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ABSTRACT

Uterine fibroids are the most common pelvic tumours in reproductive age women. Al-
though most women with fibroids are fertile, fibroids may interfere with fertility secondary
to anatomical distortion and alterations to the uterine environment. Whilst fibroids are
associated with infertility in 5-10% of cases, they are estimated to be the sole cause of
infertility in 2-3% of cases.

Observational epidemiological studies aimed at elucidating the relationship between fi-
broids and infertility are inconclusive due to methodological limitations. However, two
main pieces of clinical evidence support the opinion that fibroids interfere with fertility.
Firstly, in IVF treatment, women with fibroids have an adverse pregnancy outcome. Avail-
able evidence suggests that submucosal and intramural fibroids interfere with fertility in de-
creasing order of importance and subserosal fibroids have no impact on fertility. Secondly,
although randomised studies are lacking, myomectomy appears to increase the pregnancy
rate in women with submucosal fibroids and possibly in women with intramural fibroids.
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INTRODUCTION

Leiomyomas are benign smooth muscle tumours that arise as a result of proliferation of
myocytes. They are associated with variable amounts of collagen and fibrous tissue and it
is this pathological feature which has led them to being termed as “fibroids”.

Uterine fibroids are the most common pelvic tumours, occurring in 30% of women over
the age of 30 years. Their incidence increases with age, and they are more common in
certain ethnic populations. The frequency of fibroids reported in literature varies widely
due to differences in diagnostic tests used, populations studied and study design. The larg-
est study to date, prospectively followed up 95 061 female nurses in America aged 25-44
years with questionnaires every two years, to determine the incidence of fibroids among
premenopausal women by age and race 1. The diagnosis of fibroids was self reported and
confirmed for a sample of cases. The crude incidence rate in this study was 12.8 per 1000
woman years. The standardised rates were much higher in black women than in white
women, 30.6 and 8.9 per 1000 woman years respectively. Even after adjusting for vari-
ables such as body mass index, infertility and contraception, the rates among black women
were significantly higher than those amongst white women (RR 3.25; 95% Cl 2.71-3.88).
Another large American survey included 1364 women aged 35-49 years who were ran-
domly selected from an urban health plan. All recruited women underwent a transvaginal
ultrasonography. The cumulative incidence of fibroids at 50 years of age was 70 and >80%
for whites and African Americans respectively. The prevalence of fibroids is lower in Eu-
rope, although still remarkable from the healthcare point of view. An Italian cohort study
documented an incidence of ultrasonographically detectable fibroids of 21% in a series
of 341 unselected women residing in an urban zone aged 30-60 years2. A Swedish study
recruiting 335 unselected subjects from an urban district and who accepted to undergo a
transvaginal ultrasonography showed a prevalence of 3% in women aged 25-32 years and
8% in those aged 33—40 years 3.
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Classification of fibroids

Fibroids are traditionally classified according to their anatomical
location and are divided into submucous, intramural (the com-
monest site) or subserous fibroids. Submucous fibroids are those
that distort the uterine cavity and are further divided into three
subtypes: pedunculated (type 0), sessile with <50% intramural ex-
tension of the fibroid (type 1) and sessile with =50% intramural ex-
tension (type ). Intramural fibroids are those which do not distort
the uterine cavity and with <50% of the tumour protruding into the
serosal surface of the uterus. Fibroids protruding =50% out of the
serosal surface are considered subserosal, they are further divided
into sessile or pedunculated. Fibroids are multiple in two thirds
of cases.

Pathogenesis

The underlying pathogenesis and pathophysiology of leiomyomas
is highly complex and is far from being completely understood.
Cytogenetic examination of leiomyomas reveals that about 40% of
them have chromosomal abnormalities 4. These consist of translo-
cations, trisomies, deletions and rearrangements. The rest appear
chromosomally normal but exhibit mosaicism within the mono-
clonal tumour. These karyotype abnormalities have been shown to
correlate with fibroid size and site. The mechanisms that link the
clinical phenotypes to their underlying genotypes vary. For exam-
ple, translocations can either up regulate or down regulate a gene
and its expressed protein, depending on where the gene sequence
is spliced. Trisomies on the other hand generally increase gene
expression, through increased gene dosing.

There has also been research looking into the familial inheritance
of fibroids. Twin studies have shown a strong susceptibility to fi-
broid development, with monozygotic twins twice as likely to de-
velop fibroids compared to dizygotic twinss. Familial clustering
has been described and there are also several inherited disorders
associated with fibroids.

Ovarian steroids oestrogen and progesterone are important in the
pathogenesis of fibroids. It has been shown that fibroids have in-
creased levels of oestrogen and progesterone receptors when com-
pared to normal myometrium, and that they also have an increased
expression of enzyme P450 that allows the cells to synthesise their
own endogenous oestradiol. Oestrogens affect tumour growth by
stimulating the proliferation of uterine smooth muscle cells. Pro-
gesterone on the other hand, through its production of the bcl-
2 protein, increases tumour bulk, by inhibiting programmed cell
death 6.

Growth factors increase smooth muscle proliferation and act in a
paracrine or autocrine way. They are also responsible for the in-
crease in the extracellular matrix (collagens, proteoglycans and fi-
bronectin) associated with fibroids. The growth factors, transform-
ing growth factor B (TGFB), heparin binding factor and insulin like
growth factor (IGF) have been identified in fibroids 7-9.

Clinical presentation

Despite the epidemiological burden, the majority of women with
fibroids remain asymptomatic. Symptoms associated with fibroids
include heavy and prolonged periods, pelvic pressure (from large
fibroids), pain (resulting from torsion of a pedunculated fibroid or
fibroid degeneration), urinary symptoms and constipation resulting
from pressure by anterior and posterior fibroids. Whether fibroids
cause infertility is the subject of considerable speculation.

Although most women with fibroids are fertile, fibroids may inter-
fere with fertility secondary to anatomical distortion and alterations
to the uterine environment. For those women afflicted with fibroids
the risks of pregnancy wastage are also increased.

Fibroids and infertility

Whilst fibroids are associated with infertility in 5-10% of cases,
they are estimated to be the sole cause of infertility in 2-3% of
cases 10. The mechanism by which fibroids have a detrimental
effect on fertility remains controversial with various theories being
postulated. It has been suggested that the mechanism by which
fibroids cause infertility are mechanical in nature. The tumours, if
subendometrial or tubal in position, may directly block the passage
of spermatozoa. Any tumour that distorts the shape or elongates
the endometrial cavity may affect the establishment and mainte-
nance of early pregnancy. Subendometrial tumours are capable of
causing endometrial erosion with subsequent inflammation. This
state alters the biochemical nature of intrauterine fluid and thus re-
sults in hostile environment for the spermatozoa. Alternatively, the
subendometrial tumours may disrupt the endometrial blood sup-
ply, thus affecting nidation and sustenance of the early embryo.
It has also been suggested that the hyperoestrogenic environment
associated with fibroids may impair fertility. The effect of fibroids
on fertility is dictated largely by the location and size of the fibroid.
A decreased risk of fibroids in parous women when compared
with nulliparous women has been repeatedly reported. The ob-
servation that parity is associated with a reduction in the risk of
fibroids could be interpreted in two ways. Parity may be a protec-
tive factor or, alternatively, fertility may be partly compromised in
women with fibroids. Studies investigating the association between
fibroids and history of infertility may be of help in clarifying this
issue, but unfortunately evidence on this regard is scarce. Overall,
the question therefore remains about causality of the association.
Does pregnancy protect from fibroid development or, conversely,
do fibroids affect fertility.

Fibroids and IVF treatment outcome

The advent of assisted reproductive techniques (ART) and in partic-
ular of in vitro fertilisation (IVF) treatment has offered a useful tool
to elucidate the relationship between fibroids and fertility. Results
from IVF treatment provide precious information on the impact of
uterine fibroids on embryo implantation.

There have been meta-analyses that have aimed to assess the im-
pact of fibroids in IVF cycles. Somigliana et al (2007) published
a meta-analysis of studies investigating the influence of fibroids
located at different sites in IVF cycles11. Overall, their results
showed that myomas negatively affect pregnancy rates. Although
based on a small number of studies, submucous fibroids appeared
to strongly interfere with the chance of pregnancy: OR (95% Cl)
for conception and delivery being 0.3 (0.1-0.7) and 0.3 (0.1-0.8)
respectively. The impact of intramural fibroids was less dramatic
although still statistically significant: OR (95% Cl) for conception
and delivery being 0.8 (0.6-0.9) and 0.7 (0.5-0.8) respectively. In
a follow up study, intramural fibroids were shown to have an ad-
verse effect on live birth rate after three consecutive cycles of IVF
treatment 12. In general, these effects appeared to be more rel-
evant when considering the delivery rate compared to the clinical
pregnancy rate. Conversely, subserosal fibroids did not seem to
affect pregnancy rates.

A recent updated systematic review by Pritts et al (2009)
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results were consistent in showing that women with submucous
fibroids, compared with infertile women without fibroids, demon-
strated a significantly lower clinical pregnancy rate (RR 0.36; 95%
Cl0.17-0.73), implantation rate (RR 0.28; 95% Cl 0.12-0.64), and
ongoing pregnancy/ live birth rate (RR 0.31; 95% CI 0.11-0.85)
and a significantly higher spontaneous abortion rate (RR 1.67;
95% Cl 1.37-2.05). Women with intramural fibroids also produced
significantly lower clinical pregnancy rate, implantation rate and
ongoing pregnancy/ live birth rate and a significantly higher spon-
taneous abortion rate. When women with subserous fibroids were
compared with women without fibroids, no difference was ob-
served for any outcome measure.

There is controversy on the impact of intramural fibroids that do
not distort the uterine cavity on IVF treatment outcome. The first
prospective observational study to report an adverse effect of such
fibroids on outcome of IVF was reported by Hart et al (2001)14.
However other studies failed to reproduce this significant effect.
This was addressed in a recent systematic review Sunkara et al
(2010) that looked at 19 observational studies comprising a total of
6087 IVF cycles15. Meta-analysis of these studies showed a signifi-
cant decrease in live birth (RR 0.79; 95% Cl 0.70-0.88) and clini-
cal pregnancy rates (RR 0.85; 95% Cl 0.77-0.94) in women with
non-cavity distorting intramural fibroids compared to those with-
out fibroids, following IVF treatment. However there is currently
lack of evidence from randomised controlled trials whether any
intervention in this group of women would improve the outcome
of IVF treatment and restore live birth rates to the levels expected
in women without fibroids.

Fibroids and Miscarriage

Buttram and Reiter (1981) in their review of published reports from
1957 to 1980 identified a reduction in miscarriage from 41% to
19%, in a cohort of women with symptomatic fibroids who un-
derwent myomectomy10. Women in these studies had symptom-
atic palpable fibroids which differ to most infertility patients who
have asymptomatic fibroids diagnosed on ultrasound examination.
Li et al (1999) in a small uncontrolled series of 19 asymptomatic
women who conceived with fibroids reported a reduction in mis-
carriage post myomectomy compared to the pre myomectomy rate
(24% vs 60%) 16.

Benson et al (2001) reported a nearly two fold increase in miscar-
riage rate among 143 women with ultrasonographically identified
fibroids in the first trimester, when compared to 715 age matched
controls without fibroids (14% vs 7.6%, P<0.5)17. Although the
fibroid size was not associated with the spontaneous loss rate, the
presence of multiple fibroids was a significant predictor of spon-
taneous loss and among the 88 patients with only a single fibroid,
there was no increased risk of spontaneous miscarriage compared
with controls. A meta-analysis of controlled studies of intramural
fibroids and IVF outcome which reported on spontaneous miscar-
riage showed a spontaneous miscarriage rate of 22% in women
with intramural fibroids compared with 15.4% in the control
group. Data are currently unavailable to evaluate the risk of mis-
carriage in women with submucosal fibroids. Casini et al (2006)
reported miscarriages in five of nine (53%) pregnant women with
submucosal fibroids and nine out of 21 women (43%) who under-
went prior myomectomy18.

Fertility after myomectomy

Before the advent of less invasive options hysterectomy was the
standard treatment for women troubled with fibroid associated
symptoms. This option is understandably unacceptable for women
wishing to conserve their fertility. Myomectomy which involves
the removal of the fibroid with conservation of the uterus is the al-
ternative surgical treatment option for women wishing to conceive.
The procedure may be performed abdominally, laparoscopically
or hysteroscopically. Several reviews of literature on pregnancy
rates following myomectomy have been published. One of the ear-
ly reviews focussing on studies published between 1933 and 1980
by Buttram and Reiter (1981) reported a 40% pregnancy rate fol-
lowing abdominal myomectomy (480 out of 1202 cases)10. This
rate was 54% when patients with other causes of infertility were
excluded. Another review by Vercellini et al (1998) confirmed this
rate of success following myomectomy19. They reported a post
surgical pregnancy rate of 57% across prospective studies. When
including women with unexplained infertility, this rate was 61%.
The advent of endoscopic surgery did not seem to modify this re-
sult. In a review by Donnez and Jadoul (2002) the pregnancy rate
among women undergoing hysteroscopic and laparoscopic myo-
mectomy was reported as 45% and 49% respectively20. These
findings have further been confirmed by more recent and larger
studies.

IVF outcome after myomectomy

Whilst there is a consistent body of literature on the adverse influ-
ence of fibroids on pregnancy outcome, the impact of myomec-
tomy has been less extensively investigated. Narayan et al (1994)
investigated the effect of myomectomy on a small group of women
with submucosal fibroids (n=27)21. They found that the delivery
rate was not significantly different in women who underwent myo-
mectomy compared to women without fibroids (37% and 22% re-
spectively, P=0.13). Surrey et al (2005) reported a pregnancy rate
of 62% and 68% respectively in women operated for submucous
fibroids and controls without fibroids following IVF treatment22.
From these studies we can infer that although the overall evidence
is scarce, previous myomectomy did not seem to negatively affect
the pregnancy rate following IVF treatment.

A comparative study by Bulletti et al (2004) has provided further
evidence on the effectiveness of myomectomy prior to IVF treat-
ment23. Women with intramural and/ or subserosal fibroids with
at least one lesion >5cm were allocated to myomectomy or no sur-
gery based on their decision. They reported a live birth rate of 25%
and 12% respectively in women who did and did not undergo
surgery prior to IVF treatment.

Alternative treatments for fibroids

Several non-surgical approaches for the treatment of fibroid associ-
ated symptoms have emerged over the last several years with med-
ical therapies as well as radiological interventions being proposed.
GnRH agonists, the mainstay of medical therapy for fibroids, work
by creating a hypogonadotrophic hypogonadal state and produce
a significant reduction in uterine size. Their use in the context of
infertility treatment remains questionable since ovulation is gen-
erally inhibited during treatment and the fibroids usually resume
their pre-treatment dimension within a few months after stopping
treatment. Other medical options that may reduce the size of fi-
broids include the androgenic steroid danazol, the antiprogestagen
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mefipristone, the selective oestrogen receptor modulator raloxifene
and the aromatase inhibitor fadrozole. Again because of reasons
mentioned above their use in the context of infertility treatment
remains questionable.

Non medical alternative treatment options for fibroids that have
been developed over the recent past include fibroid embolisation,
laparoscopic myolysis and MRI guided focused ultrasound. Data
regarding pregnancy outcome with these interventions is scanty as
most women who wish to conserve fertility have been excluded
from these treatments due to safety concerns. Particularly, infor-
mation on laparoscopic myolysis and MRI-guided focussed ultra-
sound are absolutely insufficient and the effect of these techniques
on pregnancy therefore unknown. Recently, more evidence has
been emerging on the effects of fibroid embolisation on pregnancy
outcome. In a large survey of 1200 women, Walker and McDowell
(2006) recorded 108 women who attempted to become pregnant
of whom 31% were successtul24. This rate appears to be lower
than surgery, but it is difficult to draw definite conclusions as there
was no control group. Data regarding pregnancy outcome fol-
lowing uterine artery embolisation tends to support a detrimental
effect. An increased risk of miscarriage, preterm delivery, IUGR,
abnormal placentation and postpartum haemorrhage has been
reported. However, these results are controversial, as studies are
underpowered. Based on present evidence fibroid embolisation
cannot be recommended in daily clinical practice to women wish-
ing to conserve their fertility.

Recently, uterine leiomyomas have become an attractive target for
gene therapy. Gene therapy is the introduction of genetic material
into patients’ cells to achieve a therapeutic benefit. Gene therapy
strategies include: mutation compensation of dysregulated genes;
replacement of defective tumour-suppressor genes; inactivation of
oncogenes; introduction of suicide genes; immunogenic therapy
and anti angiogenesis based approaches. Preclinical studies of
gene therapy have shown promising results in uterine leiomyomas
and researchers are of the view that this approach is not far from
becoming a medical reality.

Given the current evidence, clinicians should pursue a compre-
hensive and personalised approach taking into account the pros
and cons of myomectomy, including the impact of fibroids on fer-
tility, the risks associated with fibroids during pregnancy on one
hand and the risks associated with surgery on the other hand.

Further Reading

» Buttram VC Jr, Reiter RC. Uterine leiomyomata: etiology, symp-
tomatology, and management. Fertil Steril 1981;36:433-445.

» Klatsky PC, Tran ND, Caughey AB, Fujimotu VY. Fibroids and
reproductive outcomes: a systematic literature review from con-
ception to delivery. Am ] Obstet Gynecol 2008;198:357-366.

» Pritts EA, Parker WH, Olive DL. Fibroids and Infertility: an updat-
ed systematic review of evidence. Fertil Steril 2009;91:1215-1223.
» Somigliana E, Vercellini P, Dagauti R, Pasin R, De Giorgi O, Cro-
signani PG. Fibroids and female reproduction: a critical analysis of
evidence. Hum Repro Update 2007;13:465-476.

» Sunkara SK, Khairy M, El-Toukhy T, Khalaf Y, Coomarasamy A.
The effect of intramural fibroids without uterine cavity involvement
on the outcome of IVF treatment: a systematic review and meta-
analysis. Hum Repro 2010;25:418-429.

20.

21.

22.

23.

24,

References

Marshall LM, Spiegelman D, Barbieri RL, Goldman MB, Manson JE,
Colditz GA et al., Variation in the incidence of uterine leiomyoma
among premenopausal women by age and race. Obstet Gynecol.
1997;90:967-973.

Marino JL, Eskanazi B, Warner M, Samuels S, Vercellini P, Gavoni N,
Olive D. Uterine leiomyoma and menstrual cycle characteristics in a
population based cohort study. Hum Reprod 2004;19:2350-2355.
Borgfeldt C, Andolf E. Transvaginal ultrasonographic findings in the
uterus and the endometrium: low prevalence of leiomyoma in a ran-
dom sample of women age 25-40 years. Acta Obstet Gynecol Scand.
2000;79:202- 207.

Gross KL, Morton CC. Genetics and the development of fibroids. Clin
Obstet Gynecol. 2001;44:335-49.

Treloar SA, Martin NG, Dennerstein L, Raphael B, Heath AC. Pathways
to hysterectomy: insights from longitudinal twin research. Am J Obstet
Gynecol. 1992;167:82-88.

Matsuo H, Maruo T, Samoto T. Increased expression of Bcl-2 proteinin
human uterine leiomyoma and its up-regulation by progesterone. ] Clin
Endocrinol Metab. 1997 Jan;82:293-299.

Africa A, Sozen I. Transforming growth factor-beta3 is expressed at high
levels in leiomyoma where it stimulates fibronectin expression and cell
proliferation. Fertil Steril 2000; 73: 1006 — 101 1.

Nowak RA. Identification of new therapies for leiomyomas: what in
vitro studies can tell us. Clin Obstet Gynecol. 2001;44:327-334.
Boehm KD, Daimon M, Gorodeski 1G, Sheean LA, Utian WH, llan J.
Expression of the insulin-like and platelet derived growth factor genes
in human uterine tissues. Mol Reprod Dev 1990; 27:93-101.

. Buttram VCJr, Reiter RC. Uterine leiomyomata: etiology, symptomatol-

ogy, and management. Fertil Steril 1981;36:433-445.

. Somigliana E, Vercellini P, Dagauti R, Pasin R, De Giorgi O, Crosignani

PG. Fibroids and female reproduction: a critical analysis of evidence.
Hum Repro Update 2007:13:465-476.

. Khalaf Y, Ross C, El-Toukhy T, Hart R, Seed P, Braude P. The effect of

small intramural uterine fibroids on the cumulative outcome of assisted
conception. Hum Reprod. 2006 Oct;21:2640-2644.

. Pritts EA, Parker WH, Olive DL. Fibroids and Infertility: an updated

systematic review of evidence. Fertil Steril 2009;91:1215-1223.

. Hart R, Khalaf Y, Yeong CT, Seed P, Taylor A, Braude P. A prospective

controlled study of the effect of intramural uterine fibroids on the out-
come of assisted conception. Hum Reprod. 2001;16:2411-2417.

. Sunkara SK, Khairy M, El-Toukhy T, Khalaf Y, Coomarasamy A. The

effect of intramural fibroids without uterine cavity involvement on the
outcome of IVF treatment: a systematic review and meta-analysis. Hum
Repro 2010;25:418-429.

. Li TC, Mortimer R & Cooke 1D. Myomectomy: a retrospective stud}‘r

to examine reproductive performance before and after surgery. Hum
Reprod 1999; 14: 1735-1740.

. Benson CB, Chow J5, Chang-Lee Wet al. Outcome of pregnancies in

women with uterine leiomyomas identified by sonography in the first
trimester. ] Clin Ultrasound 2001; 29: 261-264.

. Casini ML, Rossi F, Agostini R, Unfer V. Effects of the position of fi-

broids on fertility. Gynecol Endocrinol. 2006;22:106-109.

. Vercellini P, Maddalena S, De Giorgi O, Aimi G, Crosignani PG. Ab-

dominal myomectomy for infertility: a comprehensive review. Hum
Reprod. 1998;13:873-879.

Donnez ] and Jadoul P. What are the implications of myomas on fertil-
ity? A need for a debate? Hum Reprod 2002;17:1424-30.

Narayan R and Goswamy RK. Treatment of submucous fibroids and
outcome of assisted conception. ] Am Assoc Gyneco] Laparosc 1994;
1:307-311.

Surrey ES, Minjarez D, Stevens ] and Schoolcraft WB. Effects of myo-
mectomy on the outcome of assisted reproductive technologies. Fetil
Steril 2005; 83:1473-1479.

Bulletti C, DE Ziegler D, Levi Setti P, Cicinelli E, Polli V and Stefanetti
M. Myomas, pregnancy outcome, and in vitro fertilisation. Ann N Y
Acad Sci 2004:1034:84-92.

Walker and Mc Dowell. Pregnancy after uterine artery embolization
for leiomyomata: a series of 56 completed pregnancies. Am ] Obstet
Gynecol 2006;195:1266-71.

Egypt. ).Fertil. Steril

January 2011, Vol. 15. No. 1



