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Summary

Background: Congenital uterine malformations develop during early embryogenesis, and their possible impact on female reproduc-
tion often represent a diagnostic and therapeutic challenge. In this study, the authors aimed to evaluate the possibility of detection and
differentiation of Miillerian uterine anomalies on the basis of coronal plane obtained by three-dimensional transvaginal ultrasonogra-
phy. Materials and Methods: The authors investigated 310 non-pregnant women who underwent three-dimensional ultrasound (3-D US)
examination followed by the reconstructed three-dimensional images in the coronal plane. The patients were divided into two groups:
infertile and unselected women. Results: Miillerian duct anomalies were diagnosed in 25 patients (8%). In the group of infertile patients
the number of assessed anomalies was higher (16; 14.4%) as compared to the unselected patients (9; 4.6%). The prevalence of uterine
anomalies was increased in the group of infertile patients. In the group of infertile patients, the length of uterine cavity was decreased
compared to the unselected women (p = 0.0021). This difference was also visible in the case of nulliparous women from both groups
(» =0.0070). On the other hand, the thickness of fundal myometrium and the distance between the two internal tubal ostia did not vary
among patients (p > 0.05). Conclusions: 3-D US represents a feasible and accurate technique for the detection and differentiation of con-
genital uterine malformations. Three-dimensional reconstructed coronal view could be used for the additional measurement of differ-

ent uterine dimensions which were shown to differ between infertile patients and the control group, and according to the parity.
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Introduction

Congenital uterine malformations develop during early
embryogenesis as a result of different interruptions in
process of formation, vertical or lateral fusion, and resorp-
tion of Miillerian ducts. The prevalence of congenital uter-
ine anomalies varies according to the authors with an
estimated prevalence of 5.5 % in the general population and
higher in selected group of women such as those with re-
current abortions [1, 2]. Highest prevalence of female tract
anomalies of 24.5% was reported in patients with miscar-
riage and infertility [1]. Different occurrence of uterine
anomalies could be associated with different clinical symp-
toms, varying between serious health complications in the
adolescence and reproductive problems in childbearing age,
although in great proportion they are asymptomatic [1, 3].
Due to the relatively high prevalence of congenital uterine
malformations and their possible impact on female repro-
duction, they often represent a diagnostic and therapeutic
challenge for the professionals. This process is further com-
plicated by the numerous treatment options available for
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their management and several classification systems exist-
ing for congenital uterine anomalies nomenclature and cat-
egorization. Since recent years the most widely used system
for classification of female congenital anomalies was that
of the American Fertility Society (AFS), now called Amer-
ican Society of Reproductive Medicine [4]. Although this
system provides us with the opportunity to standardize and
compare the results of surgical treatment and reproductive
outcome, it has various limitations as considered the crite-
ria and methods that are used in effective categorization
and therapeutic decision-making process of these anom-
alies. European Society of Human Reproduction and Em-
bryology (ESHRE) and European Society for Gynecol-
ogical Endoscopy (ESGE) recognized the need for new,
more reliable evidence-based updated classification of fe-
male genital tract malformations, and created the new sys-
tem under the working name CONUTA (CONgenital
UTerine Anomalies) [5]. The ESHRE/ESGE classification
system is based on female genital development and
anatomy with mainly clinical orientation as a basis to
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Figure 1. — Scheme of measurements of uterine cavity dimensions on the three-dimensional reconstructed coronal plane. 1 —the length
of uterine cavity as a distance from the level of the internal os (I) to the fundus (F), 2 — distance between the two internal tubal ostia (T)
3 — fundal wall thickenss as a distance from uterine serosal line (S) to fundal endometrial line (F) 4 — thickness of fundal concavity in
relation to interostial line resulting in depth of fundal cavity indentation.
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Figure 2. — The prevalence of congenital uterine malformations in the group of infertile patients and controls.
*fundal myometrium indentation from 10% to 20% of intratubal distance.

achieve the goal of for more effective diagnosis and treat-
ment of female genital tract congenital anomalies.

The new ESHRE/ESGE consensus does not specify the
diagnostic tool for the assessment and interpretation of the
genital anomaly. Although there is a wide variety of diag-
nostic tests that are available for the examination of female
genital anatomy, there is a growing pool of evidence that

three-dimensional ultrasound (3-D US) could be the most
ideal technique due to its possibility to provide the infor-
mation on the cervix, the uterine cavity, and the uterine wall
in the same prospective [6, 7]. The great advantage of 3-D
US is the possibility of the simultaneous analysis of the
uterine cavity shape and the external contour of the uterus
by reconstruction of the coronal view. It is important to
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Figure 3. — Three-dimensional ultrasound reconstructed coronal
plane of major congenital uterine malformations. a: Hemi-uterus
(Class U4); b: Bicorporeal partial uterus (Class u3a); c: Bicor-
poreal complete uterus (U3b); d: Completely septated uterus
(Class U2b).

mention that 3-D US is a non-invasive method that does
not require liquid instillation in uterine cavity, and consec-
utive increase of uterine intraluminal pressure which oc-
curs is the case of hysteroscopy and hysterosalpingography.
Moreover, the use of new 3-D modalities such as Om-
niView and volume contrast imaging (VCI) provide us with
the valuable information on the shape and dimensions of
uterine cavity and its borders that were shown to be very ac-
curate, even as compared to MRI which is limited depend-
ing on the higher costs and availability [8]. The primary
aim of the study was to evaluate the possibility of diagno-
sis and differentiation of congenital uterine anomalies, by
type, in infertile women, and in control group. This was
done by the analysis of different measurements extrapo-
lated from the coronal view of the uterus made by 3-D US.

Materials and Methods

The clinical study enrolled 310 non-pregnant women of repro-
ductive age who did not meet any of the exclusion criteria that in-
cluded all the conditions that might have an influence on the
uterine size and shape such as: pregnancy, benign lesions in the
myometrium and endometrium, malignant neoplasms of the re-
productive organs, previous surgeries that might affect the origi-
nal shape of the uterine cavity, and intrauterine devices. The
participants were divided into two groups. First group consisted of
women referred to a tertiary centre for the assessment and treat-

Figure 4. — Three-dimensional ultrasound reconstructed coronal
plane of minor congenital uterine malformations. a, b: normal —
Class UO uterus; c: dysmorphic uterus Class Ulc — arcuate; d, e
and f: partial septate uterus — Class U2a.

ment of infertility (n=114) was examined at Ultrasound Unit of
Clinical Hospital Centre Zagreb. Second group of unselected pa-
tients (n=196) was examined at Ultrasound Unit of General Hos-
pital Pula.

The study was approved by Ethics Committee of the Clinical
Hospital Centre Zagreb and General Hospital Pula. Prior entering
the study, all women were explained in detail the purpose and ob-
jectives of the study.

Patients underwent transvaginal 3-D US examinations with vol-
umetric transvaginal probe (4-9 MHz). All examinations were per-
formed by two experienced sonographers. Patients were examined
during the late follicular phase of the menstrual cycle, because of
the increased thickness and echogenicity of the endometrium en-
abling more accurate interpretation. Each ultrasound assessment
started with detailed two-dimensional (2-D) demonstration of the
placement, size, and morphological features of the uterus and ad-
nexa, after which the uterus was placed in mid-sagittal view in a
way that occupy at least 50% of the picture on the screen.

Initial 3-D static volume acquisition with high resolution and
sweep angle of 120 degrees was done on 2-D US image. All vol-
umes were immediately stored on removable hard disk cartridges
and analyzed later by the same professional in order to avoid inter
observer variations. All three perpendicular planes (sagittal, trans-
verse, and coronal sections) were displayed following reload of
the images. Reconstructed 3-D images in the coronal plan with
visualized both fallopian tube ostia and internal cervical os were
further studied to diagnose and differentiate major uterine anom-
alies. VCI technique that enables precise evaluation of the inner
and outer uterine shape was used for the reconstruction. Virtual
flattening of the curved line of the uterine cavity was achieved by
OmniView method which provides use with better quantification
of the uterine cavity length and its proportion.

Several measurements were taken from the 3-D picture of
uterus: the length of the uterine cavity as a distance from the level
of the internal cervical os to the fundus, distance between the two
internal tubal ostia, fundal wall thickness, and thickness of fundal
concavity in relation to interostial line, resulting in depth of fun-
dal cavity indentation (Figure 1). Congenital uterine anomalies
were classified in accordance to the modified ESHRE/ESGE con-
sensus on the classification of female genital tract congenital
anomalies with some additional criteria; In the group Ulc (all
minor deformities of the uterine cavity), the authors included the
arcuate uterus whose fundal midline did not exceed 50% of the
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Table 1. — Comparison of uterine cavity measurements
from three-dimensional coronal view between infertile pa-
tients and group of unselected women.

Table 2. — Comparison of uterine cavity measurements

from three-dimensional coronal view between nulliparous

women from infertile and control groups.

(mm) Infertile Unselected p-value
n=109) (n=194)

Length of uterine cavity 30.38+5,37 33.31£8.44  0.0021"

Intertubal distance 31.34+5.33  32.49+5.45 0.2319

Fundal wall thickness 12.64+3.08 13.23+3.15 0.1143

Fundal cavity indentation 2.444+3.68  1.45+2.48  0.0132"

"5 <0.06

uterine wall thickness (important for the diagnosis of the septate
uterus). Moreover, arcuate uteruses were further subclassified into
two groups: one with midline indentation over 20% of the in-
tratubal distance being chosen on the bases of two standard devi-
ations that were measured in the group of unselected patients.
Other group of uteruses with mild arcuate appearance (midline
indentation from 10% to 20% of intratubal distance) were also an-
alyzed but interpreted as anatomical variation instead of uterine
anomaly. Other congenital uterine malformations were diagnosed
and categorized in accordance with ESHRE/ESGE consensus.

A database file was set up using Excel to facilitate data entry
and retrieval. Statistical analysis was performed using Minitab
Statistical Package Statistical Software and SPSS (Version 18.0).
Parametric dates were analysed by Student’s #-test, while Pear-
son’s y*-test was used to compare relative proportions of various
types of uterine anomalies between two groups.

Results

Two groups of patients did not differ by age and the num-
ber of miscarriages in medical history, but there was a dif-
ference in parity between the groups (data not shown). As
expected, the number of women with previous deliveries
was significantly higher in the group of unselected patients
as compared to the group of infertile patients. The preva-
lence of uterine anomalies is shown in Figure 2. Overall
the authors diagnosed Miillerian duct anomalies in 25 pa-
tients (8%). In the group of infertile patients, the number of
assessed anomalies was higher (16; 14.4%) as compared to
the unselected patients (9; 4.6%). Morphological charac-
teristics of uterine anomalies were further compared be-
tween the groups. The most common anomalies in both
groups were those from the Class U1 or dysmorphic uterus
and partially septate uterus (U2a), while only one patient
from each group was found to have complete bicorporeal
uterus (Class U3b) and hemi-uterus (Class U4) as well. On
the other hand, the diagnosis of complete septate uterus
(Class U2b) and partial bicorporeal uterus (Class U3a) were
made only in infertile patient group. Although the preva-
lence of uterine anomalies was increased in the patients
with decrease fertility, there was no difference in the preva-
lence of uterus with mild arcuate appearance between the
two groups.

(mm) Infertile and ~ Nulliparous in p-value
nulliparous unselected
(n=82) population (n=105)
Length of uterine cavity 29.43+5.23 31.8+6.5 0.0070"
Intertubal distance 30.67+£5.33  30.19+5.26 0.5442
Fundal wall thickness 12.3+£3.26  12.6443.1 0.4839
Fundal cavity indentation 2.75+3.99  1.66+2.46 0.0341"

9 <0.06

The results of uterine measurements are shown in Table
1. Measurements from seven patients with major uterine
anomalies (from U2b to U4) were excluded from the study
since in these cases the anatomy of uterus was very dis-
turbed (Figure 3) that the values could not been compared
to the minor anomalies (from U0 to U2a) or controls (Fig-
ure 4). In the group of infertile patients, the authors found
decreased distance from internal os to the fundus and in-
creased fundal indentation, as compared to the unselected
patients. This difference was also visible in the case of nul-
liparous women from both groups (Table 2). On the other
hand, the thickness of fundal myometrium and the distance
between the two internal tubal ostia did not vary among pa-
tients.

Discussion

The results of this study confirmed the findings of other
authors, that women who are referred for the investiga-
tion of infertility have a high prevalence of congenital
uterine anomalies which is even more increased in a case
of multiple miscarriages [2, 9]. The most common anom-
alies are arcuate and partially septate uterus that were
both more common in group of infertile patients as com-
pared to the group of unselected patients (Table 1). This
is in accordance with other authors who found that sur-
gical correction of these anomalies may be beneficial for
the fertility rate. [10, 11] Further on, the measurements
made in this study on the basis of coronal view showed
that there is a spectrum of changes of the inner my-
ometrium couture between normal toward arcuate and
partially subseptate uterus that are not increased in
women with infertility problems. It is well known that
fundal arcuate indentation not exceeding 10% of interos-
tial distance does not have impact on reproductive out-
come [12], while the present results suggest that even
more pronounced fundal arch does not have impact on
fertility rate since it is often visualized on 3-D coronal
view of multiparous women. The present authors’ opin-
ion is that the definition of arcuate anomaly as uterus
with the internal midline myometrium depression of over
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1 cm could be too restrictive [13] due to the individual
variations of internal and external myometrium couture.
To bypass these variations, the present authors chose the
cut off value of 20% of fundal depression since it in-
cludes two standard variations of the mean value in this
group of unselected patients. In this way the authors ob-
tained objective method to differentiate normal from
uterus with mild arcuate appearance. This anatomic vari-
ation is not increased in the group of infertile patients,
showing that this categorization of the uterine cavity
shape does not have impact on the reproduction outcome.
On the other hand, surgical reconstruction of mild uterine
anomalies, such us arcuate and partially septate uterus
significantly improves the pregnancy rate [13] which
shows the importance of correct differentiation of uterine
anomalies from its anatomic variations.

3-D transvaginal US enables visualization of the uterus
in the coronal plane, which could not been obtained on 2-
D conventional scans. Since coronal plane allows the si-
multaneous visualization of both horns of the
endometrium and the cervix at the same time, we could
measure different distances in the uterus which could not
been analysed by 2-D US. The present authors found that
the infertile women have decreased length of uterine cav-
ity and more pronounced depression of inner my-
ometrium margin as compared to the unselected patient
(Table 2). In addition, these two measurements were
shown to be decreased in the nulliparous infertile patients
as compared to the nulliparous women from the unse-
lected group (Table 3). Although the difference in the
length of the uterine cavity has been shown to vary ac-
cording to parity [14], the present authors have not found
published studies to confirm the difference in nulliparous
infertile women, as compared to the nulliparous women
from general population. It is not clear whether the de-
crease of the uterine cavity length and the more pro-
nounced inner myometrium indentation are the results of
increased prevalence of Miillerian duct anomalies or if
these anatomical features could have independent effect
on reproductive outcome.

In order to elucidate many problems regarding diagno-
sis and classification of female congenital malformations
and their impact on reproduction, larger prospective
study including patients of different ages and parity
should be undertaken in the future work.

The present investigation confirmed that the analysis
of coronal plane obtained by 3-D US represents a feasi-
ble and accurate technique for the detection and differ-
entiation of congenital uterine malformations. The
detection rate, sensitivity, and specificity of 3-D US
could be compared to hysteroscopy and MRI [15], while
its obvious advantages are non-invasive nature of the
method and decreased costs. The potential of 3-D sonog-
raphy as a relatively simple, non-invasive, and accessible
method is even empowered with the introduction of Om-

niView and VCI technology. Although 3D-US has al-
ready been proposed as a reasonable choice in the as-
sessment of the uterine cavity in patients with a suspected
uterine anomaly seen on conventional 2D scan [8, 16],
this method could also be used in the evaluation and
screening of low risk patients, since some of the anom-
alies could be successfully treated even before the onset
of reproductive problems.
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