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Recent Advances in 3D Assessment of Mullerian
Anomalies
Ashok Khurana

A b s t r ac t
Mullerian anomalies present with a variety of clinical manifestations including infertility (Dysmorphic/T-shaped uterus), repeated
first-trimester spontaneous miscarriages (Septate uterus), fetal growth restriction, fetal malposition, preterm labor, preterm delivery,
obstructed or nonprogressive labor, and retained placenta. Paradoxically, a significant number of these anomalies are incidental
findings and this creates a dilemma with offering treatment options. An unambiguous label of the type of dysmorphology is central to
the solution to this problem. Consequently, attempts are being made to define these better in order to optimize the treatment offered.
Ultrasound is one imaging tool that is widely available, economical, lacks radiation and can be achieved rapidly, and is now the first
step to diagnosis. Two-dimensional (2D) ultrasound, however, misses a large number of anomalies because it is often impossible to
demonstrate a coronal plane. This plane is necessary to delineate the external uterine contour, which is central to labeling a mullerian
anomaly. Three-dimensional (3D) US is recommended for the diagnosis of mullerian anomalies in symptomatic patients belonging
to high-risk groups and in any asymptomatic woman suspected to have an anomaly from routine evaluation. Magnetic resonance
imaging (MRI) and endoscopy should be carried out for patients with suspected complex malformations or in diagnostic dilemmas.
Adolescents with symptoms should be thoroughly assessed with 2D and 3D ultrasound, MRI, and with endoscopy.
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Introduction

and

B ac kg r o u n d

Mullerian anomalies present with a variety of clinical
manifestations1–6 including infertility (Dysmorphic/T-shaped
uterus), repeated first-trimester spontaneous miscarriages
(Septate uterus), fetal growth restriction, fetal malposition,
preterm labor, preterm delivery, obstructed or nonprogressive
labor, and retained placenta. Paradoxically, a significant number
of these anomalies are incidental findings and this creates a
dilemma with offering treatment options. An unambiguous
label of the type of dysmorphology is central to the solution
to this problem. Consequently, attempts are being made to
define these better in order to optimize the treatment offered.
Ever since Strassman7 first described morphology and
surgical management of common mullerian anomalies and
Jarcho8 listed the gamut of uterine malformations, several
classifications have emerged. The classification first proposed
by Buttram et al.9 was adopted by the American Fertility
Society (AFS)10 and has been in extensive use until recently.
Oppelt et al.11 have proposed a VCUAM classification on the
lines of TNM classification. This is exhaustive and systematic
but not yet widely accepted, possibly because of its bulk. The
efforts of Grimbizis et al.12 and Acienand et al.13,14 have resulted
in a new increasingly accepted classification now known as
the ESHRE/ESGE classification.15 This classification connects
embryology, anatomy, and the new array of treatment
options that extend from expectant management to surgical
correction. This classification is based on three-dimensional
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(3D) morphology and is currently undergoing external
validation and will be presented in detail in this treatise.
This new ESHRE/ESGE classification was reached through
a Delphi procedure, which involves an expert appraisal
of a questionnaire system followed by a consensus. This
new classification makes the clinical approach to mullerian
anomalies logical and clinically applicable, without making
it too bulky or too brief.
A total of 94 observational studies were assessed with a
total case tally of 89,861 women. The prevalence of mullerian
anomalies was 5.5% in the unselected population, 8.0% in
infertile women, 13.3% in those with a history of miscarriage, and
24.5% in women with a history of miscarriage and infertility.15
The classification arranges anomalies into increasingly severe
subgroups and with increasing severity in each subgroup.
Over the years, several methods and techniques of
imaging have been used to demonstrate the uterus and
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cervix. Hysterosalpingography (HSG) is good for delineation
of the uterine cavity and for tubal patency but is limited
in the evaluation of developmental anomalies because it
does not delineate the external contour of the uterus.16–20
A similar limitation is encountered with sonohysterography
and with hysteroscopy without a laparoscopy.20–26 Ultrasound
is one imaging tool that is widely available, economical,
lacks radiation and can be achieved rapidly, and is now the

first step to diagnosis. Two-dimensional (2D) Ultrasound,
however, misses a large number of anomalies because it is
often impossible to demonstrate a coronal plane. This plane
is necessary to delineate the external uterine contour, which
is central to labeling a mullerian anomaly. Undoubtedly, a
wide transverse diameter of the uterus or visualization of
two cavities can be a clue on 2D ultrasound (Figs 1, 2, and 3).
However, these findings are shared by a septate and a

Figs 1A and B: Increased transverse diameter

Figs 2A and B: Two cavities septate

Figs 3A and B: Two cavities bicorporeal
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bicorporeal (bicornuate in the older classification) uterus. 3D
ultrasound is a relatively new technique that is now widely
practiced. This has been shown, to be far more accurate than
2D ultrasound and equal or better than MRI for assessing
mullerian anomalies.27–36

Fig. 4: Wall thickness coronal

W h at

is New and Different?
The new classification includes newer nomenclature and
new mathematical calculations. The arcuate uterus is now
mathematically defined and is either normal or septate
as described later. The didelphys uterus is no longer a

Fig. 5: Wall thickness longitudinal

Figs 6A to D: External cleft
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Figs 7A to C: Internal fundal indentation septate

Fig. 8: Internal fundal indentation bicorporeal septate

Fig. 9: Graphic representation of the new uterus categories
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label. Bicornuate is now labeled as bicorporeal in keeping
with embryological considerations. Bicorporeal septate
is a new variant and is far more commonly encountered
than expected, considering it has only recently been
recognized. The T-shaped uterus is now labeled dysmorphic.
A unicornuate uterus is now called a hemiuterus. “Not yet
classified” is a new category. The vagina and cervix are now
separately described. New measurements for an external
cleft, wall thickness, and internal fundal indentation have
been proposed to objectivize categorization.
Wall thickness is the distance between the interostial
line and the highest point on the fundal contour (Fig. 4). If
this is not defined in the coronal view, then the anterior and
posterior thickness of the myometrium is measured in the
long axis and a mean is taken (Fig. 5). The external cleft is
measured from a line that connects the fundal aspect of the
of the two humps of the externally indented uterus to the
depth of indentation (Fig. 6). Internal fundal indentation is
the depth of the indentation from the interostial line (Fig. 7).
If the external cleft extends below the interostial line then the
depth is from the external aspect of the depressed fundus to
the depth of the indentation (Fig. 8).

The ESHRE/ESGE Classification
Table 1 summarizes the various morphological mullerian
maldevelopment variants of the uterus, cervix, and vagina.
These are illustrated in Figure 9. A comparison of the ASRM

classification and the ESHRE/ESGE classification is presented
in Table 2.
Class U0 includes all normal uterus. The normal uterus has
either a straight interostial line or a curved interostial line that
has an internal indentation not exceeding 50% of the uterine
wall thickness. The use of absolute numbers such as <5 mm
indicating an arcuate uterus or >10 mm indicating a septate
uterus has been avoided in definitions as uterine dimensions
and wall thickness vary from one patient to another. It
has, therefore, been decided to define the deformity as a
fraction/percentage of wall thickness. Adding the normal
uterus as an independent class permits defining isolated
congenital malformations of the cervix and the vagina. This
is illustrated in Figure 10.
Class U1 or dysmorphic uterus includes those cases
that have a normal outer uterine contour but with an
abnormal shape of the uterine cavity excluding septa. This
is further subdivided into three categories. Class U1a or the
T-shaped uterus consists of a long tubular vertical extent of
the cavity and a short-heighted horizontal extent (Fig. 11).
The myometrium is thick. Subjective evaluation reveals
an adult type ratio of the uterine corpus to the cervix:
two-thirds corpus to one-third cervix. Class U1b or uterus
infantilis also shows a narrow uterine cavity but without
lateral wall thickening. There is an inverse proportion of
one-third corpus and two-thirds cervix, on observing such
a uterus (Fig. 12). Class U1c or “others” includes all minor

Table 1: Summary of various morphological mullerian maldevelopment variants of the uterus, cervix, and vagina
Class

Uterine anomaly

Class 0

Normal uterus

Main subclass

Coexistent subclass
cervical/vaginal anomaly
Cervix
C0 Normal

Class I

Dysmorphic uterus

a. T-shaped
b. Infantilis

C1 Septate
C2 Double “normal”

Class II

Septate uterus

a. Partial
b. Complete

C3 Unilateral aplasia/ dysplasia
C4 Aplasia/ dysplasia

Class III

Dysfused uterus

a. Partial

(including dysfused “septate”

b. Complete

Vagina

Unilaterally formed uterus

a. Rudimentary horn with cavity
(communicating or not)

V0 Normal vagina
V1 Longitudinal non-obstructing

Class IV

vaginal septum

Class V

Aplastic/ dysplastic

b. Rudimentary horn without

V2 Longitudinal obstructing

cavity/ aplasia (no horn)

vaginal septum

a. Rudimentary horn with cavity
(bi- or unilateral)

V3 Transverse vaginal septum/
imperforate hymen

b. Rudimentary horn without cavity

V4 Vaginal aplasia

(bi- or unilateral)/ aplasia
Class VI

Unclassified malformations
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Table 2: A comparison of the ASRM classification and the ESHRE/ESGE classification
Ultrasound criteria for the classification of congenital uterine anomalies by ASRMa and ESHRE–ESGE.
Classification
ASRMa
Norm

 Class I hypoplasia/
agenesis
 Class II uterus unicornuate

a. Communicating

b. Non-communicating

c. No cavity

Uterine cavity shape

External contour

Straight, convex fundal
contour or internal indentation <1 cm
a. vaginal, b. cervical, c. fundal,
d. tubal, e. combined
Single well-formed uterine
cavity with a single interstitial
portion of fallopian tube and
concave fundal contour
Connected with smaller contralateral uterine cavity with
or without interstitial portion
of fallopian tube
Unconnected with contralateral uterine cavity with or
without interstitial portion of
fallopian tube
Without uterine cavity in
rudimentary horn

Straight, convex or external cleft <1
cm

d. No horn
 Class III uterus didelphys
 Class IV uterus bicornuate
a. Complete

Two separate unicornuate
uterine cavities
Internal indentation ≥1.5 cm

Subjective impression
Asymmetric ellipsoidal shape
(‘banana-shaped’) with or without
smaller horn

Subjective impression

External cleft >1 cm dividing the
two horns

a. Measurements

External cleft >1 cm dividing the
b. Measurements/subjective
two horn/variable if hemi-hemato- impression
metra is present in rudimentary horn
External cleft >1 cm dividing the
two horns
Rudimentary horn absent

c. Measurements

Two corpus bodies with double
cervix
External cleft ≥1 cm

Subjective impression

b. Division above the single normal
cervix
External cleft <1 cm

Class V septate uterus
a. Complete

Internal indentation ≥1.5 cm
Totally division of uterine cavity and cervical canal
b. Partial
Partially or totally division of
uterine cavity without or with
partially septate cervix
Class VI arcuate uterus Internal indentation ≥1 cm;
External cleft <1 cm
≤1.5 cm
 Class VII T-shaped
T-shaped uterine cavity
uterus
 Anomaly without clas- Hybrid form, noncharactersification
istic conjunction of uterine,
cervical and vaginal malformations
ESHRE–ESGE

 Class U1: Dysmorphic
uterus

Subjective impression and
measurements

d. Subjective impression

Measurements

a. Division up to single normal cervix a. Subjective impression

b. Partial

Class U0: Normal
uterus

Differentiation

Straight, curved interostial
line, or internal indentation <50% myometrial thickness
Abnormal

b. Subjective impression
Measurements
a. Subjective impression
b. Subjective impression

Measurements
Subjective impression
Subjective impression and
measurements

Normal outline or external
cleft <50% of uterine wall thickness

Subjective impression and
measurements

Normal outline or external
cleft <50% of uterine wall thickness

Subjective impression and
measurements
Continued...
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Table 2: Continued...
Ultrasound criteria for the classification of congenital uterine anomalies by ASRMa and ESHRE–ESGE.
Classification
a. T-shaped

b. Infantilis

c. Others (?)
 Class U2: Septate
uterus
a. Partial
b. Complete
 Class U3: Bicorporeal
uterus
a. Partial
b. Complete
c. Bicorporeal septate

Class U4: Hemiuterus
a. With a rudimentary
(functional) cavity
b. Without rudimentary (functional)
cavity
Class U5: Aplastic
uterus
a. With rudimentary
(functional) cavity
b. Without rudimentary (functional)
cavity
 Class U6: Unclassified
cases

Uterine cavity shape
Narrow cavity; thickened
lateral walls; correlation of
two-third uterine corpus and
one-third cervix
Narrow cavity without wall
thickening; correlation of
one-third uterine body and
two-third cervix
Internal indentation <50%
myometrial thickness (?)
Internal indentation >50%
myometrial thickness
a. Division above of the internal cervical os
b. Division up to the internal
cervical os

Division above of the internal
cervical os
Division up to the internal
cervical os
Midline fundal indentation
(myometrial thickness at the
central point of the external
cleft) >150% uterine wall
thickness (average myometrial thickness)
Unilateral formed cavity
With communicating or noncommunicating functional
contralateral horn of cavity
Without functional contralateral horn of cavity

External contour

Normal outline or external
cleft <50% of uterine wall thickness

Differentiation

Measurements
a. Subjective impression
b. Subjective impression

External cleft >50% myometrial
thickness
Division above the cervix

Measurements

Division up to the cervix

b. Subjective impression

a. Subjective impression

c. Measurements

Unilateral formed corpus

Subjective impression

Subjective impression
Cavity remnant/s present

Uterine remnants present

Cavity remnants absent

Full uterine aplasia or uterine remnants present

Infrequent anomalies, subtle
changes, or combined
anomalies

Subjective impression and
measurements

ASRM, American Society for Reproductive Medicine; ESHRE–ESGE, European Society of Human Reproduction and Embryology–European Society for Gynaecological Endoscopy; aModified to include morphometric criteria.

deformities of the uterine cavity including those with an
inner indentation at the fundal midline level of less than 50
% of the uterine wall thickness, formerly categorized as the
arcuate uterus (Fig. 13).

Class U2 or septate uterus includes all cases with a normal
fusion but abnormal absorption of the midline septum. The
septate uterus is characterized by a normal outline and a
midline fundal internal indentation exceeding 50% of the
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Figs 10A to F: Normal and old arcuate uterus

Figs 11A and B: Dysmorphic old T-shape type

uterine wall thickness. The septum may be partial (U2a) and
end above the level of the cervix (Fig. 14) or extend down
to the cervix and completely divide the uterine cavity (U2b)
(Fig. 15). It may extend into the cervix and /or into the vagina
Class U3 is called the bicorporeal uterus. This was formerly
called the bicornuate uterus. It includes all fusion defects and
always has an abnormal fundal contour (Fig. 16). The external
indentation exceeds 50% of the uterine wall thickness.
This indentation may divide the uterus partially (U3a) or
completely (U3b). It may extend into the cervix and/or vagina.
The bicorporeal uterus is always associated with an inner
indentation at the midline level that divides the cavity as also
happens in a septate uterus. Class U3c or bicorporeal septate
60

uterus (Fig. 17) is characterized by an absorption defect in
addition to the main fusion defect. The width of the midline
fundal indentation exceeds the uterine wall thickness by 50%.
These patients may benefit from a hysteroscopic resection
of the septate element of the defect.
Class U4 or hemiuterus is a formation defect that includes
the unilateral formed uterus (Fig. 18), formerly known as
the unicornuate uterus. The contralateral part may be
incomplete or absent. Class U4a is a hemiuterus with a
functional rudimentary cavity. This may be communicating
or noncommunicating. A functional cavity in the contralateral
part is the clinically important consideration for complications
such as hematometra or ectopic pregnancy and laparoscopic
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Figs 12A and B: Dysmorphic infantile

Figs 13A and B: Arcuate uterus

Figs 14A to F: Incomplete septate

Figs 15A to D: Complete septate and didelphys
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Figs 16A to D: Bicorporeal

Figs 17A and B: Bicorporeal septate

Fig. 18: Unicornuate with rudimentary horn

Figs 19A to C: Unicornuate
62
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Fig. 20: Reporting format

removal is recommended even if the horn is communicating.
Class U4b or hemiuterus is characterized either by the
presence of a nonfunctional contralateral uterine horn or by
aplasia of the contralateral part (Fig. 19).
Class U5 includes all cases of uterine aplasia. It is a
formation defect. In some cases, there could be unilateral
or bilateral rudimentary horns with (U5a) or without (U5b)
a functional cavity.
Class U6 has been created for hitherto unclassified cases.
Consequent to technological advancements, newer rare
anomalies, subtle variations, or combinations may emerge.
Cervical and vaginal anomalies are not always clearly
evident on ultrasound and a gynecological examination is
indispensable in their evaluation.
Figure 20 is a recommended reporting form from ESHRE/ESGE
and is a convenient summary including the possibility of hand
drawings.

U p dat e s , C r i t i c i s m s ,
R e co m m e n dat i o n s

and

It has been suggested that the new classification significantly
increases the number of septate uteruses and may
result in overtreatment. 37–39 The original authors have
published appropriate replies and rebuttals and suggested
a working algorithm. Three-dimensional (3D) US is
recommended for the diagnosis of mullerian anomalies
in symptomatic patients belonging to high-risk groups
and in any asymptomatic woman suspected to have an

anomaly from routine evaluation.40 Magnetic resonance
imaging (MRI) and endoscopy should be carried out are
for patients with suspected complex malformations or in
diagnostic dilemmas. Adolescents with symptoms should
be thoroughly assessed with 2D and 3D ultrasound, MRI,
and with endoscopy.
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