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Importance: To date, a comprehensive review on the safety and effectiveness of hysteroscopic metroplasty
for T-shaped uterus is still missing.

Objective: To provide a robust synthesis of the available studies investigating reproductive outcomes after
hysteroscopic metroplasty for T-shaped uterus.

Evidence Acquisition: We performed a systematic review and meta-analysis (CRD42019143291), using the
proportion method with 95% confidence interval (CI). Statistical heterogeneity was assessed by Higgins test (I2).

Results: We included 11 cohort studies embedding 937 women who underwent hysteroscopic metroplasty.
After surgery, the pooled percentage of live birth was 44.54% (95% CI, 36.12%–53.12%; I2 = 46.22%) and 56.88%
(95%CI, 46.48%–66.98%; I2 = 36.38%) inwomenwith primary infertility and recurrentmiscarriage, respectively. Inwomen
with recurrent miscarriage, the pooled proportion of miscarriage was 21.46% (95%CI, 15.09%–28.61%; I2 = 30.18%).
The pooled clinical pregnancy proportion in women with primary infertility was 57.19% (95% CI, 43.83%–70.03%;
I2 = 77.81%). The pooled rate of surgical complications was 0.65% (95% CI, 0.20%–1.33%; I2 = 11.44%).

Conclusions: The hysteroscopic correction of T-shaped uteri was associated with high live birth rate and low
miscarriage rate, both in case of primary infertility and recurrent miscarriage.
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Relevance: Hysteroscopic metroplasty can be considered a safe and effective strategy to improve reproduc-
tive outcomes in case of T-shaped uterus.

Target Audience: Obstetricians and gynecologists, family physicians.
LearningObjectives:After participating in this activity, the learner should be better able to identify and diagnose

T-shaped uterus; explain the epidemiological data regarding reproductive outcomes in cases of untreated
T-shaped uterus; and describe the technique and outcomes of hysteroscopic metroplasty for T-shaped uterus,
both in case of primary infertility and recurrent miscarriage.

T-shaped uterus is a rare müllerian anomaly that was
recently incorporated in the category of dysmorphic
uteri (U1) in the 2013 classification of uterine anoma-
lies by the European Society of Human Reproduction
and Embryology and the European Society for Gyneco-
logical Endoscopy.1 T-shaped uterus (U1a) is character-
ized by thickened lateral walls and hypoplastic uterine
cavity, with uterine corpus representing two-thirds of
the uterus. This condition had been previously included
among the class VII of uterine malformations by the
American Fertility Society2 because of its well-known
correlation with in utero diethylstilbestrol (DES) expo-
sure. Nevertheless, it is now clear that it may occur as a
primary malformation in patients without a history of in
utero DES exposure.1,2

Different studies showed that the prevalence of
uterine malformations is higher in women with infer-
tility and recurrent miscarriages compared with fertile
women.3,4 In women with a T-shaped uterus, an al-
tered shape of the uterine cavity, as well as its reduced
volume, may play a contributory role in diminishing
endometrial receptivity and impairing uterine expan-
sion during pregnancy,5–7 potentially resulting in poor
reproductive and obstetrical outcomes.8,9 Although a
causal relationship between T-shaped uterus and repro-
ductive impairment is still unproven, many reports
suggest that this uterine malformation may promote in-
fertility, recurrent miscarriage, and obstetric complica-
tions including preterm labor.10–12 The hysteroscopic
correction of T-shaped uterus was recently proposed
by some authors with the rationale of improving the re-
productive success through augmenting the uterine vol-
ume. Even if it is still considered as an experimental
technique, first results from observational studies are
promising.13–23 To date, there is still a lack of a compre-
hensive review on the safety and effectiveness of hys-
teroscopic metroplasty for T-shaped uterus. Over this
background, the aim of our study was to provide the
first summary of evidence on this topic.

MATERIALS AND METHODS

Study Design and Registration

This is a systematic review and meta-analysis of stud-
ies investigating the effects of hysteroscopic metroplasty
on the reproductive outcomes in women affected by

T-shaped uterus. The review protocol was registered in
PROSPERO international prospective register of sys-
tematic reviews (registration no. CRD42019143291) be-
fore data extraction. The review was reported following
the PRISMA (Preferred Reporting Items for Systematic
Reviews andMeta-analyses) statement24 and the Cochrane
Handbook for Systematic Reviews of Interventions. Out-
comeswere defined, screened, selected, and reported fol-
lowing the recommendations of the Core Outcome Sets
in Women’s and Newborn Health initiative.25

Inclusion Criteria
• Language: We included only studies reported in
English language.

• Study designs: Interventional or observational con-
trolled studies and prospective and retrospective
single-cohort studies were eligible.

• Population: Woman with congenital T-shaped
uterus diagnosed by hysterosalpingography,
3-dimensional (3D) ultrasound, magnetic resonance
imaging, and/or hysteroscopy.

• Intervention: Hysteroscopic metroplasty.
• Comparator: For controlled studies: women with a
T-shaped uterus who did not undergo hystero-
scopic metroplasty. For single-cohort studies: no
comparator.

• Outcomes:
○ Primary outcome: Live birth rate after hystero-
scopic metroplasty compared with women who did
not undergo hysteroscopic metroplasty for controlled
studies (relative risk); for single-cohort studies, the pro-
portion of women with live birth after the procedure.
○ Secondary outcomes: Reproductive outcomes
(clinical pregnancy rate, miscarriage rate) and ob-
stetrics outcomes (preterm delivery rate, term deliv-
ery rate, ectopic pregnancy rate) after hysteroscopic
metroplasty in patients with T-shaped uterus in re-
spect to women who did not undergo hysteroscopic
metroplasty in controlled studies (relative risk); for
single-cohort studies, the proportion of women with
secondary outcomes after the procedure.
○ Tertiary outcomes: Surgical complications
(uterine perforation, blood loss, intravasation
syndrome, interrupted procedures) and obstet-
rics complications (uterine rupture, postpartum
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hemorrhage, cesarean section) in the cohort of pa-
tients who underwent hysteroscopic metroplasty.

• Outcomes measures:
○Clinical pregnancy:Defined as a pregnancy diag-
nosed by the visualization of at least 1 intrauterine
gestational sac with embryos echoes on transvaginal
ultrasound. The rate was defined as the number
of women with at least 1 clinical pregnancy
among the total number of women (absolute
number, percentage).
○Miscarriage rate:Defined as the number of spon-
taneous loss of a clinical pregnancy before 24 com-
pleted weeks of gestation among the total number of
clinical pregnancies (absolute number, percentage).
○Ectopic pregnancy rate:Defined as the number of
pregnancies implanted outside the intrauterine cav-
ity among the total number of clinical pregnancies
(absolute number, percentage).
○ Live birth rate: Defined as the number of women
with at least one delivery of 1 or more live fetus after
the 24 completedweeks of gestation among the total
number of women (absolute number, percentage).
○ Preterm delivery rate: Defined as the number of
deliveries between the 24 and 37 weeks of gesta-
tions among the total number of live births (abso-
lute number, percentage).
○ Surgical complications rate (uterine perforation,
blood loss, intravasation syndrome, interrupted pro-
cedures):Defined as the number of complications re-
ported per performed procedures (absolute number,
percentage).
○ Obstetrics complications rate (uterine rupture,
postpartum hemorrhages, cesarean section):Defined
as the number of events reported among the total
number of live births (absolute number, percentage).

Search Strategy

A systematic literature search was conducted from
January 1995 to July 31, 2019, in the following electronic
bibliographic databases: MEDLINE, EMBASE, Global
Health, The Cochrane Library (Cochrane Database of Sys-
tematic Reviews, Cochrane Central Register of Controlled
Trials, Cochrane Methodology Register), Health Technol-
ogyAssessmentDatabase, andWebof Science. The search
strategy included the combination of theMedical terms “T-
shaped uterus,” “Dysmorphic uterus,” “U1malformation,”
“Metroplasty,” “Hysteroscopy,” “Reproductive out-
comes,” “Infertility” and “Fertility.” The following combi-
nations were used: “(((infertility) OR fertility) OR
obstetrics) AND t-shaped uterus,” “(((infertility) OR fer-
tility) OR obstetrics) AND U1 malformation,” “(dys-
morphic uterus) AND metroplasty,” “(hysteroscopy)
AND dysmorphic uterus,” “(hysteroscopy) AND

t-shaped uterus,” “(metroplasty) AND dysmorphic
uterus,” and “(t-shaped uterus) AND metroplasty.”

Study Selection and Data Extraction

Titles and/or abstracts of studies were retrieved using
the search strategy, and those from additional sources
were screened independently by 2 review authors
(S.G., A.S.L.) to identify studies that potentially meet
the inclusion criteria outlined above. The full text of
these potentially eligible studies was retrieved and in-
dependently assessed for eligibility by other 2 review
team members (J.C., S.G.V.). Any disagreement be-
tween them over the eligibility of particular studies was re-
solved through discussionwith a third author (A.D.S.S.). A
standardized, prepiloted formwas used to extract data from
the included studies for assessment of study quality and ev-
idence synthesis. Two authors (S.G.,A.S.L.) independently
extracted data from studies about study characteristics
and included populations (participant number and in-
clusion criteria), type of intervention (hysteroscopic
metroplasty technique), and reproductive outcomes.
Any discrepancies were solved through a discussion
with a third author (L.A.P.).

Quality Assessment

Two review authors (A.C., R.R.) independently
assessed the risk of bias in included studies according
to the Newcastle-Ottawa Scale for assessing the quality
of cohort studies, considering the following characteris-
tics: the selection of the study groups, the comparability
of the groups, and the ascertainment of the outcome of
interest. Disagreements between the review authors
over the risk of bias in particular studies were resolved
by discussion, with involvement of a third author when
necessary (S.H.).

Data Synthesis

Data synthesis was completed using MedCalc 16.4.3
(Ostend, Belgium). Proportion method was performed,
and forest plot was derived for meta-analysis. When
possible, data were analyzed separately for the sub-
groups of patients with primary infertility and those pa-
tients suffering from recurrent miscarriage. The
proportion of patients was analyzed at a 95% confi-
dence interval (CI). To assess heterogeneity, the I2 sta-
tistics was used. We considered the degree of
heterogeneity as low when I2 was less than 30%, moder-
ate if between 30% and 50%, and high if I2 was greater
than 50%. Random-effects model (DerSimonian and
Laird method) was used for data analyses. Moreover,
the influence of individual studies on the overall results
was explored by serially excluding each study and
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different study subgroups (according to methodological
quality judgment of authors) in a sensitivity analysis, when
more than 3 studies were included in the meta-analysis.

RESULTS

Study Selection

As in details shown in Figure 1, the search strategy in
the abovementioned electronic bibliographic databases
retrieved 649 items. After duplicates were removed
(n = 224), the screening of retrieved items, based on ti-
tles and abstracts, led to the exclusion of 410 articles,
because they were out of inclusion criteria for the current
systematic review. The remaining 13 studies13,16–23,26–29

were assessed, checking carefully the full text of each
one of them. Thus, we excluded another 4 studies26–29

because they did not report data about hysteroscopic
metroplasty for T-shaped uterus. Two additional stud-
ies14,15 were retrieved from the references of included
studies. Finally, we included 11 studies in this review.13–23

Included Studies

No randomized or nonrandomized controlled studies
were identified. All the 11 included studies were single-
cohort studies evaluating the effects of hysteroscopic
metroplasty in women with T-shaped uterus.13–23 Three
studies are prospective cohort studies and include a to-
tal of 110 patients (9.27%), of which 92 (83.64%) of
110 have T-shaped uterus.14,20,22 Eight studies have a
retrospective cohort study design and involved a total
of 1076 women (90.73%), with 815 women (75.74%)
affected by T-shaped malformation.13,15–19,21,23 Over-
all, the review includes 829 women (69.90%) with
T-shaped uterus out of 1186 included patients, ranging
from 813 to 27223 T-shaped uteri.
Two studies by Di Spiezio Sardo et al20,21 focused on

dysmorphic uterus (U1) including both T-shaped uterus
and uterus infantilis, with 136 T-shaped uteri (55.7%) of
a total of 244 dysmorphic uteri. Giacomucci et al18 and
Şükür et al17 investigated the role of hysteroscopic
metroplasty in septate/arcuate uterus and T-shaped

FIG. 1. PRISMA flow diagram for study selection and inclusion.
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uterus, with 17/170 (10%) and 78/174 (44.83%)
T-shaped uteri, respectively.
Regarding the exposure to DES, 4 studies, involving

a total of 464 patients with T-shaped uterus, did not re-
port cases of DES in utero exposure,20–23 5 studies in-
cluded 173 patients with history of DES in utero
exposure among a total of 270 women affected by
T-shaped uterine malformation,13–16,19 and 2 studies,
including 95 patients, did not provide data regarding
this information.17,18 Details of the included studies
are summarized in Table 1.

Diagnosis of T-Shaped Uterus

All the included studies used the same classification
criteria for T-shaped uterus. It was defined as a hypo-
plastic uterine cavity with constriction rings around
the proximal and medial uterine segment and thickened
walls. The diagnosis of T-shaped uterus was performed
by the evaluation of the morphology and the volume of
uterine cavity carried out by 3D transvaginal/
transabdominal ultrasound in all the included patients

in 3 studies,20–22 and in 2 studies, 3D ultrasound was
associated with preoperative hysteroscopic evaluation
in all patients. In the other included studies,13–19,23

T-shaped uterine morphology was diagnosed by at least
one of the following procedures: 3D transvaginal/
transabdominal ultrasound, hysterosalpingography,
magnetic resonance imaging, or diagnostic hysteros-
copy. Details of the included studies and the type of di-
agnosis are summarized in Table 1.

Patients

Ten of 11 studies included subgroups of patients with
primary unexplained infertility (failure to achieve preg-
nancy for at least 1 year of attempting conception with-
out other identified cause despite a thorough evaluation,
with or without repeat in vitro fertilization [IVF] fail-
ure) and recurrent miscarriage (≥2 consecutive preg-
nancy losses before 24 weeks of gestation).13–17,19–23

Four studies, in addition to patients with unexplained
infertility and recurrent miscarriage, included fertile
women with impaired obstetrics outcomes due to pre-
term delivery, with variable definition based on the

TABLE 1
Details of the Included Studies and Investigated Populations

Study Design Diagnosis
Included
Uterus

Total Study
Population
(1186)

T-Shaped
Uteri (829)

In Utero DES
Exposure (%) Age,* y

BMI,*
kg/m2

Primary
Infertility

Recurrent
Miscarriage

Boza et al22

(2019)
Prospective 3D US T-shaped 56 56 0/56 (0) 36 (4.5) 23.6 32/56† 10/56†

Di Spiezio Sardo
et al21 (2019)

Retrospective 3D US +
ISC

Dysmorphic
(U1)

214 124 0/124 (0) 36 (3.7) 23.7
(5.4)

166/214 48/214

Di Spiezio Sardo
et al20 (2015)

Prospective 3D US +
ISC

Dysmorphic
(U1)

30 12 0/30 (0) 32 (3.1) 24.6
(2.8)

22/30 7/30

Ducellier-Azzola
et al19 (2018)

Retrospective HSG or
3D US or

ISC

T-shaped 112 112 67/112 (59.8) 33.2 (4.4)

Fernandez et al16

(2011)
Retrospective HSG or

ISC or
3D-US or

MRI

T-shaped 97 97 63/97 (64.9) 31
(23–41)

Giacomucci
et al18 (2011)

Retrospective ISC Arcuate, partial
septum,
septum,
T-shaped

170 17 39.3
(5.66)

17/17

Haydardedeoğlu
et al23 (2018)

Retrospective HSG T-shaped 272 272 0/272 (0) 30.53
(4.5)

162/272 110/272

Katz et al13

(1996)
Retrospective HSG T-shaped 8 8 4/8 (50) 33.25

(27–43)
1/8 7/8

Şükür et al17

(2018)
Retrospective HSG or

MRI
Septate,

T-shaped
174 78 31

(21–43)
43/78 35/78

Barranger et al15

(2002)
Retrospective HSG +

ISC
Hypoplastic

(type VII)
29 29 23/29 (79.3) 31.4

(27–38.5)
14/29 15/29

Garbin et al14

(1998)
Prospective HSG Hypoplastic

(type VII)
24 24 16/24 (66.7) 30.4

(24–41)
9/24 15/24

*Reported as mean and SD or median and min–max range.
†The study by Boza et al22 is the only one that reported women with history of repeated IVF failure (14/56) as a different group from the pri-

mary infertility group; empty cells are due to missing data in the original articles.
HSG, hysterosalpingography; ISC, hysteroscopy; MRI, magnetic resonance imaging; US, ultrasound.
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cutoff of gestational age.15–17,20 Giacomucci et al18 in-
cluded only women with recurrent miscarriage in the
T-shaped subgroup. Regarding the exclusion criteria,
some studies excluded patients with body mass index
greater than 30 kg/m220–22 or gynecological pathologies
potentially affecting fertility, such as endometriosis and
fibroids.20–23 Details of the investigated population of
each included study are summarized in Table 1.

Surgical Procedures

In all studies, the procedure was completed by hyster-
oscopy. The hysteroscopic metroplasty consisted of 2
lateral incisions perpendicular to the uterine sidewalls
aimed to interrupt the fibromuscular constriction rings
and enlarge the uterine cavity. The incisions were con-
ducted from the fundus up to the isthmus, or vice versa,
in the same groove several time until the achievement
of a maximum depth of 6 to 7 mm, or the achievement
of a satisfactory result (when the tubal ostia were visible
from the isthmus with a triangular and symmetric uter-
ine cavity).13–19,22,23 The only different technique was
the one employed by Di Spiezio Sardo et al,20,21 where
2 additional incisions at the anterior and posterior uter-
ine walls were performed in case of tubular cavity.
No specific endometrial preparations were reported,

and the procedure was performed during the follicular
phase of the menstrual cycle (days 6–10).
In 7 studies involving 847 patients/procedures

(71.42%) (586/829 [70.69%] of women with T-shaped
uterus), the procedure was performed with a 30-
degree continuous-flow 4- to 5-mm hysteroscope with
5F operative channel and the use of a bipolar electrosur-
gical system.13,16,18,20–23 Three of these studies clearly
reported the procedure performed in ambulatory set-
ting, under conscious sedation, and with vaginoscopic
approach.20–22 The hysteroscopic metroplasties were
performed with operative hysteroscope and monopolar
hook after cervical dilatation in 2 studies involving
198 patients (16.69%) (102/829 [12.30%] of women
with T-shaped uterus).14,17 Both approaches were re-
ported in 2 studies, for a total of 141 women (17.01%)
with T-shaped uterus.15,19 Among the included studies,
6 describe the use of antiadhesion strategies after the
hysteroscopic metroplasty. The use of hyaluronic acid
gel or polyethylene oxide sodium carboxymethylcellu-
lose gel as antiadhesive gel instilled after the hystero-
scopic procedure is reported in the study by Boza
et al22 and in the 2 studies by Di Spiezio Sardo et al.20,21

A silicone or silastic sheet was inserted in the uterine
cavity by Ducellier-Azzola et al19 and Garbin et al,14 re-
spectively. Finally, Katz et al13 proposed the use of a
short-term intrauterine device placement. Details regard-
ing the surgical procedures are shown in Table 2.

PostoperativeManagement and Patient’s Follow-up

To avoid pregnancy and favor endometrial recoloni-
zation of the uterine cavity after treatment, 7 studies pre-
scribed estrogen or estroprogestins for a period ranging from
2 to 8weeks until postoperative evaluation.13–16,19,22,23 In all
the 11 included studies, the women were revaluated 4 to
12 weeks after the hysteroscopic metroplasty. A diagnostic
hysteroscopy was performed for each patient in 8 stud-
ies, with or without 3D ultrasound.13–18,20,21 In 1 study,
all the patients were revaluated by hysterosalpingogra-
phy and 3D ultrasound,22 and in another one only by
hysterosalpingography.23 In the last one, uterine mor-
phology was revaluated by at least one of the aforemen-
tioned procedures.19

In 8 studies, a waiting time of 2 months after the pro-
cedure was recommended before conception
attempt13–17,19,22,23; in the others, it was allowed after
the postoperative evaluation. In the prospective study
by Boza et al,22 the authors reported a specific postop-
erative management regarding conception. Spontane-
ous attempt was allowed for 6 months in women with
primary infertility and recurrence miscarriage; IVF
was recommended after 6 months in these patients or
immediately in womenwith previous repeated IVF fail-
ure. In the other studies, the postoperative management
of conception was specified only by Haydardedeoğlu
et al,23 who recommended to try spontaneous concep-
tion for at least 1 year after the procedure before IVF.
In the retrospective studies, the follow-upwas primarily
performed by phone interviews with or without the use
of questionnaires15,17,19,21,23 and by data extraction
from medical records.17,19,21,23 In prospective studies,
the reproductive outcomes were prospectively re-
corded.14,20,22 Details regarding the postoperative man-
agement and patient’s follow-up are shown in Table 2.

Assessment of the Risk of Study Bias

Selection of the Study Groups

In the selection of the study population, all studies in-
cluded women with a previous history of primary infer-
tility, recurrent miscarriage, or preterm labor.13–23

Therefore, the study populations were not considered
representative of all women affected by T-shaped uter-
ine morphology belonging to the general population.
Moreover, in all the included studies, a control group
of women not exposed to the hysteroscopic metroplasty
is absent,13–23 and the selection of nonexposed cohort
was not assessable. Regarding ascertainment of expo-
sure, in 10 studies, the data were extracted by medical
records or prospectively recorded and considered
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adequate,13–15,17–23 whereas only in 1 study was this in-
formation missing.16 In the single observed cohort, be-
fore the procedure, the primary outcomewas absent in 6
studies.13,16,18,21–23

The Comparability of the Groups

In all the included studies, a control group of women not
exposed to the hysteroscopic metroplasty is absent.13–23

Therefore, it was not possible to assess the comparability.

The Ascertainment of the Outcomes

Outcomes were evaluated by independent blind as-
sessment or record linkage in 4 of 11 studies.14,20–22

Self-report by phone calls or questionnaires was used
in 4 studies.15,17,19,23 Conversely, in 3 studies, the
mode of outcome assessment was not specified.13,16

Regarding follow-up, the minimum follow-up length
was considered adequate if it was at least of 18 months,
resulting adequate in 5 studies.16,18,21–23 Meanwhile, it
was considered enough completed in 10 studies13–22

TABLE 2
Details of the Procedure and the Postoperative Management in the Included Studies

ISC Metroplasty
Instruments Operator Antiadhesion

Post-ISC
Treatment

Time
Before

Conception

Control
After

Procedure
Cases of
Synechia

Unsatisfactory
Procedures

Follow-
up, mo

Boza et al22

(2019)
30-degree 5-mm

hysteroscope
with a 5F bipolar
electrode

1 HA gel EP 2 HSG and 3D
US after
1 mo

0/56 0/56 42–18

Di Spiezio Sardo
et al21 (2019)

30-degree, 4- to 5-mm
hysteroscope with a
5F bipolar electrode
or scissors

3 Polyethylene
gel or HA gel

ISC and 3D
US after
1 mo

36/214 3/214 60
(24–96)

Di Spiezio Sardo
et al20 (2015)

30-degree 5-mm
hysteroscope with a
5F bipolar electrode

1 Polyethylene
gel

ISC after
1 mo

5/30 1/30 15
(3–26)

Ducellier-Azzola
et al19 (2018)

9- to 7-mm hysteroscope
with monopolar hook.
30-degree 5-mm
hysteroscope with a
5F bipolar electrode

Multiple Silicone
sheet

EP (2 mo) 2 HSG or ISC
or 3D
US after
6–12 wk

3/112 10/112 <18

Fernandez
et al16 (2011)

30-degree 5-mm
hysteroscope with a
5F bipolar electrode

Multiple EP (2 mo) 2 ISC after
2 mo

5/97 39
(18–80)

Giacomucci
et al18 (2011)

30-degree 6-mm
hysteroscope with a
5F bipolar electrode

1 no no ISC 0/17 >18

Haydardedeoğlu
et al23 (2018)

30-degree 5-mm
hysteroscope with a
5F bipolar electrode

4 no E (3 wk) 2 HSG >18

Katz et al13

(1996)
30-degree 6-mm

hysteroscope with a
5F bipolar electrode

1 IUD EP (2 mo) 2 ISC after
2 mo

0/8 0/8 >18

Şükür et al17

(2018)
Cervical dilatation; 9-mm

hysteroscope with
monopolar electrode

1 no no 2 ISC after
2 mo

3/78 42
(12–84)

Barranger
et al15 (2002)

Cervical dilatation; 9-mm
hysteroscope with
monopolar electrode.
30-degree 5.5-mm
hysteroscope with a
5F bipolar electrode

Multiple no EP (2 mo) 2 ISC after
2 mo

2/29 40
(13–67)

Garbin et al14

(1998)
Cervical dilatation; 9-mm

hysteroscope with
monopolar electrode

Multiple Silastic sheet EP (2 mo) 2 ISC after
2 mo

2/24 1/24 20.3
(10–38)

E, estrogen; EP, estroprogestins; HA, hyaluronic acid; HSG, hysterosalpingography; ISC, hysteroscopy; IUD, intrauterine device; Polyethyl-
ene gel, polyethylene oxide sodium carboxymethylcellulose gel; US, ultrasound.
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because in 1 case the number of patients lost in follow-
up was not reported.23

The risk-of-bias assessment is summarized in Table 3.

Meta-analysis: Effects of Intervention

Meta-analysis included a total number of 937 women
from 11 studies, of whom 19 patients (2%) were lost to
follow-up. We included in the analysis only women af-
fected by T-shaped uterus as summarized in the column
“T-shaped uteri” of Table 1, with the only exception of
the 2 studies by Di Spiezio Sardo et al.20,21

Live Birth Rate

All 11 studies reported live birth rate before and after
the hysteroscopic metroplasty.13–23 A total of 13 live
births (1.9%) were reported before hysteroscopic
metroplasty out of 659 clinical pregnancies conceived
by the 937 women. After the uterine morphology cor-
rection, the 11 studies reported a total of 452 live births
(74.3%) out of 608 clinical pregnancies by 918 women.
The number of patients with at least 1 live birth was re-
ported in 8 studies.13–16,20–23 Before the hysteroscopic
correction, 3 (0.4%) of 730 women had at least 1 live
birth as compared with the 345 (47.5%) of 727 women
after the procedure.
Women with primary infertility: A total number of
331 patients from 6 studies were analyzed. Live
birth rate after metroplasty ranged from 28.57% in
the study by Barranger et al15 to 55.43% in the
study by Di Spiezio Sardo et al.21 The pooled

proportion was 44.54% (95% CI, 36.12%–
53.12%; I2 = 46.22%) (Fig. 2A).
Women with recurrent miscarriage: A total number of
189 patients from 6 studies were analyzed. Live
birth rate after metroplasty ranged from 42.86%
in the study by Di Spiezio Sardo et al20 to
80.00% in the study by Barranger et al.15 The
pooled proportion was 56.88% (95% CI, 46.48%–
66.98%; I2 = 36.38%) (Fig. 2B).

Clinical Pregnancy Rate

It was not possible to evaluate the number of clinical
pregnancies per patient before or after the hysteroscopic
metroplasty in 3 studies,16,18,19 which were excluded
from the analysis of this outcome. Among a total of
711 women, 260 patients (36.7%) had at least 1 clinical
pregnancy before the hysteroscopic metroplasty and
414 (59.8%) of 692 after the hysteroscopic correction
of the uterine malformation.
Women with primary infertility: A total number of
331 patients from 6 studies were analyzed.14,15,20–23

Clinical pregnancy rate after metroplasty ranged from
33.33% in the study by Garbin et al14 to 73.91% in
the study by Di Spiezio Sardo et al.21 The pooled pro-
portion was 57.19% (95% CI, 43.83%–70.03%;
I2 = 77.81%) (Fig. 3A).
Women with recurrent miscarriage: A total number of
189 patients from 6 studies were analyzed.14,15,20–23

Clinical pregnancy rate after metroplasty ranged from
53.33% in the study by Garbin et al14 to 84.37% in the
study by Di Spiezio Sardo et al.21 The pooled pro-
portion was 69.10% (95% CI, 55.68%–81.06%;
I2 = 62.77%) (Fig. 3B).

Miscarriage Rate

All 11 studies report the spontaneous miscarriage rate
before and after the hysteroscopicmetroplasty.13–23A total
of 571 spontaneous miscarriages (86.6%) were reported
before hysteroscopic metroplasty out of 659 clinical
pregnancies conceived by the 937 women. After the
uterine morphology correction, 123 spontaneous
miscarriages (20.2%) of 608 clinical pregnancies
by 918 women were reported. Seven studies reported
the number of patients with at least 1 spontaneous
miscarriage13–15,20–23: before the hysteroscopic correc-
tion, 223 (35.2%) of 633 women had at least 1 spontane-
ous miscarriage as compared with 70 women (11.1%)
after the procedure.
Women with primary infertility: A total number of
214 patients from 6 studies were analyzed.14,15,20–23

Miscarriage rate after metroplasty ranged from 0% in

TABLE 3
Risk-of-Bias Assessment of the Included Studies Based on the
Newcastle-Ottawa Scale

Selection Comparability Outcome

Study 1 2 3 4 1 1 2 3

Boza et al22 (2019) ★ ★ ★ ★ ★
Di Spiezio Sardo et al21 (2019) ★ ★ ★ ★ ★
Di Spiezio Sardo et al20 (2015) ★ ★ ★
Ducellier-Azzola et al19 (2018) ★ ★
Fernandez et al16 (2011) ★ ★ ★
Giacomucci et al18 (2011) ★ ★ ★ ★
Haydardedeoğlu et al23 (2018) ★ ★ ★
Katz et al13 (1996) ★ ★ ★ ★
Şükür et al17 (2018) ★ ★
Barranger et al15 (2002) ★ ★
Garbin et al14 (1998) ★ ★ ★

Selection: (1) representativeness of the exposed cohort; (2) selec-
tion of the nonexposed cohort; (3) ascertainment of exposure; (4)
demonstration that outcome of interest was not present at start of
study. Comparability: (1) comparability of cohorts on the basis of
the design or analysis. Outcome: (1) assessment of outcome; (2)
was follow-up long enough for outcomes to occur (18months); (3) ad-
equacy of follow-up of cohort.
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the study by Garbin et al14 to 36.36% in the study by
Barranger et al.15 The pooled proportion was 20.26%
(95% CI, 13.50%–28.00%; I2 = 31.19%) (Fig. 4A).
Women with recurrent miscarriage: A total number of
240 patients from 8 studies were analyzed.14–16,18,20–23

Miscarriage rate after metroplasty ranged from 9.84%
in the study by Haydardedeoğlu et al23 to 40.00% in
the study by Di Spiezio Sardo et al.20 The pooled pro-
portion was 21.46% (95% CI, 15.09%–28.61%;
I2 = 30.18%) (Fig. 4B).

FIG. 2. Forest plot for the live birth rate: (A) women with primary infertility; (B) women with recurrent miscarriage.

FIG. 3. Forest plot for the clinical pregnancy rate: (A) women with primary infertility; (B) women with recurrent miscarriage.
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Ectopic Pregnancy Rate

Seven studies report about cases of ectopic pregnan-
cies before and after hysteroscopic metroplasty.13–17,19,23

Before the hysteroscopic procedure, 64 cases (11.4%) of
ectopic pregnancy were reported of a total of 498 clin-
ical pregnancies. After the treatment, the ectopic preg-
nancy rate ranged from 1.48% in the study by
Haydardedeoğlu et al23 to 20.00% in the study by Katz
et al.13 The pooled proportion was 4.58% (95% CI,
2.22%–7.72%; I2 = 31.00%) (Fig. 5).

Preterm Delivery Rate

Nine studies reported a total of 11 preterm deliveries,
of which 8 were live birth of 13 total live births reported

before hysteroscopic metroplasty, with a preterm deliv-
ery rate of 61.5%. After the hysteroscopic procedure, 9
studies reported 43 preterm deliveries (9.9%) of 434
live births.14–17,19–23 Preterm delivery rate ranged from
1.71% in the study by Haydardedeoğlu et al23 to
25.00% in the study by Barranger et al.15 The pooled
proportion was 12.78% (95% CI, 6.70%–20.46%;
I2 = 75.45%) (Fig. 6).

Complication Rate

Ten studies reported full data about surgical complica-
tions. Among 956 procedures, a total of 5 cases of surgi-
cal complications occurred: 1 uterine perforation, 1 false
passage, 1 cervical laceration, 1 episode of postoperative
bleeding, and 1 case of postoperative infection. The

FIG. 4. Forest plot for the miscarriage rate: (A) women with primary infertility; (B) women with recurrent miscarriage.

FIG. 5. Forest plot for the ectopic pregnancy rate.
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pooled proportion of surgical complications was 0.65%
(95% CI, 0.20%–1.33%; I2 = 11.44%) (Fig. 7).

Descriptive Data: Procedure Failure

Based on the postoperative revaluation, 10 studies re-
port the rate of intrauterine adhesions or the failure/
unsatisfactory completion of the procedure.13–22 Fifty-
six of 744 procedures (7.53%) reported postoperative
adhesions in 9 studies, which in all cases were easily
solved.13–17,19–22 Conversely, based on 3D ultrasound
and hysteroscopic revaluation, 17 of 614 outcomes
(2.77%) of uterine morphology were reported unsatis-
factory in 7 studies, and the procedures were considered
failed.13,14,18–22 Postoperative adhesions in the 6 stud-
ies with antiadhesion strategies occurred in 46 of 444
procedures (10.36%)13,14,19–22; in the 3 reports without
antiadhesion devices, 10 of 204 procedures (4.9%) re-
ported adhesions.15–17

Descriptive Data: Time to Pregnancy and Type of
Conception

Four studies reported time between hysteroscopic
metroplasty and pregnancy conception. The reported
mean time ranged from 5.5 to 14.6 months, with a com-
prehensive range of 1.5 to 41 months.15,16,21,23 Regarding
the mode of conception, 5 studies reported 192 spontane-
ous conceptions of 371 clinical pregnancies, with a rate of

51.8%.14,15,21–23 Moreover, Di Spiezio Sardo et al21 after
the hysteroscopic metroplasty reported a rate of spontane-
ous conception after failed/unsuccessful previous assisted
reproduction techniques of 32.4%.

Descriptive Data: Other Obstetrical Complications
and Type of Delivery

After hysteroscopic metroplasty, 3 studies involving
45 ongoing pregnancies clearly reported no cases of ob-
stetrics complications, such as abnormally invasive placenta,
cervical insufficiency, uterine rupture, or cervical incompe-
tence.13,20,22 Conversely, Di Spiezio Sardo et al21 reported
8 cases of retained placentawith 1 hysterectomy for placenta
accreta among a total of 125 live births (6.4%). Fernandez
et al16 reported 1 postpartum hemorrhage and 10 patients
requiring cervical cerclage: 5 for cervical incompetence
and 5 for a history of late miscarriage or preterm delivery.
The other 6 included studies did not provide specific state-
ment about obstetrics complications.14,15,17–19,23 Regard-
ing the delivery mode after hysteroscopic metroplasty,
6 studies reported 140 of 243 live birth (57.6%) deliv-
ered by cesarean section.14–16,19–21

DISCUSSION

Main Findings

No controlled studies were identified by the system-
atic review of the literature, and all included articles

FIG. 6. Forest plot for the preterm delivery rate.

FIG. 7. Forest plot for the surgical complications rate.

441Hysteroscopic Metroplasty for T-Shaped Uterus • CME Review Article

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.



were prospective or retrospective single-cohort studies of
reproductive outcomes after hysteroscopic metroplasty in
women with T-shaped uterus.13–23 About the uterine mal-
formation, the analyzed populations were homogeneous
both for inclusion criteria regarding diagnostic techniques
and definition of T-shaped anomaly.13–23Moreover, in the
different reports, the technique used to perform the hyster-
oscopic metroplasty is almost homogeneous using 2 lat-
eral incisions of uterine sidewalls aimed to interrupt the
fibromuscular constriction rings and enlarged the uterine
cavity.
The main differences were the hysteroscope, the elec-

trosurgical system, and the procedures related to them.
Based on the 71.42% of the included population who
underwent hysteroscopy metroplasty by a 4-mm/5-mm
hysteroscope with 5F operative channel,13,16,18,20–23 the
hysteroscopic metroplasty for T-shaped uterus can be
considered feasible without cervical dilatation. More-
over, the ambulatory setting, under conscious sedation,
and with vaginoscopic approach may represents the first
modality to perform the metroplasty.20–22 These con-
clusions are further supported by the low rate of com-
plications, which resulted having a pooled proportion
of 0.65% (95% CI, 0.20%–1.33%; I2 = 11.44%).
Regarding the reproductive outcomes after hystero-

scopic resection of the T-shaped anomaly, the live birth
rate had pooled proportions of 44.54% (95% CI,
36.12%–53.12%; I2 = 46.22%) and 56.88% (95% CI,
46.48%–66.98%; I2 = 36.38%) in women with primary
infertility and recurrent miscarriage, respectively. In
women with recurrent miscarriage, the pooled propor-
tion of miscarriage rate after the procedure was
21.46% (95% CI, 15.09%–28.61%; I2 = 30.18%), and
the pooled proportion of clinical pregnancy in women
with primary infertility was 57.19% (95% CI,
43.83%–70.03%; I2 = 77.81%). Moreover, the overall
rate of spontaneous conception was 51.8%14,15,21–23

and up to the 32.4% after failed/unsuccessful previous
assisted reproduction techniques.21 Finally, obstetrics
complications related to the procedure seem limited,
with the only exclusion of a high cesarean section rate,
although only few studies reported these data.

Implications

These results suggest the feasibility and safety of the
hysteroscopic metroplasty even in the ambulatory setting,
allowing to easily proposing the procedure to patients
with T-shaped anomaly. Moreover, the postoperative
pooled proportions of live birth rate, clinical pregnancy
rate, and miscarriage rate suggest a relevant improvement
of these reproductive outcomes after the procedure,

supporting the metroplasty recommendation to those pa-
tients with impaired fertility.
Different studies reported an association between the

uterine malformations and infertility or recurrent miscar-
riages.3,4 In the more frequent septate uterus, the presence
of septum is considered the cause of impaired implanta-
tion, pregnancy loss, and obstetrics complications. The lo-
cal alterations of the endometrium lining the septum, the
abnormal contractile activity, and the abnormal uterine
cavity morphology are the supposed involved mecha-
nisms, and the hysteroscopic septum correction appears
effective in improving reproductive outcomes.5,30,31

In the T-shaped anomaly, the thickened lateral walls
and the reduced volume of the hypoplastic uterine cav-
ity are considered playing a key role in diminishing the
endometrial receptivity and in impairing uterine expan-
sion during pregnancy.5–7 Noteworthy, in some of the
included studies, the uterine cavity volume was evalu-
ated before and after the procedure reporting a signifi-
cant improvement of both the volume and the uterine
diameters.14,20–22 This evidence demonstrates the effec-
tiveness of the hysteroscopic metroplasty in enlarging
the uterine cavity, which represents a possible explanation
of the improved reproductive outcomes.20,22 Additionally,
the T-shaped anomaly is characterized by the presence of
constriction rings with altered shape of the uterine cavity,
which are considered cause of abnormal myometrial con-
traction.32 In this regard, even the interruption of the con-
striction rings by the 2 lateral incision may play a role in
improving uterine cavity compliance and reducing abnor-
mal myometrial contractions.14,19 Nevertheless, further
evidence is required.

Limitations

Although the present study was conducted following a
rigorous methodology, the provided evidence is limited
by the overall methodological quality of included studies,
and the results need to be interpreted with caution.
Although the evidence seems explaining and

supporting the effectiveness of the hysteroscopic
metroplasty in T-shaped uterus, a causal relationship
between T-shaped uterus and reproductive impair-
ment, as well as the reason supporting the possible ef-
fectiveness of metroplasty, is still unproven.
All the available studies do not include a control group,

and this impedes achieving definitive conclusions about
the actual effect of the metroplasty on the reproductive
outcomes. In this regard, we cannot exclude that the en-
dometrial damage during the hysteroscopic procedure
may itself improve endometrial receptivity and reproduc-
tive outcomes,33,34 although the available evidence sug-
gests that the benefit of endometrial injury is invalidated
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by the following menstrual period.35 However, a con-
trolled study is required to demonstrate that the results
of the pooled analysis are consequence of the uterine
anomaly correction instead of other factors, such as the
endometrial injury or the simple effect of time.
As highlighted in the risk-of-bias assessment, the in-

cluded studies performed the follow-up with different
modality and duration and with different management
of infertility by assisted reproductive techniques, which
limits the comparability of reproductive outcomes. This
is further stressed by the results regarding the postopera-
tive use of antiadhesion systems and the rate of postoper-
ative adhesion and procedure failure. The heterogeneous
definition of postoperative adhesion and the different
evaluation modality impede drawing firm conclusions.
Regarding a possible generalization, all the included

studies investigate women with history of infertility.
Therefore, we cannot achieve conclusions about the cor-
rect management of womenwith suspected or confirmed
T-shaped uterus and no history of impaired fertility.
Regarding our study, a possible limitation of our

meta-analysis is the inclusion of patients with uterus
infantilis (U2) from the studies by Di Spiezio Sardo
et al.20,21 We included the entire populations of these
2 studies because all the patients were affected by dys-
morphic uteri (U1) with shared etiological and physio-
pathological factors; all the patients underwent the
same surgical procedure, the T-shaped uteri represent
more than the 50% of investigated population (136/
244 [55.7%]) (Table 1), and in general the distinction
of the 2 anomalies is not always simple with a contin-
uum between them.1,32

CONCLUSIONS

Both in cases of primary infertility and recurrent miscar-
riage, the hysteroscopic correction of T-shaped uteri was
associated with high live birth rate and low miscarriage
rate. Moreover, the procedure was associated with limited
risk of intraoperative and postoperative complications.
However, because of a lack of controlled studies, available
evidence does not allow drawing firm conclusion about
the effectiveness of hysteroscopic metroplasty in improv-
ing the reproductive success in women with T-shaped
uteri. Future well-designed, controlled studies are needed
to demonstrate the superiority of metroplasty compared
with no intervention for women with T-shaped uteri.
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