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Ultrasound and its role in assisted 
reproduction treatment

Ultrasound is an essential tool for the assess-
ment and management of women undergoing 
assisted reproduction treatment (ART). A base-
line ultrasound assessment of the pelvis prior 
to ART is performed to screen for any pelvic 
pathologies that are known to have a negative 
effect on fertility and early pregnancy. The 
other key areas that the pretreatment assessment 
facilitates include the prediction of the wom-
an’s response to ovarian stimulation (ovarian 
reserve), identification of ovarian position with 
respect to accessibility for oocyte retrieval and 
evaluation of the chance of implantation of an 
embryo (endometrial receptivity). Furthermore, 
ultrasound allows for the direct monitoring of 
response to controlled ovarian stimulation, 
and facilitates oocyte retrieval and embryo 
transfer (ET). This article critically evaluates 
the available evidence in an attempt to estab-
lish the current role of both conventional and 
advanced ultrasound in the management of 
women undergoing ART. 

Assessment of pelvic pathology
�� Polycystic ovarian syndrome 

The most common cause of medically treat-
able infertility is polycystic ovarian syndrome 
(PCOS), which is the cause of anovulatory 
infertility in 70% of cases [1] and, therefore, 
is an important condition to diagnose in the 
assessment of infertile couples. The diagnosis 
of PCOS not only carries important long-term 
health implications, such as increased metabolic 
risks, but also helps to guide the ART. Women 

with PCOS are characterized by an increased 
ovarian responsiveness to gonadotrophins and, 
therefore, have a higher risk of ovarian hyper-
stimulation syndrome [2], which is associated 
with significant morbidity and even mortal-
ity [3]. An accurate diagnosis of PCOS allows 
the clinician to formulate an optimal ovarian 
stimulation protocol aiming for a multifollicular 
response without the complications of ovarian 
hyperstimulation syndrome [4].

Despite its importance, the diagnosis of 
PCOS has been a source of controversy for a 
long time. During the first international confer-
ence on PCOS at the NIH in USA in 1990, three 
key features of PCOS were generally agreed: 
chronic anovulation, hyperandrogenism (clini-
cal or laboratory evidence) and the absence of 
other endocrine disorders (e.g., congenital adre-
nal hyperplasia, hyperprolactinemia or thyroid 
abnormalities) [5]. This first consensus identified 
the core group of PCOS subjects with the most 
significant features of the disease and the greatest 
metabolic risks. However, it did not address the 
heterogeneity of the syndrome where the associ-
ated clinical features, such as menstrual distur-
bance, obesity and hyperandrogenism, mani-
festing as hirsutism or acne, vary considerably 
between women [6]. Furthermore, the appear-
ance of polycystic ovaries on ultrasonography 
was not included in the definition, despite this 
feature being mandatory in many centers [7]. 
Therefore, all subsequent definitions of PCOS, 
both the 2003 Rotterdam criteria  [8] and the 
2006 Androgen Excess Society (AES) criteria [9], 
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expand the diagnosis beyond the NIH defini-
tion by adding the sonographic appearance of 
polycystic ovaries and allowing some flexibility 
in the diagnosis [8,9]. 

Since the advent of ultrasound, numerous 
parameters have been proposed to morphologi-
cally define PCOS, but there have been no con-
sensus regarding their diagnostic values. The 
classical image is that of enlarged ovaries con-
taining an increased number of small follicles 
encircling the ovarian cortex together with an 
increased bright echogenic stroma [10]. In the 
recent Rotterdam criteria, PCOS is defined as 
either 12 or more follicles measuring 2–9 mm 
in diameter or an increased ovarian volume 
greater than 10 cm3 (Figure 1) [11], while the dis-
tribution of follicles and a description of the 
stroma are not included. However, the evalua-
tion of ovarian stroma by ultrasound could be 
too subjective or too difficult to apply in routine 
daily practice.

In the Rotterdam guidelines, the calcula-
tion of ovarian volume is based on geomet-
ric assumptions from 2D measurements. 

A simplified formula for a prolate ellipsoid 
(0.5 × length × width × thickness) is used, which 
assumes the ovary to be ovoid, although many 
polycystic ovaries are irregular in shape. More 
importantly, this geometric assumption can-
not be applied to the irregularly-shaped ovarian 
stroma. Instead, the stromal:area (S:A) ratio, 
which is defined as the ovarian stromal area 
outlining the peripheral profile of the central 
hyperechoic stroma divided by the total area of 
the ovary in its maximum plane section, have 
been suggested to indirectly evaluate the stro-
mal hypertrophy and to correlate with serum 
androgen levels and fasting insulin levels [12]. A 
cut-off value of 0.32 for the S:A ratio appears to 
be the best predictor of elevated serum andro-
stenedione and testosterone levels. The S:A ratio 
is subjective and only evaluates a single plane of 
the ovary, but these data at least suggest that the 
stroma may be important in women with PCOS.

Volume estimations are more reliable and 
valid when made using 3D ultrasound [13,14]. 
There are various ways to derive volume mea-
sures but the rotational method through the 

Figure 1. Application of SonoAVC™ on a polycystic ovary. Presence of more than 12 antral follicles measuring 2–9 mm are 
displayed within an ovary.
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Virtual Organ Computer-Aided Analysis™ 
(VOCAL)-imaging program is commonly used. 
3D ultrasound also permits a unique measure-
ment of stromal volume through the calculation 
and subtraction of total follicular volume from 
total ovarian volume [15].

With the conventional 2D ultrasound scan, 
the degree of echogenicity of the ovarian stroma 
is usually assessed subjectively and this is open to 
observer bias, especially when other features of 
PCOS have already been seen. With the advances 
in ultrasound software, the echogenicity of the 
ovarian stroma can be determined objectively 
by measuring the intensity level of the ultra-
sound pixels within the stroma displayed on 
the sonographic image. The mean echogenicity 
of a given area can then be calculated. While 
the degree of stromal echogenicity does not dif-
fer significantly between women with PCOS 
and controls, the stromal index, defined as the 
ratio of mean stromal echogenicity to mean 
echogenicity of the entire ovary, is significantly 
higher in women with PCOS [16]. These findings 
are thought to relate to the increased volume of 
ovarian stroma relative to a lower mean echo-
genicity of the entire ovary due to an increased 
number of follicles. 3D ultrasound provides an 
alternative way to examine stromal echogenicity 
objectively through the assessment of the mean 
grayness of the ovary, which represents the mean 
tissue intensity or echogenicity in the region of 
interest [15]. Current evidence using 3D ultra-
sound demonstrates no differences in stromal 
echogenicity measured between the polycystic 
ovary and control groups. 

The apparent stromal hypertrophy seen in 
women with PCOS may relate to increased 
vascularity within the ovarian stroma. Ovarian 
vascularity can be assessed subjectively through 
the application of color or power Doppler maps 
to a single plane to examine the flow pattern 
or can be assessed objectively by measuring 
flow velocity and the resistance to flow through 
pulsed-wave Doppler on a single vessel. It has 
been observed that the pulsatility index and 
resistance index of both ovarian artery and stro-
mal artery were significantly lower in women 
with PCOS [17], but this was not supported by 
other investigators [18]. Quantitative 3D power 
Doppler angiography facilitates the assessment 
of total blood flow within the defined volume 
of interest, allowing the objective assessment of 
total vascular flow within an organ or a specified 
volume of tissue [19]. The data on ovarian blood 
flow quantified using 3D power Doppler in a 
polycystic ovary are conflicting [20,21]. 

�� Ovarian cysts
Most ovarian cysts in women of reproductive age 
are benign in nature with characteristic ultraso-
nographic appearances. Ovarian cysts are readily 
diagnosed with transvaginal ultrasound, which 
offers a sensitivity of 88–100% and specificity of 
62–96% in the discrimination between benign 
and malignant adnexal masses [22]. Many ultra-
sonographic misdiagnoses relate to the difficulty 
in differentiating between endometriotic, der-
moid and hemorrhagic cysts [23]. Hemorrhagic 
cysts have diffuse low-level echoes, reflective of 
the fibrinous strands and the retracting clots they 
contain, and are readily recognizable through 
pattern recognition (Figure 2). An adnexal mass 
with diffuse low-level internal echoes (‘ground 
glass’ appearance) is highly likely to be an endo-
metrioma (Figure 3), especially if multilocularity 
and hyperechoic wall foci are also present, but 
8% of endometriomata demonstrate similar 
patterns to hemorrhagic cysts. By contrast, der-
moid cysts demonstrate areas of focal acoustic 
impedance in association with bright echoes and 
hyperechoic lines and dots (Figure 4). A distinc-
tive feature is the presence of a discrete, highly 
echogenic focus with posterior shadowing 
(Rokitansky protuberance). Other character-
istics considered pathognomonic of a dermoid 
cyst include fine, echogenic bands representing 
hair within the cystic area and the presence of 
a fat-fluid level. Although 3D techniques have 
the potential to improve the diagnostic accuracy 
of ultrasound for differentiating between these 
benign ovarian cysts, through the additional 

Figure 2. A multiplanar view of a hemorrhagic cyst.
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spatial information provided by the multipla-
nar view, tomographic ultrasound imaging and 
different rendering modalities, they need to be 
tested in prospective studies [23].

Most benign ovarian cysts do not have a direct 
negative effect on a woman’s fertility but their 
management may have implications, especially 
in subfertile patients. The excision of an ovarian 
cyst measuring more than 5 cm, to reduce the 
risk of torsion and rupture, is common practice 
among many gynecologists. Cystectomy, how-
ever, may have a detrimental effect on ovar-
ian reserve as surgery necessitates a division of 

the ovarian cortex and often involves electro
diathermy to achieve hemostasis. Ovarian cys-
tectomy has been demonstrated to impair ovar-
ian reserve [24,25] and ovarian response [26,27] 
following ART; however, this does not seem to 
translate into impaired pregnancy outcome [28]. 
Few studies have reported contradictory results, 
wherein ovarian cystectomy does not influence 
ovarian response to controlled stimulation [29]. 
In the absence of definitive evidence, differentia-
tion of benign and malignant cysts is important 
and surgery should not be routinely offered for 
benign cysts unless the patient is symptomatic.

�� Hydrosalpinx
In women undergoing in  vitro fertilization 
(IVF), the presence of a hydrosalpinx is associ-
ated with early pregnancy loss and poor implan-
tation and pregnancy rates [30]. The exact effect 
of hydrosalpinges on fertility is unknown but 
they are thought to produce substances toxic to 
the endometrium that negatively affect endo-
metrial receptivity [31]. Salpingectomy, ideally 
performed laparoscopically, prior to IVF has 
been demonstrated to be beneficial and is rec-
ommended [30]. In technically difficult cases 
caused by adhesions, tubal occlusion by clip 
application may also be effective.

The diagnosis of a hydrosalpinx using trans-
vaginal ultrasound can generally be made with 
a high degree of confidence. The sensitivity and 
specificity of transvaginal ultrasound in the diag-
nosis of hydrosalpinx are 84.6 and 99.7%, respec-
tively, with positive and negative predictive values 
of 91.7 and 99.4%, respectively [22]. The typical 
appearance of a hydrosalpinx is of a fluid-filled, 
sausage-shaped, cystic structure with incomplete 
hyperechoic septa. The ‘beads-on-a-string’ sign 
describes the presence of hyperechoic mural nod-
ules measuring approximately 2–3 mm, which 
are seen on cross-sections of the f luid-filled 
distended structure. They may be mistaken as 
a collapsing ovarian cyst or a paraovarian cyst. 
Recently introduced 3D tomographic ultrasound 
imaging can help differentiate between these as 
it provides a series of consecutive images similar 
to the displays seen with MRI and CT (Figure 5).

�� Congenital uterine anomalies
It has been demonstrated that congenital uterine 
anomalies are more common in infertile women 
and in those with recurrent miscarriage as com-
pared with the general population [32,33]. The 
precise classification of a uterine anomaly is of 
clinical importance as it carries prognostic signif-
icance with respect to obstetric and gynecologic Figure 4. A multiplanar view of a dermoid cyst.

Figure 3. A multiplanar view of an endometriotic cyst.
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complications, such as miscarriage or preterm 
labor [34,35], and it critically defines the need and 
feasibility of any intervention. Diagnostic lapa-
roscopy and hysteroscopy were considered the 
gold standard but they do not allow a simultane-
ous view of the external and internal contour of 
the uterus and have certain operative and anes-
thetic risks. Therefore, hysterosalpingography 
or 2D ultrasound [36] are often used, however, 
the former can only assess the internal uterine 
contour and the latter is only sensitive for major 
anomalies and neither can reliably differentiate 
the various types of congenital uterine anoma-
lies. Sonohysterography is highly valuable as it 
provides additional information to conventional 
ultrasound in evaluating the uterine cavity and 
myometrium, and could be applied routinely as 
a first-line, office-based diagnostic tool [37]. The 
quality of assessment can be improved further 
with the use of 3D ultrasound. 3D pelvic ultra
sonography provides a reconstructed coronal 
plane, which allows the evaluation of both the 
external and internal contour of the uterus at the 

same time. This technique has been shown to be 
reliable in diagnosing and differentiating various 
congenital uterine anomalies and in the confor-
mation of normality as it is also specific  [38,39]. 
MRI can also evaluate the external and inter-
nal contour but is considerably more expensive 
and largely reserved for complex anomalies not 
readily classifiable with 3D ultrasound [40].

The double endometrial echo complex seen on 
a transverse plane with 2D ultrasound is indica-
tive of a uterine anomaly but this is observed 
with arcuate, septate and bicornuate uteri. A 
transverse slice through the fundus of an arcuate 
uterus can give the view of a double endometrial 
echo complex, although this mildest form of 
uterine anomaly, with a shallow internal fundal 
indentation of 1 cm or less, is of doubtful clinical 
importance [41]. Nevertheless, a bicornuate uterus, 
which involves indentation in the external fundal 
contour by 1 cm or more, is of clinical signifi-
cance as it is associated with increased risks of 
miscarriage and preterm labor but is not surgi-
cally treatable. By contrast, the septate uterus has 

Figure 5. Tomographic ultrasound imaging of a hydrosalpinx.
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a smooth external fundal contour or a shallow 
external fundal indentation of less than 1 cm in 
depth, but has a similar internal fundal indenta-
tion, of at least 1 cm in depth, to the bicornuate 
uterus, and demonstrates similar risks of miscar-
riage and preterm labor. Most importantly, this 
anomaly is correctable by hysteroscopic resection 
of the uterine septum, which has been demon-
strated to provide improvements in reproductive 
outcomes [42]. The 3D coronal view can be used 
to not only objectively measure the width and the 
length of uterine septum but also the length of the 
remaining ‘normal’ uterine cavity, which has been 
demonstrated to have the closest relationship with 
aberrant pregnancy outcome (Figure 6) [43].

The unicornuate uterus is harder to identify 
with conventional imaging as it does not give 
the classical double endometrial echo complex 
on 2D ultrasound. Although it is not correct-
able, it is associated with a high risk of miscar-
riage and preterm labor [41] and it is clinically 
important to identify so that patients can be 
appropriately counseled and identified as high 
risk in any pregnancy. 

�� Other uterine pathologies
Fibroids can be difficult to define clearly as they 
are often homogenous and blend in with the sur-
rounding myometrial tissue from which they are 
derived. However, the classification of fibroids 
into subserosal, intramural or submucosal is 
usually straightforward and important, as these 
progressively exert a negative effect on pregnancy 
rates, respectively. While intramural fibroids 
measuring more than 4 cm in diameter and sub-
mucous fibroids of any size are thought to nega-
tively affect the outcome of fertility treatment 
and to be associated with lower pregnancy rates, 
the effect that smaller intramural fibroids have 
on reproductive outcome is unclear [44]. A recent 
meta-analysis of 19 observational studies has 

concluded that noncavity-distorting intramural 
fibroids may adversely affect IVF pregnancy out-
come regardless of its size, although it is unclear 
whether removal of such fibroids will improve 
the outcome [45]. There is also doubt regarding 
what exact impact endometrial polyps, the other 
commonly encountered intrauterine pathology, 
have on treatment outcome and early pregnancy. 
Some authors suggest conservative management, 
especially if it is small [46], but this can be difficult 
in patients undergoing fertility treatment or with 
a history of miscarriage when a polyp is identi-
fied before treatment begins. Polyps are usually 
evident with conventional transvaginal imaging, 
although false-positive diagnoses are common. 
Sonohysterography can reduce this and facilitate 
appropriate operative planning [47]. Delineation 
of the polyp with saline ensures that the size and 
position of the polyp can be accurately defined 
allowing surgeons to modify their approach and 
resect the larger, more broad-based polyps rather 
than list them for simple polypectomy.

Assessment of ovarian reserve 
Ovarian reserve has emerged as an important con-
cept in the field of reproductive medicine, espe-
cially in the treatment of infertility. It is defined as 
the existent quantitative and qualitative supply of 
follicles in the ovaries that can potentially develop 
into mature follicles, which, in effect, determines 
a woman’s reproductive potential. It is also used as 
a term to determine the capacity of the ovary to 
provide oocytes that are capable of fertilization, 
resulting in a healthy and successful pregnancy. 
Reproductive aging is thought to be due to a grad-
ual decrease in both the quantity and quality of 
the oocytes contained within the follicles present 
in the ovarian cortex [48]. The fecundity declines 
with a women’s age and this change, secondary 
to the decrease in oocyte quality and quantity, is 
significant after 37 years of age. Natural popula-
tion studies have demonstrated that by a mean 
age of 41 years, the natural fecundity has already 
reached its nadir [49]. This age-related decline in 
fertility is also seen in couples undergoing ARTs 
(2003 CDC ART report) [101]. A poor response to 
ovarian stimulation in such treatment programs 
is a strong predictor of nonconception, sponta-
neous fecundity and early menopause [50,51]. As 
women postpone childbearing, there has been 
an expected increase in the incidence of sub
fertility due to ovarian aging. Evaluation of ovar-
ian reserve has become increasingly important 
as it allows couples to be counseled and allows 
individualization of treatment protocols for those 
requiring assisted reproduction. The commonly 

Figure 6. Uterine cavity shapes. Coronal views of (A) normal, (B) septate and 
(C) arcuate uteri.
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employed tests of ovarian reserve can be divided 
into static markers (estradiol, follicle stimulating 
hormone, inhibin‑B and anti-Mullerian hor-
mone), dynamic markers (tests of stimulation 
with clomiphene citrate, gonadotrophins and 
gonadotrophin-releasing hormone analog) and 
ultrasonographic markers (antral follicle count 
[AFC], ovarian volume and ovarian blood flow).

�� Ovarian volume
The first ultrasound marker of ovarian reserve to 
be evaluated was ovarian volume. It is easily deter-
mined and can be calculated from 2D images, 
using the principle of the volume of an ellipsoid 
using the formula: length × width × depth × p/6, 
or with 3D ultrasound (Figure 7) [13], which seems 
to provide a more reliable and valid method of 
volume calculation. The role of ovarian volume 
as a marker of reserve is unclear. Syrop et al. 
found a reduction in estradiol levels, the number 
of oocytes collected and pregnancy rates corre-
lated with decreasing ovary volume in women 
undergoing assisted reproduction cycles  [52] 
and Bowen et  al. found a significant correla-
tion between reduced ovarian volume, increas-
ing age and follicle-stimulating hormone lev-
els  [53]. Other studies have not seen significant 
differences in ovarian volume between normal 
and poor responders in women aged less than 
37 years [54] or in women at high risk for cancel-
lation of assisted reproduction cycles [55]. Schild 
et al. examined the role of ovarian volume mea-
surements made using pretreatment 3D datas-
ets in 152 IVF cycles and found no relation to 
IVF outcome other than a nonsignificant trend 
to smaller ovarian measurements in the concep-
tion group [56]. Subgroup analysis comparing 
absolute ovarian size revealed a pregnancy rate 
of only 6.7% (one out of 15) in patients with a 
minimum unilateral ovarian volume of no more 
than 3 cm3, which represented a single standard 
deviation below the mean, compared with 21.9% 
(30 out of 137) in patients with a minimum ovar-
ian volume of more than 3 cm3. In a recent sys-
tematic review, Broekmans et al. concluded that 
ovarian volume has little clinical application in 
the prediction of poor pregnancy response [57]. 

�� Antral follicle count
Ultrasonographic assessment of the total number 
of antral follicles measuring 2–10 mm is a reli-
able determinant of ovarian reserve [58,59]. The 
total AFC is performed by counting the number 
of antral follicles measuring 2–10 mm in both 
ovaries and can be estimated using 2D [60,58] 
or 3D ultrasound [61]. 3D ultrasound has two 

main advantages: allowing display of an image in 
three perpendicular planes, simultaneously giv-
ing more spatial orientation, and offline assess-
ment of data along with the facility to render the 
image. 3D ultrasound has recently been demon-
strated to offer a significant advantage over 2D 
imaging in terms of measurement reliability [58]. 
Recent studies evaluating various ovarian reserve 
markers and response have demonstrated that the 
AFC may be considered as the test of choice in 
the assessment of diminished ovarian reserve [62]. 
Recent developments have seen the introduction 
of a 3D automated technique; Sonography-based 
Automated Volume Count™ (SonoAVC; GE 
Healthcare Ultrasound, Zipf, Austria) [63], which 
allows a semi-automated analysis of the antral 
follicle population (Figure 8) [64]. 

�� Ovarian blood flow
There are only a few studies reporting on the 
predictive capacity of ovarian vascular f low 
parameters for ovarian response or the occur-
rence of pregnancy [65–69]. Kupesic et al. used 3D 
power Doppler angiography (Figure 9) to evaluate 
ultrasound-derived ovarian predictors of ovarian 
response and outcome in 56 women with nor-
mal basal serum follicle-stimulating hormone 
concentrations (<10 mIU/ml) undergoing their 
first cycle of IVF [67]. Multiple regression analysis 
of the six most predictive variables – including 
the peak estradiol on the day of human chor
ionic gonadotropin administration, total ovarian 
volume, total ovarian stromal area, age and total 

Figure 7. The Virtual Organ Computer-Aided Analysis™ (VOCAL) method of 
volume calculation. The measurement was performed in the B‑plane by manually 
outlining the ovarian cortex. The ovarian dataset has been rotated 180° through 20 
9° rotation steps about a central vertical axis denoted by the blue arrow in the 
B‑plane. The resultant 3D model of the ovary is shown in the lower right image.
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AFC – revealed AFC to be the best predictor of 
the number of mature oocytes collected and preg-
nancy, followed by the ovarian stromal flow index, 
which is a measure of the intensity of blood flow. 
Similar findings were reported in larger subse-
quent studies by Ng et al. and Jayaprakasan et al., 
in which the AFC achieved the best predic-
tive value in relation to the number of oocytes 
retrieved, although the 3D ovarian vascular 
indices were not predictive of ovarian response 
or pregnancy [68,69]. Despite these studies, very 
few centers use ovarian blood flow clinically and 
it essentially remains a research tool.

Follicular monitoring
Follicular tracking describes the serial ultra
sonographic study of the ovary during the folli
cular phase of the menstrual cycle. The aim is to 
estimate follicular maturity, so that the time of 
ovulation can be predicted, or to enable interven-
tions to be appropriately timed during ART [70]. 

During follicular tracking, the mean diameter of 
each of the follicles is measured and their growth 
followed. Ultrasound is often used in conjunc-
tion with serum measures of estradiol, luteinizing 
hormone and progesterone to improve accuracy.

�� Follicular development in the normal 
menstrual cycle
A cohort of small antral follicles develops dur-
ing the luteal phase of previous menstrual cycles 
independently of gonadotrophin stimulation. 
Further development of the follicle is only pos-
sible in the presence of appropriate levels of 
gonadotrophin, whereby the most mature follicle 
is selected and the others become atretic. The 
leading follicle grows at approximately 2 mm 
per day until ovulation, which occurs at a mean 
diameter of 20–25 mm [70]. At the time of ovula-
tion, meiosis II resumes, leading to the formation 
of a mature oocyte capable of fertilization, loss 
of the germinal vesicle and extrusion of the first 

Figure 8. Quantifying ovarian reserve. The antral follicles measuring 2–10 mm in diameter can be counted reliably using SonoAVC™.
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polar body. Ovulation is characterized by a blur-
ring of the follicular borders, the appearance of 
intrafollicular echoes and the appearance of free 
fluid in the pouch of Douglas. Following ovula-
tion, the corpus luteum may be seen, which can 
appear as a thicker and more irregular walled 
cystic structure with circumferential blood flow 
referred to as a ‘ring of fire’. The corpus luteum 
has a limited life expectancy and resolves if preg-
nancy does not occur at the end of the luteal 
phase. Rarely, ovulation fails to occur leading to 
a luteinized, unruptured follicle in which, despite 
the absence of follicular rupture and release of the 
oocyte, the unruptured follicle undergoes lutein-
ization under the action of luteinizing hormone. 
Ultrasound, but not the midluteal progesterone 
levels, aids in diagnosing this condition as there 
is normal production of progesterone.

�� When is follicular tracking used?
Follicular tracking is important during controlled 
ovarian stimulation and used as part of IVF treat-
ment when multifollicular recruitment is desired. 
A large number of oocytes are recruited for fertil-
ization to provide a pool of embryos from which 
the best can be selected for transfer into the endo-
metrial cavity and any excess good quality ones 
are frozen to increase the cumulative conception 
rates. Ultrasound is again used to ensure adequate 
stimulation is occurring and to identify patients 

at risk of ovarian hyperstimulation as well as to 
time final follicular maturation, which is essential 
prior to oocyte retrieval to induce the resump-
tion of meiosis. Mature oocytes are generally 
retrieved from follicles measuring at least 14 mm 
in mean diameter and most IVF centers aim to 
carry out oocyte retrieval when there are three 
or more follicles measuring 17–18 mm or more. 
Wittmaack et al. demonstrated that the highest 
oocyte recovery rates (83.5%) were achieved with 
follicles measuring 3–4 ml, which is the equiva-
lent of a mean follicular diameter of between 
18 and 20 mm [71] while cleavage rates may be 
higher (92%) in follicles measuring 6–7  ml, 
which equates to a mean diameter of between 23 
and 24 mm. Nataprawira et al. also demonstrated 
that while follicular diameter correlated well with 
fluid volume, the number of mature oocytes and 
fertilization rates were higher when an oocyte was 
retrieved from a follicle measuring between 5 and 
7 ml than when obtained from follicles with a 
volume of between 1 and 5 ml [72].

Follicle size, both in terms of diameter and 
volume, can be estimated using 2D and 3D ultra-
sound. Recently introduced software, SonoAVC, 
has been used to provide automated measure-
ments of follicle size from the stored 3D datasets 
(Figure 10). While this technique appears promis-
ing and may have implications for the work flow 
within an IVF center [73], timing final follicle 

Figure 9. 3D power Doppler assessment of ovarian vascularity. The histogram is applied to 
quantify the power Doppler signal within the ovarian volume defined using Virtual Organ  
Computer-Aided Analysis™ (VOCAL). Three indices, vascularization index, flow index and 
vascularization flow index are calculated as shown together with the histogram, displaying of both 
the color and gray values.
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maturation and oocyte retrieval on the basis of 
such automated measures does not appear to 
improve the clinical outcome of ART [74]. 

Embryo transfer
Embryo transfer is a crucial step in IVF treat-
ment. In most IVF centers, ET is done under 
ultrasound guidance. However, the evidence to 
support this ultrasound guidance is conflict-
ing. A recent systematic review of randomized 
control trials has suggested ultrasound-guided 
ET significantly increases the chance of live 
birth and ongoing and clinical pregnancy rates 
compared with the clinical touch method [75]. 
ET under ultrasound involves a transabdomi-
nal scan of the uterus in its longitudinal axis. 
The ultrasound transducer is manipulated as the 
embryo catheter is inserted to ensure the catheter 
tip is identified and followed as the catheter is 
advanced. The couple can witness the transfer of 
the embryo or embryos through observation of 
the culture media and associated air bubbles on 
the ultrasound machine. The air bubbles, which 
help secure the fluid and embryo(s) within the 

catheter, are readily evident on ultrasound as 
a bright, hyperechogenic line or as two small 
dots. Some catheters are impregnated with air 
bubbles to facilitate identification of the catheter 
on ultrasound. 

The exact location of the catheter tip can be 
confirmed by sweeping the ultrasound probe 
along the longitudinal axis of the uterus or by 
acquiring a 3D dataset. The best place to transfer 
the embryo(s) is also subject to debate. A rando
mized control trial has shown that pregnancy 
rates are higher when the embryos are released 
1.5–2 cm away from the fundus [76]. However, 
Franco et al. found no differences in implanta-
tion or pregnancy rates when comparing embryos 
transferred in the upper or lower half of the endo-
metrial cavity [77], and two recent studies have 
also failed to demonstrate any advantage with 
ultrasound guidance [78,79]. The important point 
seems to be to avoid touching the fundus with the 
catheter tip, which may induce uterine contrac-
tions and potentially be detrimental to implan-
tation or even lead to ectopic pregnancy  [80]. 
However, a meta-analysis by Sallam et al., did 

Figure 10. Application of SonoAVC™ on a stimulated ovary. The color-coded follicles and their individual measurements can be 
seen within a stimulated ovary during in vitro fertilization treatment.
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not show any significant difference in the inci-
dence of ectopic pregnancy between clinical 
touch and ultrasound guidance [81].

The angle between the uterine cervix and 
body can make ET technically diff icult. 
Sallam et al. used transabdominal ultrasound 
to measure the angle between the cervix and the 
body of the uterus and then artificially molded 
the ET catheter to mimic this [82]. This resulted 
in higher clinical pregnancy and implantation 
rates and reduced the incidence of difficult and 
bloody transfers compared with the routine clin-
ical touch method where ultrasound guidance 
was not used. An acute cervico–uterine angle 
below 115° appears to be an independent predic-
tor of difficult ET and the need for a more firm 
but malleable catheter, which is associated with 
significantly reduced implantation and clinical 
pregnancy rates. 

Whether or not ultrasound is used to pre-
dict difficult transfers, guide the passage of the 
catheter, train new doctors or demonstrate the 
procedure to the couple, it may still have a role 
in the general assessment of the woman prior to 
transfer. The scan provides an opportunity to 
detect new intrauterine pathology that may arise 
after oocyte retrieval [83] and also allows reassess-
ment of the patient’s risk of ovarian stimulation. 
Although ultrasound-guided ET may not have a 
clear effect on pregnancy rates, there are a num-
ber of positive effects of ultrasound-guided ET 
that cannot be ignored.

Assessment of 
endometrial receptivity
Endometrial receptivity is the generic term to 
describe how the endometrium will respond to 
embryo implantation. The actual contribution 
of the endometrium to the overall implantation 
process, relative to that of the embryo, is a mat-
ter of conjecture. The endometrium must play 
some part, however, as conception is unlikely in 
patients with a thin endometrium and in women 
who have received pelvic radiotherapy or certain 
forms of chemotherapy [84]. Several predictive 
tests of endometrial receptivity have been sug-
gested, of which ultrasound is the most appropri-
ate as it allows a noninvasive but direct assessment 
of the endometrium and subendometrium. 

The majority of centers restrict assessment to 
the measurement of endometrial thickness and a 
description of endometrial pattern. Conception 
is unlikely in association with an endometrial 
thickness of 5 mm or less, although most units 
would prefer to see it measure 8 mm or more 
prior to ET [85,86]. While a recent large study of 

1294 IVF cycles confirmed the close relationship 
between endometrial thickness and pregnancy 
rate, the authors questioned the not uncommon 
practice of canceling ET in the presence of a thin 
endometrium as pregnancy rates of up to 50% 
were still achieved in women with endometria 
measuring 6 mm [87]. 

Simple correlation statistics between the vari-
ous echogenic patterns of the endometrium and 
endometrial receptivity, assessed by consider-
ing implantation and pregnancy as an outcome 
measure, have repeatedly demonstrated that the 
trilaminar pattern is more favorable than a pre-
maturely hyperechogenic endometrium on the 
day of ovulation or administration of human 
chorionic gonadotrophin to promote final fol-
licular maturation in ART cycles [88]. While a 
trilaminar pattern is more frequently associated 
with conception, a homogenous, hyperechogenic 
endometrium lacking an echogenic central line 
has also repeatedly been demonstrated to be asso-
ciated with nonconception in both natural and 
ART cycles [88,89]. These findings indicate that 
premature luteinization and the associated rise 
in progesterone lead to an ‘out-of-phase’ endo-
metrium, which has been shown to be associated 
with lower pregnancy rates in ART cycles [90]. 
Nevertheless, endometrial echogenicity and pre-
mature rises in progesterone do not show a con-
sistent association with nonconception [91]. The 
discrepancies may reflect the degree of observer 
reproducibility of pattern recognition. However, 
the presence of a trilaminar pattern (Figure 11) 
does not guarantee a successful outcome even 
in the presence of high-quality embryos. While 

Figure 11. Trilaminar appearance of endometrium consistent with late 
follicular phase.
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Executive summary

Assessment of pelvic pathology
�� Polycystic ovarian syndrome 

–	 The diagnosis of polycystic ovarian syndrome (PCOS) not only carries important long-term health implications, such as increased 
metabolic risks, but also allows the clinician to formulate an optimal ovarian stimulation protocol aiming for multifollicular response 
without the complications of ovarian hyperstimulation syndrome.

–	 Despite the recently introduced definition derived by the Rotterdam consensus workshop, which suggested the presence of 12 or 
more follicles measuring 2–9 mm in diameter and/or an ovarian volume of more than 10 cm3 for the ultrasound diagnosis, the 
precise role of ultrasound in the diagnosis of polycystic ovarian syndrome remains controversial.

�� Ovarian cysts
–	 Ovarian cysts are readily diagnosed with transvaginal ultrasound, which offers a sensitivity of 88–100% and specificity of 62–96% 

in the discrimination between benign and malignant adnexal masses.

–	 Hemorrhagic cysts have diffuse low-level echoes, reflective of the fibrinous strands and retracting clots they contain. Endometrioma 
demonstrate diffuse low-level internal echoes (‘ground glass’ appearance) and dermoid cysts demonstrate areas of focal acoustic 
impedance in association with bright echoes and hyperechoic lines and dots.

–	 Most benign ovarian cysts do not have a direct negative effect on a woman’s fertility but their management may have detrimental 
effects on ovarian reserve and ovarian response to gonadotrophin stimulation.

�� Congenital uterine anomalies
–	 Congenital uterine anomalies are more common in infertile women and those with recurrent miscarriage than in normal individuals.

–	 3D pelvic ultrasonography provides a reconstructed coronal plane that allows the evaluation of both external and internal contours 
of the uterus at the same time and, thereby, improves the reliability in diagnosing and differentiating various congenital uterine 
anomalies and the conformation of normality. 

Assessment of ovarian reserve
�� Evaluation of ovarian reserve has become increasingly important as it allows couples to be counseled and allows individualization of 

treatment protocols for those requiring assisted reproduction.
�� The commonly used ultrasonographic markers of ovarian reserve are antral follicle count, ovarian volume and ovarian blood flow.

–	 Ovarian volume

–	 While a unilateral ovarian volume of less than 3 cm3 is regarded as a cut-off value, indicating reduced chances of conception after 
assisted reproduction treatment, its routine clinical application in predicting in vitro fertilization (IVF) outcome is limited.

–	 Antral follicle count

–	 The total antral follicle count is made by counting the number of antral follicles measuring 2–10 mm in both ovaries. 
–	 The antral follicle count may be considered as the test of choice in assessment of diminished ovarian reserve.
–	 The recently introduced 3D automated technique, Sonography-based Automated Volume Count™ (SonoAVC), allows a 

semi-automated analysis of the antral follicle population.
–	 Ovarian blood flow

–	 The role of ovarian blood flow in the prediction of ovarian and reserve ovarian response remains controversial.

Follicular monitoring
�� Follicular tracking is important during controlled ovarian stimulation as it is used as part of IVF treatment when multifollicular 

recruitment is desired.
�� SonoAVC has been used to provide automated measures of follicle size and may have implications for the work flow within IVF centers.

Embryo transfer
�� The exact location of the catheter tip can be confirmed using ultrasound.
�� The best place to transfer the embryo(s) is subject to debate, but current evidence suggests that pregnancy rates are higher when the 

embryos are released 1.5–2 cm away from the fundus.

Assessment of endometrial receptivity
�� Commonly used markers of endometrial receptivity include endometrial thickness and endometrial pattern. 
�� Conception is unlikely in association with an endometrial thickness of 5 mm or less, although most centers would prefer to see it 

measure 8 mm or more prior to embryo transfer.
�� While a trilaminar pattern is more frequently associated with conception, a homogenous, hyperechogenic endometrium lacking an 

echogenic central line has been shown to be associated with nonconception both in natural and assisted reproduction treatment cycles.

Conclusion
�� Ultrasound is used to monitor the response to treatment and to guide oocyte collection and embryo transfer in women undergoing IVF. 
�� It is also used as a baseline tool to investigate the subfertile woman for ruling out any pelvic pathology and for assessment of ovarian 

reserve, although not universally at present.

Future perspective
�� Further advances in the ultrasound, specifically with regard to resolution and development of automated software, in the coming years, 

will enhance the objective evaluation of female pelvis.
�� There is a potential for SonoAVC to redefine the ovulation trigger criteria and to improve the assisted reproduction treatment outcome, 

although current evidence is limited.
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advanced endometrial development, as defined as 
the presence of a homogenously echogenic endo-
metrial pattern on the day of human chorionic 
gonadotropin administration, has a strong nega-
tive predictive value of 85.7% for conception, a 
trilaminar pattern on the same day only appears 
to have a positive predictive value of 33.1% and a 
specificity of 13.7% for the prediction of clinical 
pregnancy following ART [92].

Adequate endometrial blood flow is generally 
regarded as a marker of endometrial receptiv-
ity [93]. However, reports from studies that corre-
lated endometrial and subendometrial blood flow, 
as measured by 2D pulse-wave Doppler, with 
implantation or pregnancy following IVF treat-
ment are conflicting. While some groups suggest 
blood flow within the spiral arteries as reflected 
by measurements of resistance to flow (pulsatility 
index) and absolute velocity (peak systolic veloc-
ity) is not predictive of pregnancy [93,94], others 
report significantly lower spiral artery pulsatility 
index in pregnant cycles than nonpregnant cycles 
[95]. A more detailed ultrasound assessment of the 
endometrium can be made including 3D quanti-
fication of endometrial volume, and endometrial 
and subendometrial blood flow [96]. However, the 
current evidence is unclear and the current clini-
cal value of these parameters for the prediction of 
pregnancy following IVF treatment is limited [97].

Uterine contractile activity at the time of 
implantation is considered detrimental to the 
endometrial receptivity. Fanchin et al. reported 
significantly lower pregnancy rates in women 
(13%) that have an increased uterine contractile 
activity (five or more contractions per minute) 
when compared with women (54%) with lower 
uterine activity (three or less contractions per 
minute) [98]. Further studies have confirmed 
this negative association of symmetrical contrac-
tions with the chances of pregnancy following 
ART [99]. The role of uterine contractile activ-
ity as a marker of endometrial receptivity war-
rants further research and, currently, assessment 
of uterine contraction does not form part of a 
routine endometrial assessment. 

Conclusion
Ultrasound allows a noninvasive, direct assess-
ment of the pelvic organs. It is used daily to 
monitor the response to treatment and to guide 
oocyte collection and ET in women undergoing 
IVF treatment. It is also used as a baseline tool 
to investigate subfertile women for ruling out 
any pelvic pathology and for assessment of ovar-
ian reserve, although not universally at present. 
However, there is sufficient evidence to justify 
scanning all women prior to treatment as many 
patients have asymptomatic disease known to 
reduce the chance of conception if left untreated. 
The absence of a randomized controlled trial 
comparing clinical pelvic examination to trans-
vaginal ultrasound does not negate the readily 
evident fact that the latter is able to detect pel-
vic pathology more accurately and to quantify 
it objectively. Therefore, ultrasound should 
form part of the routine assessment of subfertile 
women, even in the absence of clinical features 
suggestive of disease.

Future perspective
Further advances in the ultrasound, specifically 
with regard to resolution and development of 
automated software in the coming years, will 
enhance the objective evaluation of female pel-
vis. 3D ultrasound and SonoAVC has already 
proven to improve the workflow of the fertil-
ity units. There is a potential for SonoAVC to 
redefine the ovulation trigger criteria and to 
improve the ART outcome, although current 
evidence is limited.
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