and
operating time shorter. The need for vertical incision and blood loss was diminished
both for hysterectomy and myomectomy. More vaginal hysterectomies could be
made instead of abdominal procedures. Duration of hospital stay was shorter.
(Lethaby et al. 2000b). However, GnRH analogues may render the surgical planes
more difficult to differentiate, which makes myoma enucleation more troublesome
(ACOG 2001). Comparable results have been detected with GnRH- antagonists
(Felberbaum et al. 1998).

6.5.2.3.2 Others

Mifepristone, a PR modulator with primarily antagonistic properties, has been found
to reduce myoma size in a number of trials (Steinauer et al. 2004, Eisinger et al.
2005, Fiscella et al. 2006), shrinkage being from 26 % to 74 % after three or more
months of treatment (Steinauer et al. 2004). After six months from ending therapy,
myoma regrowth has been shown in 18 % of women (Zeng et al. 1998). Adverse
effects include amenorrhea in over 90 % of women, hot flushes, elevated hepatic
enzymes, and endometrial hyperplasia (Steinauer et al. 2004).

Danazol is an isoxazole derivative of 17 a-ethinyl testosterone with androgenic
and progestin-like effects (De Leo 1997). In one study, myoma volume was reduced
by an average of 23.6 % after four months of treatment (De Leo 1999).

Gestrinone, a synthetic derivative of ethynyl-nor-testosterone, is a steroid with
antiestrogen and antiprogsterone properties and which has been shown to reduce
uterine volume and stop bleeding (Coutinho 1990). In a study by La Marca and
colleagues (2004), a 32 % reduction in uterine volume and a 35.2 % in myoma
volume were observed after six months of therapy (La Marca 2004).

In a study by Palomba and associates (2001), raloxifene, a selective estrogen-
receptor modulator, (60 mg/day for 12 months) reduced leiomyoma size when
compared to placebo in postmenopausal women with uterine leiomyomas. Results in
premenopausal women have been conflicting (Palomba et al. 2002a, Jirecek et al.
2004).

The levonorgestrel-releasing intrauterine system (LNG-IUS) is a well tolerated
and effective contraceptive method (Luukkainen et al. 2001). A significant
reduction in menstrual blood loss and improvement in anemia have been established
in users of this system (Hubacher and Grimes 2002, Monteiro et al. 2002,
Hurskainen et al. 2004, Rosa e Silva et al. 2005). In a recent prospective cohort
study (Magalhaes et al. 2007), a significant mean uterine volume reduction of 36.4
cm’ in patients with idiopathic menorrhagia and 63.6 cm’ in patients with
leiomyomas using a LNG-IUS was found during 36 months of follow-up. After
three years of use, amenorrhea was higher in the contraception group (57.1 %) and
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in women with idiopathic menorrhagia (53.4 %) than in women with menorrhagia
due to leiomyomas (44.5 %) (p=0.027).

Oral contraceptives and progestational derivatives are often used for abnormal
uterine bleeding, but they seem mostly to have limited efficacy in the treatment of
uterine leiomyomas (Friedman et al. 1988, Carr et al. 1993). The use of oral
contraceptive pills or progestin-only injectable contraception may reduce the risk of
developing leiomyomas (Lumbiganon et al. 1996, Wise et al. 2004). Oral
contraceptives may reduce bleeding in some women with leiomyomas and
menorrhagia, but not in all such patients.
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/7 AIMS OF THE STUDY

The present study was undertaken to investigate certain aspects of the etiology,
diagnosis and management of uterine leiomyomas. The specific aims were:

1. To determine the potential effect of 1,25(OH),D; and 25(OH)D;vitamin D
derivates on the growth of leiomyoma and myometrial cells in vitro (I).

2. To evaluate the accuracy of a formula combining the prolate ellipsoid (uterine
corpus) and cylinder (uterine cervix) formulas in estimating the preoperative weight
of the total myomatous uterus and to determine the validity of transvaginal
ultrasound in assessing uterine size through correlation with hysterectomy
specimens (II).

3. To analyze different sources of variation in estimating the preoperative weight
of the myomatous uterus (III).

4. To describe a novel traction modification of vaginal myomectomy and to
assess the clinical effectiveness and safety of this method (IV).

5. To compare hysterectomy rates after hysteroscopic endometrial resection with
or without myomectomy for menorrhagia and to establish the long-term outcomes of
these two procedures (V).
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8 PATIENTS AND METHODS

8.1 Patients and study designs

The patients searching treatment for symptomatic uterine leiomyomas were
recruited to the study protocols from the Department of Obstetrics and Gynecology,
Tampere University Hospital, Finland. The study material, design and main
outcome measures in studies I-V are summarized in Table 3.

Women with preoperatively detected uterine leiomyomas were included and
patients with suspected malignancy excluded in all studies (I- V). The leiomyoma
diagnosis was reached after careful preoperative pelvic examination and
transvaginal ultrasound scanning in all cases. Some specific criterias were set: for
study I, no hormonal therapy for at least six months prior to surgery; for study IV,
patients with leiomyoma palpable upon vaginal examination, good uterine mobility,
adequate vaginal access, well-lined leiomyoma and no detectable adnexal pathology
were candidates for vaginal myomectomy; for study V, women with a uterus larger
than the size of a 12-week pregnancy or who had submucous leiomyomas larger
than 5 cm in diameter and extending more than 50 % intramurally were excluded
from hysteroscopic surgery. Women with uterovaginal prolapse, endometrial
hyperplasia, untreated adnexal disease or acute pelvic inflammatory disease and
those desiring future pregnancy were not included.

Studies II and III comprised the same subjects. Four of them were nulliparous
and three postmenopausal.

Study IV involved patients who desired to preserve their fertility. None of them
had had previous pelvic surgery and six were nulliparous. Preoperative ultrasound
examination showed leiomyomas ranging from 5.6 to 8.0 cm in size (mean 6.7 cm)
and located posteriorly in seven cases and anteriorly in three.

Study group V comprised 53 women who had undergone hysteroscopic
endometrial resection and myomectomy, and each of them was matched
retrospectively in age, parity and nearest date of operation with a patient treated by
plain endometrial resection during the same period of time. All patients suffered
from menorrhagia and were candidates for hysterectomy.
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Table 3.

Study material, design and main outcome measures in Studies I-V.

Study Number of  Age (years) Characteristics of subjects  Design Main outcome measures

patients mean (range)

I 6 43.8 (38-49) Samples of subserous or Prospective The effect of 1,25(OH),D; and
intramural leiomyomas and 25(0OH)Ds on cell growth
matched myometrial
tissues

II 12 49.5 (42-56)  Women with symptomatic ~ Prospective Comparison of two geometrical
leiomyomas scheduled to formulas for accuracy in
undergo hysterectomy predicting uterine size

11 12 49.5 (42-56)  Women with symptomatic ~ Prospective Variation due to differences
leiomyomas scheduled to across repeated measurements,
undergo hysterectomy across physicians, across patients

v 10 32.3(26-40)  Women with symptomatic  Retrospective  Feasibility and outcome of
subserous or intramural vaginal myomectomy
leiomyomas

v 106 44.8 (34-59)  Women with or without Retrospective  Subsequent hysterectomy

submucous leiomyomas



8.2 Vitamin D assay for leiomyoma and myometrial
samples ()

Immediately after removal of the uterus, samples 1 cm® of benign leiomyomas and
of adjacent matched myometrial tissue were obtained and tissue specimens
transported to the laboratory. The specimens were cut into small pieces and digested
and the cells collected by centrifugation. The isolated cells were seeded in 75-cm’
flasks in culture medium supplemented with 1nM E, (Sigma) and propagated at
37°C in a humidified atmosphere containing 5% CO, in air. Cells from subconfluent
primary or secondary cultures were used in all experiments.

For immunohistochemical analysis cells were seeded on 4-chamber cell culture
slides at 5000 cells/chamber and cultured until subconfluency. Thereafter, the cells
were fixed and permeabilized. Characterization of the cell cultures was done by
immunohistochemical means with antibodies against two proteins associated with
the smooth muscle phenotype, smooth muscle actin (SMA) and desmin and the
intermediate filament protein distinctive of the fibroplastic phenotype, vimentin.
Staining was performed and the percentage of cells expressing SMA, desmin or
vimentin was determined by calculating the number of immunopositive and
immunonegative cells in five randomly selected microscopic fields. Antibodies
specific for VDR, ER and PR were employed to assess steroid receptor expression
in the cultivated cells. VDR was visualized in tissue samples by
immunohistochemical staining with the rat monoclonal anti-VDR antibody. In the
controls the primary antibodies were omitted and staining done with nonimmunized
mouse or rat immunoglobulin G (IgG).

Leiomyoma cells and matched normal myometrial cells were seeded onto 96-
well microtiter plates and allowed to attach for 48 h in culture medium
supplemented with InM E,. The medium was then replaced and the cells treated
with the indicated concentrations of 1,25(OH),D; or 25(OHDj3 in culture medium
supplemented with 1 nM E,. Ethanol vehicle was included in the control treatment.
The medium was renewed every three days. Relative cell numbers were assessed at
0,3,6,9, 12 and 15 days using the colorimetric crystal violet assay (Kueng et al.
1989). Eight determinations were used to calculate the mean optical density at each
time point. The absorbance value for day 0 was set at 0 by subtracting the value for
that day from each value obtained from the subsequent timepoint measurements
(days 3 tol5). Growth curves were created on the basis of the resultant absorbance
values. Day 9 was used to compare the effect of the hormone treatments.
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8.3 Determination of uterine volume (I1-111)

8.3.1 Ultrasound measurements and calculation of volume

Each patient, supine and with an empty bladder, underwent a thorough preoperative
pelvic examination and imaging with an ultrasound sector scanner with a 6 MHz
transvaginal probe conducted by three investigators. One of these (physician 1) was
a highly experienced senior gynecologist with oncological subspeciality. The other
two physicians were resident postgraduates training in Obstetrics and Gynecology.
Physician 2 was experienced in measuring uterine dimensions by vaginal and
abdominal ultrasound, and the other (physician 3) was not. A 3.75 MHz abdominal
probe was utilized, if the field of the vaginal probe was not wide enough to reach the
dimensions of a large uterus.

The anteroposterior diameter (AP) of the uterine corpus was determined from a
sagittal scan parallel to the midline axis of the body and length (L) by measuring
from the internal os of the cervix to the dome of the fundus or mass. Cervical length
(CL) was measured from the internal to the external os of the cervix and the cervical
anteroposterior diameter (D) was established. The vaginal probe was then rotated
parallell to the coronal axis to view the largest cross-sectional area and to determine
the maximal width (W) of the uterine corpus (Figure 2).

Each physician determined all measurements independently and repeated the
rounds of measurements altogether three times during the scanning of each patient,
multiplying thus the findings for the study. Although there were only twelve
patients, the total number of findings was 108 (12 subjects x 3 investigators x 3
rounds of measurement). This was the pivotal term in providing sufficient
information for the analysis, not the size of the study population.

The volume of the uterine corpus was calculated from a geometric formula for a
prolate ellipsoid (A) based on the length, width and anteroposterior diameter of the
corpus, and the volume of the cervix from a geometric formula for a cylinder (B)
based on length and anteroposterior diameter of cervix (Figure 3).

The total volume was obtained by summing these two volumes. To calculate the
total uterine volume with the plain formula for an ellipsoid, the same ellipsoid
formula was used as above, but the length (L) used comprised the length of the
corpus summed with the length of the cervix.
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Figure 2. Uterine measurements. The sagittal sonogram illustrates the technique for
measurement of maximal uterine and cervical length and anteroposterior
diameter. The transverse sonogram shows the maximal transverse uterine
diameter. AP, anteroposterior diameter of the uterine corpus; L, length of
the corpus; CL, cervical length; D, anteroposterior diameter of the cervix;
W, width of the uterine corpus.

(A) 0.5236xLx W x AP

(B) n(D/2)2xCL

Figure 3. Formulas for prolate ellipsoid (A) and cylinder (B). AP, anteroposterior
diameter of the uterine corpus; L, length of the corpus; CL, cervical length;
D, anteroposterior diameter of the cervix; W, width of the uterine corpus.

8.3.2 Measurements of uterine preparates

Immediately after removal at hysterectomy, Fallopian tubes and ovaries were
removed from the uterus, the cervix cut from the corpus and the measurements
performed. Using a pair of compasses and a centimetres scale, the three maximal
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dimensions of length, depth and width of the corpus and length and diameter of the
cervix were obtained at the same axis as that described for the ultrasonographic
measurements. The weights of the uterine corpus and cervix were measured with a
digital scale and summed. The uterine corpus and cervix were then separately
immersed in a graduated plastic cylinder, partially prefilled with water, and the
volumes determined by water displacement. The volumes noted were summed.

8.4 Operative techniques in myomectomy and follow-up
(IV-V)

8.4.1 Transvaginal myomectomy (V)

All operations were carried out by one physician. Posterior or anterior vaginal
colpotomy was perfomed and the uterine serosa covering the myoma grasped with
Schroeder forceps and directed to the colpotomy incision. A midline incision was
made on the myoma up to the pseudocapsule. A Doyen myoma screw was then
twisted into the myoma until firmly in place. Constant traction was maintained by
the screw following extraction of the myoma together with the uterine fundus
through the colpotomy into the vagina. The myoma was then enucleated and
extracted under visual control. The uterine incision was repaired in layers as in
myomectomy in laparotomy, using conventional instruments and sutures. The uterus
was placed in the peritoneal cavity and the colpotomy incision closed.

The main outcome measures in study IV included feasibility of procedure,
operative complications, postoperative recovery, pregnancies and relief of
symptoms. Subjects were seen at the outpatient clinic two months after the
operation. Those for whom this contact was not registered in the hospital records
were interviewed by telephone. The mean follow-up period was 24 months (range 5
months - 43 months) and each patient had at least one vaginal ultrasound
examination during that time. Data on possible symptoms, fertility and outcome of
pregnancies during the follow-up period were recorded.

8.4.2 Endometrial resection and myomectomy (V)

The endometrium was resected using a standard unipolar resectoscope method
distending the uterine cavity with 2.2 % isotonic glycine. Myomectomy was
performed prior to endometrial resection using the shaving technique in which a
loop is actively drawn toward the operator while keeping the resectoscope fixed in
place. Complete resection was the main goal in all procedures. With intramural
extension of fibroid the resection was considered complete if the pseudocapsular
tissue of the intramural part and the entire resected area could be visualized. To
determine the result of myomectomy, transabdominal or transrectal ultrasound was
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performed in sporadic cases. Fluid balance was closely monitored throughout the
procedure. After surgery, the inflow and outflow volumes were measured and the
glycine deficit calculated. The perioperative blood loss was estimated.

A subsequent hysterectomy was the endpoint of study V. The patients” hospital
records were examined to obtain details on preoperative history, operative
procedures, further surgical treatment and documented follow-up. Patients who had
not undergone a hysterectomy during the follow-up period were sent a postal
questionnaire to assess the long-term effects. Patients were asked whether they had
had amenorrhea, slight menstruation, no improvement in menstrual flow or
increased menstrual flow. The mean follow-up period was 76 months (range four to
132 months) in the women with myomectomy and 79 months (five to 123 months)
in those with no myomectomy. One patient with myomectomy was lost to follow-

up.

8.5 Statistical analysis

In study I, means + SEM were calculated for each treatment with vitamin D
derivates and statistical differences were assessed using the Wilcoxon signed ranks
test. A probability value (p) of 0.05 or less was considered statistically significant.

In study II, the normality of the distribution of the variables studied was assessed
by the Kolmogorov-Smirnov test. The distributions of all variables were skewed.
Values of continuous variables were expressed as median, quartile ranges and both
minimum and maximum. Differences between the traditional and new equation
compared to real uterine weight were tested by the Wilcoxon Signed Ranks test.
Statistical analyses were perfomed on SPSS 12.0.1 for Windows (SPSS Inc.,
Chicago, IL, USA). A p-value less than 0.05 was considered statistically significant.

In study III the repeatability and reproducibility (R&R) method was applied. As
the distribution of the difference between real and calculated uterine weight was
skewed, the range method was used. The following variance components were
estimated: repeatability (difference across measurements), reproducibility
(difference across physicians) and variability (difference across patients). Statistical
analyses were performed on Statistica/W (Version 5.1, 98 edition, Statsoft. Inc,
Tulsa, OK, USA).

In study IV, means + SEM were calculated for characteristics and operative
details for each patient.

In study V, the incidence of subsequent hysterectomy was calculated by survival
analysis (Kaplan-Meier) in both study groups and the curves compared by the log
rank test. For statistical analysis unpaired Student’s t test for continuous data and
Fisher’s exact test for nominal or ordinal data were used. Statistical analysis was
performed using SPSS for Windows, version 11.5 (SPSS Inc., Chicago, IL, USA).
The level of significance was set at p<0.05.
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8.6 Ethical considerations

The Ethics Committee of Tampere University Hospital approved the study
protocols. Informed consent was obtained from each patient before entering the
study.
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9 RESULTS

9.1 The effect of 1,25(0OH).D3; and 25(OH)D3 vitamin D
derivates on leiomyoma and myometrial cells

Upon immunohistochemical characterization with antibodies against SMA, desmin
and vimentin the cell cultures of myometrium and leiomyoma were found to be
composed mainly of smooth muscle cells. Whereas ER and PR expression was
detected in all intact tissue samples, the overall ER staining in cultured cells proved
negative with the exception of a few immunopositive nuclei. PRs were not found.
VDR was present in all myometrial samples and their matched leiomyoma
specimens.

Exponential growth of both cell types without significant differences in their
mean rates of proliferation was shown in the growth curves of normal myometrial
and leiomyoma cell cultures from six patients. A marked variance in growth rates
was noted between individuals, whereas no consistent differences were detected
between the growth rates of paired myometrial and leiomyoma cell cultures
originating from the same patient.

The normal myometrial and leiomyoma cells were treated for nine days with
increasing doses of 1,25(OH),D; and 25(OH)Ds;. In both myometrial and
leiomyoma cells, a similar concentration-dependent growth inhibition was detected
with 1,25(OH),Ds (Figures 4A and B). In both cell types, the lowest amount of
1,25(OH),Ds tested (0.1nM) inhibited growth by 12% when compared to controls.
For 1nM 1,25(0OH),D; the corresponding percentages for myometrial and
leiomyoma cells were 32% and 28%, and for 10 nM 1,25(0OH),Ds, 49% and 53%.
The highest concentration of 1,25(OH),Ds (100 nM) inhibited growth by 62% in
both cell types. All the differences detected were statistically significant (p<0.05).

As illustrated in Figures 4C and D, a slight stimulation of cell proliferation was
observed with the lowest 25(OH)Ds concentrations (10 nM and 100 nM) in some
myometrial and leiomyoma cultures. When treated with the compound in a 1000 nM
concentration, the growth of both cell types fell to approximately 50% of that of the
control cultures, the magnitude of inhibition being statistically significant (p<0.05).
In the case of 500 nM 25(OH)Ds, statistical significance was not reached (p=0.068).
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Figure 4. Effect of various concentrations of 1,25(0OH),D; (A and B) or 25(0OH)D; (C
and D) on myometrial and leiomyoma cells. Proliferation was determined
using the colorimetric crystal violet assay after nine days of treatment with
increasing doses of the two compounds as indicated. The values represent
percentages of control standardized as 100 %. Six individual cultures were
examined at each concentration (in 500 nM 25(OH)D3, n=4). Horizontal

lines represent the median.

9.2 Accuracy of a combination formula in estimating the
weight of the uterus and quality assurance of these
measurements (Il, 111)

uteruses

were the largest.

All preoperative measurements of the uterine corpus and cervix could be obtained
with a transvaginal ultrasound probe except in two of the 12 patients, whose
Part of the measurements had to be taken

transabdominally, as the ultrasound field of the vaginal probe was not wide enough

to encompass the whole uterus in these patients.
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9.2.1 Comparison of two different formulas and real uterine
weight (II)

The differences between the real weight of the total uterus (corpus and cervix) and
the weight calculated with the prolate ellipsoid formula and that calculated with the
formula combining the prolate ellipsoid and cylinder formulas are presented in
Figure 5. The plain formula for the prolate ellipsoid tends to overestimate the weight
of the uterus. The new combination formula is more accurate in predicting the true
total weight of the uterus, especially when the true weight is less than 500 g. The
difference between the weight estimated by the prolate ellipsoid formula and the
true weight was statistically significant among the three investigators on most
measurement occasions. No significant differences were found when the
combination formula was used. The greatest error between the formula combining
the prolate ellipsoid and cylinder formulas and the true weight of the uterus was
found only with the largest uterus.
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Figure 5. Differences between the actual uterine weight and the estimated uterine
weight calculated by traditional formula (A) and combination formula (B) in
12 subjects using a transvaginal ultrasound probe in evaluating the
dimensions of the myomatous uterus. Medians (black line), interquartile
ranges (box) and ranges (line bar) are given. Outliers and extreme findings
are expressed as dots or stars. The boxplots express combined deviations
of real weights of nine measurements.
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As illustrated in Figure 6, there was a good correlation between the true weight
of the hysterectomy specimen and the volume obtained from water displacement.
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Figure 6. The real weight of the uterine cervix and corpus (grams) compared to the
displacement of water by uterine cervix and corpus (n=12 patients).

9.2.2 Sources of variation (I11)

The difference error between real uterine weight and weight measured by ultrasound
was 28 % due to combined R&R, consisting mainly of repeatability (variation
across measurements), i.e. the physician failed to obtain completely the same
measurement results from each three measuring round. The experience of the
physician had no effect as variation due to physicians was < 1 %. Patient-to-patient
variation, which was 72 %, was the greatest.

The largest uterus (patient 2) caused the most variation between estimated and
real weight. The more experienced the physician was, the smaller was the variation,

57



and the more experienced the physician was in taking ultrasound measurements, the
less variation there was between her own three measurements (Figure 7). The
variation between real and estimated weight in patient 2 seemed to be higher than
that in other patients, which also showed some dependence on the experience of the
physician (Figure 8).
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Figure 7. Combined range chart: physicians by patients for difference of real weight
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and estimated weight by combination formula. Patients are shown in study
order by most experienced physician (1) to least experienced physician
(3). The warning limit represents three times the standard deviation (99 %
of observations were below the line).
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Figure 8. Combined range chart: patients by physicians for difference of real weight
by combination formula. Physicians are shown by most experienced to
least experienced by patients shown in study order.

If the two patients with the largest uteruses (patients 2 and 6) are removed from
the study, the variation in the measurements by all physicians varies very modestly.
The variation between measurements (repeatability) falls to 22.4 % and combined
R&R to 23.7 %, also including the increase in variation of 1.4 % between physicians
(reproducibility). Thus the differences both between the three physicians and
between their own measurements (average range 32 grams, warning limit 82 grams)
decrease. The differences in the physicians” experience appear only in
measurements of the largest uteruses.

9.3 Clinical effectiveness and safety of vaginal
myomectomy by traction method (1V)

9.3.1 Perioperative characteristics

Traction myomectomy was completed vaginally without laparotomy in all patients
and no vaginal lacerations occurred. The right uterosacral ligament had to be cut in
two patients for better vaginal access to the myoma and the ligament was sutured to
the uterus after removal of the myoma. The mean weight of the removed
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leiomyomas was 153 grams. The endometrial cavity opened in three cases during
the operation. All patients had a single leiomyoma except for one, who underwent
laparoscopic removal of an intraligamentary myoma prior to vaginal myomectomy.

The mean estimated operative blood loss was 385 mL (range 50-1000 mL) and
four women received blood transfusions, including two with preoperative anemia.

There were no postoperative rehospitalizations. One patient developed a four cm
anterior hematoma between the cervical uterus and the bladder, which did not
require operative treatment. One patient with anterior and posterior colpotomy had
macroscopic hematuria, which was resolved with one week’s urinary catheter
treatment.

9.3.2 Follow-up

There were no signs of leiomyoma recurrence during the follow-up period. The
patients with menorrhagia reported improvement and those with abdominal pain
proved asymptomatic. Three patients have conceived since the operation, including
two normal vaginal deliveries and one cesarean section. The interval between
operation and delivery was 16, 16 and 13 months and the duration of pregnancies
270, 294 and 271 days, respectively. One woman with secondary infertility had
preoperatively achieved two pregnancies after assisted reproduction treatment; after
myomectomy she conceived without treatment. No uterine rupture has been
detected.

9.4 Hysterectomy rates after hysteroscopic endometrial
resection with or without myomectomy (V)

9.4.1 Perioperative characteristics

The estimated blood loss was greater and the duration of the operation longer in
patients undergoing myomectomy. One severe complication was encountered in this
group. Uterine perforation occurred during myomectomy and led to profuse
hemorrhage requiring an emergency hysterectomy. Otherwise complications were
minor and were treated by antibiotics (intrauterine infection), with a Foley catheter
(hemorrhage) or with a blood patch (postspinal headache).

The hysteroscopic resection of a leiomyoma was complete in all cases except
four (7.5 %).

The mean (SD) leiomyoma size was 2.1 (1.1) cm, ranging from one to five cm.
Thirty-two (60.4 %) women had only one submucous leiomyoma and 21 had two or
more.
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9.4.2 Follow-up

Late complications occurred in seven (6.6 %) patients. Three women developed
hematometra in both groups. After endometrial resection, one pregnancy occurred
ending in spontaneous miscarriage with placenta accreta and subsequent
hysterectomy. During the follow-up period, 18 (34.6 %) out of the 52 women with
myomectomy and 21 (39.6 %) out of the 53 women without myomectomy
underwent at least one gynecological procedure. Endometrial ablation was repeated
in three cases in each group because of hematometra.

Hysterectomy was performed in 14 (26.9 %) cases with myomectomy and in nine
(17.0 %) with endometrial resection only. A relationship between the probability of
not requiring subsequent hysterectomy and the time since the endometrial resection
procedure was shown in survival analysis in both groups (Figure 9). The difference
between the groups did not reach statistical significance (log rank test, p=0.22). The
mean size (SD) of the myoma resected in hysteroscopy was 2.7 (1.3) cm in patients
ending in hysterectomy and the same figure among patients without hysterectomy
was 2.0 (1.0) cm (p=0.24).
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Figure 9. Probability of not needing hysterectomy in patients with endometrial
resection without myomectomy (A), and in patients with endometrial
resection and concomitant myomectomy (B). Kaplan-Meier curves are
illustrated (log rank test, p=0.22).
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The main indications for subsequent hysterectomy were pain and spotting in
seven out of 14 cases with hysteroscopic myomectomy and four out of nine patients
with endometrial resection only, two with persistent menorrhagia or enlarged uterus
in both groups, two with ovarian cyst in the myomectomy group. All the patients
with incomplete myomectomy ended in hysterectomy during the follow-up period.
One complication associated with hysteroscopic surgery occurred in one case with
myomectomy and one case associated with a late consequence of endometrial
resection (placenta accreta) indicated hysterectomy.

The mean weight of the uterus was 390 grams (range 140-1700 grams) in
patients with myomectomy and 270 grams (120-800 grams) in those without.
Leiomyomas were found in 12 out of 14 women undergoing hysterectomy after
hysteroscopic myomectomy and in four out of nine with hysterectomy after
endometrial resection (p=0.06). Adenomyosis was confirmed in three and six cases,
respectively. One patient with myomectomy had endometrial hyperplasia, but no
cases of uterine malignancy were found.

Long-term follow-up data were available for 82 women who did not need
hysterectomy. Most of them (75.6 %) had reached menopause. All patients in both
groups reported amenorrhoea or slight bleeding, and this response persisted for
years after the treatment.
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10 DISCUSSION

Uterine leiomyomas are a problem commonly encountered in gynegolocy, and they
impact substantially on women’s health. Despite wide research in the area, the
precise causes for the genesis and growth of these tumors remain unclear. New
methods for the diagnosis and treatment of uterine leiomyomas have been developed
during recent years. Ultrasound scanning with or without saline infusion,
hysteroscopy or MRI can be used for the follow-up or preoperative evaluation of the
size of the uterus and uterine leiomyomas. Surgery is still the mainstay treatment for
these benign neoplasms, hysterectomy being the ultimate procedure. Myomectomy
by various techniques, myolysis and laparoscopic uterine artery occlusion are
alternative options. Uterine artery embolization and magnetic resonance guided
focused ultrasound surgery represent nonsurgical treatment modalities. Hormonal
treatment may be briefly used for relief of symptoms or be utilized preoperatively so
as to reduce the uterine size and procedure-related blood loss.

In the present study, new aspects of the etiology, diagnostics and treatment of
uterine leiomyomas were sought. The possible role of vitamin D was detected as an
etiologic factor in the growth of leiomyoma and myometrial cells. A new
geometrical combination formula for determining the weight of the myomatous
uterus by transvaginal ultrasound was tested to facilitate the follow-up and
preoperative evaluation of the uterus and leiomyomas. The quality of this formula
was also assessed. A practical point of view was chosen, as the 2D vaginal
ultrasonography probe is commonly available in gynecological clinics and widely
used for the follow-up of uterine leiomyomas.

Two uterus-sparing surgical methods, vaginal myomectomy and hysteroscopic
endometrial resection with or without myomectomy, were evaluated in the treatment
of leiomyomas.

10.1 Vitamin D derivates and the proliferation of
leiomyoma cells

The cell growth-inhibiting role of vitamin D has been widely studied in various
tissues, but there are no previous reports concerning the possible growth-modulatory
effects of vitamin D on benign uterine tumor cells. Some clinical findings warrant
such inquiry. In countries like Finland, which have seasonally low ultraviolet
irradiation, vitamin D deficiency is common in the population (Kauppinen-Mékelin
et al. 2001, Lamberg-Allardt et al. 2001, Valiméki et al. 2004). Uterine leiomyomas
are also common, as they are found in about 50 % of Finnish women undergoing
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hysterectomy (Luoto et al. 1994). In the United States of America, hypovitaminosis
D has been detected in 42 % of African-American women of reproductive age
compared with 4 % in white women (Nesby-O'Dell et al. 2002) and the incidence of
leiomyoma is approximately 2-3 times greater among African-American than
among Caucasian women (Marshall et al. 1997, Baird et al. 2003). There is no
explanation for this phenomenon. A correlation between skin pigmentation, solar
exposure and vitamin D status has been found (Nesby-O’'Dell et al. 2002, Holick
2004).

A study was conducted here to establish whether 1,25(OH),Ds and 25(OH)D;
vitamin D derivates have some impact on the growth of leiomyoma and myometrial
cells in vitro. The results show that primary or secondary cultures of both normal
myometrial and leiomyoma cells are highly sensitive to the growth-inhibiting effect
of 1,25(0OH),Ds. 1,25(0OH),D; was able significantly to suppress the growth of both
cell types at a concentration as low as 0.1 nM, which lies within the physiological
concentration range (48-156 pM) of 1,25(OH),D; (Lou et al. 2004). These results
add to previous data on the inhibitory effect of 1,25(OH),D; on primary cultures of
human cells from various organs (Itin et al. 1994, Barreto et al. 2000, Lou et al.
2004).

In many cell types, low concentrations of 1,25(OH),D; have been shown to
stimulate rather than inhibit cell proliferation (Munker et al. 1986, Itin et al. 1994
Love-Schimenti et al. 1996, Miettinen et al. 2004). Here, however, 0.1nM
concentration of 1,25(OH),Ds inhibited cell growth by as much as 12%, the
percentage gradually increasing to over 60% with 100 nM 1,25(0OH),D3;. Myometrial
and leiomyoma cells are clearly target cells for 1,25(OH),Ds.

By contrast, the effects of the two lowest concentrations of 25(OH)D;
investigated were growth-promoting, as previously reported in primary cells of
human prostatic epithelium (Barreto et al. 2000) and epidermis (Itin et al. 1994).
The growth-inhibitory effect detected when a 500 nM or 1000 nM concentration of
the metabolite was used may indicate local conversion of 25(OH)D; to the active
metabolite 1,25(OH),D; (Zehnder et al. 2001, Evans et al. 2004). 25(OH)Dj; itself
may also function as an active hormone, its growth-modulating effects being
mediated via direct binding to VDR (Lou et al. 2004).

Cell number was chosen as end point in the present study, as it sums up all
potential effects of vitamin D on cell growth: cell cycle arrest, apoptosis, and
regulation of growth factor signalling, thereby giving a straightforward insight into
the efficacy of vitamin D action (Ylikomi et al. 2002). Further studies are required
to show which of the numerous regulatory mechanisms are responsible for the
precise growth-inhibitory effects of 1,25(OH),D; and 25(OH)D; in human
myometrial and leiomyoma cells.

The present study revealed that vitamin 1,25(OH),D; inhibited concentration-
dependently the growth of myometrial and leiomyoma cells in vitro, and
suppression was already detected at physiological vitamin D levels. Whether this
also takes place in vivo remains to be studied. A link between vitamin D status and
proliferative disorders of the myometrium in Vvivo is an intriguing clinical
possibility. Hypovitaminosis D may have an important role in the etiology and
growth of leiomyoma cells, but it is hardly the only predisposing factor in these
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clonal smooth muscle tumors. More research is needed to ascertain whether women
suffering from hypovitaminosis D also have more uterine leiomyomas than women
with adequate vitamin D supplies.

10.2 Estimation of the size of the myomatous uterus

It is important to estimate the size of the uterus so as to exclude abnormal growth of
this reproductive organ due to benign or malignant tumors. It is also an essential
factor in assessing the method of hysterectomy most appropriate for the patient
(Kovac 1995). A common practice is to estimate the size of the nongravid uterus by
bimanual examination and compare it to a pregnant uterus of comparable size.
However, only a rough estimate may be gained by this method (Flickinger et al.
1986), and other, more accurate means for the purpose have been developed.

Gynecological ultrasound and use of the geometric formula of the prolate
ellipsoid have been the most common means of estimating the uterine dimensions
(Grossman et al. 1982, Flickinger et al. 1986, Goldstein et al. 1988, Platt et al. 1990,
Wiener and Newcombe 1992, Bakos et al. 1994, Kung and Chang 1996, Dekel et al.
1998). No formula combining the geometrical formulas of the prolate ellipsoid
(uterine corpus) and cylinder (uterine cervix) to estimate total uterine weight has
previously been used. A new approach to assessing the weight of the total uterus
was here developed on this basis. The assumption was that if the weight of the
uterine corpus (formula of a prolate ellipsoid) and the cervix (formula of a cylinder)
are separately calculated and then summed, the result would be more accurate in
comparison to the true total uterine weight than if only the traditional formula for a
prolate ellipsoid had been used. Dumanli and associates (2000) measured both the
anterior - posterior and transverse diameter of the cervix for the geometric formula
and reported that the average difference between these diameters was less than 1
mm. Therefore, to simplify the method, only measurements of the anterior-posterior
aspect of the uterine cervix diameter were obtained using the formula for a cylinder.
The preliminary results proved that a combination of the two formulas is more
accurate in predicting the true total weight of the uterus than the plain formula for
the prolate ellipsoid. The largest uteruses caused greater error in comparison to their
true weight than the smaller ones.

Platt and colleagues (1990) showed that the weight of a hysterectomy specimen
correlated with the volume of the same specimen assessed by water displacement. In
the present study, this finding was confirmed.

Non-pathological uteruses have mainly been the focus in earlier studies
(Piiroinen 1975, Flickinger et al. 1986, Platt et al. 1990, Wiener and Newcombe
1992, Bakos et al. 1994). In the present study it was sought to establish whether the
different formulas would be equally suitable in estimating the weight of myomatous
uteruses. Patients with leiomyomas were chosen, as in clinical practice they present
most frequently for evaluation of uterine size, e.g. in the context of determination of
the surgical approach to be used in hysterectomy (Kovac 1995). Attention should be
paid to the fact that the specific weight of the myoma tissue may differ from that of
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the normal uterine wall, and as the true weight of the myomatous uterus increases,
this may cause errors in calculations.

10.2.1 Quality control of a combination formula

As the combination formula for the prolate ellipsoid and cylinder was found to be
more precise in predicting the true total weight of the myomatous uterus, a further
assessment to test the quality of this new method was conducted. Quality assurance
in health care is a process monitoring and evaluating the quality of care given to an
individual patient, to a certain patient group or to a population, and ensurance of low
overall variation in the treatment process is crucial. In the analysis of industrial
processes, the R&R method is widely applied (Duncan 1986), but studies utilizing
this system in medicine are sparse.

In one study, eleven radiation oncologists planned radiotherapy three times for
three different kinds of breast cancer patients without knowing that they were
dealing with the same patient three times (Holli et al. 1999). There were some
clearly outlying physicians, although interphysician variation was not high. The
highest variation was in repeatability (intraphysician variation) and patient-to-
patient variation accounted for the major part of the variation. Merce and associates
(2005) established the intraobserver and interobserver reproducibility of the
parameters of ovarian response and oocyte ability and the influence of ovarian
functional stage. Twenty-nine women were examined by 3D ultrasonography and
power Doppler angiography (PDA), and ovarian volume, follicle number,
vascularization index, flow index, and vascularization-flow index were analyzed.
Excellent intraobserver and interobserver reproducibility was shown for ovarian
volume, follicle counts and 3D indices. Reliability was not influenced by ovarian
functional stage.

Two sources of variation were identified in the present study: variation across
trials (repeatability) and difference across physicians (reproducibility), and a
combination of these. The more experienced the physician was in taking ultrasound
measurements, the less variation there was between her own three measurements.
Acceptable variation should be that caused by patients. In the ideal case
interphysician variation, intraphysician variation and combined repeatability and
reproducibility do not exceed 10%. In our study variation between the
measurements of each physician approached 30%, which is still acceptable
(Barrentine 1991). This may be an effect of the method of taking measurements by
ultrasound, as the ultrasound probe has to be rotated from the sagittal plane to the
coronal axis of the organ during measurement. During this rotative movement, the
probe may depart slightly from its original position.

The two patients with the largest uteruses caused the most variation in estimated
and real weight. The results may have been affected by the fact that the ultrasound
field of the vaginal probe was not wide enough to encompass the whole mass of the
myomatous uterus in these patients, and part of the measurements had to be taken
with a transabdominal ultrasound probe. However, the penetration depth of a
transabdominal probe differs from that of a transvaginal ultrasound probe (Lyons et
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al. 1992), and in the case of a large myomatous uterus, it may be better to measure
the uterine cervix with a transvaginal probe and the uterine corpus with a
transabdominal probe. This method probably causes less variation between
estimated and real weight than use of the vaginal ultrasound probe alone.

The study population was rather small, as there were only 12 patients. However,
the total number of findings was 108, and a difference in level between the
traditional ellipsoid formula and the combination formula in comparison with the
actual weight of the myomatous uterus was established, despite the limitation of a
small population size. At the beginning of the study, R&R method was chosen for
the statistical analysis as the number of the patients was also sufficient for this
assessment.

3D ultrasound creates precise volume measurements of objects of different
shapes and offers improved accuracy compared to the 2D method (Riccabona et al.
1995, Kyei-Mensah et al. 1996). On the other hand, MRI is an excellent method to
establish the number, position and size of uterine leiomyomas (Dueholm et al.
2001). 3D ultrasound and MRI could have been more accurate options in estimating
the volume of the myomatous uterus, but the high price of the requisite equipment
limits their overall use in gynecology. 2D vaginal ultrasonography probes are also
commonly available in gynecological clinics.

The transvaginal ultrasound probe was shown to be a viable tool in establishing
the dimensions of the uterus and cervix. The image is constituted near the object and
obesity does not affect the quality of the view, in contrast to using the abdominal
probe. The formulas for the prolate ellipsoid and cylinder could be easily inserted
into the computer of the ultrasound device and used in daily clinical work for
preoperative weight estimation of the uterus. Besides the usefulness of the
combination formula in assessing the method of hysterectomy most appropriate for
the patient, it may be utilized in follow-up of the size of a myomatous uterus. The
present study showed that every investigator was able to obtain a reliable
measurement of the volume of the uterus by ultrasound with this method. The
experience of the physician had an effect on repeatability but not on reproducibility
in estimating uterine weight by ultrasound. Experience diminished the variability
between the investigator’s own measurements. It is crucial to ensure high quality in
health care, and these results indicate the importance of conscientiousness in taking
measurements of the uterus and cervix.

10.3 Surgical treatments of uterine myomas

There are several surgical modalities for the treatment of uterine leiomyomas. In this
study, attention focused on two different methods, as they serve as an option for
women in opposite life situations. Myomectomy is the operation of choice for
symptomatic women who wish to retain the potential for childbearing or for other
reasons (Berkeley et al. 1983, Rosenfeld 1986, Smith and Uhlir 1990).
Hysteroscopic myomectomy with endometrial resection is indicated for women who
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do not desire future pregnancies and do not want hysterectomy. On the other hand,
both operations share the same uterus-sparing feature.

10.3.1 Clinical effectiveness and safety of vaginal myomectomy

As an alternative to hysterectomy or laparotomic or laparoscopic myomectomy,
vaginal myomectomy can in certain cases be considered. A careful preoperative
gynecological examination and evaluation of the myoma is important in selecting
subjects for this treatment, as adequate vaginal access, good uterine mobility and a
maximum myoma dimension of 11 cm are crucial for the method (Davies et al.
1999). Accurate mapping of the myoma, measuring its diameter and comfirming
that it is well-lined has to be performed by transvaginal ultrasound scanning. It is
also important to ascertain by vaginal palpation the possibility to reach and bring the
myoma to the colpotomy during the operation. Estimation of a myoma diameter
over five cm and less than eight cm was considered suitable to pull through a
colpotomy without vaginal laceration and damage to adjacent structures. Smaller
leiomyomas are rarely an indication for myomectomy and it is difficult to fix the
screw to them.

Results from ten patients confirm previous findings showing the feasibility of
vaginal myomectomy by colpotomy (Magos et al. 1994, Davies et al. 1999, Agostini
et al. 2004). This technique was refined for selected cases with a single myoma,
using a method which utilizes screw traction and delivery of the myoma completely
into the vagina. Traction of the myoma by screw involves extrusion of the fundal
part of the uterus into the vagina without instrumental manipulation of the uterus.
As by laparotomic route, enucleation of the myoma and closure of the uterine wall
can be performed using conventional instruments. Morcellation and bisection of the
myoma in colpotomy may be technically difficult in a narrow space, and bleeding
may hamper visibility in the operation area, predisposing to injuries outside the
myoma. The myoma screw has been utilized in laparoscopic and laparotomic
myomectomies, but not as used in the present study.

Anterior colpotomy is more difficult to perform than posterior. Davies and
associates (1999) reported that posterior colpotomy was the approach in 62.5 %
(n=22), compared with seven (70 %) out of ten cases in the present study. Posterior
colpotomy is technically the easier route, as there is more space for screw traction.
We have no experience of using our technique in the case of fundal or lateral
leiomyomas. Pelosi and Pelosi (1997) have described laparovaginal myomectomy to
treat myomas located fundally or posteriorly.

A potential risk associated with myomectomy is the difficulty of achieving
hemostasis (Buttram and Reiter 1981, Nezhat et al. 1998). The operative blood loss
during myomectomy can be reduced by preoperative treatment with GnRH
analogues (Friedman et al. 1989). In the present study the blood loss was heavier in
the first cases but was reduced by practice and operations. There was no conversion
to laparotomy and no serious complications occurred. Blood transfusions were given
to four patients, two of them being anemic preoperatively. Pelvic hematoma has
been the most common postoperative complication (11 %), involved in one case in
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the study by Davies and associates (1999). As vaginal myomectomy may carry a
potential for infectious morbidity (Pelosi and Pelosi 1997, Agostini et al. 2004),
utilization of prophylactic antibiotics and thorough hemostasis to prevent hematoma
of the pelvis are cornerstones in reducing the risk of pelvic infection

Agostini and colleagues (2008) evaluated the morbidity associated with vaginal
myomectomy by posterior colpotomy in 108 women and detected 27 intra- or post-
operative complications (25%). Conversion to laparotomy was required for
successful myomectomy in 17 cases (15.7%). One case involved rectal injury
(0.9%), three hemorrhages (2.8%), one hematoma (0.9%) and five abscesses (4.7%).
The mean weight of fibromas was significantly higher in the group of patients
undergoing laparotomy (19 cases) than in the vaginal myomectomy-only group (89
cases) (270 + 197g versus 181 + 143g, p=0.02). The researchers concluded that the
main risks of the procedure were the possible need for coversion and pelvic abscess.
Otherwise the morbidity attending vaginal myomectomy was low.

The present study is limited of a low number of cases, as there were only ten
patients. However, all women who had undergone vaginal myomectomy between
January 2001 to March 2004 at the Department of Obstetrics and Gynecology,
University Hospital of Tampere, Finland were included. The aim of the pilot study
was to describe a novel traction modification of vaginal myomectomy and to assess
the clinical effectiveness and safety of this method.

Vaginal traction myomectomy is a feasible approach. In the present study, all
patients recovered uneventfully, which is in concord with data reported after
laparoscopic myomectomy. Three women have delivered since the operation, which
confirms that the uterine wall has healed and allowed the uterus to sustain
pregnancy. As the uterine wall is firmly closed, the risk of uterine rupture may be
reduced compared to laparoscopic myomectomy. Unlike myomectomy in
laparotomy, laparoscopic myomectomy or laparoscopic-assisted transvaginal
myomectomy, no skin incisions are needed. A single well-lined myoma with a
diameter of five to eight cm and accessible via colpotomy is an optimal target for
the procedure.

10.3.2 Hysteroscopic myomectomy associated with endometrial
resection

Hysteroscopic surgery is a widely recognized alternative to hysterectomy in the
treatment of patients suffering from menorrhagia (Abbott and Garry 2002), and
submucous leiomyomas are common in these women (Nagele et al. 1996). There are
reports of varying levels of success concerning the combination of endometrial
ablation and myomectomy (Wortman and Daggett 1995, O'Connor and Magos
1996, Loffer 2005), but the long- term impact of this procedure is not well known.
On this basis, a study was conducted involving patients with menorrhagia who did
not desire any future pregnancies.

As subsequent hysterectomy was the only clear parameter examined, it was
chosen as the endpoint of the study. Hysterectomy was avoided in 73.1 % of the
women with endometrial resection and concomitant hysteroscopic myomectomy,
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and in 83 % of those with only endometrial resection with a mean follow-up period
of 6.5 years.

After endometrial resection, hysterectomy rates of 15-24 % have been reported
with a follow-up period of four years or more (Aberdeen Endometrial Ablation
Group 1999, Cooper et al. 2001, Boujida et al. 2002, Engelsen et al. 2006, Heinonen
et al. 2006). In the present study, combination treatment did not significantly
increase the hysterectomy rate (26.9 %) when compared with that (17.0 %) with
plain endometrial resection. Pooley and associates (1998) showed a cumulative
hysterectomy rate of five years in women with (25.7 %) and without (27.5 %)
uterine fibroids in a survey of 380 women with menorrhagia treated with
transcervical resection of the endometrium. The existence of myomas was found to
be the only factor related to the increased possibility of subsequent hysterectomy
after endometrial ablation-resection in a study by Comino and Torrejon (2004).

Studies concerning outcomes of endometrial resection with concomitant
hysteroscopic myomectomy are few. Loffer (2005) reported long-term outcomes of
women with hysteroscopic myomectomy with or without concomitant endometrial
ablation. He presented a hysterectomy rate of 17.8 % among 73 women undergoing
hysteroscopic myomectomy and endometrial ablation and a rate of 22.1 % among
104 women undergoing hysteroscopic myomectomy without endometrial ablation.
Rates were not decreased by adding endometrial ablation to the resection of
submucosal myomas. In the present study, all patients underwent endometrial
resection and those with submucous myomas had concomitant hysteroscopic
myomectomy. The results indicate that endometrial ablation/ resection may be
combined with hysteroscopic myomectomy without a significant increase or
decrease in hysterectomy rates during a long-term follow-up.

It is important to evaluate the realistic possibility of hysteroscopic myomectomy
preoperatively by locating the presence of submucous myomas by transvaginal
ultrasound scanning. Submucous leiomyomas have been found in 16-35 % of
women with menorrhagia treated with endometrial resection (O Connor and Magos
1996, Boe Engelsen et al. 2006, Boujida et al. 2002, Heinonen et al. 2006, Comino
and Torrejon 2004). Submucous myomas extending over 50 % into the uterine
cavity were subjects for hysteroscopic surgery in the present study. Because the
uterine cavity may be narrow and adhesive after endometrial resection, repeated
myomectomy was avoided. Submucous leiomyomas protruding intramurally more
than 50 % need repeat resection to achieve bleeding control, and are associated with
more complications (Wamsteker et al. 1993). Van Dongen and colleagues (2006)
found that incomplete hysteroscopic myomectomy without endometrial resection
does not always necessitate subsequent surgery and a wait-and-see policy may be
considered. It is probable that eventual necrosis and disappearance of the remaining
portions of the myoma occur (Dueholm et al. 1998). In one study, subsequent
hysterectomy rates were not increased by insufficient removals of myomas (Loffer
2005).

Both study groups reported slight menstrual bleeding or amenorrhea, this
response persisting for years postoperatively. Because of the long follow-up period,
most of the patients (75.6 %) meanwhile reached menopause. For this reason, the
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true impact of the surgery on bleeding control was difficult to evaluate and the
subsequent surgery was selected as the endpoint in the study.

The long-term impact seems to be permanent and endometrial resection with or
without myomectomy does not merely postpone hysterectomy. Hysteroscopic
myomectomy may be combined with endometrial resection in patients with
pedunculated submucous or sessile submucous leiomyomas with intramural
extension less than 50 % and smaller than five cm in diameter without a significant
increase or decrease in hysterectomy rates during a long-term follow-up. The
present study was limited by the low number of patients involved and further
comparison with a larger population is warranted.
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11 SUMMARY AND CONCLUSIONS

The present study was designed to examine the effects of two vitamin D derivates
on the growth of leiomyoma and myometrial cells in vitro, seeking possible
etiologic factors underlying uterine leiomyomas. Furthermore, ultrasound
diagnostics for these tumors were assessed: the accuracy of a formula combining the
prolate ellipsoid and cylinder formulas in estimating the weight of the myomatous
uterus prior to hysterectomy using transvaginal sonography was evaluated and
different sources of variation in this process were analyzed. Two surgical uterus-
sparing treatments for uterine leiomyomas were examined. The clinical
effectiveness and safety of a novel traction modification of vaginal myomectomy
was studied. Finally, hysterectomy rates after hysteroscopic endometrial resection
with or without myomectomy for menorrhagia were compared and the long term
outcomes of these two procedures established.

The main findings and conclusion of the study were:

1. Vitamin 1,25(0OH),Ds effectively and concentration-dependently inhibits the
growth of myometrial and leiomyoma cells in vitro. Both myometrial and
leiomyoma cells are sensitive to 1,25(OH),Ds, as suppression is already detected at
physiological vitamin D levels. Hypovitaminosis D may have a role in the etiology
and growth of leiomyoma cells. Further clinical research is warranted to find out
whether women with hypovitaminosis D also have more uterine leiomyomas than
women with efficient vitamin D supplies.

2. A combination formula for the prolate ellipsoid and cylinder is more accurate
in predicting the true total weight of the myomatous uterus than the prolate ellipsoid
formula. The transvaginal ultrasound probe is a viable tool in assessing the
dimensions of the uterus and cervix. The formulas for the prolate ellipsoid and
cylinder could be easily inserted into the computer of the ultrasound device and used
in daily clinical work for estimation of uterine weight.

3. The experience of the physician has an effect on repeatability (differences
across measurements) but not on reproducibility (differences across physicians) in
estimating uterine weight by ultrasound. The more experienced the physician is in
taking ultrasound measurements, the less deviation is observed between her own
three measurements. Every investigator is able to perform a reliable measurement of
the volume of the uterus by ultrasound, but it is important to pay meticulous
attention to detail in assessing the dimensions of reproductive organs.

4. Traction myomectomy by colpotomy is a feasible and safe treatment option for
selected patients wishing to preserve their ability to conceive. A single well-lined
myoma of 5-8 cm diameter and accessible via colpotomy is a suitable subject for the
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procedure. No skin incisions are needed. The risk of uterine rupture may be lower
than in laparoscopic myomectomy, as the uterine wall is firmly closed.

5. Hysteroscopic myomectomy may be combined with endometrial resection in
patients with pedunculated submucous or sessile submucous leiomyomas with
intramural extension less than 50 % and smaller than five cm in diameter without a
significant increase or decrease in hysterectomy rates during a long-term follow-up.
The combination treatment is a noteworthy alternative to hysterectomy in these
selected cases.
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Capsule: Both myometrial and leiomyoma cell growth in vitro was effectively inhibited by

1,25(0OH),;Ds. Vitamin D may play a role in the growth of uterine leiomyomas.



ABSTRACT

Objective: To determine the effect of 1,25(OH),D3 and 25(OH)Ds vitamin D derivates on the
growth of leiomyoma and myometrial cells in vitro.

Design: In vitro study.

Setting: Cell biology research laboratory.

Patients: Six premenopausal women with uterine leiomyomas undergoing hysterectomy.
Interventions: Samples of leiomyomas and normal myometrial tissue were obtained and paired
cultures were established.

Main Outcome Measures: The effect of 1,25(OH),D; and 25(OH)D; on cell growth was examined
using a colorimetric crystal violet assay.

Results: In both myometrial and leiomyoma cells, 0.1nM physiological level of 1,25(0OH),Ds
inhibited growth by 12 % when compared to controls. The growth inhibition was concentration-
dependent, the highest concentration of 1,25(OH),D5 (100 nM) inhibiting growth by 62 % in both
cell types. All the differences were statistically significant (p<0.05). A slight stimulation (<4 %) of
cell proliferation was observed with the lowest 25(OH),D; concentrations. When treated with either
a 500 nM or 1000 nM concentration of the compound, the growth of both cell types fell to
approximately 50 % of that of the control cultures, level of inhibition with the latter concentration
being statistically significant (p<0.05).

Conclusions: Both myometrial and leiomyoma cell growth in vitro was effectively inhibited by

1,25(0OH),Ds. Vitamin D may play a role in the growth of uterine leiomyomas.

Key Words: Uterine leiomyoma, vitamin D, hypovitaminosis, cell growth, in vitro



INTRODUCTION

Uterine leiomyomas (fibroids) are the most common benign clonal tumors in the female
reproductive system arising from smooth muscle cells of the uterus and containing extracellular
matrix. Many fibroids are asymptomatic but their presence may be associated with pressure effects,
menstrual problems, pain, miscarriage and infertility (1). Leiomyoma is a leading cause of

hysterectomy in the western world (2).

The precise pathophysiology of leiomyoma remains unknown, although estrogen and progesterone
are recognized as promoters of tumor growth. Chromosomal abnormalities, hormonal deregulation,
and growth and angiogenic factors have all been implicated in the etiology of these clonal smooth

muscle cell proliferations ( 3-5).

Vitamin D is a potent anti-proliferative and immunomodulatory secosteroid hormone with a well-
established role in the maintenance of calcium homeostasis. Synthesis of the active form of vitamin
D, 1,25(0OH),Ds is through sunlight-induced conversion of 7-dehydrocholesterol to vitamin D3 and
its successive hydroxylations to 25(OH)Ds and 1,25(OH),D; in the liver and the kidney. The
signalling of 1,25(OH),D; is mediated via its ubiquitously expressed nuclear receptor, the vitamin
D receptor (VDR), which is expressed in both the myometrium and endometrium of the human

uterus throughout the menstrual cycle (6-8).

The most bioactive form of vitamin D [1,25(OH),D;] modulates cell proliferation, differentation,
cancer invasion and angiogenesis (9-12). Vitamin D deficiency may stimulate cell proliferation
(12). The vitamin D [1,25(OH),D;]-induced antiproliferative action is mediated predominantly
through a G1/S phase block of the cell-cycle. 1,25(OH),Ds regulates many of the cell cycle
regulatory genes and reduces or increases the kinase activities of cyclin dependent kinases (CDKs).

This results in a decreased number of cells in the S phase and an accumulation of cells in the GO-G1



phase (13-15). The cyclin dependent kinase inhibitors p21 and/or p27 are genomic targets of the
1,25(OH),D3 -VDR complex in many cell types (16, 17). 1,25(OH),D5 also blocks mitogenic
signalling, including that of estrogen, EGF and IGF-1, and up-regulates growth inhibitors such as

TGF (18). 1,25(0OH),D; activates VDR mediated apoptosis (19).

Despite the extensive research on the role of vitamin D in the inhibition of cell growth in a large
variety of tissues, there are no reports concerning the possible growth modulatory effects of vitamin
D on benign uterine tumor cells. In the present study, we evaluated the potential effects of

1,25(0OH),;D3 and 25(OH)D; on the growth of leiomyoma and myometrial cells in vitro.

MATERIALS AND METHODS

Tissue Collection

The present study was conducted with the approval of the ethical committee of Tampere University
Hospital ( Institutional Review Board, IRB) and a fully informed consent was obtained from each
patient prior to the surgery. Samples of benign leiomyomas and of adjacent matched myometrial
tissue were obtained from six premenopausal women undergoing hysterectomy during proliferative
phase of the endometrium. The mean age of the patients was 44 years (range 38 - 49) and none of
them had received any hormonal therapy for at least 6 months prior to the surgery. Immediately
after removal of the uterus, tissue specimens were taken from intramural leiomyoma (size range 3-
5 cm) and from myometrial tissue. Tissue specimens were taken into ice-cold DMEM/F12 medium

(Gibco BRL, Paisley, Scotland) supplemented with 100 IU/ml penicillin, 100 g/ml streptomycin
(penicillin/streptomycin solution, Gibco BRL) and 2.5 g/ml amphotericin B (Sigma, St. Louis,

MO) for transport to the laboratory. A portion of each specimen was fixed in 10% neutral buffered

formalin before routine processing in paraffin blocks.



Cell Culture

The tissue specimens were cut into small pieces and digested in 0.1% collagenase A (Roche,
Mannheim, Germany) in culture medium (phenol red-free DMEM/F12 (Gibco) supplemented with
10% dextran-coated- charcoal-treated (DCC) FCS (Gibco) and antibiotic/antimycotic agents as
described above) at 37°C overnight. The digest was passed through a wire sieve and the cells were
collected by centrifugation at 1000 r.p.m. for 5 min and washed several times with fresh culture
medium. The isolated cells were seeded in 75-cm” flasks in culture medium supplemented with
InM estradiol (E,, Sigma) and propagated at 37°C in a humidified atmosphere containing 5% CO,

in air. Cells from subconfluent primary or secondary cultures were used in all the experiments.

Immunohistochemistry

For the immunohistochemical analysis cells were seeded in 4-chamber cell culture slides (Lab-Tek
IT Chamber slide, Nalge Nunc, Napervill IL) at 5000 cells/chamber and cultured until
subconfluency. Thereafter the cells were fixed in 2% paraformaldehyde for 20 min at room
temperature and permeabilised with pre-chilled 94% ethanol for 10 min on ice. The following
mouse monoclonal antibodies were used at the dilutions indicated: anti-ER (1:100) and PR (1:300)
(NovoCastra, Newcastle upon Tyne, United Kingdom), anti-vimentin (1:500), anti-smooth muscle
actin (SMA; 1:100), and anti-desmin (1:100) (Dako, Glostrup, Denmark). Rat monoclonal anti-
VDR antibody (1:200) was from Neo Markers (Fremont, CA). In the controls the primary
antibodies were omitted and staining done with nonimmunized mouse or rat IgG. The staining was
performed with a broad-spectrum Zymed Histostain-Plus kit (Zymed Laboratories, South San
Francisco, CA) with the following modifications to the manufacturer’s protocol: primary antibodies
were incubated overnight at 4°C and biotinylated secondary antibodies for 20 min at room
temperature. All washings were repeated three times, 5 min each. The cells were counterstained

with hematoxylin.



The percentage of cells expressing SMA, desmin or vimentin was determined by calculating the
number of immunopositive and immunonegative cells in five randomly selected microscopic fields

at a magnification of x 200.

VDR was visualized in paraffin-embedded tissue samples by immunohistochemical staining of
deparaffinated 5 um sections with the rat monoclonal anti-VDR antibody (1:20). For unmasking of
the epitope, the sections were boiled in a microwave oven (1000 W) in 0.01mol/l citrate buffer (pH
6.0) for 10 min prior to application of the primary antibody. The staining procedure was as

described above.

Cell Growth Assay

Leiomyoma cells and matched normal myometrial cells were seeded into 96-well microtiter plates
at a density of 2000 cells 200l well (in two cases 1000 and 1500 cells/well) and allowed to attach
for 48 h in culture medium supplemented with InM E,. The medium was then replaced and the cells
were subjected to treatment with the indicated concentrations of 1,25(OH),D; (kindly provided by
Leo Pharmaceutical Products, Ballerup, Denmark) or 25(OH)Ds (Fluka, Buchs, Switzerland) in
culture medium supplemented with 1 nM E,. Ethanol vehicle was included in the control treatment.
The media were renewed every three days. Relative cell numbers were assessed at 0, 3, 6,9, 12 and
15 days using the colorimetric crystal violet assay (20). The cells were fixed on the bottom of the
wells by the addition of 10 pl of 11% glutaraldehyde solution to 100 pl of medium. After 15 min,
the plates were washed with de-ionised water, air-dried and stained with 0.1% solution of crystal
violet for 20 min. Thereafter excess dye was washed out with deionised water and the plate was air-
dried. The bound dye was then dissolved with 10% acetic acid and the optical densities of the
extracts were measured at 590 nm using a Victor 1420 Multilabel Counter (Wallac, Turku,
Finland). Eight determinations were used to calculate the mean optical density at each time point.

The absorbance value of day 0 was set to 0 by subtracting the value for that day from each value



obtained from the subsequent timepoint measurements (days 3-15). Growth curves were created
based on the basis of the resultant absorbance values. Day 9 was used to compare the effect of the
hormone treatments. Means £ SEM were calculated for each treatment and statistical differences
were assessed using the Wilcoxon signed ranks test. A probability value (P) of 0.05 or less was

considered statistically significant.

RESULTS

Immunohistochemical Characterization

Characterization of the cell cultures was done by immunohistochemical means with antibodies
against two proteins associated with the smooth muscle phenotype, SMA and desmin, and the
intermediate filament protein distinctive of the fibroblastic phenotype, vimentin. VDR-, ER- and
PR- specific antibodies were employed to assess steroid receptor expression in the cultivated cells.
Smooth muscle actin (Figure 1A) was shown to be expressed in 74 £ 8 % (mean + SEM) of normal
myometrial and in 67 + 12 % of leiomyoma cells, the corresponding percentage values for the
desmin staining (Figure 1B) being 9 + 2 and 8 + 2, respectively. An intense vimentin
immunoreactivity was observed in all cells (Figure 1C). Whereas all the intact tissue samples
expressed ER and PR (data not shown), the overall ER staining in cultured cells proved negative
with the exception of a few immunopositive nuclei (Figure 1D, arrow). PR was not detected (Figure
1E). Virtually all myometrium and leiomyoma cells were positive for VDR (Figure 1F) and its
staining appeared characteristically in discrete foci in the nucleus. The above steroid receptor status
was shared with all the six pairs of myometrium and leiomyoma cultures studied. Control stainings
were negative (data not shown). Immunohistochemical analysis of tissue samples showed that VDR
was present in all leiomyoma samples (Figure 2A) and their matched myometrial specimens (Figure

2B). No clear differences in staining intensities between samples could be demonstrated.
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Growth Pattern of Cell Cultures

The growth curves of normal myometrial and leiomyoma cell cultures from six patients are
illustrated in Figure 3. The curves show exponential growth of both cell types with no significant
differences in their mean rates of proliferation. The growth rates varied markedly between
individuals whereas no consistent differences were detected between the growth rates of paired
myometrial and leiomyoma cell cultures originating from the same patient. The initial cell number

(1000 - 2000 cells) seemed not to have an impact on the final shape of the growth curves.

Regulation of Myometrial and Leiomyoma Cells by 1,25(OH2)D3 and 25(OH)D3

To test the effects of 1,25(OH),D3 and 25(OH)Ds on the growth of normal myometrial and
leiomyoma cells, the cells were treated for 9 days with increasing doses of the two compounds as
indicated in Figure 3. In both myometrial and leiomyoma cells, a similar concentration-dependent
growth inhibition with 1,25(OH),Ds was detected (Figure 4A and B). In both cell types, the lowest
amount of 1,25(OH),D; tested (0.1nM) inhibited growth by 12% when compared to controls. For
InM 1,25(0OH),D; the corresponding percentages for myometrial and leiomyoma cells were 32%
and 28%, and for 10 nM 1,25(OH),D3, 49% and 53%. The highest concentration of 1,25(OH),D3
(100 nM) inhibited growth by 62% in both cell types. All the detected differences were statistically

significant (P < 0.05).

As illustrated in Figures 4C and D, a slight stimulation of cell proliferation was observed with the
lowest 25(OH)Ds concentrations (10 nM and 100 nM) in some myometrial and leiomyoma cultures.
When treated with the compound in a 1000 nM concentration, the growth of both cell types fell to

approximately 50% of that of the control cultures, the size of the inhibition being statistically
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significant (P < 0.05). In the case of 500 nM 25(OH)Ds, where the number of cultures tested was 4,

statistical significance was not reached (P = 0.068).

DISCUSSION

Our preliminary results show that primary or secondary cultures of both normal myometrial and
leiomyoma cells are highly sensitive to the growth-inhibiting effect of 1,25(OH),Ds. 1,25(OH),D3
was able significantly to suppress the growth of both cell types at a concentration as low as 0.1 nM,
which lies within the physiological concentration range (48 - 156 pM) of 1,25(OH),Ds (21). These
results add to previous data on the inhibitory effect of 1,25(OH),D; on primary cultures of human

cells from various organs including the prostate (21, 22) and epidermis (23).

In many cell types, low concentrations of 1,25(OH),Ds have been shown to stimulate rather than
inhibit cell proliferation (23-26). Here, however, the 0.1nM concentration of 1,25(OH),D3 inhibited
cell growth by as much as 12%, the percentage gradually increasing to over 60% with 100 nM
1,25(0OH),Ds. Myometrial and leiomyoma cells are clearly target cells of 1,25(OH),Ds. The data are
consistent with the observed expression of VDR protein in the myometrial and leiomyoma tissues
and cultivated cells and our previous description of VDR mRNA expression in myometrial biopsies
(8). The punctuate pattern of expression within the nuclei of cultured cells has also been observed in

other cell types and may display specific binding sites of VDR to target genes (21).

By contrast, the effects of the two lowest concentrations of 25(OH)D; investigated here were
growth-promoting, as previously reported in primary cells of human prostatic epithelium (22) and
epidermis (23). The growth-inhibitory effect detected when a 500 nM or 1000 nM concentration of
the metabolite was used may indicate local conversion of 25(OH)Dj to the active metabolite
1,25(0OH),D5 (27, 28). Alternatively, we have previously found evidence that 25(OH)D; itself may

act as an active hormone, its growth-modulating effects being mediated via direct binding to VDR
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(21). As earlier reported by Shushan et al. (2004), no significant differences in the growth patterns
of leiomyoma and myometrial cells were detected in our study. Fibroid transformation in uterine
smooth muscle cells did not seem to affect their susceptibility to growth inhibition by vitamin D as
determined here by the colorimetric crystal violet assay specifically developed and validated for the

measurement of cell number in monolayer cultures (20, 29).

We chose to use cell number as and end point as it sums up all potential effects of vitamin D on
cell growth: cell cycle arrest, apoptosis and regulation of growth factor signalling, thereby giving a
straightforward insight into the efficacy of vitamin D action (12). The use of additional studies is
required to determine which abundant regulatory mechanisms are responsible for the precise
growth-inhibitory effects of 1,25(OH),Ds and 25(OH)Dj; in human myometrial and leiomyoma

cells.

The cultures established here consisted predominantly of cells expressing smooth muscle actin. The
expression of desmin, another marker of smooth muscle phenotype, was, however, detected only in
a small number of cells. Immunohistochemical staining for desmin has previously been shown to
decrease in uterine smooth muscle cells within a few days in culture, concomitantly with an
increase in vimentin expression (30). This is in accordance with our present finding of a sparse
desmin but an extensive vimentin staining, the latter most likely reflecting adaptation of the cells to
a living in an in vitro environment (31) Yet, probably because of differences in culture conditions,
the above mode of desmin expression has not been unanimously reported (32, 33). ER and PR were
below the detection limit of the immunohistochemical method. Depending on the in vitro
environment, either maintenance of ER and PR or a rapid loss of the two receptor proteins has

previously been observed in human leiomyoma and myometrial cultures (34, 35).
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The inhibitory effect of vitamin D on uterine smooth muscle cells has not been reported previously.
We found that both leiomyoma and myometrial tissues are sensitive target organs for vitamin D
their cell growth being effectively inhibited by physiological vitamin D concentrations in vitro.
Whether or not this also takes place in vivo remains to be studied. A link between vitamin D status
and proliferative disorders of the myometrium in vivo is an intriguing clinical possibility. More
research is needed to find out whether women with hypovitaminosis D also have more uterine

leiomyomas than women with efficient vitamin D supplies.

In conclusion vitamin 1,25(OH),Ds inhibits concentration-dependently the growth of myometrial
and leiomyoma cells. Both myometrial and leiomyoma cells were sensitive to 1,25(OH),Ds, as
suppression was already detected in the physiological vitamin D levels. Hypovitaminosis D may

have an important role in the etiology and growth of leiomyoma cells.
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Legends for Figures

FIGURE 1. Immunohistochemical characterization of myometrial and leiomyoma cells in culture.
Both cell types displayed similar staining patterns. The pictures are representative of leiomyoma
cells. The majority of the cultivated cells were SMA-positive (4). Arrows in (4) point to
immunonegative cells. Less than 10% of cells were positive for desmin (B). The intermediate
filament vimentin was strongly expressed in all cells (C). A few scattered nuclei (arrow) were
immunopositive for ER (D). PR labelling was not detected (E). VDR immunoreactivity was

localized in discrete foci within the nuclei (F). Bar = 50 um.

FIGURE 2. Immunohistochemical localization of VDR in myometrial and leiomyoma tissues.
VDR immunoreactivity (arrows) was localized in the nuclei of smooth muscle cells in matched

myometrial (A) and leiomyoma tissues (B). Bars 50 um.

FIGURE 3. Growth curves of paired myometrial and leiomyoma cell cultures. Cells were seeded at
1000 - 2000 cells/well in 96-well microplates and allowed to proliferate in culture medium
supplemented with 1nM estradiol for 15 days. Growth medium was renewed every third day. At
three-day intervals, proliferation was determined by the colorimetric crystal violet assay.
Absorbance values (ABS) were read at 590 nm. Each point represents the mean + SEM of cell
cultures from six patients (at day 15, n = 4). Both cell types exhibited similar growth patterns with

no significant differences in their mean rates of proliferation.

FIGURE 4. Effect of various concentrations of 1,25(OH),D; (A and B) or 25(OH)D; (C and D) on
myometrial and leiomyoma cells. Proliferation was determined using the colorimetric crystal violet
assay after 9 days of treatment with increasing doses of the two compounds as indicated. The cell

growth is presented as a percentage of ethanol-treated controls (C on the x-axis). Six individual



cultures were examined in each concentration (in 500 nM 25(OH)Ds, n = 4). Horizontal lines

represent the median..
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Condensation
A combination formula for the prolate ellipsoid and cylinder is more accurate in predicting the true

weight of the uterus than the prolate ellipsoid formula.



Abstract

Objective: To evaluate the accuracy of a formula combining the prolate ellipsoid (uterine corpus)
and cylinder (uterine cervix) formulas in estimating the preoperative weight of the total uterus using
a transvaginal ultrasound probe to obtain the uterine dimensions for the formulas.

Study Design: Three dimensions of the uterine corpus (length, width and anteroposterior diameter)
and cervical length and cervical anteroposterior diameter were preoperatively determined using a
transvaginal ultrasound probe in 12 women with symptomatic leiomyomas scheduled to undergo
hysterectomy. In two patients whose uteruses were the largest, part of the measurements had to be
taken with a transabdominal ultrasound. Three investigators repeated all the rounds of
measurements three times, producing in total 108 of findings (12 subjects x 3 investigators x 3
rounds of measurements).

The geometric formula of prolate ellipsoid was compared to a formula combining the ellipsoid and
cylinder formulas for accuracy in predicting overall uterine size (corpus and cervix) through
correlation with hysterectomy specimens. The weight of the uterus in grams was directly derived
from the volume of the uterus.

Results: All measurements of the uterine corpus and cervix could be obtained preoperatively with a
transvaginal ultrasound probe except in two patients who had the largest uteruses. The plain,
traditional formula for the prolate ellipsoid overestimated the weight of the uterus and differences
between the estimated and the true weight were statistically significant. The difference was not
significant when the formula combining the formulas of the prolate ellipsoid and cylinder was used.
Conclusion: The new formula combining the prolate ellipsoid and cylinder formulas is more
accurate in predicting the true total weight of the uterus than the plain prolate ellipsoid formula. The
transvaginal ultrasound probe proved useful in evaluating the dimensions of the uterine corpus and

Cervix.

Keywords: Myomatous uterus; Ultrasonography; Uterine weight



1. Introduction

Estimation of the size of the uterus is an important part of the routine gynecological examination. It
is necessary to exclude abnormal growth of the uterus due to benign or malignant tumors. The size
of the uterus is also a crucial factor in assessing the method of hysterectomy most appropriate for
the patient [1]. It is prevailing practice to estimate the size of the nongravid uterus by bimanual
examination and compare it to with a pregnant uterus of comparable size. Indirect estimation of size
may be attempted by sounding the uterine cavity. Even in favorable conditions the impression of the
size of the uterus may remain subjective [2]. Ultrasonographic evaluation of uterine dimensions has
been introduced by a number of clinicians. Earlier studies on the estimation of the volume and
weight of the uterus have mainly been carried out using an abdominal ultrasound probe [1-9]. Only
two researchers have estimated uterine weights with a transvaginal ultrasound probe and compared

the estimates to the true weights of the excised specimens [3, 10].

The most common means of estimating the size of the uterus is to use the geometric formula of the
prolate ellipsoid [2-7, 11, 12]. As the real shape of the cervix is in fact more like a cylinder than an
ellipse/ellipsoid, Dumanli and associates compared the geometric formulas of these two in magnetic
resonance imaging (MRI) and found the formula for a cylinder to be significantly more accurate
[13]. No formula combining the geometrical formulas of the prolate ellipsoid (uterine corpus) and

cylinder (uterine cervix) to estimate total uterine weight has previously been used.

The first purpose of our study was to compare the geometric formula of a prolate ellipsoid to a
formula combining the formulas for the prolate ellipsoid (uterine corpus) and cylinder (uterine
cervix) in regard to accuracy in predicting overall uterine size. The second was to determine the
validity of transvaginal ultrasound in accurately assessing uterine size in nongravid patients with

symptomatic leiomyomata through correlation with hysterectomy specimens.



2. Materials and Methods

2.1. Patients

A prospective study was conducted at the Department of Obstetrics and Gynaecology, University
Hospital of Tampere, Finland. The study group comprised 12 patients with symptomatic uterine
leiomyomas scheduled to undergo hysterectomy. Four of them were nulliparous. Their median age
was 49.5 years (range 42-56 years) and three of them were postmenopausal. The median body mass
index was 26.7 kg/m? (range 22.7-35.8 kg/m?). A written informed consent was obtained from all
subjects and the study protocol was approved by the Ethics Committee of the University Hospital of

Tampere.

2.2. Ultrasound measurements

Preoperative pelvic images were taken of each subject prior to hysterectomy by three investigators.
All imaging was done using an ultrasound sector scanner (Nemio 20®, Toshiba Co., Tochigi-Ken,
Japan) with a 6 MHz transvaginal probe, and with the subject supine and with an empty bladder. If
the scale of the vaginal probe was not wide enough to measure the dimensions of a large uterus, a
3.75 MHz abdominal probe was used instead. The three dimensions of the uterine corpus were
presented as length (L), width (W) and anteroposterior (AP) diameter. Anteroposterior diameter was
determined from a sagittal scan parallel to the midline axis of the body and length by measuring
from the internal os of the cervix to the dome of the fundus or mass in the same imaging plane.
Cervical length (CL) was measured from the internal to the external os of the cervix and cervical
anteroposterior diameter (D) was determined from the same sagittal imaging plane. The vaginal
probe was then rotated parallelly to the coronal axis to view the largest cross-sectional area and to
find the width of the uterine corpus at its widest point. Each physician determined all the

measurements independently and repeated the rounds of measurements altogether three times



during the scanning of each patient. Thus the total number of findings were 108 (12 subjects x 3

investigators x 3 rounds of measurements).

2.3. Calculation of volume

The volume of the uterine corpus was calculated from a geometric formula for a prolate ellipsoid
based on the length, width and anteroposterior diameter of the corpus: volume = 0.5236 x L x W x
AP, where L stands for uterine length, W uterine width and AP the anteroposterior diameter of the
uterus. The volume of the cervix was calculated from a geometric formula for a cylinder based on

its length and anteroposterior diameter: volume = (D/2)? x CL, where D stands for cervical

anteroposterior diameter and CL cervical length. The volume of the corpus and cervix were
calculated together and the total volume obtained (the combination of the two formulas). To
calculate the total uterine volume with the plain, traditional formula for an ellipsoid, the same
ellipsoid formula was used as above, but the length (L) used in the formula was composed of the
length of the corpus summed with the length of the cervix. As the density of uterine tissue is about
the same as that of water (one), the uterine weight can be determined from an estimation of uterine

volume with 1 mL approximately equal to 1 g of uterine tissue [6].

2.4. Measurements of the preparates

At hysterectomy the uterine corpus and cervix were immediately measured after removal. Adnexes
were carefully removed from the uterus and the cervix cut from the corpus before measurements.
The three maximal dimensions of length, depth and width of the corpus and length and diameter of
the cervix were obtained using callipers and a centimetre scale at the same axis as that described for
the ultrasonographic measurements. The weights of the uterine corpus and cervix were measured

with a digital scale and calculated together.



2.5. Statistics

The normality of the distribution of the variables studied was tested by the Kolmogorov-Smirnov
test. The distributions of all variables were skewed. Values of continuous variables are expressed as
median, quartile ranges and both minimum and maximum. Differences between the old and new
equation compared to real weight were tested by the Wilcoxon Signed Ranks test. Statistical
analyses were perfomed on SPSS 12.0.1 for Windows. A p-value less than 0.05 was considered

statistically significant.

3. Results

All measurements of the uterine corpus and the cervix could be obtained preoperatively with a
transvaginal ultrasound probe except in two of the 12 patients, whose uteruses were the largest
(1097.4 g and 491.1 g). The ultrasound scale of the vaginal probe was not wide enough to reach the
whole mass of the enlarged, myomatous uterus in these two patients and part of the measurements
had to be taken with a transabdominal ultrasound probe. The median weight of the removed uterine
corpus was 181.8 g (range 75.7-1074.7 g) and uterine cervix 30.2 g (range 20.5-44.5 g). The median

weight of the total removed uterus (corpus and cervix) was 213.9 g (range 106.9-1097.4 g).

The differences between the real weight of the total uterus (corpus and cervix) and the weight
calculated with the prolate ellipsoid formula and the weight calculated with the formula combining
the prolate ellipsoid and cylinder formulas are presented in Fig. 1. The plain, traditional formula for
the prolate ellipsoid tends to overestimate the weight of the uterus. The new formula combining the
prolate ellipsoid and cylinder formulas is more accurate in predicting the true total weight of the
uterus than the plain prolate ellipsoid formula, especially when the true weight of the uterus is less
than 500 g. The difference between the weight estimated by the prolate ellipsoid formula and the

true weight was statistically significant among the three investigators on most measurement



occasions (Fig. 2). No significant differences were found when the formula combining the prolate
ellipsoid and cylinder formulas was used. The greatest error between the combination formula and

the true weight of the uterus was found only with the largest uterus.

4. Discussion

Bimanual palpation and uterine sounding have been widely used, but gynecological ultrasound has
proved to be the most accurate means of estimating the uterine dimensions [2]. Ultrasonographic
estimation with a geometric formula for a prolate ellipsoid is the most common method of
calculating the size of the uterus. Some investigators have measured only the length of the uterine
corpus for the formula, leaving the mass of the uterine cervix outside the estimation of total uterine
volume [3, 4, 11, 12]. Other investigators have measured the length of the uterus from its fundus to
the external os of the cervix, the cervix being thought to lie in the ellipsoid [1-2, 5-7]. In this latter
approach there is empty space in the ellipsoid around the cervix and this makes for overestimation
of total uterine size. In the former system, the volume of the cervix is left outside the measurement,
which in turn may cause underestimation of total uterine weight. Both methods may thus cause

errors in estimation of uterine size.

Ultrasound scanning has not been used to estimate the volume of the cervix, while MRI has been
employed in patients with cervical malignancy. The most common means of estimating the volume
of a tumor and the cervix has been the formula for the volume of an ellipsoid [14]. Dumanli and
associates proved that the volume of the cervix can be calculated significantly more accurately
using the formula for a cylinder rather than an ellipsoid [13]. They measured both the anterior -
posterior and transverse diameter of the cervix for the geometric formula. They reported that the
average difference between these diameters was less than 1 mm. Therefore in order to simplify our
method, we obtained only measurements of the anterior-posterior of the uterine cervix diameter

using the formula for a cylinder.



On this basis we developed a new approach to assessing the weight of the total uterus (corpus and
cervix). The assumption was that if we calculate separately the weight of the uterine corpus
(formula of a prolate ellipsoid) and the cervix (formula of a cylinder) and sum the two weights
together, the result would be more accurate in comparison to the true total uterine weight than if
only the traditional formula for a prolate ellipsoid were used. The combination of the two formulas
proved to be more accurate in predicting the true total weight of the uterus. However, the largest
uteruses caused greater error in comparison to their true weight than the smaller ones. The two
largest uteruses did not fit into the vaginal ultrasound scale and thus we had to take part of the

measurements using an abdominal probe. This may have affected the results.

Penetration depth between a transabdominal and a transvaginal ultrasound probe is different [15]. In
case of a large myomatous uterus, it may be better to measure the uterine cervix with a transvaginal
probe and the uterine corpus with a transabdominal probe. Comparison of transvaginal and

transabdominal assessment of the weight of the uterus is an interesting target for further study.

Previous studies have mainly been carried out on non- pathological uteruses [2, 6-8, 11]. In this
preliminary study we sought to establish whether the different formulas would be equally suitable in
estimating the weight of myomatous uteruses. It should be noted that the specific weight of the
myoma tissue may be different from that of the normal uterine wall, and as the true weight of the
myomatous uterus increases, this may cause errors in calculations. Moreover, we studied only 12
subjects, although the three investigators repeated all the rounds of measurements three times and
the total number of findings was 108. Despite the limitation of a small population size, we were
able to find a difference in level between the traditional ellipsoid formula and the combination

formula in comparison with actual weight of the myomatous uterus.
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Becker and associates used transvaginal ultrasound to obtain normal ranges of uterine dimensions
for estimating the weight of the apparently normal uterus [10]. Using linear regression analysis,
they derived a formula for assessing uterine weight: uterine length x depth x width x 0.00038 + 24.
Kung and Chang used abdominal ultrasound to measure uterine dimensions and they calculated
uterine volume using the formula for the prolate ellipsoid [5]. Using linear regression analysis, they
derived a formula for uterine volume and true uterine weight: 50 + 0.71 x volume (cm’).

Comparative studies between these formulas and the method presented here are indicated.

Three-dimensional ultrasound (3D) has been introduced into clinical application for the estimation
of organ volume [16-17]. 3D ultrasound can provide accurate volume measurements of regular and
irregular objects and offer improved accuracy compared to the 2D method [17-18]. Chou and
associates compared the accuracy of a three-(3D) and two- dimensional (2D) vaginal
ultrasonography probe in estimating the volume of cervical carcinoma [19]. True cervical
carcinoma volume was measured more accurately by the 3D than 2D ultrasound system. No studies
comparing three- and two- dimensional vaginal ultrasonography in estimating total uterine volume

have been published to date.

The transvaginal ultrasound probe proved a useful tool in assessing the dimensions of the uterus and
cervix. The image is composed near the object and in contrast to using the abdominal probe, obesity
does not affect the quality of the image. The formulas for the prolate ellipsoid and cylinder could be
easily inserted into the computer of the ultrasound device and used in daily clinical work to estimate

the preoperative weight of the total uterus.
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Legends for Figures

Fig. 1. Differences between the actual uterine weight and the estimated uterine weight calculated by
traditional formula (A) and combination formula (B) in 12 subjects using a transvaginal ultrasound
probe in evaluating the dimensions of the myomatous uterus. Medians (black line), interquartile
ranges (box) and ranges (line bar) are given. Outliers and extreme findings are expressed as dots or

stars. The boxplots express combined deviations of real weights of 9 measurements.

Fig. 2. Differences between the actual uterine weight and the estimated uterine weight calculated by
two formulas in 12 subjects when 3 measurers made 3 rounds of measurements using a transvaginal
ultrasound probe in evaluating the dimensions of the myomatous uterus. Medians and quartile

ranges are given. Differences between formula and the real weight of the total uterus were tested by

Wilcoxon Signed Ranks tests.
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Quality Assurance in Ultrasonographic Measurements of the Myomatous
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Abstract: It is important to evaluate quality control in health care. The aim of the current study was to evaluate different
sources of variation in estimating the preoperative weight of the myomatous uterus by using repeatability and reproduci-
bility (R&R) method. Material and Methods: Estimation of the total weight of the uterus by a formula combining the for-
mulas for the prolate ellipsoid and cylinder was preoperatively determined using a transvaginal ultrasound probe. Three
physicians repeated each round of measurements three times, producing in total 108 findings (12 subjects x 3 investigators
x 3 rounds) in 12 women with symptomatic leiomyomas scheduled to undergo hysterectomy. Variation was divided into
different components: physicians, patients, and repeated measurements. Variation due to differences across repeated
measurements (repeatability), across physicians (reproducibility), and across patients (variability) was then estimated. The
estimates of uterine weights were compared to the true weight of the hysterectomy specimen. Results: The more experi-
enced the physician was in taking the ultrasound measurements the less deviation was observed between her own three
measurements. Repeatability was 28 %, reproducibility 0% and patient-to-patient variation 72%. There was no significant
difference between the accuracy of the measurements of the three physicians. Conclusions: The experience of the physi-
cian had an effect on repeatability but not on reproducibility in estimating uterine weight by ultrasound. Our results indi-

cate the importance of conscientiousness in taking measurements of the uterus and cervix.

Keywords: Quality control, ultrasonography, uterine leiomyoma, uterine weight.

INTRODUCTION

The size of the uterus has clinical significance in cases of
uterine malignancy, in following up growth of myomas or
when adenomyosis is suspected. It is also an important factor
in assessing the hysterectomy route most appropriate for the
individual patient [1]. Myomas enlarge the uterus and are the
most common reason for a hysterectomy [2]. It is common
gynecologic practice to estimate the size of nongravid en-
larged uteri by bimanual examination and making a compari-
son with pregnant uteri of comparable size. This procedure
provides a rough guide about true size of the uterus [3-4].
Ultrasonographic estimation of the volume and weight of the
uterus has been introduced by a number of clinicians [3-7].
We have recently applied a new combined formula where the
volume of the uterine corpus and cervix are measured sepa-
rately by transvaginal ultrasound probe [8]. This proved to
be a more accurate means of estimating the true volume of
the total uterus than using the traditional method.

It is important to evaluate quality control in health care.
This is a process which seeks to monitor and assess the ac-
tual quality of care given to an individual patient, to a certain

*Address correspondence to this author at the Department of Obstetrics and
Gynecology, FI-33521, Tampere University Hospital, Finland; Tel: +358 3
3116 7682; Fax: +358 3 3116 4360; E-mail: paivi.rovio@pshp.fi

1874-3471/08

patient group, or to a population. When analysing and devel-
oping the quality of treatment, it is important to ensure low
overall variation in the treatment process and to ascertain
how this variation can be focused into different components
within that process. Repeatability and reproducibility (R&R)
method is widely applied in the analysis of industrial proc-
esses [9], but rarely in quality control in medicine [10].

We carried out a prospective study using R&R method to
find out whether the experience of the physician has an in-
fluence on the preoperative estimation of the volume of the
myomatous uterus and whether there is variation across a
single physician’s own measurements.

MATERIALS AND METHODOLOGY
Patients

The study group comprised 12 patients with symptomatic
uterine leiomyomas scheduled for a hysterectomy at the De-
partment of Obstetrics and Gynaecology, University Hospi-
tal of Tampere, Finland. Their age ranged from 42 to 56
years (median age 49.5 years) and three of patients were
postmenopausal. Four used hormone replacement therapy.
Body mass index ranged from 22.7 to 35.8 kg/m? (median
26.7 kg/m?) and four of the patients were nulliparous. All the
subjects gave written informed consent and the study proto-
col was approved by the Ethics Committee of the University
Hospital of Tampere.

2008 Bentham Open



Quality Assurance in Ultrasound of Uterus

Ultrasound Measurements

Preoperative pelvic images were taken of each subject
within one week prior to hysterectomy by three physicians.
One of these (physician 1) was a highly experienced senior
gynecologist with oncological subspeciality. The other two
physicians were resident postgraduates training in Obstetrics
and Gynecology. Physician 2 was experienced in measuring
uterine dimensions by vaginal and abdominal ultrasound,
and the other (physician 3) was not. An ultrasound sector
scanner (Nemio 20®, Toshiba Co., Tochigi-Ken, Japan) with
a 6 MHz vaginal probe was used for all the imaging, with the
subject supine and with an empty bladder. If the field of
view of the vaginal probe was not wide enough to measure
the dimensions of a large uterus, a 3.75 MHz abdominal
probe was used instead. The dimensions of the uterine cor-
pus and cervix were measured as previously described [8].
Each physician determined all the measurements independ-
ently and repeated each round of measurements three times
during the scanning of each patient. Thus the total number of
findings was 108 (12 subjects x 3 investigators x 3 rounds).

Calculation of Volume

Calculation of the volume of the uterine corpus was done
according to a geometric formula for a prolate ellipsoid
based on the length (L), width (W) and anteroposterior di-
ameter (AP) of the corpus: volume = 0.5236 x L x W x AP.
Calculation of the volume of the cervix was done according
to a geometric formula for a cylinder based on its anteropos-
terior diameter (D) and length (CL): volume = 1 (D/2)* x
CL. The volume of the corpus and that of the cervix were
summed and the total volume obtained.

Measurements of the Preparates

At hysterectomy the uterine corpus and cervix were im-
mediately measured after removal (physician 2). Fallopian
tubes and ovaries were carefully removed from the uterus
and the cervix cut from the corpus before measurements. The
three maximal dimensions of the length, depth and width of
the corpus and the length and diameter of the cervix were
obtained using pair of compasses and a centimetre scale on
the same axis as that described for the ultrasonographic
measurements. The weights of the uterine corpus and cervix
were measured with a digital scale and summed.

Statistics

In the present study the repeatability and reproducibility
(R&R) method was applied. The design of the study was
experimental, the aim being estimate different sources of
variation in the size of uterus by three physicians repeating
the same measurements three times. Because the distribution
of the difference between real and calculated weight was
skewed, the range method was used.

According to the standard Gage R&R terminology physi-
cians stand for operators, patients for parts and repeated dif-
ferences between real weight and calculated weight stand for
trials. In statistical terms the following variance components
were estimated: repeatability (difference across measure-
ments), reproducibility (difference across physicians) and
variability (difference across patients). In other words, re-
peatability describes intraphysician variation, i.e., how a

The Open Medical Imaging Journal, 2008, Volume 2 63

given physician repeats the same planning process. Repro-
ducibility describes interphysician variation, i.e., how differ-
ent physicians follow the same planning process, and vari-
ability describes interpatient variation, i.e. how well the
same physician can repeat the planning process for different
kinds of patients. The total error - also known as the com-
bined R&R effect - includes repeatability and reproducibil-
ity, and only patient-to-patient variation is excluded.

The results are presented in graphical form as range
charts and summary box plots. The Repeatability & Repro-
ducibility Summary Plot shows the individual average devia-
tion for each physician. In the plot each trial is presented as a
dot and each physician’s trials are connected by a vertical
line. In the range charts the warning limit is the so-called
three times standard deviation (99 %) line. Observations
above that limit are regarded as outliers. In the ideal case, no
variation will be found due to trials or due to physicians; the
only variation that exists will be due to patients. The present
statistical analyses were performed by Statistica/W (Version
5.1, 98 edition, Statsoft. Inc, Tulsa, OK, USA).

RESULTS

The weight of the total removed uterus (corpus and cer-
vix) ranged from 106.9 to 1097.4 g (median 213.9 g). The
weight of the removed uterine corpus ranged from 75.7 to
1074.7 g (median 181.8 g) and that of the uterine cervix
from 20.5 to 44.5 g (median 30.2 g). Use of a transabdomi-
nal ultrasound probe was partially necessary in two patients
with the largest uteruses.

Due to combined R&R the difference error between real
uterus weight and uterus weight measured by ultrasound was
28 % consisting merely of repeatability (variation across
measurements). This means that physician failed to get a
completely same measurement results from each three meas-
uring round. The experience of the physician had no effect
since variation due to physicians was 0 %. Patient-to-patient
variation, which was 72 %, was the largest (Table 1).

Table 1. Estimated Components of Variance in Measuring
Difference Between Real Uterus Weight and Meas-
ured Weight (Number of Physicians 3, Patients 12,

Measurements 3)

Source Estimated | Estimated % of % of
(Expected MS) SD Variance | R& R Total
Repeatability 38.46 1478.91 100.00 | 27.96

Reproducibility 0.00 0.00 0.00 0.00
Part to part variability 61.73 3810.82 72.04
Combined R&R 38.46 1478.91 100.00 | 27.96
Total 72.73 5289.73 100.00

Abbreviations: MS, Mean Score; R & R, Repeatability and Reproducibility; SD, Stan-
dard Deviation.

The largest uterus (patient 2) caused the most variation
between estimated and real weight (Fig. 1). The height of the
boxes around the measurements shows the variation in each
physician’s bias across the trials. The more experienced the
physician was, the smaller was the variation. In addition, the
more experienced the physician was in taking the ultrasound
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Fig. (1). Repeatability and reproducibility summary plot: difference of the real weight and estimated weight by combination formula. Pa-
tients are shown in study order by most experienced physician (1) to least experienced physician (3).

measurements the less variation there was between her own
three measurements (Fig. 2). The variation between real and
estimated weight in patient 2 seems to be higher than the
variation in other patients, which also showed some depend-
ence on the experience of the physician (Fig. 3).

If we remove the two patients with the largest uteruses
(patients 2 and 6) from the study, the variation in the meas-
urements of all the physicians varies very little compared to

the original study setting. The variation between measure-
ments (repeatability) falls to 22.4 %. Combined R&R falls to
23.7 %, also including the increase in variation of 1.4 % be-
tween physicians (reproducibility). Therefore the differences
both between the three physicians and between their own
measurements (average range 32 grams, warning limit 82
grams) fall. The differences in the physicians” experience
appears only in the measurements of the largest uteruses.

Combined Range Chart
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Fig. (2). Combined range chart: physicians by patients for difference of real weight and estimated weight by combination formula. Patients
are shown in study order by most experienced physician (1) to least experienced physician (3). Warning limit presents three times standard

deviation (99% of observations were below line).
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Fig. (3). Combined range chart: patients by physicians for difference of real weight and estimated weight by combination formula. Physi-
cians are shown by most experienced to least experienced by patients shown in study order.

DISCUSSION

We studied patients with a myomatous uterus, as in clini-
cal practice, they present most frequently for evaluation of
uterine size, e.g. in relation to determination of the surgical
approach to be used in hysterectomy [1]. We have recently
reported that our formula combining the formulas for a pro-
late ellipsoid and a cylinder is more accurate in predicting
the true total weight of the myomatous uterus than the tradi-
tional prolate ellipsoid formula alone in evaluating the di-
mensions of the uterine corpus and cervix with a transvagi-
nal ultrasound probe [8].

We tested the quality of a new method for estimating the
total volume of the uterus. The repeatability and reproduci-
bility (R&R) method has rarely been used in medicine. Holli
and her associates carried out a study on radiotherapy plan-
ning for breast cancer patients [10]. Eleven radiation oncolo-
gists planned radiotherapy three times for three different
kinds of breast cancer patients without knowing that they
were dealing with the same patient three times. Interphysi-
cian variation was not high but there were some clearly out-
lying physicians. The highest variation was in repeatability
(intraphysician variation). Patient-to-patient variation ac-
counted for the major part of the variation [10].

Merce and associates conducted a study to assess in-
traobserver and interobserver reproducibility of the parame-
ters of ovarian response and oocyte ability and the influence
of the ovarian functional stage [11]. They examined twenty-
nine women with 3-dimensional ultrasonography and power
Doppler angiography (PDA). They analysed ovarian volume,
follicle number, vascularization index, flow index, and vas-
cularization-flow index. They found excellent intraobserver
and interobserver reproducibility for the ovarian volume,
follicle counts, and 3-dimensional indices. The ovarian func-
tional stage had no influence on reliability.

We utilized the repeatability and reproducibility method
in training of ultrasound measurement of uterine volume. A
combination of the volume of the uterine corpus and the vol-
ume of the cervix obtained by combining the formulas for a
prolate ellipsoid and a cylinder appeared to be a useful
means of estimating the actual volume of the total uterus.
Despite the limitation of the small population size in this
study the total number of findings (108) is sufficient for the
R&R method.

Two sources of variation were identified: variation across
trials (repeatability) and difference across physicians (repro-
ducibility), and a combination of these. The more experi-
enced the physician was in taking the ultrasound measure-
ments the less variation there was between her own three
measurements. Acceptable variation should be caused by
patients. In the ideal case interphysician variation, intra-
physician variation and combined repeatability and repro-
ducibility should not exceed 10%. In our study variation be-
tween the measurements of each physician approached 30%.
This may be an effect of the method of taking measurements
by ultrasound. The ultrasound probe has to be rotated from
the sagittal plane to the coronal axis of the organ during
measurement. The probe may depart slightly from it’s origi-
nal position during this rotation.

The two patients with the largest uteruses caused the
most variation with estimated and real weight. The ultra-
sound scale of the vaginal probe was not wide enough to
encompass the whole mass of the myomatous uterus in these
patients and part of the measurements had to be taken with a
transabdominal ultrasound probe. This may have affected the
results. However, in the case of a large myomatous uterus it
may be better to measure the uterine cervix with a transvagi-
nal probe and the uterine corpus with a transabdominal
probe. This method probably causes less variation between
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estimated and real weight than use of the vaginal ultrasound
probe alone.

CONCLUSIONS

We found that every investigator was able to perform a
reliable measurement of the volume of the uterus by ultra-
sound. The experience of the physician had an effect on re-
peatability but not on reproducibility in estimating uterine
weight by ultrasound. Experience diminished the variability
between investigator’s own measurements. Our results indi-
cate the importance of conscientiousness in taking measure-
ments of the uterus and cervix.
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Abstract

Introduction: The purpose of this study was to evaluate the clinical effectiveness and safety of the
enucleation of uterine leiomyomas by traction method via colpotomy.

Methods: Ten women with menorrhagia, pelvic pain or secondary infertility associated with single
uterine myomas underwent transvaginal myomectomy with screw traction by colpotomy. The
feasibility of the procedure, operative complications, postoperative recovery, pregnancies and relief
of symptoms were the main outcome measures.

Results: Traction myomectomy was completed vaginally in all patients. The mean operating time
was 71 minutes and average blood loss 385 mL. The mean size of a single myoma was 6.7 cm
(range 5.6-8.0 cm), weight 153 g. One patient developed a transient hematoma. All women reported
relief of their symptoms after a mean follow-up of 24 months. Three patients had a term delivery
postoperatively.

Conclusions: Traction myomectomy by colpotomy is a feasible approach for selected patients
wishing to preserve their ability to conceive. A single well-lined myoma of 5-8 cm diameter and
possible to reach via colpotomy is a suitable subject for the procedure, which proved a viable

surgical approach.

Key words: Colpotomy, leiomyoma, myomectomy



Introduction

Leiomyoma is a well-lined but noncapsulated benign smooth muscle tumor of the uterus. Myoma is
an important clinical problem in gynecology in that it may cause menstrual abnormalities,
dysmenorrhea, pelvic pain, symptoms of pressure, infertility and miscarriage [4]. Myomectomy is
the operation of choice for symptomatic women who desire to retain the potential for childbearing
or for other reasons [2, 12, 13]. Abdominal myomectomy has been the prevailing option, but a
variety of endoscopic alternatives have come to be widely used in removal of myomas, including
laparoscopic and hysteroscopic myomectomy [9]. Uterine artery embolization is also one possible

mode of treatment [7, 15].

Vaginal myomectomy is a relatively new approach [8]. This surgical technique makes possible the
removal of a myoma from the uterine wall via anterior or posterior colpotomy [5]. Only few reports
have been published on vaginal myomectomy [1, 3, 5, 8]. We describe a modification of this

technique which is useful for non-submucous leiomyomas.

Patients and methods

From January 2001 to March 2004 a pilot study was conducted at the Department of Obstetrics and Gynecology,
University Hospital of Tampere, Finland, involving ten patients with single symptomatic uterine leiomyomas who were
anxious to preserve their fertility. Oral informed consent was obtained from all subjects. The study protocol was

approved by the Ethics Committee of the University Hospital of Tampere.

The diagnosis of leiomyomata was reached after thorough preoperative pelvic examination and transvaginal ultrasound
in all patients. The size and location of the myomas were examined as accurately as possible to evaluate the patient’s
suitability for the operation. The inclusion criteria for vaginal myomectomy were leiomyoma palpable upon vaginal
examination, good uterine mobility, adequate vaginal access, well-lined leiomyoma and no adnexal pathology

detectable in preoperative transvaginal ultrasound examination. The diameter of a myoma suitable for traction



myomectomy was estimated to range from five to eight cm. One patient received GnRH agonist (goserelin acetate,
AstraZeneca Co., Macclesfield, Cheshire, England) to reduce the size of the myoma. The women were apprised of the
possibility of laparotomy if surgery could not be completed vaginally and of the risk of hysterectomy in the case of

uncontrollable hemorrhage.

Surgical techniques

All patients had general anesthesia except one who had spinal anesthesia. The women received prophylactic antibiotics
(cefuroxime 1.5 g alone or with metronidazole 0.5 g intravenously) at the induction of anesthesia. Prophylactic
anticoagulant therapy was not used. Patients were placed in lithotomy position and the vulva and the vagina were

washed.

The posterior or anterior vaginal wall was infiltrated with 20 ml of 0.25 % lidocaine with adrenaline, and colpotomy
was performed depending on the location of the myoma. After opening of the peritoneum the incision was extended
laterally by digital pressure and a vaginal retractor was placed in the peritoneal cavity. The location of the uterine
myoma was confirmed by digital palpation. The uterine serosa covering the myoma was grasped with Schroeder forceps
and directed to the colpotomy incision. Lidocaine with adrenaline solution was infiltrated beneath the serosa covering
the myoma. A midline incision was made onto the myoma up to the pseudocapsule (Figure 1A). Fixing the myoma in
place by forceps a 15 or 19 cm Doyen myoma screw (Aesculap Co., Tuttlingen, Germany) was then twisted into the
myoma until in place firmly. Digital palpation confirmed that screw had not penetrated through the myoma and not
contacted outside the myoma or uterine serosa. The forceps were removed and constant traction maintained by screw
following extraction of the myoma together with the uterine fundus through the colpotomy into the vagina (Figure 1B).
The serosal surface covering the myoma was expanded to prevent uncontrolled laceration. The myoma was then
enucleated and extracted under visual control (Figure 1C). The uterine incision was repaired in layers as in
myomectomy in laparotomy, using conventional instruments and sutures (Figure 1D). The uterus and adnexes were
carefully inspected and palpated, where after the uterus was placed in the peritoneal cavity and the colpotomy incision
closed. Vaginal tamponade was not used except in two patients. Three patients used a urinary catheter, which was

removed 24 hours later.

All patients were discharged within 48 hours. They were seen at the outpatient clinic two months after the operation.
Those who had no outpatient contact in the hospital records were in telephone contact. The mean follow-up period was

24 months (range 5 months- 43 months). At least one vaginal ultrasound examination was performed for each patient



during that time. Data on possible symptoms, fertility and outcome of pregnancies during the follow-up periods were

recorded.

Results

The characteristics of the ten women are set out in Table 1. None had previous pelvic surgery. Six
were nulliparous. The mean age of the patients was 32.3 years and mean body mass index 23.3 g/m?
(range 19.8-29.4 kg/m?). The myoma was located posteriorly in seven cases and anteriorly in three.
Preoperative ultrasound examination showed leiomyomas ranging from 5.6 to 8.0 cm in size (mean
6.7 cm). One patient with a 9.9 cm leiomyoma received GnRH agonist three months preoperatively,

diminishing the leiomyoma to 8.0 cm (patient 6, Table 1).

Traction myomectomy was completed vaginally in all patients and none underwent laparotomy.
Vaginal laceration did not occur in any case. The right uterosacral ligament had to be cut in two
patients for better vaginal access to the myoma and the ligament was sutured to the uterus after
removal of the myoma (patients 7 and 9, Table 1). The mean weight of the removed leiomyomas
was 153 grams (Table 1). There were no pedunculated myomas. The endometrial cavity opened in
three cases during the operation (patients 2, 5 and 6, Table 1). All patients had a single leiomyoma
except for one patient (patient 3, Table 1), who underwent laparoscopic removal of intraligamentary

myoma prior to vaginal myomectomy.

The mean operating time was 71 minutes and the estimated operative blood loss was 385 mL. The
mean preoperative hemoglobin was 131 g/L (range 110-145 g/L), postoperative 102 g/L (range 79-
125 g/L). Four women were given blood transfusions, including two who had anemia

preoperatively.



Postoperative readmission to the hospital did not occur. One patient developed a four cm anterior
hematoma between the cervical uterus and the bladder which however did not need operative
treatment (patient 4, Table 1). One patient with anterior and posterior colpotomy had

macrosopic hematuria; she used a urinary catheter for a week and her convalescence was uneventful

(patient 9, Table 1).

During the follow-up period there were no signs of leiomyoma recurrence. The patients with
menorrhagia reported improvement and those with abdominal pain proved asymptomatic. Three
patients have conceived since the operation including two normal vaginal deliveries and one
cesarean section. The interval between operation and delivery was 16, 16 and 13 months and the
duration of pregnancies 270, 294 and 271 days, respectively. One woman with secondary infertility
had preoperatively achieved two pregnancies after assisted reproduction treatment; after
myomectomy she conceived without treatment (patient 7, Table 1) No uterine rupture has been

detected in any case.

Discussion

Vaginal myomectomy can be considered an alternative to myomectomy in laparotomy or in
laparoscopy. Birsan and associates compared the feasibility and complications of vaginal and
laparoscopic myomectomy [3]. The mean operating time was shorter and the need for postoperative
analgesic treatment lower in the vaginal group. They concluded that vaginal myomectomy via
colpotomy was a safe and feasible operation. Wang and coworkers reported that laparoscopically
assisted vaginal myomectomy renders hemostasis and uterine repair easier than by the laparoscopic

approach alone [14].



Davies and associates reported a prospective study of 35 patients who underwent anterior or
posterior colpotomy and excision of a mean number of 2.5 myomas per patient with a mean mass of
114 g [5]. Agostini and associates reported a retrospective study of 45 patients from out of 40
patients underwent posterior colpotomy. Only one myoma was found in 93.3% of patients, two
myomas in 2.2% and three myomas in 4.4% of patients. The mean mass of the excised myomas was
207 g [1]. Our results confirm previous findings showing the feasibility of vaginal myomectomy by
colpotomy [1, 5, 8]. We refined this technique for selected cases with a single myoma, using a
technique which utilizes screw traction and delivery of the myoma completely into the vagina.
Traction of the myoma by screw involves extrusion of the fundal part of the uterus into the vagina
without instrumental manipulation of the uterus. Enucleation of the myoma and closure of the
uterine wall can be performed using conventional instruments as by laparotomic route. Morcellation
and bisection of the myoma in colpotomy may be technically difficult in a narrow space, and
bleeding may hamper visibility in the operation area and may predispose to injuries outside the
myoma. The myoma screw has been used in laparoscopic and laparotomic myomectomies, but not

the way we have used it in our study.

Preoperative evaluation of the myoma is important in selecting patients for this treatment. We
estimated that a myoma diameter over five cm and less than eight cm is suitable to pull through a
colpotomy without vaginal laceration and damage to adjacent structures. A screw is difficult to fix
to smaller myomas and they rarely indicate myomectomy. Accurate preoperative transvaginal
ultrasound scanning is important to map the myoma, to measure its diameter and to confirm that it
is well-lined. Intraoperative laparoscopy is not necessary if preoperative location of the myoma is
carefully performed. It is also important to ascertain by vaginal palpation that it is possible to reach

the myoma during the operation and bring it to the colpotomy.



Preoperative use of GnRH agonist may reduce the diameter of the myoma for a vaginal operation.
Davies and associates used this preoperative treatment in most cases (71.4 %) [5]. We administered
it only in one case to reduce the myoma for vaginal removal. GnRH analogues cause softening of
the myoma and surgical planes are less distinct, which makes enucleation more difficult [6]. The
traction technique presumes that the instrument can be screwed firmly into the myoma and
enucleation can be performed through the pseudocapsule of the myoma. For these reasons we prefer

not to treat these patients preoperatively with GnRH agonist.

Posterior colpotomy is easier to perform than anterior. Davies and associates reported that posterior
colpotomy was the approach in 62.5 %, compared with seven (70 %) out of ten cases in the present
study [5]. Anterior colpotomy is technically the more difficult approach in that there is less space
for screw traction. We have no experience of using this traction myomectomy in the case of
myomas which are fundal or lateral in location. Pelosi and Pelosi [11] have described laparovaginal

myomectomy to treat fundal and posterior myomas.

Difficulty of achieving hemostasis is a prominent complication associated with myomectomy [10].
Preoperative treatment of GnRH analogues can actually reduce the operative blood loss during
myomectomy [6]. In addition, the size and location of the myoma, the lack of shrinkage following
treatment with GnRH analogues, and the need to avoid electrosurgery in the confines of the vagina
may play a part in determining operative blood loss [8]. Increased experience with the procedure
reduces the operating time and the blood loss as found in the present study: the blood loss was
heavier in the first cases but was reduced by practice and operations. No conversion to laparotomy

was necessary and there were no serious complications.

Pelvic hematoma has been the most common postoperative complication (11 %), involved in one

case in the present study [5]. A potential for infectious morbidity may be associated with



myomectomy by colpotomy [1, 11]. Use of antibiotic prophylaxis and meticulous hemostasis to

prevent pelvic hematoma are cornerstones in reducing the risk of pelvic infection.

Recovery was uneventful and all patients were discharged within 48 hours postoperatively. This is
comparable to data reported after laparoscopic myomectomy. Three women have delivered since
the operation which confirms that the uterine wall has improved and the uterus can sustain

pregnancy.

We conclude that vaginal myomectomy by traction is a feasible approach. Unlike myomectomy in
laparotomy, laparoscopic myomectomy or laparoscopic-assisted transvaginal myomectomy, this
approach requires no skin incisions. A single well-lined myoma with diameter of five to eight cm
and accessible via colpotomy is a suitable subject for the procedure. The uterine wall closure is
robust and the risk of uterine rupture may be lower than in laparoscopic myomectomy. However,
randomized controlled trials are still needed to compare the vaginal route, laparoscopy and

laparotomy for myomectomy.
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Table 1 Characteristics of patients, myomas and operations and postoperative outcome of 10
patients treated with traction myomectomy by colpotomy

Patient Age Parity Indication Myoma Myoma Myoma Operation Blood Outcome
y) for operation location  diameter (cm) weight (g) time (min)  loss (mL)
1 27 GOPO Growing Posterior 6.5 138 65 1000
myoma
2 26 G2P2 Menorrhagia, Anterior 8.0 300 95 1000
pelvic pain
3 40 GOPO Pelvic pain Posterior 5.9 60 1352 150
4 39 GOPO Menorrhagia Anterior 8.0 220 50 100
5 29 GOPO Pelvic pain, Posterior 6.0 140 40 50 Full-term
metrorrhagia pregnancy
6 26 G2P1 Miscarriage Anterior 80P 240 80 250
7 32 G3P2 Secondary Posterior 6.8 82 35 300 Full-term
infertility pregnancy
8 37 GOPO Pelvic pain Posterior 5.9 145 60 400
9 31 GI1P1 Menorrhagia Posterior 6.7 125 65 300 Full-term
pregnancy
10 35 GOPO Menorrhagia, Posterior 5.6 80 85 300

pelvic pain

@ Intraligamentary myoma also removed in laparoscopy.

GnRh agonist administered 3 months preoperatively.
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Legend to the figure

Fig. 1

Transvaginal myomectomy using screw traction via posterior colpotomy

A. After posterior colpotomy the uterine serosa is incised using midline incision up to the
pseudocapsule of the myoma

B. Doyen myoma screw is twisted into the myoma following traction and extraction of the myoma

C. The myoma is enucleated and extracted under visual control using conventional instruments

D. The uterine incision is repaired in layers and the uterus is ready to be placed in the peritoneal

cavity
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Abstract

Objectives: To evaluate the long-term outcomes and hysterectomy rates after
hysteroscopic endometrial resection with or without myomectomy for menorrhagia.
Study Design: 53 women who had submucous myomas with intramural extension of less
than 50 % and smaller than 5 cm in diameter underwent endometrial resection and
concomitant hysteroscopic myomectomy. Each of them was matched with a patient who
had no submucous myomas and who had been treated by endometrial resection only.
These two groups were compared for operative outcomes, additional procedures,
outcome of menstrual bleeding and for subsequent hysterectomy, which was the endpoint
of this study.

Results: During the mean follow-up period of 6.5 years, 18 (34.6 %) women with
endometrial resection and myomectomy and 21 (39.6 %) without myomectomy
underwent at least one gynecological procedure. Hysterectomy was performed in 26.9 %
(95 % CI: 16.8- 40.3) of the patients with myomectomy and in 17.0 % (95 % CI: 9.2-
29.2) of the patients without myomectomy (p = 0.22). The main indications for
hysterectomy were pain and spotting bleeding in seven out of 14 cases with myomectomy
and in four out of nine with endometrial resection only. Leiomyomas were found in 12
out of the 14 women who had hysterectomy after hysteroscopic myomectomy and in four
out of nine with hysterectomy after endometrial resection only (p = 0.06). Most (75.6 %)
of the 82 women who had not required hysterectomy had reached menopause. All the
patients without hysterectomy in both groups reported amenorrhoea or slight bleeding,

and this response maintained for years after the treatment.



Conclusion: Endometrial resection may be combined with hysteroscopic myomectomy
without a significant increase or decrease in hysterectomy rates during a long-term

follow-up.

Keywords Endometrial resection - Myomectomy - Hysteroscopy, - Hysterectomy -

Menorrhagia



Introduction

Hysteroscopic surgery is an accepted alternative to hysterectomy in the treatment of
menorrhagia [1]. Several transcervical methods of endometrial ablation have been used
for the purpose. Hysteroscopic resection of the endometrium is one of the oldest, and its
operative outcomes, perioperative complications, and short-term follow-up results are
well documented [2]. A great advantage of this technique is that it can be combined with
hysteroscopic myomectomy. Submucous leiomyomas are common in patients with
menorrhagia [3]. The combination of endometrial ablation and myomectomy has been
reported with varying levels of success [4-6]. The long-term impact of endometrial

resection combined with myomectomy is not well known.

The aim of this study was to evaluate long-term outcomes and hysterectomy rates after

hysteroscopic endometrial resection with or without myomectomy for menorrhagia.

Materials and methods

Study group comprised 53 women who had undergone hysteroscopic endometrial
resection and myomectomy in Tampere University Hospital, Tampere, Finland between
November 1990 and May 1999. Each of these women was matched retrospectively in
age, parity and nearest date of operation with a patient treated by endometrial resection
without myomectomy at the same period of time. The mean age (SD) of the patients with
myomectomy was 44.7 (4.2) years and body mass index 25.7 (5.7) kg/m? and the patients

without myomectomy 44.9 (4.7) years and 26.3 (4.9) kg/m?, respectively. Median parity



in both groups was two. Tubal ligation for sterilization had been performed in 41.5 %

(myomectomy group ) and in 47.2 % (without myomectomy).

All patients suffered from menorrhagia and were candidates for hysterectomy. Cervical
smear and endometrial biopsy were taken preoperatively. Women with a uterus larger
than the size of a 12-week pregnancy were excluded from hysteroscopic surgery. Women
with endometrial hyperplasia, uterovaginal prolapse, untreated adnexal disease, or acute

pelvic inflammatory disease and those desiring future pregnancy were also excluded.

Transvaginal ultrasonography was employed to determine the size and location of
myomas. All myomas were pedunculated submucous fibroids without intramural
extension or sessile submucous fibroids with less than 50 % intramural extension.
Patients who had submucous fibroids larger than 5 cm in diameter and fibroids with more

than 50 % intramural extension were excluded from hysteroscopic surgery.

Presurgical treatment with GnRH agonist was not used in patients with leiomyomas.
Preoperative endometrial suppression with hormonal therapy was used in 37 cases (34.9
%), 22 (41.5 %) with myomectomy and 15 (28.3 %) without myomectomy. Danazol was
given in 19 and 12 cases, respectively, and levonorgestrel releasing intrauterine system in
three cases in both groups. In other cases surgery was performed on days four to nine of

the menstrual cycle.



The procedure was carried out under spinal anesthesia in 56 cases (52.8 %). The uterine
cavity was distended with 2.2 % isotonic glycine (Baxter Health Care Ltd., Thetford,
UK). The endometrium was resected using a 26 French unipolar resectoscope as
previously described [7, 8]. Hysteroscopic myomectomy was performed prior to
endometrial resection using the shaving technique in which the loop is actively drawn
toward the operator while keeping the resectoscope fixed in place [9]. Complete resection
was attempted in all procedures. With the intramural extension of the fibroid the resection
was considered complete if the pseudocapsular tissue of the intramural part and the entire
resected area could be visualized. Transabdominal or transrectal ultrasound was
performed in sporadic cases to evaluate the result of the myomectomy. Fluid balance was
monitored closely throughout the procedure. After surgery, the inflow and outflow
volumes were measured and the glycine deficit calculated. The perioperative blood loss

was estimated.

The patients” hospital records were examined to obtain details on preoperative history,
operative procedures, further surgical treatment and documented follow-up. Patients who
had not undergone a hysterectomy during the follow-up period were sent a postal
questionnaire to assess the long-term effects. The questions concerned the need for
further treatment, hormonal treatment, bleeding patterns, and success of the treatment.
Patients were asked whether they had had amenorrhea, slight menstruation, or no

improvement in menstrual flow or increased menstrual flow.



The mean follow-up period was 76 months (range four to 132 months) in the women with
myomectomy and 79 months (five to 123 months) in those with no myomectomy. One

patient with myomectomy had died for non-gynecological reason and was lost to follow-

up

Subsequent hysterectomy was the endpoint and its incidence was calculated by survival

analysis (Kaplan-Meier) in both groups and the curves compared by the log rank test. For
the statistical analysis unpaired Student’s t test for continuous data and Fisher’s exact test
for nominal or ordinal data were used. Statistical analysis was performed using SPSS for
Windows, version 11.5 (SPSS Inc., Chicago, IL, USA). The level of significance was set

at p<0.05.

Results

The duration of the operation was longer and estimated blood loss greater in patients with
myomectomy than those with only endometrial resection (Table 1). One severe
complication occurred in the myomectomy group. Uterine perforation occurred during
the myomectomy and led to profuse hemorrhage requiring an emergency hysterectomy.
Otherwise complications were minor, and were treated by antibiotics (intrauterine
infection), with a Foley catheter (hemorrhage) or with a blood patch (postspinal

headache).



The mean (SD) size of fibroids was 2.1 (1.1) cm (range one to five cm). Thirty-two (60.4
%) women had only one submucous fibroid and 21 had two or more. The hysteroscopic

resection of a fibroid was complete in all cases except in four (7.5 %).

All the myomectomy patients had benign leiomyoma and adenomyosis was detected in
four histopathology specimens. Six women without myomectomy had adenomyosis,
endometrial polyps was detected in nine specimens and endometrial hyperplasia without

atypia in two specimens.

Late complications occurred in seven (6.6 %) cases. In both groups three patients
developed hematometra. One pregnancy occurred after endometrial resection without
myomectomy, ending in spontaneous miscarriage with placenta accreta and subsequent

hysterectomy.

During the follow-up period, 18 (34.6 %) out of the 52 women with myomectomy and 21
(39.6 %) out of the 53 women without myomectomy underwent at least one
gynecological procedure (Table 2). Endometrial ablation was repeated in three cases in

each group because of hematometra.

Hysterectomy was performed in 14 [26.9 %, 95 % confidence interval (CI): 16.8- 40.3]
cases with myomectomy and in nine (17.0 %, 95 % CI: 9.2- 29.2) with endometrial
resection only. Survival analysis showed in both groups a relationship between the

probability of not undergoing subsequent hysterectomy and the time since the



endometrial resection procedure (Fig. 1). The difference between the groups was not
statistically significant (log rank test, p = 0.22). The mean size (SD) of the myoma
resected in hysteroscopy was 2.7 (1.3) cm in patients ended in hysterectomy and the same

figure among patients without hysterectomy was 2.0 (1.0) cm (p = 0.24).

The main indications for subsequent hysterectomy were pain and spotting bleeding in
seven out of 14 cases with hysteroscopic myomectomy and four out of nine patients with
endometrial resection only, two with persistent menorrhagia or enlarged uterus in both
groups, two with ovarian cyst in myomectomy group. One complication associated
hysteroscopic surgery occurred in one case with myomectomy and one case associated

with late consequence of endometrial resection (placenta accreta) indicated hysterectomy.

The mean weight of the uterus was 390 grams (range 140 -1700 grams) in patients with
myomectomy and 270 grams (120 — 800 grams) in those without myomectomy.
Leiomyomas were found in 12 out of 14 women with hysterectomy after hysteroscopic
myomectomy and in four out of nine women with hysterectomy after endometrial
resection (p = 0.06). Adenomyosis was confirmed in three and six cases, respectively.
One patient with myomectomy had endometrial hyperplasia, but no cases of uterine

malignancy were found.

Long-term follow-up data were available for 82 women who did not require

hysterectomy. Nine out of the 38 women with myomectomy and 11 out of 44 without
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myomectomy were premenopausal at the end of the follow-up period. All of them

reported slight menstrual bleeding except one with amenorrhea.

Twenty-nine women with myomectomy and 33 without myomectomy reached
menopause during the follow-up period. Fifteen women with myomectomy had used
cyclical combined estrogen and progestogen regimen: 11 of them had had amenorrhoea
and four slight bleeding. Ten women without myomectomy had used similar cyclical
combined regimen: four reported amenorrhoea and six slight bleeding. Other
postmenopausal women (14 with myomectomy and 23 without myomectomy) had
amenorrhoea. They had not had hormonal replacement therapy or they had used a

continuous combined regimen. Malignancy was not found in any case.

Discussion

Subsequent hysterectomy was selected as the endpoint in the study because hysterectomy
rates may best reflect the long-term results of hysteroscopic procedure in women
suffering from menorrhagia. Our results show that with a mean follow-up period of 6.5
years, 73.1 % of the women with endometrial resection and concomitant hysteroscopic
myomectomy and 83 % of the women with only endometrial resection avoided
hysterectomy. Slight menstrual bleeding or amenorrhea was reported after hysteroscopic

surgery, and this response maintained for years after the treatment.

After endometrial resection, hysterectomy rates of 15-24 % have been reported with a

follow-up period of four years or more [10-14]. In the present study, endometrial
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resection and concomitant hysteroscopic myomectomy did not significantly increase the
hysterectomy rate (26.9 %) when compared with that (17.0 %) with endometrial resection
only. Pooley and associates reported a cumulative hysterectomy rate of five years in
women with (25.7 %) and without (27.5 %) uterine fibroids in a survey of 380 women
with menorrhagia treated with transcervical resection of the endometrium [15]. Comino
and Torrejon found that the existence of myomas was the only factor related to the
increased possibility of subsequent hysterectomy after endometrial ablation-resection

[16].

The outcomes of endometrial resection with concomitant hysteroscopic myomectomy
have not been studied intensively. Loffer reported long-term outcomes of women with
hysteroscopic myomectomy with concomitant endometrial ablation and without
endometrial ablation [6]. Adding endometrial ablation to the resection of submucosal
myomas did not decrease hysterectomy rates [6]. Our study comprised patients with
menorrhagia who all underwent endometrial resection and those with submucous
myomas had concomitant hysteroscopic myomectomy. Loffer reported a hysterectomy
rate of 17.8 % among 73 women with hysteroscopic myomectomy and endometrial
ablation and a rate of 22.1 % among 104 women with hysteroscopic myomectomy
without endometrial ablation. The subsequent hysterectomy rates in the present study
were 26.9 % in patients with endometrial resection and concomitant hysteroscopic
myomectomy and 17.0 % in patients with endometrial resection only. These findings

indicate that endometrial ablation/ resection may be combined with hysteroscopic
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myomectomy without a significant increase or decrease in hysterectomy rates during a

long-term follow-up.

Submucous leiomyomas have been found in 16-35 % of women with menorrhagia treated
with endometrial resection [5, 10, 13, 14, 17]. It is important to map the presence of
submucous myomas with a transvaginal ultrasound preoperatively and to evaluate the
realistic possibility of hysteroscopic myomectomy. Submucous myomas which extended
over 50 % to the uterine cavity were subjects for hysteroscopic surgery. We avoided
repeated myomectomy because the uterine cavity may be narrow and adhesive after
endometrial resection. Submucous leiomyomas with a more than 50 % intramural
extension need repeat resection to achieve bleeding control, and they are associated with
more complications [18]. In one study, incomplete removals of the myoma did not
increase subsequent hysterectomy rates [6]. Dongen and associates reported that
incomplete hysteroscopic myomectomy without endometrial resection does not always
necessitate subsequent surgery. Instead, a wait-and-see policy may be considered [19].
Eventual necrosis and disappearance of the remaining portions of the myoma are likely

[20].

Most (75.6 %) of the patients reached menopause during the long follow-up period.
Postmenopausal women with cyclic combined estrogen progestogen regimen may have
bleeding. In the present study, all of them reported slight bleeding or amenorrhoea. These
findings indicate that the long-term impact is permanent and that endometrial resection

with or without myomectomy does not merely postpone hysterectomy.
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In conclusion, hysteroscopic myomectomy may be combined with endometrial resection
in patients with pedunculated submucous or sessile submucous leiomyomas with
intramural extension of less than 50 % and smaller than five cm in diameter without a

significant increase or decrease in hysterectomy rates during a long-term follow-up.
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Table 1 Operative details and perioperative and postoperative complications in women

with endometrial resection with and without myomectomy

Myomectomy No myomectomy
(n=53) (n=153)
Duration of operation, min (SD) 39 (21) 28 (10)*
Length of uterine cavity, cm (SD) 9.0 (1) 8.7 (0.9)
Estimated blood loss, mL (SD) 90 (82) 58 (62)**
Glycine used, L (SD) 6.3 (3.4) 5.3(2.3)
Glycine deficit> 1 L (%) 0 2(3.7)
Tubal ligation n (%) 11 (20.8) 50.4)
Complication n (%) 6(11.3) 3(5.7)
Uterine perforation 1 0
Hemorrhage 2 1
Intrauterine infection 2 1
Postspinal headache 1 1

Values are mean (SD) or number of patients (%)

*p <0.001

*tp = (.03
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Table 2 Further treatment after hysteroscopic endometrial resection with and without

myomectomy during follow-up

Treatment Myomectomy No myomectomy
(n=152) (n=53)
Any further treatment (%) 18 (34.6) 21 (39.6)
Hysterectomy 14 9
Endometrial reablation 3 3
Hysteroscopy, curettage 2 8
Cervical dilatation and drainage 1 1
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Legend for the figure

Fig. 1 Probability of not having hysterectomy in patients with endometrial resection
without myomectomy (A), and in patients with endometrial resection and
concomitant myomectomy (B). Kaplan-Meier curves are illustrated (log rank test,

p=0.22).
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