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Abstract High-resolution transvaginal ultrasound has facilitated the diagnosis of adenomyosis. This study determined the preva-

lence of this finding in infertile women and its effect on the outcome of IVF/intracytoplasmic sperm injection (ICSI). This prospec-

tive study evaluated 275 consecutive women, commencing IVF/ICSI for the first time. Inclusion criteria were adequate ovarian

reserve. Women with fibroids or a previous myomectomy were excluded. All women were screened for adenomyosis by transvaginal

ultrasound on three separate occasions. The control group included 256 women and the adenomyosis group included 19 women.

There was no significant difference in the ages of women, FSH, cause of infertility, body mass index, total dose of gonadotrophin

used and number of oocytes collected between the two groups. However, women with adenomyosis had a higher mean antral follicle

count (P = 0.006). The clinical pregnancy rate (22.2% versus 47.2%) and ongoing pregnancy rate (11.1% versus 45.9%) were signifi-

cantly lower in women with adenomyosis and the miscarriage rate (50.0% versus 2.8%) was significantly higher in women with ade-

nomyosis (all P < 0.001). Ultrasound evidence of adenomyosis is found in a significant number of women presenting with infertility

and has a negative impact on the outcome of IVF/ICSI. RBMOnline
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Introduction

There remains little doubt that advancing maternal age is
associated with infertility and adverse reproductive out-
comes and much effort has been focused on improving out-
comes in this group of women. Specifically, there has been a

focus on investigation and treatment of poor ovarian
reserve; however, advancing maternal age is also associated
with a range of other pathologies which may be detrimental
to reproductive potential, including uterine fibroids
(Broekmans et al., 2006; Khalaf et al., 2006). Advances in
high-resolution transvaginal ultrasonography now enable
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accurate diagnosis of a variety of uterine disorders and open
the possibility of extending diagnosis in these women
beyond ovarian reserve and uterine fibroids.

Conventionally, adenomyosis has been a histological
diagnosis from hysterectomy specimens. However, with
increasing use of magnetic resonance imaging (MRI), the
possibility of non-invasive outpatient diagnosis has come
into clinical practice (Togashi et al., 1989). Until recently,
ultrasonography has been considered to be less accurate
compared with MRI for the diagnosis of adenomyosis; how-
ever, with refinements in transvaginal probes and diagnostic
criteria, the methods should now be considered as compara-
ble in accuracy with high sensitivity and specificity using
either histology or MRI as the gold standard (Dueholm and
Lundorf, 2007; Valentin, 2006). The review article by Valen-
tin (2006) summarizes data from other authors evaluating
the accuracy of ultrasound diagnosis with histological anal-
ysis of hysterectomy specimens and provides evidence that
modern transvaginal ultrasonography is both sensitive and
specific. Additionally, transvaginal ultrasound is less expen-
sive, less time consuming and more amenable to being per-
formed in an outpatient clinic setting than MRI. These
features provide the ability for screening in an outpatient
setting and assessing the impact and natural history of the
pathology on outcomes.

The present study used established transvaginal ultra-
sound criteria to screen for adenomyosis in women present-
ing with infertility who were due to start
IVF/intracytoplasmic sperm injection (ICSI) and assessed
the impact of adenomyosis on the outcome of IVF/ICSI.

Methods

This was a prospective observational screening study per-
formed at the Assisted Conception Unit of University College
Hospital London for a 6-month period between January 2007
and June 2007 and was approved by the Institutional Review
Board (ACU2006/5, 1 March 2006). The study included
women who were undergoing their first cycle of IVF/ICSI
with adequate ovarian reserve, as defined by an early follic-
ular-phase FSH <10 IU/l, oestradiol <200 pmol/l and antral
follicle count of >8. The exclusion criteria for the study
were the presence of uterine fibroids and previous
myomectomy.

All women satisfying the criteria were screened for ade-
nomyosis at the time of assessment of antral follicle count
in the early follicular phase of the menstrual cycle using
transvaginal ultrasonography (Aloka SSD5000; Aloka, Tokyo,
Japan). All scans were performed by experienced gynaecol-
ogists with a special interest in diagnostic gynaecological
ultrasound. Both operators (RS and IK) have over 10 years
of experience in transvaginal ultrasound in gynaecological
practice. These physicians made the diagnosis at the base-
line scan and recorded it onto the study protocol proforma.
The diagnosis was not included on the folliculogram; how-
ever, there was no formal attempt to blind either operator.

Adenomyosis was only diagnosed when there was asym-
metrical thickening of the myometrium, irregular cystic
areas within the myometrium and linear striations radiating
out from the myometrium (Ascher et al., 1994; Atri et al.,
2000; Reinhold et al., 1995). Women in whom there was

diagnostic uncertainty were not included in this study. This
was the case with 15 patients.

Pituitary down-regulation was commenced with the
administration of buserelin nasal spray (Suprefact; Hoechst,
Hounslow, UK), 100 lg into each nostril, four times a day at
6-h intervals (800 lg/day), and this was started in the mid
luteal-phase. Down-regulation was confirmed by ultrasound
scan on day 3 of the following cycle and ovarian stimulation
was immediately commenced with an initial daily dose of
human menopausal gonadotrophin (Menopur; Ferring Phar-
maceuticals, Langley, UK). As this study includes only
women with adequate ovarian reserve undergoing their first
IVF cycle, and in line with the policy of the unit, gonadotro-
phin dosage was based solely on age (<30 years 150 IU,
30–35 years 225 IU, 35–38 years 300 IU and >38 years
375 IU). Additionally, in the menstrual cycle immediately
prior to commencement of ovarian stimulation, between
days 7 and 10 of the cycle, all women had uterine cavity
assessment with saline infusion sonohysterography to iden-
tify any focal lesions; no uterine cavity abnormalities were
found in the women included in this study and therefore
there were no hysteroscopies performed.

Follicular growth was monitored by transvaginal scans
beginning on day 6 of stimulation. The dose of gonadotro-
phin was adjusted according to the ovarian response.
Between days 12 and 14, patients who had at least two
leading follicles of 17 mm diameter received 10,000 IU of
human chorionic gonadotrophin (HCG; Choragon; Ferring
Pharmaceuticals) Transvaginal ultrasound controlled
oocyte retrieval was performed 37 h later. Patients who
had up to three follicles of 15 mm diameter on the day
of the HCG administration and oestradiol concentrations
<2000 pmol/l were considered to have an inadequate
ovarian response for IVF and their cycles were cancelled.
Fertilization, either by IVF or ICSI if the sperm count was
below 1 million/ml, was confirmed by the presence of
two pronuclei 16–20 h after insemination. Embryo transfer
was performed 3 days after oocyte retrieval. Two embryos
were routinely transferred. All women were given
luteal-phase support with progesterone 400 mg (Cyclogest;
Actavis, Barnstaple, UK) twice a day inserted vaginally and
continued till 10 weeks’ gestation. Cycle management was
performed by PS, who was blinded to the diagnosis of
adenomyosis.

A database file was set up using Excel for Windows
(Microsoft, Redmond, WA, USA) to facilitate data entry
and retrieval. Statistical analysis was performed using Sta-
tistical Package for Social Sciences for Windows version 12.0
(SPSS, Chicago, IL, USA). The chi-squared test to compare
differences in the diagnosis for infertility, Mann–Whitney
U test to compare the number of previous miscarriages,
livebirths and embryos transferred and the t-test to com-
pare all other outcomes. The primary outcome measures
were implantation rate (defined as the number of gesta-
tional sacs/number of embryos transferred), clinical preg-
nancy rate (defined as a viable ultrasound detectable
intrauterine pregnancy, i.e. with visualization of fetal heart
beat, at 6 weeks’ gestation/embryo transfers), first-trimes-
ter miscarriage rate (defined as loss of a clinical pregnancy
before 12 weeks’ gestation/clinical pregnancies) and the
ongoing pregnancy rate (defined as a live pregnancy
when patient was discharged from clinic at 12 weeks’
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gestation/ongoing clinical pregnancies). Biochemical preg-
nancies were not included in the final data analysis.

Results

A total of 275 women satisfied the inclusion criteria for this
study. A further 32 women were excluded due the presence
of uterine fibroids (29) or previous myomectomy (3). Over-
all, 256 (93%) women were diagnosed with a normal uterus
and 19 (7%) women were diagnosed with adenomyosis.
There was no significant difference in the cause of infertility
between the two groups of women (Table 1). Laparoscopy
had previously been included in the diagnostic work up of
53 women with a normal uterus and nine women diagnosed
with adenomyosis and had found mild to moderate endome-
triosis (which was treated) in 21 (8%) women with a normal
uterus and one (5%) woman with adenomyosis. There were
no cases of severe endometriosis. There was no significant
difference in the mean ages, FSH, oestradiol or body mass
index. Women with adenomyosis had a significantly higher
mean antral follicle count compared with women with a
normal uterus (P = 0.006; Table 2).

Overall, 174 (68%) women in the control group and 15
(79%) of women with adenomyosis presented with primary
infertility. There was no significant difference in reported
menorrhagia (as perceived subjectively by the women,
14% versus 16%) or dysmenorrhoea (25% versus 16%) in
women with a normal uterus versus women with adenomyo-
sis, respectively. Although women with a normal uterus had

previously had a proportionally higher number of miscar-
riages (25% versus 7%) and live births (13% versus 3%), this
did not reach statistical significance (Table 3).

Women with adenomyosis did not require a higher total
dose of gonadotrophin for stimulation and there was no sig-
nificant difference in the number of oocytes retrieved com-
pared with women with a normal uterus and no difference in
metaphase-II oocytes retrieved in women who underwent
ICSI and there was no difference in the median number of
embryos transferred. The implantation, clinical pregnancy
and ongoing pregnancy rates were significantly lower in
women with adenomyosis and there was a significantly
higher first-trimester miscarriage rate compared with the
control group (all P < 0.001, Table 4).

Discussion

The results of this study show, as far as is known for the first
time, that adenomyosis has a negative impact on the out-
come of IVF/ICSI. A limitation of the investigation is that
the number of women included in the study population is
small; however, as the study only included women who sat-
isfied strict sonographic criteria for the diagnosis of adeno-
myosis, this group provides a valuable insight into the
reproductive outcomes in women where there is no diagnos-
tic uncertainty. Furthermore, the diagnosis of adenomyosis
by strict sonographic criteria requires significant operator
experience as these markers of adenomyosis can be subtle.
Additionally, the effect of down-regulation on the ultra-
sound features remains unclear as these women were not
screened prior to down-regulation; this effect may have
reduced the number of women in the study group and the
data presented are for women who have these features
despite down-regulation. The women included in this study
were comparable in age and biochemical ovarian reserve
criteria, which enables the effect of poor ovarian reserve
to be minimized. The resultant adverse effects on reproduc-
tive potential is therefore more likely to be a result of uter-
ine factors, which in this study was identified as
adenomyosis. Furthermore, it is interesting to note that
women with adenomyosis had a significantly higher mean
antral follicle count compared with women with a normal
uterus. Previous studies have shown that antral follicle
count is a highly sensitive and specific predictor of not only
ovarian response but also the risk of miscarriage in women

Table 1 Infertility diagnosis.

Diagnosis Normal uterus Adenomyosis

Anovulatory 65 (25) 6 (32)

Endometriosis 21 (8) 1 (5)

Tubal 23 (9) 2 (11)

Male 62 (24) 4 (21)

Unexplained 85 (33) 6 (32)

Total 256 (0.901–0.961) 19 (0.039–0.099)

Values are n (%) or n (95% CI).
There were no statistically significant differences between
the two groups.

Table 2 Characteristics of women.

Characteristic
Normal (n = 256) Adenomyosis (n = 19)

Age (years) 34.6 ± 4.06 34.0 ± 3.67

BMI (kg/m2) 24.4 ± 3.1 24.5 ± 2.7

FSH (IU/l) 6.9 ± 1.67 6.9 ± 1.58

Oestradiol (pmol/l) 142.3 ± 56.7 142.7 ± 34.2

Antral follicle count 13 ± 12.1 22 ± 28.9a

Duration of infertility (years) 3.4 ± 2.4 3.3 ± 1.9

Cycle length (days) 34 ± 14.8 32 ± 14.1

Values are mean ± SD.
aAntral follicle count significantly higher in women with adenomyosis (P = 0.006).
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undergoing IVF/ICSI (Muttukrishna et al., 2005). The results
of this study would imply that the contribution of uterine
factors, such as adenomyosis, reduces the chances of suc-
cessful implantation and pregnancy irrespective of oocyte
and embryo quality. Additionally, this study used ultrasound
to screen for adenomyosis and it is interesting to note that,
although the prevalence of adenomyosis was almost 7%,
there was no significant difference in the clinical history
of menstrual dysfunction and pain. This finding indicates
that infertility alone could be considered an independent
sign of the presence of adenomyosis; however, this link
remains speculative because of the small number of
patients in the study group and remains unproven until the
incidence of adenomyosis in the general population and its
presentation in this population is established. Severe endo-
metriosis, especially rectovaginal disease, is often associ-
ated with the presence of adenomyosis. This link between
the severity of endometriosis and adenomyosis should be
considered when evaluating the results of this study and,
as only a limited number of women had a laparoscopy for
pelvic assessment of endometriosis, the potential presence
of severe undiagnosed endometriosis as a confounding vari-
able remains in this study (Kunz et al., 2005).

Women with uterine fibroids were excluded from the
control group in this study because this may be indepen-
dently associated with poor outcomes with IVF/ICSI. The
reason for excluding women with uterine fibroids was not
because of any perceived diagnostic difficulties, as previous
studies have shown that transvaginal ultrasound is able
to make an accurate differentiation between these and
adenomyosis, but rather because of the ongoing uncertainty

of the impact of uterine fibroids on the outcome of IVF/ICSI
(Botsis et al., 1998; Khalaf et al., 2006; Sunkara et al.,
2009). However, the present study did exclude women
with a previous myomectomy as, in the study centre’s
experience, the myometrial scarring that results from
this operation can sometimes be difficult to differentiate
from adenomyosis; however, this has not been shown in
current published evidence.

The mechanism of implantation failure and miscarriage
in women with adenomyosis needs further evaluation. His-
tologically, adenomyosis is defined as the presence of endo-
metrial glands within the myometrium that may
communicate with the uterine cavity. Hysteroscopic investi-
gation of the endometrium in women with adenomyosis has
shown abnormal endometrial vascular patterns that occur
throughout the menstrual cycle and may be indicative of
abnormally developing endometrium (Ota and Tanaka,
2003). The presence of abnormal vascularity and hetero-
topic glands in the myometrium may be a source of cyto-
kines and immunological factors that may have a negative
impact on endometrial receptivity and placentation. The
endometrial–myometrial interface is a highly specialized
tissue that has its own population of immunocompetent
cells, which, when disrupted as in adenomyosis, may poten-
tially have an impact on endometrial function. There is
accumulating evidence that shows the effect of adenomyo-
sis on endometrial cell antigen expression, cytokine produc-
tion and production of oxygen-free radicals, all of which are
suggestive of disruption of endometrial receptivity (Ota and
Tanaka, 2003; Ota et al., 1999, 2001). Although much work
has been done into investigating the effects of endometrial

Table 3 Clinical history and previous reproductive outcomes.

History Normal uterus (n = 256) Adenomyosis (n = 19)

Primary infertility 174 (68) 15 (79)

Menorrhagia 37 (14) 3 (16)

Dysmenorrhoea 63 (25) 3 (16)

Miscarriage 25 7

Live birth rate 13 3

Values are n (%) or %.
There were no statistically significant differences between the two groups.

Table 4 Outcome of IVF/ICSI.

Outcome Normal (n = 256) Adenomyosis (n = 19) P-value

Total dose of gonadotrophin used (IU) 3210 ± 1282 2905 ± 1138 NS

Oocytes collected 8.9 ± 3.2 11.5 ± 3.5 NS

Embryos transferred 2 (1–3) 2 (1–2) NS

Metaphase-II oocytes 82 (1894) 80 (176) NS

Implantation/no. of embryos transferred 29.4 (123/419) 18.8 (6/32) <0.001

Clinical pregnancy/embryo transfers 47.2 (108/229) 22.2 (4/18) <0.001

Miscarriage/pregnancies 2.8 (3/108) 50.0 (2/4) <0.001

Ongoing pregnancy/ongoing clinical pregnancies 45.9 (105/229) 11.1 (2/18) <0.001

Values are mean ± SD, median (range) or % (n/total).
NS = not statistically significant.
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factors in infertility, there remains little consensus regard-
ing the significance of each factor. Taking into account the
evidence from the current study, the uterine model of ade-
nomyosis provides an opportunity to target research
towards investigating endometrial receptivity in women
with adenomyosis.

The disruption of the endometrial–myometrial interface
also disrupts the organization of myometrial muscle fibres
and may disrupt normal contractility of the subendometri-
um, which is usually retrograde during the secretory phase
of the menstrual cycle to facilitate fundal embryonic
implantation (Devlieger et al., 2003). Disruption of this
function, as seen in endometriosis, may lead to antegrade
subendometrial contractility and expulsion of the embryo
but also areas of relative hypoxia that may impair implanta-
tion (Kissler et al., 2005).

Finally, although the results of this study give further
insight into the mechanism of infertility in women, there
remains no accepted or efficacious treatment for adenomy-
osis. There are several anecdotal and case reports of treat-
ment of adenomyosis using either surgical excision or vessel
embolization (Grimbizis et al., 2008; Morita et al., 2004).
These should be viewed with caution as the effects of such
radical surgery or of myometrial devascularization remain
uncertain and these procedures have the potential of fur-
ther reducing the fertility potential in these women. An
alternative approach would be medical treatment prior to
commencing IVF/ICSI with gonadotrophin-releasing hor-
mone agonists. Ovarian suppression treatment has been
shown to produce a trend towards an increase in implanta-
tion rate when used prior to IVF (Ma et al., 2008). Whether
or not this is the case for adenomyosis remains unclear.
However, such prolonged pituitary down-regulation will
invariably have an impact on response to ovarian stimula-
tion and the potentially reduced oocyte yield and impact
on oocyte quality should be considered especially if there
is concomitant reduced ovarian reserve.
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