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Objective: To describe variable mullerian duct anomalies using magnetic resonance imaging (MRI) and to classify these anomalies 
according to the available classification systems, namely the American Fertility Society (AFS) system, the European Society of Human 
Reproduction and Embryology (ESHRE) system, and the new American Society for Reproductive Medicine (ASRM) system.
Design: Retrospective chart review.
Subjects: The pelvic MRI studies and the clinical records of 64 females with mullerian congenital anomalies were retrospectively 
reviewed between January 2010 and December 2021. The mean age was 22 years (age range 2–63 years).
Main Outcome Measures: Detailed imaging findings were recorded, and the resulting mullerian anomalies were then classified 
according to the three classification systems of interest.
Results: Variable mullerian anomalies were found among patients with multiple frequencies. Mullerian agenesis and hypoplasia were 
found in 12 patients (19%) and 16 patients (25%), respectively. Uterus didelphys was found in 5 patients (8%). Twelve (19%) patients 
had septate uterus, while 8 (12.5%) had a bicornuate anomaly. Unicornuate uterus was present in 7 patients (11%). Isolated vaginal 
anomaly was diagnosed in 4 patients (6%). Renal/urinary tract imaging was available for 27 (42%) patients, and accompanying urinary 
tract anomalies were noted in 10 of them (37%). Few ovarian and other extra-renal anomalies were observed.
Conclusion: MRI could efficiently delineate the mullerian anomalies regardless of their complexity. Most of these anomalies were 
more efficaciously categorized by the ESHRE and the new ASRM systems, compared to the originally widely used AFS system. The 
new ASRM classification was found to be more practical as it is a modification of the original AFS system, using drawings with clear 
descriptions instead of symbols. This is particularly helpful in the radiological era, saving time and effort.
Keywords: mullerian duct anomalies, classification system, renal agenesis, uterus, pelvic MRI

Introduction
Mullerian duct anomalies are common and may drastically affect the reproductive health of women. Variable prevalence 
estimates are available in the literature; nonetheless, according to the meta-analysis done by Chan et al, a prevalence of 
5.5% in the general population was reported, detecting a higher prevalence amongst infertile women (8.0%) and even 
higher in patients with miscarriages (ranging 13.3–24.5%).1

Embryologically, two paired mesonephric (wolffian) ducts and paramesonephric (mullerian or female genital) ducts 
are present at 6 weeks of gestation. Thenceforth, bidirectional growth of the mullerian ducts accompanied by simulta-
neous regression of the mesonephric ducts will occur due to the absence of the mullerian inhibiting factor in the female 
fetus.2 This is accompanied by midline migration and fusion of these ducts with ultimate resorption of the intervening 
septum, resulting in the development of the uterus and proximal 2/3 of the vagina. Interruption of any of these processes 
will result in a certain mullerian anomaly according to the stage of development.
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Detailed delineation of these mullerian anomalies can be achieved using MR imaging with its multi-planar reformat-
ting abilities. This provides the benefit of non-invasively highlighting clear anatomic details of the uterus and its zonal 
anatomy, in addition to easily delineating the external fundal contour which is pivotal in differentiating between two 
major anomaly classes of septate and bicornuate/didelphys uterus.

Several classification systems of the mullerian anomalies exist, but the system of the American Fertility Society 
(AFS) (later titled the American Society for Reproductive Medicine; ASRM) is the most widely used by virtue of its 
simplicity.3 It is a revision of the system first created by Buttram and Gibbons in 1979.4 However, this system has its 
limitations pertaining to its inability to classify complex anomalies involving different portions of the mullerian duct and 
the obstructive cervical and vaginal anomalies. A more recent system was introduced by the working group of the 
European Society of Human Reproduction and Embryology (ESHRE) and the European Society for Gynecological 
Endoscopy (ESGE),5 although it is not widely accepted and was criticized for its over-diagnosis of septate uterus, which 
may result in unwarranted treatment.6 Very recently, by the end of the year 2021, the ASRM presented their new 
classification (ASRM mullerian anomalies classification 2021),7 which is a modification and expansion of the original 
AFS system.

In this study, we present variable mullerian anomalies found in our cohort, based on MRI evaluation of these patients, 
including associated anomalies, particularly urinary tract anomalies. Categorization of these anomalies was done 
according to the widely used AFS and the other two more recent systems, ie, ESHRE and ASRM 2021, to determine 
the most appropriate one to be used in radiological practice.

Methods
The protocol of the current study was approved by the institutional review board of The University of Jordan, Amman, 
Jordan. Due to the retrospective nature of the study and the fact that data were obtained anonymously, the IRB waived the 
need for an informed consent. This study complies with the Declaration of Helsinki. In the current research, the pelvic 
MRI studies and the clinical records of 64 females with mullerian congenital anomalies between January 2010 and 
December 2021 were retrospectively reviewed. The mean age recorded was 22 years (age range 2–63 years). They had 
variable clinical indications including amenorrhea, infertility, cyclic hematuria, cyclic abdominal pain, urogenital sinus/ 
cloaca anomalies, and one case of post-menopausal bleeding. Incidental cases for a pelvic MRI exam (done for other 
reasons) were also found.

MRI studies were performed on a 3 T scanner (Siemens Verio) with a body array coil using the following sequences: 
T2-weighted fast SE imaging in the sagittal, axial, and coronal planes. Additionally, oblique coronal T2W sequence 
oriented parallel to the long uterine axis was used when needed (TR/TE, 4000–6000/85–110 milliseconds; field of view 
(FOV), 240–260 mm, matrix 320 × 320, slice thickness 4 mm, interslice gap 0.4–0.5, number of signal averages 2) and 
axial T1-weighted spin echo imaging with and without fat saturation (TR/TE, 730/12 milliseconds, FOV 250 mm, matrix 
320 × 320, slice thickness 4 mm with interslice gap of 0.5, averages 2). Axial STIR images were also included in the 
pelvic protocol (TR/TE, 4000/30–60 milliseconds, FOV 250 mm, matrix 256 × 256, gap 0.4–0.6, slice thickness 4 mm, 
averages 1–2).

Additional coronal T2-weighted images with a large field of view was done for some patients to visualize the kidneys, 
since not all patients had a clear referral regarding a mullerian congenital anomaly. Other imaging modalities such as 
ultrasound and CT were available for a subset of patients, that helped in the diagnosis of other associated anomalies 
particularly urinary tract anomalies.

Detailed imaging findings were recorded for each patient. This was accomplished by a single radiologist with 11 years 
of expertise in women’s imaging, who was blinded to patient’s data and data from other imaging modalities. 
Differentiation between septate and bicornuate uterus was done as follows: Septate uterus is diagnosed if an external 
fundal cleft/indentation of less than 1 cm is found on the coronal uterine plane (calculated by drawing a line between the 
tops of both uterine horns, and the perpendicular distance from this line to the lowest point of the indentation is 
measured), and if internal fundal indentation towards the endometrium measures >1 cm (calculated by drawing a line 
between both tubal ostia and measuring the distance from this line to the top of myometrial or fibrous septum toward the 
endometrial cavity) together with an angle of the leading edge of the septum of <90°. On the other hand, more than 1 cm 
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indentation of the external fundal contour is needed to diagnose a bicornuate/didelphys anomaly.7,8 Other ways of 
calculation are available in the literature, which are particularly useful in equivocal cases. If the intercornual distance is 
<4 cm, it is usually septate compared to >4 cm seen more commonly in a bicornuate uterus. Likewise, if the intercornual 
angle is <75°, it is suggestive of a septate uterus as opposed to an angle >105°, that would be more suggestive of 
a bicornuate uterus.2 The septate uterus was further stratified into partial, if the septum does not reach the external 
cervical os, or complete, if it reaches the external os resulting in two separate cervical canals (septate or duplicated 
cervices).9,10 The evaluation of hypoplastic/infantile uterus depended on the small size of the uterus, which showed either 
a uterine body:cervix ratio of 1:1 or 1:2 and on the thinned endometrial stripe with poor zonal anatomy.

The resulting anomalies were then stratified according to the most widely used classification system of the AFS (used 
since 1988), the ESHRE, and the new ASRM classification systems, to ensure a compatible and applicable system in 
terms of a radiological point of view (as shown in Supplementary Table 1).

Associated anomalies particularly of the urinary system, the presence of hematometra, hematocolpos, special findings 
regarding the ovaries, and other pelvic pathologies were also taken note of.

Results
Variable congenital mullerian anomalies were found at different frequencies. A total of 12 cases (19%) of mullerian 
agenesis were described, with an age range of 2–20 years. Two young children aged 2 and 4 years were diagnosed with 
mullerian anomalies, which was incidentally discovered during pelvic MRI work-up for urogenital sinus anomaly 
accompanying OHVIRA syndrome and for precocious puberty, respectively.

In three cases out of the 12 diagnosed, agenesis was confined either to the cervix, to the cervix and vagina, or to the 
fundus. The rest of the nine patients showed complete mullerian agenesis, ie, Mayer–Rokitansky–Kuster–Hauser 
syndrome, four of which showed a mullerian remnant, two with a solitary non-cavitary remnant, one with a solitary 
cavitary remnant, and one with bilateral cavitary and non-cavitary remnants.

Sixteen cases were diagnosed with hypoplastic/infantile uterus (25%), with the age range of 14–36 years. Uterus 
didelphys was diagnosed in 5 patients (8%) with ages ranging 2–24 years. All had an associated vaginal anomaly as 
follows: two had a longitudinal vaginal septum and obstructed hemi-vagina, one had a longitudinal vaginal septum down 
to the introitus, one with an incomplete longitudinal vaginal septum with a common distal vagina joining the urethra 
(urogenital sinus anomaly), and one with an obstructive mid-transverse septum.

Twelve patients (19%) had a septate uterus (12–48 years); 9 of them had a partially septate uterus, one with an 
associated mid-transverse vaginal septum. The remaining three patients had a complete septate uterus. One patient had 
a complete septate uterus with double cervices and a dilated vagina that connected distally to the urinary bladder, ie, 
urogenital sinus anomaly. The second one had a complete septate uterus and cervix with a normal vagina. The third one 
had a complete septate uterus, cervix, and vagina down to the introitus.

Unicornuate uterus was present in seven cases (11%) with age range 14–63 years. Two had a solitary functioning 
horn, while three had non-communicating cavitary horns. A further case had a rudimentary horn, and another one had 
a communicating cavitary horn. The latter one had evidence of endometrial carcinoma within the main functioning horn, 
which was responsible for post-menopausal bleeding in this patient.

Eight cases (12.5%) were found to have bicornuate uterus (12–45 years). Seven patients had bicornuate unicollis anomaly, 
one of them showing an elongated non-canalized cervix with secondary hematometra of both horns. The eighth case had 
a bicornuate bicollis anomaly with distal cervical agenesis resulting in severe hematometra of both horns and cervices.

Isolated vaginal anomalies were found in four patients (6%) in the age range of 10–16 years. All showed associated 
hematometra. Two patients had an atretic mid- and distal vagina, the third had distal cervical agenesis with complete 
vaginal atresia, and the fourth had a low transverse septum. All these anomalies are presented in Supplementary Table 1 
for all patients, along with their classification according to the three concerned systems.

Accompanying urinary tract anomalies were noted in a subset of patients. Renal/urinary tract imaging was available 
for 27 (42%) patients, either by ultrasound, CT, or MRI. The anomalies were found in 10 out of 27 patients (37%) and 
were distributed as follows: two cases of a single right kidney in association with Mayer–Rokitansky syndrome (one of 
them also had a neurogenic bladder); horseshoe kidney in a case with hypoplastic/infantile uterus; an absent right kidney 
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was found in three cases with uterus didelphys, two of them in association with OHVIRA (obstructed hemivagina and 
ipsilateral renal agenesis) syndrome while the third one showed medullary nephrocalcinosis as well; a fourth didelphys 
case had severe bilateral hydrouretronephrosis with ectopic insertion of the left ureter into the urinary bladder; a single 
kidney was seen in a case of complete septate uterus, which was also associated with a urogenital sinus anomaly; and an 
absent right kidney was seen in two cases with a unicornuate uterus, which was ipsilateral to the side of absent or 
rudimentary horn (Supplementary Table 2).

Ovarian abnormalities were found in association with hypoplastic/infantile uterus (12 out of 16 cases). Seven of them 
showed small ovaries for age. In 5 other patients, no ovaries were identified in the pelvis or lower abdominal region; of 
these, 3 had an XX karyotype and one XO (Turner syndrome).

Limited ovarian anomalies were detected among the other mullerian anomalies. No gonads were found in one case 
with Mayer–Rokitansky syndrome in a patient with a normal XX karyotype. An ectopic left ovary was seen in the left 
anterolateral aspect of the pelvis just behind the abdominal wall in another two cases with Mayer–Rokitansky syndrome. 
Bilateral ovarian endometriosis was seen in a case with a partial septate uterus, and a right ovarian endometrioma was 
noted in another patient with a partial septate uterus, which was associated with a mid-transverse vaginal septum. One 
case, with a unicornuate uterus with non-communicating right cavitary horn, had the left ovary located more anteriorly 
above the normal left horn. Bilateral ovarian dermoids were seen in a case with a bicornuate unicollis uterus.

A few coincident anomalies were diagnosed. Cloaca was diagnosed in two cases of didelphys: one of them had 
a single dilated vagina with a mid-transverse septum, and the other had an incomplete longitudinal vaginal septum with 
the common distal vagina joining the urethra. A urogenital sinus anomaly was found in a case of combined OHVIRA 
syndrome and congenital adrenal hyperplasia (formerly reported11) and also in a second case with a complete septate 
uterus who was diagnosed with Fraser syndrome (cryptophthalmos-syndactyly syndrome).

Wolfram syndrome (diabetes insipidus, diabetes mellitus, optic atrophy, and deafness; DIDMOAD) was diagnosed in 
one patient with an infantile uterus. Sacral lipomyelomeningocele was found in a patient with a unicornuate uterus. 
A hypoplastic thumb and radius was found in a case of mullerian agenesis. Endometrial cancer was diagnosed in 
a patient with a unicornuate uterus arising within the dominant horn (Supplementary Table 2).

Discussion
MRI is widely used in the evaluation of congenital mullerian anomalies. The sensitivity and specificity of MRI in correctly 
categorizing these anomalies are differently reported and reach about 100% to 28.6% and 100% to 66%, respectively.12 The 
high sensitivity is explained by MRI’s ability to demonstrate excellent intrauterine zonal anatomy and present clear delineation 
of the outer fundal contour, which is crucial to differentiate between the two major categories of a septate and bicornuate 
uterus. Furthermore, MRI distinctly defines the entire pelvic anatomy allowing for pinpointing other associated anomalies, 
particularly those of the urinary system. Furthermore, it helps in identifying other causes of amenorrhea, such as androgen 
insensitivity syndrome, as it can confirm the presence of rudimentary ectopic testes and the absence of uterus and ovaries.13,14

Various mullerian anomalies exist, which result from failure of formation of the mullerian ducts (complete or incomplete) or 
from fusion/absorption defects of these ducts. Several classification systems are available for these anomalies. The most widely 
used system is of the American Fertility Society (AFS) (now named the American Society for Reproductive Medicine), which 
was published in 1988,3 revising the work done by Buttram and Gibbons in 1979.4 The basis of their classification is the uterine 
anatomy since these anomalies are considered aberrations from the normal anatomy. It is user-friendly as it uses simplified 
descriptions and iconic drawings of the different categories. Furthermore, this classification appears to correlate with the patients’ 
prognoses – mainly pregnancy outcome – and dictates the appropriate therapeutic intervention, which in most cases aims to 
restore normal anatomy.15 Nonetheless, a few drawbacks do exist for this classification system. Certain congenital anomalies 
cannot be allocated within the main categories or subcategories of the AFS system. Some anomalies with a different clinical 
presentation and different surgical management are included in one class, eg, class 1. Also, the obstructive anomalies resulting 
from vaginal or cervical agenesis/dysgenesis associated with a functional uterus are not clearly represented. Additionally, 
complex anomalies resulting from unusual combinations of uterine/cervical/vaginal anomalies, that require complex surgical 
treatment, are likewise not categorized.15,16 The system does not provide accurate measurement methods to reliably differentiate 
between a septate, arcuate, and bicornuate uterus either.10
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A more recently published classification system was introduced in 2013 by a working group from the European Society of 
Human Reproduction and Embryology (ESHRE) and the European Society for Gynecological Endoscopy (ESGE)5 that is 
related to the clinical management of female genital anomalies. It is based on uterine anatomy as basic characteristic but used 
uterine anatomical deviations deriving from the same embryological origin as secondary characteristics for patient grouping, 
which allows inclusion of more variable anomalies including unusual ones. It incorporates seven main classes, which are further 
classified into subclasses, expressing clinically significant anatomical variations. Their criteria to diagnose septate and bicorpor-
eal uterus depended on the measurements of the uterine wall thickness (calculated by the average thickness of the anterior and 
posterior wall at its thickest portion). If uterus has normal outline and internal fundal indentation is >50% of the uterine wall 
thickness, then septate uterus is diagnosed. If uterus has abnormal fundal outline with external fundal indentation >50% of the 
uterine wall thickness at the midline, bicorporeal uterus is diagnosed that can be partial or complete.5,17 Cervical and vaginal 
anomalies were classified separately into clinically significant subclasses. This allows easier classification of complex anomalies 
involving different parts of the genital tract (uterus, cervix, and vagina), regardless of the aberrant anomaly. This could not be 
done with the AFS system. A further advantage of the ESHRE system over the AFS system is that it promotes the description of 
associated non-mullerian anomalies such as urinary tract anomalies that consequently impact the management of these patients. 
In a study evaluating this classification system,16 38 out of 39 types of anomalies could be classified comprehensively, which 
were published in the literature using liberal and subjective description and could not be properly classified using AFS system. 
On the other hand, Ludwin et al had made a comparison between the ESHRE and AFS systems and concluded that the use of the 
former had led to relative over-diagnosis of septate uterus, which may lead to unnecessary overtreatment.6

Late in 2021, the American Society for Reproductive Medicine7 presented a new classification for mullerian anomalies 
based on the iconic AFS classification. The categories were modified and expanded with the addition of three groups: 
longitudinal vaginal septum, transverse vaginal septum, and complex anomalies, resulting in nine categories. Updated line 
drawings were maintained to effectively represent the anomalies for better understanding and recognition. They further 
included detailed descriptive terms of the anomalies instead of using symbolic terms like the ones used in the ESHRE system, 
and even suggested other descriptions for the anomalies while emphasizing the most used one. The new system included most 
of the anomalies that were described but pointed out its incompleteness, similar to the other systems, as a consequence of the 
possibility of the unlimited number of variations. And, as such, the system can be updated to include new anomalies. 
A recognizable feature of this system is that it has an interactive educational tool incorporating clinical presentation, diagnosis, 
and treatment of mullerian anomalies. This provides a comprehensive overview for every health care provider concerned 
about these anomalies, regardless of his/her specialty, helping raise awareness and education to promote better patient care.

Although the new ASRM system did not include a category for non-mullerian associated anomalies, it strongly 
recommended renal imaging in the presence of mullerian agenesis or obstructive anomalies. According to them, the 
rationale behind this is a result of difficulty faced in determining the incidence of associated anomalies from the 
literature, which is related to the poor quality of the medical literature, due to unavailability of advanced imaging 
techniques at the time of publication of some of them, infrequent occurrences of mullerian anomalies, and scarce studies 
reporting associated anomalies in non-syndromic cases.

The most common anomaly found in our study was septate uterus (19%), which results from failure of resorption of 
the connecting tissue between the two fused mullerian ducts, partially or completely. This is less than the reported 
prevalence of this anomaly reaching 55%18,19 and 48%.20 However, in one study, the reported prevalence was much 
lower, reported at 7%.21 Arcuate uterus is considered the mildest form of failure of mullerian septum resorption, but, as it 
has no adverse clinical outcomes, it is considered a normal variant and consequently was not accounted for in our study. 
However, it must be differentiated from septate uterus by evaluating the depth of the fundal myometrium protruding into 
the uterine cavity which should measure less than 1 cm in length with an obtuse angle >90° compared to >1 cm length 
and < 90° in septate uterus.7,9 Complete septate uterus was diagnosed in three patients, and only one of them (8%) had 
a concomitant completely septate vagina as well. This is close to the reported 5% incidence of longitudinal vaginal 
septum in women with septate uterus compared to the higher incidence of didelphys and bicornuate anomalies.2

The partially septate uteri found in our patients were clearly categorized in all three systems except for one, which 
could only be classified by the ESHRE system. Two patients with a complete septate uterus and a normal vagina were 
classified by the original AFS and ESHRE systems, but were not described in the new ASRM system (Figure 1). The 
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case with complete septate uterus and complete septate vagina was classified by the ESHRE and ASRM systems but not 
by the AFS system (Figure 2).

Equally common was mullerian agenesis (19%). It results from the failure of development of the mullerian ducts, 
resulting in complete absence of the uterus, cervix, and proximal vagina in its most severe form, also known as Mayer– 
Rokitansky–Kuster–Hauser syndrome. Its prevalence is noticeably high amongst our patients. This is similar to the result 
from a study by Bernadette et al who reported a prevalence of 24%,21 although it is different from other published data 
that reported a lower prevalence of 5–10%18 and 4%.22 Mullerian agenesis is less commonly segmental as was found in 
three cases of our series, but in the majority it involved the whole mullerian duct. Only four patients with complete 
agenesis showed the presence of remnants (33%), three of them with unilateral and one with bilateral remnants. This is 
contradictory to the reported frequency of associated remnants by Wang et al,23 who found remnants in 78% of their 
series of 92 patients, the vast majority of them with bilateral remnants. Similarly, Hong et al24 and Oppelt et al25 reported 
bilateral remnants in 98.5% and 84.2% in their large cohorts, respectively. However, these varied results cannot be relied 
on due to the large difference in number of cases between our and their cohorts.

The twelve cases could be successfully categorized according to the ESHRE and ASRM systems except for one with 
fundal agenesis. The four cases with remnants were considered not classified by the original AFS system due to the lack 
of description/drawings of these remnants.

Bicornuate uterus results from incomplete fusion of the mullerian ducts resulting in two separate symmetric uterine 
cornua, that appear fused at the lower and/or mid-uterine segments. There will be two endometrial cavities commu-
nicating with each other with a single cervix (bicornuate unicollis). However, there might be non-degeneration of the 
fused segments of the lower uterus and cervix resulting in two separate uterine cavities and duplicated cervices 
(bicornuate bicollis). A longitudinal vaginal septum may even be present and is reported in about 25% of these cases.8

The bicornuate anomaly showed almost an equal frequency in our study (12.5%) compared to the published 
literature,2,18 although it was also reported to represent 17% of anomalies.20 Seven cases showed the bicornuate unicollis 
variant; all of them were clearly described in the three systems, apart from the case with an elongated non-canalized 

Figure 1 Case of complete septate uterus with urogenital sinus anomaly presenting with cyclic hematuria, categorized by AFS and ESHRE systems. (A) Coronal T2W image 
demonstrating duplicated cervices. (B and C) Axial T2W images showing complete septate uterus and the narrow connection (arrow) between the vagina and the urinary 
bladder. (D) Sagittal T2W image showing the dilated proximal vagina with non-visualization of its distal portion. A Gartner duct cyst is seen at its posterior wall.
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cervix and secondary hematometra of both horns that could only be categorized using the ESHRE system. A solitary case 
had a bicornuate bicollis anomaly with distal cervical agenesis resulting in severe bilateral hematometra, which could 
only be classified by ESHRE system (Figure 3).

Uterus didelphys results from non-fusion of the mullerian ducts giving rise to widely divergent uterine horns with two 
separate endometrial cavities and two cervices. It is different from a bicornuate uterus as there is no fusion at all between 
the uterine horns and cervices, although minor cervical fusion, particularly inferiorly, might be present. A concomitant 
longitudinal vaginal septum of variable length is seen more commonly (75%) compared to a bicornuate uterus (25%).2,8

The didelphys anomaly was also similar in frequency amongst our patients (8%), compared to the reported literature 
values of 5%18 and 10%.20 All of our five patients had an associated vaginal anomaly – two of them with an obstructed 
hemi-vagina, the OHVIRA syndrome (obstructed hemivagina with ipsilateral renal agenesis). The original AFS system 
did not address such associated vaginal anomalies, while the new ASRM classification described such variants within the 
uterus didelphys category, excluding the case with a transverse vaginal septum. A clear correlating category for all of 
them was identified in the ESHRE system.

Agenesis or incomplete development of one of the mullerian ducts results in a unicornuate uterus. This is usually 
associated with a rudimentary horn, which may or may not contain an endometrium (cavitary). If it is cavitary, it may be 
communicating or non-communicating with the endometrial cavity of the normally developing contralateral horn.

The prevalence of this anomaly amongst our patients was almost half the reported, 11% compared to 20%.18,19 

Nevertheless, similar to the published literature, the isolated horn was found in one-third of the patients, while the 
majority had variable degrees of a rudimentary uterine horn with or without a cavity. The unicornuate uterus was seen 
more commonly on the left side in our study, contrary to the reported right-sided laterality, which was unexplained 
according to them.20 All these seven cases had a correlating category in the three classifying systems.

Isolated vaginal anomaly was the least common anomaly in our cohort (6%). Partial or complete vaginal atresia was 
the dominant anomaly (75%), and one case (25%) showed a low transverse septum. Vaginal atresia is estimated to occur 
in 1 in 5000–10,000 live female births.26 Isolated atresia is extremely rare and is more commonly part of a complex 

Figure 2 Case of complete septate uterus and vagina down to introitus, categorized by ASRM and ESHRE systems. (A and B) Axial T2W images showing the complete 
septate uterus and vagina. (C) Coronal T2W image showing the septate cervix and the two vaginae.
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anomaly.26,27 Transverse vaginal septum is even less common than atresia and is reported to occur in 1 in 70,000 
females,26,28 which is concordant with our findings. It results from anomalous fusion between the mullerian duct and the 
urogenital sinus. It can occur at any level along the vagina, but most commonly occurs in the proximal third.2 It can also 
be found in association with other mullerian anomalies but most commonly with uterus didelphys, as was found in our 
two cases of OHVIRA syndrome.

The cases with vaginal atresia were clearly described in the three systems, while the one with an isolated transverse 
septum did not have a description in the original AFS system.

Hypoplastic/infantile uterus was encountered in 25% of cases (16 patients), and all presented with amenorrhea. The 
definition of a hypoplastic uterus is variable and is not well addressed in the literature, and the term is sometimes 
interchangeably used with infantile uterus. One author defined hypoplastic uterus as small-for-age uterus with low T2 
signal intensity and diminished zonal anatomy even if an endometrial stripe is present.19 Another author added – in 
addition to this definition – a small uterus with normal body:cervix ratio of 2:1, reduced intercornual distance of <2 cm, 
and reduced endometrial/myometrial width (normal is 1:3.6).21

Uterine hypoplasia was classified as category I in the AFS system together with agenesis, but no separate drawing or 
clear definition was provided. The new ASRM system even removed the term from its classification without clarification. 
In contrast, the ESHRE system specified a subclass named infantile uterus under the main class of dysmorphic uterus 
(class Ib) and defined it as a narrow uterine cavity without lateral wall thickening with an inverse ratio of 1/3 uterine 
body and 2/3 cervix.5

The majority of these patients had either small ovaries or non-visualized ovaries. Unfortunately, hormonal assay and 
karyotyping were done only for a few patients. Hypogonadism was found in some patients with small ovaries, and 
a normal female karyotype was found in three patients with absent ovaries, while XO karyotype was present in a fourth 
case. We think that it is important to perform a hormonal assay for all patients with hypoplastic/infantile uterus to check 
for the possibility of hypogonadism, rather than just considering it as a pure developmental mullerian anomaly, and, in 
cases of absent ovaries, to perform karyotyping as well.

Figure 3 Case of bicornuate bicollis with distal cervical obstruction, categorized only by ESHRE system. (A and B) Axial T1 fat sat images demonstrating marked 
hematometra and hemoperitoneum (*) with communication between both cervical canals. (C) Sagittal T2W image showing hematometra of the uterine body and cervix. 
Note the normal vagina. (D) Coronal contrasted T1 fat sat image demonstrating the deep fundal cleft.
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The incidence of associated mal-positioned or ectopic ovaries was scarce in our study (3 cases; 5%) contrary to the 
reported literature (17%).29 Two of these (17%) were in association with the MRKH syndrome without remnants, located 
in the left anterolateral aspect of the pelvis just behind the anterior abdominal wall. This is similar to the finding by Allen 
et al29 but contradicts the findings of Preibsch,30 Wang et al,23 and Wang et al31 who reported a much higher incidence of 
41.6%, 38%, and 28% among their MRKH syndrome patients, respectively. The third case was seen in association with 
a unicornuate uterus (14%) with the ectopic ovary being located above the normal horn; this again is different from other 
reports in the literature in terms of incidence and ovarian location.20,29

The incidence of ovarian endometrioma was very low amongst our patients (3%) and was found only in two cases 
with partial septate uterus. This is concordant with the study that did not find a difference in the frequency of 
endometriosis by laparoscopy between infertile patients with non-obstructive mullerian anomalies and the control 
group.32 However, there was increased prevalence of endometriosis amongst those with a unicornuate uterus.

Likewise, Ugur et al33 have not found significant difference in the frequency of endometriosis between patients with 
mullerian anomalies and the control group without anomalies. Rather, the obstructive mullerian anomalies showed 
a higher association with endometriosis compared to the non-obstructive anomalies. On the other hand, Nawroth et al34 

found a higher incidence of endometriosis in their patients with septate uteri compared to the infertile control group 
without anomalies.

The association between renal anomalies and mullerian anomalies is well known. In one study, 30% of patients with 
mullerian anomalies showed an absent kidney; the majority were in association with uterus didelphys (63%) and less often 
with uterine agenesis (15%).35 In a cohort of 115 patients with MRKH syndrome, 27.8% showed accompanying renal or 
ureteral malformation, the majority of them (18%) showing unilateral renal agenesis. Furthermore, they found that in cases 
with uterine remnants, the single kidney was located ipsilateral to them.30 Similar findings in a larger cohort of MRKH patients 
were reported: approximately 30% of patients had renal malformations, and the majority of them had renal agenesis.25

Likewise, Heinonen reported unilateral agenesis in 38% of cases with unicornuate uterus which was always ipsilateral 
to the rudimentary horn.20 Other less frequent urinary tract anomalies were reported, including pelvic kidneys, horseshoe 
kidney, renal malrotation, multicystic dysplastic kidney, and lower ureteric remnants, which are most commonly seen 
together with renal agenesis and mostly inserting ectopically into the vagina.25,30,35

The present findings were compatible with these reports, although urinary tract imaging was only available for 27 
patients. Urinary tract anomalies were present in 37% of cases, with unilateral renal agenesis being the most common 
renal anomaly (80%), which was seen in association with almost all types of mullerian anomalies. A few other urinary 
anomalies were also found amongst our patients (Supplementary Table 2).

Few coincident anomalies were diagnosed. Cloaca was diagnosed in two cases, and urogenital sinus anomaly was 
found in another two cases. Two syndromes were encountered: Fraser syndrome in a case of septate uterus and Wolfram 
syndrome in a patient with an infantile uterus. Other isolated anomalies were also encountered. Endometrial cancer was 
diagnosed in a case with unicornuate uterus, arising within the dominant horn. The literature contained very few case 
reports describing the association of mullerian anomalies with non-renal anomalies, skeletal and cardiac 
malformations.36,37

Seven cases of mullerian anomalies were “not described” in the new ASRM system. Nevertheless, we found it much 
more reliable for the radiology practice because it is an advanced modification of the known widely used AFS system 
using clear descriptions and iconic representations that can mirror the MR images, making for rapid, easy, and confident 
diagnosis of the anomaly. This is contrary to the ESHRE system that used new terms like bicorporeal, used new 
measurement methods regarding myometrial thickness, and depended on symbolic classification making it not user- 
friendly in our radiology practice.

Few limitations are encountered in this study. One limitation is the retrospective nature of the study, which, having 
selected already diagnosed patients, could introduce selection bias. This may impact the prevalence rates and render 
prevalence comparisons with prospective studies unreliable. Another possible limitation is the small sample size, which 
results in a small number of available cases for each abnormality. Therefore, the performance of the classification 
systems on these limited cases is not necessarily representative of its the performance in general, as the sample used 
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might have been easier or harder to diagnose than average. Furthermore, since the ease of use and practicality of each 
system was based on the opinion and experience of the examiners, it is not necessarily applicable to all examiners.

Conclusions
Variable mullerian anomalies are present that can be complex and are frequently accompanied by urinary tract anomalies, 
and, in a minority, other non-urinary malformations may exist. These can be adequately and successfully delineated by 
MRI and subsequently classified according to the available systems.

The new ASRM classification system appears very functional and truly represents a robust modification of the 
original AFS system and undoubtedly could replace it. However, it could not incorporate some of the cases presented in 
this study. On the other hand, the ESHRE classification system could categorize all our cases, including the cases with 
uterine hypoplasia (except for one, which could not be classified by the ASRM system either). Both systems evidently 
pointed out that complete classification of all mullerian anomalies would be impossible, and more variations will be 
encountered in the future.

Nevertheless, we found the new ASRM classification more practical as it appears simpler and more user-friendly as it 
uses drawings with clear descriptions rather than symbols, yielding a view of the whole anomaly at a glance. This is, 
without hesitation, very useful in the radiological era, allowing us to equate the MRI images of the patient with the 
provided anomaly drawing, saving time and effort at the time of reporting.

Data Sharing Statement
Data are available via e-mail request from the corresponding author.
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Authors have no conflict of interest.
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