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ABSTRACT

Keywords:

CoJ;genital uterine anomalies The prevalence of congenital uterine anomalies (CUA) is reported
Malformations to be 4.3—6.7% in the general population, 3.4%—8% in the infertile
Classification population, and 12.6—18.2% of those with recurrent miscarriages.
Surgical management They are the result of abnormal formation, differentiation, and
ls:gigcisglo;e;h“iques fusion of the Miillerian or paramesonephric ducts during fetal life.

To date, various classification systems have been proposed for the
categorization of CUA, but the recently introduced ESHRE/ESGE clas-
sification seems to be a new, clear, and systematic categorization,
which could be the basis for clinicians to rely on when they refer to
CUA and their clinical impact either generally or concerning preg-
nancy outcomes. CUA are apparently related to an impaired repro-
ductive outcome, while their exact clinical impact as well as the
effectiveness of their treatment remain considered controversial.
Surgery is indicated in women presenting with symptoms related to
specific uterine anomalies, especially in those with fertility problems.
In this review, indications, surgical techniques for the repair of CUA
according to their classification, and fertility and pregnancy outcomes
before and after surgery will be thoroughly reviewed.
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Introduction
Embryology

Normal development of the female reproductive tract is based on the proper formation, differen-
tiation, and fusion of the Miillerian or paramesonephric ducts. These ducts are initially formed as an
invagination of the coelomic epithelium, and because of the lack of anti-Miillerian hormone (AMH)
secretion in genetic female embryos (46,XX), they normally develop into the oviducts, the uterus, and
the upper 2/3-part of the vagina [1-3]. It is not yet plainly comprehended what outlines the devel-
opment of the uniform paramesonephric duct into the separate genital tract organs. It is thought that
molecular mechanisms play a crucial role [4]. These molecules are encoded by specific genes; hence,
the development of the female genital tract seems to have a genetic basis. Hormonal factors, especially
sex steroids, may also be well involved in this developmental process [5,6].

Generally, during the 6th week of gestation, formation and canalization of the paramesonephric or
Miillerian ducts occur followed by fusion of the caudal parts of the Miillerian ducts (7th—9th week of
gestation) and absorption of the midline septum and formation of cavity (9th—13th week of gestation).
Formation of the vagina is due to the fusion of the cavity coming from the Miillerian duct to that from
the sinovaginal bulb. Sinovaginal bulb progresses the cephalad and fuses with the cavity coming from
the caudal part of the Miillerian ducts to form the vaginal lumen [7,8].

Congenital anomalies of the female genital tract are the result of four major developmental defects
during fetal life: (i) failure of one or both Miillerian ducts to form results in hemi-uterus (unicornuate)
without rudimentary cavity or aplastic uterus, respectively. Aplastic uterus is the most severe Miille-
rian defect. Cervical and vaginal aplasia frequently co-exist, and this is known as Mayer-Rokitansky-
Kuster-Hauser (MRKH) syndrome or Miillerian aplasia (MA); (ii) failure of the ducts to canalize re-
sults in hemi-uterus with rudimentary cavity; (iii) failure of or abnormal fusion of the ducts results in
bicorporeal (bicornuate) uterus; (iv) failure of re-absorption of the midline uterine septum results in
septate uterus. Dysmorphic appearance of the uterus can be attributed to abnormal formation of the
ducts as a result of impaired segmental identity after drug exposure [7—10].

Classification

To systematize medical knowledge and facilitate clinicians' communication, classifications are
necessary. To date, various classification systems have been proposed for congenital uterine anomalies
(CUA). Among them, the AFS system [9] has been widely used, and until recently, it was the most
accepted categorization of the anomalies. However, it is a reality that this system is associated with
very serious disadvantages and the most important of them is that there are reported anomalies that
could not be classified. Furthermore, obstructive anomalies are not clearly represented in the AFS
system, and last but not least, the definitions of the system categories are not clear, thereby raising
serious problems in the precise diagnosis and clinical significance of different classes [11]. Other
classifications proposed are the embryological-clinical classification and the VCUAM system [12—14].
Nevertheless, they have difficulty in interpretation and in everyday application, and therefore, they
have not been widely accepted by the medical community.

The European Society of Human Reproduction and Embryology (ESHRE) and European Society for
Gynaecological Endoscopy (ESGE) together have recently published the new ESHRE/ESGE classification
system of female genital tract congenital anomalies [10,15]. There are five main classes in the ESHRE/
ESGE system on the basis of this classification of uterine anomalies: Class I is the dysmorphic uterus
(including T-shaped and infantilis uteri), class II is the septate uterus (absorption defects/arcuate
deleted), class III is the bicorporeal uterus (fusion defects including former didelphys and bicornuate
uteri of AFS classification), class IV is the hemi of unicorporeal uterus (formation defect/former uni-
cornuate uterus of AFS classification), and class V is the aplastic uterus (formation defect including only
cases of uterine aplasia). Furthermore, normal uterus is categorized as class 0, and potentially un-
classified cases could be categorized as class 6. Uterine, cervical, and vaginal anomalies were classified
in autonomous categories.
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This classification system introduced a new, clear, and systematic categorization, which could be the
basis for clinicians to rely on when they refer to congenital uterine anomalies (CUA) and their clinical
impact either generally or concerning pregnancy outcomes. In an attempt to emphasize the necessity
of the system in clinical practice and the objective classification based on strict anatomical terms, a
consensus has been published by the ESHRE and ESGE [16,17].

CUA are apparently related to an impaired reproductive outcome, while their exact clinical impact
as well as the effectiveness of their treatment remain considered controversial. This justifies our effort
to thoroughly review the indications for surgery, surgical techniques for the repair of CUA according to
their classification, and fertility and pregnancy outcomes before and after surgical correction.

Prevalence of congenital uterine malformations

Malformations of the female genital tract are common but not always identified. CUA are the most
frequent ones [18—21]. Probably, in addition to hysterosalpingography (HSG), the increasing and
everyday use of high-accuracy imaging techniques such as 3D ultrasound (3D US), magnetic resonance
imaging (MRI) and the application of minimally invasive surgical procedures (hysteroscopy and lap-
aroscopy) resulted in a more accurate diagnosis and in an observed increase in their prevalence.

There are still difficulties to reveal the exact prevalence of CUA because of the heterogeneity in
patient’s selection criteria and the use of different methods for their diagnosis in the relevant studies.
An important issue is the lack of an accurate and universal classification system, and therefore sys-
tematic grouping of the malformations is not always possible. The above-mentioned factors explain the
subjectivity in the final verdict of the malformation and therefore justify the notable difference in the
reported incidence between the studies.

Uterus, hosting the developing embryo, plays a detrimental role for implantation and evolution of
pregnancy. To investigate the reproductive potential of women presenting with uterine abnormalities,
scientists evaluated potential differences in the prevalence of CUA in general and infertile populations
as well as in patients with recurrent pregnancy losses. This idea of indirectly concluding about the
prevalence came up from the observation that in patients with conception problems or recurrent
pregnancy losses, the CUA percentages were higher.

In an initial review by Grimbizis et al. [22], the prevalence of uterine anomalies has been found to be
~4% in the general population, ~4% in patients with infertility, and ~12% in patients with recurrent
pregnancy losses. This review has limitations such as the retrospective design of the studies included,
and the fact that the diagnostic method used in different studies included was not the same and of low
accuracy.

To overcome this important limitation, Saravelos et al. [23] categorized the diagnostic methods as
those with high and low diagnostic accuracy; reviewing the high diagnostic accuracy studies, they
reported a prevalence of CUA of 6.7% (95% CI, 6.0—7.4) in the general/fertile population, 7.3% (95% CI,
6.7—7.9) in the infertile population, and 16.7% (95% CI, 14.8—18.6) in patients with recurrent mis-
carriages. It seems that the prevalence in the infertile population is similar to that of the general/fertile
population; arcuate uterus was the commonest anomaly with a prevalence of 12.2% in women with
recurrent pregnancy losses. However, in the infertile population, there seems to be a higher prevalence
of septate uterus suggesting a possible involvement of this malformation in the poor obstetrical
outcome. The prevalence of septate uterus was found to be ~2% in the general population, 3.5% in the
infertile population, and 5% in recurrent aborters [23].

In a forthcoming review, including studies using optimal diagnostic tests for identification of
uterine anatomy, Chan et al. [24] reported an overall incidence of congenital malformations of 5.5%
(95% (I, 3.5—-8.5) in an unselected population and 8.0% (95% CI 5.3—12.0) in infertile women. Statis-
tically higher occurrence of congenital anomalies was present in women with a history of miscarriage
(13.3%; 95% (I, 8.9—20) and in those with miscarriage in association with infertility (24.5%; 95% CI,
18.3—32.8). Uterine anomalies excluding arcuate uterus were present in 3.2% of the general population,
5.8% of infertile patients, and 9.3% of patients with recurrent pregnancy losses.

Furthermore, examining the different types of anomalies, the prevalence of septate uterus was found
to be 2.3% (95% CI,1.8—2.9) in the unselected population, 3.0%; (95% CI, 1.3—6.7) in infertile patients, 5.3%
(95% (I, 1.7—16.8) in women with miscarriage, and 15.4% in those with a history of miscarriage and
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infertility (15.4%; 95% CI, 12.5—19.0) [24]. The prevalence of bicornuate uterus was low in the unselected
population (0.4%; 95% CI, 0.2—0.6), but considerably high in women with infertility (1.1%; 95% CI,
0.6—2.0), women with miscarriage (2.1%; 95% CI, 1.4—3.0), and cases presenting with a history of
miscarriage and infertility (4.7%; 95% CI, 2.9—7.6) [24]. Unicornuate uterus was present in 0.1% (95% CI,
0.1-0.3) of the unselected population, 0.5% of women with a history of miscarriage (95% CI, 0.3—1.1),
0.5% (95% CI, 0.3—0.8) of women with infertility, and 3.1% of women with miscarriage and infertility (95%
Cl, 2—4.7) | 24]. Didelphys uterus was found in 0.3% (95% CI, 0.1-0.6) of the unselected population.

Clinical impact of congenital anomalies: fertility and pregnancy outcome

Although data from prevalence of congenital anomalies in the general and selected population are
useful, safe conclusions on the reproductive and clinical consequences of CUA and the need for their
treatment could be drawn from a critical review of relevant preferentially comparative studies.

Uterine malformations seem to be associated with an impaired pregnancy outcome. Grimbizis et al.
[22] reviewed the impact of congenital anomalies and reported an impaired evolution of pregnancy
with a mean 44.1% abortion rate, 22.3% preterm delivery rate, and 32.9% term delivery rate in pregnant
patients with septate uterus. Their conclusion on the effect of septate uterus on pregnancy outcome
was in agreement with the results of others [25,26], but there were no data on the role of this mal-
formation in women's fertility [22,27]. They further reported a mean 37.1% miscarriage rate, 16.4%
preterm delivery rate, 45.3% term delivery, and 55.1% live birth rate in women with unicornuate uterus.
The same group analyzed the impact of untreated bicornuate uterus and found that, in this group of
pregnant women, mean miscarriage rate was 36.0%, mean preterm delivery rate 23.0%, mean term
delivery rate 40.6%, and mean live birth rate 55.2%.

Reichman et al. [28] reported that in women with unicornuate uterus, 24.3% of pregnancies ended
in first-trimester miscarriages and 9.7% in second-trimester miscarriages. Preterm delivery rate was
20.1%, and term delivery rate was 44%. Intrauterine fetal death was reported in as high as 10.5% of the
patients, resulting in only 49.6% live birth rate.

Saravelos et al. [29] examined the clinical outcome of different types of CUA. Analyzing 881 preg-
nancies, they found that the presence of septate or bicornuate uterus significantly increased second-
trimester miscarriages compared with that in controls (13.2% and 13.8% vs. 1.0%; P < 0.001 and
P < 0.05, respectively). Moreover, live birth rates are also reduced in the same groups of CUA (9.4%,
P < 0.001, and 13.8%, P < 0.05, respectively). Interestingly, in this study, women with an arcuate,
septate, or bicornuate uterus had reduced rates of biochemical pregnancy losses compared with those
in controls (9.5%, 11.1%, and 11.1% vs. 30.4%; P < 0.01, P < 0.01, and P < 0.05, respectively). The authors’
conclusion was that pregnancies of women with RM and CUA usually represent a clinical problem not
in the implantation period but at a more advanced gestational period.

Prior et al. [30] conducted a prospective observational study to examine the outcome of assisted
reproduction in patients with CUA as compared to normal controls. Comparing women with arcuate
uterus to normal controls, they observed similar clinical pregnancy (43.2% vs. 43.7%, P = 0.78) and live
birth (36.7% vs. 37.2%, P = 0.91) rates. On the contrary, patients with more profound anatomical
distortion (septate, bicornuate, didelphys, and unicornuate uteri) had significantly decreased clinical
pregnancy (28.8% vs. 43.7%, P = 0.048) and live birth (22.2% vs. 37.2%, p = 0.042) rates. Preterm birth
before 37 weeks of gestation was also increased in women with uterine anomalies compared to that in
controls (22% vs. 14%, respectively; P = 0.03) [30].

In a systematic review evaluating the association between different types of CUA and reproductive
outcome, Chan et al. [31] showed that arcuate uteri were associated with increased rates of second-
trimester miscarriage (RR: 2.39; 95% CI, 1.33—4.27, P = 0.003) and fetal malpresentation at delivery
(RR: 2.53; 95% (I, 1.54—4.18; P < 0.001). Septate or subseptate uterus were associated with significantly
lower clinical pregnancy rates (RR: 0.86; 95% CI, 0.77—0.96; P = 0.009), as well as increased rates of
first-trimester miscarriage (RR: 2.89; 95% CI; 2.02—4.14; P < 0.001), preterm birth (RR: 2.14; 95% CI,
1.48-3.11; P < 0.001), and fetal malpresentation at birth (RR: 6.24; 95% CI, 4.05—9.62; P < 0.001) [30].
Increased preterm birth (RR: 2.97; 95% CI, 2.08—4.23; P < 0.001) and fetal malpresentation (RR: 3.87;
95% (I, 2.42—6.18; P < 0.001) rates were also found in women with unicornuate, bicornuate, and
didelphys uteri [31].
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In a recent meta-analysis, Venetis et al. [32] found that in women with CUA, the probability of
conception, in natural and ART cycles, is decreased by ~15% (RR: 0.86, 95% CI: 0.74—1.00). The likelihood
of miscarriage during the first and second trimesters of pregnancy was high in patients with CUA (RR:
1.68, 95% CI: 1.31—2.17). Miscarriages in the first trimester were particularly evident with the presence
of septate or bicornuate uterus, whereas in the second trimester, the detrimental effect of the presence
of CUA is evident in all uterine malformations (arcuate, didelphys, septate, bicornuate, and unicornuate
uteri). Furthermore [32], obstetrical outcome was adversely affected in patients with CUA: preterm
(<37 weeks) (RR: 2.21, 95% CI: 1.59—3.08) and premature delivery (<34 weeks) (RR: 3.81, 95% CI:
1.48-9.83) rates were found to be notably increased for all types of CUA individually and combined.
The negative effect of uterine malformations on the obstetrical outcome is also evident in the statis-
tically significant difference of fetal malpresentation at delivery (RR: 4.75, 95% CI: 3.29—6.84) and
perinatal mortality rates (RR: 2.43; 95% CI 1.34—4.42) [32].

Additionally, the authors found significantly more low-birth-weight newborns (<2500 g) (RR: 1.93;
95% CI: 1.50—2.49) in patients with CUA. More specifically, intrauterine growth retardation was sta-
tistically significant only in women with septate (RR 2.54, 95% CI 1.04—6.23), bicornuate (RR 2.80, 95%
ClI 1.06—7.34), and didelphys (RR 4.94, 95% CI 2.20—11.09) uteri. Placental abruption (RR: 2.47, 95% CI:
1.28—4.77) was also significantly increased in women with CUA as compared to that in those with a
normal uterus [32]. Reproductive and obstetrical outcomes are affected in the presence of a dysmor-
phic uterus [33,34].

Apart from the impaired reproductive potential, women with ¢ CUA associated with cervical and/or
vaginal anomalies could present a variety of symptoms and health problems. Thus, cyclic pelvic pain
and dysmenorrhea are the main complaints in obstructive types of anomalies such as unicorporeal
uterus with rudimentary cavity and aplastic uterus with rudimentary cavity (Class U4a and Class U5a in
ESHRE/ESGE classification, respectively). In noncommunicating horns, hematocavity and endometri-
osis are frequent findings [35—38]. Urinary tract anomalies are common in these women [35,36].
Pregnancy in the rudimentary horn of a unicorporeal uterus is a rare clinical complication. It is
potentially life threatening, as rupture of the pregnant horn occurs, generally, in the second trimester of
pregnancy [39].

Reproductive outcome after surgery — current indications for surgical treatment

Despite the limitations in the majority of the existing studies (retrospective design, inappropriate
enrollment of patients, etc.), it appears that CUA have an adverse effect on reproductive outcome. Thus,
their surgical treatment seems to be a logical option, especially for symptomatic patients. However, its
application is dependent on its efficacy to reverse the reproductive consequences of CUA [22,40].

Two systematic reviews examined the reproductive outcome mainly in symptomatic patients
before and after hysteroscopic septum incision (22, 41). Grimbizis et al. [22] reported a significant
decrease in miscarriage rates from 86.4% before to 16.4% after and an increase in term delivery rates
from 3.4% before to 76.2% after surgical correction. Although it could be argued that this result is
attributed to a “tendency to return to the mean,” the pregnancy outcome after surgical repair was even
better from the observed pregnancy rates of unselected populations with CUA [22,29,31], indicating a
positive effect of surgery. Homer et al. [41] also reported a drop in the miscarriage rate from 88% before
to 14% after and an increase in the live birth rate from 3% before to 80% after surgery. Furthermore,
Nouri et al. [42] reviewed the achievement of pregnancy in infertile women after septum incision: they
reported ~60% pregnancy rate and ~45% live birth rate.

Mollo et al. [43] studied prospectively the conception rates in infertile women with unexplained
infertility only and in infertile patients with unexplained infertility and septum who underwent
septum incision. Conception (38.6% vs. 20.4%, p = 0.016) and live birth rates (34.1% vs. 18.9%, p < 0.05)
rates were significantly higher in women with uterine septum after treatment than in those with a
normal uterus. This supports the notion that septum adversely affects fecundity, and surgical treatment
has a positive effect [43].

Gergolet et al. [44] prospectively compared the reproductive outcome in patients with small (group
A) and large (group B) septa who underwent metroplasty. Miscarriage rates dropped from 94.9% to
82.1% in groups A and B, respectively, before treatment to 11.1% and 14.0%, respectively, after treatment.
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Delivery rates were 2.6% and 15.7%, respectively, before operation and 88.9% and 84.2%, respectively,
after surgery. It seems, therefore, that the length of the septum does not play a role in reproductive
outcome, either before or after hysteroscopic metroplasty. Similar findings were also reported by
Paradisi et al. [45] in women with small (<2.5 cm) large partial uterine septum (>2.5 cm) and by
Tomazevic et al. [46], who stated that the clinical behavior of women with small septa is not different
from that of women with large septa.

Venetis et al. [32], in their systematic review of comparative studies, examined the value of hys-
teroscopic septotomy in reproduction. After hysteroscopic treatment, they found an evident reduction
in the probability of spontaneous miscarriage (RR: 0.37, 95% CI 0.25—0.55). Although not still statis-
tically significant, septotomy seems to have the same optimistic effect on premature labor (RR: 0.66,
95% CI 0.29—1.49). On the contrary, they failed to find any difference in the probability of pregnancy
achievement after surgery (RR: 1.14, 95% CI 0.79—1.65) [32]. However, the majority of the limited ev-
idence included in this meta-analysis is based on retrospective studies with potential bias, and there is
still need for sufficiently powered randomized controlled trials [32].

In the presence of a T-shaped configuration, an increased risk of infertility is reported along with
compromised pregnancy outcomes such as miscarriage, ectopic pregnancies, and premature deliveries.
Indications for surgical repair of T-shaped uterus is repeated miscarriage, preterm deliveries, long-term
infertility, implantation failures, or an upcoming IVF treatment [33,47,48].

It is important to highlight the promising results in terms of reproductive outcome. There are two
large studies that retrospectively evaluated the postoperative outcome after surgery for T-shaped
uterus. Fernandez et al. [33] reported (49.5%) pregnancy rates after the hysteroscopic metroplasty with
a mean time until the first conception of 10.5 months. Sixty-three percent of these women were DES-
exposed. Miscarriage rate was 36.8% and 8 pregnant women delivered before 30 weeks of gestation.
Among those with secondary infertility, the first trimester miscarriage rate decreased from 78.2% to
26.9% (p < 0.05) and the live birth rate increased up to 73% after the reconstructive surgery [33].

Meier et al. [48], in a pool of 100 women without DES-exposure, reported 57% of pregnancy rates,
with the median time to the first pregnancy of 4 months (intermediate analysis). Miscarriage rate was
16%, and no ectopic pregnancy was reported, while 36 deliveries were at term [48].

Concluding, if we disregard the fact that the above results are based on retrospective studies, it is
obvious that surgical enlargement of the endometrial cavity ameliorates the reproductive outcomes.

On the basis of the best currently available evidence, it seems that surgical treatment is indicated in
women presenting with symptoms related to specific uterine anomalies. Therefore, women with a
dysmorphic (class U1 in ESHRE/ESGE Classification), septate (class U2 in ESHRE/ESGE Classification), or
bicorporeal septate (class U3 in ESHRE/ESGE Classification) uterus presenting with infertility or poor
pregnancy outcome are candidates for surgical repair of the deformity. Furthermore, women with
rudimentary uterine horn having functional endometrium (classes U4 and U5 in ESHRE/ESGE Classi-
fication) are also candidates for surgical removal of the rudimentary cavitated horn because of the
presence of symptoms and complications.

Rudimentary horns with cavity (ESHRE/ESGE class U4a/U5a) have robust indications for surgical
treatment because of symptoms and signs such as amenorrhea, severe dysmenorrhea, hematometra,
retrograde menstruation, increased risk of endometriosis, and, rarely, ectopic pregnancy. The thera-
peutic objectives should always be pain relief and preservation of sexual and reproductive function, if
possible [36,38,49].

Surgical techniques for the management of congenital uterine anomalies
Class Ula (ESHRE/ESGE classification): Dysmorphic (T-shaped) uterus

Dysmorphic T-shaped uterus is characterized by a narrow cavity due to the thickened lateral uterine
walls [10,16]. The primary objective of the surgeon is to restore the normal triangular anatomy of the
uterine cavity through incisions in the lateral walls of the dysmorphic uterus and, if necessary, in the
fundus. Hysteroscopic scissors, monopolar or bipolar resectoscope, mini-hysteroscopes with 5 Fr
needles, or micro-scissors could be used for the enlargement of the endometrial cavity by making
successive incisions along an initial incision line from each tubal ostium to the isthmus uteri. Fundal
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incision should be made if there is a coexisting fundal indentation. Avoidance of blind cervical dila-
tation and vaginoscopic approach is suggested to reduce the risk of unnecessary trauma or uterine
perforations [33,48]. Potential complications are intrauterine adhesions, cervical insufficiency, and
abnormal placentation in a future pregnancy. To prevent adhesions, an antiadhesion gel barrier is
suggested to be inserted into the endometrial cavity [48].

Class U2 (ESHRE/ESGE classification): Septate uterus

Septum resection is a feasible procedure and can be easily performed by hysteroscopy. During the
procedure, the tubal ostia are the surgical landmarks for proper orientation. Under clear vision of the
cavity and its deformity, the septum is resected starting from the distal (outer) part of the septum. The
incision of the septum is made equidistantly from the anterior and the posterior uterine wall and the
procedure is completed when good visualization of a restored triangular cavity occurs, with free
movement of the hysteroscope between the two ostia and exposure of the muscle fibers of the fundus.

Occasionally, a cervical septum (class U2C1) or a double cervix (class U2C2) might also be present.
Incision of a coexisting cervical septum might be performed, although there are still some concerns
about a potential cervical weakness after surgery [50—52]. On the other hand, in cases of a double
cervix and complete septate uterus, unification of the cavity should only be performed from the level of
isthmus up to the fundus; repair of the cervical deformity should be avoided because it is too traumatic
for the cervix and it is associated with cervical insufficiency in a subsequent pregnancy. Unification of
the cavity at the level of isthmus could be done blindly with hysteroscopic scissors after proper
mapping with 3D ultrasound.

Traditionally, the instrument used for hysteroscopic metroplasty is the resectoscope. After cervical
dilatation the procedure is based on the activation of an electrode (monopolar or bipolar). The cutting
electrode more widely used is the 90°-angled electrode. When monopolar energy is used, the
distention medium is nonionic low-viscosity fluid (sorbitol, dextran, and glycine). When surgery is
prolonged, there is a risk of fluid overload complications [53]. When bipolar energy is used, the
distention medium of the cavity is isotonic saline solution, and therefore, the risk of complications due
to intravasation is low.

Simple operative hysteroscopes are also universally used for septum incision. Through the 5 Fr
operative channel, hysteroscopic cold scissors or energy modalities can be introduced to perform the
procedure. Septum consists mainly of fibrotic tissue with minimal vascularization. Hence, mechanical
incision by scissors is simple and safe. Bipolar needle electrodes or NdYag laser fiber, despite their cost,
has also been used as alternative hysteroscopic modalities for septum incision [54—56]. All hystero-
scopic uterine septum resection procedures should be performed in the early proliferative phase of the
cycle, and they are considered as day case or even office procedures.

Class U3 (ESHRE/ESGE classification): Bicorporeal uterus

One of the most common CUA is bicorporeal uterus (class U3), defined as any uterus having an
abnormal fundus external indentation due to a paramesonephric duct fusion defect; complete bicor-
poreal uterus could be combined with the presence of double cervix (former AFS didelphys uterus). The
necessity of surgical repair of this specific anomaly is currently highly debatable and generally not
indicated because it is too traumatic for the uterus, and there are serious concerns about future
fecundity and uterine integrity in a subsequent pregnancy, although an improvement of pregnancy
outcome was reported by groups performing the procedure [57—59].

Historically, Strassman metroplasty by laparotomy was the gold standard for surgical correction of
bicorporeal uterus [57]. The procedure involves a single longitudinal incision from one cornua to the
other up to the endometrial cavity with the goal to unify the two endometrial cavities of an otherwise
divided uterus. Then, eversion of each horn is made, and a single layer of interrupted figure-of-eight
sutures is placed transversely to form a single uterine cavity beginning from the posterior and
continuing with the anterior wall.

Recently, laparoscopic unification of bicorporeal uterus with normal (class U3bCO0) or double cervix
(class U3bC2) has been also reported [60], but it is technically quite challenging, and only very
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experienced surgeons should perform it [60,61]. Laparoscopic subtotal hysterectomy in a woman with
U3bC2 uterus for gynecological reasons (menorrhagia) has been recently reported as well [62]. The
surgical steps of the procedure were similar to those of laparoscopic subtotal hysterectomy performed
in morphologically normal uteri [63].

Counseling pregnant women with bicornuate uterus, either surgically repaired or not, about the
necessity of a cesarean section is crucial because the risk of uterine rupture is increased [64]. Cervical
cerclage might be considered because cervical incompetence is an issue in patients with bicorporeal
uterus [65].

In cases of bicorporeal uterus with unilateral cervical aplasia (class U3bC3), removal of the
obstructed hemi-uterus is indicated to relieve from obstructing symptoms and avoid a pregnancy in
the obstructed part of the uterus. In these cases, the obstructed hemi-uterus might act as a rudimentary
horn and has therefore similar clinical manifestation [66]. Restoration of utero-vagina continuity of the
obstructed hemi-uterus might also be considered as an alternative either by laparoscopically assisted
cervicoplasty in cases of cervical atresia or by isthmo-vagina anastomosis [66]. In these types of
malformation, the risk of complications such as ectopic pregnancy should be addressed to the patients
before surgical management.

Patients with bicorporeal uterus, double cervix, and longitudinal obstructing vaginal septum (class
U3bC2V2) should be submitted to surgery by cutting or resecting the vaginal septum [66].

Finally, patients with a bicorporeal septate uterus (class U3) should be treated hysteroscopically by
incising the septate part of the indentation. Improved reproductive outcome was reported post-
operatively, and dysmenorrhea also remarkably improved [67,68]. In these cases, the surgeon must be
very careful with the depth of incision. The risk of perforation is higher, and only the septate element
should be incised. Correct preoperative diagnosis and mapping is essential to be used as a guide, and
the concomitant use of ultrasonographic guidance is an option.

Classes U4a and U5a (ESHRE/ESGE classification): Rudimentary horns with cavity

According to the recently introduced ESHRE/ESGE Classification, class U4a entails cases with uni-
corporeal (hemi-) uterus with a rudimentary horn having cavity, and class U5a involves cases pre-
senting with uterine aplasia with uni- or bilateral rudimentary cavity [10,16]. There are two anatomical
variations concerning the attachment of the rudimentary horn to the unicorporeal uterus: either by a
band of tissue or firmly [49].

Surgical excision of the rudimentary horn is the preferred treatment. This can be performed by
laparotomy, but currently, laparoscopic removal is the usual practice [36,69]. Case series of successful
laparoscopic rudimentary horn excision were reported by Theodoridis et al. [36] and Fedele et al. [70].
They reported that the ipsilateral fallopian tube should be removed to prevent ectopic tubal pregnancy
[36,39,70,71].

The surgeon performing the procedure must pay special attention to avoid damage of the remaining
unicorporeal uterus, especially in cases of broad attachment between the unicorporeal body and the
rudimentary horn. Scissors, electrosurgery ultracision energy, and endoscopic staplers have been re-
ported as tools to remove the rudimentary horn, while the simultaneous use of hysteroscopy to separate
the two horns is also described [36,72,73]. The excised rudimentary horns can be removed through an
enlargement of the suprapubic trocar site, by colpotomy, or using mechanical morcellation [36,49,74].

In the unlikely event of sperm migration through the peritoneal cavity, pregnancy in the rudi-
mentary horn is possible. This rare situation may lead to other more serious complications such as
rupture mainly during the second trimester and severe intraperitoneal bleeding with high maternal
mortality rates. When a diagnosis of horn pregnancy is made, immediate surgical excision of
the rudimentary horn and ipsilateral fallopian tube is the gold standard by either laparotomy or
laparoscopy [39,71].

Regarding class U5a, prophylactic excision of the cavitated horn is still a subject of open debate. It is
certain that excision is the preferred management if the patient is symptomatic with cyclic pelvic pain
and/or hematocavity. The above-stated surgical steps apply here as well. An alternative aspect that
should be mentioned in cases of patients with MRKH syndrome who have rudimentary functional
uterine horns is the neovagina creation and uterovaginal anastomosis [75].
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Summary

Congenital uterine malformations are common but not always identified. They are responsible for a
variety of symptoms and health problems depending on the anatomical defect of the uterus and/or
cervix. Amenorrhea, cyclical abdominal pain, retrograde menstruation and endometriosis, ectopic
pregnancy in the noncommunicating horn, frustration and depression of young adolescent patients,
and poor reproductive outcome are the main problems encountered. Various classification systems
have been proposed for CUA, but the recently published new ESHRE/ESGE Classification seems to be a
new clear and systematic categorization that could be the basis for the clinicians to rely on when they
refer to CUA and their clinical impact either generally or concerning pregnancy outcomes. HSG,
transabdominal (TAS) or transvaginal (TVS) 2D sonography, sonohysterography (SHG), 3D Ultrasound,
MRI, hysteroscopy, and laparoscopy are the methods used to properly diagnose and classify a specific
anomaly. Different techniques are described for the surgical management of dysmorphic, septate, and
bicorporeal uteri, as well as noncommunicating rudimentary uterine horn with functional endome-
trium. Uterus, hosting the developing embryo, plays a detrimental role in implantation and evolution
of pregnancy. It seems that surgical repair of uterine deformities is associated with an improvement in
the achievement and evolution of pregnancy. Further investigation is required to establish unanimous
guidelines for the individualized and suitable invasive or not management of CUA.

Practice points

e The new ESHRE/ESGE Classification, which has been recently published, seems to be a new,
clear, and systematic categorization of CUA.

e Fertility and pregnancy outcomes are the main objective for each patient of reproductive age.

e CUA are apparently related to an impaired reproductive outcome, while their exact clinical
impact, as well as the effectiveness of their treatment, is still considered controversial.

e Further large prospective studies are necessary to evaluate the role of surgical correction of
uterine septum in fertility and pregnancy outcome.

Research agenda

e Most of the reviews performed to date were based on retrospective studies, and this is an
important limitation.

e Many issues are still open for discussion among scientists, and prospective studies should be
performed for a more reliable evaluation of outcomes of the proposed surgical techniques.

e Working on the basis for the development of unanimous well-accepted guidelines for the
proper surgical management should be the main goal for all physicians involved in the field
of these rare entities.
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