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Abstract
Study objective  To estimate the diagnostic accuracy of three-dimensional ultrasonography (3D US) compared to hyster-
oscopy/laparoscopy, in the investigation of uterine congenital anomalies using the ESHRE/ESGE classification of female 
genital tract congenital anomalies.
Design  Prospective blind, comparative, cohort study.
Setting  University Tertiary Hospital and affiliated private Hospital.
Patients and methods  Sixty-two women consecutively referred with a suspected diagnosis of uterine congenital anomalies. 
The ESHRE/ESGE classification of congenital anomalies of the female genital tract was used for the description of abnormal 
findings.
Interventions  All patients underwent (1) 3D US and (2) hysteroscopy with laparoscopy to establish the final diagnosis.
Results  Concordance between 3D US and hysteroscopy with laparoscopy about the type and the classification of uterine 
anomaly was verified in 61 cases, including all those with septate uterus, dysmorphic uterus, bicorporeal, hemi-uterus or 
unicorporeal, and aplastic uterus and one out of two with normal uterus. For the diagnosis of septate uteri, which was the 
most common anomaly, the sensitivity of 3D US was 100%, the specificity was 92.3%, the PPV was 98% and the NPV was 
100%, with kappa index 0.950. For bicorporeal, dysmorphic uterus, hemi-uteri or unicorporeal and aplastic uterus the sen-
sitivity, specificity, PPV and NPV were all 100% with K = 1.00. Overall, 3D US showed perfect diagnostic accuracy (Kappa 
index = 0.945) in the detection of congenital uterine anomalies.
Conclusion  3D US appears to be a very accurate method for the diagnosis of congenital uterine anomalies.

Keywords  Three-dimensional ultrasound · Congenital anomalies of the female genital tract · Hysteroscopy · Laparoscopy · 
ESHRE/ESGE classification system

Introduction

Female genital anomalies are the result of the abnormal for-
mation, canalization and/or fusion of the paramesonephric 
ducts and/or from the defective absorption of the midline 
septum [1]. The total prevalence of female genital tract mal-
formations is estimated to be 5.5–6.7% for the general popu-
lation, 7.3–8.0% for the infertile population, and 13.3–16.7% 
for the recurrent pregnancy loss population [2, 3]. Septate 
uterus is the most common congenital uterine malformation 
in high-risk populations [3].

Accurate diagnosis and classification of the congenital 
uterine anomalies are mandatory, especially in the cases 
with septate and bicorporeal uterus, where the patients may 
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benefit from interventional therapeutic approaches. There 
have been described several classifications of uterine malfor-
mations [1]. Until 2013, three systems have been proposed 
for the classification of the female genital tract anomalies: 
(1) the American Fertility Society’s (AFS) based on the pre-
vious work of Buttram and Gibbons [4, 5], (2) the embryo-
logical-clinical classification system of genito-urinary mal-
formations [6], and (3) the Vagina, Cervix, Uterus, Adnexae 
and associated Malformations system, based on the tumor 
nodes metastases (TNM) principle in oncology [7].

More recently, the European Society of Human Repro-
duction and Embryology (ESHRE) and the European Soci-
ety for Gynecological Endoscopy (ESGE) have published 
the new ESHRE/ESGE classification system of congeni-
tal anomalies of the female genital tract, where six main 
classes of uterine anomalies were proposed; normal uterus 
was adopted as class U0, dysmorphic uterus as class U1, 
septate uterus as class U2, bicorporeal uterus as class U3, 
unicorporeal or hemi-uterus as class U4, and aplastic uterus 
as class U5; there is still the possibility of potentially unclas-
sified cases to be grouped in as class U6. This system uses 
uterine anatomy as the basic characteristic for the design 
of the main classes; main sub-classes are also based on dif-
ferent degrees of uterine deformity that may have clinical 
significance. Cervical and vaginal anomalies are classified 
in independent co-existent sub-classes, giving clarity in the 
anatomical representation of each anomaly [8, 9].

Currently, a lot of innovative, non-invasive, high accuracy 
diagnostic techniques are available allowing for the accurate 
imaging of uterine anatomy. Two-dimensional ultrasonog-
raphy (2D US) is the most available diagnostic tool and it 
is routinely used as the first approach in diagnosis of the 
uterine anomalies in anomalies in “asymptomatic” women 
[10]. 2D US has a reported mean accuracy in diagnosing 
congenital uterine anomalies of 86.6% [10–12]. However, 
the distinction between the different types of anomalies is 
difficult with 2D US [2, 13]. Magnetic Resonance Imaging 
(MRI) has been proposed as a reliable diagnostic approach 
with a mean accuracy of 85.8%, especially in the cases 
with suspected complex and obstructing anomalies, but it 
is more expensive and less available than ultrasound [10]. 
Three-dimensional ultrasonography (3D US) is a diagnos-
tic method with reported high accuracy in the diagnosis of 
uterine anomalies reaching [14–18]; the mean diagnostic 
accuracy was 97.6% (CI 94.3–100) [10]. 3D US is a non-
invasive, reproducible, and less costly, compared to the MRI, 
procedure that provides information about both the internal 
and external contour of the uterus by displaying the coronal 
plane of the uterus. Endoscopic evaluation was considered 
until recently as “the gold standard” in the confirmation 
of diagnosis of female genital anomalies; however, 3D US 
due to its high diagnostic accuracy has been proposed as 

non-invasive “gold standard” approach for these malforma-
tions [2, 3, 10].

The purpose of this study was to evaluate the accuracy of 
3D US in the diagnosis of Mullerian anomalies compared 
to Hysteroscopy and Laparoscopy, using the ESHRE/ESGE 
classification of congenital anomalies of the female genital 
tract.

Materials and methods

This is a prospective, blind, comparative study, performed 
in a tertiary referral setting from 2012 to 2016. Ethical 
approval was as appropriately obtained (AUTH Protocol No. 
49 28/06/2013). The trial was registered with the ISRCTN 
(No. 12592528).

The study design included women with suspected uter-
ine malformations. The inclusion criterion for the study was 
a presumptive 2D US diagnosis of any uterine anomaly. 
Exclusion criteria were (1) pre-pubertal adolescents, (2) 
pregnancy, (3) menopause, and (4) any presence of uterine 
fibroids. The presenting symptoms were: (1) primary amen-
orrhea, (2) history of infertility, (3) recurrent abortions, and 
(4) suspicious findings for presence of a congenital anomaly 
in 2D US.

All women who consecutively presented in our clinic 
with suspicion of congenital uterine anomalies in the 2D 
US were invited to participate in the study.

All participants had (1) a medical interview and clinical 
examination, (2) 2D US, (3) 3D US to diagnose and clas-
sify any uterine malformations according to ESHRE/ESGE 
classification of congenital anomalies of female genital tract, 
and (4) hysteroscopy and laparoscopy to diagnose and clas-
sify any uterine malformations according to ESGE/ESHRE 
classification.

Three‑dimensional ultrasonography (3D US)

All patients underwent transvaginal 3D US for assessment of 
the uterine anomalies during the luteal phase of their cycles, 
except for two cases with intact hymen and vaginal aplasia 
who had a transabdominal 3D scan. All examinations were 
performed by two gynecologists (A.A., A.K.) with exten-
sive experience in gynecological ultrasound; the ultrasound 
systems Voluson 730 Expert (GE Medical Systems, Zipf, 
Austria) and Voluson E8 Expert (GE Medical Systems, 
Zipf, Austria) with volumetric transvaginal probe (5–9 MHz 
frequency) and volumetric convex transabdominal probes 
(6–12 MHz frequency) were used.

A standardized protocol for the description of the ultra-
sound findings is presented in Table 1.



781Archives of Gynecology and Obstetrics (2019) 299:779–789	

1 3

Hysteroscopy and laparoscopy

The final diagnosis for uterine anomaly was ascertained by 
hysteroscopy and laparoscopy (H & L). All the procedures 
were conducted by senior gynecologist (G.G.) with special 
interest in the diagnosis and treatment of congenital uterine 
anomalies. The clinician who performed the endoscopic pro-
cedures was blind to 3D US results.

A standardized protocol for the description of the endo-
scopic findings was used including estimation of pelvic and 
uterine anatomy as defined in the ESHRE/ESGE classifica-
tion classes.

The vaginal and cervical anatomy was carefully inspected 
with gynaecological examination. Then, saline, 5-mm, diag-
nostic hysteroscopy was performed using the atraumatic 
vaginoscopic approach. In cases of double cervices, hyst-
eroscopic evaluation of both cavities was done. By turning 
the endoscope around its longitudinal axis, a complete visu-
alization of the cavity was achieved. According to the study 
protocol, the following uterine segments were assessed: (1) 
endocervical canal (shape, size, contour, length, presence 
of lesions or septum), (2) endometrial cavity (shape, size, 
contour, number, presence and description of endometrial 
lesions, presence and length of uterine septum), and (3) 
tubal ostia (place, patency). In cases of the presence of a 
fundal indentation, the surgeon estimated in cm the length 
of the septum. During laparoscopy, the size and the outer 
contour of the uterus were evaluated. In the cases with the 
intercornual cleft, its measurement was estimated in cm by 
the surgeon.

In cases of abnormal findings, operative endoscopy was 
performed at the same session. The cases of septate and 
T-shaped uterus underwent operative hysteroscopic assess-
ment and treatment. All cases of bicorporeal, aplastic and 
hemi-uteri were confirmed by laparoscopy.

Description of the anatomic anomalies at the 3D US

The ESHRE/ESGE classification of female congenital 
abnormalities was used for the description of the anatomic 
uterine anomalies [8, 9] and is presented in Table 2.

Statistical analysis

Data were expressed as mean ± standard deviation (SD) 
for quantitative variables and as percentages for qualitative 
variables.

The diagnostic results of the 3D US for each class of 
uterine anomaly were compared to the diagnostic H & L 
results to determine the sensitivity, specificity, PPV, NPV 
and accuracy of 3D US.

The agreement between the 3-D ultrasonography and hys-
teroscopy/laparoscopy was estimated with linear weighted 
Kappa index.

The interobserver agreement for the diagnosis of each 
uterine anomaly was assessed by the linear weighted Kappa 
index. The interobserver agreement for the quantitative 
measurements was assessed by estimating the inter-class cor-
relation coefficient (ICC), the comparison of two measure-
ments using the paired samples t test and the Bland–Altman 
plot using a visual method of assessing observers agreement.

All tests were two sided; a p value of < 0.05 was used to 
denote statistical significance. All analyses were carried out 
using the statistical package SPSS vr 17.00 (Statistical Pack-
age for the Social Science, SPSS Inc., Chicago, IL, USA).

Results

From the 64 women who were initially included in the study, 
62 patients participated in the final analysis. Two patients 
were excluded because of detection of uterine fibroids at 
2D US. All 62 women with suspected 2D US diagnosis 
of uterine anomaly underwent 3D US and hysteroscopy/
laparoscopy.

Table 1   A standardized protocol for the description of the ultrasound findings

The patients were scanned with an empty bladder. According to the protocol, the uterus was initially scanned by 2D US from the cer-
vix to the fundus in longitudinal and transverse sections. After having performed a standard 2D evaluation, a 3D volume of the uterus 
was acquired. The three-dimensional acquisition box was adjusted to include a clear area around the uterus to allow delineation of the 
myometrium. The uterus was visualized in the sagittal plane so that the endocervical canal and endometrial outline could be seen in their 
entirety. Automatic volume acquisition was performed using a sweep angle between 90°- and 120°-degrees to obtain a multiplanar view 
of the uterus. This rendering modality allows analysis of the volumes in three orthogonal planes and obtains the coronal view showing 
the external and fundal contours of the uterus. In cases where the uterus could not be included in a single volume, two volumes were 
acquired to allow the study of the whole uterine cavity. Additionally, when the transverse uterine distance was increased, the volume was 
obtained from the coronal plane. The uterine structure was studied on the basis of coronal view information and with uterine wall thick-
ness used as reference point (uterine wall thickness was defined as the distance between the interostial line and external uterine profile 
at the mid-coronal plane of the uterus). 3D US volumes were then analyzed by the same clinicians (A.A., A.K.) to classify any uterine 
anomalies according to the ESHRE/ESGE classification of congenital anomalies of female genital tract
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Table 2   Description of the anatomic uterine anomalies using the ESHRE/ESGE classification of female genital tract anomalies

According to this classification and with the aid of 3D US, the anomalies were classified as follows
Class U0 (normal uterus)
Class U1 or dysmorphic uterus (all cases with normal uterine outline but with an abnormal shape of the uterine cavity excluding septa); 

Class U1a—T-shaped uterus (narrow uterine cavity due to thickened lateral walls with a correlation 2/3 uterine corpus and 1/3 cervix); 
Class U1b (uterus infantilis); Class U1c—(all minor deformities of the uterine cavity)

Class U2 or septate uterus; Class U2a (partial septum) (Suppl. Fig. 1); Class U2b (Complete septum) (Suppl. Fig. 2). We used the distance 
between the interostial line and a parallel line on the top of the uterine fundus (i.e., the uterine wall thickness) and the distance between 
the interostial line and a parallel line on the top of midline indentation (i.e., the depth of the septum). To classify the cases with uterine 
septum, we used the proportion between these two measurements [9]. An internal indentation > 50% of the uterine wall thickness was 
used as a criterion for septate uterus; in these cases, the external contour should be straight or with indentation less then 50%

Class U3 or bicorporeal uterus; Class U3a (partial indentation); Class U3b (complete indentation); Class U3c (bicorporeal septate uterus). 
We used the distance between the interostial line and a parallel line joining the external outline of the uterine horns (i.e., the uterine wall) 
and the distance between the interostial line and a parallel line on the top of the uterine indentation (i.e., the depth of the indentation). To 
classify the cases with bicorporeal uteri, we used the proportion between these two measurements. The external indentation more than 
50% of the uterine wall thickness was used as a criterion for Class U3a; the presence of external indentation that reached the internal cer-
vical os was used as criterion for Class U3b; the presence of uterine septum > 150% of the uterine wall thickness along with the presence 
of external uterine indentation was used as criterion for Class U3c

Class U4 or hemi-uterus (Suppl. Fig. 3); Class U4a with rudimentary cavity; Class U4b without rudimentary cavity. The sonographic 
presence of a single uterine cavity and the demonstration of a single interstitial portion of Fallopian tube at the coronal plane was used as 
criteria for Class U4

Class U5 incorporates cases of uterine aplasia
Class U6 is kept for still unclassified cases
Co-existent cervical anomalies
Sub-class C0 or normal cervix incorporates all cases of normal cervical development
Sub-class C1 (Suppl. Fig. 4) or septate cervix is characterized by the presence of a normal externally rounded cervix with the presence of a 

septum
Sub-class C2 or double cervix is characterized by the presence of two distinct externally rounded cervices; these two cervices could be 

either fully divided or partially fused. It could be combined with a complete bicorporeal uterus as a Class U3b/C2 in the formerly didel-
phys uterus

Sub-class C3 or unilateral cervical aplasia incorporates all cases of unilateral cervical formation. It is characterized by the unilateral, 
only, cervical development; the contralateral part could be either incompletely formed or absent. Obviously, this has happened in Class 
U4 patients; however, this is not necessary to be mentioned in the final classification report (Class U4 instead of Class U4/C3) as being 
apparent. On the other hand, this sub-class gives the opportunity to classify other seldom anomalies such as complete bicorporeal uterus 
with unilateral cervical aplasia as Class U3b/C3, which is a severe obstructing anomaly

Sub-class C4 or cervical aplasia incorporates all cases of complete cervical aplasia but, also, those of severe cervical formation defects. It 
is characterized either by the absolute absence of any cervical tissue or by the presence of severely defected cervical tissue such as 
cervical cord, cervical obstruction and cervical fragmentation. The decision to include all variants of cervical dysgenesis in sub-class 
C4 was made in order to avoid an extremely extensive sub-classification, which does not seem to be user friendly. This sub-class could be 
combined with a normal or a defected uterine body and gives the opportunity to classify all obstructing anomalies due to cervical defects

Co-existent vaginal anomalies
Sub-class V0 or normal vagina incorporates all cases of normal vaginal development
Sub-class V1 or longitudinal non-obstructing vaginal septum. The incorporated anomaly in this sub-class is clear; it gives the opportunity 

to classify variants of septate or bicorporeal uteri together with septate or double cervices
Sub-class V2 or longitudinal obstructing vaginal septum. The incorporated anomaly in this sub-class is also clear and, its utility for the 

effective classification of obstructing anomalies due to vaginal defects is obvious
Sub-class V3 or transverse vaginal septum and/or imperforate hymen. This sub-class incorporates obviously different vaginal anomalies 

and their variants (mainly those of transverse vaginal septa); this was decided in order to avoid an extremely extensive sub-classification 
for the classification system’s simplicity. The decision to put together those vaginal anomalies in this sub-class is due to the fact that they 
are usually present as isolated vaginal defects and they have the same clinical presentation (obstructing anomalies)

Sub-class V4 or vaginal aplasia incorporates all cases of complete or partial vaginal aplasia

Table 3   Demographic and 
clinical characteristics of the 
patients

Age (years); mean ± SD (min–max) 31.7 ± 5.6 (13–42)
Infertility/recurrent abortions; n (%) 33/62 (53.2%)
Number of pregnancies (0-1-2-3+); n (%) 26 (42%)/13 (21%)/18 (29%)/5 (8%)
Number of deliveries (0-1-2); n (%) 44 (71%)/11 (17%)/7 (11.3%)
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Patients’ clinical details

The demographic and clinical characteristics of the patients 
are shown in Table 3. There were 2/62 (3.2%) patients with 
primary amenorrhea, 33/62 (53.2%) with history of infertil-
ity and recurrent abortion, and 27/62 (43.6%) without any 
clinical manifestations. The mean age of women was 31.8 
(SD 5.6).

H & L findings

The findings of H & L were: Normal uterus (Class U0) in 
2/62 (3.2%) patient, T-shaped uterus (Class U1a) in 3/62 
(4.8%) patients, septate uterus (Class U2) in 49/62 (78.9%) 
patients [30 (61.2%) patients with partial septum Class U2a 
and 19 (38.8%) patients with complete septum Class U2b], 
bicorporeal uterus (Class U3) in 3/62 (4.8%) patients, hemi-
uterus (Class U4) in 4/62 (6.5%) patients, and aplastic uterus 
(Class U5) in 1/62 (1.6%) patient. The most common anom-
aly was septate uterus.

Twelve patients had also co-existent vaginal and cervical 
anomalies: 1 (1.6%) women with vaginal aplasia (sub-Class 
V4), 4 (6.4%) patients with longitudinal non-obstructing 
vaginal septum (sub-Class V1) and 2 (3.2%) women with 
transverse vaginal septum (sub-Class V3). Three (4.8%) 

women were diagnosed with double “normal” cervix (sub-
Class C2), 1 (1.6%) with cervical aplasia (sub-Class C4) and 
3 (4.8%) with septate cervix (sub-Class C1).

3D US interobserver variability

The interobserver reproducibility of the diagnosis of con-
genital uterine anomalies using 3D US was examined in 
all cases of the study. Moreover, in all cases where septate 
uterus was diagnosed with the 3D US, the reproducibility of 
the measurements of (1) the uterine wall thickness, (2) the 
length of internal indentation, and (3) the interostial distance 
were also examined. There was perfect agreement between 
the two observers in the diagnosis and the classification 
of uterine anomalies [kappa 0.945; 95% CI (0.84–1.00)] 
(Table 4). However, a case of normal uterus was diagnosed 
by Observer B as a septate uterus.

There was perfect agreement between the two operators 
in relation to quantitative variables based on intra-class cor-
relation coefficients (ICC > 0.934) (Table 5). There is no sta-
tistical significant difference between observers for Uterine 
Wall Thickness (p = 0.266), Length of Internal Indentation 
(p = 0.585) and Interostial Distance (p = 0.170) (Table 6). 
Bland–Altman plots of interobserver reproducibility for 

Table 4   Interobserver reliability 
of 3D US diagnosis of 
congenital uterine anomalies

U0, normal uterus; U1, dysmorphic uterus; U2, septate uterus; U3, bicorporeal uterus; U4, hemi-uterus; 
U5 aplastic uterus

Observer A Observer B

U0 U1 U2 U3 U4 U5 Total

U0
 N 1 0 0 0 0 0 1
 % 1.6 0.0 0.0 0.0 0.0 0.0 1.6

U1
 N 0 3 0 0 0 0 3
 % 0.0 4.8 0.0 0.0 0.0 0.0 4.8

U2
 N 1 0 49 0 0 0 50
 % 1.6 0.0 80.6 0.0 0.0 0.0 80.6

U3
 N 0 0 0 3 0 0 3
 % 0.0 0.0 0.0 4.8 0.0 0.0 4.8

U4
 N 0 0 0 0 4 0 4
 % 0.0 0.0 0.0 0.0 6.4 0.0 6.4

U5
 N 0 0 0 0 0 1 1
 % 0.0 0.0 0.0 0.0 0.0 1.6 1.6

Total
 N 2 3 49 3 4 1 62
 % 3.2 4.8 78.9 4.8 6.4 1.6 100.0
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all measurements are shown in Figs. 1, 2 and 3. Inspec-
tion of scattergrams showed that > 95% of differences 
were within mean difference ± 2 SDs, thus confirming the 

agreement of observers. Readings by Observer A were on 
average 0.108–0.27 mm lower than measurements taken by 
Observer B. However, this small bias is unlikely to be of 
clinical significance.

3D US findings

The findings of 3D US were: Normal uterus (Class U0) in 
1/62 (1.6%) patient, T-shaped uterus (Class U1a) in 3/62 
(4.8%) patients, septate uterus (Class U2) in 50/62 (80.5%) 
patients (31 (62%) patients with partial septum (Class U2a) 
and 19 (38%) patients with complete septum (Class U2b), 
bicorporeal uterus (Class U3) in 3/62 (4.8%) patients, 

Table 5   Intra-class correlation coefficients between observers

There is perfect agreement between observers in relation to quanti-
tative variables based on intra-class correlation coefficients, uterine 
wall thickness [0.934; 95% CI (0.89–0.96)], length of internal inden-
tation [0.994; 95% CI (0.99–1.00)], interostial distance [0.970; 95% 
CI (0.95–0.98)]

ICC (95% CI) p Value

Uterine wall thickness 0.934 (0.89–0.96) < 0.001
Length of internal indentation 0.994 (0.99–1.00) < 0.001
Interostial distance 0.970 (0.95–0.98) < 0.001

Table 6   Comparison of 
quantitative variables between 
observers

There is no statistical significant difference between observers for uterine wall thickness (p = 0.266), length 
of internal indentation (p = 0.585) and interostial distance (p = 0.170)

Uterine wall thickness Length of internal 
indentation

Interostial distance

Observer A (n = 50) 9.24 ± 2.12 15.17 ± 9.24 33.34 ± 5.59
Observer Β (n = 50) 9.36 ± 2.03 15.25 ± 9.33 33.61 ± 5.49
Mean difference ± SD − 0.12 ± 0.75 − 0.08 ± 1.05 − 0.27 ± 1.36
95% CI (− 0.33, 0.09) (− 0.38, 0.22) (− 0.65, 0.12)
t value (1.49) − 1.124 0.550 − 1.394
p value 0.266 0.585 0.170

Fig. 1   Interobserver variability 
of uterine wall thickness (mm). 
Mean difference: − 0.12 mm 
(95% CI − 1.59 to 1.35)
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Fig. 2   Interobserver variability 
of length of internal indenta-
tion (mm). Mean difference: 
− 0.08 mm (95% CI − 2.14 to 
1.98)

Fig. 3   Interobserver variability 
of interostial distance (mm). 
Mean difference: − 0.27 mm 
(95% CI − 2.92 to 2.38)
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hemi-uterus (Class U4) in 4/62 (6.5%) patients, and aplastic 
uterus (Class U5) in 1/62 (1.6%) patient.

Agreement between 3D US and H & L

Exact concordance (Kappa index 0.945) between 3D US and 
H & L about the type and classification of uterine anomaly 
was verified in 61/62 cases (Table 7). Only in one case there 

was discordance between 3D US and endoscopy: a case with 
normal uterus was diagnosed with the 3D US as a partial 
septum.

For the diagnosis of septate uteri, which was the most 
common anomaly, the sensitivity of 3D US was 100%, the 
specificity was 92.3%, the PPV was 98% and the NPV was 
100%, with kappa index 0.950. For bicorporeal, dysmorphic 
uterus, hemi-uteri or unicorporeal and aplastic uterus the 

Table 7   Concordance between 
3D US and HL

U0, normal uterus; U1, dysmorphic uterus; U2, septate uterus; U3, bicorporeal uterus; U4, hemi-uterus; 
U5, aplastic uterus

3D ultrasound Hysteroscopy/laparoscopy

U0 U1 U2 U3 U4 U5 Total

U0
 N 1 0 0 0 0 0 1
 % 1.6 0.0 0.0 0.0 0.0 0.0 1.6

U1
 N 0 3 0 0 0 0 3
 % 0.0 4.8 0.0 0.0 0.0 0.0 4.8

U2
 N 1 0 49 0 0 0 50
 % 1.6 0.0 78.9 0.0 0.0 0.0 80.5

U3
 N 0 0 0 3 0 0 3
 % 0.0 0.0 0.0 4.8 0.0 0.0 4.8

U4
 N 0 0 0 0 4 0 4
 % 0.0 0.0 0.0 0.0 6.5 0.0 6.5

U5
 N 0 0 0 0 0 1 1
 % 0.0 0.0 0.0 0.0 0.0 1.6 1.6

Total
 N 2 3 49 3 4 1 62
 % 3.2 4.8 78.9 4.8 6.5 1.6 100.0

Table 8   Diagnostic accuracy 
of 3D US compared to the 
hysteroscopy/laparoscopy in the 
diagnosis of uterine anomalies

PPV positive predictive value, NPV negative predictive value, U0 normal uterus, U1 dysmorphic uterus, 
U2 septate uterus, U3 bicorporeal uterus, U4 hemi-uterus, U5 aplastic uterus

Sensitivity Specificity PPV NPV Kappa value

U0 0.500 (1/2)
(0.03–0.97)

1.00 (60/60)
(0.92–1.00)

1.00 (1/1)
(0.05–1.00)

0.984 (60/61)
(0.90–1.00)

0.659
(0.04–1.00)

U1 1.00 (3/3)
(0.31–0.99)

1.00 (59/59)
(0.92–1.00)

1.00 (3/3)
(0.31–1.00)

1.00 (59/59)
(0.92–1.00)

1.00
(1.00–1.00)

U2 1.00 (49/49)
(0.91–1.00)

0.923 (12/13)
(0.62–1.00)

0.980 (49/50)
(0.88–1.00)

1.00 (12/12)
(0.70–1.00)

0.950
(0.85–1.00)

U3 1.00 (3/3)
(0.31–1.00)

1.00 (59/59)
(0.92–1.00)

1.00 (3/3)
(0.31–1.00)

1.00 (59/59)
(0.92–1.00)

1.00
(1.00–1.00)

U4 1.00 (4/4)
(0.40–1.00)

1.00 (58/58)
(0.92–1.00)

1.00 (4/4)
(0.40–1.00)

1.00 (58/58)
(0.92–1.00)

1.00
(1.00–1.00)

U5 1.00 (1/1)
(0.05–1.00)

1.00 (61/61)
(0.92–1.00)

1.00 (1/1)
(0.05–1.00)

1.00 (61/61)
(0.92–1.00)

1.00
(1.00–1.00)
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sensitivity, specificity, PPV and NPV were all 100% with 
K = 1.00. Overall, 3D US showed perfect diagnostic accu-
racy (Kappa index = 0.945) in the detection of congenital 
uterine anomalies (Table 8).

Discussion

This study supports that 3D US is very accurate in the diag-
nosis and classification of congenital uterine malforma-
tions. The overall diagnostic accuracy of the method is very 
high (Kappa index 0.945 (0.839–1.000). Moreover, 3D US 
demonstrates an excellent reproducibility in the diagnostic 
approach of congenital uterine malformations (ICC > 0.934). 
This is a significant result that exhorts clinicians to increase 
both the use of 3D US for the investigation of congenital 
uterine diseases and the use of ESHRE/ESGE classification 
as a simplified and reliable instrument for reproducible and 
punctuate results.

Study results compared to the literature

This study used a highly selected group to compare 3D US 
with endoscopy. All our patients were initially selected and 
enrolled as potentially abnormal cases according to 2D US. 
Our findings indicate that 3D US is extremely accurate in 
the diagnosis of congenital uterine malformations, as it was 
endoscopically confirmed in 61 out of 62 abnormal cases 
(98.4%). The most frequent anomaly diagnosed was the sep-
tate uterus; 3D US showed 100% sensitivity, 92.3% specific-
ity, and a Kappa index 0.950. Faivre et al. used a similarly 
highly selected population consisting of 20 patients with 
septate uterus and 11 patients with bicornuate uterus and 
used the ASRM classification for uterine anomalies. 3D US 
was extremely accurate in the diagnosis of uterine anomalies 
in that study, as it diagnosed correctly all the cases compared 
to operative endoscopy [17]. Ghi et al. had similar results in 
their study: the use of 3D US for the diagnosis and classifi-
cation of congenital uterine anomalies in nulliparae women 
with three or more miscarriages showed very high accuracy 
when compared to endoscopy [16]. Graupera et al. compared 
3D US to MRI performance using ESHRE/ESGE classifica-
tion in 60 patients with known uterine malformations and 
found a very good agreement between the two methods in 
almost all the classes of congenital uterine anomalies [19].

3D US reproducibility

The results of this study also showed almost perfect agree-
ment between the two observers in the diagnosis and clas-
sification of congenital uterine anomalies using 3D US. 
The reproducibility of measurements of the uterine wall 

thickness, the length of internal indentation and the inter-
ostial distance in the cases with septate uterus showed high 
levels of agreement between the two observers (ICC > 0.95). 
These results corroborate the relevant findings in the pub-
lished literature. Salim et al. examined the reproducibil-
ity of 3D US measurements of interostial distance, cavity 
indentation and cavity length and showed that the intra- and 
interobserver variability were satisfactory (k = 0.97, 95% CI 
0.94–1.0) [20]. Moreover, Saravelos et al. compared differ-
ent 3D US uterine measurements and described intra- and 
interobserver variability for diagnosis of the most common 
congenital uterine anomalies. The measurements of the fun-
dal wall, the cavity indentation, the interostial distance, the 
cavity angle and percentage of indentation showed high lev-
els of intra- and interobserver reproducibility with intra-CC 
and inter-CC of 0.95 or over. On the other hand, measure-
ments of the lateral uterine walls had lower reproducibility 
and the authors commented about the appropriateness of the 
3D US in the evaluation of the uterine wall thickness [21]. 
Ludwin et al. reported a high level of inter-rater reliability 
during their study, in which they evaluated the reliability 
of the 3D ultrasonographic measurements of the uterine 
wall thickness, of the internal fundal indentation and of 
the external cleft. They included 50 patients with uterine 
anomalies and 62 women with a normal uterus and they 
used the ESHRE-ESGE system for the classification of uter-
ine anomalies. The inter-rater reliability was > 0.99 (0.991; 
95% CI 0.987–0.994) for the internal fundal indentation, 
and 0.95–0.99 (0.968; 95% CI 0.915–0.988 and 0.958; 95% 
CI 0.939–0.971 for the external cleft and the uterine wall 
thickness, respectively [22].

Cases of discordance: explanations, comparisons 
to literature

The 3D US diagnosis proved to be inaccurate only in one of 
our cases. This refers to a case of normal uterus, which was 
diagnosed by 3D US as a partial septate uterus. Although 
not reported in the literature, it is possible that a fundal myo-
metrial contraction may temporarily increase the thickness 
and the outline of the fundal myometrium and may cause a 
temporary and usually mild indentation of the uterine cav-
ity. In case of doubt, a repeat scan may be useful [23]. So, 
we speculate that false-positive finding in our study was due 
to our limited experience at the beginning of the study: a 
temporary contraction of fundal myometrium caused a mild 
indentation of the uterine cavity and, as a result, the thick-
ness of fundal myometrium was evaluated as partial uterine 
septum; the reassessment of the same case at hysteroscopy 
led to the correct diagnosis of a normal uterus.

In the literature, Bermejo et al. suggested that 3D US 
performs suboptimally in the study of the lower part of the 
uterus and the cervix. In such cases, correct diagnosis is 
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set only after confirmation with clinical inspection of the 
cervix. On the other hand, MRI can discriminate a septum 
in the lower part of the uterus and, in the cervix, therefore 
might be more suitable method for these anomalies [24]. 
Our study included seven patients with significant cervi-
cal abnormalities: in all these cases, 3D US confirmed the 
diagnosis. Therefore, our findings support that 3D US could 
be used in the diagnostic approach of congenital cervical 
anomalies as well.

ESHRE/ESGE classification: advantages 
and disadvantages

The methodology of the current study included the ESHRE/
ESGE classification for uterine anomalies as the tool for the 
description of the abnormal findings. The general character-
istics of this classification are that (a) the basis for the cat-
egorization is anatomy, (b) the basis for the main classes is 
deviations from same embryological origin, (c) the basis for 
the main sub-classes is variations expressing different extent 
of uterine deformity, and (d) cervical and vaginal anomalies 
are described independently [9]. The comprehensiveness of 
this classification was demonstrated in the precise catego-
rization of 38 out of 39 types of unclassified according to 
the ASRM system congenital malformations published in 
the literature [25]. The results from our study show that the 
ESHRE/ESGE classification provides effective objective 
parameters for categorization of female congenital anoma-
lies and allows us to classify the uterine malformations to 
classes and sub-classes according to the female genital tract 
anatomy. Moreover, in a recent retrospective study it was 
described that the ESHRE/ESGE classification covered the 
majority of the uterine and vaginal anomalies whereas the 
ASRM classification performed suboptimal in the descrip-
tion of cervical and vaginal anomalies [28].

However, Ludwin et al. commented that the ESHRE/
ESGE system allows a relative overdiagnosis of septate 
uterus when compared to the ASRM classification; the 
authors considered that the use of the internal fundal inden-
tation and the ratio of the internal fundal indentation to 
endometrial thickness in the ESHRE/ESGE system caused 
an increased false-positive rate of septate uterus compared to 
the more precise in this category ASRM classification. This 
might be quite important as any overdiagnosis of septate 
uterus may lead to unnecessary overtreatment [26]. Similar 
conclusions have been reported by Somayya et al. [27]. Nev-
ertheless, the results of these studies should be cautiously 
interpreted; as in both studies, no gold standard method was 
used for the final comparison in between the ESHRE/ESGE 
and the ASRM classification. More importantly, it appears 
that the former study was highly biased by the selection 
criteria used for the included patients, where many nor-
mal patients were studied and this had as a consequence 

profoundly lower number of patients with internal indenta-
tion around the cut-off values between normal vs arcuate 
and normal vs septate uterus. Interestingly, the same group 
in the same study found high reproducibility of the param-
eters used for the estimation of the uterine anatomy using 
3D US [22]. Based on these findings and on the findings of 
Saravelos et al. [21], it appears that the use of uterine wall 
thickness as a reference parameter when performing 3D US 
could be used as a reliable tool for objective estimation of 
the uterine deformities.

Strengths and limitations of the study

The main strengths of the study are (a) the prospective 
design, (b) that 3D US diagnosis of uterine anomalies is 
compared to hysteroscopy with laparoscopy that is consid-
ered as the gold standard in the diagnosis of uterine mal-
formations, and (c) the use of ESHRE/ESGE classification 
which allows the employment of highly reproducible sono-
graphic parameters.

There are some limitations of this study. First, it is the low 
statistical power, especially because of the small number of 
patients with other uterine anomalies, excluding the septate 
uterus. However, the prevalence of these uterine malforma-
tions is anyway low. Second, the study included a group of 
patients with suspected congenital uterine anomaly after 2D 
US examination, not the general population.

Conclusion

In conclusion, according to our data, transvaginal 3D ultra-
sonography is an accurate method for the diagnosis and clas-
sification of congenital uterine anomalies. Further studies, 
where prospective comparison of the use of 3D US and other 
currently available diagnostic modalities in the diagnosis of 
uterine malformations, will help in clarifying the exact role 
of each method in the investigation of congenital anomalies. 
The ESHRE/ESGE classification of uterine malformations 
appears to be a useful tool in the diagnostic approach of 
these conditions.
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